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Pausing in multiple fixed-ratio schedules 

DONALD E. MINTZ 
The City CoUege of the City University of New York, New York, New York 10091 

Pigeons were maintained on multiple fixed-ratio schedules with food reinforcement for a keypeck 
response. A regular pattern of short-short-Iong-Iong-etc. was employed for the fixed-ratio sequence 
within a session. Pausing following reinforcement was shown to be determined by the length of the 
forthcoming fixed ratio. the relation of this fixed-ratio length to the schedule paired with it. and the place 
of the fixed ratio in the patterned sequence. The sequential effect indicated shorter pauses for a given 
fixed ratio when its completion would be followed by the shorter fixed ratio. and longer pausing at the 
point of transition from a shorter to a longer fixed ratio. 

The performance generated by a particular schedule 
of reinforcement can be influenced by other schedules in 
the total test situation. These schedule interactions 
(Reynolds, 1961a, b) indicate that relations among 
conditions of reinforcement are important in determin
ing the performance generated by each individual 
schedule in the set of procedures employed. 

Nevin and Shettleworth (1966), Pliskoff (1961, 
1963), Staddon (I 969), and Wilton and Gay (1969) have 
all produced evidence that the pattern or sequence of 
schedules contributes to interactive effects. Enhanced 
effects or schedule interaction have been shown at the 
point of schedule change (Azrin, 1960) or interface of 
stimuli related to differenl schedules (Catania & Gill, 
1964). 

Effects in postreinforcement pausing on fixed-ratio 
(FR) schedules related to the sequence of schedule 
presentation have been demonstrated by Mintz, Mourer, 
and Gofseyeff (1967). In the multiple FR schedules they 
employed (FRs of different length, each distinctively 
cued), the pause duration related primarily to the length 
of the forthcoming FR. Interaction manifested itself in 
differences between pausing following changes to, as 
opposed to repetitions of, a given FR. The present study 
extends this earlier investigation to quantitative mani
pulation of FR length. The analysis is aimed both at a 
clearer formulation of the determinants of FR pausing 
and a further examination of how the specific context 
contributes to schedule interaction. 

METHOD 

Subjects 
Two mature male white Carneaux pigeons were used as sub

jects. Both were maintained at 80% of their free-feeding weights. 
Both were experimentally naive prior to the study. Water was 
continuously available both in the home cage and the test en
vironment. A standard grain mixture of 50% kaffir, 40% vetch, 
and 10% hemp was used for reinforcement. 

This research was supported in part by a grant from The City 
University of New York Faculty Research Program. Requests for 
reprints should be sent to Donald E. Mintz, Department of Psy
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Apparatus 
A Lehigh Valley two-key operant chamber for pigeons 

(Model 1519-2) was used, with only the right-hand key in opera
tion. A force of approximately .15 N was required to operate the 
key. White noise was provided to mask apparatus sounds. The 
measurement of time intervals reported was accomplished by 
appropriate gating of a IO-Hz pulse train generated by a Scientif
ic Prototype Reed System clock. 

Procedure 
Each bird performed on a series of multiple-FR schedules. 

The schedules involved two components which alternated in 
pairs. Thus a long-long-short-short-long-long-etc. sequence was 
used in each session for a total of 65 reinforcements. Reinforce
ment was 3.5 sec access to the grain mixture. The two com
ponents of the multiple ~chedulc were correlated with the color 
of the transilluminated key, red for the longer component and 
green for the shorter component. The key light was turned off 
during reinforcement and illuminated with the color appropriate 
to the next schedule in the sequence immediately following rein
forcement. The houselight remained illuminated from the begin
ning of the session until the last reinforcement was delivered. 

A given pair of schedules was run repeatedly until a 10-day 
sample of stable performance was obtained. This typically re
quired 34 months, five sessions per week. Stability was assessed 
by inspection of the frequency distributions of pause duration 
with regard to both central tendency and variability. 

The sequence of procedures is shown in Table 1. It can be 
seen that, for each bird, one component of the multiple sched
ules was held constant throughout the experiment. In adeli
tion to the multiple schedules, each bird underwent phases dur
ing which only one FR was employed, as indicated in Table 1. 

