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A b s t r a c t

The Effect of Force C r i t e r i o n  and V a r i a b l e  Interval *

Schedule on the Rate and Peak Force of R esponse During 

Final P e r f o r m a n c e  and E x t i n c t i o n  in Rats

by

Ned G. Barber

Advisor: Pro f e s s o r  Donald E. Mintz

The peak force of bar p r e s s i n g  emitted by rats has been 

shown to be d i f f e r e n t i a b l e  by the imposition of e l evated 

force c r i teria. Following the onset of e x t i nction,  

response force has been found to increase and then 

dec r e a s e  rapidly to a low level in a m a n n e r  s i m i l a r  to 

response rate. The effect of two c o n d i t i o n i n g  parameters, 

the level of the force criterion, and the amount of 

training undergone, on the e m i s s i o n  of forces during 

e x t i n c t i o n  has never been m e t h o d i c a l l y  investigated.

Nine gro u p s  of rats were we r e  trained to press a
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m a n i p u l a n d u m  w i t h  e i t h e r  5, 15, or 25 grams of force in 

order to r e c e i v e  r e i n f o r c e m e n t .  Three of the g r o u p s  were 

run under CRF and a force criterion. The r e maining six 

groups wer e run under a c o n c u r r e n t  force c r i t e r i o n / V i  

schedule (VI 15, 30, 60) to p r o v i d e  for v a r i a t i o n  in the 

amount of r e s p o n d i n g  that w o u l d  be e x p e r i e n c e d  during 

c ond i t i o n i n g .  Following con d i t i o n i n g ,  e x t i n c t i o n  was run 

for 10 days.

After c o n d i t i o n i n g  the m e d i a n  peak forces for the 5g and 

15g g r o u p s  was found to ab o v e  the level of the cri t e r i o n 

they were trained with. The 25g groups were e m itting 

forces cl o s e  to but s l ightly be l o w  thier c r i t e r i o n  level. 

Following the on set of e x t i n c t i o n ,  the forces increased 

for all groups, wit h the largest increases shown by the 

CRF groups. The groups w i t h  low force c r iteria tended to 

e xhibit larger increases in force at the onset of 

extinction. The t e ndency of the forces to d e c r e a s e  over 

the course of e x t i n c t i o n  was observed, but the rate of 

decrease a p p e a r e d  to be d i r e c t l y  related to the level of 

force learned du r i n g  tra i n i n g  and to some d e g r e e  inversely 

related to the schedule in effect during trai ning.
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S kinner (1938) in d i s c u s s i n g  the m e a s u r e m e n t  of behavior 

stated "...the m a i n  d a t u m  to be m e a s u r e d  in the study of 

the d y n a m i c  laws of an o p e r a n t  is the length of time 

elapsing bet w e e n  a response and the r esponse immediately 

pr eceding it or in other wo r d s  the response rate" (p58). 

This da t u m  not with s t a n d i n g ,  Ski n n e r  hi mself felt obliged 

to examine ot h e r  pro p e r t i e s  of responding besides rate.

It has long been known that the rein f o r c e m e n t  c o n t ingency  

imposed upon an o r g a n i s m  influences ma n y  d i m e n s i o n s  of 

operant responding besides rate, and that the final form 

of the b e h a v i o r  ex h i b i t e d  after a period of c o n d i t i o n i n g  

is dep e n d e n t  upon these c o n t i n g e n c i e s .  It is also clear 

that the c hanges in b e h a v i o r  to be exp e c t e d  following the 

onset of e x t i n c t i o n  are, at least to some degree, 

pr edicted by the c o n d i t i o n s  (including the cont ingencies) 

that p r e v a i l e d  during training. The specific p urpose of 

the study d e s c r i b e d  in this pa p e r  was to d e t e r m i n e  with 

some degree of p r e cision the r e l a t i o n s h i p  between the 

train ing c o ntingencies, the final behavior pa t t e r n  

resulting from c o n tinued e x p o s u r e  to those contingencies, 

and the seq u e n c e  of ch a n g e s  in the behavior during the 

course of an ext e n d e d  e x t i n c t i o n  phase. The s pecific 

p a r ameters of behavior m e a s u r e d  th roughout the experiment
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were the rate, and the peak force, or m a g n i t u d e ,  of a 

lever pr e s s i n g  response e m i t t e d  by rats. The goal of the 

research was to form a better unde r s t a n d i n g  of the 

va riables which shape responding and how these det e r m i n e  

the central tendency, and the v a r i a b i l i t y  of overall 

p o p u l a t i o n s  of responses.

There are num e r o u s  studies in the literature w h i c h  deal 

with p a r a m e t e r s  of res p o n d i n g  other than rate. In general, 

the goal of these e x p e r i m e n t s  has been to q u a n t i f y  the 

v a r i a b i l i t y  ( or its inverse, the ste r e o t y p y  ) of the 

response d i m e n s i o n  under ana l y s i s  during c o n d i t i o n i n g  and 

s u b s e q u e n t  e x t i nction. The st u d i e s  tend to fall into one 

of two classes. Those that o b s e r v e d  some response 

d i m e n s i o n  w h i l e  m a n i p u l a t i n g  a rein f o r c e m e n t  schedule, and 

those that a t t e m p t e d  to control some response d i m e n s i o n  by 

making r e i n f o r c e m e n t  c o n t i n g e n t  upon the e m i s s i o n  of 

responses wh o s e  values for that d i m e n s i o n  met some 

c r i t e r i o n . T h e  latter c o n s t i t u t e s  p r o c e d u r e s  c o n v e n t i o n a l l y  

identified as r esponse d i f f e r e n t i a t i o n .

The review of the literature which follows de a l s  first 

with c o n d i t i o n i n g  data and then wit h e x t i n c t i o n  data. 

Within the c o n d i t i o n i n g  section, the n o n - r e s p o n s e  

d i f f e r e n t i a t i o n  stu dies are dealt with first, then the 

response d i f f e r e n t i a t i o n  studies are p r e s e n t e d  with
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special focus on those studies involving res p o n s e  force as 

the res p o n s e  d i m e n s i o n  under examination.

I . C o n d i t i o n i n g

A. N o n - R e s p o n s e  D i f f e r e n t i a t i o n  Studies

Early stu d i e s  of the n o n - r e s p o n s e  d i f f e r e n t i a t i o n  type 

include that of Ant o n i t i s  (1951) who m e a s u r e d  the 

v a r i a b i l i t y  in the top o g r a p h y  of a n o s e - p o k i n g  response 

along a 50 cm h o r i zontaol strip duri ng c o n t i n u o u s  food 

r e i n f o r c e m e n t  with rats. V a r i a b i l i t y  was shown to 

decrease during training, increase during e x t i nction, and 

d e c r e a s e  to its lowest va lue during retraining.

In a study sim i l a r  to Ant o n i t i s ' ,  but i ncorporating 

a nother variable, H e r r n s t e i n  (1961) e x a m i n e d  the 

d i s t r i b u t i o n  of pecking location on a 10-inch wide key 

when p i g e o n s  were run under C o n t i n u o u s  R e i n f o r c e m e n t  (CRF) 

and 3 rain. V a r i a b l e  Interval S c h e d u l e s  of reinforc e m e n t .

He found that the v a r i a b i l i t y  of peck locus was much lower 

un der the VI. Since the animal always mo v e s  away from the 

key to eat and thus will have gr e a t e r  p r o b a b i l i t y  of 

changing p o s i t i o n  on its return, he e xamined s e p erately 

those VI r e sponses i m m e diately foll owing r e inforcement. 

While r e p r e s e n t i n g  a small p r o p o r t i o n  of the overall
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behavior, they did in tact have a s i milarly low level of 

variability. Thus it appears that the r educed var i a b i l i t y  

is the result of the i n t e r mittant schedule itself. Unable  

to e x p l a i n  his findings, H e r r n s t e i n  c o n cludes that a " 

s i g n i f i c a n t  but une x p l o r e d  p r i n c i p l e  may be involved".

Eckerman and Lanson, (1969) e x t e n d e d  the work of 

H e r r n s t e i n  in a more e x t e n s i v e  study which included CRF, 

and VI as well as Fixed Interval (FI) schedules. Their 

data r e garding the d i s t r i b u t i o n s  of response locus on a 10 

inch p ecking key are in a g r e e m e n t  wit h the e a r l i e r  reports 

of reduced v a r i a b i l i t y  fol l o w i n g  e x tensive CRF training, 

but they found increased v a r i a b i l i t y  relative to CRF 

levels un d e r  the i n t e rmittant schedules. They spec ulate 

that the reason for this d i s c r e p a n c y  b etween their data 

and that of H e r r n s t e i n  had to do with d i f f e r e n c e s  in the 

amount of CRF training allowed; their ani mals having has 

roughly twice as many CRF r e i n f o r c e m e n t s  p r i o r  to 

imp osition of the intermittent schedule, as in the 

H e r r n s t e i n  study..

N o t t e r m a n  (1959) examined the force of responses during 

lever p r e s s i n g  by rats during several stages of a typical 

operant c o n d i t i o n i n g  e x p e r i m e n t .  Forces were quite 

variable and relatively high during the p r e c o n d i t i o n i n g  

phase, but p r o g r e s s i v e l y  d e c r e a s e d  in intensity and
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v a r i ability over the course of training wit h CRF. Both 

mean force and v a r i ability increased over the conditioning 

level during extinction.

E x tending this line of i nvestigation to include the 

effects of a light on - l i g h t  off disc r i m i n a t i o n ,  Not t e r m a n  

and Block (1960) recorded the force exerted against the 

bar by rats learning the disc r i m i n a t i o n .  They found that 

the forces ap p l i e d  to the bar were reliably higher during 

the S Delta (stimulus c o r r e l a t e d  extinction) periods, 

though the response rate was s u b s t a n t i a l l y  lower in 

c o m parison wi t h  the S D i s c r i m i n a t i v e  (stimulus cor r e l a t e d  

reinforcement) periods. Th e i r  a n alysis c o n c l u d e s  that this 

p h e n o m e n o n  is the result of e x t i n c t i o n  e f f e c t s  during S 

Delta w h i c h  caused more forceful responses to be produced. 

N o t t e r m a n  and Mintz (1965,ch 5) ext e n d e d  this work, by 

running a si m i l a r  study in w h i c h  they e m p l o y e d  several 

degrees of d i f f e r e n c e  b e t w e e n  the d i s c r i m i n a t i v e  stimuli. 

They als o found that the res p o n s e  force was hi g h e r  during 

S Delta, but there ap p e a r e d  to be no effect upon response 

force due to the varying d i s c r i m i n a t i o n  task.

Mintz (1962) recorded the force of lever p r essing 

responses by rats being run on a Fixed Ratio 12 schedule, 

and looked at the mean peak force of the r e s ponses at each 

of the 12 points in the FR cycle. He found a systematic
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increase in force as the an i m a l s  p r o g r e s s e d  through the 

cycle. The p o s s i b i l i t y  was raised that the force level at 

any point in the cycle could represent a d i s c r i m i n a b l e  cue 

to the o r g a n i s m  givi ng i n f o rmation about incre mental 

r e i n f o r c e m e n t  probability.

M i l l e n s o n  and Hurwitz (1961A) m e a s u r e d  the dur a t i o n s  of 

bar press responses {they referred to them as 

p r e s s - r e l e a s e  IRT's) and found nearly normal d i s t r ibutions 

after sub s t a n t i a l  (>3000 reinforcements) CRF training. 

Following the onset of e x t i n c t i o n  the peak of the response 

d u r a t i o n  d i s t r i b u t i o n s  was shifted upwards and the 

va r i a b i l i t y  of the d u r ations was increased.

In a sep a r a t e  study, M i l l e n s o n  and Hurwitz (1961B) looked 

at d u r a t i o n s  of bar press r e sponses with sev eral different  

s c hedules of r e i n f orcement in effect. Fixed Interval (FI) 

schedules ranging from 30 se c o n d s  to 4 m i n u t e s  in length 

all p r o d u c e d  longer d u r a t i o n s  and gre a t e r  v a r i a b i l i t y  than 

did CRF, but there was no sys t e m a t i c  d i f f e r e n c e  in the 

response d u r a t i o n s  o b s e r v e d  among the d i f f e r e n t  schedules. 

In a second experiment, they showed that e x t e n d e d  exposure 

to a 1 m i n u t e  FI produced no chan ge in m e d i a n  dura tions 

for 3 rats over a period of 60 days of training. In a 

third e x p e r i m e n t  they imposed a constant p r o b a b i l i t y  of 

rei n f o r c e m e n t  for each response and again found longer
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d u r a t i o n s  than under CRF, with an inverted U -shaped 

function relating response d u ration with prob a b i l i t y .  

Longest d u r a t i o n  wer e o b s e r v e d  in the v icinity of a 0.1 

p r o b a b i l i t y  of reinforcement. Their final e x p e r i m e n t  

involved a Fixed Ratio (FR) schedule with a length of 5, 

and show ed no tendency for d u r a t i o n  to change during the 

sequence of 5 responses p r e c e d i n g  rei n f o r c e m e n t .  This is 

interesting in light of Not t e r m a n  & Mintz's (1965) later 

findings that force as well as dur a t i o n  tend to increase 

during an FR cycle, p a r t i c u l a r l y  with longer FR's. The 

shortness of the FR 5 used by M i llenson may have masked 

this effect. Furthermore even when within ratio changes 

in response du r a t i o n  have been shown, the entire 

p o p u l a t i o n  tends to be well be l o w  CRF levels 

( N o t t e r m a n - M i n t z ) .

M a rgulies (1961) also studied response d u r a t i o n s  and found 

that they tended to be high during op erant level, 

de creased to a low a s y m p t o t e  during training, and were 

high ag ain during extinction. The d i s t r i b u t i o n s  of 

d ur a t i o n  in the very ear l i e s t  part of e x t i n c t i o n  were 

si milar to those obs e r v e d  d u r i n g  the final stages of 

c o n d i tioning. This was followed by a rapid increase in 

both the level and v a r i a b i l i t y  of d uration wh i c h  led 

ult i m a t e l y  to d i s t r i b u t i o n s  resembling those of operant 

level.
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B. Re s p o n s e  D i f f e r e n t i a t i o n  St udies

The second type of study, that in which the response 

pa rameter of interest is part of a reinforcement 

co n t i ngency, is typified by the work of H e r r i c k  (1964). 

Rats were trained to press a lever which co u l d  have a 

m a x i m u m  d i s p l a c e m e n t  of a p p r o x i m a t e l y  45 deg r e e s  from its 

resting position. R e i n f o r c e m e n t  was made c o n t i n g e n t  upon 

the m a x i m u m  d i s p l a c e m e n t  for any response falling within 

c ertain p r e d e f i n e d  limits. A CRF schedule was e m ployed so 

that ev e r y  press with the required d i s p l a c e m e n t  resulted 

in a reinforc e m e n t .  The a p p a r a t u s  was d e s i g n e d  in such a 

way that the force required to depress the lever was 

constant throughout the e x c u r s i o n  so that the di m e n s i o n  

being reinforced, d i s p l a c e m e n t ,  was not c o r r e l a t e d  with a 

force requirement. As wo u l d  be expected, the variability 

of the d i s p l a c e m e n t s  d e c r e a s e d  during training. 

A d d i t i o n a l l y ,  there a p peared to be a tendency to displace 

the lever just enough to pass the min i m u m  requirement of 

the req u i r e d  d i s p l a c e m e n t  range. The modes of the 

d i s p l a c e m e n t  d i s t r i b u t i o n s  fell in close p r o x i m i t y  to the 

l o w - d i s p l a c e m e n t  end of the so called "rei n f o r c e m e n t 

zones." Herrick explains this as a m a n i f e s t a t i o n  of a 

least-effort mechanism, and he points out that this 

tende ncy is likely to be related to the a b s o l u t e  effort
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required by the response. Thus, a low-effort 

r e i n f o r c e m e n t  range ma y  p r o d u c e  responding thr o u g h o u t  its 

limits, w h i l e  a hig h - e f f o r t  r e i n f o rcement range will yield 

responses near its low limit. The issue may be related to 

the concept of "response cost", the sum total of factors 

m i t i g a t i n g  aga i n s t  response emissions.

C. R e s p o n s e  Force - Gen e r a l  Cons i d e r a t i o n s

S tudies in w h i c h  the force of response is included as part 

of a r e i n f o r c e m e n t  c o n t i n g e n c y ,  can be traced back to B.

F. S k i n n e r ' s  work in The B e h a v i o r  of O r g a n i s m s  (1938). 

Ski n n e r  a r r a n g e d  for the rei n f o r c e r  to be d e l i v e r e d  only 

if a rat p r e s s e d  a lever w i t h  a force e x c e e d i n g  a m i n i m u m  

requirement. It is amb i g u o u s  w h e t h e r  Ski n n e r ' s  animals 

were being t r a i n e d  to exceed a min i m u m  force, or a m i n i m u m  

d i s p l a c e m e n t ,  or some c o m b i n a t i o n  of the two, since the 

mov e m e n t  of the lever was p r o p o r t i o n a l  to the applied 

force. N o n e t h e l e s s ,  the st u d i e s  reported an increase in 

the mean force of the r e sponses emitted when r einforcement 

was made c o n t i n g e n t  upon h i g h e r  forces. He states that 

"when r e sponses are d i f f e r e n t i a l l y  reinforced wit h respect 

to their intensity, the r e lative frequency of strong 

responses immediately increases." (p 314)

A s u b s tantial amount of work has been done along these
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lines by ma n y  researchers in the more than 40 years since 

S k i n n e r ’s initial i n v e s t i gations. Since these s tudies are 

ob v i o u s l y  most relevant to this paper, I shall c ombine my 

review of them with a d i s c u s s i o n  of the rat i o n a l e  

u n d erlying s tudies of res p o n s e  force and a d e f i n i t i o n  of 

the n e c e s s a r y  terminology.

D. D e fining Res p o n s e  Force

N o t t e r m a n  and Mintz (1965) in 

m o n o g r a p h  e n t i t l e d  Dynamics 

d e f i n i t i o n  of response force 

"There is a striking par 

o p e r a t i o n s  of 'force' in 

psyc h o l o g y .  The former is 

effect upon the state of 

(Hodgeman, 1943). W h e n e v e  

m o t i o n  of an object chang 

u n b a l a n c i n g  force is infe 

have seen, is defined in 

m o t o r  b e h a v i o r  upon some 

en v i r o n m e n t . "  (p 4)

They go on to say "Hence, 

behavior as beh a v i o r  that 

em ission of forces."

their c o m p r e h e n s i v e  research 

of Response a d d r e s s  the 

as follows: 

allel between the defining 

ph y s i c s  and 'operant* in 

d e f i n e d  in terms of its 

rest or motion of ma t t e r  

r the state of rest or 

es, the p r e s e n c e  of an 

rred. The 'operant', as we 

terms of the effect of 

sp ecific object in the

is po s s i b l e  to redefine ope r a n t  

ta n tamount to the org a n i s m i c  

then pre sent a review of a number

it 

i s

They
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of beh a v i o r a l  indices of e n e r g y  e x p e n d i t u r e  and their 

m a t h e m a t i c a l  relationships. Finally they co n c l u d e  “In short, 

and as T r o t t e r  (1956) has noted, the best index of energy 

e x p e n d i t u r e  during mo t o r  b ehavior is the time integral of 

force of response, a d i m e n s i o n  we hen c e f o r t h  refer to as 

e f f o r t ." (p 7)

Thr o u g h o u t  Dynamics of Res p o n s e  the data they p resent in 

many of their e x p e r i m e n t s  are me a n  peak force as well as 

mean effort for responses recorded under a given condition 

or con t i n g e n c y .  As Mintz, Sam u e l s  and Barber (1970) point 

out "they p r o v i d e  c o n s i d e r a b l e  empirical e v i d e n c e  that the 

peak force of response is highly cor r e l a t e d  with the time 

integral of force, and is thus a con v e n i e n t l y  m e a s u r e d  

al t e r n a t i v e  index of energy expe n d i t u r e . "

E. Defining Rein f o r c e m e n t  C r i t e r i o n

A nother issue raised by N o t t e r m a n  and Mintz (1965) is the 

d i s t i n c t i o n  between a response threshold and a reinforcement 

criterion. They point out that c o n d i t i o n e d  response 

strength, the q u a n t i t a t i v e  m e a s u r e  of c onditioning, is not 

nec e s s a r i l y  related to m a g n i t u d e  of response force, or 

frequency of response, but rather to the degree with which  

the e m i t t e d  responses comply w i t h  w h atever m a g n i t u d e  or 

frequency req u i r e m e n t  is in effect. Thus, ei t h e r
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h i g h - o r - l o w  rate or h i g h - o r - l o w  force could represent high 

response stre ngth. In the case of force, they see an 

implication that the " p r o portion of c r i t e r i o n  responses" is 

a suitable index of c o n d i t i o n e d  respo nse strength.

Th eir use of the term "criterion responses" is based upon a 

d i s t i n c t i o n  that they make b e t w e e n  two cla s s e s  of behavior. 

Their overall class of "responses" is best de f i n e d  as those 

behaviors which meet the gen e r a l  t o p o graphic and intensive 

r e q u irements to qu alify as the dependent var i a b l e  under 

analysis. Thus, for behavior to qualify as a bar press 

response, it mu s t  be d i r e c t e d  at the bar, and must have 

sufficient m a g n i t u d e  to ex c e e d  some m i n i m u m  force threshold. 

The sub - c l a s s  "criterion responses" is those beha viors 

m eeting the r e q u i r e m e n t s  for c l a s s i f i c a t i o n  as a

response plus a further r e q u i r e m e n t  d e t e r m i n i n g  e l i g i b i l i t y  

for reinforcement: this req u i r e m e n t  is the reinfocement

criterion, in the present case, a specific force e xerted on 

the bar. Thus, there is a dual d e f i n i t i o n  of m u t u a l l y  

e x c l u s i v e  sub -classes; c r i t e r i o n  responses and non- c r i t e r i o n 

responses, which together sum to the overall class, 

responses. Mintz et al (1976) ela b o r a t e d  on the dual 

d e f i n i t i o n  with respect to response thr e s h o l d  and 

r einforcement c r iterion as follows: "The former defines the 

g e n e r i c  response class, in a sense a rein f o r c e m e n t  

independent r e d e f inition of the operant; the latter defines
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the r e i n f o r c e m e n t - e l i g i b l e  subclass of the independently 

def ined response."

This dual d e f i n i t i o n  is nec e s s i t a t e d  by a pa r a d o x  des c r i b e d  

by Mintz et al. (1976) w h i c h  dev e l o p s  when a response is to 

be d i f f e r e n t i a t e d .  If one ad h e r e s  to S k inner's original 

d e f i n i t i o n  of the operant as "a unit of b e h a v i o r  defined by 

a c o n t i n g e n c y  of r e i n f o r c e m e n t ...A class of responses, all 

members of wh i c h  are equ a l l y  e f fective in a c hieving 

r ei n f o r c e m e n t  under a gi v e n  set of conditions", then 

d i f f e r e n t i a t i o n  is impossible. As mintz et al. point out,

"The d i f f i c u l t i e s  in such 

the req u i r e m e n t  to redefi 

interest when the p rocedu 

r e i n f o r c e m e n t  of some new 

behaviors. If responses w 

5 g are reinforced in one 

those e x c e e d i n g  20 g are 

c o m p a r i s o n  of the b e h a v i o  

r e d e f i n i t i o n  of the opera 

latter case, "behaviors" 

no longer m e m b e r s  of the 

identifies the d e pendent 

(p 3 8 7 )

a def i n i t i o n  arise from 

ne the beh a v i o r  of 

re calls for sel e c t i v e  

or d i f ferent range of 

ith peak forces exc e e d i n g  

ph ase of a study and 

r einforced in another, a 

rs is con f o u n d e d  by the 

nt of interest. In the 

in the 5 to 20 g range are 

o perant class that 

variable in the analysis."
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Mintz et al ci ted as an i l l u s t r a t i o n  of this paradox a 

study by Ch u n g  (1965) on the d i f f e r e n t i a t i o n  of key 

pecking b e h a v i o r  in pigeons, in wh i c h  d i f f e r e n t  forces 

were required to o perate a p e c k i n g  key in d i f f e r e n t  phases 

of the e x p e r i m e n t .  In one c o n d i t i o n  a key peck with a 

m a g n i t u d e  of 50 gr a m  o p e r a t e d  the key and thus qua l i f i e d  

as a response and c o n t r i b u t e d  to rate. In a n o t h e r  

c o n d i t i o n  a 50 gra m peck did not o perate the key and thus 

was not a response and ma d e  no c o n t r i b u t i o n  to overall  

rate. As Mi n t z  et al stated it, "Rate ch a n g e s  w e r e  as 

s u s c e p t i b l e  to changes in the e x p e r i m e n t e r s  m e a s u r i n g  

behavior as to c hanges in the pi g e o n ' s  key p ecking  

b e h avior." In effect, what is really c h a n g i n g  in such a 

s i t uation is the set of sa m p l i n g  rules used to sample the 

ov erall p o p u l a t i o n  of b e h a viors, and thus there is 

inherent c o n f o u n d i n g  of the results. To prevent such 

confounding, it is n e c essary to m a i n t a i n  a u n i f o r m  

sampling p r o c e d u r e  independent of the imp o s i t i o n  of 

criteria or ot h e r  influences on behavior. In the case 

under c o n s i d e r a t i o n  what was needed was a sep a r a t e  measure 

of all key pecks, re gardless of their force.

F. Res p o n s e  Force as a B e h a v i o r a l  M easure

Response force has o'veral a d v a n t a g e s  over most 

tradi tional choices as a behavioral measure. It is, as we
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have just indicated, a r e a s o n a b l y  good index of o r g anismic 

energy output. It can be used as a r e i n f o r c e m e n t  criterion 

by itself or in c o n j u n c t i o n  wi t h  various s c h e d u l e s  of 

reinforcement, and it will not be intrinsicly con f o u n d e d 

by the p r e s e n c e  of the s c h e d u l e  itself as would, for 

example, res p o n s e  rate. In fact, one should be able to 

mea s u r e  i n d e p e n d e n t l y  the s i m u l t a n e o u s  eff e c t s  on rate and 

force of s c h e d u l e s  and c r i t e r i a  in a p a r a m e t r i c  study.

