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Introduction

In th e ir introduction to  Schedules of Reinforcem ent. F erster and 

Skinner (1957, p . 2) d is tin g u ish  betw een descrip tive  and th eo re tica l 

lines of a n a ly s is  in  the study of reinforcem ent sch ed u le s . The f ir s t  con­

siders the schedu le  perform ance as a dependent v a riab le . This lev e l of 

analysis focuses upon the m aintenance of s tab le  schedule  behavior in 

order to derive a p rec ise  descrip tion  of the performance typ ica lly  gen­

erated by each log ica l c la s s  of scheduling operation. F erste r and 

Skinner be lieve  th a t the more general theo re tica l a n a ly sis  is  to be a c ­

com plished by "a c lo se r  an a ly sis  of the ac tual con tingencies of re in ­

forcement prevailing  under any given schedule" (1957, p. 2). These 

writers are confident tha t th is  inquiry w ill "answ er the question of why 

a given schedu le  genera tes a given performance" (19 57, p . 2). A theo ­

retica l an a ly sis  is therefore concerned with an exam ination of specific  

controlling re la tio n s which underlie  schedule  perform ance.

In the fifteen  years which have e lapsed  since  the publication  of 

Schedules of Reinforcem ent, a substan tia l amount of research  has been 

directed toward a d esc rip tiv e  an a ly sis  of reinforcem ent sch ed u le s . As 

a re su lt the  rate  p a tte rn s , which are m aintained by the  various tim e and 

response defined sc h ed u le s , can be predicted with a re la tiv e ly  high de­

gree of accu racy . In no in s tan ce  is  th is  p red ic tab ility  more apparent 

than in the ca se  of the fix ed -ra tio  (reinforcem ent for every n ^ 1 response)
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schedu le . The fam iliar b reak-and-run  pattern of responding (a period of 

non-response following reinforcem ent is  term inated by an abrupt tran s i­

tion to a high and invariant rate  of response which p e rs is ts  un til the next 

reinforcem ent is delivered) is  an alm ost invariant consequence of the 

fixed-ratio  procedure. Although m ost research  has u tilized  a sim ple re ­

sponse c la ss  such as a key peck or lever p re s s , sim ilar rate  patterns 

have been dem onstrated when more complex operants are m aintained on 

fixed-ratio  schedu les. Ferster (1960) m aintained a tw o-hue matching - 

to-sam ple  problem on moderate value fixed -ra tio  sch ed u les . The over­

a ll ra te  pattern  was typ ical of that which would be expected of a simple 

key peck. The birds were e ither pausing or responding a t high term inal 

ra te s . Similar data  have been observed by M intz, Mourer and Stein 

(1968).

The break-and-run  pattern  is  not, however, the invariant conse­

quence of fixed -ra tio  reinforcem ent. When the w ith in-cycle  d istribution 

of response m easures, other than sim ple ra te , are exam ined, a different 

picture of fixed-ratio  control may emerge. The zero delay m atching-to- 

sam ple procedure employed by M intz, Mourer and Weinberg (19 66) may 

be taken as a case  in point. U tilizing a d isc re te - tr ia ls  procedure, 

these  authors m aintained a tw o-hue matching on a FR-9 schedule of re ­

inforcem ent. Pigeons were used as su b jec ts . Responses to the side key 

of matching hue advanced the ratio  by one count and in itia ted  a 350 msec
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delay  before the onset of the next tr ia l. Responses to the side  key of 

contrasting hue delayed the s ta r t of the next tria l by 6 .0  seconds.

Examination of rate  m easures, whether based  on sing le  responses 

or the tw o-response  sequence which constitu ted  the match attem pt, re ­

vealed the usua l b reak-and-run  pattern ch arac te ris tic  of FR perform ance. 

By con trast, the probability  tha t a center key response would be followed 

by a response to  the side key of matching hue was found to increase  

system atica lly  across the sequence of unreinforced correct m atches 

which constitu ted  the ra tio . Matching accuracy  averaged 79.0% in the 

firs t cycle  position  and increased  system atica lly  to an  average term inal 

value of 97.0% .

Thus we see  that m easures of performance beyond simple occur­

rence have perm itted the em ergence of a response pattern  which would 

not have been an tic ipa ted  from simple rate  m easu res. It is  important to 

em phasize once more tha t th is  gradient of accuracy  -  more rem iniscent 

of fixed in terval (FI) than FR control -  is  observed in conjunction with 

the more typ ica l FR rate  pattern .

A sim ilar pattern  of matching accuracy has a lso  been observed 

by Nevin, Cumming and Berryman (19 63). Their procedure differed 

from that of Mintz e t a l. (19 66) only in tha t the problem involved s i ­

multaneous th ree-hue matching and required a short sequence of re ­

sponses (FR-5) rather than a sing le  response to produce the matching
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stim uli. After in itia l CRF tra in ing , in  which overall accuracy exceeded 

95%, each of the three anim als were exposed to fixed -ra tio  va lues of 

th ree , s ix , and ten . Accuracy, which was reduced to chance leve ls  

imm ediately following reinforcem ent, increased  system atica lly  as the 

ratio  was counted out. Terminal accu racy  a t a ll FR values c lo se ly  ap­

proximated CRF le v e ls . At completion of the FR-10, a ll anim als were 

exposed to a VR-3 contingency. When responding was m aintained on 

th is  schedu le , the probability  of a correct match was not dep ressed  

following reinforcem ent but m aintained a uniformly high level of a c ­

curacy throughout the cy c le . This suggests that the discrim inative 

a sp ec ts  of the schedule may exert substan tia l influence over w ith in - 

cycle responding in  the mature perform ance.

These general findings were subsequently  confirmed by Stein 

(19 68), whose procedure was a d irec t rep lication  of the zero delay  

matching employed by M intz, e t a l . , and by Zeiler (1968), who em­

ployed a three-hue sim ultaneous d iscrim ination m aintained a t fixed- 

ratio  values from 50 to  150. Both of these  investigato rs report the 

charac te ristic  b reak-and-run  fixed-ratio  ra te  pa ttern .

Notterman and Mintz (19 65) report sim ilar findings when re ­

sponse force is  reinforced on an FR schedu le . W ithin the c la s s  of 

re sp o n se s , a su b -c la ss  was defined in terms of the em ission of a 

fixed minimum effort (time in tegral of force). Force em issions which
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fe ll short of the criterion were w ithout e ffec t. Examination of w ith in- 

cycle  response  patterns revealed  th a t the re la tiv e  frequency of responses 

m eeting the criterion  was dep ressed  following reinforcem ent and increased  

p rogressively  over the course of the unreinforced response  sequence.

At the time Notterman and Mintz had to en terta in  the p o ss ib ility  that 

the ir su b jec ts  were sim ply responding in the more vigorous fash ion  char­

a c te r is tic  of ex tinction , with the in crease  in frequency of responses 

meeting the criterion  being m erely co inc iden ta l. In consideration  of 

the findings of Mintz e t a l. (19 66) and Nevin e t a l .  (1963), it  may be 

more reasonab le  to  forego an explanation b ased  upon extinction  and 

in terpret th is  data as reflecting  a more accura te  d iscrim ination  of the 

effort criterion as reinforcem ent is  approached.

Taken as a whole, th is  da ta  serve to dem onstrate the absence  

of a pandemic response  pattern  which is  the  invarian t consequence of 

fix ed -ra tio  reinforcem ent. Depending upon w hat a sp ec t of the data  is 

exam ined, ava ilab le  research  leaves us with two very d ifferent p ictu res 

of the pattern  of fixed -ra tio  contro l. F irst, the sim ple ra te  data  are 

rem in iscen t of a threshold  phenomenon in which the tran sition  from mini­

mum to  maximum schedule  control is  com pleted in  the course of the firs t 

few re sp o n se s . On the other hand, the accuracy  data  is  suggestive  of 

a generaliza tion  gradient of reinforcem ent p robability  in which schedule

control in c reases  p rogressively  with each response  becoming asym ptotic 

only in  c lo se  proximity to  reinforcem ent.



In con trast to the FR s itu a tio n , Ferster (1960) has shown that 

when m atching to sam ple is  m aintained on a F I-10 schedu le , the accu ra­

cy data were found to be largely  c o n s is te n t with sim ple rate  data  taken 

during FI m atching. F erster computed accu racy  m easures over progres­

sive  quarters of the in terval and found th a t w ith the exception of an in ­

c o n s is ten t f irs t quarter, there  is  a sy stem atic  in crease  in accuracy  

across the final three quarters of the in te rv a l. We now see  that the 

d is tin c tiv e  ra te  p a tte rn s , which are ch a rac te ris tic  of both FR and FI 

schedu les of reinforcem ent, rem ain true to type when d iscrim inations 

are m aintained on these  sc h ed u le s . N otw ithstanding the difference be­

tw een the ra tio  and in terval sc h ed u le s , both seem  to produce sim ilar 

pa tterns of behavior when re la tiv e  ra te  (accuracy) data is  exam ined.

In both c a se s  the  accuracy  data  is  found to be suggestive  of data  typ i­

ca lly  occurring when a sim ple lever p ress  or key peck is  reinforced on 

a FI schedu le . There is  no a priori reason  to  expect a reinforcem ent 

schedule  to exert the same pattern of control over a ll po ss ib le  response 

m easu res. However, the observation  th a t fixed -ra tio  and fixed -in te rval 

schedu les behave differently  in th is  regard may re flec t fundam ental d if­

ferences betw een the stim ulus control exerted  by each schedu le .

Although the e ffec ts  of a wide range of schedule  param eters have 

been determ ined for ra te  of re sp o n se , very l i t t le  research  is  availab le
i

concerning varia tions in the quality  or accu racy  of performance produced
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by th ese  param eters. The data  which has ju s t  been review ed suggests 

th a t an exam ination of w ith in -cycle  d istribu tions of both response  fre­

quency and accu racy  under various reinforcem ent con tingencies might 

provide data  usefu l in  the exp lication  of exact m echanism s of schedule 

co n tro l.

The observation  tha t different response pa ttern s may be main­

ta ined  by the same schedule  of reinforcem ent delivery  can be res ta ted  

in  term s of d ifferen tia l stim ulus control of rate and accu racy . At one 

lev e l of a n a ly s is , i t  may be suffic ien t to  say  th a t both se ts  of con­

tro lling  stim uli and thus both behavioral pa tterns are the  consequence 

of the sp e c ific  reinforcem ent contingency. However, i t  would a lso  be 

d esirab le  to re la te  momentary response  probability  to  the  im m ediately 

an teceden t stim ulus conditions and thus account more d irec tly  for the 

w ith in -cyc le  response  pattern . This may be charac terized  a s  an attem pt 

to  generate  a cau sa l an a ly sis  (cf Z eigler, 1964) of the  schedu le  perform­

ance by iso la tin g  an teceden t stim ulus conditions which can be shown to 

be n ecessa ry  and su ffic ien t for control of the  perform ance in question .

This type of a n a ly s is  becomes a problem in  the  ty p ica l free op­

eran t procedure because  momentary changes in the  stim ulus conditions 

confronting the  organism  are not norm ally under the experim enters' con­

tro l. Controlling re la tio n s , other than reinforcem ent, are ty p ica lly  in ­

ferred from perform ance rather than experim entally  dem onstrated . This
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is  understandable inasm uch as the continuous response  sequences 

generated  by free operant procedures a ll but preclude an an a ly sis  of 

the stim ulus conditions controlling individual re sp o n se s . A reso lu tion  

of th is  problem may be approached through the u se  of a d isc re te - tr ia ls  

procedure in which the stim ulus situa tion  a t each opportunity to respond 

is  specified  in advance. This methodology perm its at le a s t  p a rtia l con­

trol of the stim ulus complex im m ediately an teceden t to the em ission  of 

each  individual resp o n se .

The use  of a d is c re te - tr ia ls  procedure in the study of rein force­

ment schedu les ra ise s  two im portant problems; both of which are d irec t 

re su lts  of the period of enforced non-response  which is  norm ally imposed 

betw een tr ia ls . F irs t, th e  ab sen ce  of true in terresponse  tim es precludes 

use of the response  ra te  m easures which are custom ary for free respond­

ing . The tim e betw een occurrence m easure is  n e ce ssa rily  tran sla ted  into 

a la tency  m easure: Time from onse t of a tria l to re sp o n se . When a d is ­

crim inated operant (e .g . N evin, 1967) is  em ployed, accuracy  (re la tively  

frequency) or probability  data  can a lso  be u tiliz e d , but th is  data  may not 

exac tly  rep lica te  the  inform ation provided by trad itiona l ra te -o f-re sp o n se  

m easures.

The lo ss  of sim ple ra te  da ta  may no t, how ever, be a com pletely 

negative turn of ev en ts . It has been suggested  elsew here (Notterman & 

M intz, 19 65; Blough, 1965; Ray & Sidman, 1971) tha t the exclusive
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re liance  on ra te  of response as a dependent variable  may p lace  lim ita­

tions upon the theore tical generality  of operant resea rch . U tilizing re ­

sponse force a s  a dependent variab le , Notterman and Mintz (1965) 

p resen t a se ries  of experim ents which suggest that for a wide range of 

independent v a riab le s , "the dim ensional ch arac te ris tic s  of the response 

may be no le s s  fundamental to  the dynamic law s of the operant than rate  

of response" (p. 3). One of the log ical consequences of th is  ra ther ex ­

ten sive  se ries  of experim ents is  the im plication that regard less of the 

regularity  or p red ic tab ility  of sim ple ra te  d a ta , "there are fundam ental 

theo re tica l and experim ental is s u e s , bearing on schedules of reinforce­

m ent, th a t demand more information than is  provided by 'tim e-betw een- 

occurrence1 m easu res."  (Notterman & M intz, 19 65, p. 3)

Blough (1965) is  c ritica l of the unrestric ted  u se  of ra te  in gen­

e ra liza tion  resea rch . Blough points out that the overall rate  is  e s s e n ­

tia lly  a "conglom erate" compounded of severa l subsid iary  ra te s  (See 

a lso  Blough, 19 63), each largely  under the control of different stim uli 

( i .e .  previous response occurrence, stim ulus o nse t, e tc .) .  The ab ­

sence  of a sim ple unitary response  m easure, which can be properly 

quantified , is  seen as retarding the developm ent of research  in the 

area of stim ulus generaliza tion .

