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Abstract

THE EFFECT OF THE RANGE OF FORCES
REINFORCED AND THE PRORBABILITY OF
REINFORCEMENT ON THE DIFFERENTIATION
OF THE PEAX FORCE OF RESPONSE

by
Richard M, Samuels

Adviser: Professor Donald E, Mintz

Rats were reinforced with food rellets on a band
contingency in which a reinforcement=eligible response was
defined ar 2 lever rress whose peak emlitted force fell
between specified upper and lower limits.

The apparatus conslsted of a straln gauge coupled to
a modified lever press manipulandum, A voltage, isomorphlc
with applied force was integrated during each response to
provide a measure of peak emitted force for each response,
Additional circultry allowed the setting of response thresh=-
old and the upper and lower limits of the band,

In the first experiment, the probability of reinforce=
ment for in=band responses was fixed at 100 percent,
Three groups of rats weres run for three Fhases during which
the width of the reinforcement band was systematically
varied, The forth Fhase consisted of either extinction or

regular reinforcement for all responses regardless of force,
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Two groups were run on the same band widths (1l2=-22g,

14-20g and 15=19g), One group was initially exrosed to

a narrow band which was subsequently made wider, while

the second was initially run on the least stringent cone-
dition which successlvely became more stringent, The third
group was exposed to a tand eontingency with a higher
midpoint (18-28g, 20-26g and 22-2Lg), This groun began

on the least stringent variation and was shlifted to in=-
creasingly more stringent conditions during the following
two Fhases,

in general, the data suggested that as the reinforce-
ment criteria (the band in effect) hecame nore stringent,
the rate of responding tended to increase, 1In addition,
the percentage of responses falllng within the band in
effect tended to decrease, An inverse relatlonshlp between
accuracy and rate was suggested by the data,

It was also observed that a more stringent reinforce-
ment criteria appears to generate an improvement in per-
formance relative to the condition when the less etringent
criterlion was in effect, In fact, contrary to extinction
theory, the extinction of those response variants outside
of the now more stringent criteria, suggests an increase
in the frequency of those variants, 4 model utilizing
the concept of variance reduction was hypothesized to
account for this data,

In general, analysis of the peak force distributions
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indicated a consistant increase in peak forces as the band
wldth was made more stringent. Peak forces in extinction
indicated that those groups previously reinforced for higher
responses tended to generate higher.forces during extinction,
Similar effects for the regular reinforcement Ss were not
evident,

The second experiment held the band in effect constant
(14-20g), while the prodability of reinforcement for in-band
responses was set at either 100 percent or 50 percent, One
group of rats began with a 100 percent reinforcement cone
dition, while a second group of animals began at 50 percent
relnforcement, as determnined by a random ratio reinforcement
schedule, The second Phase of thls experiment saw these
beecentages reversed,

The results showed a shift in the distribution of
peak forces to a higher percentage of low force responses,
when rats were shifted from a 50 percent to a 100 percent
reinforcement condition, A reclprocal effect was not
noted for animals switched from 100 percent to 50 percent
reinforcement. A4 non=linear model relating force to the
frequency of reinforcement was proposed to account for this
data,

The accuracy of responding, as measured by the pere
centage of in-band responses was aprarently insensitive
to the percentage of reinforcement or the order to which

the Ss were exposed to these two contingenciles,
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According to Skinner, ",.,the main datum to be
measured in the study of the dynamic laws of an operant
is the length of time elapsing between a response
immediately preceeding it or, in other words, the rate
of responding,® (Skinner, 1938, p. 38)

With this assumption, Skinner and his assoclates
do not address themselves to the properties of the
response itself, Rather, they treat esach response as
an all-or-nothing event, In essence, the organism 1is
considered a generator of binary events, a reasponse
either occurs or does not occur,

One of the advantages of treating the response as
an all-or=nothing event involves the relative simplicity
of measuring that response, By ignoring certain
variations of an organism's performance, one can simply
record the frequency of a class of events with relative
eage, This assumes of course, that the definition of
response is clearly established prior to obtaining this
data, Thus a response in this strict Skinnerian sense,
comprises a family of events that fit the definition of
that response,

To omit from analysis, the properties of the res-
ponse itself, is analogous to conscientious counting,
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with only a vague notion of what is being counted,
Indeed such variables as response duration, response
force, response topography, effort of response, etc,,
are as likely to be as important to the understanding
of behavior as is the rate of responding,

The present study, in addition to examining the
rate of response, focuses on the particular varlations
of responding that occur when speclfically defined
variations of the original response are placed under
selective reinforcement through changes in the re=-
inforcement criteria, This analysis is directed at
the peak force of reaponse,

In addition, since changes in the reinforcement
criteria also produce the effect of changing probabilities
of reinforcement, the second part of this study involves
the proportion of responses being reinforced and the sub-
sequent effect on the peak force of response as well as
the response rate.

Notterman and Mintz (1965) suggest that, "it is
yossible to redefine operant behavior as behavior that
is tandamount to the organismic emission. of forces,"
They continue to develop this arguement and conclude
with the atatement that the peak force of response
appears to be an appropriate index of energy expenditure,

When a rat makes a bar press response, he is
essentially emitting forces against a manipulandum,

With the conventional microswitch - lever arrangement,



«$ip-
a specified force must be exerted on the lever in order for
the microswitch to operate, This snapping action of the
microswitch causes a set of contacts to close which signals
the onset of the response, When the force exerted by the
organiam no longer exceeds the requirement of the micro-
switch, the contact opens and the resgponse is considered

terminated,
If one wished to increase the force requirement of the

response, the lever could be loaded with weights, or the
spring could bé tightened. 1t is also possible to design an
appraratus that allows the force levels needed to produce a
"response!" to be varied electronically,

Using such a system Notterman and Mintz (1965) showed
that rats pressing an operandum incorporating a strain
gag® generated forces which started at ze:o, increased un-
til the reinforcement criteria was met, and then returned to
zero, In their discusslon of the relationship between force,
work and energy expenditure, they conclude with the statement
that the peak amplitude of force during a response is closely
related to work and energy expenditure and is thus a useful
measure to obtain for the analysis of these variables, They
state; "With a lever-press response taken for the basis for
reinforcement contingencies, the time integral of force of
that response, remains the appropriate index of organism
energy expenditure,

"However, in those behavioral situations in which "hold-
ing" behavior is infrequent, (that is, emitted force reaches
its peak value then decreases rapidly to zero) and in which
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the work done by the organism goes into compressing or
stretching a spring or strain gage, peak force of response
should be a satisfactorily valid index of energy utilization."
(p. 8)

Organismic energy expenditure, how much energy is ex-
erted by the S in emitting a particular response, concerned
Hull (1943), who saw the construct of reactive inhibition as
a work-related phenomena, He states: "It is supposed that
each response evocation produces in the organism a certain
incrememt of a fatique-like substance or condition,which con-
stitutes a need for rest, The mean net amount deposited at
each response appears to be a positively accelerated in-
creasing function of work or energy expenditure (W) consumed
in the execution of the act, It is assumed further that
this subatance or condition has the capacity to directly
inhibit the power of S to evoke R; for this reason it is
called reactive inhibition (Ir) " (p, 391).

Solomon, in his 1948 article, observed that the construct
of reactive inhibition influenced numerous other experiments
which he systematically reviewed after classifying them into
four categories: the Law of Least Effort, effort per unit time
in conditioning and learning, avoldance of repetition of re-
sponses, and the role of kinesthesis in the control of behavior,

Thus, energy expenditure, as measured by the peak force
of response appears to be a relatively important variable in
the understanding of operant behavior, It is within this
framework that the peak force of response will be examined
as a function of varying reinforcement criteria,
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It is son;rally understood that the probablility of a
response being emittel by an organism is determined largely
by the orsnnisub prior history of reinforcement with that
response. Under a continuous reinforcement achedule (CRF),
the organism's probability of reinforcement is determined by
the degree to which the behavior conforme to the reinforce-
ment criteria, in other words, success depends upon the
accuracy of a response, This is as true for a rat pressing
a lever, as it is for a child learning to speak, The criterion
in the later case would be determined by some measure of
social intelligibility.

This process of matching a response to the reinforce-
ment criteris has been called response differentiation, It
is poseible, ae Skinner (1938) points out, to alter the relative
frequency of a variation of a particular response by selec-
tively reinforcing only that specific variation while at the
same time extinguishing other variations of that same re-
sponse, Thus the differentlation. process is a result of
concurrent extinction and strengthening procedures; the
extinction acting on certain variations of the response while
the strengthening operation is conducted on yet other varia=-
tions of that response. When this procedure is carried out,
a shift in the relative frequency of the variations is
noted, Skinner has labled this shift in frequency through
selective reinforcement and extinetion, the differentiation
of a response, He has alsoc called it, perhaps more colloquially,
shaping,
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When the reinforcement contingencies are manipulated to
establish the differentiation of a response, the bshavioral
changes tend to exhibit typical acquisition styles; 1.,e,, a
gradual refinement of responding with an increasing tendency
to conform to the special requirements of the reinforcement
contingency., In that vain, Notterman and Mintz (196%) point
out the need for a distinction between m response and those
response variations eligible for reinforcement, They state
that, "Responee remains a behavior sampling unit, the basic
datum in a study, DNot all members of this class need be
eligible for reinforcement, The criterion defines the re-
inforcement eligible sub-class of a response, Thus, any
responase exceeding a pre—dgtormined force 1s recorded as a
response, whlle only some of these responses, those for example
between X and Y g would be eligible for reinforcement." (p. 16)
The eligibility would be determined by the experimental de-
sign, For example, in the present study, Experiment 1 saw
all in-band responses being reinforced (100%), while in
Experiment 2, eliglibility was set at elther 100 percent or
50 percent,

Experiments concerning the properties of individual
responses have been relatively sparse when compared to the
quantity of literature dealing with the rate of responding,

Millenson and Hurwitz (1961 a) examined the inter-
response time (IRT) generated by rats during continuous re=-
inforcement (CRF) and subsequent extinction., They observed
that extinction produced an increase in the mean IRTS  as
well as an increase in the standard deviations of these
measures, when compared to the prior CRF training. These
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same authors then atudied the effect of several reinforce-
ment schedules on response duration, They observed that
when rats were shifted from CRF to a Fixed Interval (FI)
contingency, an increase in response duration occurred,
Animals on a random ratio schedule showed a duration meaxi-
mum when the probabllity of reinforcement was equal to
0.11, The authors however, offered no explanation of this
interesting finding, Under a Fixed Ratio (FR) 5 schedule,
low median durations with a small standard deviation were
noted, No systematic differences in duration were ob-
served as a function of the position of the response
within any given FR cycle (Millenson and Hurwitz, 1961 b),
Margulies, (1961) examined response duration in
operant level, CRF and extinction. His study showed that
mean response duration tended to be high in operant level,
declined and stabilized during CRF, and again increased
during extinction, When the distribution of response
durations over CRF sessions was examined, it appeared that
the mean duration decreased as a function of sessions,
Keller and Schoenfeld {1950) reviewed a number of studies
where selective reinforcement of a response sub~class re-
sults in a change in the form of response, i,e., the
process of response differentiation, Among the studies
cited is one by Skinner (1938) and another by Hays and
Wosdbury (1943)s In both o these-studies, kigher thageaverage
force requirementa were imposed on rats previously trained



Y-

to bar-press at lower force requirements, The effect of
this criterion change was a gradual shift in the distridu-
tion of emitted force,

Murphey (1943) using human Ss and a modified pin-ball
machine, imposed an upper force limit as well as a lower
force limit uged in the above two experiments, He dlscovered
that as the "tolerated range", i.,e,, the "band" of rein-
forcement=eligible responses between the upper and lower
criteria was narrowed, the percentage of reinforced re-
sponses docreased and, that Ss learned to differentiate one
reinforcement band from another, and demonstrated this with
a shift in distribution,

Herrick, (1964) examined response differentiation
using lever displacement as his dependent varlable, The
apparatus was such that the animal could be required to
move the lever downward a certain dlstance in order for
reinforcement to occur, It was possible to set upper and
lower limits of lever displacement that would be reinforced,
He defined these upper and lower limits as the "zone of
reinforcement™, In essence, Herrick could reinforce the
animal for a sub=class of the original response, To look
at it another way, by narrowing the zone of reinforcement
Herrick was nmaking the criterion for reinforcement more
stiingent, He observed that when the response zone was
narrowed, the animals tended to peak their responses at the
lower limit of the "reinforcement zone'", i,e,, reflecting
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least displacement, He also noted that most of the non-
reinforced responses fell Jjust below the lower limit of
displacement of the "reinforcement zone',

A later study examined further the characteristics of
a lever displacement response, This time Ss were placed on
a FR 5 reinforcement contingency, Essentially he noted an
increased variability during extinctlion and no tendency to
repeat the last reinforced response, He also reported a
decrease in the mean displacement as a function of the
ordinal position of the response following reinforcement
within FR cycle (Herrick, 1965),

Examination of the peak force of response as a response
variable began with Notterman (1959) and was expanded sube
sequently by Notterman and Mintz (1965),

Notterman (1959) used a modified bar-press manipulandum
equipped with & strain gage to measure the peak force
produced by rats during a series of CRF acquisition and
extinction sessions., He observed that peak force tended to
decline toward the criterion for reinforcement while at the
same time, force variability decreased, This is in contrast
to the effect found during extinction, where peak force
tended to rise concomitant with an increase in force
variability,

Notterman and Mintz (1965) published the results of
a systematic series of studies in response differentiation
using peak force as the dependant variable. They demonstrated
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that when the criterion was switched from 2,5 g to 16 g,
the response level shifted in the appropriate direction,
They also observed that extinction tended to generate force
levels that were correlated with the force criterion during
acquisition (p, 25),

The authors were impressed with the possibility that
the Ss used in their experiments appearsd ® be responding
on a self-imposed variable ratio (VR) schedule, that is,
although the criterion for reinforcement was sufficiently
low to permit the rats to exceed that value 100% of the
time, most Ss seemed to stabilize with about 65% reinforced
responses, Although large changes in reinforcement criteria
could decrease the percentage of 'success', this finding
indicated that Ss tended to stablize on a reinforcement
schedule of this type.