Response force exists as a c o n t i n u u m  with an e s s e n t i a l l y  

infinite number of values. Rate can be thought of as a 

con t i n u o u s  variable, but rate is a pro p e r t y  of a sequence 

of responses, not of an in dividual response. Even inter 

response time is d e pendent on the o c c u r r e n c e  of at least 

two r e s ponses for its d e t e r m i n a t i o n .  Force is unique to, 

and totally d e t e r m i n e d  w i t h i n  the limits of, the specific 

response being examined. It is a pr o p e r t y  of the 

m o m e n t a r y  b e h a v i o r  unlike rate, wh i c h  has no m o m e n t a r y  

value wh e r e  rate is def i n e d  by the o c c u r e n c e  of two or 

more d i s c r e t e  events in time.

Other p r o p e r t i e s  of b e h a v i o r s  that are m e a s u r e d  along a 

single c o n t i n u u m  have been studied, in p a r t i c u l a r  the 

locat ion (or locus) of res p o n s e s  along a linear operandum. 

The major d i f f e r e n c e  between locus of response and force 

of response as response c o n t i n u a  is that c h a n g e s  of locus
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g e n e r a l l y  require sub s t a n t i a l  e x p e n d i t u r e  of effo rt { e.g. 

repo s i t i o n i n g ,  changes in posture) while cha n g e s  in force 

would g e n e r a l l y  require m i n i m a l  changes in b e h a v i o r  other 

than the cha n g e s  in the m e a s u r e d  d i m e n s i o n  itself. The 

amount of e f f o r t  required by changes in locus may not be 

p r o p o r t i o n a l  to the m a g n i t u d e  of the change. The 

r e l a t i o n s h i p  is likely to be a step function since a range 

of r e sponses could be e m m i t t e d  wi t h  no m o v e m e n t  from a 

given p o s ition, while a large m o v e m e n t  mi g h t  be required 

to emit a r e sponse just s l i g h t l y  out of range. Response 

force is by d e f i n i t i o n , w e l l  cor r e l a t e d  wi t h  eff ort, and 

changes in the two would also be inh erently synchronous.

In addition, the behavior involved in d e l i v e r i n g  a peck or 

nose pr ess at one end of a key does not s i m u l t a n e o u s l y  

include the b e h a v i o r s  r equired to d e l i v e r  a peck at the 

other end, or for that matter, at any other locus. The 

be havior of e x e r t i n g  a 25 g r a m  force on a lever does 

include the be h a v i o r  of e x e r t i n g  a 5 g r a m  force, as well 

as all the i n t e r mediate forces up to 25 grams.

Essentially, force of response represents a true continuum  

of behavior, wh i l e  locus r e p r e s e n t s  a range of discrete 

behaviors at locations along a physical continuum.

G. R esponse Force D i f f e r e n t i a t i o n  Stu dies

N o t t e r m a n  and Mi ntz (1962,1965) exa m i n e d  the ability of
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rats to p r o d u c e  response p o p u l a t i o n s  m e e t i n g  a variety of 

force cri t e r i a  up to 16 grams. Initial e x p e r i m e n t s  showed 

that force d i s t r i b u t i o n s  were shifted upward wh e n  a 

m i n i m u m  force c r i terion was imposed, and that the 

d i s t r i b u t i o n s  tended to peak well above the actual 

c r i t e r i o n  level. In further studies not only was the 

o r g a n i s m  r e quired to keep the force of res p o n s e  above a 

minimum, but a m a x i m u m  force c r i t e r i o n  was also imposed.

In essence, this p r o d u c e d  what the authors refer to as a 

"band" of r e i n f o r c a b l e  res p o n s e s  (analogous to Herrick's  

zone of r e i n f o r c e m e n t  in his ea r l i e r  att e m p t s  to 

d i f f e r e n t i a t e  d i s p l a c m e n t ). The imposition of the upper 

limit was found to lower the peak force of response 

p r o d u c e d  by o r g a n i s m s  e x p o s e d  to it, c o m p a r e d  to organisms 

reinforced wi t h o u t  the upper limit. In addition, the 

frequency d i s t r i b u t i o n s  for the animals run with the force 

band pe a k e d  at the lower limit of the band, not well above 

the lower limit as was the case when the upper limit did 

not exist.

As a fur ther e x t e n s i o n  of this band technique, a dual band 

p a r a d i g m  wa s  d e v e l o p e d  wh e r e  two non o v e r l a p p i n g  force 

bands wer e e x t e r o c e p t i v e l y  cued by the on or off state of 

a sti m u l u s  light. The results of this study clearly 

d e m o n s t r a t e d  that rats were c apable of learning to emit 

d i fferent m a g n i t u d e s  of response force re lated to
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d i f f e r e n t  st i m u l u s  c o n d itions.

More recently, Samuels (1973) reported a series of studies 

in which a constant p r o b a b i l i t y  schedule was supe r i m p o s e d  

upon a band rei n f o r c e m e n t  c o n t i ngency. In this situation, 

responses w h i c h  meet the force band c r iterion are then 

sub ject to a g i v e n  p r o b a b i l i t y  of reinforcement. The bands 

used varied in terms of both m i n i m u m  force and m aximum 

force d e f i n i n g  the band and the p r o b a b i l i t y  of 

r e i n f o r c e m e n t  for responses m e e t i n g  the band criterion.

The p r o b a b i l i t i e s  investigated were 100% and 50%. Results 

sug g e s t e d  that with the p r o b a b i l i t y  of r e i n f o r c e m e n t  at 

100%, as the force c r i t e r i o n  became more stringent, (e.g. 

narrower force band), the ov e r a l l  rate of r e s ponding 

increased, but the p e r c e n t a g e  of responses m e e t i n g  the 

c r iterion decreased. Samuels s p e culated that an inverse 

r e l a t ionship exists between acc u r a c y  and rate of response. 

When the p r o b a b i l i t y  c o m p o n e n t  of the c o n t i n g e n c y  was 

m a n i p ulated, the data showed that animals shi f t e d  from 

100% to 50% m a n i f e s t e d  no re l i a b l e  chan ge in forces 

emmited, while animals s tarted on 50% and then s hifted to 

100% increased the p e r c e n t a g e  of low force responses. This 

was e v i d e n c e d  by downward shifts in the frequency 

d i s t r i b u t i o n s  of force for these groups. The accuracy of 

responding was not ef f e c t e d  by changes in the pro b a b i l i t y  

of r einforcement imposed in these studies.
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Birch {1964) e x amined the b e h a v i o r  of a m o n k e y  exposed to 

both force and d i s p l a c e m e n t  ba nds in a s e q uential 

d i f f e r e n t i a t i o n  study. Two force bands were used, 740g - 

790g and 790g - 840g and a total of eight dis p l a c e m e n t  

bands were used each with a wi d t h  of 5 de g r e e s  arc. Each 

session c o n s i s t e d  of a period of force d i f f e r e n t i a t i o n  

training followed by a period of disp l a c e m e n t  

d i f f e r e n t i a t i o n  training. In add i t i o n  to the band 

criteria, a Mu l t i p l e  Fixed Ratio Extinction sch e d u l e  was 

in effe ct d u r i n g  the training. A stimulus light was used 

to cue the c o n d i t i o n  in ef fect. When the light was on, an 

FR 4 (only w i t h i n  band responses applied) was in effect. 

The light stayed out for 45 s econds after r e i n f o rcement 

during w h i c h  time, e x t i n c t i o n  was in effect. In addition, 

any w i t h i n  band responses d u r i n g  that period pos t p o n e d  the 

ligh onset by an a d d itional 45 seconds.

While Birch defined r e sponses as those pre s s e s  meeting the 

r espective force or d i s p l a c e m e n t  criteria, he also 

recorded pr e s s e s  which failed to meet his c r i t e r i a  but 

were within the sensitivity range of his apparatus. These 

no n - c r i t e r i o n  presses were termed errors. By recording 

both classes of behavior he was able to show that during 

both force and d i s p l a c e m e n t  d i f ferentiation, the first
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response in each FR 4 s equence was much mo r e  likely to be 

an error (not meet the band criterion) than the subsequent 

r e s p o n s e s .

In addition, his data show ed that the subjects response 

force p e a k e d  near the b o t t o m  band limit after training on 

the low band. The force d i s t r i b u t i o n s  i n i tially peaked 

below the b o t t o m  of the ban d following the shift to 

training on the high band, but shifted into the band 

limits over the course of training. The d i s p l a c e m e n t  

d i s t r i b u t i o n s  also peaked w i t h i n  the required bands after 

training had occurred. The subject pr o d u c e d  these 

d i s t r i b u t i o n s  de s p i t e  the fact that for both force and 

d i s p l a c e m e n t  consitions, in band responses during the 45 

seconds fol l o w i n g  each r e i n f o r c e m e n t  p r o l o n g e d  the 

ligh t-off (extinction) period.

N o tterman and Mintz (1965) ran a study wit h rats in which 

the amount of food rei n f o r c e m e n t  d e l i v e r e d  was 

p r o p o r t i o n a l  to peak force of response. They varied the 

ratio of food to force that was p r o g r a m m e d  as the 

contingency, or what they termed "specified gain". At a 

given s p e c i f i e d  gain, the animal has a choice of making a 

smaller number of high force responses or a larger number 

of low force responses to get the same abs o l u t e  amount of 

food reinforcement. His "actual gain", the ratio of the
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average amount of food e a r n e d  per response to the mean 

response force will be g r e a t e r  for the case wh e r e  the 

sma ller number of high force responses are emitted. When 

the tra n s i t i o n  from CRF to the p r o p o r t i o n a l  r e i n f o rcement  

was made, ani m a l s  did not a c h i e v e  actual ga i n s  as high as 

the s p e c i f i e d  gain. As the s p e c i f i e d  gain was lowered, 

however, they did tend to hold actual g a i n  constant, and 

thus the d i s c r e p a n c y  b e t w e e n  the two gains g r e w  smaller.

In short, though the a n i m a l s  did not exert mo r e  force to 

increase r e i n f o r c e m e n t  rate when pre s e n t e d  w i t h  the 

o p p o r tunity, they did exert more force to m a i n t a i n  overall 

r e i n f o r c e m e n t  rate whe n changes in the c o n t i n g e n c y  tended 

to lower the rate of r e i n f o rcement.

Filion, Fo w l e r  and N o t t e r m a n  (1969B) i n v e s t i g a t e d  both 

p os i t i v e  r e i n f o r c e m e n t  and p u n i s h m e n t  where the mag n i t u d e  

of both sti muli was made p r o p o r t i o n a l  to force of 

response. They found a r e l a t i o n s h i p  b etween the 

p r o b a b i l i t y  of shock and the mean peak force of response 

when both the shock p r o b a b i l i t y  and the m a g n i t u d e  of food 

rein f o r c e m e n t  were p r o p o r t i o n a l  to the force of a given 

response. W h e n  the shock p r o b a b i l i t i e s  ranged from 10% to 

50% there was no effect, but when the p r o b a b i l i t i e s  ranged 

from 20% to 100%, there was a sig n i f i c a n t  r e d u c t i o n  in 

f o r c e s .
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Filion, Fowler and N o t t e r m a n  (197QA) r e peated the earlier 

p r o p o r t i o n a l  rei n f o r c e m e n t  work of N o t t e r m a n  and Mintz 

(1965), but used effort as the va r i a b l e  c o n t r o l l i n g  amount 

of rein f o r c e m e n t .  The findings are in line with those 

d i s c u s s e d  previously, namely that the rats did not take 

ad vantage of the o p p o r t u n i t y  to exert mo r e  e f f o r t  per 

respo nse in return for more reinforcement. A dec r e a s e  in 

the number of responses be l o w  the m i n i m u m  r e i n f o r c e m e n t  

cr iterion d u r i n g  training indicated a t endency to m i n i m i z e  

effort e x p e n d i t u r e  that fail ed to produce reinforcement, a 

result c o n s i s t e n t  with a least-effort analysis. Effort 

appeared to have no real a d v a n t a g e s  over peak force as 

either a m e a s u r e  of behavior, or as the basis of a 

rei n f o r c e m e n t  contingency.

Filion, Fowler and N o t t e r m a n  (1971) exa m i n e d  the 

m o t i v a t i o n a l  issues of force p r o p o r t i o n a l  r e i n f o r c e m e n t  by 

running rats w i t h  3 levels of pre f e e d i n g  and then 

d i s c o n t i n u i n g  the p r e f eeding. Their f indings e s s e n t i a l l y  

were that following t e r m i n a t i o n  of prefeeding, the ani mals 

made up the deficit in intake by increasing their rate of 

r einforcement, but that this was a c hieved e n t i r e l y  through 

increases in response rate, not through increased forces.

Filion, Fowler and N o t t e r m a n  (1970B) also looked at 

pre f e e d i n g  effects on f o r ce-band d i s c r i m i n a t i o n s  in rats.



23

Using a "wide" (8g) force band, no sign i f i c a n t  diff e r e n c e s  

were found for either me a n  peak force or p e r c e n t a g e  in 

band as a fu n c t i o n  of amou nt prefed. Rate of re sponding 

was i n f luenced slightly, but the r e l a tionship was 

n o n - m o n o t o n i c .  Following a tra n s i t i o n  to a na r r o w  (4g) 

force band, the ex p e c t e d  r e d u c t i o n s  in a c c u r a c y  were 

observed, as indicated by lower p e r c e n t a g e s  of within band 

responses. The final r e i n f o r c e m e n t  rate, however, was not 

su b s t a n t i a l l y  lower, the d i f f e r e n c e  having been made up by 

fairly large increases in overall rate.

N o t t e r m a n  and Mintz (1965) investigated the 

c h a r a c t e r i s t i c s  of responses m a i n t a i n e d  under other forms 

of i n t e r m i t t a n t  r e i n f orcement using interval and ratio 

schedules. In addition they imposed var ious r e i n f orcement 

criteria based upon effo rt (as pre v i o u s l y  defined) in 

order to d e t e r m i n e  what i n t e ractions might ex ist between 

the two a s p e c t s  of the overall contingency. They point out 

that the g e n e r a l  ass u m p t i o n  of response s t r e n g t h  being 

gre a t e r  un d e r  intermittant r e i n f o r c e m e n t  than under CRF is 

based upon me a s u r e s  of r e s i stance to e x t i n c t i o n  and 

response rate. " The degree of c o n formity of the 

c o n d i t i o n e d  beh a v i o r  to the r e i n f o rcement c r iterion ", 

they go on to say, "may have as a p p r opriate a place in the 

concept of response str e n g t h  as does the f r equency and 

temporal d i s t r i b u t i o n  of responses."
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Their data show that under a c o mbined fixed r a t i o - m i n i m u m  

effort schedule (one where o n l y  resp onses e x c e e d i n g  the 

effort c r i t e r i o n  count towards the ratio) the rats overall 

effort per r e i n f o r c e m e n t  is s i g n i f i c a n t l y  g r e a t e r  than the 

theoretical m i n i m u m  (defined as the m i n i m u m  effort per 

response m u l t i p l i e d  by the ratio), and this d i s c r e p a n c y  

increases as a m o n o t o n i c  n e g a t i v e l y  a c c e l e r a t e d  function 

of ratio length. That this e l e v a t i o n  was due to the 

pre s e n c e  of the ratio c o n t i n g e n c y  is clear from the fact 

that the rats run on threshold criterion y i e l d e d  overall 

effort figures well below the theor etical m i n i m u m  values 

which wo u l d  have been required by the ratio contingency. 

The mean effort per response, on the other hand, was well 

above the c r i t e r i o n  for all su b j e c t s  in both the threshold 

and ele v a t e d  c r i terion groups, while the p e r c e n t a g e  of 

responses m e e t i n g  the el e v a t e d  criterion was a p p r o x i m a t e l y  

50%. These m e a s u r e s  did not var y s i g n i f i c a n t l y  as the 

ratio was lengthened. Thus it appears that the increased 

o verall effort exerted by the ani mals with ele v a t e d  effort 

crite ria c o mpared to the an i m a l s  on threshold criterion, 

resulted from changes in the number of responses as well 

as increased e f f o r t f u l n e s s  of individual responses. The 

increase in overall effort o b s e r v e d  for longer ratios was 

p r i m a r i l y  due to the incr eased numbers of responses.



25

When a si m i l a r  approach was taken with fixed interval and 

variable interval schedules the results showed that longer 

fixed intervals g e n erated g r e a t e r  overall effort and that 

this was e n t i r e l y  a t t r i butable to a gre a t e r  number of 

responses being emmitted, no increase in m e a n  effort being 

observed. The data for var i a b l e  interval s c h e d u l e s  was 

limited, but one finding emerged, namely that on VI, the 

animals p e r s i s t e d  in a ten d e n c y  to emit more effortful 

responses just prior to r e i n f o r c e m e n t  than following it.

As time of r einforcement is not d i s c r i m i n a b l e , the effect 

must be i n t e rpreted as effo rt e l e vation relating to 

remoteness from prior reinforcement.

Mintz, S a m u e l s  and Barber (1976) used VI s c h e d u l e s  to 

study the effects of increasing force cri t e r i a  or imposing 

a force band c r i terion on rate of response and mean force 

of response. Their findings are summarized as follows: 

When a new cri t e r i o n  re q u i r e d  a v a riation of behavior that 

was p r e v i o u s l y  relatively rare, increases in absolute rate 

are likely. Whe n the new c r i t e r i o n  required a variation 

that was p r e v i o u s l y  frequent, absolute rate will remain 

constant or decrease. In e s s e n c e  ,if the c r i t e r i o n  being 

newly imposed requires that the o r g a n i s m  emit a specific  

response wh i c h  it was em i t t i n g  infrequently prior to the 

imposition of the c r i terion the o r g a n i s m  does not learn 

that response variant but rather will increase its overall
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cate of responding. Gi v e n  that the de s i r e d  response 

variant was at least present with some f r e quency greater 

than zero in the p revious r e s p o n s e  p o p u l a t i o n  this will 

have the effe ct of increasing the rate of e m m i s i o n  of that 

response variant in direct p r o p o r t i o n  to the increase in 

overall rate. While not an energy e f ficient approach, such 

a change in b e havior does pr o v i d e  an immediate degree of 

c o n f o r m i t y  to the new c o n t i n g e n c y  and tends to mai n t a i n  

the r e i n f o r c e m e n t  rate.

H. Human Force D i f f e r e n t i a t i o n  Studies

The human o r g a n i s m  has not been ove r l o o k e d  in the research 

on response force. In an ea r l y  study of force 

d i f f e r e n t i a t i o n  in human subjects, Murphey (1943) used a 

mod i f i e d  p in-ball m achine to asse ss human subject's 

ability to adapt their b e h a v i o r  as he imposed upper and 

lower force limits. His results revealed that as he 

narrowed what he called the "tolerated range" (analogous 

to what we have def ined as a force band) the p e r c e n t a g e  of 

reinforced responses initially decreased, but that the 

decrease was reversed after c o n t i n u e d  trai ning. It was 

clear that the subjects c o m p e n s a t e d  for the change in the 

r e i n f orcement c o n t i n g e n c y  wh i c h  resulted in m o r e  of their 

resp onses falling outside of the re inforced range, (and 

fewer of their responses be ing reinforced) by increasing
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the a c curacy of their responding. This r e d u c t i o n  in 

var i a b i l i t y  was visible in the response d i s t r i b u t i o n s  they 

were gen e r a t i n g ,  and was the m e c h a n i s m  by w h i c h  the 

p e r c e n t a g e  of reinforced r e sponses was i n c reased to its 

origi nal value.

A close analog of respo nse force was exa m i n e d  by 

H e f f e r l i n e  and Keenan (1961) who m e a s u r e d  hu m a n  

e l e c t r o m y o g r a p h i c  (BMG) p o t e n t i a l s  in a study of ampl itude 

d i f f e r e n t i a t i o n .  The response d i f f e r e n t i a t e d  was a small 

thumb c o n t r a c t i o n  and the rei n f o r c e m e n t  was the removal of 

white noise which m a s k e d  a b a s e l i n e  mu s i c  signal in the 

subjects earphones. For a res p o n s e  to qu a l i f y  for 

reinforcement, the EMG p o t e n t i a l s  had to fall bet w e e n  a 

lower and an uppper limit. S u b j e c t s  initially e mitted 

responses wi t h  amp l i t u d e s  far in excess of that required 

for reinforcement, but these high amplitude responses soon 

dropped out and the r esponse rate of r e sponses meeting the 

c r iterion was maximized. A slight tendency to respond with 

slightly g r e a t e r  a m p l i t u d e  than necessary was mai n t a i n e d  

thr oughout the c o n d i t i o n i n g  period.

Mintz and N o t t e r m a n  (1965) e x a m i n e d  the r e l a t i o n s h i p  

between a b s o l u t e  force level and response v a r i a b i l i t y  when 

human sub j e c t s  were asked to emit responses at several 

d if f e r e n t  force levels. The d i fferent levels ranged fron
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25g to 200g and were e x t e r o c e p t i v e l y  cued by s timulus  

lamps in front of the Ss. T h e i r  results showed that while 

the ab s o l u t e  vari a b i l i t y  inc r e a s e d  at hi g h e r  force levels, 

the r e lative variability, or m o r e  s p e c i f i c a l l y  the ratio 

of the s t andard d e v i a t i o n  to the force level being 

reinforced, declined.

Filion, Fo w l e r  and N o t t e r m a n  (1969A) con t i n u e d  the study 

of response force and human p s y c h o p h y s i c s  in a study which 

ana l y z e d  W e b e r  ratios p r o d u c e d  during a cued mul t i p l e  

c r i t e r i o n  p a radigm. Human s u b j e c t s  were re q u i r e d  to emit 

one of five forces cued by an array of signal lamps, and 

were gi v e n  di g i t a l  feedback of the force in gr a m s  that 

they had just e m i t t e d  imm e d i a t e l y  f o l lowing the 

ter m i n a t i o n  of the response. Weber ratios were d e t e r m i n e d  

for su b j e c t s  run under normal conditions, red uced 

c u taneous feedback c o n d i t i o n s  (produced by injections of 

xylocaine), and red uced e x t e r o c e p t i v e  feedback conditions 

where a cl ick was s u b s t i t u t e d  for the dig i t a l  indication 

as a signal that the force had been within a small range 

around the target. The ra tio of the standard d e v i a t i o n s  to 

the target values were here as s u m e d  to be a cl ose analog 

to the more familiar ratio of the d i f f e r e n c e  threshold to 

the point of sub j e c t i v e  e q u a l i t y .  The curves s h o w  that 

both types of feedback m a n i p u l a t i o n s  increase the We ber 

ratios by about 20%. As an a d d i t i o n a l  exp e r i m e n t ,  a monkey
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was run on the click only c o n d i t i o n  for comparison. The 

monkey W e b e r  ratios were about 50% higher than the hum an's 

under the same conditions.

Mintz, Samuels, Barber, and G r o s s m a n  (1971) a t t e m p t e d  to 

assess te c o n t r i b u t i o n  of c u t a n e o u s  feedback to response 

p r e c i s i o n  by v arying the d i a m e t e r  of the s u r f a c e  that the 

human s u b j e c t s  p ressed on, thus affecting the pre s s u r e  

applied to the skin for a fixed force. A smaller surface 

would yi e l d  a gre a t e r  change in pressure for small 

variations in force than a larger surface, and thus might  

improve accuracy. The results showed no such effect, but 

the p o s s i b i l i t y  that the 200 g target force was already in 

the range w h e r e  p r o p r i o c e p t i v e  and not c u t a n e o u s  sensation 

was the p r i m a r y  feedb ack was suggested as an explanation, 

and the need for a similar study using mu c h  lower target 

forces was a p p a r e n t .

Schwartz and Mintz (1980) ap p l i e d  the band p a r a d i g m  in a 

study with human subjects, in which both a high force 

band, st a r t i n g  at 240g and a low force band, startng at 

120g were used. The wi d t h  of the bands was s y t e m a t i c a l l y  

reduced from an initial value of 80g to 40g, 20g, and 

finally 10g, and then returned to 80g. The narrower 

bandwidths p r o d u c e d  d o w n w a r d  shifts in the central 

tendency of the force d i s t r i b u t i o n s ,  with a slight
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tendency t owards reduced variability, but the percent of 

r esponses in band was also lower. This indicated that the 

subjects were only able to p a r t i a l l y  com p e n s a t e  for the 

more s t r i n g e n t  c riteria by increasing their ac c u r a c y  and 

precision. Response v a r i a b i l i t y  was found to be lower 

with the low force band than with the high force band at 

c om p a r a b l e  band widths, and this agreed wi t h  the earlier 

findings of Mintz and N o t t e r m a n  (1965).

II. E x t i n c t i o n  Studies

A. Non R e s p o n s e  Force S tudies

H i s t o r ically, ext i n c t i o n  has been shown to p r o d u c e  abrupt 

but t r ansient changes in behavior. S k i n n e r  (1938) defined 

e x t i n c t i o n  of operant, or w h a t  he calls type R, responses 

as follows: "Extinction of a con d i t i o n e d  reflex of type R 

o ccurs w h e n  the response is no longer followed by the 

reinforcing s t i m u l u s ."( p 7 4 ) He d e scribes the effects of 

e x t i n c t i o n  as follows: "When the first response to the 

lever fails to supply the sti m u l u s  for the next member of 

the usual chain, the response is eli c i t e d  again 

immediately, and a high rate of e l i c i t a t i o n  is m a i n t a i n e d  

for a short time. This is soon interrupted and the rate 

s u b s e q u e n t l y  undergoes an e x t e n s i v e  fluc t u a t i o n  ( p 7 4 )
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Skinner also looked at the force of responses during 

e x t i n c t i o n  following d i f f e r e n t i a t i o n  of a high force 

response. He re ports an initial rise in force, followed by 

a dec r e a s e  to a low value. In addition, he states that 

when d i f f e r e n t i a t i o n  training "is m a i n t a i n e d  for periods 

on the order of 10-15 days, the decline in force is much 

d e l a y e d ."

