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Early basic research showed that increases in required response effort (or force) produced effects
that resembled those produced by punishment. A recent study by Alling and Poling determined
some subtle differences between the two behavior-change strategies, but also confirmed that
increasing required effort is an effective response-reduction procedure with enduring effects. In
this paper we summarize basic research on response effort and explore the role of effort in
diverse applied areas including deceleration of aberrant behavior, attention deficit hyperactivity
disorder, oral habits, health care appointment keeping, littering, indexes of functional disability,
and problem solving. We conclude that renewed interest in response effort as an independent
variable is justified because of its potent effects and because the political constraints imposed
on punishment- and reinforcement-based procedures have yet to be imposed on procedures that
entail manipulations of response effort.
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"Life is hard and then you die." A primary
goal of applied behavior analysis is to render the
first half of this bumper sticker slogan untrue,
or at least less true (Baer, Wolf, & Risley, 1968).
A logical candidate for research focused on this
goal is response effort, yet the relevant literature
is surprisingly limited and involves mostly basic
research. In this paper we present a brief review
of basic research on response effort as an inde-
pendent variable, highlighting a recent JEAB
paper by Alling and Poling (1995). We then
review applied research in some diverse areas,
specify applied implications for others, and ad-
vocate increased research exploring the applied
benefits of effort-based interventions. We con-
clude with a brief discussion of types of effort
and suggestions for future research.
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BASIC RESEARCH ON
RESPONSE EFFORT

Approximately 50 years ago, several studies
investigated the effects in nonhumans of in-
creasing the physical effort required to emit a
designated operant response (e.g., Mowrer &
Jones, 1943; Skinner, 1938, 1950; Solomon,
1948). Basic studies of response effort (or force)
as an independent variable appeared occasion-
ally in the intervening years. In brief, those
studies demonstrated that (a) response rates de-
crease as force requirements increase (Adair &
Wright, 1976; Chung, 1965; Mowrer & Jones,
1943; Skinner, 1950), (b) increasing the force
requirement in the second component of a two-
component chain schedule decreases response
rates in the first component (Miller, 1970), (c)
extinction is more rapid as force requirements
increase (Capehart, Viney, & Hulicka, 1958;
Mowrer & Jones, 1943), (d) subjects will escape
from situations that require particularly effortful
responding (Miller, 1968a, 1968b), and (e) sub-
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jects prefer lower effort responding to higher
effort responding (Perone & Baron, 1980).
These findings have led some investigators to
suggest that increasing the effort required to ob-
tain reinforcement is similar to adding an aver-
sive consequence (i.e., arranging punishment)
for the response (e.g., Blough, 1966; Chung,
1965; Miller, 1968b, 1970; Solomon, 1948).
The extent to which increasing minimum

force requirements produces effects similar to
those of punishment was addressed in a recent
study that altered lever-press force requirements
for rats responding under multiple fixed-ratio
(FR) schedules of food delivery (Alling & Pol-
ing, 1995). The first experiment arranged an
FR 15 in both components, maintained a con-
stant force requirement (0.25 N, or 25 g) in
one component, and varied force requirements
in the other component (i.e., 0.25, 0.50, 1.00,
or 2.00 N). The second experiment also ar-
ranged multiple FR 15 schedules and main-
tained the 0.25-N force requirement in one
component. The force requirement in the other
component was sometimes increased from 0.25
to 2.00 N for five consecutive responses at the
beginning, middle, and end of each ratio. The
third experiment reduced the number of re-
quired responses in each component from 15 to
5 to 1 while varying force requirements in one
component (from 0.25 to 2.00 N) and keeping
them constant (0.25 N) in the other. In all ex-
periments, as required response force increased,
response rates characteristically decreased,
whereas interresponse times and postreinforce-
ment pause times typically increased. These
findings agree with those of prior investigations
and suggest that the effects of increasing re-
sponse effort resemble those of punishment in
some respects.