In an attempt to extend the earlier work of Frick (1948)
who examined the consequence of a discrimination procedure
on the rate of responding, Notterman and Block (1960)
neasuwed the peak force emiltted by rats during a successive
light=on light=0ff discrimination, The data obtained
indicated that force emission during the unreinforced cycle
was consistantly higher than during the reinforced cysle,
even though the rate of bar-pressing was lower during the
84 (unreinforced) condition,

Notterman and Mintz extended this work further by in-
corporating into the design asveral degrees P . g* Sisparity,




The data revealed that S (reinforced condition) rate of
response was fairly constant from group to group, while
S‘points Yielded a function that increased as the S o
stimulue approached the SD Jevel, Examination of the force
data indicated that while S‘forcos were constantly higher
than s forces, no systematic relationship was noted as a
function of S% /S‘ brightness ratio (1965, ch,4),

Speculation as to why force increased during the s®
condition, produced a procedure in which an upper as well
as8 & lower reinforcement criterion was imposed, In essence
then, this produced a "band"™ of reinforceable responses,
(This procedure was similar to that of Murphey (1943), and
Herrick (196L4). The principle findings were that the
imposition of an upper criterion produced a reduction in
peak force, when compsared to a group run on the same lower
criterion but without the upper limit, It was also shown
that the frequency distribution of peak force for Ss run
under the band condition tended to peak at the lower limits
of the band (ch, 5}, These data indicated that rats were
able to differentiate force within a restricted range,

Skinner (1938) described a procedure in which either
of two possible responses Bere cued to separdte exteroceptive
stimuli, He called that procedure "double discrimination™
(p. 338).

Notterman and Mints designed an experiment to determine
the feasiblility of exteroceptive cuing of response force with

a "double-band procedure”, In this experiment two peak force



bands were established, the low band was 5~10 g while the
high band was 15-20 g, For half of the Ss, a light-off
condition was the stimulus for the low band contingency,
while a light-on condition served as the stimulus for the
high-band contingency. Exteroceptive stimuli were reversed
for the remaining Ss, The data clearly showed that the
exteroceptive stimulus had developed control over the
emitted force levels, Low-band distributions tended to
peak within the band, while high-band force distributions
tended to peak slightly below the lower limit (1965).

It is interesting to note that the percentage of in-
band responses for the low-band condition stabilized at
about 60%, a figure not too different from the 65% value
obtained by the animals run earlier with only a lower criteria,

An analysis of the first response following a shift
from one to another reinforced band, indicated that:

"based on a sign~-test, the entire group shows a significant
(5% level) increase in peak-force for the first response in
the presence of each high-band stimulus, and a significant
decrease for the first response following esach change to

the low=band stimulus” (p, 121), It was also shown that:
for both high and low=band performance, there was a tendency
for the pcak'forco distributions to peak somewhat bdelow the
midpoint of the reinforcement range", This downward die-
placenment actually had the effect of bringing high=band

modal performance below the band itself, The high-band
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condition generated a higher degree of response variability
and subseguently, a lower percentage of reinforced responses,

When feedback was introduced to a group of animals
previocusly trained to an 8-16 g band, no systematic changes
in responding were noted, Feedback was designed to signal
to the animal when he was below, in or above the band,
However, when that feedback was removed, a significant shift
towards a higher force distribution was obtained, Notterman
and Mintz suggest that cues added to a previously stabilized
behavior may gain control over that behavior, even though
the control may not be observable as a change in that
behavior,

When similar feedback was applied to Ss during a band
"close~in", that is & condition where the reinforcement
criterion becomes narrower (i,e,, 8=15 g changing to
10-14 g), these Se more frequently met the criterien than
did a similar group run without the added feedback (p. 137).

Both groups however, did share a common form of feed-
back not mentioned by the authors, namely the change in
reinforcements per unit time, This reinforcement frequency,
being reduced by a band=close in, provides feedback to the
organism, The bshavior is subsequently modulated to restore
the original reinforcement rate. It is however, less
momentarily specific than the extercceptive feedback desoribed
by the authors. Exterocceptive feedback such as a light or a
tone is related to the individual response while reinforcement
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rate. .. is integrated feedback, thus, it is necessary for
an organism to respond over a relatively long period of
time before the effects of reinforcement deneity can be
utilized as feedback, The effect of response differentiation
on the reinforcement rate v will not be noticed immediately
by the organism, as with the application of some form of
exteroceptive feedback,

Using a solution of procaine to interfere with kines=
thetic feedback, Notterman and Mintz showed that the per-
centage of in-hand responses decreases in animals whose
paws have been anesthetized, The remaining control demon~
strated by these Ss suggested the role of muscular feedback
as well as feedback from the skin itself (p. 144).

Mintz et al (1971), have shown that feedback in the
form of pressure sensation apparently may play a modest role
in the differentiation of a finger response at a level of
150 g in human Ss., Apparently, muscular feedback medliates
the differentiation under these circumstances, The authors
speculate that at lower force levels, cutaneous feedback may
play a more potent role in the mediation of this behavior,
This hypothesis is in agreement with the earlier Notterman
and Mintz finding deacribed above,

Filion, Fowler and Notterman (19569 a) using human Se,
examined the effect of reduced feedback on the precision of
force emission, With two 3s, xylocaine hydrochloride was
injected into the index finger used dy those Se on a finger
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task similar to the one employed by Mintz et al (1971),
The results of the two days of running with xylocaine (after
10 pre-injection days) indicated a significant increase in
force variance under the anesthetic condition, This ine
crease was not noted however, at the highest force tested,
200 g. The authors propose & dual system, whereby kinesthetic,
rather than cutaneous feedback plays the dominant role in
high force conditions, & position similar to that taken by
Mintz et al (1971) and Notterman and Mintz (1965), The
second part of this experiment compared visual numerical
feedback to a non-visual feedback condition, An absence of
visual feedback produced a 20% increase in variance when
compared to the feedback condition,

In a similar pilot study, Mintz and Barber (1972)
showed differences between human Ss in thelr ability to
maintain accurate force emissions when numerical feedback
was withdrawn, Reaching80%% within-band responses, one S
maintained 72% in-band responses for the first 50 none-
feedback trials while the other maintained about 4LO% in-
band responses, On the second block of 50 trials the first
S dropped to about 45% while the second appeared to stabilize
at about 4{40%,

These studies underscore the complex role of fesdback
on the maintainance of precision force emission, They
ralse speculation as to vhat exactly constitutes feedback and
to the relative importance of exteroceptive feedback versus
internally mediated feedback, '
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Notterman and Mintz examined the relationship between
effort expenditures and various aschedules of reinforcement,
They ran rats on either FR or FI schedules and measured the
effort (time integrel of force) exerted by these Ss during
each response, They showed that during FR performance,

"the mean effort of responase tends to increase with an in-
crease in the effort requirement (criterion) for either step
advances in a ratio count or reinforcement, When the
criterion is low, an increase in the ratic length also
produces an increase in the effort expenditure of responding,
With higher criteria, this effect does not appear" (p. 181),

They also showed that the first response immediately
following reinforcement was generally lower in peak force than
those responses immediately preceeding reinforcement, In
fact, a correlation between response effort and position in
the FR cycle was noted, Animals run on the FI condition
showed little change in response effort as a function of
position in the cycle, However, changes in reinforcement
criterion, produced a commensurate change in the mean
effort (chapter 8).

Although the evidence at the present is asparse,
Notterman and Mintez (1965) draw some tentative conclusions
from the preliminary findings which measured response
sagnitude as & function of the amount of reinforcement
and "drive" level, Their findings suggest a decrease in
emitted force with an increase in the guantity of response



contingent reinforcement, There is alsc a tendency for
response force to incpease with an increase in "drive"
state, defined as longer food deprivation times in the con-
text of the experiment, Data obtalned from runway studles,
for example Hillman, Hunter and Kimble (1953), generally
agree with these findings., |

3ince the quantity of reinforcement exerts control
over response force one may conjecture as to what might
happen in an experimental situation in which quantity of
reinforcement is proportional to response force, Notterman
and Mintz (1965) trained rats on a traditional fixed=-
reinforcement schedule, The animals were then switched to
& force-proportional contingency, The general conclusion was
that rats under these conditions at least, do not work harder
to get more relnforcement even though they are physically
capable of doing so (ch, 10),

This finding was confirmed by Filion, Fowler and Notterman
(1971) who showed that rats, switched off of a pre~feeding
scheduls, made up for the loss by electing to press more
Irequently rather than harder during the subsequent sessions,

These same authors also determined that rats do not
take advantage of an effort-proportional reinforcement
contingency, although the data suggested that the Ss in-
creased in "efficiency", as measured by the amount of food
obtained per unit effort exerted (Filion, Fowler and
Notterman, 1970 a).
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There are two properties of its behavior which the
animal can vary in order to maintain or modify his relnforce-
ment rate, They are response rate and the precision of
responding, Filion, Fowler and llotterman (1969 b) showed
that the force of response and the rate of responding were
differentially sensitive to electric shock and that the
apparent nature of this effect suggested the existance of
a tendency for & compensatory lnteraction between the two
dependant variables, Essentially, their findings showed
that a high probability of shock had a significant effect
on the mean emitted peak force resuliing in a decrease of
peak force, Ilowever, no changes 1n rate were noted between
the high probabllity group when compared to the low proba=
bility groun,

Examining this interaction more closely, the authors
used a band=discrimination procedure with a close=in tech=
nique on three groups of rats recelving varylng amounts of
pre=feeding, An advantaze of the band close~Iin technique
is with the ease by which the dlfficulty of the task can be
modified simply by adjusting the band width to the desired
point, The close~in technique conslsts of training on the
wide band, in this case 8.0=13,9 g with a subsequent
narrowing in of the band to 10,0«13.9 g, The results
indicated that the rate of responding appeared tc be a non~
monotonic function of the amount pre=fed, The mean peak
force of response was 0t however, differsntially sensitive

to the amount pre-=fed, Data for the shift from the wide~
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band condition to the narrow=band condition had the effect
of increasing the rate of responding for all Ss, At the same
time, the accuracy or percentage of responses falling within
the now narrowed band decreased, The data also suggested
that the rate of response and differentiation of a response,
interacts in a compensatory manner to keep the amount of re-
inforcement obtained per minute relatively constant, (Filion,
Fowler, and Notterman, 1970 b),

Mintz, Samuels and Barber (1971) examined peak force
as a function of a changing criteria for reinforcement in a
variable interval (VI schedule)., They observed that switch-
ing the animals to a more stringent criterion always produced
an’increase in the absolute rate of the now-reilnforced
variation, Of particular interest was the means by which
thisg absolute rate change came about, The authore suggest
that the absolute rate of the now=relinforced variation could
increase elther by an over=all rate increase, or by a change
in the distribution of response, or a combination of both,
The data suggested that if the variation of the response
was already relatively frequent in the animals repertoire,
a shift in criteria would probably result in further changes
in the force distribution, reflected by a relative increase
in the frequency of the now=reinforced variation, If the
variation was rare to bvegin with, then the organism would
tend to increase the overall rate while the relative dis-
tribution remained unchanged,

Although a basic literature exists regarding the
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response variation of the pesk force of response, there
remains a paucity of information concerning the effect of
band shifts on response differentiation and response rate,
and further on the relative effect of these in maintaining
the reinforcement rate, It can be argued that if a band
is narrowed, the organism responds as if a random ratio
schedule had been imposed, at least during the initial
exposure to the new schedule, Of course, the basic process
of differentiation would predict a distributdion shift or a
rate change, however, not before the organism would ex-
perience a lower percentage of reinforcement,

This change in the percentage of reinforcement which
occurs when a band width is varied, raises questions re-
garding the effect of externally imposed random ratlo
schedules of reinforcement on the process of response
differentiation, or more specifically, on the distribution
of the peak force of response,

Indeed, 1f an externally imposed random ratio schedule
of reinforcement were imposed in addition to that of the
band contingency, the S*s liklihood of reinforcement would
be influenced by the externally imposed schedule of rein-
forcement, plus one related to his own behavior, based upon
the liklihood that each response met the reinforcement
criteria, Thus the only time that an animal would be
reinforced would be if his response net the reinforcement
criteria, and at the same time the external schedule
determined reinforcement eligibility. Reinforcement would
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not occur if either one or both of these two conditions
were not met,

Experimental evidence on the effects of random ratio
schedules on response rate and accuracy remains scant,

Sidley and Schoenfeld (1l96L) examined behavior stability

and response rate as a function of reinforcement probability
on random ratio schedules, They were unable to find a

simple relationship between response rate and reinforcement
probability, although response rates under a 1,0 probability
were lower than with a probability of reinforcement lees than
unity, St%ability was reached after LO=-50 days of exposure

to any of the six probabilities used ranging from p,=,0068

to 1,0,

An organism exposed to a band contingency does in
effect, determine his own probablility of reinforcement, The
resultant ratio would be a function of band-width and the
Ss accuracy, the percentege of responses falling with the
band, Inasmuch as there appears to be a relationship
between ratio and rate (Sidley and Schoenfeld 196l4), the S
in effect indirectly controls his rate through the mode of
its self=generated ratio of reinforcement.

Given the apparent inverse relationship between accuracy
and rate (Filion, Fowler and Nottermmn 1969 a, 1970 b) one
can hypothesize that a trade~off between accuracy and rate
would occur at a particular band width, Thus accuracy or
percentage in the band, would affect the reinforcement ratio,
while the resultant ratio would influence the rate of
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responding, However, if the resultant ratio by virtue of a
low reinforcement rate drives the rate of response higher,
then this would in turn, tend to increase the reinforcement
rate in terms of reinforcements por unit time, Based on
the Filion, Fowler and Notterman (1969 a, 1970 b) studies,
one could expect accuracy to decrease with a subsequent
reduction in the rate of reinforcement. Apparently, the
organism stabilizes at some point of interaction between
rate and accuracy, the exact degree of each depending on
training history, band width and individual S differences,

In 2ll of the previously reported band studies, the
probabllity of reinforcement for within-band responses was
set at 1,0, Thus, any within-band response was reinforced.
If the reinforcement probability for within-band responses
was set at some value other than 1,0, then in effect a random
ratio schedule would be superimposed on an effectively
randon ratio-self generated reinforcement schedule, With
this type of procedure it may be possible to examine inter=
actions between differential criteria versus direct inter-
mittant reinforcement schedules on rate and accuracye.