Sk inner tended to equate the n o n - r e i n f o r c e m e n t  of 

s u b - c r i t e r i o n  responses during training wi t h  intermittent 

or irregular reinforcement. With regard to rate changes 

in extinction, he states "those after p r o l o n g e d  

d i f f e r e n t i a t i o n  are still of the m a g n i t u d e  to be expected 

from irregular r e i nforcement."

Skinner showed no data relating e x t inction effects 

following intermittent r e i n f o rcement. Hi l g a r d  and Marquis 

(1961) in C o n d i t i o n i n g  and Learning d i s c u s s  the issue of 

e x t i n c t i o n  and the e f f o r t f u l n e s s  of the response. They 

cite several studies which they claim support the 

a ss u m p t i o n  that a response requiring gr e a t e r  effort will 

ext i n g u i s h  m o r e  quickly than one requiring less effort. A 

typical e x p e r i m e n t  used a w e i g h t e d  bar as a me a n s  of 

c o n t r o l l i n g  e f f o r t f u l n e s s .  They point out, quite 

correctly, that a pr o b l e m  exists with regard to partial 

responses, those presses not strong enough to tri gger the
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recording and/or r e i n forcing apparatus. The q u estion is, 

they state, should these r e sponses be cou n t e d  during 

extinction. This is e q u i v a l e n t  to the p r o b l e m  di s c u s s e d  

e a r l i e r  regarding the r e d e f i n i t i o n  of r e s p o n s e s  during 

diff e r e n t i a t i o n ,  and is solved by the dual d e f i n i t i o n  

system e m p l o y e d  by N o t t e r m a n  and Mintz (1965), in which 

all e x t i n c t i o n  responses above response t h r e s h o l d  would be 

recorded, and the responses m e e t i n g  a p r e v i o u s l y  imposed 

but no longer o p e rative c r i t e r i o n  would be co u n t e d  as a 

s u b s e t .

Of the recent studies al r e a d y  discussed, several included 

ex t i n c t i o n  as one of the test conditions. M i l l e n s o n  and 

Hurwitz (1961) found that e x t i n c t i o n  p r o d u c e d  increases in 

various indices of central ten d e n c y  and of d i s p e r s i o n  for 

duration d i s t r i b u t i o n s  for rats trained on CRF. Margulies 

(1961) showed that d u r a t i o n  d i s t r i b u t i o n s  very early in 

ext i n c t i o n  were similar to those late in conditioning, but 

that as e x t i n c t i o n  progressed, the d i s t r i b u t i o n s  came to 

resemble those pro d u c e d  in o perant level.

Eckerman and Lanson (1969) showed that following 

d i f f e r e n t i a t i o n  of a p ecking respo nse in pig e o n s  the 

respo nse locus along a 10 inch wide pec king key was more 

varia ble during e x t i n c t i o n  than during c o n d i t i o n i n g , but 

the central tendency as indicated by the peaks of the
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locus d i s t r i b u t i o n s  did not shift a p p r e c i a b l y  from those 

o b s e r v e d  du r i n g  c o n d i t i o n i n g .

One of the p a r a m e t e r s  wh i c h  can be varied in any study of 

response d i f f e r e n t i a t i o n ,  and wh i c h  is likely to have an 

effect upon the b e havior e x h i b i t e d  during e x t i nction, is 

the amount of training u n d e r g o n e  by the o r ganism. To the 

degree that respo nse s t rength builds up over time as the 

o r g a n i s m  is ex p o s e d  to a g i v e n  contingency, and thus emits 

a c e r t a i n  response variant, then it seems like ly that the 

changes w h i c h  occur in the frequency of this response 

variant during ext i n c t i o n  wil l be related to the total 

period during which the p a r t i c u l a r  response variant was 

re i n f o r c e d .

This r e l a t i o n s h i p  between t r aining and e x t i n c t i o n  b ehavior 

is d e m o n s t r a t e d  by Thompson, Heistad, and P a l e r m o  (1963) 

who i n v e s tigated the r e l a t i o n s h i p  between the amount of 

training u n dergone by rats p r i o r  to the on set of 

e x t i n c t i o n  and the changes in response rate and response 

d u r a t i o n  following the onset of extinction. Using a CRF 

p a r a d i g m  they o b s e r v e d  that the onset of e x t i n c t i o n  would 

p roduce ” 1) little or no change in the frequency, 

d ur a t i o n  and v a r i a b i l i t y  of responses when initiated 

during the very e a rliest stages of c onditioning, 2) a 

great increase in response frequency and d u r a t i o n  when
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initiated in the middle stages of the a c q u i s i t i o n  of the 

operant, and 3) p r o g r e s s i v e l y  smaller increases in 

frequency, d u r a t i o n  and v a r i a b i l i t y  when initiated 

following longer courses of training beyond the point of 

stable a s y m p t o t i c  CRF r e s p o n s e  rate." Thus, a 

non- m o n o t o n i c ,  inverted U shaped function a p p e a r e d  to 

exist b e t w e e n  the d u r a t i o n  of training, and the degree of 

d i s r u p t i o n  occ u r i n g  i m m e d i a t e l y  following the onset of 

e x t i n c t i o n  w i t h  regard to r e s p o n s e  rate, d u r a t i o n  and 

v a r i a bility. S t e v e n s o n  and C l a y t o n  (1970) used a 40-second 

cr iterion for response d u r a t i o n  in an inte r e s t i n g  study 

involving s e c o n d a r y  r e i n f o r c e m e n t .  When the lever had been 

d e p r e s s e d  for 40 seconds, w h i t e  noise came on, at which 

point lever r elease was r e i n f o r c e d  with food. Thus, a 

b eh a v i o r a l  ch a i n  was cr e a t e d  of the form:

R 1 SD R2 SR

Press lever ------ Wh ite noise   Release lever - Food

(40 seconds)

This re s u l t e d  in d i s t r i b u t i o n s  of du r a t i o n  wh i c h  peaked at 

40 - 41 seconds. For one g r o u p  of rats d u r i n g  extinction, 

the chain was broken b etween R2 and reinforcement: thus a
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40 second pr e s s  still resulted in wh ite noise but 

sub s e q u e n t  release did not ca use rein f o r c e m e n t  to be 

delivered. The d u r a t i o n  d i s t r i b u t i o n s  for this group 

s howed min i m a l  change, and the rate of com p l e t e  chain 

emisions followed its usual course for e x t i n c t i o n  by 

rising s h a r p l y  and then falling off. A n o t h e r  gr o u p  had 

the chain broken between Rl and R2 so that no white noise 

or food was present. The d u r a t i o n  d i s t r i b u t i o n  for these 

ani mals was immediately d i s r u p t e d  during e x t i n c t i o n  in 

add i t i o n  to the usual rate changes.

It app ears that for the first group, the te n d e n c y  during 

ex t i n c t i o n  was to emit the same response l earned during 

training, namely holding the lever until the onset of 

white noise, but with a reduced frequency of occur rence. 

The second g r o u p  was, in effect, d i s rupted in its ability 

to emit this seq u e n c e  of r e sponses by the e l i m i n a t i o n  of 

the noise stimulus. Since there was no requirement for a 

temporal d i s c r i m i n a t i o n  during training, none was learned, 

and removal of the temporal cue pre v i o u s l y  p r o v i d e d  by the 

white noise caused a r e v ersion to an e s s e n t i a l l y  random 

d i s t r i b u t i o n  of lever holding durations.

B. Response Force Studies

Of the studies already cited which involved force of
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response as part of a contingency, few have c o n s i d e r e d  the 

effects of extinction. N o t t e r m a n  and Mintz (1965) looked 

at e x t i n c t i o n  following CRF training with 2.5g, 8 g, and 

16 g force criteria, and found the c h a r a c t e r i s t i c  increase 

followed by a decrease of peak force. The degree of

m i t L a l  increase in force was 

that was t rained with the 2.5 

was also the respo nse thresho 

was on a bsolute CRF. The 8 g 

shift. F o l l o w i n g  r e c o ndition 

c r iterion level, a second ext 

still less of an increase in 

during the initial e x t i n c t i o n 

interactions between amou nt o 

likely to be involved here, s 

c o n d i t i o n i n g  repre sented an i 

of exp o s u r e  to a force criter 

l e v e l .

Filion, Fow l e r  and Notterraan 

con s i d e r e d  e x t i n c t i o n  in thei 

r einforcement, and their resu 

and fall of not only force, b 

of f o r c e ).

the gre a t e s t  for the group 

g criterion. Since 2.5 g 

Id, this group, in effect, 

gr o u p  showed mu c h  less of a 

ing of both groups at a 16g 

inction was run wh i c h  showed 

force than for e i t h e r  group 

. Again, the p o s s i b l e  

f training and e x t i n c t i o n  are 

ince the second period of 

ncr ease in the overall extent 

ion, albeit at a diff erent

(1969B, 1970A) also 

r studies of p r o p o r t i o n a l  

Its show the e x p e c t e d  rise 

ut also effort (time integral

III. Su m m a r y  of Q u estions Raised



37

Several q u e s t i o n s  arise out of a sum mary of the literature 

cited here. First, what is the most general effect of 

intermittant r e i n f orcement on the var i a b i l i t y  of specific 

response character i s t i c s ,  and what dis t i n g u i s e s  m e asures 

such as locus which t y p ically are less v a riable , from 

force and other me a s u r e s  that are more v a riable whe n 

intermittent r e i n f orcement is applied? Second, what 

happens to these c h a r a c t e r i s t i c s  during e x t i n c t i o n  and how 

are these ef f e c t s  related to the levels att a i n e d  by these 

c h a r a c t e r i s t i c s  during t r aining? Third, to what degree 

does the amount of training interact with these phenomena? 

Fourth, do an animal's re s p o n s e s  in ext i n c t i o n  resemble 

its r e sponses during training while their p r o b a b i l i t y  of 

o c c u r r e n c e  d e c reases? This final q uestion is suggested by 

several studies, but one in p a r t i c u l a r  raises it very 

clearly. S t e v e n s o n  and Cla y t o n  (1970) in the study of 

e x t e r o c e p t i v e l y  cued d i f f e r e n t i a t i o n  of response d uration 

just d e s c r i b e d  showed that if the secondary reinforcer, 

white noise, was still pr e s e n t  in extinction, the response  

d u rations were still c o n t r o l l e d  by it, even thou gh primary 

rei n f o r c e m e n t  was withheld. If one c o n siders the 

r e s p o n s e - c o n c o m i t a n t  p r o p r i o c e p t i v e  and c u taneous feedback 

as p laying the same role of s e c ondary reinforcer in a 

force d i f f e r e n t i a t i o n  wh i c h  the white noise did in the 

dur a t i o n  diffe r e n t i a t i o n ,  then it seems r e a sonable that
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during e x t i n c t i o n  these stimuli should m a i n t a i n  control 

over the r e sponse force, i n d e p e n d e n t l y  of response rate.

In general the point can be made that if any complex 

behavior, such as a d i f f e r e n t i a t i o n ,  is e x a m i n e d  very 

closely, it is possible to a nalyze the b e h a v i o r  in terms 

of sma ller individual c o m p onents. Many of these can play 

two roles, as "responses" in a chain, and as s e condary 

reinforcers for previous r esponse components in that 

chain. Then is is possible that the overall b e h avioral 

chain would tend to m a i n t a i n  its internal s t r u c t u r e  even 

whe n the p r i m a r y  reinforcer is no longer forthcoming.

While the o v e r a l l  p r o b a b i l i t y  that the ch ain w o u l d  be 

initiated should dec r e a s e  d u r i n g  extin ction, once the 

chain was initiated the internal s e condary rei n f o r c e r s  

could still serve to c ontrol the behavioral sequences  

which give the ove rall chain it properties. F u r t h e r m o r e  

one would e x p e c t  the chain to break down from the end 

closest to reinforcement, and such a pro c e s s  of 

d e g r a d a t i o n  would n e c e s s a r i l y  be gradual, so that the 

effect wo u l d  last well into the course of e x t i nction. Thus 

the p h e n o m e n o n  would be o b s e r v e d  that the frequency of 

responding (or initiation of the chain) wo u l d  follow the 

c h a r a c t e r i s t i c  rapid d e c r e a s e  e x p e c t e d  d u r i n g  extinction, 

but the nature of the response (the s t ructure of the
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chain) w o u l d  rema in r e l a t i v e l y  unc h a n g e d  until well after 

the onset of extinction. A d d i t i o n a l l y ,  the amount of 

training u n d e r g o n e  by the o r g a n i s m  in m a k i n g  the specific 

response wo u l d  be e xpected to influence the s trength of 

the s e c o n d a r y  reinforcers and thus d e t e r m i n e  the time 

course of the d e g r a d a t i o n  process, and the d e g r e e  to which 

the response pro p e r t i e s  p e r s i s t e d  during e x t i nction.

IV. Purpose of the Present Study

rhe p resent e x p e r i m e n t a l  a n a l y s i s  includes an attempt to 

assess the val i d i t y  of this theory, and to further ex a m i n e  

the effect that the amount of training would have on the 

strength of the hypo t h e t i c a l  s e c o n d a r y  reinforcers.

In d e s i g n i n g  such an exp e r i m e n t ,  it was n e c e s s a r y  to 

choose a s chedule of r e i n f o r c e m e n t  to be used during 

c o n d i t i o n i n g  and final p e r f o r m a n c e  as a b a s e l i n e  against 

wh i c h  to c o m p a r e  e x t i n c t i o n  data. Several r e q u i r e m e n t s  had 

to be met by this schedule. It had to p r o v i d e  for easy 

initial c o n d i t i o n i n g  wi t h  a m i n i m u m  of p r e t r a i n i n g  so 

that the a n i m a l s  training regimen could be as p r e d e f i n e d  

as possible. It had to yi e l d  high rates of response during 

c o n d i t i o n i n g  so that a large p o p u l a t i o n  of responses would 

be ava i l a b l e  for analysis, and the rate of response had to
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be u n i f o r m  so that the anim al eng a g e d  in a m i n i m u m  amount 

of u n c o n t r o l l e d  "other" behaviors.

Finally, the schedule had to yield rea s o n a b l y  high 

resistance to e x t i n c t i o n  so that a suf f i c i e n t  amount of 

e x t i n c t i o n  r e s ponding would occur to pr o v i d e  large enough 

p o p u l a t i o n s  of responses for e s t a b l i s h i n g  re l i a b l e  

b e h a vioral m e a s u r e s  and s t a t i s t i c a l  analyses. CRF was 

o b v i o u s l y  ruled out by the requirement for high re sistance 

to exti n c t i o n .  FR and FI sch e d u l e s  were inap p r o p r i a t e 

be cause of the c h a r a c t e r i s t i c a l l y  cyclic rates they 

produce. The choice then was between VR and VI, and the VI 

was chosen b ecause it would pr o v i d e  e x p e r i m e n t a l  sessions 

of u n i f o r m  length and number of reinforcements, as well as 

large p o p u l a t i o n s  of responses and rel a t i v e l y  high 

response rates and p e r s i s t e n c e  during extinction.

The s e l e c t i o n  of the VI length and d i s p e r s i o n  was based on 

Catania and Reynolds (1968) c o m p r e h e n s i v e  study of 

interval s c hedules of all types. One of the types they 

d i s c u s s e d  is the constant p r o b a b i l i t y  schedule, where the 

p r o b a b i l i t y  of r einforcement of any IRT sh o r t e r  than the 

shortest interval is held con s t a n t  at the r e c i procal of 

the number of intervals. The m e t h o d  for de v i s i n g  such a 

set of intervals is based upon the fact that as time since 

r ei n f o r c e m e n t  increases, there are fewer and fewer
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intervals wit h times longer than or equal to the current 

time since reinforcement. Thus, the p r o b a b i l i t y  of 

r e i n f o r c e m e n t  increases. If, on the ot her hand, the 

d if f e r e n c e  in the d u r a t i o n  of intervals is g r e a t e r  as the 

intervals are longer, this p r o b a b i l i t y  increase is 

c o u n t e r a c t e d .  A cogent d i s c u s s i o n  of the m a t h e m a t i c s  

u n d erlying these schedules was provided by Fleshier and 

H offman (1962). The actual c o nstants chosen pro v i d e d  a 

constant p r o b a b i l i t y  of rein f o r c e m e n t  eq ual to .02. The 

m e a n  interval d u rations for the three s c hedules used were 

15, 30,and 60 seconds.

The p r i m a r y  p urpose of the study is to investigate the 

cha nges that oc c u r r e d  in rate and force of responding over 

the course of e x t e n d e d  e x t i nction. The independent 

v ariables were the force c r i t e r i o n  in effe ct during 

training, and the amount of re sponding on that criterion. 

Force c r i t e r i a  of 5, 15, and 25 g were selected, values 

typical of e a r l i e r  research. The m a n i p u l a t i o n  of the 

amount of responding during c o n d i t i o n i n g  was achieved by 

using the three d i fferent VI s c h edules just described. In 

addition, CRF was used as a c o n d i t i o n  to p r o v i d e  for 

c o m p a r i s o n s  w i t h ‘much of the e x i s t i n g  literature and 

because it represents in a sense a limiting case of the VI 

continuum. Practical l i m i t a t i o n s  on the a v a i l a b i l i t y  of 

the single e x p e r i m e n t a l  a p p a r a t u s  and rea s o n a b l e  time
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limits on the du r a t i o n  of the exp e r i m e n t a l  runs did not 

permit a c omplete factorial i nvestigation of all possible 

c o m b i n a t i o n s  of force c r i t e r i a  and schedule length. The 

cells a c t u a l l y  selected we r e  chosen to pr o v i d e  the largest 

p o s s i b l e  range of con d i t i o n s  for both i n d e pendent 

v a r i a b l e s .



43

Method

This r e search was run in two parts, s e p arated by a period 

of a p p r o x i m a t e l y  two months. Since the subjects, 

apparatus, and pro c e d u r e s  were e s s e n t i a l l y  identical for 

both parts, the method s ection deals with them as a single  

e x p e r i m e n t .

Subjects

The s ubjects in this e x p e r i m e n t  were 36 mal e Spr ague 

Dawley rats, a p p r o x i m a t e l y  75 days of age w h e n  obtained.  

All of the animals used were s elected randomly from a 

larger p o p u l a t i o n  which was ob t a i n e d  from H o l t z m a n  Inc. in 

Madison, W i s consin. S t a n d a r d  l a b o ratory p r o c e d u r e s  were 

applied to insure the health and well being of the animal 

p o p u l a t i o n  both prior to and during the exp e r i m e n t s .

Upon e n t e r i n g  the laboratory each rat was placed in a 

stainless steel cage (Wahmann Mfg. Co.) and g i v e n  free 

access to wa t e r  and Purina Lab Cho w in pell et form. The 

rats were m a i n t a i n e d  on this diet for a p p r o x i m a t e l y  two 

weeks before food d e p r i v a t i o n  was begun. Two we eks prior  

to the b e g i n n i n g  of training the e x p e r imental subjects 

were placed on a 23-hour food d e p r i v a t i o n  regimen. A cup 

containing Purina Lab Chow in mash form was placed in each
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cage for one hour ev ery day. No food was a v a i l a b l e  to the 

rats at any ot h e r  time, but free access to w a t e r  was 

m a i n t a i n e d  at all times t h r o u g h o u t  the course of the 

exp e r i m e n t  in both the home cage and in the test chamber. 

The animal colony room was kept on a 12 hour li ght-dark 

cycle, c o n t r o l l e d  by an ele c t r i c  timing unit, wi t h  the 

lights coming on at 7:00 AH and remaining on until 7:00 

PM. The t e m p e r a t u r e  was m a i n t a i n e d  at a p p r o x i m a t e l y  21 

degrees Cel c i u s  by heating and air c o n d i t i o n i n g  as needed.

Ap p a r a t u s

The test cage in wh i c h  the e x p e r i m e n t a l  s e s s i o n s  were run 

was located in a sound insulated isolation room with 

interior d i m e n s i o n s  of 1.52 m long, 1.22 m  wide, and 1.52 

m hig h . T h e  walls, ceiling, and floor of the room consisted 

of a 7.6 cm thick sa n d w i c h  of p l y w o o d - u r e t h a n e  

i n s u l a t i o n - p l y w o o d . The interior of the walls and ceiling 

was c overed wi t h  two layers of acoustical tile, and the 

floor was carpeted. The entire room was m o u n t e d  on a 

v i bration dam p i n g  pad c o n s i s t i n g  of a s a ndwich of carpet 

padding and Celotex.

The room was ven t i l a t e d  through two op e n i n g s  in the 

ceiling wh i c h  wer e c o n nected to an ext e r n a l  7.13 cu ft/min
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blower th r o u g h  a sound a t t e n u a t i n g  baffle. The air intake 

dre w air from the overall lab o r a t o r y  space w h i c h  was 

m a i n t a i n e d  at a p p r o x i m a t e l y  21 deg r e e s  Cel c i u s .  The room 

was illuminated by two 20 wa t t  cool white flu o r e s c e n t  

lamps m o u n t e d  along the lon g walls near the ceiling, at a 

distance of a p p r o x i m a t e l y  1.5 meter from the cage.

A l t h o u g h  no formal noise a t t e n u a t i o n  m e a s u r e m e n t s  were 

made in the isolation room, reports from human subjects 

who o c c u p i e d  the chamber d u r i n g  ot h e r  e x p e r i m e n t s  idicated 

e s s e n t i a l l y  c o m p l e t e  a t t e n u a t i o n  of normal o u t s i d e  noises. 

In addition, during the e x p e r i m e n t a l  sessions, white noise 

was p r o v i d e d  from a l o u d s p e a k e r  inside the room driven by 

a Grason St a d l e r  White Noise G e n e r a t o r  Model #12B , to 

further mask ou t s i d e  sounds wh i c h  might pass the 

acco u s t i c a l  baffle.

Access to the isolation room was through a three by five 

foot doo r at one end of the chamber. The test apparatus 

stood on a table at the other end of the cha m b e r .  The 

test cage was a mo d i f i e d  S c i e n t i f i c  P r ototype Model A102 

Skinner Box, wi t h  interior d i m e n s i o n s  17.76 cm wide, 25.40 

cm long, and 20.32 cm high. The cage ass e m b l y  was 

s u spended from blocks wh i c h  rode on two a l u m i n u m  rails so 

that it co uld be slid away from the o p e r a n d u m  ass e m b l y  for 

m a i n t e n a n c e  purposes. The pellet d i s p e n s e r  was also 

s u spended from the same rails as the cage and was attached
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to the cage by a length of p l a s t i c  tubing w h i c h  carried 

the p e l l e t s  to the feed cup. The entire framework which 

s u p p o r t e d  the apparatus was m o u n t e d  to the me t a l  t a b l e .

T he o p e r a n d u m / f o r c e  t r a n s d u c e r  ass e m b l y  was m o u n t e d  on a 

m a s s i v e  a l u m i n u m  plate which rest ed upon the table, and 

there was no direct contact b etween the c a g e / f e e d e r  

com p o n e n t s  and the o p e r a n d u m / t r a n s d u c e r  unit. In this 

a r r a n g e m e n t  the heavy plate helped to damp out any cage or 

feeder v i b r a t i o n s  before they rea ched the transducer.

The o p e r a n d u m  was the p o l i s h e d  top end of a vertical 

a l u m i n u m  rod, 1.26 cm in diameter, inserted inside a 

larger a l u m i n u m  cyl i n d e r  in w h i c h  it was free to move 

vertically. The bottom end of the a l u m i n u m  rod rested upon 

the sensing e lement of a S t a t h a m  Model UC-3 p r e s s u r e  

tra n s d u c e r  wh i c h  was screwed into the b o t t o m  of the outer 

cylinder, so that any force a pplied to the o p e r a n d u m  was 

d i r e c t l y  t r a n s m i t t e d  to the transducer. Linder normal 

o p e r a t i n g  c o n d i t i o n s  the sm a l l e r  rod p r o t r u d e d  

a p p r o x i m a t e l y  4.0 m m  bey o n d  the end of larger cylinder.

The outer c y l i n d e r  served as a gu ard around the actual 

o p e r a n d u m  rod, preventing con t a c t  except on its horizontal 

top surface.

The tra n s d u c e r  is the basis for any force mea s u r i n g  

system. It c o nverts the force applied to its sensing shaft
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to an analog voltage wh i c h  can then be m e a s u r e d  by a 

variety of e l e c t r o n i c  techniques. The S t a t h a m  Model UC-3 

Force T r a n s d u c e r  is ca p a b l e  of sensing forces applied to 

its shaft w i t h i n  a range from 0 to 60 g w i t h  a 

d i s p l a c e m e n t  of less than 1 mm at m a x i m u m  force. Thus the 

o p e r a n d u m  was e s s e n t i a l l y  n o n m o v i n g  reg a r d l e s s  of the 

force ap p l i e d  to it. The o u t p u t  voltage p r o v i d e d  by the 

UC-3 tra n s d u c e r  is linear w i t h  the applied force within a 

tolerance of 1%.

The resonant frequency of the c o mbined o p e r a n d u m  and 

t r a nsducer mec h a n i c a l  a s s e m b l y  was a p p r o x i m a t e l y  300 H 2 , a 

frequency w h i c h  is well ab o v e  the highest res p o n s e  rate 

p r o d u c e d  by rats in these and ot h e r  studies. This assembly 

was m o u n t e d  ver t i c a l l y  on an adj u s t a b l e  sup p o r t  w h i c h  was 

bolted to a m a s s i v e  a l u m i n u m  pl ate that rested on an 

isolation pad on the me tal table. The o p e r a n d u m  extended 

into the cage through a cutout located in the cent er of 

one of the short walls and was pos i t i o n e d  so that the 

o p e r a n d u m  contact surface was 3,0 cm above the floor of 

the cage. Since there was no direct att a c h m e n t  of the 

o p e r a n d u m  as s e m b l y  to the test cage, m o v e m e n t s  of the rat 

or v i b r a t i o n  from the pellet d i s p e n s e r  were isolated from 

the force m e a s u r e m e n t  system.