In three noteworthy respects, however, the ef-
fects of increasing response force differed from
those of punishment. One difference is that re-
sponse suppression produced by mild punish-
ment (e.g., low-intensity shock) often diminish-
es over time (Azrin, 1956, 1959, 1960; Hake
& Azrin, 1963; Rachlin, 1966), but no such

recovery of responding occurred when response
force was increased. Also, adding punishment
to one component of a multiple schedule fre-
quently leads to rate increases in the other un-
punished component (punishment contrast)
(e.g., Azrin, 1956; Lattal & Griffin, 1972).
Comparable effects were not observed with in-
creases in response force. Finally, the suppressive
effects of punishment under FR schedules are
strongly influenced by the point in the schedule
at which the punishment is arranged; earlier in-
troduction produces greater suppression (Dar-
dano, 1970; Dardano & Sauerbrunn, 1964). In
contrast, Alling and Poling found that the rate
reductions associated with increased force re-
quirements differed little, regardless of whether
the increase was arranged at the beginning,
middle, or end of the FR.

INCREASED RESPONSE EFFORT
AS AN APPLIED
INTERVENTION

The basic research reviewed above indicates
that increasing required effort is an effective re-
sponse-reduction procedure with enduring ef-
fects. Manipulating response effort may, in
some cases, be a viable alternative to other be-
havior-change techniques used in applied set-
tings, and may have certain advantages relative
to those alternatives, especially punishment. A
few studies, selectively reviewed below, have
demonstrated that manipulating response effort
can be useful for modifying troublesome human
behaviors. Moreover, there appears to be grow-
ing recognition of the potential importance of
response effort as a determinant of human be-
haviors. For example, recent articles on response
efficiency (Horner & Day, 1991; Mace, Neef,
Shade, & Mauro, in press; Neef, Shade, & Mil-
ler, 1994) have emphasized that behavior is al-
ways imbedded in an economic matrix that in-
volves its costs and benefits, which are based on
response effort as well as reinforcer rate, quality,
and delay. Manipulating any of these variables,
including effort, may be effective in producing
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desired rates and temporal patterns of respond-
ing.

Effort-Based Alternatives to Punishment
One of the most divisive issues in psychology

in recent years is the controversy over punish-
ment procedures that employ response-contin-
gent aversive stimulation (Mulick, 1990). Al-
though there are radical constituents of the
nonaversive position who appear to oppose any
application that has a reductive effect on human
behavior (cf. Mudford, 1995), most people
seem to accept effective response-deceleration
interventions that

(a) do not involve the delivery of physical
pain, (b) do not produce effects that re-
quire medical attention, and (c) are sub-
jectively judged to be within typical norms
of how people in our society should treat
each other. (Horner, 1990, pp. 166-167)

Aberrant behavior in individuals with delays.
Although critics of punishment are probably
opposed to its use with any population, the fo-
cus of their criticisms has mostly been on in-
dividuals with intellectual delays who exhibit se-
vere behavior problems (Mulick, 1990). A small
number of studies have shown that increasing
required response effort can be an effective al-
ternative to punishment in programs for these
persons. For example, Van Houten (1993) dem-
onstrated that placing 0.68-kg weights on the
wrists of an adolescent boy with developmental
delays and autistic features essentially eliminat-
ed self-injurious face slapping. Van Houten not-
ed that "the instant reduction in self-injury, fol-
lowing the application of the weights, suggested
that they may have reduced face slaps primarily
through the increased response effort required"
(p. 198). Interestingly, he made no mention of
basic studies that have documented the rapid
and enduring rate reductions associated with in-
creasing required response effort.

In other studies, behavior has been reduced
not by increasing the effort associated with the
target response but by making an effortful re-

sponse contingent upon the occurrence of the
target response (cf. Miller, 1970). For example,
changing from a simple to a more difficult task
contingent upon tantrums reduced them to
near-zero levels in an institutionalized 9-year-
old girl (Sailor, Guess, Rutherford, & Baer,
1968). As a second example, mild exercise con-
tingent upon aggressive behavior reduced it to
near-zero levels in 2 boys with severe disabilities
(Luce, Delquadri, & Hall, 1980). As a third
example, brief contingent arm movements were
more successful than reinforcement procedures
in reducing aggression and self-biting in an 11-
year-old boy with severe disabilities (Luiselli,
1984).
These studies demonstrate the potent influ-

ence that response-contingent increases in re-
sponse effort can have on inappropriate behav-
ior in individuals with disabilities. Moreover,
the procedures used appear to fit Horner's
(1990) criteria for acceptable response-reduc-
tion interventions. None of the procedures
caused pain or required medical attention, nor
did they contrast with societal norms. For in-
stance, coaches often require disobedient players
to run laps, and drill instructors make misbe-
having recruits do push-ups. Future research,
however, should investigate ways to decrease the
seeming arbitrariness of the effortful responses
that are required contingent on undesired be-
havior (cf. Sailor et al., 1968). Also, it is im-
portant to recognize that extremely effortful re-
sponding may, in a functional sense, be aversive,
insofar as organisms will respond to escape or
avoid situations in which effortful responding is
required (Miller, 1968a, 1968b).