The purpose of this study, is to examine those re-
lationships and interactions in an attempt to deternine the
relative contribution of each on the measures of reinforce-
ment rate and accuracy of responding in the band contingency,
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METHOD
SURIBCTS:

The 8s for both experiments were two groups of male
Sprauge-Dawley CFE rats, 50 days old and weighing from 230~
chO g sach when acquired from Carworth Incorporated, New
City, New York, They were housed in individual cages in
an animal vivarium where the temperature and humidity were
controlled within normal limits of comfort., A water dis-
penser and food cup filled with Purina Laboratory Mash
were continuously available when the animals were initially
housed in the laboratory,

For one week prior to the onset of each experiment,
the appropriate groups of animals were placed on a twenty-
three hour food deprivation regimen, After completion
0f an experimental session, the Ss were allowed to eat
freely for ome hour in their home cageas, Water was
available in the home cage at all times and was also avail-
able in the experimental test chamber,

APPARATUS:

The apparatus for both experiments was similar in
function to that devised by Notterman and Mintz (1965).

A numder of modifications were necessitated by differences
in equipment. A block diagram (Figure 1) shows the basic
system, Recent advances in digital electronic design have
rendered the specific squipment obsolete and numerous im-
provements could be readily accomplished by anyone wishing
to conatruct a similar system,
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The basis for any force measuring system is the trans~
ducer, This device converts applied force into a usable
voltage, For this purpose the Statham Model UC-3 force
transducer was selected, This unit is capable of measur-
ing force applied to its shaft within a range of from
O to 60 g with a displacement of less than 1 mm at maximum
force, The output voltage is linear with applied force
within a tolerence of 1%,

This transducer was the core component of the
operandum, The transducer body was a cylinder 1.9 cm in
diameter, At the upper end, a small force sensitive shaft
32 cm in diameter and ,63 cm high protruded., Attached to
this shaft was a small cylinder of aluminum, 1,27 cm in
diameter and 1,27 cm high, The top edge of this cylinder
served as the contact surface for the rat, This cylinder
and the transducer body were mounted within a larger hollow
aluminum cylinder with the contact surface protruding .63
cm above the support, This was done to minimize lateral
forces exerted by the rat even though the transducer itself
was insensitive to applied lateral force,

The resonant frequency of the transducer and operan-
dum assembly, was approximately 300 hertz, a frequency
well above the highest response rate produced by the rats
in these studies, This operandum assembly was mounted in
a modified Scientific Prototype Model A102 Skinner Box,
17.76 cm wide, 25,40 om long and 20,32 om high, centrally
along one of the 17.78 cm walls,
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The center of the contact surface was 2,22 cn away
from the wall, while the contact surface itself was 2,54
cm above the floor of the chamber, The floor consisted of
parallel stainless steel rods .32 cm in diameter and
spaced 1,58 cm apart, These rods ran across the 17,78
cm width of the chamber,

The f0o0d cup and water tube were conventionally
mounted; the brass food cup located 3,81 cm to the left
of the manipulandum, the water tube being located an equal
distance to the right, The experimental chamber itself
was mounted on a two~inch thick polyurethane pad for
vibration isolation, on a table .91 m high, A Sclentific
Prototype feeder was connected to the brass food cup with a
rubber tube, The feeder was alsc mounted on the pelyurethane
pad to damp the vibration produced when the feeder dis-
pensed each P, J, Noyes 45 mg Standard formula rat pellet,
which served as reinforcement, The experimental chamber
was housed in an isolation room with interior dimensions
of 1,52 m long, 1.22 m wide and 1,52 m high, The interior
walls and ceiling were covered with two layers of 1,27 cm
thick accoustical tile, The structural walls of the room
consisted of a 7.62 cm thick sandwich of plywood-urethane
insulation=plywood, The floor was constructed of the same
material and was additionally carpeted on the inside, The
celling of the room was of similar construction with the
addition of a second ceiling containing ventilation ducts
and additional soundpro..ing material,

Ventilation was provided by a 7.13 cu a/min blower,
Air supply to this blower was either air conditioned or
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heated so that the internal temperature was constant at a
subjectively comfortable level., The isolation roonm

itself was mounted on Celotex and plywood sandwich which
itself was placed over & 1,27 cm thick fiber carpet padding.

Although no noise attenuation measurements of the
isolation room were made, subjective reports indicated
essentlally complete attenuation of normal outside noises,
In addition, during the experiment, nolse was supplied to
the isolation room to further mask outside noise, Due to
its bulk, the isolation room also had the effect of damping
outslde vibrations from the operandum,

I1lumination in the room was supplied by two, 20=-wt
Cool White florescent fixtures, mounted along the length-
wise walls near the ceiling, The centers of these 45,72 ¢m
fixtures were ,76 m from the experimental chamber, A
television camera mounted above the chamber allowed the
observation of the rat from outside the isolation roon,

A shielded cable connected the transducer to the con-
trol center, Additional cables were fed into the isclation
room for other control functions, The voltage from the
transducer was connected to the high impedence input of an
integrated circuit operational amplifier, This amplifier
had both gain and range controls and allowed for the cale
ibration of the transducer, so that applied force was
isomorphic with output voltage, Thus, an applied force of
5 g produced an cutput voltage of .5 v while an applied force
of 50 g produced an output voltage of 5 v, The amplifier was
linear from O to 5.8 v (equivalent to applied force from O g

to 58 g), with an error of less than one percent across its range,
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This calibrated and isomorphic voltage was connected
to the inputs of three independently adjustable level
detectors, These level detectors could be set to operate
at any applied voltage from ,1 to 7,0 v (equivalent to
applied forces of from 1 to 70 g). Level detectors of the
type used in this experiment were designed with a hyster-
esls of approximately .,005 v, Thus, a level detector set
to turn on at a voltage of 3,0 v (equivalent to a force of
30 g), would not turn off until the voltage dropped some-~
what below that level, This characteristic minimized the
effect of perandum oscillation which might occur after a
large force rosponae.1

Operandum oscillation was also responsible for what
was tormed "double printing", i.e,, & large force response
would be followed by a short duration (1-3 ms), low force
(.5-6 gm) response, even though the animal clearly did not
make this response., This problem was eliminated by a
modification to the first level detector (which was to
serve as the response threshold detector), This modifica-
tion filtered out all responses shorter than 10 ms, Since

nearly all responses made by the rats were longer than
15 ms, only the "doubdble prints" were eliminated from the

systen,

itk
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dned when the response fell a level detector
set point, 1:dunl found ttnt u:::p pr.linln::y
procedures all rats ended a response fting
the w from the operandum, thus making foree
aigﬁ equal to zero g.
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Notterman and Mintz point out the need for a distinction
between a response and those responses eligidble for reinforce-~
ment, They state that, "Response (8) remaln a behavior
sanpling unit, the basic datum in a study, Not all members
of this class need be eligible for reinforcement, The
criterion definea the reinforcement eligible subclass of a
response" (Notterman and Mintz, 1965. p. 16). Thus, any
response exceeding a predetermined force is recorded as a
response while only some of these responses, for example
between 12 g and 22 g would he eligibhle for reinforcement,

The eligibility would be determined by the experimental
parameter; for example, in the present study, Experiment 1
had all in-band responses being reinforced, while during
the second experiment, eliglibility was set at either 100
percent or 50 percent,

The first level detector was desipgnated as the threshold
detector and was set at 5 g for all parts of both experiments,
Level detectors 2 and 3 were adjusted to operate at the lower
and upper limits of the force range eligible for reinforce=
ment, respectively, The force range eligible for reinforce=
ment will hence be referred to as the bgpd. Thus, any
applied force above 5 g was defined as a response, any
applied force above level detector 2 but not above 3 was
considered an in-band response and was eligible for reinforce-
ment,

Logic levels from all thres level detectors were inter-
faced to standard, 28 v reed programming equipment, The
reed programming squipment eastablished reinforcement

contingencles for the rat, It was observed that it was
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possidble for the rat to become eligible for reinforcement
fanter than the feeder could dispense pellets, thus a
minimum inter-reinforcement time of 100 ms was programmed
into the system to prevent this from happening,

Logic outputs of the three level detectors energized
both cumulative recorders and electromechanical counters,
In addition, similar counters recorded reinforcements and
total running time for each animal, The programming equip-
ment turned off the operandum and the isolation-room lights
automatically after the experimental session,

The peak force for each response was recorded, In
order to store this peak response voltage (isomorphic with
peak force), and to control the operation of the Systron
Donner Model 1201 Digital Volt Meter (DVM) which read the
peak voltage, and the Hewlett Packard Model 561 B Digital
Printer which recorded 1t, the analog voltage from the
operational amplifier and the level detector 1 loglc out=
put were connected to the peak detect and hold circuit
(FDH),

The PDH consisted of integrated circuilt logic for
the timing functions and a intergrating circuit which stored
the peak voltage (which was isomorphic with applied force)
until it could be read and recorded, Due to the character-
istics of this circuit, a droop in voltage at the rate of
« 1v/sec occured, This was equivalent to the drop of 1 g/
sec., Since the duration between the peak emitted force
and the end of response was seldom longer than 80 ms (.08 g)
this was not considered to be a serious source of error,
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The logic section of the FDH triggered the DVM to read
and store the peak voltage held in the 1ntor‘ratinc circuit
upon completion of a response. The DVM required 20 ms to
read the applied voltage, At the completion of the read
cycle, an "end-of=read" command was sent back to FDH, This
gignal initiated a reset to zeroc of the peak storage inter-
grating circuit, and opened the threshold circuit which was
locked out during DVM read time,

At the same time, a print command caused the printer
to read DVM voltage. The printer took 200 ms to print the
applied voltage and upon completion, signaled the PDH that
it was finished, If a response had occured during that
print cycle, that voltage, now stored in the peak circuit,
would be read by the DVM, and the cycle would continue, If
a second response occured during the DVM read cycle, it
would be locked out of the system, Thus, the IRT between
the first two responses of a high rate burst, could be as
short as the cycle time of the DVM; namely 20 ms, while the
minimum IRT between the second and third response would bde
220 ms, the combined cycle times of the DVM and printer,

Operating in conjunction with the FDH logic was a
paranetric coder which recorded reinforcement contingencies
and other parameters onto the printer tape for each response,
In addition to this equipment, a peak force frequency dis~
tribution accumulator was built, This device accumulated
frequency distributions of an experimental session on a

real time basis with a resolution of one g.



Due to the irrevocable breakdown of certain critical
components prior to the onset of Experiment 2, a number
of modifications were made to the basic apparatus, 3Since
both the DVM and the FDH malfunctioned, it was impossible
for the data to be recorded on paper tape as had been done
in Bxperiment 1, However, the frequency distribution
accumulator was still available and critical peak force
distributions could still be recorded, As the FDH timing
¢ircuits served as parameters during Experiment 1, it was
necessary to duplicate these parameters for the second ex-
periment by means of standard reed programming equipment,
It was possible for the frequency distribution accumulator
to operate at 10 responses/sec, thus the programming equip-
ment was designed to allow for faster operation of the system
(10 responses/min vs, 5 responses/min for original system),

As in the original apparatus, all responses shorter than
10 ms were filtered out and a DRL 100 ms was imposed, The
difference between the two systems was the minimun IRT
which was now 100 ms between any two responses, For the
experimental opemations affecting the Ss, the two systems
were identical with the exception of minimum IRT, However,
since maximum response rates were well under 5 responses
per second, the two systems were essentially considered as
the sane,
ERRCERURE:

Both groups of experimental animals received tray
training prior to bar preas training, BNich rat was placed
in the experimental chamber for thiwty minutes during which
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one P,J, Noyes 45 mg Standard Formula Pellet was delivered
to the food cup at 30 sec. intervals for a total of 60
pellets,

Bar training was carried out in an identical fashion
for both groups as follows: Each animal was placed in the
experimental chamber, The apparatus was adjusted so that
the criterion for reinforcement was equal to the threshold
set point, or 5 g. Each response was then reinforced with
one pellet of food, The animales were allowed to self
shape with no intervention by the experimenter for a total
of 60 reinforcements, The rats used for Experiment 1
received an additional session of CRF training at a criterion
of 20 grams, for a total of 60 reinforcements. This pro-
cedure was not repeated for the rats of Experiment 2,
EXPREEMENT. 1:

Aftter CRF training at 5 and then 20 g criterion, the
rats of Bxperiment 1 were divided into three groups of four
rats each, Group 1 consisted of rats RB 1,2,3,4, Group
2 consisted of rats RB 9,10,11, and 13, while group 3 cone
sisted of rats RB 5,6,7, and 8, The experiment was divided
into four Phases, I,1I1,1II,IV, FPhases I, II, and III were
conducted for 12 consecutive sessions with a two day break
between Fhases, Fhase IV was carried out for five con-
sscutive seasions,

A band oriterion was imposed for Fhases I, II, and 1I1I,
The assigned band criteria and experimental paradigm are shown
in Table 1, Zach of the three experimental groups was started
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on a different band, Group | began on a 13-22 - g band,

For this condition any responase with a peak force falling
within {2-22 g would be eligible for reinforcement,

This group was shifted to a narrower band during the next twe
Fhases. . The Phase II band was 14~20 g while the Phase

I1I condition was 15-19 g,

Group 2 was complimentary to group 1 in that ith PNiee
I condition was set 15-19 g, PFPhases II and IIl saw a
widening of the band to 14~20 g and 15=19 g respectively,
Group 3 was initially placed on an 18-28 g band which was
narrowed to 20-26 g and 22«24 g during FPhases II and III
respectively,

Group | was identified as the low band, wide to narrow
group; group 2 as the low band, narrow to wide group; while
group 3 was identified as the high band, wide to narrow
group. Low and high designations were based upon the mid
points of the bands, 17,0 g for groups 1 and 2 versus 23 g
for group 3,