This general argument is  extended by Ray and Sidman (1970), 

who concern them selves with pointing up the d istinc tion  betw een 

using reinforcem ent to m aintain rate  of response  in the p resence of a



given stim ulus, and the problem of estab lish in g  and m aintaining con­

trolling stim u lu s-resp o n se  re la tio n s . It is  their contention tha t although 

"response rate  has proven invaluable  for a sse ss in g  the effects of the 

response-reinforcem ent con tingency , ra te  is  not particu larly  su ited  . . .  

to an investiga tion  of the s tim u lu s-resp o n se  contingency" (p. 190).

G ranted the b asic  im portance of occurrence or non-occurrence 

of the re sp o n se , the above work su g g ests  th a t the lo ss  of sim ple ra te  

data  may be a perfectly  accep tab le  price to pay for the add itional con­

tro l over response  which is  provided by a d isc re te - tr ia ls  m ethodology.

The second problem ra ised  by the d isc re te - tr ia ls  procedure is  

perhaps the more c r it ic a l. The research  to be p resen ted  here w ill a t­

tem pt -  in part -  to explore the determ inants of f ix ed -ra tio  perform ance. 

The focus of in te re s t is  not only upon schedu les programmed with fixed 

tr ia ls .  It is hoped th a t any p rovisional sta tem ents concerning control 

in a d isc re te - tr ia ls  schedule  would a lso  be generalizab le  to free operant 

procedures. Here then is  the e sse n c e  of the problem . The very e x is t­

ence of a repeating response  pattern  im plies some degree of w ith in -cyc le  

sequen tia l dependency which a c ts  to modify the character of subsequent 

responding. It m ust be assum ed th a t th e  stim ulus environm ent provided 

by the an teceden t response  (and /o r tim e-co rre la ted  stimuli) constitu te

an important part of schedu le  contro l.

If th ese  dependencies are  destroyed through the introduction of

extended in te rresponse  tim es, then  the e sse n tia l charac te r (pattern of
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control) of the schedule would undergo gross m odification, even though 

the  formal properties of the reinforcem ent ru le were m aintained. Re­

search  reported by Nevin (1967) may be taken  a s  a  c a se  in point. This 

inv estig a to r reinforced sim ultaneous d iscrim inations after a fixed num­

ber of tr ia ls  or after a fixed number of co rrect resp o n ses (FR-5). The 

maximum duration of each  tria l was fixed a t two seco n d s . If a response  

did not occur w ithin th is  in te rv a l, the tr ia l w as term inated. All tr ia ls  

were follow ed by a s ix -seco n d  in te rtria l in te rv a l. The fixed-trial 

procedure may therefore be considered analogous to a fixed-in terval 

schedu le  with lim ited hold. (Nevin, 19 67, p . 252) Examination of 

the w ith in -cy c le  response  p robab ilities rev ea ls  two important poin ts: 

a) both scheduling procedures contro lled  id en tica l response  p a tte rn s , 

and b) the  common response pattern  was not suggestive  of either FR or 

FI scheduling^-.

The research  previously review ed su g g ests  th a t a regular (and 

presum ably d iscrim inable) schedule  of reinforcem ent delivery may ex­

ert su b s tan tia l control over the pattern  of w ith in -cy c le  accuracy . Both 

f ix ed -ra tio  and fixed -in te rval schedu les can be described  in terms of a 

repeating  sequen tia l d iscrim ination in which an SA period is term inated

1. These re su lts  are c o n sis ten t with d a ta  obtained in  p ilot work for the 
p resen t experim ent. In tertria l in te rv a ls  of ten  seconds were found 
to d isrup t FR perform ance. Ratios larger than five could not be re li­
ab ly  m aintained , and m easures of w ith in -cy c le  responding did not 
su g g est the em ergence of fix ed -ra tio  contro l.
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afte r a fixed tim e, or fixed number of resp o n ses; the subsequent con­

d ition  is  then term inated with reinforcem ent de livery . If th is  point of 

view  can be extended beyond the descrip tive  le v e l, the w ith in -cycle  

accuracy  patterns m aintained by both schedu les might be understood as 

a jo in t product of two independent sources of stim ulus control; the d is ­

crim inative regu la rities of reinforcem ent delivery  and the ex teroceptive 

d iscrim ination .

An investiga tion  of th is proposition can proceed in the same man­

ner as the a sse ssm e n t of any in stan ce  of stim ulus contro l. If a stim ulus 

dim ension which controls a performance is  changed in va lu e , then the 

behavior w ill change. Thus, if  the w ith in -cycle  accuracy  pattern  is  

controlled by the regu la rities  of reinforcem ent delivery , changes in the 

d istribu tion  of reinforcem ent (re time or responses) should produce a 

concom itant m odification of the response  pa ttern . This procedure there ­

fore makes a d is tin c tio n  betw een control by reinforcem ent per s e , and 

control by the sp ec ific  regu la rities  (temporal or otherw ise) with which 

reinforcem ent is  made av a ilab le . The in fluence of the exterocep tive  

d iscrim ination  can be approached in  the sam e general manner.

The p resen t investiga tion  co n stitu tes  an ex tension  and a s y s ­

tem atic  rep lica tion  of those previous investiga tions which have examined 

w ith in -cycle  patterns of response  accuracy . Sim ultaneous brigh tness 

d iscrim inations are m aintained on FI and FR schedu les of reinforcem ent.
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W ithin-cycle  e ffec ts  on both schedules were examined as a function of 

both the difficulty  of the discrim ination (S-/S+ disparity) and the regu­

la rity  of the m aintaining schedule .
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Method

Subjects

The sub jec ts  were e igh t male Charles Rivers C aesarian  derived 

ra ts . The anim als were 80-100 days old a t the time of arrival a t the 

laboratory . The anim als were housed in individual cages and main­

tained ad libitum  on both food and w ater for a period of three w eeks. 

Food co n sis ted  of Purina Rat M ash. During the final week of th is 

period, each anim al was handled daily  for a period of approxim ately 

15-20 m inutes. At the end of the three w eeks, the anim als were 

placed on a 23-hour food deprivation schedu le . W ater was continu­

ously  av a ilab le . Handling was continued for a ll anim als on a lterna te  

days until the s ta r t of the experim ental p rocedures.

Apparatus

The experim ental environm ents were two d u a l-lev e r ra t cham­

bers m anufactured by Scientific  Prototype Mfg. Co. The 25- x  30- x 

20-cm  chambers were enclosed  in sound attenuating boxes provided 

with forced a ir ven tila tion  and sound masking provided by a G rason 

S tadler Model 901B Noise G enerator.

The two levers were mounted in the wall a t one end of the te s t  

chamber with the top su rfaces 4 .4  cm above the grid floor. The por­

tion of the levers w ithin the cage was 7 .5  cm wide and extended 1.9

cm from the cage w all. A d isp lacem ent of approxim ately 0. 6 cm and
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and a force of 0 .08  to 0 .12  N was required to e ffect c losure of the nor­

m ally open con tacts of the m icrosw itches. The in sid e  edges of the two 

levers were 7 .8  cm apart. A 1 .9 -  x  4 .4 -  x  3 .6 -cm  b rass food cup was 

centered betw een the two levers with its  top surface a t the sam e e lev a ­

tion a s  the top surface of the lev e rs .

Each chamber contained two stim ulus d isp lay s . As viewed from 

the in s id e , each  d isp lay  appeared as an opaque white c irc le , 2 .5  cm 

in d iam eter, mounted flush  with the w all and centered 10.0 cm above 

the top surface of each lever. Each stim ulus source co n sis ted  of a 

sm all tw o-channel mirror type tach is to sco p e . Each channel could 

be independently  illum inated by a G .E . 24-vo lt, 6 A tungsten  filam ent 

bulb. One channel was fitted  with s lid e  ho lders. Kodak No. 9 6 

W ratten neu tra l density  f i lte rs , mounted in Agfa 5- x  5-cm g la ss  s lid e  

m ounts, could be in serted  to  a ttenua te  channel in te n s ity . This arrange­

ment provided an S- stim ulus whose in tensity  could be system atica lly  

m anipulated re la tiv e  to the  fixed value S+ stim ulus provided by the s e c ­

ond channel.

The in ten sity  of a ll  four stim uli (S+ and S- for both the right and 

left d isp lays) were m easured w ith a M acbeth Illum inom eter.

In terval schedu les were instrum ented by allowing a s ix -seco n d  

recycling tim er to advance a stepper a t the end of each  time period.

The duration of each  cy c le , w hether fixed or v a riab le , was some mul­

tip le  of six  seco n d s . The in terval schedules were programmed with an

15



unlim ited hold. When the in terval had been timed ou t, the timer was 

autom atically  stopped un til a reinforced response occurred. Pro­

gramming the ratio  schedu les differed only in that a predeterm ined 

c la ss  of response advanced the stepper.

Procedure

All conditioning se ss io n s  were conducted with the sub jec ts  

23 hours food deprived. Forty-five mg Noyes ra t pe lle ts  were used 

for reinforcem ent. Training se ss io n s  were conducted six  days a week 

with each animal being run a t approxim ately the same time of day. 

Individual training se ss io n s  were continued until the anim al had co l­

lec ted  65 reinforcem ents. W ater was continuously availab le  in the 

cham bers.

Following two w eeks of the deprivation regim e, training was 

in itia ted  by placing a sm all amount of Purina Rat Mash in the food 

cup and introducing the food-deprived animal into the te s t  environ­

ment. One S+ stim ulus was illum inated, and the S- channel of the 

opposite d isp lay  was illum inated . A response on the lever immedi­

a te ly  under the S+ stim ulus (S+ response) resu lted  in the autom atic 

delivery of one 45 mg food p e lle t, while a response on the lever 

imm ediately under the unillum inated d isp lay  (S- response) was not 

reinforced. S+ responses were followed by a 0 .3 5 0 -second in te r­

tria l in te rval, while S- responses were followed by a 0 .600 -second

in tertria l in te rval. During in te rtria l in tervals the stim ulus lamps
16



were not illum inated and a ll resp o n ses re s ta rted  the operating tim er, 

postponing the s ta r t of the next tr ia l and insuring a minimum period 

of non-response  betw een each tr ia l. The term ination of the in te rtria l 

in te rval s ta rted  a new tr ia l. The position  (right or left) of the positive  

stim ulus (S+) was se lec ted  a t random for each tr ia l, with each position  

having a 0 .50  probability . All anim als were allow ed to acquire the 

lev e r-p re ss  response  without further in tervention by the experim enter.

W hen informal observation made i t  apparent th a t the average 

la ten cy  from the onse t of a new tria l to response  had fa llen  below  one 

seco n d , the in te rtria l in terval following an S- response was sh ifted  

from 0 .6  to  6 .0  seconds. All anim als were run on the following pro­

cedure: Continuous reinforcem ent (CRF) for responses to the bar a s s o ­

c ia ted  w ith S+. This was continued six  days a week until the overall

consecu tive  d a y s . When the CRF criterion  had been sa tis f ie d , the 

anim als were moved into the f irs t experim ental condition. The overall 

experim ental design  is  sum m arized in Table 1. Following CRF, one 

h a lf of the anim als (Rats 18, 21, 14 and 15) were p laced  on a 54- 

second fixed -in te rval schedule (FI-54) of reinforcem ent with the firs t

S+ response occurring after 54 seconds producing reinforcem ent.

R esponses occuring during the in terval had e ffect only in in i­

tia ting  appropriate time o u ts. In tertria l in terval durations and the 

fixed  in terval durations were tim ed independently . Therefore, if the

was 0 .85  or be tter for five
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TAB LE,  I 
S e q u e n c e  Of  Experimental  Conditions

GroGro GroupA upB Gro upC u pD

s-/s+ = 0

s-/s+=0
F R >  0 
s-/s+= 0

VR-IO
Changes

Schedule
Regularity

VI- 5 4  
Changes

s+, s-  
Disparity

FI- 5 4  
Changes

Disparity

FR - 10 
Changes

S - / S + = 0

Tra in ing a n d

N ote.- S tim ulus conditions are s ta te d  in terms of relative intensity of S - 
sfimulus. A "o" ratio indicates an unilluminated S- display.
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F I-54 were to term inate during an in tertria l in te rval, th is condition would 

override, and reinforcem ent would become availab le  a fte r the end of the 

in te rtria l in te rval.

The second group of four anim als (Rats 23, 30, 31 and 32) were 

placed on a FR schedule with only S+ responses advancing the  ratio  

count. Every tenth correct response was reinforced. The va lues of the 

in te rtria l in terval for both groups of anim als (0.350 seconds for S+ re­

sponses and 6, 0 seconds for S- responses) were the same as those in 

the CRF condition.

Following exposure to the b asic  FR and FI sch ed u le s , each 

group was again divided into two subgroups. In the firs t su b se t,

(Table 1, Groups A & C), S+, S- d isparity  was m anipulated by progres­

sive ly  increasing  the  brightness of the S -. In the second su b se t,

(Table 1, Groups B & D), the defining param eters of the schedu le  were 

m anipulated by changing the amount of time (interval schedu les) or 

number of responses (ratio schedules) required before reinforcem ent 

was av a ilab le . The procedure provided a se rie s  of fixed and variable 

schedules with the same mean value in which severa l ranges of varia­

tion were explored.

Changes in S -, S+ d isparity . The e ffects of d iscrim ination

difficulty  upon performance in both fixed ratio  and fixed in te rva l were

investigated  by moving each anim al through four add itional lev e ls  of

S+, S- d isparity  specified  in terms of the re la tive  in te n s ity  of the S-

19



stim ulus. The m easured b righ tness of the S+ and S- stim uli in each  d is ­

crim inative condition have been  shown in Table 2. The ind icated  values 

represen t the means of tw enty  separa te  m easurem ents of each stim u lu s.