The feed cup into w h i c h  the pellet d i s p e n s e r  e m p t i e d  was
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located 4 cm  to the left of the o p e r a n d u m  assembly. A 

water bottle was located 4 cm to the right of the 

operandum. Thus the animals were not required to leave the 

vi c i n i t y  of the o p e r a n d u m  to eat or drink.

The output of the t r a n s d u c e r  was a m plified by circuitry 

located in the isolation room , and the r e sulting high 

level an a l o g  signal ( a p p r o x i m a t e l y  5 volts ) was 

tran s m i t t e d  to the ele c t r o n i c  system ou t s i d e  the room via 

shielded cables. The signal went directly to the input of 

an an a l o g u e  to digital con verter, (CYCON Model # 1205) 

which was interfaced to a Dig ital Equipment C o r p o r a t i o n  

PDP-8E m i n i c o m p u t e r  by me a n s  of the external I/O Bus.

Wh ile the c o n v e r t e r  was cap a b l e  of sampling at a rate of

10,000 samples per second, other pro g r a m m i n g  con s t r a i n t s 

required that the sampling rate be kept to 5 kHz.

The c o m p u t e r  pro c e s s e d  the c o n v e r t e r  output in one of two 

modes. In the c a librate mode, the computer repeatedly 

executed a pro g r a m  wh i c h  sam p l e d  the tra n s d u c e r  output 

2000 times (at the 5 KHz rate) and then co m p u t e d  a 

f requency d i s t r i b u t i o n  wit h a resolution of .01 volt. The 

median of this d i s t r i b u t i o n  was d i s p l a y e d  on a 3 digit 

remote readout located next to the a m plifier in the 

isolation room. This readout was used to adjust the 

a m p lifier so that the t r a n s d u c e r  output in volts was made
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isomorphic wi t h  the force ap p l i e d  to the o p e r a n d u m  in 

grams. Thus a force of 5 grams ap plied to the ope r a n d u m  

pro d u c e d  an output of .5 volts, while 60 g r a m s  gave a 6.0 

volt signal. The tra n d s u c e r  was c a l i b r a t e d  daily and was 

always linear from 0 to at least 60 grams w i t h  an error of 

less than 0,1 gram. C a l i b r a t i o n  was a c c o m p l i s h e d  with 

the use of static weights.

It should be noted that thr o u g h o u t  this report forces are 

e x p r e s s e d  in gr a m s  to c o r r e s p o n d  to our c a l i b r a t i o n  

pro c e d u r e s  w h i c h  employed the static a p p l i c a t i o n  of 

weights. Grams, technically units of mass or weight when 

ope r a t e d  upon by Earth's g r a v i t a t i o n  may be con v e r t e d  to 

true units of force, Newtons (N), by m u l t i p l i c a t i o n  by the 

constant (.1) This d erives from the value of the 

g r a v i t a t i o n a l  constant, 980.665 cm/sec/sec wi t h  a 1.0 g 

mass p r o d u c i n g  a force of 98 0 . 6 6 5  dynes, a dyne being 1 

m i l l i N e w t o n .

In the run mod e the co m p u t e r  sampled the a m p l i f i e d  

transducer output at the 5 KHz rate and recorded the 

occ u r r e n c e  of responses a c c o r d i n g  to a set of carefully 

defined rules. A threshold level of 5 grams was used 

because e a r l i e r  work in this laboratory had shown it to be 

reliably p r o d u c e d  by most paw contacts with the operandum,
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yet a r e a s o n a b l y  good filter for behavioral "noise". 

W h enever the force level went above threshold the computer 

began timing response duration. If the force fell below 

threshold in less than 10 m i l l i s e c o n d s  the timing register 

was cleared and the p r o g r a m  again waited for a rise in 

force. If the force remained above threshold for mor e than 

10 m i l l i s e c o n d s  a response was c o n sidered to have begun. 

The p r o g r a m  then m o n itored the signal until a level below 

the t h r eshold was detected. A 10 m i l l i s e c o n d  subt h r e s h o l d  

requirement equivalent to that used to define the 

beginning of the response was applied to define response 

t e r m i n a t i o n .

In this way a m i n i m u m  value of 10 m i l l i s e c o n d s  was 

required for both IRTs and durations. This r e q u irement 

acted as a filter p r e venting any vibrations or electrical 

transients from counting as responses or s u b d ividing a 

single ev e n t  into two responses. The 10 m i l l i s e c o n d  values 

were chosen a r b i trarily but were taken as values that were 

unl i k e l y  to e l i m i n a t e  actual paw contacts wi t h  the 

operandum, nor to permit s u b d i v i s i o n  of one u n divided  

behavior into several re sponses.

During each response the peak force reached was tracked by 

the co m p u t e r  program, and following the term i n a t i o n  of the 

response,was stored in m e m o r y  along with the duration and
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the p r e c e d i n g  IRT. E l i g i b i l i t y  for r e i n f o r c e m e n t  was 

d e t e r m i n e d  for each re s p o n s e  ba sed upon the schedule and 

force c r i t e r i a  in effect, and the pellet d i s p e n s e r  was 

a c tivated for all rein f o r c a b l e  r e s p onses.In addition, a 

code was ad d e d  to the stored force value for all 

r e i nforced r e s ponses to fac i l i t a t e  later analysis. The 

system was cap a b l e  of sto r i n g  the peak force, d u r a t i o n , a n d  

IRT values for 3000 responses. S i m u l t a n e a o u s  wi t h  this, a 

550 bin f r e quency d i s t r i b u t i o n  of peak force was kept in 

the system, and updated af t e r  each response. The status of 

the run was a v a i l a b l e  at all times on the c o m p u t e r  

terminal, as was a p r intout of the updated frequency 

dis t r i b u t i o n .

Long term storage of the raw response data was made 

p o s s i b l e  by wri t i n g  the c o n t e n t s  of the c o m p u t e r  storage 

area onto m a g n e t i c  tape cassettes. The data were available 

for later an a l y s i s  either on the lab co m p u t e r  itself or on 

a more pow e r f u l  computer located at the U n i v e r s i t y  Science 

C e n t e r .

The lights in the isolation room were under control of the 

program, and were a u t o m a t i c a 1 ly turned on at the start of 

a s ession and off at the end. A closed cir cuit TV camera 

was m o u n t e d  inside the ch a m b e r  and was c o n n e c t e d  to a 

mo n i t o r  in the control area, so that the test cage could



52

be viewed w i t h o u t  d i s t u r b i n g  the animals. A n a l o g  records 

of force were also m o n i t o r e d  on a storage o s c i l l o s c o p e  

which ai d e d  in g u a r a n t e e i n g  the rel i a b i l i t y  of the 

m e a s u r i n g  and c o n t i n g e n c y  implementing systems.

P r ocedure - Con d i t i o n i n g

The basic design of the e x p e r i m e n t  can be see n in Ta ble 1 

wh ich shows that c o m b i n a t i o n s  of force c r i t e r i a  and 

rei n f o r c e m e n t  s c hedules tested and the number of subjects 

in each test group. While it wo uld have been a t t r a c t i v e  to 

test all p ossible c o m b i n a t i o n s  with 5 or more subjects, 

the p r a c t i c a l  li mitation of having only one ap p a r a t u s  

set-up and a finite amou nt of time a v a ilable for running 

a nimals forced the s e l e c t i o n  of specific cells from the 

m atrix for study. The d e c i s i o n  to investigate all the 

r ei n f o r c e m e n t  schedules at a 5 gr a m  c r i t e r i o n  and all the 

force c riteria un der CRF was m a d e  to increase the chance 

that any force or schedule r e l a t e d  trends would be 

revealed. The N for these cells was kept equal at 5 with 

the e x c e p t i o n  of the CRF 15g cell which s u s t a i n e d  a 

m o r t a l i t y  during the course of the study. The add i t i o n a l  

cells c h o s e n  were included to provide some i n d ication of 

the eff e c t s  of c o m bining e l e v a t e d  criteria wi t h  longer VI 

schedules. The relatively long run time for VI3Q and 

e s p e c i a l l y  VI60 conditions p r e c l u d e d  the inclusion of the
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remaining cells in this study.

The p r o c e d u r e s  followed were the same for ev e r y  animal 

with the e x c e p t i o n  of the rein f o r c e m e n t  c o n t i n g e n c y  in 

effect during training. On day one, each animal was placed 

in the test cage and al l o w e d  5 minutes to a c c l i m a t e  to the 

new e n v i r o n m e n t .  At this po i n t  the o p e r a n d u m  a s sembly was 

not in pl a c e  in the cage and the cutout in the cage wall 

was closed by a flat a l u m i n u m  plate. After 5 m inutes , 

tray training was begun. Pellets were d e l i v e r e d  

a u t o m a t i c a l l y  once every 30 sec o n d s  for 15 m i n u t e s  and 

then m a n u a l l y  for a nother 15 minutes. During manual 

del i v e r y  the animals were o b s e r v e d  on the T.V. mo n i t o r .  An 

app r o x i m a t e  30 seco nd pe r i o d  was used, but an effort was 

made to avoid reinforcing s p e c i f i c  locations or actions.

In every case, by the end of tray training the ani mals 

responded to the click of the pellet d i s p e n s e r  by 

a p p r o a c h i n g  the food cup wi t h  a latency of less than 5 

second s .

On day two, the o p e r a n d u m  was restored to its normal 

location and a CRF c o n t i n g e n c y  was programed. Each animal 

was placed in the chamber to self shape, and was allowed 

60 r e i n f o r cements. Initial c o n t a c t  was often m a d e  with the 

nose during e x p l o r a t o r y  sniffing, and since a CR F  schedule 

was in effect these nose pre s s e s  were reinforced. The
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location of the o p e r a n d u m  and the low force requirement 

resulted in rapid d e v e l o p m e n t  of the de s i r e d  p a wpress 

respo nse in mo s t  cases. Some animals were m o r e  resistant 

and m a i n t a i n e d  eit h e r  a nose press or a c o m b i n e d  no s e - p a w  

press response form throughout the course of the study.

All of the rats completed the initial shaping session of 

60 re inforcments within the preset 1-hour limit. The times 

ranged from 15 to 56 mi n u t e s .  Due to the number of animals 

involved, it was not p o s s i b l e  to complete tray training 

and shaping on con s e c u t i v e  days. The p r o c e d u r e  a dopted was 

to tray train all the animals, and then to sh ape all the 

animals. Since at the end of shaping, some of the ani mals 

had just been shaped, wh i l e  others had not been in the box 

for 2 days, it was d ecided to give all the rats one more 

session of 60 r e i n f o rcements on CRF before imposing any 

new cont i n g e n c i e s .  This was done for all the animals in a 

single day and provided a m o r e  un i f o r m  s tarting point for 

c o n t i n g e n c y  training.

Following the CRF day, the rats were run for 25 days with 

their a s s i g n e d  c o n t i n g e n c i e s  in effect. The individual 

response data from the final five days of training were 

stored on tape for later analysis. The last 8 days were 

run c o n s e c u t i v e l y  in all cases. While the var y i n g  

r e i n f o r c e m e n t  schedules ut i l i z e d  resulted in s u b s t a n t i a l l y
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different s e s s i o n  durations, the number of rein f o r c e m e n t s  

d el i v e r e d  per s ession was held constant at 50 for all 

e x p e r i m e n t a l  groups.

The c o n t i n g e n c i e s  used were a c o m b ination of a VI or CRF 

rein f o r c e m e n t  schedule and a m i n u m u m  force requirement.

The VI series used were of the constant p r o b a b i l i t y  

v ariety as g e n e r a t e d  by an a l g o r i t h m  gi v e n  in Catania & 

Reynolds (1968) The mean interval lengths were 15, 30, and 

60 seconds. The a l g o r i t h m  g e n e r a t e d  series of 50 different 

interval lengths ranging from 1 second to a p p r o x i m a t e l y  4 

times the length of the me a n  interval. The values were 

gi v e n  to 1 decimal place, but were truncated to the 

nearest second since the VI p r o g r a m  being used to run the 

sessions had a m a x i m u m  r e s o l u t i o n  of 1 second. This 

resulted in there being several 1 second inte rvals in each 

series. 10 randomized sets of intervals were ge n e r a t e d  

from each VI series and wer e stor ed on tape. During the 25 

running days the 10 sets we r e  cycled t hrough two and one 

half times to prevent pat t e r n s  of intervals from being 

learned and to c o u n t e r b a l a n c e  any sequence eff e c t s  which 

might be p r e s e n t  in any p a r t i c u l a r  set.

The force r e q u i rements used wer e 5, 15, and 25 grams. The 

15 and 25 g r a m  requirements a pplied only to reinforcement, 

and any response over the 5 gr a m  threshold was counted and
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recorded. An unlimited "hold" p r o cedure was used for the 

VI schedules. Onc e r e i n f o r c e m e n t  e l i g i b i l i t y  was 

e s t a b l i s h e d  a c cording to the t h e n - p r o g r a m m e d  interval, 

e l i g i b i l i t y  p e r s i s t e d  until the next c r i t e r i o n  response 

occ u r r e d  and the reinforcer was delivered.

The b r e a k d o w n  of animals a s s i g n e d  to p a r t i c u l a r  conditions 

can be seen in Table 1. The rats identified wi t h  numbers 

from 50 to 61 were run in the first part of the 

experiment, those numbered 70-93 were run in the second  

part. The number of s ubjects for each cell in the main 

arms of the p a r a m e t r i c  square is 5 except for CRF 25g cell 

where a fa t a l i t y  reduced the number to 4. The inner cells 

all have an N of 2 and serve to e l aborate the ma j o r  data.

Procedure - ext i n c t i o n

On the day immediately fol l o w i n g  the final c o n d i t i o n i n g  

session, e x t i n c t i o n  was begun. The c o n d i t i o n s  in the 

isolation room and all p r o c e d u r e s  for the m a i n t e n a n c e  and 

e x p e r i m e n t a l  handling of the animals were identical to 

those during training. Ext i n c t i o n  was run for a total of 

10 days for each animal, in two blocks of 5 days separated 

by one day on which the animals were not run. Each 

ext i n c t i o n  session con s i s t e d  of placing the animal in the
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test cage for a peri od of 20 minutes, with the o p erandum 

present. The w a t e r  bottle was in its place, and the pellet 

d i s p e n s e r  was loaded w i t h  food pellets as usual so that 

there wo u l d  be no d i f f e r e n c e  in the b a c k g r o u n d  o l f a c t o r y 

s ti m u l a t i o n  bet w e e n  e x t i n c t i o n  and con d i t i o n i n g .  The 

single d i f f e r e n c e  was that the pellet d i s p e n s e r  was not 

a c tivated f o l lowing any response. The data c o l l e c t i o n 

system functioned as it had during c o n d i t i o n i n g  and the 

were recorded as usual, and the animals were obe r v e d  on 

the closed c ircuit TV s y s t e m  for the p u r p o s e  of noting any 

unusual b e h a v i o r s  that d e v e l o p e d  during extinction.

The independent det e c t i o n  and recording of all responses 

m eeting the p r e - e x t i n c t i o n  force criteria c o n t i n u e d  

th roughout extinction, thus p r o v i d i n g  q u a n t i t a t i v e  

measures of the changes in the relevant sub c lasses of 

responses, in a ddition to data on the overall rate of 

r e s p o n d i n g .
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Results

The data c o l l e c t e d  and a n a l y z e d  during the c o u r s e  of this 

study can be d i v i d e d  into two categories. Pinal 

p e r f o r m a n c e  c o n d i t i o n i n g  da t a  were c o l l e c t e d  during the 

last five c o n s e c u t i v e  day s of training under the various  

r e i n f o r c e m e n t  c o n t i n g e n c i e s  used. Ext i n c t i o n  data were 

c o l l e c t e d  dur i n g  all 10 days of training, run in two 

s e quences of five c o n s e c u t i v e  days, during w h i c h  the 

re i n f o r c e m e n t  c o n t i n g e n c i e s  w e r e  s u s pended and no pellets 

wer e given. A l t h o u g h  data were c o l l e c t e d  for each animal 

dur i n g  the e n t i r e  25 days of running, the data appear 

u n r e m a rkable. Si nce the p u r p o s e s  of the study did not 

include any i n v e s t i g a t i o n s  into the p r o c e s s e s  operating 

during the a c q u i s i t i o n  of the be h a v i o r  un d e r  question, but 

rather were to assess the e f f e c t s  of the independent  

va riables upon final p e r f o r m a n c e  and the co u r s e  of 

s u b sequent ext i n c t i o n ,  these a c q u i s i t i o n  data have not 

been included in the a n a l y s i s  that follows.

Response Rate Data - Pinal P e r f o r m a n c e

The first part of this s e c t i o n  deals wi t h  the final 

p e r f o r m a n c e  data c o l l e c t e d  for all nine e x p e r i m e n t a l  

groups identified in Table 1 wh i c h  shows the number of Ss
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in eac h of the nine e x p e r i m e n t a l  groups. Ta b l e  2 shows the 

mea n number of responses per animal for the five final 

days. Th e r e  were two p o s s i b l e  d i m e n s i o n s  wi t h  respect to 

which the c o n t i n g e n c i e s  differed* the m i n i m u m  force 

required for a response to be e l igible for r e i n f o r c e m e n t  

{or the force c r i t e r i o n ) , and the leng th of the VI 

schedule imposed. It is o b v i o u s  from the Table that both 

higher cr i t e r i a  and longer s c h e d u l e s  tend to pr o d u c e  

g r e a t e r  n u m b e r s  of responses. The r e l a t i o n s h i p  a ppears to 

be m o n otonic, the only e x c e p t i o n  to this being the 

VI15 (15g) group.

Table 3 shows the o verall res p o n s e  rates for the nine 

groups a v e r a g e d  over the final five days of training, and 

Table 4 shows the same dat a p r e s e n t e d  for ea c h  individual 

animal. The d a i l y  values were ob t a i n e d  by d i v i d i n g  the 

total number of responses e m i t t e d  by each animal on each 

of the five days by the total session d u r a t i o n  on that 

day. Figures 1 and 2 pre s e n t  these same data as well as 

the c r i t e r i o n  response rates for the nine g r o u p s  arranged 

by sc h e d u l e  and force c r i t e r i o n  r e s p e c t i v e l y .  The data 

clearly indicate the same s u b s t a n t i a l  i n c reases in 

responding wi t h  higher c r i t e r i a  and longer schedules, that 

were e v i d e n t  in the total n u m b e r  of responses. That longer 

VI s c h e d u l e s  and higher force c r i t e r i a  result in increased 

rates of res p o n s e  is c learly d e m o n s t r a t e d  by a com p a r i s o n
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of the CRF(5g) g r o u p  w h o s e  m e a n  response rat e was 15.6 

res p o n s e s  pe r  m i n u t e  (r/min) wi t h  either the CRF(25g) 

group or the VI60(5g) g r o u p  both of which m a n i f e s t e d  mean 

response rates of 40.7 r/min.

The i m p o s i t i o n  of force c r i t e r i a  and r e i n f o r c e m e n t  

schedules e f f e c t s  the b e h a v i o r  of the o r g a n i s m  through 

changes in rate of r e i n f o r c e m e n t  (Sr/min), and since the 

ses s i o n s  were ter m i n a t e d  based upon a total of 50 

r e i n f o r c e m e n t s ,  the total run d u r a t i o n  will al s o  vary 

p r o p o r t i o n a l l y  with the r e i n f o r c e m e n t  rate. Ta b l e  5 shows 

the a verage se s s i o n  d u r a t i o n  for the nine g r o u p s  over the 

final five days of trai ning. T a b l e  6 shows the average 

rate of r e i n f o r c e m e n t  for the nine groups over the same 

period, and Table 7 shows the rate of r e i n f o r c e m e n t  for 

individual a n i m a l s  over the same period. Ra tes of 

r e i n f o r c e m e n t  we r e  c o m p u t e d  by dividing the total number 

of r e i n f o r c m e n t s  (held c o n s t a n t  at 50) by the da ily 

session d u r a t i o n  for each animal.

The data p r e s e n t e d  in Tables 2 th rough 7, and Figures 1 

and 2, reveal an interesting fact about the basic design 

of the e x p e r i m e n t .  It is a p p a r e n t  that the imposition of 

e l e v a t e d  force cri t e r i a  does not p r o d u c e  lower rates of 

r e i n f o r c e m e n t  or longer run times, p r i m a r i l y  because the 

animals i n creased their ra tes of response s u f f i c i e n t l y  to
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com p e n s a t e  for the e ffects of the d i f f e r e n t  contingencies.  

Thi s is not true for the c o n t i n g e n c i e s  involving VI 

s c h e d u l e s  b e c a u s e  it is the nature of an interval schedule 

that the m a x i m u m  rate of r e i n f o r c e m e n t  is g o v e r n e d  by the 

a verage interval length in the schedule. The animal's 

beh a v i o r  can at best serve to keep the rate at this 

maximum, by m a i n t a i n i n g  a hi g h  response rate and 

m i n i m i z i n g  any delays bet w e e n  the onset of rein f o r c e m e n t  

e l i g i b i l i t y  and rei n f o r c e m e n t  deli very. The sit u a t i o n  is 

c o m p l i c a t e d  even further wh e n  e l e v a t e d  force cri t e r i a  are 

com b i n e d  with ext e n d e d  schedules, since the animal must 

m a i n t a i n  his rate of c r i t e r i o n  responses at a high level 

to influence the r e i n f o r c e m e n t  rate, but the m a x i m u m  is 

still set by the schedule.

Table 8 sh ows the rate of r e sponses m e e t i n g  the force 

cri t e r i a  in c r i t e r i o n  r e sponses per min ute, (RC/min), and 

the p e r c e n t a g e  of the total response p o p u l a t i o n  falling in 

this c a t egory. For the CRF animals, since there was no 

temporal s c h e d u l e  in effect, the c r i terion rat e is 

equ i v a l e n t  to the p r e v i o u s l y  shown r e i n f o r c e m e n t  rate. The 

a nimals run on a 5 g r a m  c r i t e r i o n  which was e q u i v a l e n t  to 

the s y s t e m  t h reshold level had in effect all of their 

r e s ponses in the c r iterion category. It is interesting to 

note that all the animals run with e l e v a t e d  c riteria 

m an a g e d  to keep anywhere from 39% to 62% of their
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re s ponses above the force c r i t e r i o n  in effect. Figures 1 

and 2 also s h o w  the overall and c r i t e r i o n  res p o n s e  rate 

data, a r r a n g e d  by force c r i t e r i o n  and s chedule 

respectively. As wo uld be expected, the lowest rates are 

o b s e r v e d  for the CRF gro ups, where the r e l a t i v e l y  high 

rate of r e i n f o r c m e n t  leads to a sub s t a n t i a l  p r o p o r t i o n  of 

the total time being d e v o t e d  to food a c q u i s i t i o n  and 

co nsumption. Looking across VI lengths w i t h i n  a p a r t i c u l a r 

force level, there is a ten d e n c y  for overall rate to 

increase ab ove CR F  rates, amd then d e c r e a s e  as one looks 

at longer Vi's. It must be noted h owever that the rate for 

the V I l 5(15g) g r o u p  (n=2) is e l e v a t e d  by the atypical  

beh a v i o r  of R52 w h o  was o b s e r v e d  to bite the operandum, in 

sharp c o n t r a s t  to the ot h e r  Ss w h o  app l i e d  p r e s s u r e  with 

either a paw or a nose press. His overall rate was 125.4 

r/min wh i l e  R53 had a rate of 53.7 r/min. The trend 

ob s e r v e d  for the overall rates is m i r r o r e d  by the 

c r i t e r i o n  rates, a lthough the abs o l u t e  values are by 

n e cessity lower. Wh e n  the rates are gr o u p e d  by schedule 

length the m o s t  app a r e n t  c h a r a c t e r i s t i c  is the relative 

invariance of c r i t e r i o n  res p o n s e  rates w i t h i n  a given 

schedule. For the CRF g r o u p  they are p r a c t i c a l l y  identical 

reg a r d l e s s  of the c r i t e r i o n  force level. This is not 

surprising si nce for these g r o u p s  c r iterion rate is 

equ i v a l e n t  to r e i n forcment rate, and as m e n t i o n e d  

pre v i o u s l y  this rate is limited by the d u r a t i o n  of tray
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approach and c o n s u m m a t o r y  b e h aviors, wi t h  a VI15 or VI30 

schedule in effect, the c r i t e r i o n  rates are still mu c h  

less s e n s i t i v e  to the p r e s e n c e  of an e l e v a t e d  force 

c r i t e r i o n  than the overall rates even though the rate 

r e g ulating e f f e c t s  of tray a p p r o a c h  and c o n s u m a t o r y  

b e h a v i o r s  are of neglible con s e q u e n c e .