Phase IV consisted of two animals per group being shifted
to continuous reinforcement (CRF) with a criterionor 5 _,
while the other 2 animals per group were placed on extinction,

Peak force for each response was recorded for each rat,
Total responses, number of responses at or above level
detector two, number of respouses at or above level detector
three and total run time were all recorded, Cumulative
recorder graphs were obtained for responses at or above
level detectors 1, 2 and 3, A real time frequency dis-
tribution accumulator recorded pesk force distridutions,
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IXRERIMRNT 2:

After one session of 60 reinforcements of CEF training at
a&a 5 g criterion, the anivals of Bxperiment 2 were divided
into two groups of six rats each, Group 1 consisted of
rats 1, 3, 5, 7, 9, and 11, while group 2 consisted of
rats 2, 4, 6, 8, 10, and 12, The experiment was divided
into two Fhases, I and II, Both were conducted for 12
consecutive sessions with a one=day break between Fhases,
A band criterion of 14=20 g was imposed for both groups
and was held constant for both Phases, however, the prob-
ability of reinforcement for within-band responses was
varied according to the schedule shown in Table 2, Data
collection was identical to that in Experiment 1 with the
exception that peak force recording was limited to
frequency distributions,
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RESULTS
EXEERIMENT. ONE: |

Rate measures expressed as responses per minute
(¢/min) werscalculated independently for each rats daily
performance, Figure 2 shows the rates for each band, dased
upon the mean of each rat's last three days of running
during Phases I, II, and III, It can be seen that the
narrower the band criteria, the higher the rate of
responding in 23 of 24 criterion shifts, The one exception
was RB 10 of group 2 on the Phase I to Phase II change,

A Wilcoxon T Statistic for related samples was calculated
for Phase I, II and III rates of all three groups, and was
found to be significant (p£ ,001), indicating that these
rate changes probably did not occur by chance, It is also
apparent that the group 3 response rates were consistantly
higher than group 1 and 2 rates, Group 1 and 3 response
rates also appear to change more dramatically from one
reinforcement criteria to another, as compared with the
data from group 2, The degree of change for the group of
rats going from & more stringent reinforcement criteria to
a less stringent one (group 2), does not appear to be as
affected by these shifts as those groups (1 and 3) shifting
to a more stringent requirement,

Table 3 summarizes data from Figure 2, showing the
mean response rate for eash group of rats at each band oriteria,
Comparison of group 1 and group.-2 data shows the effect of
the direction of shift on the response rate, and also on
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the relative change of response rate from one band criterion
to another, The relative percentage change from the 12-22 g
band contingency to the 14=20 g band contingency and from
14«20 g band contingency to 15«19 g band contingency was
.57 and .27 versus 44 and .16 for group | and group 2
respectively starting at Fhase I, In this case there is
a smaller change in response rate for the group which wame
shifted from a more stringent to a less strinsint criterion,
than 1f the shift is to greater stringency,

Tables 4, 5 and 6, show the percentage of total re-
sponses in each reinforcement=eligibility band for the last
three days of Phases I, II, and III for individual Ss of
groups 1, 2 and 3 respectively, This table shows the
percentage of total responses falling within each band
regardless of which was in effect, Percentages underlined
indicate the percentage of reinforced responses during any
given Fhase, For example, looking at the data for RB 1 it
can be seen that during Phase I, when that animal was placed
on the 12-22 g band contingency, 33.4 percent of its responses
fell within that band and were reinforced, This same dis-
tribution of peak force showed 18,8 percent and 12,4 percent
of its responses within the more stringent bands of 14-20 g
and 15=19 g respectively, When the animal was shifted to
the Phase II condition (14=20 g), 26,6 percent of the total
responses were reinforced and fell within that band contingency,
while 45.1 percent and 18.3 percent of its total responses
fell within the 12-22 g and 15«19 g bands reaspectively,
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During Phase 111, the S was shifted to the reinforcement
criterion of 15-19 g, During this Phase, 14,8 percent of
the rats total responses were reinforced and fell into
this band, while 42,4 percent were within the 12-22 g range
and 22,0 percent appeared within the 14-20 g band, It
should be noted that these percentages are inclusive; the
narrowest being subsumed in the next wider and so on,

The data in Table 4 show a general tendency for the
percentage of responses within a band to be greater when a
more stringent force requirement is employed, This comparison
can be made by examining the columns of the tables which show
a general increase down each column related to progressively
more stringent criteria for reinforcement, It can be seen
that 18 of the 24 such comparisons reflect the effect, '
generally understandable as an increase in the proportion of
responding in, and adjacent to, the reinforced range, as a
function of the stringency of that range,

If no force differentiation occurred as a consequence
of band change, then the relative percentages within these
bands would not vary. 4 change in percentage indicates the
measure of response dlfferentiation that did occur,

Since the Fhase I contingency for group 2 was the most
stringent band, the resulting percentage change reflected a
tendency for less accurate performance as the criterion de-
cane less stringent, This effect was referred to as de-
differentiation, JFor Ss of group 2 (Table 5) the data
indicates that de~differentiatien ocoured in 16 of 24 possible

comparisons, while the animals froam group 3 (Table 6) showed
differentiation during 17 out of 2 possible comparisons,
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Table 7 shows group means for the data in Tables 4, 5,
and 6, For group 1, differentiation occurred six out of six
times while group 2 showed de~differentiation five out of
six times, Group 3 data showed differentiation five out of
six times,

In the preceeding analysis not all of the comparisons
are independant, since the frequencies in wider bands subsume
narrower contained bands (e.g., all responses within the
14=20 g band are alsc within the 12-22 g band)., In order to
pormit an independent comparison of those portions of the
bands that underwent changes in contingency, an analysis of
the margins was developed,

The margin is that portion of the reinforced range that
is under extinction when the criteria is shifted to a more
stringent condition, Under the widest contingency, no
'margin exists since the entire range 1s being reinforced,
For example, with groups 1 and 2, from the widest to the
middle band a margin equal to the difference between the
12-22 g band and 14-20 g band is formed, This is referred
to as the outer margin, A4nother margin is produced when
the band is shifted to the narrowest condition, This is
referred to as the middle nargin and is formed by the
difference between 14-20 g band and the 15=19 g band, With
margins so calculated, it is poasible to observe non-
reinforocement effects on previously reinforced subsets of
the reinforced range,
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Tables 8, 9, and 10 show the percentage of responses
falling within the margins during the three Phases of Experl=
ment 1 for the Ss of groups 1, 2, and 3 respectively, Of nmost
interest are the comparisons of margin percentages during
a change from reinforcement to non-reinforcement, and in
the case of group 2 Ss, from the non-reinforcement contin-
gency to the reinforcement contingsency,

Cbservation of the data indicates a weak trend for the
percentage of responsesc falling in the margins to increase as
the band is nade more stringent, hence placing these margins
under extinction, Grour 1 (Tadle 3) shows this effect in
& out of 12 comparisons, while the Ss of group 2 demonstrate
this in 7 of 12 comparicons., This flnding was not repeated
for the high~band Ss of group 3 where only 5 ¢6f 12 shifts
showed an increase in margin percentages,

Fijures 3=1l display peak force distributlons for all
three sroups during each of the four Fhases of Ixporiment 1,
LZach figure represents the mean of the last three days of
the appropriate Phase.a

Tpure 3 shows the relative frequency distributions of
the pealk force of response for the rats of group 1 durlng

the Fhase I (12-22 g) condition. These animals show a high

2, The 3 day total N for each relatlive frequency distrlbu-
tion ranged from approximately 700 responses to 3,600
i d 32:0 dopondins on the band in effect and t e
n ual
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frequency of peak forces at and around the 5 g threshold,
Relative percentages for higher force values tend to decrease
above the upper limit of the band, During Phase II, when the
band was narrowed to 14-20 g, there appears to be & general
flattening of the distribution caused by a decrease in the
relative frequency of responses below the band and subsegquent
increase in above the band responses (Figure 4),

Figure 5 shows Fhase 11l dats, a band width of 15~19 g.
Little difference is noted from the FPhase II condition,

Phase IV data is presented in Figure 6. During the Phase
IV condition two animals from each group were run on CRF

for all responses above the 5 g threshold, while the re-
maining two were run on extinction, Data produced by RB 2
and RB 3, (the CRF animals), show fewer high force responases
than BB 1 and RB 4. (the extinction animals),

Both CRF and extinction produce marked increases in
low=-force responses when compared with the distributions
typlcal of the several bands,

Group 2, FPhase I data, are shown in Figure 7, These
animals began on the narrow 15-19 g band and tended to gen-
erate a more rectangularly shaped distribution than did the
group 1 animals during the Phase III (15-19 g condition
shown in Figure 3, Thias condition also produced more high
force responses above 4O g than were generated by the group
1 rats under this same reinforcement contingency (Figure 3),
There is a dewnward shift in peak force distribution when
these animals were changed to a less stringent contingency



(14~20 g) during Phase 1I, as seen in Figure 8, It ias
interesting to note the similarity between this distribution
and that produced by group 1 on the same band width (Figure
L4,). Figure 9 provides the distribution produced by group 2
Ss when they were switched to the 12=22 g reinforcement
contingency during Phase III, TRis distribution shows a
further downward shift and is similar to the one generated
by group 1 during Fhase I, with the exception that the group
1 animals show a higher percentage of their responses within
the reinforced band.

CRF and extinction data for group 2 are shown in Figure
10, Again, the extinction animals show & greater relative
percentage of higher force responses than do the CRF animals
of the same group. When the extinction animals of group 2
are compared with the extinction animals of group 1 (Figure
6), it can be seen that Ss of group 2 tend to generate still
higher force responses, The CRF rats of group 2 also show
higher peak force reaponses than do the CRF Ss of group 1l.

Figure 11 displays the peak force distributions for
the four rats of group 3 during the Phase I (18-28 g)
condition, These animals produced relatively rectangular
distributions of peak force. There are a rather large
number of above 4O g responses for three of the four animals
of the group. Fhase II data, the 20«26 g band condition is
presented in Figure 12, Little if any systematic change in
the distributions can be seen, Figure 13 shows the Fhase
III condition (22-24 g). These data indicate a decrease in
low force responses for all four Ss. Figure 14 preseats
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CRF and extinction data for the animals in group III, These
figures are also based on the mean of the last three days
of running, As with the other groups, extinction data is
oxenplified by higher peak force responses than the animals
run on the CRF reinforcement scheduls,

In order to more saliently summarize and to compare the
frequency distributions, the 25th, 50th and 75th percentlles
for each distribution were calculated, Figure 15 shows the
25th, 50th and 75th percentile peak force values for each
of the four Ss of group 1. For the Ss of this group, there
appear to be no systematic changes in force values at these
poiﬁts as a function of making the reinforcement criteria
more stringent,

Figure 16 shows the percentile peak force values for
the Ss of group 2, A downward shift of the distribution is
evidenced as the reinforcement criteria is made less strin-
gent over the three Phases, Figure 17, the group 3 data,
displays an upward shift in the distribution as the Ss are
moved to more progressively stringent reinforcement criteria,
This may be due in part to the apparent extinction effect
of being placed on a very narrow band (22«24 g) where re-
inforcement density is low,

The mean percentile valuss for all three groups ias
displayed in Figure 18, This figure more clearly shows the
apparent consistency among Phases for group 1, the decrease
in high forces for group 2 when shifted to progressively
less stringent bands, and the increase in peak forces for
groudp 3 when switched to successively more stringent re-
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inforcement criteria,

CRF and extinction data are shown in Figure 19 which
displays the 25th, 50th, and 75th percentiles for the Phase
IV condition of groups 1, 2 and 3 for experiment 1, 1In
general, extinction generated a high frequency of high
peak forces for the two animals of each group that were
subjected to extinction. Among groups, the highest forces
were shown by group 3, the one group previously reinforced
for various high force responses,

A smeries of three Mann~Whitney U Comparisons were
calculated for CRF versus extinction data at the 25th,
50th, and 75th porcentile valuea, Each test was significant
at the ,05 level, indicating that at least at these thres
percentiles, force levels were significantly different,

It would be possible to discriminate between extinction or
CRF contingencies by comparison of these force levels,

In order to more succinctly express the. ocourrsnse $f
differentiation (here defined as behavier more successfully
meeting the reinforcement criteria), coefficients of force
differentiation and of rate differsntiation were developed,
Tables 4, 5, 6 and 7 have shown that the percentage of
responses falling within a less stringent band generally
increase when the 5 is shifted to a more stringent band,
Taking this as the basis of the statement of force differ-
entiation, it is poasible to calculate a coefficient based
upon the degree of this increase,
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For example, referring to Table 4, S RB 1, 18,8 percent
of this animal's responses fell within the 14=20 g band
while the 12-22 g band was‘in effect. This percentage in-
creased to 26,6 percent when the S was shifted to the 14-20
¢ band, This increase is taken as a statement of force
differentiation,

The general rule ussd to calculate the coefficients of
force differentiation were as follows: The percentage of
responses falling within the band of interest while the less
stringent band was in effect, is compared to the percentage
of responses falling within that same band when that band
was in effect, The equation is:

0

I harrower
coefficient of force differentiation,
Thus, for RB 1, referring to Table 4, the first shift

would be:

i@.& = 1,42

while the second shift would be:

*ﬁ:% = .81,

A coefficient larger than 1 would indicate that that the
percentage increased, and thus peak force differentiation did
occur, A coefficient of 1 would indicate that the Ss be-
havior did not differentiate, while a coefficient of less
than | would indicate that de-differentiation had occurred,
The coefficients are shown in column 2 of Table 11, JYor
the change from Phase 1 to Fhase II, six out of eight animals
in groups 1 and 3 (the wide to narrow groups), show differen-
tiation, while 3 of the 4 rats in group 2 ( the marrow to
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wide group) showed de-differentiation, For the second change
from Phase II to III, five of eight animals from groups
1 and 3 showed differentiation, while two of the four Ss
in the second group showed de=differentiation, The other
two rats in the group had coefficients near unity,

S8ince rate data was also considered a measurs of differ-
entiation, changes in rate were examined in a gimilass
fashion by using the data shown in Figure 2 to calculate
indicies of rate changes, The index for rate differentiation
was glven as:

=index of rate differentiation,
rate ore

For subject RB 1, Phase I to Phase II condition, this coeff-
icient would be expressed as follows: ﬁ‘g = 1,65, A coeff=

icient above 1 indicates an increase in response rate, a
coefficient below | indicates that the rate has decreased,
while a value of unity indicates no shange in response rate,
These coefficients are shown in column 3 of Table 11,

An additional coefficient was calculated by obtaining
the product of the previously calculated force and rate
coefficients. This product was considered as an absolute
coefficient of differentiation.,

The absolute coefficient of differentiation is effectively
a measure of the change in rate of occurence of the now-re-
inforced response variation. This rate enters the coefficient
through changes in the force distributions and changes in
the absolute rate of response,
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These coefficients are shown in coluan four of Table
11. The interpretation of the product reflects a combined
statement of differentiation based on response rate and
response conformity to the reinforcement criterion, For
groups 1 and 3 differentiation occurred for 16 out of 16
shifts, while the data for group 2 Ss shows that de-different-
tiation occurred in 7 outsof 8 shifts, with the remaining
case equal to 1,02, a value near unity,

In order to account for the fact that group 2 Ss were
run on increasingly less stringent bands, an index of de-
differentiation was calculated using the modification of the
formulae shown above, The coefficient for response de-

differentiation was glven as:

index of response de-differentiation,

For example, RB 1's shift from Fhase III to Phase II is:
55‘8 = o827, It should be apparent that the rate coefficients

here are the inverse of the Phase 11 to Phase III shifts
calculated for Table 11,

The indices of response differ however, with regard to
the force ranges being examined, In Table 11 the data base
is a narrower band compared to a condition when it is bdeing
refinforced versus when a wider band is being reinforced, 1In
Table 12, a wider band is being exsmined when it is being
reinforced as compared to when a narrower subsumed bdand is
required for reinforcement,
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Table 12 shows the force, rate and final produce co=-
efficients for the absolute index of de-differentiation, The
interpretation remains as before, with a value larger than
one indicating de-differentiation, a value less than one in-
dicating that differentiation occurred, whlile a value of
unity indicated no change, It can be seen that de=dlifferen-
tiation did occur for seven of the eighf posslible shifts for
the Ss of group 2, while differentiation occurred for 15 of
the 16 shifts made by the Ss of groups 1 and 3,

Mean reinforcement rate for each experimental group based
on the last three days of running during the first three
Phases of Experiment 1, is shown in Table 13, It can be
seen that group 3 produces a decreasing rate of reinforcement
as a function of a narrowing reinforcement criterion, The
data for group 1, however, shows a relatively constant rate
of reinforcement regardless of band width, These animals
wore able to differentiate their responding in order to maine
tain the reinforcement rate at a relatively constant level,
The animals of group 2 show an increasing reinforcement rate
as the band width was widened, The reinforcement rates for
groups 1 and 2 differed during the FPhase I and Fhase III
conditions, but were identical during the Phase II conditions,”

. e8¢ reinforcement rates were calcula g the
total number of reinforcements time, It is also possible
to calculate these values by mul 1plyigﬁ percentage in-band
Tesponses the rate of responding, en this was done,
values ob od were within of each other, This dig~
crepency can be accounted for by the fact that two in-band
responses have been made e only one reinforcemsnt
was delivered to the S, due to the relatively slow operate

T time of the feeder, It is also possible that recorded
values of in-band responses may reflect small errors due
to circuit drift, hysteresis of the level detectors, etec,
A third possible source of error have been the !uct
that independent level detectors determined reinforcement
occurence or nonoccurrence, -
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Figure 20 displays the relationship between the percentage
of in=-band responses and the rate of responding, It appears
that at least for the parameters used in this study, a
negatively accelerated curvalinear function exists between
these two measurass,
EXFERIMENT 8¢

Group 1 was placed on a 100 percent reinforcement
schedule during Phase I and was shifted to 50 percent re-
inforcement during Phase Il., Group 2 was reinforced 50
percent of the time during Phase I and was switched to 100
percent reinforcement during Phase II, The response eligible
band at all times was 14-20 g,

The percentage of in-band responses and the mean rate
of responding were calculated for groups 1 and 2 for each
day of running during both Phases of the experiment, Figure
21 shows the mean percentage of in-band responses taken
dally for the rats of both groups, It can be seen that until
the eighth day, acquisition data shows that group 1, reinforced
100 percent of the time during Fhase I, generated a slightly
higher percentage of in-band responses than did group 2, on
a 50 percent schedule during Fhase I, However, aftor day
eight and until the completion of Fhase I, these differences
were no longer evident, The change from Fhase 1 to Phase
I1, corresponding to a reversal of the percentage of re~
inforcement for in-band responses, showed no differences
betwsen groups. It appears that the 100 percent reinforcement
schedule may facilitate acquisition slightly, but this
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differential is minimired as training progresses beyond the
eighth day, at least for the parameters used in this study,

It is interesting to note that the grand mean percentage
of in-band responses for both groups combined, over the last
three days of Phases I and II is 21.2, compared to 21,35 for
the Phase II condition (14=20 g) of groups 1 and 2 of the
firet experiment, It appears that the percentage of in-band
responses for a given band width and absolute level may be a
relatively constant phenomenon,

Figure 22 shows the mean rate of responding taken daily
for both groups 1 and 2 during both Phases of the study,
It can be seen that the 50 percent reinforcement schedule
generates higher rates than the 100 percent reinforcement
schedule, It is interesting to note, however, that the rates
do not merely switch position after the change of contingency.
1t appears that, relative to Phase I, group 1's (100%~50%)
response rate increases, while the response rate of group 2
(50%=-100%) decreases, Of interest is that the Ss of group !
generated a final three day mean response rate of 66,5 for
Phase I (100%), which compares to the mean three day response
rate of 65,25 for groups 1 and 2, the Phase II (14=-20 g at
100%) condition of Experiment 1, There again appears to be a

consistency for a given parameter, in this case rate,

| Figure 23 shows the mean reinforcements per minute for
groups 1 and 2 during Fhase I and Phase II of Experiment 2.
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It is interesting to note that although 100 percent reinforce-
ment tends to generate higher reinforcement rate during

Phase I, the same is not true during Phase II, Apparently
prior reinforcement history may in some way alter responding
under a new schedule s0 as to affect reinforcement rate.

Figures 24, 25, and 26 display the peak force distri-
butiong for the last three days of running on Fhases I and
II for the Ss of group 1, These distributions show little
systematic change in shape when these Ss were switched from
the initial 100 percent schedule to the 50 percent schedule
during Fhase 1I,

Figures 27, 28 and 29 present the force distributions
for the last three days of running on Phases I and II for the
Ss of group 2, These distributions show no systematic change
in the percentage of responses falling within the reinforce-
ment=eligible band, although there are changes in the above
and below band percentages, Uroup 2 distributions tend to
drift dowmward and towards a greater percentage of low force
responses, when changed to a schedule that provides greater
reinforcement density for ongoing behavior, Thls in contrast
to no change in digtribution for the group 1 Ss, where, if
the effect was consistent with that of group 2, one would have
predicted an upward shift in the distribution to a greater
percentage of high force responses.

Figure 30 displays the mean force distributions for Ss
of groups 1 and 2 during both Phases I and II, Again, it is
possible to see the downward shift in peak force distributiom
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when group 1 was shifted from 50 percent reinforcement to

100 percent reinforcement, The appssrance ofvaniupmard shift
towards higher peak force responses is not evidenced with

the Ss of groups 1, when they were switched from the 100
percent reinforcement schedule to the 50 percent reinforce-~
ment schedule,

Figures 31, 32, and 33 display the percentages of below
band, in-band, and above band responses for the Ss of group
1. As gleaned from the distributions, no systematic changes
are svident as a consequence of a shift from 100 percent to
50 percent reinforcement, Figures 34, 35, and 36 show more
saliently the downward shift of the distribution for Ss of
group 2 when switched from 50 percent to 100 percent rein-
forcement, No systematic change of within band percentages
can be noted, although an increase of below band responses
occurs for six out of six animals during the 50 percent to
100 percent change, Above band responses tend to decrease
for five of the six animals during the same change or rein-
forcement schedule.

The mean below, in-band, and above percentages for groups
1 and 2 of experiment 2 are presented in Figure 37, A slight
increase of within and above band percentages can be noted,
along with a slight decrease of belew band reaponses for the
Ss of group | vhen shifted from the 100 percent reinforcement
schedule to the 50 percent reinforcement schedule,

A large increase of low band responses along with a
decrease of above band responses accw & switch from



- -63"

50 percent to 100 jercent reinforcement for the animals
of group 2, A slight decrease of within band responses
can also be noted,’t

It is interesting to note that from both groups 1
and 2, reinforcement at the 50 percent condition tends
to generate slightly higher rercentages of in~band responses
than the 100 percent contingency, Althoush the absolute
values are snall (22,0 versus 20,94 for grour 1 and 21,52
vercus 13,64 for groun 2), the fact thet it occurred in
both of these cases sugpects that, at least for the para=-
neters used in this ctudy, a 50 percent relnforcement
cehedule ceens to penerate nore Yaccurate' performance
than the 100 percent relnforcement schedule, or perhays
nore conservatlvely stated, 100 percent reinforcement
clearly does not generate more '"accurate! nerformance

than 50 percent reinforcement,

T The rhase I rinal three day mean response rate ror
group 1 was 79,7 responses/riin compared to 66,7
responses/min for group 2, This resulted in a final
three day mean reinforcement rate of 13,9 reinforce~
ments/min for group 1 and 8,7 reinforcenments/min for
group 2, This compares to the combined mean reinforce~
ment rate of 13.65 reinforcements/min for sroups 1 and
2 of eriment 1 during the FPhase II condition, when
the band was also 1l4~20g and the reinforcement
Egobnbility wae 100 percent, These data again suggest
hy e relative stability of those measures from group

o0 group,
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DISCUSSION

To recapitulate the procedure, Experimont‘! consisgted
of three groups of rats which were started at three differw
ent band criteria, Groups 1 and 2 were run with the same
band criteria, but in reversed order, while group 3 was run
under a different set of band criteria, In the fourth
FPhase of Experiment 1, two rats of each of the three groups
ran on CRF at threshold, while the other two animals of
each group were run on extinction, A reinforcement ratio
of 100 percent was in effect for all in=band responses,

During the second experiment, two groups of rats were
run on identical band criteria (equal to the Phase II con-
dition of Groups 1 and 2 of Experiment 1), Group 1l was
reinforced for 100 percent of its in~band responses during
the first condition, and was then shifted to a random ratio
50 percent reinforcement schedule during Phase 1I, Group
2 Ss were run with reversed reinforcement ratios, 50 per-
cent during Phase I and 100 percent during Phase II,

The experimental procedurs allowed the analysis of
rate of response, accuracy of responding as measured by the
percentage of responses falling lithinl the band in effect,
the distribution of peak forces and the rates of reinforce-
ment (which is in essence a function of the above three),
Each one of these measuresof the differentiation process
will be discussed below,
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In general, the data obtained from these two experi-
nents indicates that as the band becomes more stringent,
the rate of responding tends to increase, Conversely,
ac the band becomes less stringent, the rate of responding
tends to decreace, These findings are in agreenent with
those obtained by Filion, Fowler and Notserman (1970 b},
who observed an increase in rate when the band in effect
was shifted from 18=15,97 to 10=-13,9z7, The present data
‘ndicates that as the reinforcement eligible band becomes
nore stringent (that 1s narrower), the rate of responding
increases, This may be due to the effect of extinction on
the' rate of reswonding, wheredby a reduction in reinforcement
rate brings about a higher resnonse rate.

48 the band 1is made more stringent, a lower percentage
of responses falls within the reinforcement elizlble band,
Thug, the rate of reinforcement tends to decrease. These
findings are compatible with those of Sidly and Schoenfeld
(1964), who examined behavioral stability and response rate
as a function of reinforcement probability on random ratlo
schedules, They determined that response rates were lower
under a 1,0 probability than with a reinforcement probability
of less than unity, In the present study, when the band
was nade more stringent, the percentags of responses being
reinforced decreased, This was true particularly early
in the shift before the anlimal® responding was further
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differentiated, so that more peax forces would fall within
the now more stringent band, This narrowing of the band
in effect, essentlially lowered the probabllity of the re-
inforcement presented to the animal for his on«going behavior,
It 1s interesting to note that group 3, whose band
at midpoint was 23g vs 175 for groups 1 and 2, always
generated higher response rates than did the 38 of groups
l and 2, This was true even though the band widths in
some cases were identical, The data suggests that with
equal band widths, the band with the higher midpoint seems
to generate hlgher response rates, This finding differs
from ‘that obtained by Notterman and liintz (1965) who
exanined the rate of responding, along with other measures,
on & dual band contingency whsere the appropriate band was
cued exteroceptively, They report that the rate of respond=-
ing seemed to be more related to the relative frequency of
reinforcement than to either band width or band midpoint,
These differences may be attributed to the fact that
the llotterman and !ldntz study utilized a dual band procedure,
where two discrete bands were in effect sequentlally as
coupared to the present study in which case one band was
replaced by another, Indeed, the data of the present study
actually disagrees with the notion put forth by Nottermmn
and Mintz, since there appears to be no systematic relatione-

shlp between reinforcement rate and response rate, at least
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under the conditions of the present study which, unlike the
Notterman and Mintz design, allows the organism to differen-
tially respond in order to maintain the reinforcement rate
which 1s being reduced by increasing band stringency,

Skimmer (1938) points out that the rate of responding
anpears to remain unchanged as the force required for ree
inforcement is increased (v. 327), His finding implies
that differing band midpoints do not seem to have any role
in the deternination of rate, The results of the present
study are contrary to his findings, It is possible that
the characteristics of hand reinforcement and the subsequent
alterations of peak force of response distributions, by
virtue of the organismts tendency to malntaln his reinforce=-
ment rate at its present level, may account for this
discrepancy,.