Hyperactivity in children. Response-reduction
procedures based on increased effort could also
reduce misbehavior in children with normal in-
tellectual development. For example, one of the
most reported, discussed, and treated problems
in children is attention deficit hyperactivity dis-
order (ADHD) (Friman & Christophersen,
1983). A hallmark of the condition is high-rate
switching between activities, which leads teach-
ers to respond with interventions that range
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from verbal disapproval to classroom expulsion
and medical referral. An early (and unfortu-
nately isolated) demonstration of the applied
benefits of increased response effort showed that
requiring preschool children to complete a
"switching task" prior to moving from one ac-
tivity area to another substantially reduced the
number of switches the children made (Jacob-
sen, Bushell, & Risley, 1969). Whether similar
benefits could be obtained for children with
ADHD by manipulating response effort is a
question worthy of investigation.

Oral habits in children. Another example in-
volves an even more common problem, pro-
longed pacifier and thumb sucking in children.
One method for treatment involves application
of an aversive taste solution to the thumb or
pacifier (Friman, Barone, & Christophersen,
1986). Although highly effective, aversive taste
treatment is also controversial (Friman, Barone,
& Christophersen, 1987; MacKenzie, 1987).
An early uncontrolled case study described how
gradually shortening pacifiers reduced their use,
presumably because of the increased effort nec-
essary for children to hold the pacifiers in their
mouths (McReynolds, 1972). Further study of
similar interventions is warranted.

Other Effort-Based Interventions
Not all interventions involving changes in ef-

fort can be categorized as an alternative to pun-
ishment. For example, decreasing the effort as-
sociated with an appropriate response may in-
crease its frequency and thereby decrease the
rate of an inappropriate alternative. There are
other possibilities. In the section that follows,
we provide examples of effort-based interven-
tions whose effects resemble processes other
than punishment.

Broken health care appointments. Broken
health care appointments are a notorious prob-
lem in medicine. Between 10% and 30% of
health care appointments are broken, and pa-
tients obviously cannot benefit from health care
that is not received (Barron, 1980). Among the
reasons identified for broken appointments are

several that involve the effort of keeping them.
A small series of studies showed that by mailing
a reminder and a parking pass to make remem-
bering the appointment and parking at a pedi-
atric clinic easier, broken appointments were
decreased approximately 20% (Friman, Finney,
Rapoff, & Christophersen, 1985; Friman,
Glasscock, Finney, & Christophersen, 1987;
Ross, Friman, & Christophersen, 1993). Al-
though these results were obtained in one site
with idiosyncratic conditions, the effort of re-
sponding is a generic variable, universally pres-
ent in human behavior. Keeping a health care
appointment involves a chain of responses, each
requiring effort and each presenting opportu-
nities for reduction thereof. For example, clinics
are sometimes difficult to find; therefore, clearer
directions would reduce the effort needed to at-
tend them. Occupying children during long
waiting times at pediatric clinics is often diffi-
cult. Reducing waiting times or supplying child
play areas could reduce the effort needed to
manage the children and thereby increase ap-
pointment keeping.

Littering. Littering is an enormous, costly,
and unsightly problem in the United States. A
common strategy for attempting to reduce lit-
tering is to threaten to fine those who are
caught. Reducing the effort necessary for litter
control may be an effective alternative interven-
tion. As an example of this strategy, a recent
series of studies showed that reducing response
effort by increasing proximity to ashtrays at four
separate entrances to a university medical school
substantially increased the extent of their use
(Friman, 1995). Similarly, a recent study
showed that increasing container proximity in-
creased recycling of office paper from 28% to
above 85% (Brothers, Krantz, & Mc-
Clannahan, 1994).
The research on manipulating response effort