Response Force Data - Final Perf o r m a n c e

Table 9 gives the m e d i a n  peak force and the s tandard 

d e v i a t i o n  for each of the e x p e r i m e n t a l  g r o u p s  over the 

final five days of training. The force m e d i a n s  shown were 

c o mputed by taking the m e d i a n s  from f r e quency  

d i s t r i b u t i o n s  covering the five days for e a c h  animal, and 

then av e r a g i n g  these m e d i a n s  w i t h i n  a group, thus the 

d i f f e r e n t  numb er of r e s ponses p r o d u c e d  by di f f e r e n t  

a nimals does not weight the ave r a g e  d i s p r o p o r t i o n a t e l y .  A 

similar p r o c e d u r e  was used to com p u t e s  the standard 

d e v i a t i o n  figures. Figure 3 p r e s e n t s  g r a p h i c a l l y  the same 

peak force data shown in Ta b l e  9. The eff e c t s  of the 

e l e v a t e d  force cr i t e r i a  are q u i t e  ap p a r e n t  fro m the 

un i f o r m  force pea k force levels they g e n e r a t e .  The mean of 

the m e d i a n s  for all three 15g g r o u p s  are well above 15 

grams. In reality there was a wide range of individual 

medians, as can be seen in Ta b l e  10 wh i c h  shows the me d i a n  

peak force for each animal. Of the nine an i m a l s  run at 15
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grams, only 2 had me d i a n s  b e l o w  IS grains and these were 

12,3, and 14.3 grams. One animal was at 16.5 grams, and 

the r e m a i n i n g  five were all above 20.0 grams. The value 

for the VI15(15g) group is p r o b a b l y  inflated by the 

atypical da t a  from R52 who, as p r e v i o u s l y  men t i o n e d ,  

tended to bite the o p e r a n d u m  and whose m e d i a n  force of

29.0 was by far the highest o b s e r v e d  for a rat du r i n g  this 

or pre v i o u s  studies in this lab.

One ob v i o u s  p h e n o m e n o n  is that the imposition of a 15 gr a m  

force c r i t e r i o n  p roduces a s u b s t a n t i a l l y  h i g h e r  response 

force than does a threshold criterion. Ho w e v e r  the 25 g r a m  

re quirement adds rel a t i v e l y  little. For the 25 g r a m  

groups n e i t h e r  a verage was above 22 grams, and o n l y  one 

a ni m a l ' s  m e d i a n  was above 25 grams. The g e n e r a l  p icture  

is one of o v e r s h o o t i n g  a m o d e r a t e  cri t e r i o n  and 

un d e r s h o o t i n g  a high cri t e r i o n .  Al s o  a p p a r e n t  from the 

data in Ta b l e  9 is the r e l a t i v e l y  small c o n t r i b u t i o n  of 

the s c h e d u l e s  in d e t e r m i n i n g  response force. For the 5g 

groups the m e d i a n  peak force ranges from 8.4g to 9.5g. . 

S i m i l a r l y  the range for the 15g groups is 1 8 . 4g to 2 1 . 8g 

and the two 25 g g r o u p s  d i f f e r  by only 0.8 g .

Several s t a t e m e n t s  can be made with regard to the 

v a r i a b i l i t y  of response force for each of the 9 groups as 

shown in Ta b l e  9, and gi v e n  for eac h anim al individually
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in Ta b l e  11. Just as there was no apparent d i f f e r e n c e  in 

the level of force e m m i t e d  by a nimals running un d e r  the 

same force c r i t e r i o n  but w i t h  d i f f e r e n t  r e i n f o r c e m e n t 

s chedules, there is also no d i f f e r e n c e  o b s e r v e d  between 

these g r o u p s  as far as v a r i a b i l i t y  is concerned. 

Si milarly, the p o s i t i v e  e f f e c t  o b s e r v e d  upon response 

force by the imposition of e l e v a t e d  force c r iteria, is 

m a t c h e d  by an increase in the v a r i a b i l i t y  of response 

force under the same c i r c u m s t a n c e s .  That the v a r i a b i l i t y  

of force in c r e a s e s  as the a b s o l u t e  level i n creases is not 

s ur p r i z i n g ,  c o n s i d e r i n g  what is known r e g arding Weber's 

law and the p s y c h o p h y s i c s  of the d i f f e r e n c e  threshold.

Table 12 sh o w s  the me a n  W e b e r  ratios (Standard 

D e v i a t i o n / M e a n )  for e a c h  of the nine gro ups, and Table 13 

gives the ratios for i n d i v i d u a l  animals. Th e y  were 

c omputed by d i v i d i n g  the i n d ividual a n i m a l ' s  s t andard 

d e v i a t i o n s  of peak response force by their m e d i a n  peak 

response force, and then a v e r a g i n g  across the m e m b e r s  of 

each group. In t r a d itional W e b e r  Rati os the fraction 

e x p r e s s e s  the p r o p o r t i o n  of ab s o l u t e  s timulus level 

s u bsumed by the dif f e r e n c e  th r e s h o l d  at that bevel. By 

analogy the ratio here is e x p r e s s e d  as the s t andard 

de v i a t i o n  di v i d e d  by the Mean, the n u m e r a t o r  a 

q u a n t i f i c a t i o n  of v a r i a b i l i t y  w h i c h  is as s u m e d  to be 

r e p r e s e n t a t i v e  of the d i f f e r e n c e  threshold, the
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d e n o m i n a t o r  the a b solute level. In general it appears that 

the ratios d e c r e a s e  as the level of forces being emitted 

increases. This implies that wh i l e  the actual m i n i m u m  

d if f e r e n c e  that can be sensed is larger for higher forces, 

it does not increase linearly and thus the m i n u m u m  

d i f f e r e n c e  that can be sensed is not as large as it wo uld 

be if the ratios were constant. As Table 13 illustrates, 

there is s u b s t a n t i a l  i n t r a - g r o u p  variability. This 

suggests that these W e b e r  Ratios are sub j e c t s  to the 

influence of other, and p r e s u m a b l y  u n c o n t r o l l e d  

d e t e r m i n a n t s  besides force c r i t e r i o n  and r e i n f o r c e m e n t  

s c h e d u l e .

A fuller d e s c r i p t i o n  of the e f f e c t s  of the force criteria 

can be see n in Figures 4 , 5 , and 6. These are freq uency 

d i s t r i b u t i o n s  of the peak force of response for each group 

over the 5 final c o n d i t i o n i n g  days. For all the 5g groups 

up to VI30, the d i s t r i b u t i o n s  are modal at 6.0 grams, with 

be t w e e n  60 % and 70% of the responses falling in the 5 to 

10 g c a m  r a n g e . W i t h  the e x c e p t i o n  of a te n d e n c y  to peak 

more sh a r p l y  under CRF than under VI schedules, there does 

not appear to be any sch e d u l e  related effect present in 

the dat a for the 5g groups. The d i s t r i b u t i o n s  for the 15 

and 25g g r o u p s  have a mu c h  flatter shape. Th e y  are modal 

any w h e r e  from 6 to 10 grams, and in all cases at least 70% 

of the r e s p o n s e s  are over 10 grams. As was the case for
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the 5g groups, there is no sub s t a n t i a l  effect related to 

the schedule length apparent in these figures. It us 

important to note that the CRF(5g) group is for all 

intents and pur p o s e s  a c ontrol gr o u p  since it has had no 

special c o n t i n g e n y  imposed upon it other than the normal 

b a seline r e q u i r e m e n t s  of the 5g threshold.

The d i f f e r e n c e s  in response force a t t r i b u t a b l e  to the 

el e v a t e d  c r i t e r i o n  can be d e m o n s t r a t e d  by h y p o t h e t i c a l l y  

applying a 15 g r a m  r e q u irement to the CRF 5g d i s t r i bution.  

Less than 25* of the o v e r a l l  response p o p u l a t i o n  would 

meet the e l e v a t e d  criterion. Us ing the o v e r a l l  rate for 

that gr o u p  of 15.6 r e s ponses per m i n u t e  the p r o j e c t e d  

rei n f o r c e m e n t  rate would be a p p r o x i m a t e l y  4 r e i n f o r c e m e n t s  

per min ute. The real CRF{15g) g r o u p  had 60.2% of its 

responses over 15 grams and had a r e i n f o r c e m e n t  rate of 

14.7 r e i n f o r c e m e n t s  per min ute.

The basic finding e vident here is that the imposition of 

an ele v a t e d  force c r i terion p r o f o u n d l y  i n f l uences the 

d i s t r i b u t i o n  of forces e m m i t t e d  by the animals. This 

occurs r e liably w h e t h e r  the force c r iterion is imposed 

with CRF or concurrent w i t h  a VI schedule, and the effect 

is independent (within the range tested) of the length of 

the VI schedule. The change wh i c h  such a c o n t i n g e n c y  

induces in the d i s t r i b u t i o n  of forces in all ca ses results
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in at least a par tial c o m p e n s a t i o n  for any r e duction in 

r e i n f o r c e m e n t  rate wh i c h  the c o n t i n g e n c y  wo u l d  tend to 

create if a p p l i e d  to the d i s t r i b u t i o n  t ypical of CRF with 

a (5 g ) thr e s h o l d  cri terion.

Response D u r a t i o n  Data - Final P e r f ormance

R esponse d u r a t i o n  was also r ecorded for eac h response, and 

Table 14 shows the me a n  of the m e d i a n  response durations 

and the v a r i a b i l i t y  of r e s p o n s e  dur a t i o n  for each of the 9 

e x p e r i m e n t a l  groups. For a spe c i f i c  force c r i t e r i o n  level 

if one c o m p a r e s  the d u r a t i o n s  g e n e r a t e d  by CRF wit h those 

under any of the VI s c hedules one sees a r e d u c t i o n  in 

d u rations of a p p r o x i m a t e l y  50%. Thus the me a n  of the 

m edian re s p o n s e  d u r ations for the CRF(5g) g r o u p  is 86 

m i l l i s e c o n d s ,  wh i l e  for the three 5g, VI groups, it ranges 

from 36 to 54 m i l l i s e c o n d s .  If, on the ot h e r  hand, one 

holds the sc h e d u l e  co n s t a n t  and looks down the column at 

the three force criteria used, the effe ct is almost 

ex a c t l y  the opposite. An y  d e v i a t i o n  from a 5g threshold 

c r tierion level results in a d o u b l i n g  of the response 

d urations. Again, by way of example, the CRF(5g) group 

shows 86 mill i s e c o n d s ,  while the CRF(15g) and CRF<25g) 

g roups show 170 and 190 m i l l i s e c o n d s  r e s p e c t i v e l y .  Table 

15 gives the individual m e d i a n  response d u r a t i o n s  for each
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animal, and it can be seen that wh i l e  there are 

d i f f e r e n c e s  bet w e e n  the p e r f o r m a n c e  of i n d ividual animals 

w i t h i n  the same group, the gen e r a l  trends d e s c r i b e d  appear 

to be s u p p o r t e d  in the m a j o r i t y  of the cases.

The d a t a  on the v a r i a b i l i t y  of response d u r a t i o n  do not 

p resent qu i t e  as cl ear a p i c t u r e  as the d u r a t i o n s  

themselves. T w o  gen e r a l  trends do appear to be p resent 

wh i c h  m a t c h  the trends o b s e r v e d  for duration, at least in 

terms of direction. The VI sch e d u l e s  in g e n e r a l  seem to 

result in lower v a r i a b i l i t y  of response d u r a t i o n  than CRF, 

wh ile h i g h e r  force r e q u i r e m e n t s  seem to result in g r e a t e r 

v a r i a b i l i t y  of response d u r a t i o n  than the t h r e s h o l d  (5g) 

criterion. It is of interest to note two c o m p a r i s o n s  while 

e x a m i n i n g  the data on r e s p o n s e  d u r a t i o n  and its 

v a r i a bility. The CRF(5g) g r o u p  and the V I 1 5(15g) group 

pro d u c e d  almost the same m e d i a n  d u r a t i o n  (86 vs 90 

m i l l i s e c o n d s )  and S e m i - I n t e r q u a r t e r  Ra nge (120 vs 120 

mi l l i s e c o n d s ) .  The o verall rate data for these two groups 

show that they had the hig h e s t  and lowest rates among the 

nine e x p e r i m e n t a l  groups, 15.6 r/min for CRF 5g and 89.6 

r/min for VI 1 5  15g. On the ot h e r  hand, the two g r o u p s  with 

the highest and lowest d u r a t i o n  and SIQR, VI15 5g at 36 

and 40 m i l l i s e c o n d s ,  and C R F  25g at 190 and 250 

m i l l i s e c o n d s ,  in fact had very similar o v e r a l l  rates, 40.7 

and 47.8 r/ min r e s p e c tively. It is clear fro m these
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re l a t i o n s h i p s  that the res p o n s e  d u r a t i o n  and response rate 

are unco r r e l a t e d #  This may be interpreted as these two 

tim e - b a s e d  beh a v i o r a l  p r o p e r t i e s  reflecting 

d i f f e r e n t i a t i o n  by d i f f e r e n t  aspects of the r e i n f o r c e m e n t  

r e q u i r e m e n t .

Response Rate Data - E x t i n c t i o n

E x t i n c t i o n  was run for 10 days, and c o n s i s t e d  of a daily 

20 m i n u t e  s e s s i o n  in the test cage wi t h  the o p e r a n d u m  in 

place. All r e sponses were reco rded, but no rein f o r c e m e n t s  

were d e l ivered.

Table 17 sh ows the a verage n u m b e r  of r e s p o n s e s  emitted 

over the e n t i r e  course of e x t i n c t i o n  for all nine groups. 

Since the nu m b e r s  are averages, they are not c o n f o u n d e d  by 

the v a r y i n g  number of Ss in the groups. T a b l e  18 presents  

the number of e x t i n c t i o n  r e s p o n s e s  for the individual 

animals in each of the gr o u p s .  These tables reveal some 

interesting p h e nomena. It is cl ear that the animals run on 

the interval s c h e d u l e s  for 25 days r e s ponded mor e 

frequently during e x t i n c t i o n  than the CRF anima ls, and 

thus wo u l d  a p p e a r  to have had gre a t e r  res i s t a n c e  to 

ex t i nction. Th e r e  does not a p p e a r  to be any pattern, 

however, to the av erage n u m b e r  of responses g e n e r a t e d  by 

the three VI lengths. Th e r e  is also no clear r e l a t i o n s h i p
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b etween the force c r i t e r i o n  in effect during training and 

the average number of r e s p o n s e s  in ext i n c t i o n .  In fact, it 

almost seems that the h i g h e r  forces p r o d u c e  mor e 

r e s p onding am o n g  the VI groups, and less r e s p o n d i n g  for 

the CRF groups, but the d i f f e r e n c e s  are too irregular to 

make any d e f i n i t i v e  statements.

Figures 7 t h r o u g h  9 show the c h a n g e s  in r e s p o n s e  rate 

across all 10 e x t i n c t i o n  s e s s i o n s  for all 9 groups. Each 

point in these graphs rep r e s e n t s  the m e a n  of the response 

rates of all the animals in a p a r t i c u l a r  g r o u p  on the 

indicated day. The u n c o n n e c t e d  points near the o r d i n a t e  

show the a v e r a g e  rate o v e r  the five final days of 

c o n d i t i o n i n g  for each group. In every case the rate of 

response on day 1 of e x t i n c t i o n  is lower than the 

c o n d i t i o n i n g  rate, and c o n t i n u e s  to de c l i n e  at least up to 

day 3. From day 3 on, the rates drop m o r e  gra d u a l l y ,  and 

in sme cases increase ag ain a l t h o u g h  the i n creases are 

usually tr ansient. The sm a l l e s t  chan ge in rate wi t h  the 

onset of e x t i n c t i o n  is o b s e r v e d  for the CRF(5g) group 

w h i c h  also had the lowest final response rate. The most 

s u b s tantial rate rate changes are obs e r v e d  for those 

gr o u p s  wh i c h  had the hig h e s t  of r e sponse du r i n g  

c onditioning, p a r t i c u l a r l y  the VI15(15g) group, and the 

VI15(25g) g r o u p  showed in Figure 8. The final response 

rate seems to be relatively u n i f o r m  r e g ardless of the
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v ariety of initial rates. W i t h  a single e x c e p t i o n  the 

response rate is below 6 r e sponses per m i n u t e  for all 

groups from day 6 on. The d i s t i n c t i o n  among g r o u p s  is 

clearest in the early d a y s  of e x t i n c t i o n  where the CRF 

an i m a l s  sh o w n  in Fig. 7 are cl e a r l y  r e s p onding at mu c h  

lower rates than the va r i o u s  VI animals sh o w n  in Figs. 8 

and 9.

The immediate drop in rate f o l lowing the on s e t  of 

e x t i n c t i o n  can also be seen in figures 10 - 17, wh i c h  show 

response rate in e x t i n c t i o n  for individual animals. The 

rel a t i v e l y  3mall initial rate change for the CRF(5g) group 

as a whole is seen to be the result of a b i d i r e c t i o n a l  

rate shifts for the i n d ividual an i m a l s  shown in Fig. 10. 

One animal increased its rate on day one of e x t i n c t i o n , 1 

remained v i r t u a l l y  u n c hanged, and 3 decreased.

In a d d i t i o n  to rate reduction, these figures show a 

c o n v e r g e n c e  of the rates for the animals in ea c h  group.

For the C R F (15g), and CRF(25g) groups (figures 11 & 12), 

the v a r i a b i l i t y  of rate w i t h i n  the gr o u p  is d r a m a t i c a l l y  

reduced on e x t i n c t i o n  day 1, and is again s u b s t a n t i a l l y  

reduced on day 2. The mean r e sponse rates for the CRF(25g) 

group during the final five days of t r aining range from 

25.2 r e sponses per minute to 59.4 responses per minute.

On e x t i n c t i o n  day 1, the range for the same g r o u p  was from
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4.5 to 12.5, and on day 2 it was from 3.1 to 4.7. Less 

d r a m a t i c  but similar trends are o b s e r v e d  for all ot h e r 

g r o u p s .

W o r t h  noting is the aty p i c a l  b e h a v i o r  of several animals, 

n o teably R82 ( see figure 10) who, in spite of having been 

trained on CRF, with a 5 g r a m  criterion, m a i n t a i n e d  an 

el e v a t e d  rate throughout ext i n c t i o n .  Less rem a r k a b l e  is 

the ten a c i t y  of R61 (see figure 17) wh o s e  hi s t o r y  of 

training under VI60 wo u l d  be exp e c t e d  to pro d u c e  the 

resistance to e x t i n c t i o n  w h i c h  is in fact observed.

In general the force r e q u irement in effect d u r i n g  

training, seemed to have little effect on e i t h e r  the 

absolute values, or the p a t t e r n  of change of response 

rates during extinction. The on l y  variable o b s e r v e d  to 

exert any control over these p a r a m e t e r s  was the schedule 

imposed during training, and the effect was dichotomous: 

the CRF ani m a l s  d r o p p e d  their rate ext r e m e l y  rapidly, 

while the 15,30, and 60 second VI a nimals all p e rformed 

uniformly, d r opping their rates more g r a d ually.

Response Force Data - E x t i n c t i o n

A rather d i f f e r e n t  picture eme r g e s  for m e a s u r e s  of 

response force during e x t i nction. Table 19 shows the
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me d i a n  peak force for each g r o u p  computed as the me a n s  of 

the individual animal's d a i l y  m e d i a n s  for the first five 

and last five days of e x t i n c t i o n  as well as for the five 

final days of c o n d i tioning. From the figure it is po s s i b l e 

to get an idea of how the va r i o u s  c o n t i n g e n c i e s  affected  

the peak force of the r e sponses e mitted du r i n g  extinction, 

and also to see something of how that force level varied 

over the c o u r s e  of extinction, although wi t h  rather course 

resolution. It is obvious that the ele v a t e d  force criteria 

used during cond i t i o n i n g  r e s u l t e d  in e l e v a t e d  response 

force d u r i n g  extinction. In all but one case the force 

levels d u r i n g  e i t h e r  the e a r l y  or late phases of 

e x t i n c t i o n  are higher for the a nimals t rained on a 15g 

cr i terion than for those tr a i n e d  at threshold, (5 g ) . For 

c o r r e s p o n d i n g  phases, (eg. days 1-5 or 6-10) the forces 

emitted by the 15g groups are invariably h i g h e r  than the 

5g gr o u p  w i t h  the same schedule. Similarly, the animals 

run with the 25g cri t e r i o n  t y p i c a l l y  p r o d u c e d  forces 

higher than those of the 15g animals. The sole exc e p t i o n  

to this was the CtlF(25g} g r o u p  whose 12 . 8g m e d i a n  force in 

the second half of e x t i n c t i o n  was lower than the 1 4 . 4g 

observed for the CRF(15g) g r o u p  in the same period.

The d i f f e r e n c e s  between the peak forces in early and late 

e x t i n c t i o n  present an int e r e s t i n g  picture in that for the 

three g r o u p s  run under VI s c h e d u l e s  with a 5g criterion,
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the late e x t i n c t i o n  forces are all sli g h t l y  higher than 

those o b s e r v e d  during early exti n c t i o n .  For all other 

groups, the reverse is true, namely that the forces 

d r o p p e d  in the latter part of e x t i n c t i o n  by sizeable 

amounts, t y p i c a l l y  4 to 8 g r a m s  wh i c h  amo u n t s  to a force 

r e d uction of 20 to 40 percent. It should be p o i n t e d  out, 

that even with these red u c t i o n s  in force the ave r a g e  force 

levels g e n e r a t e d  by the all the groups over the last five 

days of e x t i n c t i o n  were in the range of 9.1 to 14.4 grams, 

well above the 5 g r a m  threshold. What app e a r s  to be true 

is that d u r i n g  the second half of e x t i nction, the peak 

force emi t t e d  by the animals in all the g r o u p s  wh i c h  had 

trained w i t h  e l e v a t e d  c r i t e r i a  c o nverged upon a value of 

a p p r o x i m a t e l y  13g The g r o u p  m e a n s  ranged from 12.5 to 14.4 

a scant d i f f e r e n c e  of 1.9g b e w t e e n  the hi g h e s t  and lowest 

groups. The s h a r p  drop e x h i b i t e d  by the CRF(5g) gr o u p  from

15.6 grams to 11.9 may best be u n d erstood as a reaction to 

that g r o u p s  having the largest jump in force at the 

beg i n n i n g  of extinction. This gr o u p s  training c o n t ingency  

,pure CRF, p r o d u c e d  the most d i s c r i m i n a b l e  d i f f e r e n c e  

between c o n d i t i o n i n g  and e x t i nction. All ot h e r  groups 

e x p e r i e n c e d  u n r e i n f o r c e d  r e s p o n d i n g  du r i n g  c o n d i t ioning.

Figures 18 - 20 show m e d i a n  response force on a day by day 

basis for e a c h  gr o u p  across the entire co u r s e  of 

extinction. Each point is the average of the m e d i a n s  for
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all the a n i m a l s  in a g r o u p  on a gi v e n  day. A g a i n  the point 

closest to the o r d i n a t e  is the av e r a g e  value for the 5 

final d a y s  of c o n d i t i o n i n g  p r o c e e d i n g  the start of 

e xt i n c t i o n .  It is ap p a r e n t  that initial e x p o s u r e  to 

e x t i n c t i o n  tends to g e n e r a t e  higher forces. W i t h  only one 

e x c e p t i o n  r e s p o n s e  force is higher on the first day of 

e x t i n c t i o n  than du r i n g  the final days of c o n d i t i o n i n g .  The 

e x c e p t i o n  is the VI15(15g) group, and is p r o b a b l y  atypical 

and a t t r i b u t a b l e  to the e x t r a o r d i n a r i l y  high forces 

e x h i b i t e d  by R52 as m e n t i o n e d  previously.

The most p r o f o u n d  force ch a n g e s  are e x h i b i t e d  by the 

CRF(5g) group, the same g r o u p  w h i c h  showed the lowest 

rates and least p e r s i s t e n t  res p o n d i n g  d u r i n g  e x t i nction.

In gen e r a l ,  for the groups t rained wi t h  a 5g force 

requirement, the tendency for r esponse force to remain 

e l evated d u r i n g  e x t i n c t i o n  se e m s  to be inversly related to 

the length of the VI s c h e d u l e  in effect d u r i n g  training 

and thus, to the amount of r e s p o n d i n g  g e n e r a t e d  during 

c o n d i t i o n i n g  {see figure 18). This r e l a t i o n s h i p  is not 

e x h i b i t e d  for the 15g and 25g g r o u p s  (see figures 19 and 

20) . In fact, the o p posite app e a r s  to be true; the longer 

Vi's pr o d u c e  a gr e a t e r  t e n d e n c y  to m a i n t a i n  ele v a t e d  

forces in e x t i n c t i o n .  In figure 19, with the e x c e p t i o n  of 

the very high value shown for the CRF(5g) g r o u p  on day 1, 

the VI30 g r o u p  shows forces s u b s t a n t i a l l y  above the other
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g roups t h r o u g h o u t  the first four e x t i n c t i o n  days. Equally 

a pp a r e n t  is the p e r s e v e r a n c e  of high force res p o n d i n g  for 

the VI15(25g) group (see figure 20). Wh i l e  e l e v a t e d  forces 

wo u l d  s e e m  likely for an i m a l s  trained w i t h  e l e v a t e d  force 

criteria, the m a i n t e n a n c e  of these force levels over 

several da y s  of e x t i n c t i o n  is wo r t h  noting.

An a d d i t i o n a l  d e m o n s t r a t i o n  of the m a i n t e n a n c e  of e levated 

forces o v e r  the course of e x t i n c t i o n  is given in Figure 21

which shows the p e r c e n t a g e  of the total res p o n s e s

exc e e d i n g  the p r e - e x t i n c t i o n  c r i t e r i o n  level for all 

e l e v a t e d  c r i t e r i o n  groups. The leftmost po i n t  for each 

curve is the ave r a g e  p e r c e n t a g e  above c r i t e r i o n  for the 

last 5 days of training. The four t h reshold (5g) cri t e r i o n

groups were n e c e s s a r i l y  above the c r i t e r i o n  100% of the

time throughout, and are not shown. As w o u l d  be expected 

the a n i m a l s  on wi t h  the low (15g> c r i t e r i o n  had higher 

p e r c e n t a g e s  m e e t i n g  the c r i t e r i o n  than the an i m a l s  with 

the high (25g) criterion. T h i s  r e l a t i o n s h i p  a p p e a r s  to 

remain r e l a t i v e l y  constant d u r i n g  ext i n c t i o n .  What is 

most i n t e r e s t i n g  is the sl o w  d e c r e a s e  in these per c e n t a g e s 

over the c o u r s e  of e x t i n c t i o n .  Wi t h  the e x c e p t i o n  of 4 

points, all three 15g g r o u p s  have g r e a t e r  than 40% 

c r i t e r i o n  r e s p o n s e s  t h r o u g h o u t  extinction. The two 25g 

groups, w i t h  the exc e p t i o n  of 2 points e x c e e d  criterion 

with better than 25% of their responses t h r oughout
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ex t i nction. That these e l e v a t e d  p e r c e n t a g e s  are not 

simply r e l a t e d  to rate v a r i a t i o n s  following the onset of 

e x t i n c t i o n  is o b v i o u s  if one looks the e x t i n c t i o n  response 

rates (figures 7 - 9 )  w h i c h  d r o p p e d  p r e c i p i t o u s l y  

following the onset of ext i n c t i o n ,  and re m a i n e d  at low 

l e v e l s .