After data  had been taken a t the fina l leve l of brightness d isp a r­

ity , both FR and FI anim als were returned to  CRF with a S-/S+ ra tio  of 

zero . Training was continued until 85% of a ll responses were to the S+. 

When th is criterion  had been m aintained for three consecutive d a y s , the 

two anim als previously  m aintained on a FR were placed on a FI-54 sched ­

ule and the FI anim als w ere sh ifted  to  a FR of 10.

Changes in schedu le  regu larity . The regularity  of reinforcem ent 

av a ilab ility  was a lso  varied  independently  in  both in terval and ra tio  

sch ed u les . This procedure involved phasing the FR-10 into a VR-10 and 

the F I-54 in to  a VI-54 by increasing  the v a riab ility  about a constan t 

mean ra tio  or in terval in th ree  predeterm ined s te p s . W ithin e ither type 

of variab le  schedu le , d ifferen t ranges of va riab ility  around the mean 

value were em ployed. These ranges were 3 , 9 , or 19 responses for the 

VR sch ed u les , and a like  number of s ix -se co n d  periods for the VI sch ed ­

u le s . Thus, for the le a s t  variab le  VR-10, reinforcem ent occurred a fte r 

e ither 9, 10, or 11 co rrect re sp o n se s , while on the most variable  VR-10, 

from 1 to 19 correct re sp o n se s  might be required for reinforcem ent. On 

the most variab le  VI-54 sc h ed u le s , from 1 to 19 s ix -second  periods 

might e lapse  before reinforcem ent e lig ib ility  was e s tab lish ed . W ith a ll

of the variab le  sc h ed u le s , equal probability  of reinforcem ent was m ain-
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T A B L E  2

Discr iminat ion Ratios

Discrimination
Condi t i ons0

Brightness ( c a n d J t / m 2)

R a t i o  Animal I n t e r v a l  Animal

S + S - S^ /  S + S+ S- S- / S +

1 4 6 . 0 0 . 0 . 0 0 51.0 0 . 0 . 0 0

2 47 .3 1.7 . 0 4 51 .5 2 . 0 . 0 4

3 4 2 . 5 7 . 2 .17 57. 8 8 . 8 . 1 5

4 4 4 . 5 15.0 . 3 3 47.2 1 3 . 3 . 2 8

5 41 .5 2 6 . 8 . 6 4 4 5 . 5 2 8 . 0 .61

a
In order of presentation;
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ta ined  acro ss the range of va ria tion . Table 3 shows the schem e of these  

schedu les along with the  percentage of reinforcem ent which becam e 

availab le  a t a ll schedu le  lo ca tio n s . For convenience of schedu le  sp e ­

c ifica tio n , each schedu le  is  iden tified  by the average dev ia tion  (AD) of 

programmed reinforcem ents re la tiv e  to  e ither time or re sp o n se s .

The criterion  for stab le  performance in a ll experim ental condi­

tions was as follow s: F irs t, a minimum number of train ing days were 

required . Beyond the specified  minimum, perform ance was considered 

s tab le  when there was no identifiab leg  trend in the percen t of S+ re ­

sp o n se s . When FI schedu les were em ployed, a sim ilar criterion  for 

s ta b ility  was imposed on the mean number of resp o n ses in each FI 

cy c le . When both c rite ria  had been sa tis f ie d , perform ance was con­

sidered  s tab le  and final data was taken  over a period of five additional 

d ay s . In a ll  experim ental cond itions, the f irs t 15 cy c les  occurring on 

each  of the five days w as dropped from the data a n a ly s is . The to ta l 

data  sam ple was therefore 250 c y c le s , 50 cy c les  per day for five days.

The minimum number of training days required for each experi­

m ental condition, along with the ac tu a l number of train ing  days for each 

condition, is  shown in Table 4 for anim als for which the d iscrim inative

2. The procedure involved v isu a l in spection  of the data  ra ther than s ta ­
t is t ic a l  com parison w ith a predeterm ined c rite rio n . If the sign of 
the difference betw een a 5 -day  moving average and the da ily  percent 
correct appeared to be randomly d istribu ted  over the final s ix  days, 
then the data  was accep ted  as s ta b le .
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T A B L E  3 
S p e c i f i c a t i o n  Of  Variable Schedules

Nm 6 Sec.  
Time Period

P e r c e n t a g e  o f  R e i n f o r c e m e n t s

Th i r d  
Vari able 
Schedule

S e c o n d
Variable
Schedule

F i x e d
Schedules Variable

ScheduleResponse

3 3 . 3
3 3 . 4
3 3 . 3

100

A v e r a g e  D e v i a t i o n

in Responses 0 . 6 7 2 . 2 4 . 7

in Seconds 0 4 . 0 13.2 28.2
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condition w as varied , and in  Table 5 for those  anim als sub jec ted  to 

changes in schedu le  variab ility .

Data an a ly sis  of the in terval schedu les included  m easures of 

performance in each su ccess iv e  s ix -seco n d  segm ent of the in te rv a l. 

A nalysis of the  ra tio  schedules was based  upon su c c e ss iv e  positions 

in  the  response  sequence. The firs t ra tio  p o sitio n , for exam ple, in ­

c ludes data from a ll  m easured behavior occurring from the previous re ­

inforcem ent up to and including the f irs t S+ re sp o n se . Sim ilarly, the 

second  position  includes a ll  m easurem ents taken  a fte r the term ination 

of the  f irs t S+ response  up to and including the  second S+ resp o n se .

Data was taken separa te ly  for each response  on a Presin p rin t­

ing counter. The following data was obtained under a ll  experim ental 

co n d itio n s .

Cumulative Response Latency. The time betw een the 

term ination of any time out and the re sp o n se . The data  is 

cum ulative for a ll-responses (S+ or S-) over the complete 

cy c le . The in itia l la tency  of each cycle is  m easured from 

the term ination of the 350 m sec which follow ed reinforcem ent, 

the reinforced response n e ce ssa rily  being an S+ resp o n se .

Response Iden tifica tion . The iden tifica tion  of the 

resp o n se  a s  having been on the lever a sso c ia te d  with the S+ 

or the  S - .
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TABLS 4

Days of Tra in ing  for  Animals Exposed to Changes in S+,  S-

Dispari ty

Schedule

Condition

Descrimi- 
no tion  
R a ti o 

S- /S +

Number  o f  T r a i n i n g Days

Minimum
Required

A C T U A  L

R at 18° R a t 21° R at 2 3b R at 3 0 b

C RF . 0 0 0 None 1 5 1 8 2 2 1 7

FI - F R . 0 0 0 2 0 3 0 3 6 3 2 2 7

F t -  FR . 0 6 0 1 0 1 6 1 4 1 6 1 5

FI - F R . 1 6 0 1 0 1 7 1 6 1 9 1 9

FI - FR .31 0 1 0 1 9 1 8 1 5 1 7

FI - FR . 6 2 5 1 0 1 1 1 0 I 2 1 4

C R F . 0 0 0 5 5 1 0 1 2 1 8

FR- FI . 0 0 0 2 0 2  6 1 8 3 1 2 4

a
F i x e d  interval Animals.

b
F ix e d  R a t i o  Animals .
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T A B  L E  5

Days of Training for  Animals Exposed to Changes 
in Schedule Regularity

S c h e d u l e
Number Of T r a i n  ing D ays

C o n d i t i o n Required
A c t u a l

Rat 14° Rat 15 a Rat  3 l b Rat 3 2 b

CRF None 2 6 2 8 16 1 7

FI-  FR 2 0 2 8 2 5 2 0 2 9

Fi r s t  V ar iab le
15 1 9 0 0 O A 1 8Schedu le w  £

Second Variable 
S c h e d u le 15 I 7 1 5 1 7 2 3

Third  Variable 
S c h e d u l e 1 5 2 2 2 1 2 1 1 6

FI - FR 1 5 2 1 2 0 2 2 1 4

N o te . -  s-/s+ = o for a l l  data. 

a Interval Animals. 

b Ratio Animals.

26



Response P osition . In FR, the iden tifica tion  of the 

se ria l position  of the response within the se rie s  of unreinforced 

resp o n ses which constitu te  the ra tio . In FI, the  iden tifica tion  

of the  response  as occurring w ithin any g iven  s ix -se co n d  part 

of the  in te rv a l.

Reinforcem ent. The iden tification  of a response  as 

having been reinforced or not.
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R esu lts

The Ratio Schedules

Baseline Performance (Rats 23, 30, 31 and 32)

The cum ulative median la tency  of the ten  resp o n ses3 which 

constitu te  the ratio  are shown in Figure 1. The curves are median 

represen tations of the 250 individual fixed -ra tio  cy c le s , which were 

derived from the final five days of in itia l FR train ing . The medians 

were plotted as a function of schedule "time in " , in which zero time 

started  a t the end of the 0 .350 -second  time out which followed the 

preceding reinforced response . In th is condition, S-/S+  was zero , 

indicating maximum stim ulus d isparity .

For three of the four anim als (Rats 23, 31 and 32), the in itia l 

response latency was of short duration. This was followed by the

3. These curves re flec t only correct re sp o n ses . Error (S-) la tenc ies 
were deleted to preserve a uniform 10-step  ra tio . It is impor­
tan t to note tha t inclusion  of the sm all population of S- la ten c ies  
would not produce no ticeab le  changes in the plotted m edians.

28



Figure 1. The cum ulative median latency  for each of the  ten S+ 

responses which constitu te  the  fixed ra tio . The curves e ffectively  

provide a median cumulative response record expressed  as a single 

fixed -ra tio  cy c le . S-/S+ = 0, and AD = 0 for a ll four an im als.
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longest median latency which occurred betw een the firs t and second re ­

sp o n ses . For Rat 30, the firs t and longest response la tenc ies were 

coinciden t. Starting with the second resp o n se , however, a ll four sub­

je c ts  showed rapid transition  to a re la tiv e ly  high ra te . The final eight 

responses were completed in from 7,0  to 11,0 seconds.

W ith in-cycle  accuracy for progressive thirds of the ratio  was 

shown in Fig. 2 for the four anim als exposed to the  ratio  contingency.

Here the proportion (  S+ .responses t correct (S+) responding was
V All responses J

plotted as a function of th irds of the ra tio . The sam ple was again  250 

cycles for each sub jec t. The firs t data point ( Cycle Positions 1 to 3) 

for each anim al was therefore derived from a population of 750 correct 

responses plus the sum of a ll error responses which occurred prior to 

the third correct resp o n se . The in itia l sh ift from CRF (S-/S+ = 0) to 

the f irs t FR schedule (S-/S+ = 0) produced a sm all (about 10%) overall 

accuracy  decrem ent for a ll  four su b je c ts . For three of the four an im als, 

there was a lso  a sm all but regular accuracy decrem ent across progres­

sive thirds of the ra tio . This decline in accuracy  was not large in ab­

solu te  term s, but i t  was s ta tis tic a lly  re liab le  beyond the .0 1  level of 

confidence .4 For Rat 23, there were no iden tifiab le  w ith in -cycle  

changes.

----------------------------------------------------------- s - \ / £ -----------------------------------------4. Chi square one sam ple tes t; df = 2, = 1 2 .9 , 43 .6  and 50.3
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Figure 2. Percentage of S+ response  a s  a function of progressive 

thirds of the fixed ra tio . Overall proportion of S+ response  under the 

CRF condition is  shown on the le f t . S-/S+ = 0 for a ll  d a ta .
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Although the expected w ith in -cycle  accuracy pattern  was not

observed, a substan tia l relation betw een accuracy of the firs t response

of a cycle and the latency  of that response  was evident. The re la tive

frequency of S+ responses /  — -----  Jfor the population of firs t responses
\ S + ,  S - )

after reinforcem ent has been shown in  Figure 3 as a function of the  time 

since  the previous reinforced resp o n se . Correct and error frequencies 

were summed over a ll 250 cy c les , and percent correct figures were de­

rived from these  to ta ls . The re la tive  frequency of post-reinforcem ent 

pauses term inated by an S+ response was an increasing , negatively  

accelera ting  function of latency.

For three of the four anim als (Rats 23, 30 and 32), the in itia l 

18 seconds after reinforcem ent were a sso c ia ted  with an accuracy decre­

ment which reduced the percentage of S+ responding substan tia lly  below 

the level m aintained under CRF. At longer la te n c ie s , the situation  has 

reversed  its e lf . Not only has CRF accuracy  been exceeded , but for 

the three anim als under consideration , there was no S- responding at 

a ll .  It is  evident th a t the exclusive S+ responding observed at la te n ­

c ie s  in excess of 3 6 seconds was based  upon a very sm all sam ple. In 

point of fac t, th is response c la ss  contained somewhat fewer than 30 

occurrences^ for a ll three an im als. However, th is does not appear to 

be due to chance: The temporal properties of the schedules have

5. For Rat 23, n = 23; Rat 30, n = 12; Rat 32, n = 6 .
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Figure 3. Proportion of f irs t responses occurring to the S+ as a 

function of la tency . The data  are for the FR-10, with S-/S+  = 0. 

Proportion of to ta l responses occurring to the S+ during CRF is  

shown as a single unconnected point a t the le ft.
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exerted suffic ien t control over S+ responding to permit the appearance 

of accuracy  leve ls  substan tia lly  g rea ter than those  observed under CRF. 

The data for Rat 31 are in  only partia l conformity with th is trend . The 

inverted U function suggests maximum accuracy  a t a temporal location 

which is  coincident with in itia tion  of the uninterrupted response  s e ­

quence (cf. Figure 1).

Changes in  D iscrim ination Ratio (Rats 23 and 30)

Changes in the overall percentage of S+ responding which were 

induced by the several va lues of S - , S+ d isparity  were shown in 

Table 6 . A system atic  decrease  in  accuracy was apparent for both 

an im als. These changes in overall accuracy were no t, however, accom ­

panied by m odification of the w ith in-cycle  accuracy pattern (Figure 4). 