to improve litter control is sparse but promising
and, consistent with the theme of this paper,
shows that manipulating response effort has ap-
plied implications for a widespread, important
problem.
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Indexes offunctional disability for the aged or
ill. The importance of measuring physical dis-
ability increases with each life-extending medi-
cal breakthrough. As persons live longer, the
number of disabling conditions (e.g., chronic
diseases, age-related infirmities) increases (Fein-
stein, Josephy, & Wells, 1986). Measurements
of functional disability are critical to compen-
sation determinations, program planning, resi-
dential options, critical care estimates, and
changes in status for these persons. There are
currently more than 1,000 "clinimetric" indexes
available for use in assessing various dimensions
of disability (Feinstein, 1982; Feinstein et al.,
1986; Feinstein, Wells, Joyce, & Josephy,
1985). A common omission in these indexes is
a measure of patient effort or collaboration with
others. Yet both variables can dramatically in-
fluence the degree of an individual's disability.
For example, the helpful presence of another
person during mundane tasks of daily life (e.g.,
dressing) substantially reduces the effort re-
quired for task completion and thereby reduces
related disability. As a second example, some
people with angina may bring on an attack
merely by walking to the store. If they rode a
motorized cart, however, their trip probably
would be symptom free. As a third example, a
person with infirm legs would require much less
effort to pursue the tasks of daily living in a
ranch-style house than in a multistory dwelling.
Other related examples are numerous (see
White, Paine-Andrews, Mathews, & Fawcett,
1995), yet related measures are typically unac-
counted for in disability assessments. Feinstein
et al. (1986) conjecture that the reason effort
and collaboration are so frequently omitted
from disability assessments is a prevailing belief
that they are complex psychological phenomena
that are difficult to measure, interpret, and in-
corporate into strictly physical ratings. Yet pa-
tient effort and collaboration are readily observ-
able and therefore measurable variables. They
are also much easier to interpret than variables
such as motivation that are often included in
disability indexes (Feinstein et al., 1986). In-

corporating measures of response effort into in-
dexes of functional disability is a task that is
well suited to the commitments and methods
of applied behavior analysis (Baer et al., 1968).
The task is important and timely because of the
dramatic increase in physical disability in the
industrialized world.

There are several other examples of effective
procedures in the applied literature that could
be construed in terms of response-effort manip-
ulations (e.g., Blank, 1985; Chapman, Smith,
& Layden, 1971; Epstein, Miller, & Webster,
1976; Schulman, 1986; Stuart & Davis, 1976;
Van Houten, Nau, & Merrigan, 1981). Wheth-
er it is profitable to conceptualize them in this
fashion is, however, an important issue that
merits consideration.

CONCLUDING COMMENTS
Laboratory studies of response force or effort

characteristically involve a manipulandum (e.g.,
lever or key) with clearly specified physical re-
quirements for successful operation. With such
arrangements, four distinct types of force can
be measured and manipulated: (a) isotonic forc-
es, (b) isometric forces, (c) forces proportional
to displacement, and (d) forces proportional to
velocity (for discussion of these forces, see Fow-
ler, 1987; Notterdam & Minz, 1965). In the
study by Alling and Poling (1995), as in most
other studies with nonhumans, response effort
was defined and measured in simple physical
units (i.e., Newtons). Such precise quantifica-
tion of effort is difficult in applied settings, al-
though some exceptions are evident. For ex-
ample, Schulman (1986) reduced speeding by
making it harder to operate the gas pedal of an
automobile at speeds above the legal limit, and
the exact operating characteristics of the pedal
at various speeds were specified precisely. Less
precision was possible in a study by Van Hou-
ten (1993), who compared rates of self-injury
under conditions in which wrist weights were
and were not used with a self-injurious adoles-
cent. Nonetheless, the increased effort in this
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study is clearly physically similar to the in-
creased effort in the study by Alling and Poling
(1995), and the comparability of the indepen-
dent variables in the two investigations is evi-
dent.