The data on the p e r c e n t a g e  of c r i t e r i o n  r e sponses during 

extinction, when taken t o gether with the m e d i a n  force 

d i s t r i b u t i o n s  during e x t i n c t i o n  suggests a clear  

b e h a v i o r a l  trend, namely that the animals will tend to 

emit the same forces in e x t i n c t i o n  that they were 

reinforced for emitting d u r i n g  conditioning.

This p h e n o m e n o n  is ma d e  even m o r e  r e m a rkable wh e n  it is 

rec o g n i z e d  that the same an i m a l s  that were m a i n t a i n i n g  

their force of response in the range they had exh i b i t e d 

during c o n d i t i o n i n g  were e x h i b i t i n g  rapid red u c t i o n s  in 

rate of response over the same period. The ov e r a l l  p icture 

that e m e r g e s  is one of independence between response rate 

and response force, or more simply, between the 

p r o b a b i l i t y  that a response will occur and the 

c h a r a c t e r i s t i c s  it will have if it does occur.

In add i t i o n  there appears to be a r e l a t i o n s h i p  between the 

rei n f o r c e m e n t  s chedule in ef f e c t  during training and the
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liklihood that response force will remain e l e v a t e d  during 

e x t i n c t i o n  . T r a i n i n g  wi t h  short schedules that produce 

high rates of r e i n f o r c e m e n t  result in initial e l evation of 

force during extinction, f ollowed by rapid reductions of 

force. Hig h e r  force r e q u i r e m e n t s  during t raining coupled 

with the same short s c hedules results in less of an 

increase in force from the c o n d i t i o n i n g  levels, but the 

force r e d u c t i o n  that follows is more pronounced. Training 

on longer s c h edules with their ass o c i a t e d  lower 

r e i n f o r c e m e n t  rates results in small increases in force 

during e x c t i n c t i o n  for animals with low force requirements 

during c o n d i tioning. Long sc h e d u l e s  in c o n j u n c t i o n  with 

high force r e q u irements d u r i n g  training g e n e r a t e  small 

increases in force over the c o n d i t i o n i n g  levels, but the 

rate with w h i c h  these forces decline during ext i n c t i o n  is 

s u b s t a n t i a l l y  reduced, and the d ecline does not begin 

until mu c h  further on in the course of e x t i nction.
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D i s cussion 

Re v i e w  of P r ocedure

To r e c a p i t u l a t e  the procedure, the study c o n s i s t e d  of 9 

groups of rats which were run under dif f e r i n g  

r e i n f o r c e m e n t  c o ntingencies. The c o n t i n g e n c i e s  d i ffered in 

two d i m e n s i o n s .  The m i n i m u m  force required for a response 

to be e l i g i b l e  for r e i n f o r c e m e n t  was either 5, 15, or 25 

grams. The r e i n f orcement s c h e d u l e  in effect was either 

CRF, or a VI with an ave r g a g e  interval of 15, 30, or 60 

seconds. The VI intervals were based upon a constant 

p r o b a b i l i t y  of r e i n f o rcement model. The same set of 

c o n t i n g e n c i e s  was in effect for each animal throughout the 

course of the experiment. The a nimals were run for 25 days 

of training, and data were c o l l e c t e d  on the peak force and 

d u r a t i o n  of every response emitted, reg a r d l e s s  of whether 

or not it met the rei n f o r c e m e n t  force c r i t e r i o n  in effect. 

The data from the last 5 days of training were used for 

p u r p o s e s  of data analysis.

Following the 25th day, the exp e r i m e n t  e n t e r e d  its second 

phase in w h i c h  all the a n i m a l s  were run in e x t i n c t i o n  for 

10 days, two s e q uences of five consecutive days s e parated
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by one day. The ext i n c t i o n  sessions were 20 m i n u t e s  in 

length, and all con d i t i o n s  were exa c t l y  the same as 

c o n d i t i o n i n g  except that no reinforcers were delivered.

The same data col l e c t i o n  p r o c e d u r e s  were used as during 

the c o n d i t i o n i n g  phase of the study.

From the data collected, a c o m b i n a t i o n  of m a n u a l  and 

com p u t e r  ana l y s i s  allowed r e c o n s t r u c t i o n  of frequency 

d i s t r i b u t i o n s  for the two m e a s u r e s  of interest, as well as 

c a l c u l a t i o n  of response rate and indices of var i a b i l i t y 

and central tendency.

R eview of Purpose

At the o u t s e t  the stated p u r p o s e  of this study was to 

d e t e r m i n e  the effect of i n t e rmittent r e i n f o r c e m e n t  upon 

the levels and v a r i a b i l i t y  of specific r esponse 

c h a r a c t e r i s t i c s ,  to ob s e r v e  the c hanges in these 

c h a r a c t e r i s t i c s  that oc c u r  o v e r  the course of e x t e n d e d  

e x t i nction, and to d e t e r m i n e  what inte r a c t i o n s  exist 

b etween these changes and the s c h e d u l e s / c o n t i n g e n c i e s  in 

effect d u r i n g  training, and finally, to a s c e r t a i n  whether 

the responses e m i t t e d  during e x t i n c t i o n  are similar in 

form or m a g n i t u d e  to the r e s p o n s e s  learned dur i n g  

c onditioning. This last point is perhaps the most 

interesting as it a p p r o a c h e s  a very basic b e h a vioral
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question, namely, is rate p r e d i c t i v e  of the intensive and 

temporal p r o p e r t i e s  of a p o p u l a t i o n  of responses.

Because of the unequal N*s in the e x p e r i m e n t a l  design, and 

al s o  b e c a u s e  of the small N of two in three of the 

e x p e r i m e n t a l  groups, it is not possible to ma k e  c o n clusive 

s t a t e m e n t s  regarding int e r g r o u p  c o m p a risons. The study is 

e s s e n t i a l l y  a w i t h i n  g r o u p  e x p e r i m e n t  and the most valid 

c o m p a r i s o n s  are those ma d e  between the final p e r f o r m a n c e  

and e x t i n c t i o n s  b e h aviors of an individual animal or 

group. Much that is interesting is suggested, however, by 

the i n t e r g r o u p  c o m p a r i s o n s  that can be m a d e  and these are 

d i s c u s s e d  w i t h  the pur p o s e  of setting the stage for future 

work that co u l d  be done by others.

Re v i e w  of Rate Data

H i s t o r i c a l l y  rate has been taken as s t a n d a r d  me a s u r e  of 

response s t r e n g t h  with each response being treated as an 

a l l - o r - n o t h i n g  event. In the pr e s e n t  study the data 

regarding response rate is clear and u n e q u i v o c a l .  Any 

non-CRF c o n t i n g e n c y  which tended to reduce the animals 

rate of r e i n f o r c e m e n t , y i e l d e d  higher rates of responding. 

This was true w h e t h e r  the c o n t i n g e n c y  involved the 

imposition of a VI schedule of 15, 30, or 60 s econds in 

length, or the imposition of an e l evated force cri t e r i o n
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of 15 or 25g, or a c o m b i n a t i o n  of the above. W h e n  one 

c o mpares the rate for the CRF(5g) g r o u p  w i t h  the three VI 

groups run on a 5g criterion, there is an a p p r o x i m a t e l y  

t h reefold increase in r esponse rate for the i n t e r m i t t a n t l y  

r ei n f o r c e d  g r o u p s  taken as a whole. Similarly, if one 

c o n t r a s t s  the CRF(5g) group w i t h  the CRF(lSg) and CRF(25g) 

g r o u p s  one sees increases of 60% and 160% r e s p e c tively.

But this is on l y  part of the picture. By looking only at 

the rate of all responses, we fail to take a d v a n t a g e  of 

the a n a l y t i c  p o s s i b i l i t i e s  o p e n e d  up by using a s e parate 

a na l y s i s  of the behavior r e q u i r e d  for r einforcement, 

s p e c i f i c a l l y  r e s ponses m e e t i n g  the r e i n f o r c e m e n t  

cr i terion. The data for c r i t e r i o n  response rate p rovide an 

interesting picture for us, in that they help to e x p l a i n  

the o b s e r v e d  increases in o v e r a l l  response rate. For the 

CRF c o n dition, the data show that the c r i t e r i o n  response  

rate is v i r t u a l l y  the same for all three groups, 

e s s e n t i a l l y  15 cri t e r i o n  res p o n s e s  per minute. At the same 

time, the p e r c e n t a g e s  of the total r e sponse p o p u l a t i o n  

m e e t i n g  the c r iterion are 100% for the CRF(5g) group,

60.2% for the CRF(15g) group, and 39.7% for the CRF(25g) 

group. Thus it becomes cl e a r  that the o v e r a l l  b ehavior 

pattern must be the result of a t i t ration of response rate 

against a c c u r a c y  to p r o d u c e  a su i t a b l e  r e i n f o r c e m e n t  rate. 

W h e t h e r  15 r e i n forcers per m i n u t e  rep r e s e n t s  some 

bio l o g i c a l  constant of d i g e s t i o n  for rats, or an index of
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the time spent in tray a p p r o a c h  and c o n s u m m a t o r y  behaviors 

is not d i s c r i m i n a b l e .

For the an i m a l s  on the VI schedules, the m a x i m u m  

r e i n f o r c e m e n t  rate was d e t e r m i n e d  by the s c h e d u l e  

parameters, and thus the c r i t e r i o n  rate was important in 

mi n i m i z i n g  any delays in r e c e i v i n g  the r e i n f o r c e r  after 

the onset of the e l i g i b i l i t y  period. The p e r c e n t  of 

responses m e e t i n g  c r i t e r i o n  for the three g r o u p s  which 

were e x p o s e d  to s i m u l t a n e a o u s  e l e v a t e d  force cri t e r i a  and 

VI sch e d u l e s  range from 41.2% to 62.7% . The cri t e r i o n  

response rates are much higher than the 15 per mi n u t e  

o b served for CRF, ranging from 27.4 to 46.8 c r i t e r i o n  

r e sponses pe r  minute. The o v e r a l l  response rates required 

to a c h e i v e  these c r iterion rates were of course much  

higher, typ i c a l l y  double those obs e r v e d  for the CRF 

groups, but since only a c r i t e r i o n  response could interact 

with the VI s chedule and be reinforced, the r e sulting  

higher r e i n f o r c m e n t  rates were app a r e n t l y  w o r t h  the effort 

e x p e n diture. Low p r o p o r t i o n s  of c r i terion r e s p o n s e s  would 

decrease rei n f o r c e m e n t  de n s i t y  through i n c reased waiting 

following rein f o r c e m e n t  elig i b i l i t y .

Lit e r a t u r e  R e v i e w  - R esponse Force

Recently rese a r c h e r s  have a t t e m p t e d  to find other, more
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s e nsitive measures, than simple rate. Some (Anger 1956, 

C atania & R e y n o l d s  1968) have resorted to the study of 

IRT's and var i o u s  s o p h i s t i c a t e d  p r o b a b i l i t y  an a l y s e s  to 

improve on simple rate studies. Others ( E ckerson and 

Lanson 1969; Herrick 1964; M a r g u l i e s  1961; M i l l e n s o n  and 

Hurwitz 1961) have used v a r i o u s  response d i f f e r e n t i a t i o n  

p a r a d i g m s  in which, to qu o t e  N o t t e r m a n  and Mintz (1965) , 

"The degree of con f o r m i t y  of the c o n d i t i o n e d  beh a v i o r  to 

the r e i n f o r c e m e n t  criterion" is used as an index of 

response strength.

Still o t h e r s  have chosen to use the force of the response 

as their d e p e n d e n t  variable, and have a t t e m p t e d  to 

d i f f e r e n t i a t e  responses w i t h  forces above some limit, or 

w i t h i n  a s p e c i f i e d  range, using various operant 

c o n d i t i o n i n g  paradigms. N o t t e r m a n  and Mintz (1962,1965) 

did a large number of s tudies including e x p e r i m e n t s  with 

fixed and va r i a b l e  ratio and interval schedules, 

e x t e r o c e p t i v e l y  cued d i s c r i m i n a t i o n s ,  p h a r m a c o l o g i c a l l y  

impaired p r o p r i o ception, to m e n t i o n  just a few. Fillion, 

Fowler, and Not t e r m a n  (1969, 1970, 1971) c o n t i n u e d  this 

research into the areas of p r o p o r t i o n a l  reinforcement,  

de p r i v a t i o n  and prefeeding, and the p s y c h o p h y s i c s  of 

response force. More recently, Mintz, Samuels, and Barber 

(1971,1976) have looked at the feedback d u r i n g  a force 

d i f f e r e n t i a t i o n  and the r e l a t i o n s h i p  b etween force and
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rate during force d i f f e r e n t i a t i o n  learning.

Among the things these recent studies have cl e a r l y  shown 

is that a n i m a l s  (primarily rats) are ca p a b l e  of learning 

to pro d u c e  responses of a p a r t i c u l a r  m a g n i t u d e  in o r d e r  to 

achieve reinforcement. They have also shown that in many 

cases, the animals will choose to increase their overall 

rate of res p o n d i n g  rather than improve the acc u r a c y  of 

their response if the req u i r m e n t  placed upon them is too 

stringent. In particular, if the c o n t i n g e n c y  is changed 

after tr a i n i n g  on a less s t r i n g e n t  criterion, and the 

newly req u i r e d  response is rare in the cu r r e n t  population, 

the animal will pro b a b l y  m a n i f e s t  an overall rate 

increase. This increase in rate serves to increase rate of 

r e i n forcment as e f f e c t i v e l y  as increased accuracy, though 

at the cost of s u b s t a n t i a l l y  increased e f f o r t  expenditure.  

What seems a p parent is the w i d e  degree of flexibility 

m a n i f e s t e d  by the animals in dealing wi t h  the various 

c o n t i n g e n c i e s  imposed upon them. It is pa r t l y  this 

s o p h i s i t i c a t e d  behavioral m e c h a n i s m  which p r o m p t e d  the 

first q u e s t i o n  this study a ttempts to answer, namely what 

r e l a t i o n s h i p  exists between ce r t a i n  p a r a m e t e r s  of a 

rei n f o r c e m e n t  s c h e d u l e / f o r c e  criterion, and the p r o p erties 

of the res p o n d i n g  that is p r o d u c e d  by such schedules.

Review of Response Force And Du r a t i o n  Results
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W i t h  respect to the levels of response force and the 

response d u r a t i o n s  ob s e r v e d  during c o n d i t i o n i n g  w i t h  the 

various s c h e d u l e s  and force c r i t e r i a  emp l o y e d  in this 

study the findings are unambiguous.

Peak res p o n s e  force was cl e a r l y  independent of the 

schedule in effect during cond i t i o n i n g .  This is best 

d e m o n s t r a t e d  by the f r e quency d i s t r i b u t i o n s  of response 

force taken during the last five days of c o n d i t i o n i n g  

which are e s s e n t i a l l y  i n d i s t i n g u i s h a b l e  among all groups 

with the same force criterion, reg a r d l e s s  of the s c hedule 

used. This is in sharp c o n t r a s t  to the large d i f f e r e n c e s  

o b s e r v e d  among the various VI g r o u p s  with respect to 

response rates which were s u b s t a n t i a l l y  e f f e c t e d  by the 

schedules employed.

The e l e v a t e d  force c r i t e r i a  g e n e r a t e d  e l e v a t e d  response 

forces as w o u l d  be e x p ected. For all three 15g cri t e r i o n  

groups, the me a n  of the m e d i a n  forces was well above the 

c r i t e r i o n  level. For both of the 25g g r o u p s  the mean of 

the med i a n  forces was just ov e r  23 grams. Thus one can 

make the s t a t e m e n t  that r e s p o n s e  force was d i f f e r e n t i a t e d ,  

in that w i t h  the imposition of e l evated force cr i t e r i a  the 

frequency of high force r e s p o n s e s  increased, and as a 

result of this there ev o l v e d  a r e i n f o r c e m e n t - e l i g i b l e
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s u b-class of the i n d e p e n d e n t l y  def i n e d  r e s p o n s e  to quote 

the p r e v i o u s l y  cited d e f i n i t i o n  of d i f f e r e n t i a t i o n  by 

N o t t e r m a n  and Mintz (1965).

The force e l e v a t i o n s  o b s e r v e d  co u l d  not be a t t r i b u t e d  

simply to an " e x t inction ef f e c t " ,  a force e l e v a t i o n  

induced by n o n - r e i n f r o c e m e n t  of p r e v i o u s l y  r e i nforced 

behavior. Th i s  effect has been w i d e l y  shown {Notterman and 

Mintz, 1965), present study included. However, force 

levels d u r i n g  intermittent r e i n f o r c e m e n t  s h o u l d  relate 

e x c l u s i v e l y  to r e i n f o r c e m e n t  d e n s i t y  if they are m e r e l y  

induced by n o n - r e i n f o r c e m e n t .  Present data c l e a r l y  show an 

important force p r e d i c t i v e  role in the c r i t e r i o n  

regardless of the r e i n f o r c e m e n t  density. This of course 

says that force is a d i f f e r e n t i a b l e  p r o p e r t y  of 

responding, alt h o u g h  r e i n f o r c e m e n t  d e n s i t y  can also 

influence force level, p a r t i c u l a r l y  if it is s u d d e n l y  and 

sh a r p l y  reduced.

The r e l a t i o n s h i p  b etween the v a r i a b i l i t y  of r esponse force 

and the c o n t i n g e n c y  i mposed is less clear than that just 

d e s c r i b e d  for the peak force of response. C o m p a r i n g  the 

data a c r o s s  all three VI s c h e d u l e s  at a g i v e n  force 

criterion, response force can be shown to be no more or 

less v a r i a b l e  under the VI s c h e d u l e s  as a w h o l e  than under  

CRF. It also appears that no p a r t i c u l a r  VI s c h e d u l e
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p r o d u c e d  a s u b s t a n t i a l l y  d i f f e r e n t  degree of v a r i a b i l i t y  

from the others, alt h o u g h  there is some s u g g e s t i o n  that 

the 15 se c o n d  VI did g e n e r a t e  gr e a t e r  v a r i a b i l i t y  than all 

other c o n d i t i o n s  for the 5g and 15g groups. The high 

v ariability, however, is p r o b a b l y  related to the higher 

force level p r o d u c e d  by this group. There is a general 

tendency for force level and v a r i a b i l i t y  to be p o s i t i v e l y  

c or r e l a t e d .  A  c o m p a r i s o n  to ot h e r  groups may not be 

c o m p l e t e l y  a p p r o p r i a t e  bec a u s e  of the b e h a v i o r  of one of 

the Ss (R52) p r e v i o u s l y  des c r i b e d .  In general, an e l evated 

force c r i t e r i o n  does g e n e r a t e  increased var i a b l i t y ,  in a 

fashion r e m i n i s c e n t  of W e b e r ' s  law. If in fact the animals 

d i f f e r e n c e  t h reshold for force increases in m a g n i t u d e  as 

the level of force a p p l i e d  increases, then one would 

expect that the v a r i a b i l i t y  of response force in a force 

d i f f e r e n t i a t i o n  would be p r o p o r t i o n a l  to the force level 

being d i f f e r e n t i a t e d .  This c o n t e n t i o n  a s s u m e s  that force 

e m i s s i o n  is c r i t i c a l l y  related to sensory c o r r e l a t e s  of 

the r e s p o n s e .

An e x a m i n a t i o n  of the response d u r a t i o n s  reveals that 

unlike r esponse peak force they were g r e a t l y  a f f e c t e d  by 

the r e i n f o r c m e n t  schedule, but the data r e v e a l s  a 

d i c h o t o m o u s  rather than a c o n t i n u o u s  r elationship. Large 

d i f f e r e n c e s  we r e  found between the m e d i a n  r esponse 

d u r a t i o n s  of the CRF g r o u p s  and the VI g r o u p s  run under



90

the same force criteria. In all cases the d u r a t i o n s  for 

the VI g r o u p s  were s u b s t a n t i a l l y  shorter than those for 

the CRF group# t y pically being half as long. The logic of 

this is not obscure# since d u r a t i o n  and rate are 

inherently related, and the VI schedules p r o d u c e d  much 

gr e a t e r  res p o n s e  rates than di d  CRF. In order to achieve 

these high rates, the ani m a l s  must of n e c e s s i t y  have spent 

less time e n g a g e d  in h olding behavior. Furthermore# closed 

circuit t e l e v i s i o n  o b s e r v a t i o n s  of the a n i m a l s  during 

e x p e r i m e n t a l  sessions r e vealed the fact that the VI 

s ch e d u l e s  f r e q u e n t l y  g e n e r a t e d  a style of b e h a v i o r  which 

was c h a r a c t e r i z e d  by v i g o r o u s  bursts of res p o n d i n g  

followed by short p eriods of less activity. These bursts 

c o r r e s p o n d  to a rapid series of pa w  m o v e m e n t s  w h i c h  would 

a ppear to be i n c o m patible wi t h  long response durations. 

D i f f e r e n t i a t i o n  of rate or force may c o r r e s p o n d  to 

d i f f e r e n t i a t i o n  of t o p o g r a p h i c  var i a t i o n s  of response 

wh i c h  f a c i l i t a t e  the rate or force. The CRF a nimals on the 

ot h e r  hand tended to pr o d u c e  more single reponses, partly 

because in m a n y  cases a single response was followed 

i m m d e d i a t e l y  by r e i n f o r c e m e n t  and thus the b e h avioral 

chain had tray app r o a c h  as the c o mponent f o llowing the 

response. Thus the CRF a n i m a l s  were not c o n s t r a i n e d  from 

g e n e r a t i n g  longer durations.

A n o t h e r  finding was that the e l e v a t e d  force c r i t e r i a  used
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in the p r e s e n t  study p r o d u c e d  responses w i t h  longer 

d u r a t i o n s  than the 5g t h r e s h o l d  criterion, a l t h o u g h  no 

d i f f e r e n c e  e x i s t s  between the two elevated c r i t e r i a  in 

this respect. The d u r a t i o n s  for the 15g and 20g groups 

trained un d e r  a gi v e n  r e i n f o r c e m e n t  s c hedule were roughly 

twice those of the 5g gr o u p  under the same schedule. This 

finding se e m s  reasonable if the response was c h a r a c t e r i z e d  

by a g r a d u a l l y  increasing a p p l i c a t i o n  of force, and thus 

had the form of a press. For such a response f o r mhigher 

forces wo u l d  require longer o p e r a n d u m  contact. If on the 

other hand the response takes the form of a rapid 

a p p l i c a t i o n  of force, f o llowed by an e q u a l l y  rapid 

rebound, as wo u l d  occur if the animal a c c e l e r a t e d  its paw 

prior to con t a c t  with the operandum, or in o t h e r  wo r d s  an 

impact, then a faster attack would result in a more 

forceful but shorter response. In fact o b s e r v a t i o n s  of the 

a nimals d u r i n g  cond i t i o n i n g  both over the closed circuit 

TV system, and e l e c t r o n i c a l l y  using an o s c i l l o s c o p e  to 

d isplay the tran s d u c e r ' s  an a l o g u e  output in real time, 

i ndicated that the typical response form was a controlled 

press rather than an impact. Thus the o b s e r v e d  

r e l a t i o n s h i p  between force and dur a t i o n  is p r o b a b l y  

a t t r i b u t a b l e  to an action p a t t e r n  requiring longer 

d u r a t i o n s  for higher forces.

The general rule that e m e r g e d  is that VI sch e d u l e s
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(regardless of length) g e n e r a t e d  response d u r a t i o n s  half 

as long as those o b s e r v e d  for CRF, while e l e v a t e d  force 

criteria (regardless of force level) g e n e r a t e d  response 

d u r ations twice as long as those obs e r v e d  for a 5g 

(threshold) criterion. The m e d i a n  duration for the CRF(5g) 

group and the VI15(15g) g r o u p  ( which e x p e r i e n c e d  both a 

VI and an e l e v a t e d  cri t e r i o n  ) are almost identical at 86 

and 90 m i l l i s e c o n d s  r espectively, thus r e vealing the 

c a n c e l l a t i o n  of the effect of one independent variable by 

the o p p o s i t e  effect of another.

The v a r i a b i l i t y  of response d u r a t i o n  o b s e r v e d  during the 

final days of c o n d i t i o n i n g  seemed to be c l o s e l y  related to 

the actual m e d i a n  response durations. VI s c h edules of 

rei n f o r c e m e n t  pro d u c e d  lower var i a b i l i t y  of response 

duration, while ele v a t e d  force criteria pr o d u c e  gre a t e r  

vari a b i l i t y  of response d u r a t i o n .  There is some evidence 

to suggest that the v a r i a b i l i t y  increases c o n t i n u o u s l y  in 

relation to the m a g n i t u d e  of the force criteria, in 

contrast to the binary r e l a t i o n s h i p  o b s e r v e d  between 

response d u r a t i o n  and the c r i t e r i o n  level.

While the d a t a  probably do not allow a c o n clusive 

s tatement on the overall r e l a t i o n s h i p  b e t w e e n  response 

peak force, response duration, and the v a r i a b i l i t y  of 

these measures, some general findings are suggested.
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Response peak force and the v a r i a b i l i t y  of response peak 

force are a p p a r e n t l y  related by simple p s y c h o p h y s i c a l  

laws, and as such are d i r e c t l y  but not linearly 

p r o p o r t i o n a l .  R e sponse peak force and its v a r i a b i l i t y  are 

u na f f e c t e d  by VI r e i n f o r c e m e n t  schedules, but are strongly 

af f e c t e d  by e l e v a t e d  force criteria.