RESULTS 

For each subject one component of the multiple 
schedules was fixed throughout the experiment (fixed 

Table 1 
Sequence of Experimental Conditions 

Pigeon 24 

mult FR 20 FR 40 
FR40 

mult FR 30 FR 40 
mult FR 50 FR 40 
mult FR 70 FR 40 
muIt FR 1 FR 40 

Pigeon 10 

mult FR 20 FR 50 
FR 20 

mult FR 20 FR 36 
mult FR 20 FR 12 
mult FR 20 FR 6 
mult FR 20 FR 1 

------------------------------
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Figure 1. Median pause duration for the nxed FR component 
(FR 20 for PIO, FR 40 for P24) as a function pf the length of 
the varied FR paired with it. "Change" represents pauses during 
the first of two successive fIXed components; "repeat" represents 
pauses during the second successive fIXed component. Pausing on 
simple FR is shown by a triangle. 

component). Further, the regular alternation of pairs of 
components produced postreinforcement occasions 
when a component "change" took place and an equal 
number of "repeat" occasions. For instance, for P24 
one phase of the experiment was a multiple FR 30, 
FR 40. Half of the subject's FR 30 cycles were "change" 
conditions, the just-completed cycle being FR 40; the 
other half were "repeat, " with FR 30 following com
pletion of FR 30. In this case, the varied component 
(FR 30) was the shorter component, although both sub
jects went through some phases with shorter and some 
with longer varied components. 

Data analysis was directed primarily at the influence 
exerted on pausing by the sequential pattern of contin
gencies and their quantitative relations. Figure 1 shows 
the median pause on the fixed component (FR 20 for 
PI0, FR 40 for P24) of the schedules as a function of 
the magnitude of the varied component paired with it. 
Pausing clearly varies considerably for these given FRs, 
depending on the magnitude of the paired FR. Further, 
pausing varies depending on whether the fixed schedule 
occurs as a repeat of the fixed component, or as a change 
to it, following the varied component. 

Both PlO and P24 show nonmonotonic functions for 
the FR pausing reflected in Figure 1. The curves suggest 
maximum pausing when the schedule is paired with one 
of approximately one-half its magnitude. Thus P24's 
pausing on FR 40 is greatest when FR 20 is the paired 
component. Similarly, of the values examined, pairing 
FR 20 with FR 12 led to the longest FR 20 pausing for 
PlO. 

The influence of the schedule sequence can be seen 
by comparing the "change" and "repeat" points in Fig-

ure 1 for a given value of the paired FR. Where this 
paired schedule is smaller than the fixed FR (to the left 
of the vertical arrows in Figure 1), "change, " corre
sponding to onset of the first of the two fixed com
ponents, invariably generated longer pausing than 
"repeat. " In these conditions with the fixed FR the 
longer schedule, completing a "repeat" cycle produced a 
transition to the shorter component. Completion of a 
"change" cycle led to repetition of the fixed FR, which 
for these conditions was the longer component of the 
multiple schedule. 

To the right of the vertical arrows in Figure 1, the 
plotted points reflect pausing when the fixed FRs were 
paired with FRs of greater length. "Change" and "repeat" 
produced no differences for PI 0; a small but reliable dif
ference is shown for P24 (the distributions differ beyond 
the .05 level based on a Kolmogorov-Smirnov two-sam
ple test). For P24 a consistent pattern is shown. This 
bird invariably paused less on those occasions of FR 40 
that would be followed by the shorter of the two FRs 
employed in that phase of the study. Although PI 0 does 
not show the crossing of the functions, whenever dif
ferences between "change" and "repeat" occurred, they 
were consistent with this effect. 