In other studies that we have considered,
however, effort was manipulated in a rather dif-
ferent way. For example, in a study that re-
quired youths to solve math problems, Neef et
al. (1994) indicated that

Response effort refers to the relative ease
with which problems from the respective
sets of problems could be completed, as
determined by pretest performance on
samples of problems ranging from 1-digit
addition and subtraction to 4-digit multi-
plication and division with regrouping op-
erations. Problems completed at the high-
est rate with the highest accuracy and con-
firmed by the classroom teacher as "re-
view" or "fluency" targets were designated
as low effort. Problems that were complet-
ed at a lower rate with at least 50% ac-
curacy and that were confirmed by the
teacher as "acquisition" or "mastery" tar-
gets were designated as high effort. (p.
578)

Here, rate and accuracy of responding, rather
than response force, defined effort. In other
studies, effort was indexed in terms of duration
or probability of responding; a response that did
not occur when a person was not required to
perform it was assumed to be effortful. For in-
stance, Luiselli (1984) demonstrated that re-
quiring a boy to engage in arm movements con-
tingent on aggressive or self-injurious behavior
reduced those responses. The arm movements
almost never occurred in the absence of the in-
tervention, hence, requiring their emission in-
creased response effort. Although this analysis is
reasonable, an equally tenable explanation can
be made in terms of the Premack principle (Pre-
mack, 1959): Forcing an organism to engage in
a lower probability behavior contingent on a
higher probability behavior punishes (i.e., re-

duces the rate of) the higher probability behav-
ior.

Whether anything is gained by construing
the study by Luiselli (1984) in terms of a re-
sponse-effort manipulation is open to debate.
Moreover, the extent to which results from lab-
oratory studies in which response effort is in-
dexed in terms of physical units of force will
generalize to situations in which effort is mea-
sured in other ways remains to be determined.
The results of several applied studies, summa-
rized previously, are consistent with the findings
of Alling and Poling (1995) and earlier basic
research that increasing response force produces
rapid and enduring decreases in behavior. Im-
portant tasks for future research include deter-
mination of the range of procedures that can be
meaningfully considered to involve response-ef-
fort manipulations in basic and applied settings
and delineation of similarities and differences in
the effects of those procedures. Renewed inter-
est in response effort as an independent variable
appears to be justified because of the scope of
its potential applications (as indicated by the
diverse examples described above). It is also jus-
tified because the political constraints imposed
on punishment- and reinforcement-based pro-
cedures, due to an imbalance between effective-
ness and social validity (cf. Bernstein, 1990;
Mulick, 1990), have yet to be imposed on pro-
cedures that entail manipulations of response ef-
fort. Finally, it is justified because, for many
persons, life is hard, and increased study of re-
sponse effort just might make it a little easier.

REFERENCES

Adair, E. R., & Wright, B. A. (1976). Behavioral ther-
moregulation in the squirrel monkey when response
effort is varied. Journal of Comparative and Physiolog-
ical Psychology, 90, 179-184.

Ailing, K., & Poling, A. (1995). The effects of differing
response-force requirements on fixed-ratio responding
of rats. Journal ofthe ExperimentalAnalysis ofBehavior,
63, 331-346.

Azrin, N. H. (1956). Some effects of two intermittent
schedules of immediate and nonimmediate punish-
ment. Journal ofPsychology, 42, 3-21.



RESPONSE EFFORT 589

Azrin, N. H. (1959). Punishment and recovery during
fixed ratio performance. Journal of the Experimental
Analysis ofBehavior, 2, 301-305.

Azrin, N. H. (1960). Sequential effects of punishment.
Science, 131, 605-606.

Baer, D. M., Wolf, M. M., & Risley, T. R. (1968). Some
current dimensions of applied behavior analysis. Jour-
nal ofApplied Behavior Analysis, 1, 91-98.

Barron, W. M. (1980). Failed appointments: Who misses
them, why they are missed, and what can be done.
Primary Care, 7, 563-574.

Bernstein, D. J. (1990). Of carrots and sticks: A review
of Deci and Ryan's Intrinsic Motivation and Self-De-
termination in Human Behavior. Journal of the Exper-
imental Analysis ofBehavior, 54, 323-332.

Blank, H. (1985). Funding of day care and public policy.
In Daycare, report of the 16th Ross Round Table on
critical approaches to common pediatric problems (pp.
31-37). Columbus OH: Ross Laboratories.

Blough, D. S. (1966). The study of animal sensory pro-
cesses by operant methods. In W K. Honig (Ed.),
Operant behavior: Areas ofresearch and application (pp.
345-379). New York: Appleton-Century-Crofts.

Brothers, K. J., Krantz, P. J., & McClannahan, L. E.
(1994). Office paper recycling: A function of con-
tainer proximity. Journal ofApplied Behavior Analysis,
27, 153-160.