Response d u r a t i o n  may be re l a t e d  to response force by 

phy s i c a l  or bio p h y s i c a l  laws, but the r e l a t i o n s h i p  appears 

to be a d i s c o n t i n u o u s  rather than a c o n t i n u o u s  function. 

The v a r i a b i l i t y  of response d u r a t i o n  seems to be related 

to the m a g n i t u d e  of the dur a t i o n s ,  but m a y  be a more 

con t i n u o u s  function of r e s p o n s e  force.

One s pecific p h e n o m e n o n  that bears noting is that wherever 

the rei n f o r c e m e n t  schedule app e a r s  to have an effect on a 

p a r a m e t e r  of the response (either the level or 

variability) the effect is d i c h o t o m o u s .  C R F  ap p e a r s  to 

g e n e r a t e  one class of b e h a v i o r s  while the non-CRF 

s c h edules as a g r o u p  appear to g e n e r a t e  a d i f f e r e n t  but 

r e l atively hom o g e n e o u s  class of behaviors. This dichotomy, 

of course, m a y  relate to the sc h e d u l e s  em p l o y e d ,  all of 

wh i c h  p r o d u c e d  sharply c o n t r a s t e d  r e i n f o r c e m e n t  densities 

in c o m p a r i s i o n  to CRF, Brief Vi's of say 5 s e c o n d s  might 

show a c o n t i n u o u s  as opp o s e d  to d i c h i t o m o u s  relationship.
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To s u m m a r i z e  the findings of the current st u d y  wi t h  regard 

to final p e r f o r m a n c e  f o l l o w i n g  c o n d i t i o n i n g  on VI 

s c hedules and e l evated force c r iteria in v a r i o u s  

combinations: response peak force appears to be most 

se n s i t i v e  to c o n t i n g e n c y  o p e r a t i o n s  i n volving a force 

criterion, r e sponse rate ap p e a r s  to be mo s t  s e n s i t i v e  to 

VI s c hedule length, and r e s p o n s e  d u r a t i o n  a p p e a r s  equally 

s e n s i t i v e  to both asp e c t s  of the c o n t i n g e n c i e s .  This last 

finding is not totally u n e x p e c t e d  since d u r a t i o n  

in c o r porates influences from both rate and force and thus 

could l o g i c a l l y  share the s e n s i t i v i t i e s  of both.

C o m p a r i s o n  to O t h e r  S tudies

H e r rick's (1964) ana l y s i s  of lever d i s p l a c e m e n t  y ielded 

int e r e s t i n g  results r e g a r d i n g  the central t e n d e n c i e s  of 

the d i s p l a c e m e n t  d i s t r i b u t i o n s  when d i s p l a c e m e n t  band 

c riteria were in effect. In his study ranges of lever 

d i s p l a c e m e n t  were req u i r e d  for r e i n f o r c e m e n t .  He ob s e r v e d  

that at the end of c o n d i t i o n i n g  the d i s t r i b u t i o n s  peaked 

at the very low end of the range of d i s p l a c e m e n t s  which  

q u a l i f i e d  for r e inforcement, his so called "rei n f o r c e m e n t  

zone". C o n t r a s t  this to the finding of the pre s e n t  study 

(and that o b s e r v e d  by N o t t e r m a n  and Mintz (1965) for 

effort criteria} that the 15g c r i terion yie l d e d  median
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peak forces well above 15g, and one is d r a w n  to the 

con c l u s i o n  that the d i f f e r e n c e  is p r o b a b l y  due to the

inhibiting effect of the upper limit wh i c h  exists in a

band cri t e r i o n .  This effect is also seen in several force 

studies (Notterman and Mi n t z  19 6 5 , Mintz Sa m u e l s  and Barber 

1976). H e r r i c k ' s  s u g g e s t i o n  that the p h e n o m e n o n  is an 

e xample of a least effort law in o p e r a t i o n  is no doubt 

partly true, and is s u p p o r t e d  by the pr e s e n t  findings that 

the 25g c r i t e r i o n  is e x c e e d e d  m u c h  less frequently. The 

me d i a n s  for the 25g gr o u p  were a c t u a l l y  b e l o w  2 5 g .

Schwartz and Mintz (1980) p r o v i d e  data s h o w i n g  effort 

c o n s e r v a t i v e  response p o p u l a t i o n s  in human subjects.

It seems likely that the large effort r equired by these

high force r e s ponses may have cr e a t e d  an inherent upper

limit, and that the effect of that limit was the same as 

if it were an e x t e r n a l l y  i mposed one, s h ifting the 

d i s t r i b u t i o n s  downward. That the limit was not a species 

specific p h y s i o l o g i c a l  p h e n o m e n o n  is s u g g e s t e d  by the 

beh a v i o r  of one rat who r e p e a t e d l y  p r o d u c e d  forces in 

excess of 50g by hitting or ev e n  biting the operandum. 

H o w e v e r  w i t h i n  the t o p o g r a p h i e s  of "paw press", high 

forces may be p h y s i o l o g i c a l l y  demanding, and it would  

appear r e a s o n a b l e  that some p s y c h o l o g i c a l  law was o perates 

to g e n e r a t e  b e haviors wh i c h  me e t  the e n v i r o n m e n t ' s  

r e q u i r e m e n t s  for rei n f o r c e m e n t  as often as possible, but
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require as little effort as possible. These findings alone 

do not a l l o w  any s t a t e m e n t s  about the e f f i c i e n c y  of the 

b e havior s i n c e  other factors, notably temporal, and 

seq u e n t i a l  ones are involved in any c a l c u l a t i o n  of overall 

e f f i c i e n c y  and these were not within the scope of the data 

c o l l e c t i o n  in the p resent study.

The data of the present st u d y  are in full a g r e e m e n t  with 

S k i n n e r ' s  (1938) early f i ndings that if an e l e v a t e d  force 

cri t e r i o n  is imposed d u r i n g  CRF training, the d i s t r i b u t i o n  

of e m i t t e d  forces is s h i f t e d  upwards. The finding of the 

p resent study that the me a n  of the median peak response 

force w a s  above the c r i t e r i o n  level for all three groups 

run under the 15 gr a m  c r i t e r i o n  c o r r o b o r a t e s  S k inners 

finding that the force d i f f e r e n t i a t i o n  occurs for VI 

s c hedules as well as CRF.

The more recent results p u b l i s h e d  by N o t t e r m a n  and Mintz 

(1965) in Dyn a m i c s  of R e s p o n s e  as well as in several 

journal a r t i c l e s  are al s o  s u pported by the findings of the 

present study. Both their work and that of the present 

study reveal that at the end of the tr a i n i n g  period the 

peak force of response was above the force c r i t e r i o n  in 

effect d u r i n g  training. T h i s  was true for the the 8 and 16 

g r a m  c r i t e r i a  used by N o t t e r m a n  and Mintz, and for the 15g 

c r i terion used in the present study which yi e l d e d  me d i a n
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peak forces in the 18 to 20 g r a m  range. It was not true 

however for the 25g c r i t e r i o n  used in present study, w h i c h  

g e n e r a t e d  force levels s l i g h t l y  below the c r i t e r i o n  at 20 

and 21 g r a m s  for the two g r o u p s  run wi t h  that criterion. 

N o t t e r m a n  and Mintz also p u b l i s h e d  the p e r c e n t a g e s  of 

responses e x c e e d i n g  the force c r i t e r i o n  un d e r  a v ariety of 

conditions. For animals e x p o s e d  to e l e v a t e d  cri t e r i a  of 8 

and then 16g, the percent of c r i t e r i o n  r e s ponses was 66,4% 

and 59.2% r espectively. T h i s  compares r e m a r k a b l e  well with 

the 60.2% value o b s e r v e d  for the CRF(15g) g r o u p  in the 

present study. The CRF(25g) g r o u p  had a sm a l l e r  p e r c entage 

of r e s ponses m e e t i n g  criterion, 39.7%, but due to a 

s u b s t a n t i a l l y  higher overall response rate, the rate of 

c r i t e r i o n  r e sponses was almost identical to that of the 

15g gr o u p  and the 5g (threshold) group.

Not t e r m a n  and Mintz (1965) also d e s c r i b e d  a study in which  

animals we r e  run on fixed and variable interval schedules  

com b i n e d  wi t h  ele v a t e d  e f f o r t  criteria, and since as 

m e n t i o n e d  earlier, peak force of response and time 

integral of force (effort) are well correlated, it seems 

r e a s o n a b l e  to make c o m p a r i s o n s  to the p r e s e n t  study. They 

make the s t a tement that " One c h a r a c t e r i s t i c  of interval 

schedules is that a change in the temporal p a r a m e t e r s  does 

not change the m i n i m u m  b e h a v i o r a l  output n e c e s s a r y  for 

each rei n f o r c e m e n t .  A single c r iterion response at the end
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of each interval will p r o d u c e  reinforcement. Nevertheless, 

the total behavioral output varies with the temporal 

parameters of the schedule and with the rei n f o r c e m e n t  

criterion. "

The p resent study showed that v a r i a t i o n s  in the level of 

the rein f o r c e m e n t  c r iterion p r o d u c e d  d i f f e r e n c e s  in the 

median peak force, as well as the rate of responding. 

Changes in the temporal p a r a m e t e r s  of the schedules  

pro d u c e d  large d i f f e r e n c e  in response rate, but only 

bewteen CRF and the VI15 condition. The VI3Q and VI60 

reponse rates are the same as the VI15 for a g i v e n  force 

c r i terion level, as were m e d i a n  peak force values, which 

did not vary at all as a fu n c t i o n  of the temporal 

par a m e t e r s  of the schedule. Given equal response rates and 

peak response force levels for three d i f f e r e n t  VI lengths, 

the overall behavioral output will vary in dir e c t  

pro p o r t i o n  to the length of the VI, so that animals on a 

VI60 will p r o d u c e  four time the output of a n i m a l s  on a 

VI15. Thus the current data con f o r m s  to the rel a t i o n s h i p  

pro p o s e d  by N o t t e r m a n  and Mi n t z  with regard to both the 

r e i n f o r c e m e n t  c r iterion and the temporal p a r a m e t e r s  of the 

r e i n f orcement schedules.

In Filion, Fowler, and N o t t e r m a n  (1969) the r e l a t i o n s h i p  

between various type of response feedback and accuracy of
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responding was i n v e stigated for human and simian subjects 

using the concept of the W e b e r  ratio as an a n a l y t i c  tool. 

They found that as the force requirement was increased 

the We b e r  ratio was reduced. Direct c o m p a r i s o n  of data 

bewteen their results and those of the pr e s e n t  study is 

not a p p r o p r i a t e  because of the fact that they w o r k e d  with 

d i fferent species, and used force r e q u i r e m e n t s  ranging 

from 25 to 200 grams. The g e n e r a l  trend they o b s e r v e d  

however, a p p e a r s  to be p r e s e n t  in the c u r r e n t  results in 

most instances. A p p r o x i m a t i o n s  of the We b e r  ra t i o  were 

cal c u l a t e d  by dividing sta n d a r d  d e v i a t i o n  of response 

force by the m e d i a n  peak force for each group, and the 

results tend to show a d e c r e a s e  in the ra t i o  as the level 

forces being e mitted goes up. Thus while the o r g a n i s m ' s  

sens i t i v i t y  to changes in r e sponse force is reduced at 

higher force levels, the increases in the m i n i m u m  

d i f f e r e n c e  that can be sensed become smaller as the force 

level reaches higher values. Th i s  represents, in a sense, 

a kind of law of d i m i n i s h i n g  losses with respect to 

sens i t i v i t y  to change in e m i t t e d  force. In any event, 

these findings wo u l d  app e a r  to bear out the e a r l i e r  

statement that response force and the v a r i a b i l i t y  of 

response force are related by p s y c h o p h y s i c a l  laws.

A recent u n p u b l i s h e d  doc t o r a l  d i s s e r t a t i o n  by Samuels 

(1973) found among other things an inverse r e l a t i o n s h i p
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between a c c u r a c y  of res p o n s e  force and rate of response. 

Using a force band c o n t i n g e n c y  and n a r rowing the band 

during the course of they experiment, he d e t e r m i n e d  that 

the animals r e sponded to the r e d uction of w i d t h  of the 

band by increasing their ove r a l l  rate of response, while 

letting the per c e n t a g e  of r e s p o n s e s  w i t h i n  the band 

decrease. The effect upon the rein f o r c e m e n t  rate d e pended  

upon the s e q u e n c e  in w h i c h  the a nimals we n t  thr o u g h  the 

three bands used, (wide to narrow, or narrow to wide), and 

also upon the a b solute force level at w h i c h  the band was 

centered. Of the two g r o u p s  wh i c h  ran with a low band 

(centered at 17g> the ani m a l s  that s tarted wi t h  a wide 

band and p r o g r e s s e d  to a n a r r o w  band s u ffered a reduction 

in rate of r e i n f o r c e m e n t  while the animals that went 

through the p r o c e d u r e  in r everse e x p e r i e n c e d  an increase 

in rate of rei n f o r c e m e n t .  The g r o u p  wh i c h  ran w i t h  the 

high force band (centered at 23g) and started w i t h  the 

wide band c o n d i t i o n  also showed r educed r e i n f o r c e m e n t  

rate. It is interesting to note that the r e i n f o r c e m e n t  

rates o b s e r v e d  for either high or low band w h e n  the bands 

were at their widest was 12.4 Sr/min for two groups and

15.6 S r / m i n  for the third. This is c o m p a r a b l e  to the 15 

Sr/min r e p o r t e d  in the pr e s e n t  study for all three CRF 

groups. Wi t h  regard to the inverse r e l a t i o n s h i p  between 

rate and accuracy, to the e x t e n t  that p e r c e n t a g e  of 

responses e x c e e d i n g  c r i t e r i o n  is a m e a s u r e  of a ccuracy the
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current data s u pports the hyp o t h e s i s .  It seems likely that 

the causal r e l a t i o n s h i p  is one in wh i c h  the animal 

g e n e r a t e s  an u n a c c e p t a b l y  low level of a c c u r a c y  through 

the i n t e r a c t i o n  b ewteen the e x t e r n a l l y  imposed c o n t i n g e n c y  

and his cu r r e n t  response p o p u l a t i o n  and then g e n e r a t e s  an 

increase in response rate rather than an increase in 

ac curacy of res p o n s e  force in or d e r  to c o u n t e r a c t  a 

re duction in rate of r e i n f o r c e m e n t  wh i c h  w o u l d  oth e r w i s e  

o c c u r .

A se c o n d  e x p e r i m e n t  rep o r t e d  by Sa m u e l s  held the wi d t h  of 

the band c o n s t a n t  but imposed a constant p r o b a b i l i t y  of 

r e i n f o r c e m e n t  for w i t h i n - b a n d  r e sponses of 50%. The added 

p r o b a b i l i t y  c o n t i n g e n c y  was found to have no effect upon 

the a c c u r a c y  of responding as m e a s u r e d  by the pe r c e n t  in 

band, but it did effect the overal response rate and rate 

of r e i n f o r c e m e n t .  The g r o u p  that shifted from 100% to 50% 

showed i m mediate icreases in response rate, but they were 

not s u f f i c i e n t  to prevent a d e c r e a s e  in r e i n f o r c e m e n t  

rate. The g r o u p  that shi f t e d  from 50% to 100% showed a 

small d e c r e a s e  in response rate and an increase in 

r e i n f o r c e m e n t  rate. In the p r e s e n t  study, the VI schedules 

can be thought of as imposing a reduced p r o b a b i l i t y  of 

re i n f o r c e m e n t  upon c r i t e r i o n  responses ( p a r t i cularly since 

they were c o n s t a n t  p r o b a b i l i t y  VI intervals) re l a t i v e  to 

CRF. The da t a  show no r e d u c t i o n s  in the p e r c e n t a g e  of
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c r iterion r e sponses under VI r e i n f o r c e m e n t  w h i c h  is in 

a g reement w i t h  S a m u e l s 1 findings.

Most recent of all the s t u d i e s  di s c u s s e d  is that of Mintz, 

S amuels and Barber (1976) in wh i c h  VI s c h e d u l e s  were used 

to assess the r e l a t i o n s h i p  b e t w e e n  rate of r esponse and 

response force. T w o  d i f f e r e n t  force c r iteria were used as 

well as a force band, and these were s u p e r i m p o s e d  upon CRF 

and VI60 in a variety of c o m b i n a t i o n s .  Because the 

con d i t i o n s  were run s e q u e n t i a l l y  within animals, most of 

the data are not dir e c t l y  c o m p a r a b l e  to the cur r e n t  data. 

The st a r t i n g  c o n d i t i o n  for four animals was VI60(5g) 

criterion, and the o verall res p o n s e  rate was 49.6 r/min 

which is c o m p a r a b l e  to the c u r r e n t  figure of 40.7 r/min.

As in the pr e s e n t  study, their findings indicate that 

s c h e d u l e / c r i t e r i o n  c o m b i n a t i o n s  tend to d i f f e r e n t i a t e  

re a sonably high frequencies of the b e h a v i o r  r e quired for 

r e inforcement, frequencies high enough to a p p r o x i m a t e  

m a x i m i z a t i o n  of the p o s s i b l e  rate of r einforcement.

Review of Ext i n c t i o n  Results

The q u e s t i o n  of what beh a v i o r a l  changes occur following 

the onset of ext i n c t i o n  has been studied by many 

researchers. The p rimary v a r i a b l e  of interest has been
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rate of re s p o n s e  and findings have usually been similar, 

namely a transient increase in r e sponse rate immediately 

following the wit h d r a w a l  of r e i n f o r c m e n t , fol l o w e d  by a 

rapid d e c l i n e  to a low asy m p t o t e ,  of t e n  b e l o w  operant 

level. Arasel (1958) d i s c u s s e d  e x t i n c t i o n  in terms of 

frus t r a t i o n  w h i c h  he d e f i n e d  as " a h ypothetical, implicit 

r eaction e l i c i t e d  by n o n - r e w a r d  after a number of prior 

rewards." He s p e c i f i c a l l y  used the term "frustrative  

n o n - reward" to refer to an active factor w h i c h  is 

res p o n s i b l e  for both the " i n crease in the vigor of 

behavior" w h i c h  immediately follows the onset of 

e x t i n c t i o n  and the later inhibition of res p o n d i n g  in 

ext inct i o n .

Several r e s e a r c h e r s  (Skinner, 1938, N o t t e r m a n  & Mintz, 

1965, Morse in Honig 1966) have exp l a i n n e d  this transient 

increase as a case where p r o p e r t i e s  of b e havior 

intensified by rein f o r c e m e n t  are revealed in e x a g e r a t e d  

form when reinforcement, e i t h e r  regular or intermittent, 

is d i s c o n t i n u e d .  This rel a t e s  to the issue raised 

p r e v i o u s l y  regarding the s i m i l a r i t y  of pre and post 

ex t i n c t i o n  responses.

The results of the present study are in ge n e r a l  agreement 

with the p r e d i c t i o n s  m e n t i o n e d  a b o v e . F o r  all intents and 

pur p o s e s  all of the a nimals in this study p r o d u c e d  good
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a p p r o x i m a t i o n s  of a c l assical e x t i n c t i o n  curve for 

response rate regardless of the c r iterion or s c hedule they 

were e x p o s e d  to during c o n d i t i o n i n g .  The response rates 

m a n i f e s t e d  a very brief rise, and then began a rapid 

descent w h i c h  started to level off after about three 

sessions of extinction. The rise in rate was so brief that 

in all cases the first e x t i n c t i o n  s ession e n d e d  up with a 

local rate well below that obs e r v e d  during the last days 

of c o n d i t ioning. The visible d i f f erences bet w e e n  these 

curves app e a r s  to be at least related to if not d i rectly 

caused by the dif f e r e n c e s  in the rates that were being 

m a i n t a i n e d  prior to e x t i nction.

The total num b e r  of res p o n s e s  made by the a nimals in each 

gr o u p  during the entire c o u r s e  of e x t i n c t i o n  app e a r s  to 

reflect the d i f f e r e n c e s  e s t a b l i s h e d  between the groups 

during training on the va r i o u s  schedules. CRF clearly 

pr o d u c e d  s u b s t a n t i a l l y  lower overall amounts of responding 

dur i n g  the ten days that e x t i n c t i o n  was run than did the 

VI schedules, and to the e x t e n t  that the sum total of the 

b e h avioral output is a valid m e a s u r e  of e x t i n c t i o n  

behavior, the CRF groups m a n i f e s t e d  the least resistance 

to e x t i n c t i o n  of all the g roups. The effect of the 

el e v a t e d  force criteria, w h i c h  during training gen e r a t e d  

s u b s t a n t i a l l y  mo r e  r e s ponding that the 5g threshold, did 

not appear to persist during ext i n c t i o n  when the criterion
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was no longer beinf d i f f e r e n t i a t e d .

Ot h e r  p a r a m e t e r s  of r e s p o n s e s  b esides rate have been 

studied d u r i n g  extinction. Th e  v a r i a b l i l i t y  of response 

d u ration has been shown to increase f o l lowing the onset of 

ex t i n c t i o n  ( M i l l e n s o n  & Hu r w i t z  1961, M a r g u l i e s  1961) and 

this change in v a r i a b l i l i t y  has been found to be g r e a t e r  

when e x t i n c t i o n  is imposed af t e r  m o d e r a t e  a m o u n t s  of 

training than w h e n  it o c c u r s  either very ea r l y  or very 

late in a c o n d i t i o n i n g  history. One g r o u p  of studies 

(A n t o n i t i s ,1 9 5 1 ; Ec k e r m a n  & Lanson 1 9 6 9 ;Thompson, Herstad,

& P a l e r m o , 1963 ) all looked at the top o g r a p h y  of responses 

u n d e r g o i n g  e x t i n c t i o n  and found that v a r i a b i l i t y  increased 

following the onset of ext i n c t i o n .

The r e s p o n s e  p a r a m e t e r  of p r i m a r y  interest in the current 

study is, of course, peak force of response. In general, 

it can s a f e l y  be said that the imposition of el e v a t e d  

force c r i t e r i a  during the c o u r s e  of tra i n i n g  results in 

the e m i s s i o n  of e l evated forces during ext i n c t i o n .  The 

median peak force of response was s u b s t a n t i a l l y  higher for 

all the 15 and 25 gr a m  groups, than for any of the 5g 

threshold groups. This is p a r t i c u l a r l y  true for the first 

five e x t i n c t i o n  days, but the effect is also v isible in 

the latter half.
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The se q u e n c e  of changes o b s e r v e d  in response force over 

the course of e x t i n c t i o n  is p a r t i c u l a r l y  interesting. At 

the on s e t  of extinction, an initial jump in force is 

o b s e r v e d  for all but one group. This was the Vll5(15g) 

group which, as stated earlier, m a n i f e s t e d  very high 

forces during c o n d i t i o n i n g  m a i n l y  b ecause of the responses 

emm i t e d  by one of the two an i m a l s  that c o m p r i s e d  the 

group. These high forces were g e n e r a t e d  by e i t h e r  hitting 

or biting the transducer, a res p o n s e  style not o b s e r v e d  in 

any of the o t h e r  animals in the study. Fol l o w i n g  this 

initial jump in force, there was a steady but gradual 

d e c r e a s e  in peak force t h r o u g h o u t  the co u r s e  of 

ex t i n c t i o n .  This agrees well wi t h  both S k i n n e r  (1938) and 

Filion, Fowler, and N o t t e r m a n  {1969B,1970A) all of whom 

reported the initial rise and subsequent d e c l i n e  of 

response force during e x t i n c t i o n  following various 

training experiences.

The ani m a l s  in the groups w i t h  a 5g c r i t e r i o n  {no 

e l e v a t i o n  above threshold) showed the g r e a t e s t  m a gnitude 

of increase in peak force, while the animals trained with 

a 15g c r i t e r i o n  m a n i f e s t e d  s m a l l e r  but still substantial 

increases and the animals w i t h  a 25g c r i t e r i o n  showed the 

smallest change. This is in a g r e e m e n t  with the findings 

of N o t t e r m a n  and Mintz (1965) w h o  ran CRF ani m a l s  with 

2 . 5 g , 8g, and 16g criteria and found an inverse
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r e l a t i o n s h i p  be t w e e n  the degree of initial force ele v a t i o n 

in e x t i n c t i o n  and the peak force of r e s p o n d i n g  o b s e r v e d  

during training.

W i t h i n  the 5g groups the CRF a nimals showed the greatest 

reaction to the onset of ext i n c t i o n ,  p r o d u c i n g  forces 

above those of the other 5g g r o u p s  thr o u g h o u t  most of 

extinction, in m u c h  the same wa y  as they i n c r e a s e d  their 

rate. The g e n e r a l  p r i n c i p l e  that appears to be at work 

here is that wh e n  an a n i m a l ' s  r e sponses e x h i b i t  low levels 

with respect to a gi v e n  c h a r a c t e r i s t i c  (force or rate) 

du r i n g  tra i n i n g  there is a g r e a t e r  p r o b a b i l i t y  that the 

animal will m a i n t a i n  or even e x c e e d  those levels during 

e xt i n c t i o n .  Con v e r s e l y ,  r e s p o n s e  p r o p e r t i e s  that are at 

high levels during tr a i n i n g  will tend to s h o w  d e creases 

from the t r a i n i n g  levels wh e n  e x t i n c t i o n  is imposed. Part 

of this may be a sort of c e i l i n g  effect. W h e n  upper limits 

are a p p r o x i m a t e d ,  change, if any, is downward. There 

remains , however, the q u e s t i o n  of why forces should 

change at all. O b v i o u s l y  it is the d i s r u p t i o n  in the 

o ngoing b e h a v i o r a l  stream br o u g h t  about by the onset of 

e x t i n c t i o n  and the sudden d i s a p p e a r a n c e  of a p r e v i o u s l y  

o p e rating set of rules wh i c h  g o v e r n e d  the o r g a n i s m s  

int e r a c t i o n s  w i t h  the e n v i r o n m e n t .