The functions d isp laced  uniformly downward and were w ithout d is tin c t 

w ith in -cycle  changes. As in Figure 2, there was a tendency toward 

lowered accuracy  in  the final portions of the cycle . In six  of the ten 

functions shown, the percentage of S+ responding was greater in the 

firs t third of the cycle  than in the la s t ,  but the differences were typ i­

cally  quite sm all. Sharply articu la ted  accuracy  of f irs t response func­

tions (Figure 5) of the type observed in the b asic  ratio  schedules were 

m aintained, even though changes in the S-/S+ ratio  reduced overall 

accuracy to near chance lev e ls . D ifferential effects re la ted  to changes 

in discrim ination ratio  appeared primarily for the shorter la te n c ie s ,
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TABLE 6

Proportion of Totol FR Responses Mode to the 

Lever Associoted with the S+ os a Funclion o f  

Disc r im ina t ion  Ratio

S - / S *
P e r c e n t  S+ Response

R a t  2 3 Rat  3 0

oa .89 .95

. 0 4 .83 .7 9

. 1 7 .83 . 7 0

. 3 3 .73 . 5 8

. 6 4 .6 2 . 4 9

Indicates u n i l lu m in a te d  S-disploy.
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Figure 4. Proportion of to ta l resp o n ses to the S+ as a function of 

su c ce ss iv e  thirds of the FR-10 for a ll five values of S -/S + . Data 

for the final ra tio  position  is  shown as a d isconnected  point a t the 

righ t.
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I

Figure 5. Proportion of to ta l firs t responses to the  lever a sso c ia ted  

with the S+ as a function of la ten cy . The data  are  for the FR-10 

schedule  a t a ll five values of S -/S + . Vacant data  points (for exam ple, 

Rat 30, S-/S+ = .64) ind icate  an absence  of responding a t that temporal 

loca tion .
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while la ten c ies  in ex cess  of 36 seconds were corre la ted  with alm ost 

perfect accuracy  a t a ll but the g re a te s t S -/S +  v a lu e s . Of cou rse , th ese  

populations of long la tency  resp o n ses were quite sm all, com prising an 

average of 8 occurrences per S -/S+  value for Rat 30, and 20 occurrences 

per S -/S+  value for Rat 23. However, the re liab ly  accura te  behavior 

with long latency  w as c learly  d is tin c t from shorter la tency  responding. 

Post-reinforcem ent pause duration showed no system atic  re la tionsh ip  to 

the discrim ination ra tio . This population of median la ten c ies  has been 

summarized in Table 7. In a ll c a s e s ,  the m edians were derived d irec t­

ly from the to ta l population of la te n c ie s .

Changes in Schedule V ariability (Rats 31 and 32)

The overall percentage of S+ responding m aintained by the se v ­

eral leve ls  of ratio  schedule  v a riab ility  was shown in  Table 8 . Rat 31 

showed a sligh t tendency toward reduced accu racy  with increased  sch ed ­

ule variab ility . Each in crease  in  AD w as accom panied by a uniform 2% 

decrease  in accuracy . The data  for Rat 32 showed accu racy  changes 

as large as 5% betw een experim ental cond itions, bu t there was no d is ­

cern ib le  re la tionsh ip  betw een schedu le  v a riab ility  and accuracy . It is  

ev iden t that ra tio  schedu le  varia tion  did not exert meaningful control 

over percent of S+ responding.

The median f irs t response  la tency  (post-reinforcem ent pause) 

ch arac te ris tic  of each  fix ed - and v a riab le -ra tio  perform ance was shown
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T A B L E  7

Median FR Postrienforcement Pause as a Function of Discrimination

Ratio

s -  / s +

Median Post reinforcement 
P a u se  (Seconds)

R a t  2 3 R a t  3 0

.0 ° 1 . 5 4  . 0

. 0 4 3 . 5 1 . 5

. 1 7 21 . 5 2 . 5

. 3 3 2 0  . 0 1 . 5

. 6 4 4 . 0 1 . 5

a
Indicates an Unilluminated S -  

Display.
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TABLE 8

Proportion of Total Responses to The Lever Associated 

With the S+ os a Function of Ratio Schedule Deviotion

A verage

Deviation

P e r c e n t  S+Response

R e t  31 R a t  3 2

o a . 8 3 . 8 4

. 6 7 .81 .8 8

2 . 2 0 . 7 9 .89

4  . 7 0 . 7  7 . 8 4

Note .-  S - / S +  = o f o r  all da ta ,  
a

Fixed ratio.
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in Table 9 . It is  c lea r th a t changes in  AD acted  to modify the uniformly 

short pau ses only a t the schedu le  of g rea te s t v a riab ility . The sm all 

d ifferences betw een the fixed -ra tio  (AD = 0) figures and analogous data  

from Figure 1 resu lted  from the inclusion  of S- responding in the tab led  

m ed ians.

In Figure 6 , the re la tiv e  frequency of S+ response  was shown as 

a function of cycle  position  for the three variable sch ed u les . The b asic  

fix ed -ra tio  (AD = 0) accuracy  data  w as reproduced for com parison. The 

cycle  position  makes reference to  a ll responding made to advance the 

ra tio  a sing le  s te p . For exam ple, the third cycle  position  would include 

the third correct response  plus any error responding intervening betw een 

the second and third correct re sp o n se . Each panel in  Figure 6 re flec ts  

the combined performance for five days under th a t particu lar experim en­

ta l condition. Percent of S+ responding / — —  lw as derived from
\ S + ,  S- )

to ta l freq u en c ie s . It should be noted that the number of observations 

system atica lly  decreased  acro ss cycle  positions for the variab le  sch ed ­

u le s . For each schedule  250 observations were involved for Position 1 

of the ra tio . The sm alles t sam ple w as 12 for the final position of the 

ra tio  of g rea te s t va riab ility  (Position 19, VR-10, AD = 4 . 7) .  The N for 

a ll  positions of each schedule  may be derived with reference to Table 3.

The sm all decline in percentage of S+ responses as the ra tio  was

counted out has been previously  no ted . The data for Rat 31 were som e­

what le s s  c le a r-c u t than th a t for Rat 32, but the general e ffect was
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T A B L E  9

Median Postreinforcement Pause as a Function of 
Average Deviation of the  Ra t i o  Schedule

Average
Median Postreinforcement 

Pause (Seconds)

Deviation R at  31 Rat 3 2

a
0 2 .0 1 . 5

.67 2 . 0 1 . 5

2 . 2 0 2 . 0 1 . 5

4  . 7 0 1 . 0 0  . 5

a
Fixed Ratio.
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Figure 6 . Proportion of to ta l responses to the S+ as a function of 

ratio  cycle  position  for the fixed value schedule as w ell a s the three 

VR sch ed u le s . S-/S+ = 0 for a ll d a ta .
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co n sis ten t with previous FR accuracy patterns (Figure 2). For the three 

variable ratio  schedu les , Rat 31 continued to show a sligh t tendency for 

the curve to fa ll off as the ratio  was counted out, while the curves for 

Rat 32 remained e sse n tia lly  fla t throughout.

The accuracy  of responding which term inated the p o st­

reinforcem ent pause has been shown as a function of la tency  in 

Figure 7. This figure reproduced the in itia l FR data (Figure 3) along 

with the data for the three variable ratio  schedu les. For Rat 32, the 

accuracy functions firs t observed in the basic  FR data did not exhibit 

system atic  m odification as AD was increased . The inverted U -shaped 

curve obtained in the FR condition for Rat 31 appeared to have under­

gone progressive m odification toward the typ ical increasing  negatively  

accelerating  function produced by the schedule of in term ediate va ria ­

b ility  (AD = 2.2) .  For both an im als , the reduced number of data  points 

for the schedule of g rea tes t variab ility  (AD = 4 . 7 )  reflec ted  the reduced 

PRP duration previously noted in Table 9 . After exposure to the schedule 

of g rea tes t va riab ility , Rats 31 and 32 were returned to the basic  FR 

schedule . This redeterm ination produced data which were in a ll major 

respec ts  iden tica l to that observed in itia lly .

In summary. Changes in d iscrim ination ratio  and schedule varia­

b ility  have not produced substan tive  changes in the d istribu tion  of 

w ith in-cycle  S+ responding. In both cases the data are wholly predictable

from an exam ination of the b asic  FR (S-/S+ = 0, AD = 0) response pattern .

50



Figure 7. The proportion of to ta l first responses to the lever a sso c ia ted  

with the S+ is  shown as a function of la tency  for the FR-10 (AD = 0) as 

w ell as for the three VR sch ed u les . Vacant data points ind icate  an 

absence of responding a t that temporal loca tion . S-/S+ = 0 for a ll d a ta .
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Strong schedule control over lo ca l accu racy  w as , however, shown 

in the  rela tion  betw een the  latency  and accuracy  of the firs t resp o n se .

At tem poral locations remote from the preceding reinforcem ent, schedule 

control was strong enough to m aintain accuracy  a t  lev e ls  above CRF 

v a lu e s . This strong tem poral control w as not d isrup ted  by changes in 

schedule  variab ility  or -  more im portantly -  changes in the d iscrim ina­

tion ra tio .

The Interval Schedules

B aseline Performance {Rats 14, 15, 18 and 21)

The pattern  of responding produced by the FI schedule has been 

shown in Figure 8. These data rep resen t the  final five days ' perform­

ance  under th is condition during which a to ta l of 250 FI cycles were 

observed for each anim al. The curves show the percen tage of to ta l re ­

sponses occurring in each su c ce ss iv e  s ix -se co n d  segm ent of the 54- 

second in te rval. There was considerab le  s im ila rity  in the general 

shape of the curves for a ll  four su b je c ts . Three of the four exhibited 

re la tiv e ly  high response  percen tages w ith in  the f irs t  s ix  seconds; in 

the  most extreme ca se  (Rat 14), 17.5 percen t of a ll  responses occurred 

during th is period. After th is in itia l "burst" of responding , the percent­

age of responses for a ll  sub jec ts d ecreased  sharply  in the subsequent 

s ix -seco n d  period and then increased  sy s tem atica lly  across the in te r­

v a l. Between 2 6 .0  percent (Rat 14) and 35.0  percen t (Rat 18) of a ll
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Figure 8. Percentage of to ta l responses (S+ and S-) occurring in 

each s ix -se co n d  segm ent of the fixed -in te rval sch ed u le . The curves 

e ffec tive ly  provide an average response  record expressed  as a single 

fixed -in te rval cy c le . Responses which occurred during reinforcem ent 

av a ilab ility  are shown as unconnected points on the righ t. S -/S+  = 0 

for a ll d a ta .
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responding occurred in the six  seconds prior to reinforcem ent e lig ib ility . 

Inasmuch as the duration of th is  period was dependent upon the latency  

of the f irs t S+ resp o n se , data for the period of reinforcem ent e lig ib ility  

(in excess of 54 seconds) has been shown as an unconnected point on 

the right. All other points were p lotted for periods of equal duration.

The likelihood tha t a g iven response would be to the lever a s s o ­

c ia ted  with the S+ stim ulus was found to vary system atica lly  with time 

of occurrence w ithin the 54-second fixed in terval. The percentage of 

S+ responding occurring in each third of the basic  FI schedule has been 

shown in Figure 9 . Accuracy during the period of reinforcem ent e lig i­

b ility  was shown as an unconnected point on the  right. The data 

dem onstrated a system atic  increase  in re la tive  frequency of S+ re ­

sponding across su c c e ss iv e  th irds of the in te rval. The sligh t rever­

sa l which occurred in  the final third of the in terval for Rat 15 does 

not substan tia lly  con trad ic t the general pattern . When compared 

with CRF accuracy  le v e ls , it was evident that th is schedule-induced  

gradient resu lted  prim arily from a sharp reduction in  accuracy in ap­

proximately the f irs t 18 seconds of the in terval. Accuracy levels 

a tta ined  after 3 6 seconds were equal to or sligh tly  exceeded those 

a ttained  during CRF.

The likelihood that the f irs t response of the FI cycle w ill be 

to  the S+ has been shown as a function of la tency  in Figure 10. These

data for the population of f irs t responses w ere, in most important
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Figure 9. Proportion of to ta l responses to the lever a sso c ia ted  with 

the S+ as a function of su ccess iv e  th irds of the fixed in te rva l. Data 

from periods of reinforcem ent availab ility  are shown as unconnected 

points on the righ t. The proportion of to ta l S+ responses occurring 

during CRF training is  shown as an open c irc le  a t  the le ft. S -/S+  = 0 

for a ll d a ta .
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Figure 10. Proportion of to ta l firs t responses to  the lever a sso c ia ted  

w ith the S+ as a function of la tency . The data  are  for the fixed - 

in te rva l schedu le  with S -/S+  = 0. Data from the CRF condition is  

shown as an unconnected point on the le f t .

59



PE
RC

EN
T 

OF
 

S+
 

RE
SP

O
N

SE
 

PE
RC

EN
T 

OF
 

S+
 

R
ES

PO
N

SE
R A T - | 8 R A T - 2

IOC.

CRF90 CRF

80

60

50.

40

30

100. RAT- 14 RAT-

90..
CRF

60

30.

0 - 17.9 3 6 -5 3 .9 54+ 0-17.9 18-35.9 36-53.9 54 +

LATENCY (Seconds) LATENCY (Seconds)

60



re s p e c ts , qu ite  sim ilar to those  gradients based  upon to tal responding . 

Unlike the g rad ien ts based  upon to ta l responding, f i r s t  response  la te n ­

c ie s  above 3 6 seconds have supported accuracy le v e ls  w hich are r e l i­

ably in  e x c e ss  of CRF v a lu e s . This was e s se n tia lly  the sam e schedule  

enhancem ent of CRF accuracy  observed in th e  basic  fix ed -ra tio  sched ­

u les (Figure 3).