Capehart, J., Viney, W, & Hulicka, I. M. (1958). The
effect of effort on extinction. Journal of Comparative
and Physiological Psychology, 51, 505-507.

Chapman, R. F., Smith, J. W, & Layden, T. A. (1971).
Elimination of cigarette smoking by punishment and
self-management training. Behavior Research and
Therapy, 9, 255-264.

Chung, S. (1965). Effects of effort on response rate. Jour-
nal of the Experimental Analysis ofBehavior, 8, 1-7.

Dardano, J. F. (1970). Fractional punishment of fixed
ratio performance. Journal ofthe Experimental Analysis
ofBehavior, 14, 185-198.

Dardano, J. F., & Sauerbrunn, D. (1964). Selective pun-
ishment of fixed-ratio performance. Journal ofthe Ex-
perimental Analysis ofBehavior, 7, 255-260.

Epstein, L. H., Miller, P. M., & Webster, J. S. (1976).
The effects of reinforcing concurrent behavior on self-
monitoring. Behavior Therapy, 7, 89-95.

Feinstein, A. R. (1982). The Jones criteria and the chal-
lenges of clinimetrics. Circulation, 66, 1-5.

Feinstein, A. R., Josephy, B. R., & Wells, C. K. (1986).
Scientific and clinical problems in indexes of func-
tional disability. Annals of Internal Medicine, 105,
413-420.

Feinstein, A. R., Wells, C. K., Joyce, C. M., & Josephy,
B. R. (1985). The evaluation of sensibility and the
role of patient collaboration in clinimetric indexes.
Transatlantic Association of American Physicians, 98,
146-149.

Fowler, S. C. (1987). Force and duration of operant re-
sponses as dependent variables in behavioral phar-
macology. In T. Thompson, P. B. Dews, & J. E. Bar-

rett (Eds.), Neurobehavioral pharmacology (pp. 83-
127). Hillsdale, NJ: Erlbaum.

Friman, P. C. (1995). Proximity and ashtray usage: An ex-
perimental demonstration ofthe role ofresponse require-
ment. Unpublished raw data.

Friman, P. C., Barone, V. J., & Christophersen, E. R.
(1986). Aversive taste treatment of finger- and
thumb-sucking. Pediatrics, 78, 174-176.

Friman, P. C., Barone, V. J., & Christophersen, E. R.
(1987). Reply to Mackenzie. Pediatrics, 79, 485-486.

Friman, P. C., & Christophersen, E. R. (1983). Behavior
therapy and hyperactivity: A brief review of therapy
for a big problem. The Behavior Therapist, 6, 175-
176.

Friman, P. C., Finney, J. W., Rapoff, M. A., & Christo-
phersen, E. R. (1985). Improving pediatric appoint-
ment keeping: Cost effectiveness and social validation
of reminders and reduced response requirement. Jour-
nal ofApplied Behavior Analysis, 18, 315-323.

Friman, P. C., Glasscock, S. G., Finney, J. W, & Chris-
tophersen, E. R. (1987). Reducing effort with re-
minders and a parking pass to improve appointment
keeping for patients of pediatric residents. Medical
Care, 25, 83-86.

Hake, D. F., & Azrin, N. H. (1963). An apparatus for
delivering pain-shock to monkeys. Journal of the Ex-
perimental Analysis ofBehavior, 6, 297-298.

Horner, R. (1990). Ideology, technology, and typical
community setting: Use of severe aversive stimuli.
American Journal on Mental Retardation, 95, 166-
168.

Horner, R. H., & Day, H. M. (1991). The effects of
response efficiency on functionally equivalent com-
peting behaviors. Journal ofApplied Behavior Analysis,
24, 719-732.

Jacobsen, J. M., Bushell, D., & Risley, T. (1969). Switch-
ing requirements in a Head Start classroom. Journal
ofApplied Behavior Analysis, 2, 43-47.

Lattal, K. A., & Griffin, M. A. (1972). Punishment con-
trast during free-operant avoidance. Journal ofthe Ex-
perimental Analysis ofBehavior, 18, 509-516.

Luce, S. C., Delquadri, J., & Hall, R. V. (1980). Con-
tingent exercise: A mild but powerful procedure for
suppressing inappropriate verbal and aggressive be-
havior. Journal ofApplied Behavior Analysis, 13, 583-
594.