These p h e n o m e n a  are all o b s e r v a b l e  during the initial
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stages of e x t i n c t i o n  and do not appear to be related to 

the length of the sch e d u l e  used d u r i n g  training, wi t h  the 

e x c e p t i o n  of the fact that true CRF (no VI, no e l e v a t e d  

force criterion) p r o d u c e s  a q u a n t u m  jump in the size of 

the force i n crease to be e x pected. But what of the changes 

that occur over the course of e x t e n d e d  e x t i m c t i o n .  All the 

animals e v e n t u a l l y  d ropped their forces d u r i n g  extinction. 

The finding of interest is that following the initial 

force increase brought about by the d i s r u p t i v e  effects of 

e x t i n c t i o n  onset, but p r i o r  to the ine v i t a b l e  long term 

d e g r a d a t i o n  in the response m a g n i t u d e  in the a bsence of 

any c o n t r o l l i n g  c o n t i n g e n c y  o t h e r  than the o r g a n i s m ' s  

built in m i n i m u m  effort tendencies, the force of response 

tended to m i m i c  the level that had been learned during 25 

days of c o n d i t i o n i n g .  F u r t h ermore, this t e n d e n c y  was 

s trongest in the animals that had the g r e a t e s t  amount of 

training as m e a s u r e d  by the overall number of responses 

e m m i t t e d  d u r i n g  the tra i n i n g  period, in this case those 

groups run under the longer VI schedules. This 

c o r r o b o r a t e s  the findings of S k i n n e r  (1938) that the 

decline of force in e x t i n c t i o n  is del a y e d  by pro l o n g e d  

t r a i n i n g .

Review of Q u e s t i o n s  Posed in Introduction

To summarize, the que s t i o n s  as k e d  and the c o n c l u s i o n s
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reached in the present study are as follows:

1} The effect of i n t e r mittent r e i n f o rcement upon the 

v a r i a b i l i t y  of p a r t i c u l a r  res p o n s e  c h a r a c t e r i s t i c s ,  

s p e c i f i c a l l y  peak force of response, was investigated. No 

r e l a t i o n s h i p  was ob s e r v e d  to exist between intermittancy 

of r e i n f o r c m e n t  and v a r i a b i l i t y  of response force at any 

of the three force levels utilized.

2) The effect of e x t i n c t i o n  upon p a r t i c u l a r  response 

c h a r a c t e r i s t i c s ,  s p e c i f i c a l l y  peak force of response, was 

investigated. Peak force of response was found to increase 

immediately following the on s e t  of e x t i n c t i o n  and then 

d ec r e a s e  g r a d u a l l y  over the course of ext i n c t i o n .

3) The r e l a t i o n s h i p  b etween the amount of training 

undergone by an animal and the changes in the p a r ticular 

response c h a r a c t e r s i t i c s ,  s p e c i f i c a l l y  peak force of 

response, in e x t i n c t i o n  was investigated. L a r g e r  amounts 

of training, as mea s u r e d  by the total number of responses 

emitted under the training contingency, were found to 

s u b s t a n t i a l l y  delay the ult i m a t e  dec r e a s e  in force during 

e x t i n c t i o n .

4) Th e  h y p o t h e s i s  that e x t i n c t i o n  responses have the same 

c h a r a c t e r i s t i c s  as the r e s ponses being e m i t t e d  during
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final training, while having gr e a t l y  reduced p r o b a b i l i t y  

of o c c u r e n c e  was proposed. The results of the present 

study tend to support this h y p o t h e s i s  with the caveat that 

the p h e n o m e n o n  is not p e r m a n e n t  and that over the course 

of e x t e n d e d  e x t i n c t i o n  var i o u s  influences ult i m a t e l y 

reduce the level of response force, much as response rate 

is reduced ea r l y  in e x t i nction.

One of the interesting asp e c t s  of the results of the 

present study is the c o r r o b o r a t i o n  of the finding in 

various ot h e r  studies ci t e d  that the i m p osition of 

ele v a t e d  force cr i t e r i a  results in the p r o d u c t i o n  of 

responses d i s t r i b u t i o n s  wh i c h  c learly d e m o n s t r a t e  the 

d i f f e r e n t i a t i o n  of high force responses. This last point, 

while s e e m i n g l y  trivial in light of the large amount of 

data a v a i l a b l e  to back it up, actually p r e s e n t s  some 

interesting questions. N o t t e r m a n  {1959) as k e d  the q u estion 

"do lawful r e lations exist bet w e e n  the E's ope r a t i o n s  and 

the intensive c h a r a c t e r i s t i c s  of S's r e sponse He

c o ncluded that the answer was yes, and str e s s e d  the 

s i g n i f i c a n c e  of the non rate ori e n t e d  co n c e p t  by stating: 

"That such lawfulness is p r e d i c a t e d  upon the response 

d i f f e r e n t i a t i o n  and not bar p r essing rate does not 

d i minish its pos s i b l e  importance."

But what may clearly appear to be lawful in one context
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m ay be r e vealed as very mu c h  random or as an a rtifact in 

another. Such was the case for results r eported in one 

study by Ch u n g  (1965) c h a l l e n g e d  in ano t h e r  by Mintz et 

al.(1976) w h e r e  changes in the sampling t e c h n i q u e  may have 

been r e s p o n s i b l e  for d i f f e r e n c e s  in the r e s p o n s e  rates 

observed. The p r o b l e m  lay in an inadequate d e f i n i t i o n  of 

d i f f e r e n t i a t i o n .

A p o t ential p r o b l e m  in our a b i l i t y  to u n d e r s t a n d  the 

p h e n o m e n o n  of response force d i f f e r e n t i a t i o n  lies in the 

fact that at least two se p a r a t e  behavioral p r i n c i p l e s  are 

in o p e r a t i o n  w h e n  one imposes a high force rein f o r c e m e n t  

criterion. First of all, the r e i n f o r c e m e n t  of high force 

responses will lead to the p r o d u c t i o n  of high force 

r e s ponses as d i c t a t e d  by the m o s t  basic b e h a v i o r a l  law, 

the law of reinforcement, an increase in f r e q u e n c y  of that 

w h i c h  is reinforced. Second, since there will be a number 

of r e s ponses w h i c h  do not me e t  the c r i t e r i o n  and thus are 

not reinforced, there will be a tendency for the response 

force to increase due to local e x t i n c t i o n  effects. Skinner 

(1938) a l l u d e d  to a similar s i tuation wh i c h  o c c u r s  when a 

c o m b i n e d  force level and rein f o r c e m e n t  s c h e d u l e  are 

imposed. He stated that "when responses above a critical 

value are p e r i o d i c a l l y  reinforced, many r e s ponses above 

that value g o  unreinforced. N evertheless, the me a n 

intensity of the responses q u i c k l y  rises and is m a i n t a i n e d
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at about the same level as w h e n  all r e s ponses above the 

value are reinforced." The d a t a  from the p r e s e n t  study 

c learly s h o w  that e levated force criteria alone or in 

c o m b i n a t i o n  wi t h  intermittant r e i n f o r c e m e n t  sch e d u l e s  

p roduce e l e v a t e d  response forces but they p r o v i d e  no clue 

to the relative c o n t r i b u t i o n s  of the two factors. The fact 

that the forces are not h i g h e r  w h e n  the s c h e d u l e s  are 

s u p e r i m p o s e d  up o n  the c r i t e r i o n  would seem to indicate 

that the e f f e c t s  of the two are not additive.

The finding of the p resent study that the v a r i a b i l i t y  of 

response peak force is no g r e a t e r  with int e r m i t t a n t 

r e i n f o r c e m e n t  schedules than w i t h  CRF can per h a p s  be 

partly e x p l a i n e d  by the p r e v i o u s l y  m e n t i o n e d  low 

inter-group variability, w i t h  r espect to peak response 

f o r c e ,be t w e e n  the groups run w i t h  d i fferent s c hedule 

lengths. If as p r e v i o u s l y  speculated, the v a r i a b i l i t y  of 

response force is d e t e r m i n e d  s u b s t a n t i a l l y  by the 

p s y c o p h y s i c a l  laws which relate it to the abs o l u t e 

m a g n i t u d e  of the force, then g r o u p s  emitting sim i l a r  force 

levels should show s imilar variability. This still leaves 

u na n s w e r e d  the q u e s t i o n  of wh a t  lies behind the invariance 

of response force under w i d e l y  d i ffering d e g r e e s  of 

i ntermittancy of reinforcement.

Perhaps the most interesting data resulting from the
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present st u d y  is that w h i c h  d e s c r i b e s  the s e q u e n c e  of 

c hanges in response force over the course of the 10 days 

of e x t i n c t i o n .  The initial rise in force was p r e d i c t e d  

based upon e a r l i e r  work by several inv e s t i g a t o r s  as was 

the u l t i m a t e  decline of force. The m a g n i t u d e  of the 

u pwards shift in response force a ppears to be related to a 

the forces being em m i t e d  just p r i o r  to the on s e t  of 

exti n c t i o n .  Essentially, a n i m a l s  which are e m i t t i n g  low 

force r e s p o n s e s  are likely to ex h i b i t  a large increase in 

force w h i l e  ani m a l s  e m i t t i n g  high force r e s p o n s e s  are 

likely to ex h i b i t  a sma l l e r  increase or e v e n  a decrease. 

This r e l a t i o n s h i p  may appear to be s i m p listic, but in 

a c t u a l i t y  the underlying p r i n c i p l e  may be subtle. Because 

the v a r i a b i l i t y  of force for ani m a l s  g e n e r a t i n g  low force 

re s ponses is small, a large upwards shift in force at the 

b e g inning of e x i t i n c t i o n  r e p r e s e n t s  the a p p e a r a n c e  of a 

large p o p u l a t i o n  of r e sponses w h i c h  are well above the pre 

e x t i n c t i o n  m e d i a n  peak force, and were being i n f r e quently  

emitted before the onset of e x t i nction. The s i t u a t i o n  may 

be rad i c a l l y  d i f f e r e n t  for a n i m a l s  whose pre e x t i n c t i o n  

c o n t i n g e n c y  required high force responses since the high 

forces we r e  a c c o m p a g n i e d  by g r e a t e r  v a r i ability. Thus many  

responses were being emitted w i t h  forces above the actual 

me d i a n  force level, and a shift in force fo l l o w i n g  the 

onset of e x t i n c t i o n  would not require the g e n e r a t i o n  of an 

e n t i r e l y  new s u b-class of responses. Further, the CRF
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animals on low force c r i t e r i a  were e x p e r i e n c i n g  very few 

u n r e i n f o r c e d  responses, and thus little local e x t i n c t i o n  

prior to the actual onset of c o m p l e t e  ext i n c t i o n ,  while 

the ani m a l s  wi t h  the e l e v a t e d  c r iteria did have some 

e x t i n c t i o n  e x p e rience. This wo u l d  tend to p r o d u c e  the 

o b s e r v e d  effects. The i m p o s i t i o n  of VI s c h e d u l e s  on top of 

the criteria, however, e l i m i n a t e s  this d i f f e r e n c e  to a 

very large degree, since all the VI a nimals e x p e r i e n c e d  

sub s t a n t i a l  local e x t i n c t i o n  d u r i n g  training, and yet 

s imilar e f f e c t s  are o b s e r v e d  for the VI and CRF groups.

It ap p e a r s  then that the i n fluence of the p r e v a i l i n g  

response force d i s t r i b u t i o n  as well as the a nimals 

c u m u l a t i v e  e x p e r i e n c e  w i t h  local e x t i n c t i o n  is not 

s u f f i c i e n t  to ex p l a i n  the o b s e r v e d  p h e n omenon. In the 

o p i n i o n  of the author, the o b s e r v e d  results are a 

c o m b i n a t i o n  of these two fa c t o r s  coupled w i t h  the least 

e ffort t e n d e n c y  m e n t i o n e d  e a r l i e r  in this paper. The 

a nimals a p p e a r  to be res p o n d i n g  to the force e l e v a t i n g  

ef f e c t s  of e x t i n c t i o n  w h i c h  are s u f f i c i e n t l y  strong to 

shift the response p o p u l a t i o n s  of animals m a k i n g  low force 

responses, but are not p o w e r f u l  e n o u g h  to o v e r c o m e  the 

limiting e f f e c t s  of the least effort law w h i c h  puts an 

inherent c e i l i n g  on response magnitude.

The gradual de c l i n e  in res p o n s e  force over e x t i n c t i o n  is



115

best u n d e r s t o o d  in terms of the beh a v i o r a l  ch a i n  analysis 

p r e s e n t e d  earlier, and in fact the e m p i r i c a l  data support 

this h y p o t h e s i s *  In essence, the response con c o m i t a n t  

feedback w h i c h  the animal e x p e r i e n c e s  during the course of 

making a re s p o n s e  can be thought of as b e c o m i n g  a 

s e condary rei n f o r c e r  after s u f f i c i e n t  training. If one 

breaks the re s p o n s e  into a series of finite elements, then 

the se q u e n c e  d iscrete r e s p o n s e - f o r c e  / feed b a c k - l e v e l  

couplets r e p r e s e n t  the c o m p o n e n t  of a b e h a v i o r a l  chain. 

When the p r i m a r y  r e i nforcer that has followed c o m p l e t i o n  

og the e n t i r e  chain from, res p o n s e  start to response 

end,is no longer forthcoming, the chain begins to break 

down from the end closest to reinforcement. It is the 

sus t a i n i n g  e f f e c t s  of the individual sec o n d a r y  

reinforcers, each of which c o n t i n u e s  to r e i n f o r c e  the 

response c o m p o n e n t s  p r e c e d i n g  it until the response 

com p o n e n t s  following it have disappeared, that mai n t a i n s  

the overall response force in extinction. What is 

fascinating is that while all this is happening, the 

response rate is dropping rapidly to operant level or 

lower. This r e d uction in rate p robably helps to m a intain 

the force levels by m i n i m i z i n g  the number of times the 

chain is i n itiated and not reinforced, and thus delaying 

its u l t i m a t e  breakdown, but it is u n d o u b t a b l y  the amount 

of training and thus the s t r e n g t h  of the sec o n d a r y  

re i n forcers w i t h i n  the response that is p r i m a r i l y
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T A B L E  1

N umber of animals per e x p e r imental gr o u p

S CHEDULE

C R I T E R I O N  CRF VI15 VI30 VI60

5 grams 5

15 grams 5

25 grams 4
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TABLE 2

Mean number of r e sponses emitted per animal 
for all nine e x p e r m i m e n t a l  groups for the 
final five days of c o n d i t i o n i n g .

S CHEDULE

C R I T E R I O N  CRF VI15 VI30

5 gr a m s  250 3188 7070

15 grams 397 5945 9449

25 grams 647 4617

V I 6 0

10299
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TABLE 3

Mean response rates in r e sponses per m i n u t e  for 
all nine e x p e r i m e n t a l  g r o u p s  for the five final 
days of conditioning.

S C HEDULE

C R I T E R I O N  CRF VI15 VI30

5 gr a m s  15.6 47.8 54.5

15 grams 24.9 89.6 74.6

25 grams 40.7 66.3

V I 60

40.7
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T A B L E  4

Mean response rates in responses per m i n u t e  shown 
by subject for all nine e x p e r i m e n t a l  gr o u p s  for 
the five final days of c o n d i t ioning.

C RI T E R I O N CRF

SCHEDULE 

V I 15 V I 30 VI60

5 grams

15 grams

25 grams

13.9
14.4
15.2 
15.7 
18.6

16.6
18.4
23.3 
32. 9
33.5

25.1 
36. 1
41.9
59 . 7

34.1
34.7
50.4
52.5
67.1

53.7 
125.4

57.8
74.8

10.3
26.7 
31.6
46.8
65.4

66 .1
83 . 1

27
30
42
43 
59
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TABLE 5

Mean se s s i o n  du r a t i o n  in m i n u t e s  for all nine 
e x p e r i m e n t a l  groups for the final five days 
of c o n d i t i o n i n g .

S C H E D U L E

C R I T E R I O N  CRF VI15 VI30

5 gr a m s  3.1 13.3 25.9

15 gr a m s  3.2 13.3 25.3

VI60

51 .5

25 grams 3.2 13.9
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T A B L E  6

Mean r e i n f o rcement rates in r e i n f o r c e m e n t s  per minute 
for all nine e x p e r i m e n t a l  groups for the five final 
days of cond i t i o n i n g .

SCHEDULE

C R I T E R I O N  CRF VI15 VI30 VI60

5 gr a m s  15.6 3.8 1.9 0.96

15 gr a m s  14.7 3.8 1.9

25 grams 14.9 3.6
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TA B L E  7

Mean rein f o r c e m e n t  rates in r e i n f o r c e m e n t s  per 
m i n u t e  shown by individual animals for the 
five final days of training.

C RI T E R I O N CRF

SCHEDULE 

V I 15 V I 30 V I 6 0

5 grams 13.5
13.9
14.9 
18.3 
19.2

2
4
6
7
8

1 . 8
1.8
1.9
1.9
2.0

0.95
0.96
0.96
0.97
0.97

15 grams 13.9 
14. 3
14.9 
15.2 
15.4

3
4

1.9
1.9

25 grams 13.1 
13 . 9
14.4 
18 . 1

3.3
3.7
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TABLE 8

M e a n  c r i t e r i o n  response rates in responses per minute, 
and p e r c e n t a g e  of total responses meeting c r i terion for 
all nine e x p e r imental groups for the five final days 
of c o n d i t i o n i n g

CRI T E R I O N CRF

S C HEDULE 

VI 15 VI 30 VI60

5 grams
RATE

PERCENT

15 . 6 

1 0 0.0%
47.8

1 0 0.0%
54.5

1 0 0.0%
40.7

100.0%

15 grams
RATE

P ERCENT

15.0 

60 . 2%

42.1

55.8%

46.8

62.7%

25 grams
RATE

PERCENT

16 .1 

39 .7%

27.4

41,2%
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TA B L E  9

M e d i a n  r esponse force and sta n d a r d  d e v i a t i o n  in grams 
for all nine e x p e r imental g r o u p s  for the final five days 
of cond i t i o n i n g .  Data are the m e a n  of the daily values 
for each subject.

C R I T E R I O N  CRF

FORCE 8.7
5 grams

S.D. 7.2

FORCE 19.8
15 grams

S.D. 10.9

FORCE 21.3
25 grams

S.D. 13.0

SCH E D U L E

V I 15 V I 30 V I 60

9.4 9.5 8.4

6.8 4.2 7.5

21.8 18.4

13.4 9.2

20.5

13.0
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TABLE 10

M e d i a n  peak force in gr a m s  for all nine e x p e r i m e n t a l  
groups for the final five days of t r a i n i n g  shown 
by animal.

CRI T E R I O N CRF

SC HEDULE  

V I 15 V I 3 0 V I 60

5 grams 6.7
8.5
8.5 
9.4

10.3

8
8
9
9

11

3
4
2
8
3

8 .1
8.7
8.8 

10.6 
11.4

7.1
7.4
7.7
8.8 

10.8

15 grams 14 , 3
15.2
21 .4
22 . 1
26.2

12
29

16.5
20.3

25 grains 18.6 
19. 1 
22.2
25.5

17.8
23 . 2
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TA B L E  II

S tandard d e v i a t i o n  of response force in grams shown by 
subject for all nine e x p e r i m e n t a l  groups for the five 
final days of training.

CR I T E R I O N CRF

SC HEDULE  

V I 15 V I 3 0 V I 6 0

5 grams 3.7
3.9
4.4
7.3 

16 . 7

4 ,
4
5 
7

11

0
9
7
8 
5

3
4 
4
4
5

4.8 
5.0 
5.4 
8.3 

14 . 1

15 grams 8 . 2 
8.2 

1 0 . 8  
12.2 
15.1

6.3
20,6

8.8 
9 . 5

25 grams 1 1 . 0
11.9
1 2 . 1
17.2

12.1
13.8
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TABLE 12

Weber ratios for all nine g r o u p s  for the five final days of 
c on d i t i o n i n g .  Ratios were c omputed by div i d i n g  the standard 
d ev i a t i o n  by the m e d i a n  peak force for each group.

C R I T E R I O N  CRF V I 15

SCHEDULE 

VI 30 V I 60 CRI T E R I O N  
MEAN

5 gr a m s  0.83 0.72 0 .44 0.89 0.72

15 grams 0.55 0.65 0.50 0.57

25 grams 0,61 0.63 0.62

SCHEDULE
MEAN

0.66 0.66 0. 50 0.89
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TABLE

Weber Ratios for individual 
e x p e r i m e n t a l  groups for the 
Ratios were computed by div 
de v i a t i o n  by the individual 
a n i m a l .

13

animals in a 
five final d 

iding the ind 
median peak

11 nine
ays of training, 
ividual standard 
force for each

S C HEDULE

C R I T E R I O N C R F V I 1 5 VI 30 V I 60

5 grams 0.38 0.48 0.38 0.46
0.44 0.50 0 .44 0.67
0.46 0.68 0.45 0.72
0.71 0.69 0.46 1 .08
1.78 1.25 0.49 1 .60

15 grams 0.38 0 .51 0.46
0.41 0.71 0 . 53
0.55
0 . 57
0.99

25 grams 0.43 0.59
0.54 0.68
0.62
0 .91
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TABLE 14

M edian response d u ration and 
all nine groups Cor the five 
M edians were computed as the 
day m e d i a n s  for each animal, 
the pooled total gr o u p  distr

SIQR in m i l l i s e c o n d s  for 
final days of c onditioning, 
mean of the p o o l e d  five 
SIQRs were c o m p u t e d  from 
but i o n .

C R I T E R I O N  CRF

DURATION 86
5 grams

S .I.Q.R 120

DURATION 170
15 grams

S. I . Q . R  130

DURATION 190
25 grams

S . I . Q . R  250

S C H E D U L E

V I 15 V I 30 VI60

36 54 48

40 60 70

90 95

120 110

85

210
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TABLE 15

Mean response d u r a t i o n s  in m i l l i s e c o n d s  shown by 
s ubject for all nine e x p e r i m e n t a l  groups for the 
five final days of training.

S C H E D U L E

C R I T E R I O N  CRF VI15 VI30 VI60

5 grams 40 30 30 20
70 30 40 30

100 30 50 50
100 40 60 70
120 50 70 70

15 grams 120 50
140 130
150 
210 
230

2 5 grams 7 0 8 0
130 90
200 
360
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TABLE 16

S e m i - I n t e r - Q u a r t i l e  range for response d u r a t i o n  in 
m i l l i s e c o n d s  shown by sub j e c t  for all nine expe r i m e n t a l  
groups for the five final days of training.

S C H E D U L E

CRI T E R I O N CRF V I 1 5 VI 30 V I 6

5 grams 36 20 22 22
113 24 24 25
166 36 76 45
173 53 89 145
270 59 210 167

15 grams 65 36 75
103 161 132
104 
188 

no data

25 grams 126
140
207
342

180
238
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TABLE 17

Mea n nu m b e r  of responses em i t t e d  by each animal over the 
entire course of e x t i n c t i o n  for all nine <~-xperimenta 1 
groups

SCH E D U L E

C R ITERION CRF VI15 VI3 0 VI60

5 gr ams 991 1488 1204 1233

15 grams 222 2047 2485

25 grams 421 1977
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TABLE 18

Total r e s ponses e mitted by each animal ove r 
the entire cou>"~" oC e x t i nction.

CRITERION CRF

SCH E D U L E

V I 15 V I 30

5 grams 397
509
536
554

2960

897
928

1452
1872
2289

375
852
972

1512
2308

15 grams 120
192
211
273
315

1264
2831

2228
2742

25 grams 230
431
506
519

1318
2677

VI60

600
688

1012
1440
2426
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TABLE 19

Median peak force during the final five days and the first 
and last five days of e x t i n c t i o n  for all nine groups. Data 
are the means of the da i l y  m e d i a n s  for all animals.

SCH E D U L E

C R I T E R I O N  PHASE CRF VI1 5 VI30 VI60

C O N D I T I O N I N G  8.7 9.4 9.5 8.4

5 grams EXT I N C T I O N  1-5 15.6 10.0 9.6 8.3

EX T I N C T I O N  5-10 11.9 10.7 10.7 9.1

C O N D I T I O N I N G  19.8 21.8 18.4

15 grams E X T I N C T I O N  1-5 17.6 16.4 19.5

E X T I N C T I O N  5-10 14.4 12.5 14.3

C O N D I T I O N I N G  21.3 20.5

25 gr ams E X T I N C T I O N  1-5 17.8 22.5

EXTINCTION 5-10 12.8 14.3
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TABLE 20

P e r centage of ext i n c t i o n  responses above the p r e viously 
imposed force c r i terion for all ele v a t e d  c r i t e r i o n  groups, 
shown by in dividual days. Final p e r f o r m a n c e  data are 
given in parentheses.

SCHED ULE
PREVIOUS EXT I N C T I O N

C R I T E R I O N DAY CRF V I 15 VI 30

15 Grams (FINAL P) 60.2% 55.8% 62.7%

1 65.4% 54.1% 71.7%
2 43.8% 48.5% 65.3%
3 66 .2% 46.5% 59 .9%
4 48.4% 42.2% 64.4%
5 34.0% 47 .1% 50 .8%
6 54.8% 40.3% 54.1%
7 49 .7% 37.3% 45.9%
8 47.9% 18.5% 47.5%
9 56 . 2% 28 . 5% 56 . 5%

10 56 .3% 45.1% 45.3%

25 Grams (FINAL PJ 39.7% 41.2%

1
2
3
4
5
6
7
8 
9

10

47.5% 
38 . 3% 
30.0% 
36.3% 
30.5% 
28.7% 
28 .4% 
33.3% 
33.5% 
28 . 1%

50 .2% 
40.8% 
46.7% 
41 . 1% 
47.4% 
31 .1% 
24.5% 
19.8% 
14.7% 
33.6%
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