The frequency data from which these  first resp o n se  accuracy  

functions were derived  are shown in  Figure 11. The percentage d is ­

tribution  of the  250 la ten c ies  (S+ and S-) which term inated th e  in terval 

pause dem onstrated  the tendency for the f ix ed -in te rv a l schedu le  to 

divide the d is tribu tion  of f irs t responses in to  two d is tin c t la tency  popu­

la tio n s . The f i r s t ,  a population of short la ten c ies  peaking in  the in itia l 

two seconds of the in te rv a l, was a sso c ia ted  with accuracy  leve ls  which 

c lo se ly  approached chance va lues. The second peaked from 6 to 18 s e c ­

onds prior to the  period of reinforcem ent av a ilab ility  and w as a sso c ia ted  

with very high resp o n se  accuracy.

Changes in D iscrim ination Ratio (Rats 18 and 21)

Changes in the  overall percentage of S+ responding which were 

induced by the sev era l va lues of S - , S+ d isparity  w ere show n in 

Table 10. Frequency data  were summed over the com plete sam ple of 250 

c y c le s , and the re la tiv e  frequency of S+ responding derived from th ese  

to ta ls . W ith the  exception  of a sing le  reversa l in the  data for Rat 21,
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Figure 11. Percentage of to ta l f i r s t  responses d istribu ted  as a function 

of latency for the four fix ed -in te rv a l an im als. S -/S +  = 0 for a ll d a ta .
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T A B L E  10 

Proportion of Total F ixed  Interval Responses to the Lever 

Associated With the S+ as a Func t ' on of Discrimination Ratio

s- /s+
(Ft.Candles)

P e rce n t  S+ Response

Rat 18 R a t  21

0 ° . 9 0 . 8 5

. 0 4 . 8 5 . 7 9

. 15 . 7 5 . 8 2

. 2 8 . 6 9 .6 6
.61 . 5 6 . 52

indicates Unilluminated S- Display.
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(S-/S+ = .1 5 ), the data showed a system atic  reduction in  proportion of 

S+ responding as the discrim ination ratio  was in c reased .

The w ith in -cycle  accuracy  changes which resu lted  from reduced 

S -, S+ d isparity  (Figure 12) seem  to be independent of tem poral location 

within the in te rv a l. As the d isparity  became sm aller, there  was a sy s ­

tem atic and re la tive ly  uniform downward displacem ent of the error g rad i­

en ts . The w ith in -cycle  changes continued to be c o n s is ten t with the 

tendency toward more accura te  discrim ination la te r  in  the cy c le . This 

d isp lacem ent was le s s  pronounced in the case  of Rat 18, but i ts  regu­

larity  for both anim als was apparent. It should be noted that the single 

exception to th is  param etric d isplacem ent of the accuracy  gradient oc­

curred at the third value of the discrim ination ra tio , (S-/S+ = .15) for 

Rat 21. This d iscrepancy  re flec ts  the higher overall percentage of S+ 

responding previously  noted in Table 10. The data  po in ts a sso c ia ted  

with responses occurring after 54 seconds have been shown as uncon­

nected points to the righ t. The overall percent of S+ responding during 

CRF was shown as a sing le  d isconnected  point (labeled  CRF) a t the upper 

left of each panel.

The d isp lacem ent of the accuracy gradients can be more readily  

conceptualized  by reference to Figure 13. Here the lo ca l accuracy 

which prevailed in each third of the in terval has been plotted  as a func­

tion of the overall percent correct controlled by the various values of

the d iscrim ination ra tio . The data for Rat 18 were rep resen ta tive  of the
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Figure 12. Proportion of to ta l responses to the S+ a s  a 

su c ce ss iv e  18-second portions of the  fixed in terval for 

of the  discrim ination ra tio . Data for the CRF condition 

unconnected point a t the le f t . AD = 0 for a ll  d a ta .

function of 

a ll five va lues 

is  shown a s  an
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Figure 13. Proportion of responses to  the S+ in each  third of the fixed 

in terval is  shown a s  a function of the overall accu racy  m aintained by 

the five  va lues of the  discrim ination ratio . Data a re  for Rat 18 only.
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data  for both an im als. The approxim ately linear re la tionsh ip  betw een 

local accuracy and overall accuracy  was apparent for a ll  three functions. 

In what might otherw ise be considered a random or uncontrolled perform­

an ce , the regularity  of the " f irs t third" data  was of particu lar in te res t.

The re la tive  slopes of the functions ind ica te  th a t the ra te  of accuracy 

change in the f irs t third of the interval was only sligh tly  le ss  than that 

occurring in  the final two th irds of the in te rval.

W ithin the lim its of the present experim ent, the  data demon­

stra te  a general independence between the slope of the w ith in-cycle  

accuracy function , and the overall level of accuracy . Local accuracy 

w ithin each third of the in terval was uniformly reduced , while accuracy 

d ifferences betw een temporal thirds of the in terval were m aintained w ith­

out regard to S-/S+ value.

Changes in Schedule Variability (Rats 14 and 15)

Response ra te  data resu lting  from changes in the variab ility  

(average deviation  -  AD) of the in terval schedu les has been shown in 

Figure 14 for Rat 14, and in Figure 15 for Rat 15. The curves show the 

mean number of responses (S+ and S-). which occurred in su ccess iv e  

six -seco n d  portions of each in terval cy c le . Total responding was aver­

aged over a sample of time periods whose number progressively  decreased  

through tha t portion of the in terval in which probability  of reinforcem ent 

w as grea ter than zero . Responses occurring within any time in terval in
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Figure 14. Mean number of responses occurring in su c ce ss iv e  s ix -  

second portions of both the fixed and variable in terval schedu les. 

Responses which occurred during periods of reinforcem ent availab ility  

have been d e le ted . The data  are  for Rat 14 only. S-/S+  = 0 for a ll  d a ta .
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Figure 15. Mean number of responses occurring in su ccess iv e  s ix -  

second portions of both the fixed and variable  in terval schedu les. 

R esponses which occurred during periods of reinforcem ent availab ility  

have been de le ted . The data are for Rat 15 only. S-/S+ = 0 for a ll  da ta .
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w hich reinforcem ent was availab le  have been dropped from the data 

shown in th e s e  figu res. This was done b ecau se  reinforcem ent n e c e ssa r­

ily term inated  the in terval a t  the time of the reinforced  re sp o n se . For 

both anim als we s e e , in the zero variance  condition (FI), the occurrence 

of th e  same scallop  pattern p reviously  noted in  Figure 8 . At locations 

below  54 seconds, changes in  AD have produced only minor d isto rtions 

in th e  previously  e s tab lish ed  sca llop .

The schedule  of g rea tes t v a riab ility  for Rat 14 w as the only in ­

s ta n c e  in w hich the scallop  pattern d id  not ap p ear. There was some 

tendency for the more variant schedu les to engender higher mean v a lu es. 

This was particu la rly  apparent in the data for Rat 15. At tem poral loca­

tio n s beyond 54 seconds, the  data d isp layed  two d ifferent response 

p a tte rn s . For Rat 15, mean responses peaked a t approxim ately the 36th 

seco n d , and then showed a tendency to  decline  as the in terval was 

tim ed out. This w as consisten t with the final schedule  for Rat 14, but 

not with the less  variab le  schedu les for the sam e anim al, in which te r­

m inal rates were m aintained to reinforcem ent.

The overall percentage of S+ responding m aintained by the sev -

T M e .e ra l levels of schedule variab ility  w ere shown in 11. Data for

both anim als concurred in dem onstrating th a t accuracy  is  not controlled 

by changes in  the AD of the schedu le .

The w ith in -cycle  accuracy  functions generated  by the various

in te rv a l schedu les were shown in Figure 16. Taken a s  a w hole, the
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T A B L E  I I

Proportion of Totol Responses to the  Lever Associated With the

S+ as  a  Function of Schedule Deviation for  the Interval
Schedules

Average
Deviation

Percent S+ Response

R a t  14 R a t  15

a
0 .77 . 8 4

4 . 0 .78 . 8 3

1 3 .2 .7 7 . 8 6

2 8 . 2 -72 • 00 ro

a Fi xed  intervol
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Figure 16. Proportion of to ta l responses to the lever a sso c ia ted  with 

the S+ as a function of su c ce ss iv e  18-second portions of both the 

fixed and variable  in terval sch ed u les . Responses which occurred 

during periods of reinforcem ent av a ilab ility  have been d e le ted . Data 

are shown separa tely  for Rat 15 (upper panel) and Rat 14 (lower panel). 

S-/S+ = 0 for a ll  d a ta .
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m ost notable a sp ec t of th is data  was the apparent in se n s itiv ity  of the 

accuracy d istribu tions to changes in the tem poral d istribution  of rein ­

forcement av a ilab ility . For Rat 15, the  advent of the le a s t  variab le  

schedule (AD = 4 .0) resu lted  in a sligh t flattening of the gradient, 

brought about primarily by an increase  in S+ responding in the in itia l 

third of the cycle . Further in creases  in  schedule variab ility  did not 

produce further m odification of th is general shaped function. In the 

ca se  of Rat 14, the only change was a sligh t flattening of the gradient 

a t the most variable  schedule (AD = 2 8 .8 ). The VI schedules of the 

presen t study showed many ra te -o f-re sp o n se  features ch arac te ris tic  

of fixed in te rval. The p e rs is ten ce  of the  FI scallop  probably re la tes 

to the w e ll-e stab lish ed  FI performance that preceded changes to the 

VI con tingencies. The discrim ination data  should be evaluated  with 

resp ec t to th is persistence  of FI-like perform ance.

Subsequent to the th ree  VT sch ed u le s , Rats 14 and 15 were 

returned to FI-54 seconds under conditions iden tica l to their in itia l 

exposure to  that contingency. Although th is recovery procedure pro­

duced response ra te s  which were higher than those  observed on the 

f irs t exposure, the d istribu tion  of responses within the cycle and the 

probability of S+ responding were alm ost id en tica l under both conditions.

Both FR and FI schedules were found to control a system atic  in­

c rease  in f irs t response accuracy  as a function of la tency . In contrast

with the FR, the in terval performance was characterized  by w ith in-cycle
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accuracy  grad ien ts which were alm ost p o in t-fo r-p o in t rep lica tions of 

the f irs t response  d a ta . Both accuracy  g rad ien ts resu lted  primarily from 

a reduction  in lo ca l accu racy  in the early  portions of the in te rva l.

The a rticu la tion  of the accuracy g rad ien ts w as not su b stan tia lly  

affected  by m anipulation of the d iscrim ination  in d ex . Accuracy was re ­

duced uniformly in  each third of the in te rv a l. M anipulation of the aver­

age dev iation  of the in te rv a l was w ithout su b s ta n tia l e ffec t.

Recovery Data

After the  phase of the experim ent concerned with brightness d is ­

crim ination w as com pleted, Rats 18, 21, 23 and 30 were again  exposed 

to CRF (see Table 1). Subsequently , the  FR anim als (Rats 23 and 30) 

were p laced  on a FI and the FI anim als (Rats 18 and 21) were placed on 

FR.

W ith in -cycle  changes in the re la tiv e  frequency of response to 

the S+ has been shown in  Figure 17 for a l l  four an im als . Although the 

in fluence of the previous schedule was suggested  for both FI (left panel) 

and FR (right panel) sch ed u le s , the p a tte rn s  d istingu ish ing  ratio  and in ­

terval sch ed u les  were apparen t. A s lig h t g rad ien t rem ained in  the FR 

da ta , while in the FI d a ta  the re la tive  frequency of an  S+ response in 

the f irs t 18 seconds w as strongly d ep ressed  from the lev e ls  shown by 

these  sub jec ts  when reinforced on FR. The rev ersa l betw een the second

and th ird  18-second periods differed from the perform ance of animals 

in itia lly  trained  on FI.
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Figure 17. Proportion of resp o n ses  to the  S+ for fixed in terval follow ing 

extended fix ed -ra tio  train ing  (left panel) and fixed ra tio  following ex­

tended fixed -in te rva l train ing  (right panel) shown a s  a function of su c ­

cess iv e  thirds of the  sch ed u le . S-/S+ = 0 and AD = 0 for a ll d a ta .
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D iscussion

Baseline Performance

The b a s ic  fix ed -ra tio  and fix ed -in te rv a l sch ed u les  used  in th is 

research  are operationalized  in  a manner which is  su ffic ien tly  d ifferent 

from standard free operant procedures to  w arrant com parison of sim ple 

ra te  data obtained under the p resen t procedures w ith d a ta  reported when 

more conventional schedule sp ec ifica tio n  is  u tiliz e d .

In the f ix ed -ra tio  c a s e , the p resence  of an  extended period of 

non -response  term inating in an abrupt tran sitio n  to a high constan t 

ra te  appears to be in  overall conformity to  the typ ica l f ix ed -ra tio  behav­

io r. The overall response  pattern  does not appear to fa ll outside the 

range of varia tion  to be expected of da ta  from more conventional fixed- 

ra tio  procedures (Ferster & Skinner, 1957). The average 1 .0 -seco n d  

response  la ten c ies  (from stim ulus onse t to response) m aintained by the 

p resen t FR schedu les may be compared w ith the 0 .4 -  to  0 .8 -seco n d  

in te rresponse  tim es which Blough (19 63) has found to  be ch arac te ris tic  

of free operant FR performance when pigeons are used  as su b jec ts . 

Considering the som ewhat lower free operant ra te s  to  be expected from 

r a ts ,  the 0 .2 -  to 0 .4 -se c o n d  d ifferences betw een Blough's free oper­

an t pigeon d a ta  and the p resen t ra t da ta  seem  fairly  sm all. I t is  pos­

s ib le  tha t th ese  sm all d ifferences are -  in part -  a product of the  in te r­

tr ia l in te rv a l, but there  is  certa in ly  no reason  to su sp ec t that the



overall cohesiveness of the response  sequence has been sign ifican tly  

d isrupted by the d is c re te - tr ia ls  procedure.

In the c a se  of the FI an im als, the system atic  acce le ra tio n  of 

responding observed in  the p resen t experiment is  c h a rac te ris tic  of the 

"scallop" pattern  which m ost in v es tig a to rs , (Fry, Kelleher & Cook, 

1960; Gollub, 1964; D ew s, 1962), report a s  ch a rac te ris tic  of w ell- 

e stab lish ed  fix ed -in te rv a l perform ance.