Luiselli, J. K. (1984). Therapeutic effects of brief contin-
gent effort on severe behavior disorders in children
with developmental disabilities. Journal of Clinical
Child Psychology, 13, 257-262.

Mace, F C., Neef, N. A., Shade, D., & Mauro, B. C. (in
press). Effects of problem difficulty and reinforcer
quality on time allocated to concurrent arithmetic
problems. Journal ofApplied Behavior Analysis.

MacKenzie, E. P. (1987). Thumb sucking debate. Pedi-
atrics, 79, 485-486.

McReynolds, W. T. (1972). A procedure for the with-
drawal of an infant oral pacifier. Journal of Applied
Behavior Analysis, 5, 65-66.



590 PATRICK C. FRIMAN andALAN POLING

Miller, L. K. (1968a). The effect of response force on
avoidance rate. Journal ofthe Experimental Analysis of
Behavior, 11, 809-812.

Miller, L. K. (1968b). Escape from an effortful situation.
Journal of the Experimental Analysis of Behavior, 11,
619-628.

Miller, L. K. (1970). Some punishing effects of response
force. Journal ofthe Experimental Analysis ofBehavior,
13, 215-220.

Mowrer, 0. H., & Jones, H. (1943). Extinction and be-
havior variability as a function of effortfulness of task.
Journal ofExperimental Psychology, 58, 341-347.

Mudford, 0. C. (1995). Review of the gentle teaching
data. American Journal on Mental Retardation, 99,
345-355.

Mulick, J. A. (1990). The ideology and science of pun-
ishment in mental retardation. American Journal of
Mental Retardation, 95, 142-181.

Neef, N. A., Shade, D., & Miller, M. S. (1994). Assessing
influential dimensions of reinforcers on choice in stu-
dents with serious emotional disturbance. Journal of
Applied Behavior Analysis, 27, 575-583.

Notterdam, J. M., & Minz, D. E. (1965). Dynamics of
response. New York: Wiley.

Perone, M., & Baron, A. (1980). Reinforcement of hu-
man observing behavior by a stimulus correlated with
extinction or increased effort. Journal of the Experi-
mental Analysis ofBehavior, 34, 239-261.

Premack, D. (1959). Toward empirical behavior laws: 1.
Positive reinforcement. Psychological Review, 66, 219-
233.

Rachlin, H. (1966). Recovery of responses during mild
punishment. Journal ofthe ExperimentalAnalysis ofBe-
havior, 9, 251-263.

Ross, L. V., Friman, P. C., & Christophersen, E. R.

(1993). A component analysis of an effort reducing
appointment keeping package. Journal ofApplied Be-
havior Analysis, 26, 461-469.

Sailor, W. S., Guess, D., Rutherford, G., & Baer, D. M.
(1968). Control of tantrum behavior by operant tech-
niques during experimental verbal training. Journal of
Applied Behavior Analysis, 1, 237-244.

Schulman, R. (1986). Deaccelerator: Behavioral control of
highway speeding. Paper presented at the meeting of
the Association for Behavior Analysis, Milwaukee.

Skinner, B. F. (1938). The behavior of organisms. New
York: Appleton-Century-Crofts.

Skinner, B. F. (1950). Are theories of learning necessary?
Psychological Review, 57, 193-216.

Solomon, R. L. (1948). Effort and extinction rate: A con-
firmation. Journal of Comparative and Physiological
Psychology, 41, 93-101.

Stuart, R. B., & Davis, B. (1976). Slim chance in a fat
world. Champaign, IL: Research Press.

Van Houten, R. (1993). The use of wrist weights to re-
duce self-injury maintained by sensory reinforcement.
Journal ofApplied Behavior Analysis, 26, 197-203.

Van Houten, R., Nau, P. A., & Merrigan, M. (1981).
Reducing elevator energy use: A comparison of posted
feedback and reduced elevator convenience. Journal of
Applied Behavior Analysis, 14, 377-387.

White, G. W., Paine-Andrews, A., Mathews, R. M., &
Fawcett, S. B. (1995). Home access modifications:
Effects on community visits by people with physical
disabilities. Journal ofApplied Behavior Analysis, 28,
457-463.

Received August 31, 1995
Revision received September 11, 1995
Final acceptance September 20, 1995
Action Editor, Nancy A. Neef