Skinnerts statement is based on a procedure in which
the lower limit of the band was varied, One can concentua=
lize the Skinner procedure as involving a band of relnforce=
ment eligible responses, With a lower limit fixed by the
procedure and the upper limit fixed by the maximum limits of
organismic .orce emission, Skinner'!s procedure thus
narrowed the band only from the lower limit, leaving the
upper limit unmodified, 4 differentiation of this nature

appears to be M"easier'" for the organism to learn in the sense
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that reinforcement rate more readily stabilizes under these
conditions than 1f the band was being made mors stringent,

as a result of both upper and lower band limits being shifted,
Not having to differentiate the upper limit of force allows
the probabillty of reinforcement to be more easily retained
without concomittant changes in rate,

In Experiment 2,the rate of responding was related
to the ratio of relnforcement, in that lower percentages
of reinforcement (in this experiment determined by an ex=
ternally imposed random ratio schedule) resulted in higher
response rates within groups. That is, for each group, a
random ratio schedule of 100% generated lower response rates
than a random ratio schedule of 50%, These data confirm
the findings of Sidly and Schoenfeld (1964)., It is
interesting to note, however, that the reversal of reinforce-~
ment probabllities between these two groupe did not simply
result in an inversion of response rates, Rather, the
response rates resulting from this reversal appeared to
reflect a tendency of the Sz to modulate the response rate
in an attempt to maintaln the reinforcement rate near its
former value,

It appears that organismic response rates may not
slmply be related to the reinforcement ratio in effect at
the moment, but may also be related to the relative diff
srence between two successive rates of reinforcement,

Thus, an organism initially run on a CRF schedule may,
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when switched to a 50 percent random ratio reinforcement
schedule, exceed the response rate of another organism
initially run on a 50 percent random reinforcement schedule,
Apparently, the existence of a '"reference'" reinforcement
rate (a consequence of the reinforcement schedule in
effect, as well as the rate of responding) plays an ime
portant role in determining the response rate at other
percentages in reinforcement,

For example, when the random ratlo was increased to
100 percent from 50 percent for group 2, the response rate
actually decreased to below that generated by group 1 when
that group was run on CRF, It 18 possible that the organism
modulates response rate in an attempt to stabilize the
reinforcement rate at its original value, even though the
environment is now providing conditions for a higher rate
of reinforcement, &S& reinforced on a CRF schedule in a
sense attempt to maintain thelr reinforcement rate at the
rate established initlally, when they are shifted to 50
percent random ratio reinforcement, Another group, initially
trained at a 50 percent reinforcement schedule and subsequently
switched to 100 percent reinforcement, is receiving re~
inforcement at a rate higher than the initial value and
seens to stabllize with a modest increase in reinforcement
rate by responding less frequently, In esseance, the organism

P,
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responds less frequently but receives more reinforcement,

The data of Experiment 1 suggest that an inverse

relationship between rate and accuracy exists (as measured
by the percentage of responses falling within the band in
effect),

4 similar finding was reported by Filion, Fowler and
Notterman (1969 a, 1970 b), The apparent consistency of
this relationship 1s evident when one enters the final
three day mean rate of responding and percentage of in-band
responses from the Phase I condition for group 1 of Ex-
periment 2 (69,7 responses/min and 21,2 percent, respectively)
onto Figure 20, This point falls almost exactly on the line
generated by the data of the first experiment, suggesting
that this relatlonship may exist as a more or less gaaedal
function for experimental conditions of this type.

In gemeral, the data presented in Tables 4=10 support
the notion that a more stringent criterion tends to generate
an improvement in performance relative to the condition
when the less stringent requirement is in effect,

When an organism moves from a less to a more stringent
contingency, fewer variations of the response are sub=
sequently reinforced, In essence, a nargin of responses
previously reinforced on the less stringent requirement are
no longer being reinforced when the band iz narrowed., Thus,

e RIts S



-7

certain variations of the responses (those variations furthest
from the center of the band) are undergoing extinction,
According to extinction theory, one would expect an eventual
reduction in the frequency of responses falling in the now
non~-reinforced margins formed between the limits of the

less and the more stringent bands,

Although no strong tendencles are shown, the data from
groups 1 and 2 are sonewhat suggestlive that, contrary to
these expectations, a more stringent criterie, (i.,e., the
extinction of the margins), produces a greater proportion of
responses in the margins for 15 of the 2§ posslible comparlsons,
The evidence strongly suggests that adjacent areas undergoing
extinction do not necesgsarily show a decrease in the freqency
of responses falling within those areas, In fact, the data
intimates that increases wmay actually occur,

These findings can verhaps be explained by conceptual=-
1zing the hand discrimination task as having two discrimiative
variables; a target peak force which is actually the mid=
point of the band in effect, and the allowable variance
permitted for & response to meet the criteria, which is the
band width, Using this model, the organism i1s being trained
to respond at & central target with contraints being placed
on the allowable variance of that response,

Initial training can be construed as learning to aim
at a target, 1f the organism is given a large variance
(i,e,, the band 1s made less stringent) then the number of
responses approximating the target that are reinforced is
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high., If the variance is restricted, than the number of
responses being reinforced for the same on=-targest behavior
is low, The wide variance group, by virtue of a high
percentage of responses being reinforced, would tend to
generate a lower rate of responding, As the rate of re-
sponding decreases, the accuracy increases, further ine
creasing the apparent reinforcement ratio, lthen the band
is made more stringent, by a reduction in the allowable
variance, the organism reacts by decreasing response
variance, This may come about simply by the tendency

for a response to become more sterectyped as training pro-
gresses (Skinner, 1938), or by the differentiation process
that suggests that an organism's responses will conform

to the response reguirements,

Decreasing response varlability appeare to be z
convenlent mode for the organism to modulate, This model
would predict that variance reduction would follow increased
band stringency, until the band becomes more stringent than
the animal can discriminate, or that the low percentage of
responses falling within the band would resemble extinction,
at which time the tendency for extinction to generate
greater response variance would negate the tendency for the
band stringency to generate low variance, At this point,
response variance would stabilisze,

T
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If the initial behavior begins with a more stringent
reinforcement criteria (i.,e., a narrower band) the organism
will obtain reinforcement at a relatively lower rate, Thime
wlll generate a higher response rate and subsequently poorer
accuracy, tending to reduce even further the percentage
of responses falling within the band, As the range of
allowable variance i1s expanded (due to the widening of the
band criteria), the reinforcement rate would increase con=-
comitant with an increase in the percentage of in-band
responses, Thus, by widenling the band, an increase in
response varlance would occur due to the increased prob=-
ablility that .these more variant responses will be reinforced,

By viewing the band discrimination task in this manner,
the increased percentage of responses falling within " the
narrow non=reinforced margins can be readily understood and
be predicted,

This effect was not noted for the Ss of group 3, One
vossible explanation for the lack of this effect is that this
band, by virtue of ite higher midpoint and by its narrow
band particularly during the Phase III conditfes, tended to
resemble more closely the condition of sxtinction than did
the other two conditions, Thus, the effect of such a
contingency would be to generate a wider response variance,
particularly during the Phase IIX condition, The effect of
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$his extinction-like scheduls would be to increase the
variance, This increase in variance brought about dby
extinction would tend to counter any reduction of the
variance that might have occurred as & result of the
differentiation process,

Skedmnor (1938) discusses certaln aspects of the
differentiation process in terms of negative and positive
induction, He states that when an organism is reinforced
for a particular variant of a response, the relnforcement
effect of the stimulus that follows it, is "inducted to"
other variants of that response, In essence, the strength
of adjacent responses are Increased by virtue of their
similarities with the reinforced response, Conversely,
when a variant of a response is placed under extinction by
virtue of it not belng reinforced, the extinction effect
imparted to that variant "inducts" to the reinforced variant,
weakening that response, This view also adequately explains
the above phenomena,

The varlance of the target response referred to earller
can be considered the product of multiple reinforcements and
extinction of certain variation of a response, A4s those
sub=classes closer to the target response are placed under

extinction, the effect of induction would tend to minimize
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the variance of the target response, thus accounting for the
increase noted in the now=reinforced margins of the band,
The simllarity of this process to the algedbralc summation
by stimulus generalization gradlents should be apparent to
the reader,

PRAK_FORCE DISTRIBUTIONS

In general, the distributions of peak force in the
present study did not show clear modes in or near the re-
inforcement band, In most instances, modal frequencies
occurred at the 5z lower linlt of response threshold,
Notterman and Mintz (1965) report sinmilar experimental
procedures in which such ineband or near band modes were
formed, Herrick (1964), using a displacement apparatus,
but incorporating a similar band procedure, corroborated
the llotterman and Mintz findings,

There &are a number of possible explanations for these
differences, The apparatus used in the present study had
a maximum frequency response of 5 responses/sec, This cone
pares to a maximum frequency response ¢& from 3~ responses/
sec for the equipment used by Notterman and Mintz, Although
largely speculative, 1f the emission of low force responses
tended to correlate with shorter IRI's, the systematic
exclusion of short IRT's by the Notterman and Mintz apparatus
could account for the large number of at or slightly above



threshold responses obtained in the present study,

A second difference between the two is presedmrsl,

The experiments emanating from the lotterman laboratory were
designed with a threshold of either 2,5g or 3g, as compared
to a 5g threshold used in the present study, The use of a
2,5z threshold would tend to favor the discriminability

of threshold versus in=band responses, particularly since
all Ss were glven initial CRF acquisition training at
threshold prior to being placed on the band schedule,

In general, analysis of mean peak force responses
calculated from the peak force frequency distributions
indicate a consistent increese in peak force as band width
is made more stringent, Additionally, high band midpoints
tended to generate high mean pealt forces as well, THese
findings are consistant with those of llotterman and liintz
(1965), Filion, Fowler, and Niotterman (19704} and Herrick
(1964), The authors all reported modal} frequencies at or
just below the lower limit of the band in effect, Since a
symetrical band closing procedure actually ralses the lowest
peak force being reinforced, the inc¢crease in mean peak
force, or in the Herrick study, displacement, is not sur-
prising.

A general flattening of the distributions was noted
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as the Ss of group 1 were shifted to increasingly more
stringent band widtha., Low force responses tended to de=~
¢line in frequency while high force responsestended to ine
crease, These findings are consistant with the notion

that a lower percentage of reinforced responses tends to
cause an lncrease in response force, through the extinction
effect,

This same effect 1s noted for the Se of group 2 who
were switched to increasingly less stringent band criteria,
and also most strikingly, with the Ss of group 34 The
dramatic increase in high force responses and concomitant
decrease In low force responses during the Phase I1I cone
tingency of group 3, strongly supports the notion that
experimental conditions most closely approximating extinetion,
tend to renerate a large response varlance as well as higher
peak forces,

Exemination of the extinctlon distridbution generated
by two animals in each group during the Phase IV condition
indicate that those groups previously reinforced for higher
force responses tended to generate higher force responses
during extinction. CRF animals however, did not show as
clear a trend, as those groups tended to generate similar
distributions of peak force, Apparently, five days of CRF
training at threshold is sufficient to nullify the differen~
tial effects of various band contingencies, In agreement with
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data published by Notterman and Mintz (1965), animals run
on an extinction schedule tend to generate higher peak
force walues than those animals run on CRF,

Notterman and Mintz (1965) report that force elevation
occurs with extinction, Contrary to their findings, the
data obtained in the present study indicates that in
additlon to the force elevatlon, low force responses also
tend to increase wlth some animals,

A posslble explanation rests with the fact that the
;lriability of respending increases during extinction,

This has been shown by Herrick (1964) as well as by others,
If the population of low force responses is low to begin
with, then the increased varlability would tend to Ilncrease
the percentage of high force responses generated during
extinction, However, if the population of low force responses
is relatively high to begin with, then an increase of
variability would tend to spread the distribution of forces
higher and lower. This would create an elevation in the
relative frequency of responses at the low end, as well

as the high end of the distribution, Compared with the
lotterman and Mintz findings, the data of the vresent study
appear to contain relatively high percentages of low force
responses and at the same time, lack the characteristic

peaking previously observed in studies of this type, The
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extinction procedure would then be predicted to increase

the variability around the band and would therefore. produce
elevations of frequencies at both the high and the low ends
of the distribution,

The perameters of Ixperiment 1 allowed some property
of the response itself to determine the probability of a
reinforcement, Under these conditions the organisnm's
prababllity of relnforcement is directly related to the
decree to which emitted response conformed to the criteria
of relnforcement, The schedule in effect can be consldered
as being a response induced cchedule, It is also possible,
and Indeed more commonly done in operant research, to
specify reinforcement probabllity externally through the
imposition of a reinforcement schedule, These vrobabllitles
are elther determined by time, number of responses mnade or
some random function,

Under these conditons, the occurrance of a reinforce~
ment 1s a fortultous event, not correlating with any
rarticular sub=class of the response, Therefore, each
member of the sub~class under partial reinforcement, has
the same probabllity of being reinforced. One would not
expect to see & change in the distribution of pealt force
under these conditions, since no variant would be systematically
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reinforced or extinguilshed,

It a differential reinforcement schedule is super-
imposed on an externally imposed random ratio schedule,
then the occurance of reinforcement would btoth be a functlon
of the degrse to which a response conformed to the re-
inforcement criteria, as well as a fortultous coincidence
between that criterion response and the externally imposed
reinforcement schedule, Exneriment 2 allowed for the®
observation of this condition,

Observation of the mean peak force distributions
obtained from both groups of Experiment 2 reveal an ine
teresting effect, Little 1f any change in distribution is
noted when the Ss of group 1 were shifted from the initial
100 percent reinforcement schedule to the 50 percent random
ratio reinforcement schedule, However, a rather striking
change in d&lstyibutden is noted for the Ss of group 2
when they were switched from 50 percent random retio
reinforcement schedule to the 100 percent reinforcement
schedule,

hat is seen is a dramatic increase in the percentage
of low force responses (here considered to be those re~
sponses falling below the band), along with a moderate but
consistant -reduction in above band responses, It appears

that a group originally run on a 50 percent random ratio



=81=

schedule and then subsequently changed to 100 percent
reinforcement, demonstrates two relatively dramatlc changes,
The first is that rate drops quite low, while the second

1s that peak forces also drop quite low,

To put it more concretely, when an organism is on a
given experimental condltion and is being reinforced approx=
imately half the time for a response varlant occurring with
a .2 probabillity, that organism is getting reinforced
approximately one in ten times, I‘/hen the reinforcement ratio
18 increased to 100 percent that organism 1s now relnforced
one out of every five times, \hen this hapnens, peak
forces decline and the rate decreases, The dynamics of the
change in the rate have been explained adequately by
lotterman and Mintz (1965).