Insofar as sim ilar ra te  pa tterns evidence sim ilar stim ulus con­

tro l, the scheduling operations used  in the p resen t experim ent exert 

control over response  frequency which is  equ ivalent to more trad itional 

free operant p rocedures.

Fixed Ratio

The p resen t study has shown nearly perfect accu racy  for re ­

sponses which term inate extended post-reinforcem ent p a u se s . This 

gradient of g rea ter accuracy  with longer pausing seem s to imply jo in t 

control of the resp o n se  by the ex teroceptive d iscrim ination  and stim uli 

re la ted  to the tem poral a sp e c ts  of the schedu le .

The general e ffect is  rem in iscen t of a study reported by M iller 

and Ackley (1970) in which a ligh t and tone were a lte rn a te ly  correlated  

w ith responding m aintained by a FI schedu le . Com parison of response  

ra te s  in  the p resence  of the indiv idual stim uli and their compound re ­

vealed  that the compound stim ulus-con tro lled  ra te s  which could be
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described  in terms of simple summation of the component ra te s . This 

was observed for a ll  temporal locations within the in te rva l. These data 

rep lica te  the re su lts  obtained by Wolf (19 63), who employed a sim ilar 

experim ental paradigm but te s ted  for stim ulus control by both S-^'s and 

their compound during ex tinction . The strength  of stim ulus control which 

accom panies temporal ex tension  of the pause is  suggested  by the obser­

vation tha t accuracy  a t pause durations in e x cess  of 36 seconds is  ap­

proximately the same for the several leve ls  of d iscrim ination d ifficu lty . 

Shorter p a u ses , however, showed an accuracy  hierarchy rela ted  to the 

brigh tness d isparity . The occurrence of th is  la ten cy -accu racy  re la tio n ­

ship under conditions which seem to preclude response  m ediation sug­

g ests  a  strong temporal control over the onset of responding, with the 

probability  of response and the degree of accuracy  increasing  concur­

ren tly .

It might be reasonable to expect ev idence of enhanced stim ulus 

control to be correlated with proximity to  reinforcem ent (or other log i­

cally  re la ted  m easures of w ith in -schedu le  location). It is  not unusual 

to find that in d isc re te -tr ia ls  p rocedures, in terresponse  tim es are 

shorter in the final portions of the ratio  run, or tha t rem oteness from re ­

inforcem ent has a dele terious effect upon accuracy  of responding (M intz, 

Mourer & W einberg, 19 66; Nevin, Cumming & Berryman, 1963). In the 

p resen t c a se , however, the gradient of f irs t response  accuracy  represen ts
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the only in stan ce  in  which m easures of stim ulus control are  positive ly  

correlated with proximity to reinforcem ent.

In con trast to responses which term inate the p au se , responses 

during the run are not differently  controlled by proximity to reinforce­

m ent, thus suggesting a response sequence m aintained independently  

of the regu larities of reinforcem ent delivery . Changes in the average 

deviation of the ratio  were w ithout substan tia l e ffec t, and the progres­

sive reduction in  accuracy  as the ratio  is  counted out could in  no way 

suggest control by the discrim inative a sp ec ts  of reinforcem ent delivery . 

In fa c t, th is observation  seem s to imply partial lo ss  of schedule con­

trol a s reinforcem ent is approached. In a ll experim ental conditions, 

the data  suggest a homogeneous and highly interdependent sequence 

of responses m aintained independently of local changes in reinforce­

ment probability .

These data  can be understood w ithin the context of Dews'

(19 62, 19 69) ideas concerning the action  of reinforcem ent. Working 

with the FI schedu le , Dews (19 65, 1966) has shown that the typical 

response  pattern  is not d isrupted by the insertion  of severa l S ^ s  

periods into each  cy c le . Dews in terprets his data a s  showing that 

loca l ra te s  of response  are not controlled by a continuous chain  of 

m ediation behavior. In stead , Dews argues tha t the pattern  of w ithin- 

cycle responding is  not dependent upon response  conditions prevailing 

a t the  moment of reinforcem ent e ffec t. The strengthening of responses

86



remote from reinforcem ent is  presumed to be dependent upon temporal 

proximity to  reinforcem ent and independent of both intervening respond­

ing and the  sim ilarity  betw een the remote behavior and the behavior at 

the time of reinforcem ent de livery .

This point of view  finds support in the observation (Dews,

1960) that delays of reinforcem ent up to  100 seconds are effective in 

m aintaining substan tia l ra te s  of resp o n se . A more d irec t confirmation 

has been provided by C atania (1971) who has been ab le  to show that 

each response  preceding the one which produces a reinforcem ent ap­

pears to make an independent contribution to subsequent ra te . In con­

formity with Dews' p red iction , C atania finds that the contribution of 

each response  to subsequent rate  is  determined by the delay of rein­

forcem ent for that response .

Although Dews (1962) has pointed out the formal sim ilarity  be­

tween th is notion and H u lls ' (1932) goal-g rad ien t hypo thesis , he does 

not favor its  u se  in th is con tex t. It is  Dews' opinion that the iden tifi­

cation of mediating m echanism s should be a resu lt of experim ental dem­

onstration rather than th eo re tica l specu lation .

In the specific  c a se  of fixed ra tio , Dews argues that " . . .  The 

p o ss ib ility  should be considered  th a t the high rates of responding en­

gendered by fixed-ratio  schedu les may come about a s  follow s: The 

higher the average rate of responding on an FR schedu le , the c lo se r,
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tem porally , the  in itia l response and a ll subsequen t responses in  the FR 

are to  reinforcem ent, and therefore the g rea te r the  re troactive  enhancing 

e ffec t of th a t reinforcem ent. This w ill tend  to in c rease  the ra te  of re­

sponding, which w ill in turn tend to bring the re sp o n ses  c loser to  re­

inforcem ent which w ill increase  ra te  further. Thus there  is  in e ffec t a 

positive  feedback situa tion  in which random in c re a se s  in  rate w ill tend 

to be se lf -e n h a n c in g ." (Dews, 1962, p . 373)

A process of "response com pacting" of the  type envisioned by 

Dews has been documented by Blough (1963). This in v es tig a to r has 

recorded changes in  IRT d istribu tion  when a VI-4 b ase lin e  is sh ifted  to 

a FR-30. The IRT distribu tion  for VI showed a high v ariab ility  with a 

s lig h t peak a t 0 .40  seconds, and the balance of a ll IRT's evenly  d is­

tribu ted  betw een 0 .70  and 6 .0  seco n d s . The f irs t 100 minutes of FR 

training produced IRT d istributions charac te rized  by short durations and 

very  low variance . IRT's below 0 .50  seconds accoun t for a large per­

cen tage  of to ta l resp o n se . In w ell-tra in ed  FR-25 perform ance, Blough’s 

d a ta  ind ica te  that alm ost 100 percent of a ll w ith in-run  IRT's fa ll be­

tw een 0 .2 0  and 0 .40  seconds.

If the notion of the "schedule  control" of a perform ance can 

be understood to imply control of response  em ission  by an tecedent stim u­

lu s  even ts arising from, or highly correlated  w ith , the  discrim inative 

a sp e c ts  of reinforcem ent delivery , then  one log ica l consequence of a 

p rog ressive  reduction in IRT m ust be a reduced likelihood of effective
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schedu le  contro l. As the response  sequence becom es behaviorally  more 

stereo typed  and tem porally more com pacted, there  must be fewer sch ed ­

ule correlated stim uli intervening betw een resp o n ses and therefore a re ­

duced likelihood of d ifferen tia l w ith in -cycle  behavior. Control of ind i­

vidual response  onset might then sh ift to stim uli arising  from the an te ­

cedent resp o n se . In a s e n se , the question  here concerns the re la tive  

contributions toward the control of responding by preceding responses 

per s e as opposed to any other sources of contro l.

There i s ,  in  fac t, independent ev idence to  show th a t short IRT's 

of the type which predom inate in FR schedu les are extrem ely re s is ta n t 

to control by d ifferen tia l reinforcem ent (Staddon, 19 65; Reynolds 19 66). 

More to the po in t, Blough (19 66) m anipulated the re la tive  frequencies 

of d ifferent in te rresponse  tim es by reinforcing only those  th a t ,  over a 

preceding in terval of tim e, occurred le a s t  frequently . He found that 

IRT's shorter than 0 .8  seco n d s , in con trast to longer IRT's, were not 

w ell controlled by reinforcem ent.

If Blough's 0 .8 -se c o n d  free operant IRT's seem  reasonab ly  sim i­

la r to the Average) 1 .0 -se co n d  la ten c ie s  in the  p resen t experim ent, then 

the absence  of w ith in-run  varia tion  becom es understandable  in terms of 

a response  sequence which is not d ifferen tia lly  controlled by reinforce­

ment delivery .

This general a n a ly s is  therefore assum es tha t in the w ell-

e s tab lish ed  FR perform ance, the term ination of a tem porally controlled
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post-reinforcem ent pause  in itia te s  a behavioral sequence in which re­

sponse occurrence is  controlled  by the preceding resp o n se , (and /or 

unrecorded prior behavior occurring during the time o u t), and the momen­

tary S+, S- position . The s trongest form of th is argument would a s se r t  

that the unique contribution of the schedule of reinforcem ent av a ilab ility  

would be re la ted  to: a) the in itia tion  of the response sequence , and b) 

the delivery  of reinforcem ent which acts to term inate responding.

Even if th is s e t  of assum ptions is  reasonably  co n sis ten t with the 

p resen t da ta , previous resea rch  examining w ith in-cycle  accuracy  (M intz, 

Mourer & W einberg, 19 66; N evin, Cumming & Berryman, 19 63; Z eiler, 

1968) is  in unanimous d isagreem ent. In each case  th ese  authors de­

scribe w ith in -cycle  accuracy  patterns which resem ble the FI accuracy  

gradients of the p resen t experim ent.

Although these  contradictory resu lts  are not e a s ily  reconciled , 

a subsequent rep lica tion  of the basic  ratio  procedure seem s to  im plicate 

procedural d ifferences. The general problem is  tha t of the discrim ination 

of d ifferent locations w ithin a response sequence. Keller and Schoenfeld 

(1950 p . 205) point to  the  d ifficu lty  of discrim inating a homogeneous s e ­

quence® and in  fact suggest tha t if it  e x is ts  a t a l l ,  pure homogeneity is

6 . There is no im plication of a chain of behavior in which the preceding 
reponse a c ts  as an S ^ fo r  (or otherw ise controls) the subsequent re ­
sponse . The momentary focus of in te re s t is  upon homogeneous versus 
heterogeneous response  seq u en ces , without concern for exact mechan­
ism s of control.
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ra re . One possib ility  is  to follow Keller and Schoenfeld 's suggestion 

and assum e th a t the more heterogeneous the sequence , the greater the 

likelihood of a discrim inated perform ance. One way in  which a mod­

era te ly  homogeneous sequence of lever p ress responses may be modi­

fied is  to introduce procedures which have the e ffec t of extending in ter­

response  tim es. The amount of unm easured behavior intervening between 

levef- p resse s  should in crease  in d irec t proportion to the time between 

re sp o n se s . In th is way a more heterogeneous stream  of behavior would 

be produced. Thus procedures which tend to produce more extended 

in te rresponse  tim es might permit the para lle l developm ent of d ifferential 

responding within the run. In fac t, the co-occurrence of longer -  more 

e a s ily  schedule controlled -  IRT's and w ith in -cycle  accuracy gradients 

has persuaded Bigelow (1971) tha t d ifferen tial w ith in -cycle  accuracy 

occurs only with "time consuming" operants as opposed to more " in stan ­

taneous" response c la s s e s .

Bigelow's time consuming operant is  a 4 .5 -se co n d  DRL (Differen­

tia l Reinforcement of Low Rate) requirem ent. These DRL response units 

were then maintained on an FR-20 schedule  of food reinforcem ent. 

Bigelow reports that the proportion of responses sa tisfy ing  the DRL re ­

quirem ent was sharply dep ressed  in the firs t quarter of the ratio  and 

increased  system atica lly  as the ratio  was counted ou t. In the f irs t quar­

ter of the ra tio , correct responses occurred a t the ra te  of 2 .5  per minute,

compared to a rate  of about 8 per minute in  the final quarter of the ratio .
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The n ineteen 4 .5 -se co n d  IRT's mandate a minimum duration of 85.5 

seconds, but exam ination of cum ulative records for to ta l responding in ­

d ica te s  an actual run time in  ex cess  of 200 seco n d s.

DeLorge (19 69) has observed the same general response  pattern 

when a DRL-10 is  reinforced on an FR-5 schedu le . This author is  of 

the opinion tha t the fixed number of ten -second  DRL components imparts 

strong fixed -in te rval properties to  the schedu le . In common with 

Bigelow (1971), DeLorge suggests tha t a one-second  DRL component 

might w ell produce "responding more sim ilar to typ ical FR-5 behavior."

Stubbs (1968) has a lso  reported FR accuracy  gradients using a 

procedure which is  c lo se ly  re la ted  to that of Bigelow. Stubbs' research  

was concerned primarily with an exam ination of the d iscrim ination of 

stim ulus duration in the pigeon. This investiga to r used  a th ree-key  

paradigm in which the cen ter key remained on (white) for a predeter­

mined period of time and then went off au tom atically . The two side  keys 

were illum inated , one red and the other green. If the center key light 

was of short duration (1, 2, 3 , 4 , or 5 seconds), then a response to the 

red key was correct. If the cen ter key was of long duration (6, 7, 8, 9 , 

or 10 seconds), then the green key was correct. This procedure was re ­

inforced with food on a FR-6 schedu le . Correct responses which the 

schedule did not reinforce with food were followed by a 0 .5 -se co n d  

illum ination of the m agazine ligh t. Error responses were followed by a

92



30-second  time out. Response accuracy  w as found to  be lower a t the 

beginning of the FR than a t the end.

Here again  the tem poral duration of the run seem s im portant.