Mintz (1962) pointed out that low forces following
reinforcement in a fixed ratio schedule were frequently
lower than the low forces the same animals generated under
CRF, In some sense, the force reducing properties of
reinforcement reported by Notterman and Mintz (1965) may
be in some measure more effective when they constitute a
contrast relative to infrequent reinforcement, The fixed
ratio experiment of Mintz (1962) suggested that as soon as
reinforcement occurs, the forces exerted by an organism
drop very sharply. A reduction of forces exhibited by an
organism under a fixed ratio schedule is actually adaptive
in the sense that the organism 1s exerting less force,
but still meeting the criteria for oounting out the ratio,
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In the band contingency, a reduction of force may very well
cause the animal to be responding outside of the reinforce=
nent criteria,

The mitigating factor betwean these two experimental
procedures conslsts of the proportional reinforcement study
reaported by lNotterman and Mintz (1965), They denonstrated
that a reduction in force occurs concrrently with an ine
crease in reinforcement, Their procedure saw animals shifted
from a condition of one reinforcement pellet for an 8¢ or
ebove response, to one rellet for ¢S5 rlus an increment of one
rellet for each additional 2; of force, The neb regult of
thiz »rocedure was a force decllne,

If one concentualizes the random ratlo reinforcement
contingency as belng, in a sense, proportional reinforce=-
nent, the overall effect of going from 50 to 100 percent ic
an increace in the arnount of reinforcement for a glven
amount of work, Apparently there seeme to bhe an effect
which Implles that glven a particular condltion, the
addition of nmore reinforcement will tend to push forces
down, Thus, the organism recelves more relnforcement but
generates lower forces. The present lliterature suggests
that 1f the animal i1s exposed to a relatively sparse reine
forcement contingency, the addition of more reinforcement
tends to produce a decline in emitted force, The question

remains as_to @hy this effect does not work in reverse for
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the other group of Experiment 2,

This dicotomy can perhaps be explained by assuming a
non=linearity relating force to the frequency of reinforce=
ment, If an animal is receiving reinforcement infrequently,
or to look at it another way, 1f the frequency of non=
reinforced responses 1s high, than the force generated by
the organism tendc to rise to some reference oy adaptive
level, This level 1s probably a function of organismic
variables as well as the rate of reinforcement, Cnce this
reference level i1s reached, z reductlion in the frequency
of reinforcement has little 1f any effect on emltted force,
Cn the other hand, if reinforcement 1s made rore frequmm$
then the forces will tend to drop. THis explains the non=-
linear nature of the model, which admittedly was created
from the »resent data, However, there is some measure of
consistency between the vresent data and the data reported
sarlier, Mintz (1962) suggests that an asymptote of force
iz reached after about six or seven responses into the
cycle, It is true that these data are derived fron
cyclical schedules while the present data is variable, but
nevertheless a certain degree of consistency remains, The
Mintz data also suggests in some measure, that if the re-
inforcement is occurring at a relatively low frequency,
forces tend to reach their asymptote relatively gquickly,

while the occurance of reinforcement brings them down
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abruptly., A similar finding was reported by Skinner (1938),
In addition, the band contingency of the present study puts
a constraint on the upper limit of force elevation,

The suggested model has two major points; 1) if
reinforcement is sparse then a distributlon with relatively
high forces is obtained and 2) 1f the rate of reinforcenent
is increased, then force tends to drop, Apparently there
is no correllary which states that given sparse reinforce=
ment, a sparser rate yet will push forces up higher, Thls
is the non-~linearity asvect of the nodel,

Finding corroboration for this model is difficult
since none of the rerorted studies involved a conbination
of band criteria plus random ratio relnforcement schedules,
However, the 8z criteria, force prorortional reinforcement
study of lotternan and Mintz (1965) comes fairly close to
1t,in the sense that 1t is at least consistant with one
part of the model, They demonstrated that with an increase
in the rate of reinforcement, forces temd to gZo down, The
ldntz (1962) study is consistant with the model in the sense
that whenever reinforcement occure (at least in the cylical
procedure) forces tend to decrease, It also indicated that
in a sequence of unreinforced responses, forces tend to reach
an asymptotic level relatively quickly, In a sense, when an
organism is switched from a 50% to & 100% ratio reinforce=
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ment schedule, he begins a string of unreinforced responses
which may be vrogressively force elevating, However, during
the 100 reinforcerent contingency this string of unrein-
forced resnonces 15 interrunted sooner, The forces are in
the process of belnz elevated, but what 1s happenlng l1s
that on the average they are petting stopred on thelr
vrogrescion helf way up in the sequence, Since the reverse
effect 18 not seen for the other sroup of animals of
Ixperiment 2, this may not be a bi-directional phenomena,

These data suggest further examination of roughly
equivalent snarse schedules, to deternine i1f they would
indeed penerate raranetric increases in force, It is
possible that a sparse schedule generates high forces,
while a shift to sreater sparsity, siven that the schedule
1s already sparse, nay not generate hicher forces yet. Cn
the other hand, an increase in the rate of reilnforcerent
nay very well bring down the level of force, In cone sense
the reference level alluded to previously, may be an
adaptation to a sparse schedule which is already dictated
by the specles, the situation, etc,

Once the reference or adaptation level has been reached,
in other words, once the goling rate of reinforcement and
relative frequency of reinforcement of force are set, then

changes in terms of greater freguency of reinforcement will
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have an effect, It may wall be that rates of change in
terms of reinforcement in the negative direction, may be
different in kind from ¥ates of change of reinforcement in

the positive dlrection,

The results Quite clearly indicate that the 100 percent
reinforcenent condlition wac not superlor in malntaining ine-
band resnonses when compared wlith the 50 percent randonm
ratio schedule., These findings were corroborated by a
cerles of unmublished studies using human S5 with a sindilar
experinental desisn (Samuels, 1971),

A possible explanation for thls seeming Indifference
of accuracy to the reinfoircement ratlos employed in the
present study, may be that the organisn did not discriminate
a condition of 50 percent reinforcment as being different
fron a conditlon of 100 nercent reinforcement, at least in
the short run, That 135, being reinforced for every other
in=band response is not very much different fron being
reinforced for every in=band response, particularly when
the relative frequency of in-=band responses is moderataly
low to begin with, (About 20 percent for each groun.) It
1s posslble that if the reinforcement ratio was reduced to
10 percent, then the degree of accuracy would decrease, but
there is no date available for this speculation to be
confirmed,

> ol O : :
This data suggests that in order to maximize organismic
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reinforcement rate, i.e,, a measure of overall successful
performance, it is best to maximize the percentage of rein~
forcenent early in training and then reduce 1t, rather than
to berin with a lower percentage of reinforcement and in-
crease 1t later, This would also tend to maximize overall
task efficlency, 1,e,, the amount of reinforcement needed

to estadblich optirmum task success, Although the highest

rate of reinforcement annears to be generated when an
organism ig reinforcod 100 rercent of the tine (13,9 rein~
forcement/min for crovr 1, Thacse I equivalent to 13.9 in=band
recponsec/nin) a rate almoct as hish (0.8 reilnforcemente/min
for grouz 1, Thace IZ), 5 renerated whlle the total

nurber of reinforcements are reduced by 50 percent, (yleld=
ins 27,6 in-band responses/rmin), Taken with the findings

of Zperinent 1, the stirategy for establichinz the 100
percent random ratio reinforcement schedule, would he to
start the organism on a stringent band and then, after
stability is reaehed, narrow the band so as to make the
reinforcement criterion more stringent, This would tend to
increasge the percentage of in-band responses, A4Lfter stability
1s reached, the percentage of reinforcement could then be
reduced to at least 50 percent, Thils would result in a
modest reduction of reinforcement rate for the organisnm

while accuracy would remain relatively stable, At the same
time, the rate of criterionresponses would increase, making
the overall rate of in-band responses (however, now only

reinforced 50 percent of the time) higher,
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Table 1
Experimental Design for Experiment 1
(Band in effect expressed as grams peak force)

Band in Effect

Group and sublject Phase 1 Phage 11 Fhage 11T Phase IV
RE 1 : axtinction

1 RE 2 12-22 g 14=20 g 15=19 g crf
RB 3 crf
RB L extinction
RB 9 crf

2 RE 10 15=19 3 14=20 12=22 extinction
RE 11 crf
RD 12 extinction
REB 5 erf

3 RE 6 18=28 ¢ 20=-26 g 22-24 & extinction
RB g extinction
RB erf

* Probability of reinforcement for within band response = 100%
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Table 2

i;obability of reinforcement
ental design for experiment 2,

Grou d subject Phage T Fhage 11
R1
R >
1 R5 100 % 50 %
R 7
R9
R 11
R 2
R
2 R 6 50 % 100 %
R &
R 10
R 12

* Relnforcement elliglbility criteria was 14=20 grams for all

conditions,



Table 3

Mean response rate ( responses/min )

Group
1 (decreasing
width)

2 (increasing
width)

Group

3 (decreasing
width)

Reinforcement band

12=22 grams 14=20 grams

42,3 66.5

11'507 611'00

Reinforcement bdand

13=-28 pgrams 20=26 grams

47,4 63.9

15«19 grans

84e3

7he3

22=2ly grans

122,5



band in effect

band 4in effect

12=22
1420

15=19

12-22
14=-20

15=-19

Percen

Table 4
e of total responses within

specified force renges during FPhases

I, II, and III for rats of group 1

RB 1 % in band
1222 1420 15=19
33,4 18,8 124
k5.1 26,6 18,3
[ w2 22,0 14,8
RB 3 % in band
12-22  I4=20  15-19
22,2 15.2 9.2
|
28.9 18,2 12.4
29.4 16.6 1,4

band in effect

band in effect

12=-22
1420

15-19

12=22
14«20

15=19

RB 2 % in band

2= = 14=20 __ 1o=19
33,7 18.3 13.2
38.6 24,1 15.1
50,6 4.9 15.6

;

RB 4 % in band ;

_12-22 14=20 __ 15-19 i
2629 17.3 10,5
30.7 1606 10.8
38.2 23.6 16,0

-16=



band in effect

band in effect

12=22
14=~20

15=-19

12=22
1420

15-19

Table 5

Percentage of total responses within
specified force ranges during FPhases
I, II, I1I for rats of group 2

RB 9 % in band
12-22 14=20 15=19
3.4 18.4 10,3
33,1 20,0 15.1
23.7 15.0 FILY
RB 11 % in band
12-22 14~-20 15-19
31,3 18.4 12,5
35.8 FAPLS 14,6
|
k2,5 2okt 15,5

band 1n effect

band in effect

12=-22
1420

15-19

RB 10 % in band
12=22 14=20 15=13
3hq6 20,1 13.9
31.7 19,7 12.8
3.7 21.5 14,2
RB 13 % in band
12=-22 14-20 15=19
36,2 21,2 1441
39,1 23,5 15.8
393 el 16,0




band in effect

band in effect

18-28

20-26

Percentage of total responses within
specified force ranges during Phase
I, II, and III for rats of group 3

RB 5 ° 4in band
o 38-28  20-26 22~k
20,7 13.4 348
4.2 15,6 3.9
29.5 16.9 %)

RB 7 % in band
1828 20-20  2o-2k
23,0 16,6 5.2
25,4 14,9 5.3
12,8 4,8

Table 6

band in effect

band in effect

18-38

20=26

RB 6 % in band
18-28  20-26  22:2h
27,3 15.2 345
27.8 17,0 6.3
29.6 19,0 Sali
RB 8 ¢, in band
18=28 20-26 __ 22-2
27,2 he5 L2
2k,8 15,0 46
31.5 18.4 6,0

S 6



band in effect

12-22
14-20

15-19

}

Table 7

Percentage of total mean responses within
specified force ranges during Phases I, Il

and 111
¢ in band

12-22 14-20 _ 15-19

30,4 17.4 13.8

35.8 21,5 .2

37.7 21,8 14,5

&+
QO
]
LY
Y  12-22
A 1420
L=
E 15-19
o0 in band

12-22 1W=20 1519

Group 1, wide to narrow

a0 19.5 12,7

35,1 21,2 14,6

35.8 21.5 1,1

% 4in band
:é 13-28 20-26 22-24
“ 18-28 26,0 1.9 a2
E 20-26 25,5 15,6 5.0
.§ 22-2; 28,8 16,8 5.2

Group 2, narrov to wide

Group 3, wide to narrow

-'1.160-



Margin

Quter

Middle

RB 1 Band in effect RE 2 Band in effect
12-22 14-20 15=19 12=22 14-20 ‘5:!2,:,
14,6 18.5 20,4 5 Quter 15.4 4.5 15.7
=10
6.4 8.6 7.2 g Middle 5.1 9.0 9.4
RB 3 Band in effect RB & Band in effect
1420 15=-19 1222 14-20 _15=19
10,2 12,6 o Outer 9.6 14,1 14.6
oy
&)
6.3 5.2 g Middle 6.8 5.8 7.6
MEAN Band in effect
12-22 _ 14-20  15-19
‘E: Outer 13,0 14,3 15.8
E Middle 6.1 7ol 7.3

Table 8

Percentage of total responses falling within the
“outer” and '"middle" margins for Ss of group 1
(Low band, wide to narrow)

Quter margin = 12-14 g plus 20=22 g,
Middle margin = 14«15 g plus 19=20 g.

=56



Quter

gin

E Middle

'a Outer

3 Middle

Table 9

Percentage of total responses falling within the
"outer" and "middle" margins for Ss of group 2
(Low band, narrow to wide)

Outer Margin = 12-14 g plus 20=22 g.