The average duration of the center key stim ulus w a s , of course , 5 s e c ­

onds, yield ing a minimum run (6 responses) of 30 se co n d s . If a llow ­

ance is  made for an average of one error response  per ra tio  c y c le , then 

we have a sequence of 7 responses d istribu ted  over a 60-second  in te r­

va l.

Except for the fac t tha t the ir component operan ts do not require 

m ultiple responding , these  procedures are c lo se ly  analogous to  ex tend­

ed tandem (Ferster & Skinner, 1957) or second order (Kelleher, 1966) 

sch ed u le s . It is  common for such procedures to produce a marked g ra­

d ient of w ith in -cycle^  control. Gollub (19 58) reports da ta  for a FR-5 

(FI-1)® schedu le  in which pauses in  the f irs t  two components averaged

6.5  m inu tes, w hile the final three components were com pleted in about 

1 minute each . These observations have been confirmed by Kelleher and 

Fry (19 62).

It is  p o ss ib le  to  in terp ret th is data  as im plicating the "tim e con­

suming" operant only insofar as the response  c la s s ,  or other procedures, 

ac t to  produce an extended run duration. This p o ss ib ility  is  suggested

~T. Primary SR to primary S^.

8 . In F erster and Skinner's notation a tandem F I-1 , F I-1 , F I-1 , F I-1 , FI-1 
sch ed u le .



by research reported by Z eiler (1968). Using four pigeons as su b je c ts , 

th is investigation  m aintained a th ree -h u e  sim ultaneous d iscrim ination 

with FR reinforcem ent. F ix ed -ra tio  values ranged from 2 to  190. The 

schedule was a som ewhat unorthodox one in th a t any resp o n se , irre sp e c ­

tive of hue, served  to advance  the  ra tio , but once the sequence of un­

reinforced resp o n ses had been com pleted, reinforcem ent was contingent 

upon response to  the  S+. There were no tr ia ls ,  the stim uli being con­

tinuously av a ilab le  reg a rd less  of the charac ter of previous responding.

At FR va lues below  20, the  reinforcem ent contingency was su c ­

cessfu l in m aintaining 100% correct (S+) responding in  a ll four an im als. 

(For one of the p igeons, 100% accu racy  was m aintained throughout the 

experim ent.) The rem aining th ree  birds exhib ited  a p rogressive increase  

in  S- responding a s  the ra tio  w as ra ised  from approxim ately FR-20 to 

FR-190. For th e se  an im als , the  d istribu tion  of w ith in -cycle  errors fo l­

lowed the same general pa ttern  found in  the  FI data  of the presen t ex­

perim ent. The percen tage  of co rrect responses was a t chance leve ls  in 

the firs t quarter of the ra tio , in creased  sy stem atica lly  over the second 

and third quarters and becam e asym ptotic  a t approxim ately 98% correct 

in the final quarte r. At ra tio  v a lu es above 20, the reinforcem ent con­

tingency lo ses control of responding early  in the ra tio . Above FR-30, 

increases in ra tio  requirem ent a re  sa tis fied  alm ost exclu sively  by S- 

responding occurring in  the  f ir s t  ha lf of the ra tio .
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It is  evident that any in terp reta tion  of these  d a ta  m ust be tem ­

pered by the fac t that run duration and number of resp o n ses are con­

founded. Although it is  po ss ib le  tha t the appearance of the accuracy  

g rad ien ts re su lts  from in c re ases  in  the resp o n se  requirem ent, the argu­

ment for tem poral control seem s equally  a ttra c tiv e .

In each  c a se , an FR accuracy  grad ien t appears in conjunction 

with procedures which d ic ta te  extended run tim es. The data  does not 

perm it a more deta iled  a n a ly s is , but the overall p icture is  com patible 

w ith the suggestion  that d ifferen tia l w ith in -cycle  accuracy  can be re ­

la ted  to a p rocess in which response occurrence, rem ote from reinforce­

m ent, is  brought under p a rtia l temporal con tro l.

M intz, Mourer and W einberg (19 66) report d a ta  in which a c ­

curacy g rad ien ts appear in  conjunction w ith run durations which appear 

som ewhat a t variance w ith th is a n a ly s is . These investiga to rs  report 

da ta  for zero  delay  m atching-to-sam ple  m aintained on an FR-9 schedu le , 

w hich included an added stim ulus counter consisting  of an array of ten 

(10) sm all lam ps. The f i r s t  correct response  illum inated the firs t light 

in the  d isp lay , and an add itional lamp w as illum inated following each 

co rrect re sp o n se , with reinforcem ent occurring in th e  presence of a ll 

10 illum inated lam ps. The time out betw een tr ia ls  w as 0 .6  seconds.

Accuracy g rad ien ts which ranged from an in itia l  79% to term inal 

v a lues of 97% were found in a schedule which ty p ica lly  contained few er
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than 20 responses and approxim ately 9 seconds or le s s  in time ou ts. 

Latency data was not av a ilab le , but ex tensive  informal observation in ­

d ica ted  extended post-reinforcem ent pausing in conjunction with response 

la ten c ies  substan tia lly  below 1 .0  second . These observations are con­

s is te n t with la tency  data  reported by M intz, Mourer and Stein (19 68) 

for a sim ilar experim ental procedure. The 29-seco n d  run duration 

generated  by th is  procedure is  somewhat shorter than that observed in 

stud ies previously c ited .

The M intz, Mourer and Weinberg (19 66) procedure can be 

in terpreted  as an extended chain  schedule in which each correct match 

occurs in the presence of a different ex terocep tive stim ulus. Several 

investiga to rs (Gollub, 1958; Findley, 1962; Ferster and Skinner, 1957) 

have shown the early components in an extended chain are le s s  w ell 

controlled by the  schedule of primary reinforcem ent than components 

la te r in  the chain . This phenomenon is  not, however, observed in 

tandem schedu les (Gollub, 1958). Kelleher (19 66) has suggested  that 

th is e ffec t could be re la ted  to the decreased  e ffec tiveness of condi­

tioned reinforcers which are remote from primary reinforcem ent, but 

w hatever the exact m echanism s of contro l, i t  is  c lear th a t the corre­

lated  stim ulus could tend  to enhance any p re-ex isting  level of differ­

en tia l w ith in -cycle  responding.

At th is point, i t  would be helpful to examine data reported by

Nevin, Cumming and Berryman (19 63). Sim ultaneous th ree-hue
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m atching-to-sam ple was m aintained on fixed ra tios of 3, 6, and 10 re ­

sponses and on a VR-3. Each tria l required a se ries of five responses 

on the cen ter key (FR-5), and com pletion of th is sequence illum inated 

the side  keys. The in te rtria l in terval was one second . There were no 

d ifferential consequences of an error response .

Highly a rticu la ted  accuracy  gradients were observed a t a ll FR 

values for a ll three su b je c ts . Accuracy, which approached chance 

levels imm ediately following reinforcem ent, became asym ptotic a t ap­

proximately 95% in the final portion of the ra tio . In addition, the la ­

tency from center key onse t to  the completion of the fifth center key 

response was found to decrease  system atica lly  with increasing tr ia ls  

after reinforcem ent -  in e sse n c e , a fixed-in tervaltype scallop  for cen ter 

key responding.

Each FR schedule  contained "n" response u n its , consisting  of 

an FR-5 (center key) and one (1) side  key response . C onsideration of 

the latency  data in d ica tes  an average (conservatively) of three seconds 

per response u n it^ , thus mandating minimum run durations of 12, 24, 

and 40 s e c o n d s ^  for the FR-3, - 6 ,  and -1 0  sch ed u les , resp ec tiv e ly . 

Although the th ree -second  response unit might be considered a "time

9. This w riter's  estim ate  based  on data  presented by Nevin et a l. (19 63).

10. This analysis assum es no error responding. Inclusion of the sm all 
population (about 5%) of response  units term inated by incorrect 
matches would in fla te  these  figures sligh tly .
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consum ing" operant, com parable to  B igelow 's (1971) 4 .5 -se co n d  DRL 

requirem ent, the 40-second  minimum run duration generated  by the FR-10 

is  generally  com patible with data  previously  c ited , a s is  FR-6 d a ta . The 

very short run duration for the FR-3 data  does not, how ever, seem com­

patib le  w ith the assum ption that tem poral rem oteness from reinforcem ent 

controls reduced accuracy .

N evin, Cumming and Berryman do not su g g est a reason  for the 

em ergence of the w ith in -cycle  accuracy  g rad ien ts , but they do observe 

th a t "a ll sub jec ts  . . .  developed post-rein forcem ent pauses during the 

firs t few days of exposure to  each FR schedu le . This developm ent pro­

ceeded concurrently  with the reduction  in  accuracy  on tr ia ls  imm ediately 

following reinforcem ent" (Nevin, e t a l . ,  1963, p . 153). The FR-3 data 

therefore ra ise  the p o ss ib ility  th a t dep ressed  accuracy  may be re la ted  

to those  factors which produce pausing rather than to  temporal rem ote­

n e ss  from reinforcem ent per s e .

This re la tionsh ip  betw een the developm ent of post-reinforcem ent 

pausing and reduced accuracy  m ust a lso  have occurred in the=Zeiler 

(19 68) d a ta . At FR values below  20, pigeons produce little  or no FR 

pausing and it  is  a t th ese  ra tio  va lues th a t 100% correct responding was 

m ain tained . Zeiler does not make d irec t com parisons but exam ination of 

h is data does seem  to ind ica te  a positive  correlation  betw een pause

duration and frequency of error responding. Error responses occur alm ost

ex c lu siv e ly  in the early  portions of the ra tio .
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The reports of Bigelow (1971) and Stubbs (19 68) do not lend them­

se lves to th is  type of a n a ly s is . In each c a s e , however, schedules which 

would be expected to  produce su b stan tia l pausing control depressed  a c ­

curacy in the early  portions of the run. This data  seem s c lear enough 

to w arrant the inference of some rela tionsh ip  betw een the emergence of 

stab le  pausing (or extended IRT's) and a w ith in -cycle  accuracy gradient.

In each of the experim ents previously c ited , we have been able 

to dem onstrate a possib le  re la tionsh ip  betw een reduced response a c ­

curacy in the early  portions of the run and two tem poral a sp ec ts  of the 

fixed-ratio  cy c le . The p o ss ib ility  that a tem porally extended run dura­

tion might allow  for the emergence of some level of subsid iary  temporal 

control seem s eviden t. Additionally, th is  general idea is  particu larly  

com patible with Dews' (19 62) assum ptions concerning ratio  control. It 

w ill be recalled  th a t Dews postu la tes a delay  of reinforcem ent effect 

which is  e sse n tia lly  temporal in nature. Responses proximal to re in ­

forcement are being more strongly contro lled , while resp o n ses d is tan t 

from reinforcem ent are le s s  strongly under the influence of reinforce­

m ent. This notion would predict tha t if a time consuming operant or 

extended time out prevented the response sequence from becoming com­

pacted , a tem porally defined gradient of d ifferential control would ex is t 

w ithin the ratio  run. Increased FR requirem ents would tend to  produce 

the same e ffec t. Portions of the run tem porally remote from reinforce­

ment would be le s s  strongly controlled . Under these  conditions, the
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reduced schedule control early  in the c y c l e  might be expected to engen­

der the extended in terresponse  tim es (or pauses) which appear to be 

correlated with the emergence of reduced accuracy . In th is  way the 

same general principle which Dews uses to account for the developm ent 

of high rate  in free operant ratio  performance can a lso  be applied to an 

understanding of FR accuracy  g rad ien ts .

The p resen t analysis has attem pted to im plicate the temporal 

a sp ec ts  of the schedule in the development of w ith in -cycle  accuracy 

g rad ien ts . Some of the important temporal a sp ec ts  of the several ratio  

procedures previously  c ited  are compared with those obtained in the 

p resen t experiment in Table 12. It is apparent th a t, with the excep­

tion of N evin 's FR-3 d a ta , the average run duration obtained in the 

p resen t experim ent is  sub stan tia lly  below that typ ically  observed in 

conjunction with the developm ent of w ith in-cycle  accuracy g rad ien ts . 

With the exception of the seven-response  sequence reported by S tubbs, 

actual number of responses is  a lso  below that reported in other s tu d ies . 

These com parisons may imply th a t the absence of accuracy  gradients 

in the p resen t experim ent resu lts  from a run duration and /o r response 

requirem ent too short to generate  differential temporal control within 

the run.

Fixed Interval

The w ith in -cycle  accuracy  functions obtained in the presen t ex­

perim ent may be compared with data  reported by Clark and Scherman
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TABLE 12

Summary of Fixed Ratio Procedures  Reporting Within-Cycle 
Accuracy Gradients

NOMINAL 

FR VALUE

NUMBER

RESPONSE

PROCEDURE 

IMPOSED 
MINIMUM b 

IR T  (SEC)

RUN 

TIME (Sec)

ACCURACY

GRADIENT

S H O WN

aMourer FR- 1 0 11 0.  3 50 9 . 0 NO

Mintz et.al{|966) F R - I O 20 0 . 6 0 0 2 9 . 0 YES

Nevi n FR- 10 60 1.0 4 0  . 0 YES
et .  al FR * 6 36 1.0 2 4  . 0 YES

(1963) FR- 3 18 1.0 1 2 . 0 YES

S t u b b s  { i 9 6 0 ) FR* 6 7 5.0 6 0  .0 YES

Bigelow (1971) FR -15 19 4 .5 150 . 0 YES

Zeiler (1968) 50-150° 50-150° None Unknown YES

This exper iment .
b

Real time.
c

FR values at which substantial e r ro r  responding was observed.
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(1970), who reinforced a tw o-key m atch ing-to -sam ple  performance on a 

F I-8 minute schedule  of food reinforcem ent. The d a ta  were no t c o n s is t­

ent in a ll cond itions, but, generally , the percentage of correct m atches 

was dep ressed  following reinforcem ent and then showed a monotonic 

increase  over p rogressive quarters of the in te rv a l. In most c a se s  the 

range did not exceed  15%. This was le s s  than half the w ith in -cycle  

accuracy  change observed in  the p resen t da ta .