Middle margin = 14=15 g plus 19=20 g,
RB 9 Band in effect RB 10 Band in effect
___12=22 14-20 15=19 12=22 14=20 15=19
15,0 13,1 8.7 a Cuter 14,5 12,0 13,2
3.1 4.9 5.6 E 1Hddle 6.2 6.9 73
RB 11 Band in effect RB 13 Band in effect
12=22 14=-20 15=19 12=22 14-20 15=-19
12,9 14,4 8.1 5 Outer 15.5 15.6 15.2
ty
5.9 6.5 8.9 E liddle 7.1 7.7 8.1
MEAI! Band in effect
12-22 11420 19-19
8  Outer 14,5 13,8 11.3
™
,-5 ldddle 6.8 6.6 7.5



Table 10

Percentage of total responses falling within the
outer” and "“middle" margins for Ss of group 3
(“High-band, wide to narrow)

Outer Margin = 18~20 g plus 26-28 g,
Middle Margin = 20=22 g plus 2h-26 g.
BB 5 Band in effect RB 6 Band in effect
20- 22- 18-28 ____20- 24
.E. Outer 73 8.6 12,6 4 Outer 12.1 10,8 10.6 2
1
3 Middle 9,6 11.7 7.2 g Migddle 11.7 10.7 12,6
RB 7 Band in effect BB 8 Band in effect
18=28  20-26 _ 22-2 18-28 _ 10-26 ____22-24
_a Outer 12.4 1.4 2,6 5 Quter 12,7 9.8 13,1
t9
;a_ Middle 10,5 9,6 8.0 E Iiddle 10,3 1.4 12.4
MEAN Band in effect
18-28 20-26 22-2h
,E.; Quter 11,1 10,1 11,5

3 Middle 10,5 10.8 10,1



Index of force differentiation,
and product (absolute index of differentiation)
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Table 11

Group and
- subject
RB 1
(1) RB2
RB 3
RB 4
RB 9
(2) RB1
RB 1
RB 1
RB 5
(3) RBG
B §
RB
Group and
subject
RB 1
(1) RB 2
RB 3
RB
RB 9
(2) RB 10
RB 11
RB 13
RB 5
(3) RBS®
2B §
RB

W=0O

Fhase I to Phase 1l

Index of force
differentiation

1.42
1.33
1.21
«96

X Percentage of
former rate

Phase 1I to Phase III

Index of force
differentiation

.81
1,02

X Percentage of
fotmer rate

1,35
1.2
*38

—t o

e 77

ercentage of rate change

Absolute index
of differentiati

T8
2.32
1.27

.82
1,02
o2
9

1,80
105
1.60

Absolute index
differentiation

e K]

2588

s @
SI3&

oA Bl A
e s 00
SO



“Lable 12

Index of force dedifferentiation, percentage of rate change
and product (absolute index of dedifferentiation)

Phase 11II to Phase 1l

Group and Index of force de~ y Percentage of _ Absolute index

subject differentiation rate change - dedifferentiati
RB 1 .83 .gu .61
(1) BRBR2 1.03 001 <83
RB 3 -89 82 73
RB 4 To442 .78 1.10
RB 9 1.0 1.30 Te
(2) RB 10 1.1% 1.&4 1.22
RB 11 087 1,32 1.15
RB 13 93 1.51 1.40
RB 5 1.09 +60 63
(3) gg 6 1.%2 .5? .Gg
m8 & 1.22 reh 183
Phase II to Phase 1
Group and Index of force de- Percentage of _ Absolute index
subject differentiation rate change - dedifferentiati
RB 1 1.35 «60 .81
(1) BRBe2 1.15 o 72 83
RB-3 1,04 - .g&
RB 4 1.14 «78 «09
RB 9 1,34 1. 1.78
(2) RB 10 .31 .32 .ZB
RB 11 .88 1.24 1,09
RB 13 .98 1,13 1.10
RB 5 1.17 «65 .
(3) RBG 1,02 «89 .3?
RB Z o8 «65 .gg
RB o9 «64 .
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Table 13

Mean reinforcement rate (reinforcements/min)

Reinforcement band
Group 12=22 grams 14-20 grams 15=-19 grar

1 (decreasing
width) 12,4 13.6 12,8

2 (increasing
width) 15.6 13.6 10,7

Reinforcement band

18-28 grams 20=-26 grams 22=2); grax

3 {decreasing
width) 12.4 11,0 7e2
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Figure 1

Block diagram for the apparatus of Experiment 1
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Moure 2

Individual response rates for the 3¢ of grounc 1, 2 and 3
durling Ihases I, II and III of Ixrerinent 1, Iach data point
is based on the wmean of the last three days of each Thase,
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Flgure 3

Peakk force of response distributions for the Ss of group 1 during
Phase I of Experiment 1, The band in effect for this condition
was 12-22 g, In=band responses were reinforced 100 percent of the
time, The distributions reflect the mean of the last three days of
running during the specified Phase,






=107=

Figure 4

Peak force of response distributions for the Gs of group 1 during
Phase II of Experiment 1. The band 1in effect for this condition
was 14=20 g. In-~band responses were reinforced 100 percent of the
time, The distributions reflect the mean of the last three days
of running during the specified Phase.
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Figure 5

Pealt force of reasponse distributions for the Ss of group 1 during
Phase I1l of Experiment 1, The band in effect for this condition
wag 15-19 g, In~band responses were reinforced 100 percent of the
time, The distributions reflect the mean of the last three days
of running during the specified Thase,
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Figure 6

Peak force of response distributions for the Sm» of group I, Fhase
IV, of Experiment 1, Ss RB 1 and 4 were run on extinction while
S8 RB 2 and 3 were run on CRF,
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Fipgure 7

Peak force of response distributions for the Ss of group 2 during
Phase I of Experiment 1, The band in effect for this condition
was 15=-19 g, In-band responses were reinforced 100 percent of the
time, The distributions reflect the mean of the last three days
of running durlng the specified Phase,



EFFECT: 15-9g

BOVANION L




«}15a

Figure 8

Peak force of response distributions for the Ss of group 2 during
Phase II of Experiment i, The band in effect for this condition
was 14=20 g, In-band responses were reinforced 100 percent of the
time, The distributions reflect the mean of the last three days of
running during the specified Phase,
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Figure 9

Peak force of response distributions for the Ss of group 2 during
Phase III of Experiment 1, The band in effect for this condition
was 12-22 g, In-band responses were reinforced 100 percent of the
time, The distributions reflect the mean of the last three days of
running during the specified Fhase,
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Figure 10

Peak force of response distributions for the Ss of gropup II, Phase
IV, of Experiment 1, Ss RB 10 and 13 were run on extinction while
Ss RB 9 and 11 were ¥pan on CRF,
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Figure 11

Peak force of response distributlons for the Ss of group 3 during
Phase I of Experiment 1, The band in effect for this condition
was 18=-28 g, In-band responses were reinforced 100 percent of the
time, The distributlons reflect the mean of the last three days
of running during the specified Phase,
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Figure 12

Pegk force of response distributions for the Ss of group 3 during
Phase 11 of Experiment i1, The band in effect for this condition
was 20-26 g. In-band responses were reinforced 100 percent of the
time. The distributions reflect the mean of the last three days of

running during the specified Phase,
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Figure 13

Peak force of response distributions for the Ss of group 3 during
Phase I1l1I of Experiment 1, The band in effect for this condition
was 22~24 g, In-band responses were reinforced 100 percent of the
time, The distributions reflect the mean of the last three days of

funning during the specified FPhase,
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Figure 14

Peak force of response distributions for the Ss of group 3, Phase
I¥, of Experiment 1, Ss RB 6 and 7 were run on extinction while
Ss RB 5 and 8 were run on CRF,
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Figure 15

Peak force of response values in grams at the 25th, 50th and 75th
percentiles for the Ss of group 1 of Experiment 1. FPhases I, 1I,
and III are displayed, The approprliate band in effect is indicated
on the figure, Each data point is based on the mean of the last
three days of each FPhase,
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Figure 16

Peak force of response values in grams at the 25th, 50th and 75th
percentliles for the Ss of group 2 of Experiment 1, Phases I, II
and III are displayed, The appropriate band in effect is indicated
on the figure. FEach data point 1s based on the mean of the last
three days of each Phase.
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Figure 17

Peak force of response values in grams at the 25th, 50th and 75th
percentiles for the Ss of group 3 of Experiment 1, Phases I, II
and III are displayed, The appropriate band in effect is indicated
on the figure, Each data point is based on the mean of the last

three days of each Phase,
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Figure 18

Mean peak force of response values in grams at the 25th, 50th and
75th percentiles for the Ss of groups 1, 2 and 3 of RExperiment 1.
Phases I, II and III are displayed., The appropriate band in effect

is indicated on the figure, Each data point is based on the mean of
the four Ss in each group.
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Figure 19

Peak force of response values in grams at the 25th, 50th and 75th
percentiles for the Ss of groups 1, 2 and 3 of Experiment 1, Fhase
IV, the CRF or Extinction condition i1s displayed, Each data point
is based on the mean of the last three days of Phase IV,
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Figure 20

The mean rate of responding in responses per minute as a function
of the mean percentage of in-band responses for groups 1, 2 and 3
of Experiment 1, Data from FPhases I, II and Il1I as well as the
CRF data from Phase IV is represented,



~11,0=

140 [
120
%'
g oor
e} |
40 N
(CRF)
” .
0 A A A A 1 - 1 J
0 20 40 60 80 100

PERCENTAGE IN-BAND RESPONSES



Figure 21

Mean percentage of in-=band responses as a function of sessions for
the Ss of groups 1 and 2 of Experiment 2, Both Phase I and Phase
II are displayed, The appropriate reinforcement ratio is indicated
on the figure,
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Flgure 22

Mean responses per minute as a function of sessions for the Ss of
groups | and 2 of Experiment 2, Both Phase I and Phase 1Il1 are

displayed, The appropriate reinforcement ratio i1s indicated on
the Figure,
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Figure 23

Mean reinforcements per minute as a function of sessions for the
Ss of groups | and 2 of Experiment 2, Both Phase 1 and Phase Il

are displayed, The appropriate reinforcement ratio is indicated
on the Figure,
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Flgure 244

Peak force of response distributions for R 1 and R 3 of group 1,
Experiment 2, Both Phase I and Fhase 1II are displayed. The band
in effect was 14=-20 g during all conditions of Experiment 2. The
appropriate reinforcement ratio is indicated on the figure, Each
data point is the mean of the last three days of each Phase,
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Flgure 25

Peak force of response distributions for R 5 and R 7 of group 1,
Experiment 2, Both Phase I and Phage 1II are displayed. The band
in effect was 14=20 g during all conditions of Experiment 2, The
appropriate reinforcement ratio is indicated on the figure., Each
data point is the mean of the last three days of each Phase,
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Figure 26

Peak force of response distributions for R 9 and R.11 of group 1,
Experiment 2. Both Phase I and Phase 1II are displayed. The band
in effect was 14-20 g during all conditions of Experiment 2., The
appropriate reinforcement ratio is indicated on the figure, Each
data point is the mean of the last three days of each Phase,
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Figure 27

Peak force of response distributions for R 2 and R 4 of group 2,
Experiment 2, Both Phase I and FPhase II are displayed, The band
in effect was 14=20 g during all conditions of Experiment 2, The
appropriate reinforcement ratio is indicated on the figure., Each
data point is the mean of the laet three daye of each Fhase,
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Figure 28

Peak force of response distributions for B 6 and R 8 of group 2,
Experiment 2, Both Phase 1 and Phase 1l are displayed. The band
in effect was 14=20 g during all conditions of Experiment 2, The
appropriate reinforcement ratio 1s indicated on the figure, Each
data point is the mean of the last three days of each Fhase,
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Figure 29

Peak force of response distributions for R 10 and R 12 of group 2,
Experiment 2, Both Phase I and Phase 11 are displayed, The

band in effect was 14=20 g during all conditions of Experiment 2,
The appropriate reinforcement ratio is indicated on the figure,
Each data point is the mean of the last three days of each Phase,
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FM.poure 30

llean veak force of response distributions for groups 1 and 2 of
Experiment 2, Each data point is the mean of the six Ss of each
grouv,
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Figure 31

Below, in-band and above band percentages for R 1 and B 3 of group

1 for both Phase I and Phase II of Experiment 2, The band in effect
was 14-20 g during all conditions of Experiment 2, The appropriate
reinforcement ratio is indicated on the figure. Data 1s derived
from the individual S peak force of response frequency distributions,
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Figure 32

Below, in-band and above band percentages for R 5 and .R 7 of group

1 for both Phase 1 and Phase II of Experiment 2, The band in effect
was 14-20 g during all conditions of Experiment 2, The appropriate
reinforcement ratio is indicated on the figure, Data is derived
from the individual S pesk force of response frequency distributions,
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Figure 33

Below, in=band and above band percentages for R9 and R 11 of group
1 for both Phase I and Phase 1II of Experiment 2, The band in effect
was 14=20 g during all conditions of Experiment 2, The appropriate
reinforcement ratio is indicated on the figure. DBata is derived
from the individual S peak force of response frequency distributions,
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Figure 34

Below, in-band and above band percentages for R 2 and R4 of group 2
for both Phase I and FPhase II of Experiment 2, The band in effect
was 14=20 g during all conditions of Experiment 2, The appropriate
reinforcement ratio is indicated on the figure., Data is derived
from the individual S peak force of response frequency distributions,
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Figure 35

Below, in=-band and above band percentages for R 6 and R 8 of group 2
for both Phase I and Phase Il of Experiment 2, The band in effect
was 14=20 g during all conditions of Experiment 2, The appropriate
reinforcement ratlio is indicated on the figure, Data 1s derived
from the individual S peak force of response frequency distributions,
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Figure 36

Below, in-band and above band percentages for R 10 and R 12 of group
2 for both Phase I and Phase Il of Experiment 2, The band in effect
was 14-20 g during all conditions of Experiment 2, The appropriate
reinforcement ratio is indicated on the figure, Data 1s derived
from the individual S peak force of response frequency distributions,
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Figure 37

Mean below, in~band and above band percentages for the Ss of groups

1 and 2 for both Phase I and Phase II of Experiment 2, The appropriate
reinforcement ratio is indicated on the figure. Data 1s derived for
the individual below, in-band and above band percentages.
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