F ixed-in terval accuracy  grad ien ts have a lso  been reported by 

Boren and Gollub (1972),who employed a th ree -k ey  m atch ing-to-sam ple  

problem. Their data  for consecu tive  tw elfths of a 48-second  in terval 

show 9 0% accu racy  leve ls  in  the f irs t four seconds of the in te rval. 

Accuracy drops to chance lev e ls  a t approxim ately 12 seco n d s , a t which 

point accuracy  in c reases  sy stem atica lly  to 90% lev e ls  in the final por­

tions of the in te rv a l. The sam e general accuracy  pattern  has been ob­

served by F erster (19 60),who reports tha t perform ance under a m atching- 

to-sam ple  procedure was le a s t  accura te  during the second quarter of the 

FI-10 minute component of a m ultiple FI-FR sch ed u le . Although th ese  

bi-m odal d istribu tions do not exactly  rep lica te  the monotonic accuracy  

re la tions found in  the p resen t experim ent, the ava ilab le  lite ra tu re  seem s 

to be in  reasonab ly  c lo se  agreem ent. When d iscrim inations are rein­

forced on a FI sch ed u le , accuracy  of responding is  dep ressed  in the 

early  portions of the in terval and then in c re ases  to peak values as the 

in terval is  tim ed out.
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In the  p resen t experim ent, the observation th a t the  d istribu tions 

of f ir s t  response  accuracy  are nearly  perfect rep lica tio n s of the accuracy  

g rad ien ts based  upon to ta l responding su ggests  an  an a ly s is  of the fixed - 

in terval response  sequence in terms of control by a tem poral p ro ce ss .

It i s ,  of cou rse , assum ed that the data  for the population of firs t re ­

sponses is  devoid of any p o ss ib le  sequen tia l e ffec ts  re la ted  to imme­

d ia te ly  an teceden t responding . The data give the im pression  th a t the 

accu racy  of a particu lar response  is  controlled by i ts  tem poral location  

w ithin the in te rv a l. This im plies a gradient of d ifferen tia l control 

based  on tem porally correlated  stim uli which exert th e ir in fluence in ­

dependently  of loca l responding . The w ith in -cycle  da ta  do not ind ica te  

even partia l independence of rate  and accuracy  m easu res. In g enera l, 

the probability  that a response  w ill be made shows the  sam e system atic  

w ith in -cycle  changes as the re la tive  frequency of correct re sp o n ses .

It might therefore be reasonab le  to assum e that both are contro lled  in 

the same general m anner. This would extend the above an a ly sis  to 

accommodate tem poral control of response in itia tion  (rate) as w ell as 

of accu racy . This an a ly s is  is  therefore com patible w ith D ew s' (19 62) 

suggestion  th a t delay  of reinforcem ent is  the c ritic a l variab le  contro l­

ling the fix ed -in te rv a l response  pattern .

This v iew point a lso  finds support in data reported by W all 

(19 65). This in v estig a to r m aintained ra ts on a f ix ed -in te rv a l 60-second
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schedule by reinforcing responding on a levef th a t was introduced every 

60 seconds. The fixed in terval co n sis ted  of a time out (lever withdrawn) 

which was interrupted once by a second presen ta tion  of the lever a t some 

point during the in te rval. It is W all's  contention tha t responses to th is 

interm ittently  presented lever -  which were never reinforced -  provide 

an indication of FI discrim ination uncontam inated by the effects of free 

responding. Observed d ifferences in response  la tency  on non-reinforced 

t r ia ls , occurring at different temporal lo c a tio n s , were analogous to d if­

ferential responding occurring in a free operant procedure. It is  W all's  

be lief tha t response factors are rtot e sse n tia l for the temporal d iscrim i­

nation which underlies the schedu le .

Research recen tly  reported by Neuringer (1969) a lso  support 

th is  general a n a ly s is . This author compared p igeons' preference for 

delayed reinforcem ent with fixed -in te rval schedu les of comparable 

duration. Neuringer reasoned th a t if  delayed and in terval reinforce­

ment have the same effect upon responding, su b jec ts  should choose the 

two a lternatives with equal frequency. The su b je c ts ' indifference to 

the two reinforcem ent conditions leads Neuringer to conclude that the 

time between response and reinforcem ent controls response probability , 

whether other responses intervene or not.

This assum ption is made more p lausib le  by Ferster and Skinner's 

(1957) demonstration tha t the fixed -in te rval response  sequence could be

brought under control of an exterocep tive  time correlated  stim ulus. When
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a fixed -in te rval performance was developed in  the p resence of a corre­

la ted  stim ulus c lock , these  investigato rs were able to  show that rever­

sa l of the correlated stim ulus resu lted  in a complete reversa l of the 

local rate pattern  in  which the pause occurred in the final portion of 

the  in te rval. However, the reinforcem ent contingencies quickly a ltered  

th is  clock-im posed response pattern . Ferster and Skinner conclude tha t 

"the rate  of responding is  com pletely determ ined by the value of the 

clock stim ulus. Any stim uli from behavior or other stim uli a lso  vary­

ing in  tim e, seem  to ex erc ise  no con tro l."  (p. 277)

The general th rust of this data is to build a c a se  against exp la­

nations of FI control which are based  upon chaining or prior responding. 

Taken as a w hole, the data does not pinpoint spec ific  m echanisms of 

schedule contro l, but it  would not be in co n sis ten t to  suggest control by 

stim uli d irec tly  re la ted  to the tem poral properties of the schedule .

Further evidence for tem poral control can be found in the frequen­

cy d istribution  of response la ten c ies  term inating the fixed-in terval p au se . 

These d istribu tions are strongly suggestive  of the bi-m odal d istribu tion  

of response  la ten c ies  generated  by DRL schedules (Schuster &

Zimmerman, 1961; Bigelow, 1971). In both procedures, the firs t mode 

follow s reinforcem ent a t very short la tency , thus suggesting a population 

of responses controlled by previous responding and /o r reinforcem ent de­

livery . This in terpretation  is  c o n sis ten t with observations that the in itia l
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mode does not appear when DRL is  programmed on a d isc re te - tr ia ls  

procedure requiring an extended in te rtr ia l in te rval (Logan, 19 61; 

Zimmerman, 1961).

In ty p ica l DRL perform ance, the tem poral location  of the second 

mode i s  c ritic a lly  dependent upon the duration of the in terval to be d is ­

crim inated . At DRL values of 2 seconds (Nevin & Berryman, 1963);

4 .5  seconds (Bigelow, 1971); and 10 seconds (Farmer & Schoenfeld,

19 64), the second mode re flec ts  a co n s is ten t overestim ation  of the in ­

te rv a l. W ith the observed v ariab ility  of the IRT, the overestim ation 

rep resen ted  by the mode corresponds to a su b s tan tia l proportion of IRT's 

m eeting the  DRL requirem ent. When DRL values are extended to above

20 se co n d s , m ost investiga to rs  (M alott & Cumming, 1964; Kelleher,

Fry & Cook, 1959; Farmer & Schoenfeld, 1964) report a tendency for 

the second mode to re fle c t an  underestim ation of the in te rva l.

These data have been review ed by C atania (1970), and the re­

ported tendency to underestim ate longer in tervals w as found to  be con­

s is te n t  with tem poral d iscrim ination d a ta  generated  by both Sidman 

Avoidance procedures and tem poral judgm ents of human sub jec ts  using 

the m ethods of estim ation  and com parison.

C atan ia  a lso  p resen ts original d a ta  which in d ica te s  tha t when 

pigeons a re  exposed to  a DRLL contingency in which the in terval to

11. A d isc re te - tr ia ls  analogue of the conventional DRL schedu le .
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be d iscrim inated  exceeds 36 seco n d s , the in terval is  so  se riously  under­

estim ated  th a t fewer than 5 % 12 of a ll responses are reinforced . In th is  

case  the re la tionsh ip  betw een the response d istribu tion  and the in terval 

to be d iscrim inated  is  strongly  rem iniscent of the tem poral re la tion  be­

tween the second mode of the f irs t response d istribu tion  and the 54- 

second fixed in te rval in  the p resen t d a ta . It is  therefore not unreason­

able to consider the d istribu tion  of firs t response  la ten c ie s  as re f le c t­

ing the outcome of a tem poral d iscrim ination of the in te rva l.

With few ex cep tio n s, both in terval and ratio  schedu les produce 

a period of non -response  im m ediately following reinforcem ent. W riters 

concerned with an an a ly sis  of th is phenomenon (Ferster & Skinner,

1957; Keller & Schoenfeld , 19 50) have tended to  view  pausing -  or a t 

le a s t  the in itia tio n  of the pause -  as a product of the system atic  ex­

tinc tion  of responding which c lo se ly  follows reinforcem ent. Once th is 

p rocess has s ta b iliz e d , the pause can be view ed as a point of loca l lo ss  

of schedule  control. This point of view  provides the b a s is  for an analy ­

s is  of the  F l-response  pattern  in terms of a temporal d iscrim ination .

The temporal d iscrim ination  notion is the trad itiona l explanation

of FI perform ance f irs t proposed by Skinner (1938, p . 125). Keller and 

Schoenfeld (19 50, p . 86) s ta te  the general notion c learly :

12. This w rite r 's  e stim ate  based  on data  p resen ted  by C atan ia , 1970, 
p . 21, Fig. 1 -6 .
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"This (the FI scallop) shows tha t a temporal 
d isc rim in a tio n ^  has been formed. The re ­
sponses ju s t  after eating a p e lle t are w eak­
ened because  they are never reinforced , 
w hereas la te r responses are  strengthened 
because  the reinforcem ent is  given l a t e r .11

The same general notion is  supported by Ferster and Skinner

(19 57) and has been re ite ra ted  in current tex tbooks. M illenson (19 67,

p. 143), for exam ple, contends that:

"This c e ssa tio n  of responding (following re ­
inforcement) is  a natural consequence of the 
fac t tha t in  the p a s t ,  responding ju s t  after 
reinforcem ent was never rein forced . It is  a 
form of d isc rim in a ted !3 e x tin c tio n .. . "

This general a n a ly sis  is  co n s is ten t with both the bulk of ex­

perim ental data and the formal properties of the reinforcem ent schedu le . 

The FI schedu le , with unlim ited hold , can be described  in term s of a 

sequen tia l d iscrim ination in  which an period a lte rn a tes  w ith an S 

period , which is  term inated with the f irs t reinforced re sp o n se . Although 

the experim enter arranges no ex p lic it d iscrim inative stim u li, the d ifferen­

tia l  behavior which the su b jec t co rre la tes w ith the extrem es of the tem ­

poral in te rv a l, te s tif ie s  to the p resence  of effective  controlling stim uli 

not under d irect experim ental con tro l. It is  therefore not a t a ll  unreason­

ab le  to suggest a response  sequence controlled by ex tinction  re la ted  

.(S ) stim uli which gradually  sh ift in to  or are rep laced  by SD stim uli.

13. Emphasis added.
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The accu racy  data  from the p resen t experim ent bring th is general 

an a ly s is  in to  question . The reduced percen t of S+ responding which fo l­

lows reinforcem ent is  not suggestive  of a  lo ss  of schedu le  control pro­

duced by ex tinc tion . When d iscrim inations are sub jec ted  to  experim en­

ta l ex tinc tion , rate  of responding is  reduced toward operant lev e l, but 

accu racy  is  su b s tan tia lly  unaffected .

Cumming, Berryman, Cohen and Lanson (1967) extinguished 

th ree -hue  m atch ing-to -sam ple  behavior in  three p igeons and found that 

a sy stem atic  reduction  in ra te  responding w as not accom panied by re ­

duced matching accuracy . Cohen (1969) reports com parable resu lts  

when a tw o-key  matching problem is ex tingu ished . Similar resu lts  

were obtained by Nevin (19 67), who m aintained a sim ultaneous bright­

n e ss  d iscrim ination  on CRF. Nevin reports that over 10 se ss io n s  of 

ex tin c tio n , response  probability  d ecreased  sy stem atica lly  for a ll b ird s, 

w hile accuracy  rem ained about co n stan t. Extinction of a sequential 

d iscrim ination  (Wolf, 19 63) produces sim ila r r e s u l ts .

In consideration  of th e se  d a ta , i t  is  probably be tter to con­

ceive  of the ra te  and accuracy  lev e ls  in  the early  portions of the in te r­

val as  reflecting  sp ec ific  schedu le  control of th ese  response  v a lu es, 

ra ther than a random (or uncontrolled) perform ance produced by prior 

ex tin c tio n .

The param etric d isp lacem ent of the w ith in -cycle  accuracy

fu nctions, in the face  of increasing  S+, S- d isp a rity , lends support
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to  th is  in te rp re ta tio n . This phenomenon could only re su lt  if schedule  

control over the  pa ttern  of responding w as; a) re la tiv e ly  strong , and 

b) roughly equ iva len t a t  a ll temporal locations w ith in  the in te rv a l. As 

is  m ost ev iden t in  DRL sch ed u les , the absence  of responding does not 

n e c e ssa rily  imply the absence  of behavioral con tro l. This argum ent 

is  pa rticu larly  com pelling when response patterns in  the f irs t  th ird  of 

the in te rval are  considered . In what might o therw ise be considered  a 

random perform ance, the percent correct shows a param etric  reduction 

as S -/S+  values are  in creased .

The VI data  adds litt le  to the foregoing a n a ly s is . Although 

response  ra te  g rad ien ts  of the type used  in the p resen t experim ent 

are to be expected  in  arithm etic VI schedu les (C atania & Reynolds, 

1968), the in se n s itiv ity  of these  grad ien ts to changes in schedu le  

dev ia tion  w as unexpected .

The f ir s t  50 seconds of the in terval c lo se ly  rep lica te  the  FI 

data  for a ll  v a lues of the VI, when we would in  fac t expect a n o tic e ­

ab le  red is tribu tion  of responding when a population of shorter re in ­

forced in te rvals  were introduced (C atania & Reynolds, 19 68).
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