Figure 2 shows median pause duration on the varied 
FR component as a function of its magnitude. The func
tions display a monotonic increase of the sort suggested 
by numerous earlier studies. Either in terms of the rel
ative lengths of the two components of the multiple 
schedules, or overall response requirement for rein-
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Figure 2. Median pause duration for the varied FR as a func
tion of its length. "Change" represents pauses during the first of 
two successive varied FRs in the patterned multiple schedule; 
"repeat" represents pauses during the second successive varied 
component. Pausing on simple FR is shown by a triangle. 



forcement, longer pausing would be expected-and is 
shown-fot longer FRs. However, "change" and "repeat" 
again diverge considerably. The smallest values of the 
varied component generated brief pauses of little or no 
difference in the two cases. With larger values of the 
varied component (to the right of the vertical arrows in 
Figure 2), "repeat" generated shorter pauses than 
"change." In these instances, completion of a "repeat" 
cycle would be followed by presentation of the shorter 
FR requirement. These data again indicate that the 
pausing on a given schedule is influenced both by the FR 
magnitude and by the sequential relation of schedule pre
sentation. Pausing on a given FR may be reduced by hav
ing completion of the ratio provide a change to a 
schedule requiring fewer responses. 

In both Figures I and 2, the median pause on the 
fixed FRs when they were run alone rather than in a 
multiple schedule (FR 20 for PIO and FR 40 for P24) 
are shown for comparison with the same FRs when 
included in the multiple procedures. The change/repeat 
distinction, of course, did not pertain to this procedure. 

DISCUSSION 

The term postreinforcement pause, although descriptively ac
curate, is analytically misleading. A major determinant of paus
ing appears to be the magnitude of the behavior requirement for 
subsequent· reinforcement. The importance of forthcoming ratio 
length in determining pause duration has been noted by Griffiths 
and Thompson (1972) and Mintz et al. (1967), among others. 
The preresponse pause (PRP) is presumably determined by stim
uli present when the opportunity to respond is provided. The 
latency in initiating responding is greater as the behavior re
quired for reinforcement is greater. Within the range of behaviors 
typically investigated in FR procedures, the just-completed be
havior probably is of less direct consequence. If there is a modest 
requirement for reinforcement such as a single response, pausing 
is likely to be very brief regardless of how many responses have 
just been completed. Conversely, substantial pauses may follow 
very brief behavioral chains when stimuli indicating longer chains 
are presented. 

Inherent in a multiple procedure are cued transitions from 
one component to another. In the present study, the regular pro
gram of alternation- of pairs of schedule components appears to 
have allowed discrimination of the specific sequential pattern. 

Effectively a four-component schedule was involved, al
though only two FR values and two differing stimuli were pro
vided. For a given FR and its associated stimulus, subjects 
paused less when FR completion would also produce the stimuli 
for the shorter of the two FRs, and longer when the longer FR 
was forthcoming. Since no exteroceptive stimuli were differen
tially correlated with first and second occasions of a schedule, 
the control was presumably mediated by the animals' own 
behavior and stimuli present in the recent past. 

The present design does not permit isolation of the inter
active effect of a preceding schedule as opposed to a forth
coming schedule. However, the data are fully consistent with a 
facilitation deriving from a transition to a shorter forthcoming 
schedule. Stated most generally, the results show differentiation 
in pausing between the first and second occasions of the longer 
schedule, with longer pauses when the shorter schedule had just 
been completed and shorter pauses when the shorter schedule 
was forthcoming. Differen tiation within a schedule was less 
evident when the schedule was the shorter of the two FRs. 
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Two effects are possible in accounting for the data. One, a 
direct effect, lengthened pausing at the point of transition from 
a shorter to a longer FR. The other is the aforementioned facili
tation of responding when completion of the present FR pro
duces transition to the shorter FR along with the primary 
reinforcer (:ontingent upon the responding. It is likely that both 
con tribute to the data, although further work will be necessary 
to isolate their influence. 

The magnitude of the differences in pausing between first 
and second occasions of a schedule ("change" vs. "repeat") 
were, in several phases of the study, surprisingly large. Although 
comparisons of absolute magnitude of effect are difficult to 
evaluate, it would appear that behavior-contingent schedule 
changes may be more potent than changes in the magnitude of 
food reinforcement. Several studies (Keesey & Kling, 1961; 
Mintz, Mourer, & Weinberg, 1966) have shown relatively little 
change in FR pausing (in multiple schedules) as a function of 
reinforcement magnitude or number. However, the present data 
provided as large as fourfold differences in pause duration for 
a given FR, depending on the quantitative and sequential 
relation of this FR to the schedule paired with it. 

The interactions among components in a multiple schedule 
are important factors in the analysis of behavior. The present 
study provides a strong indication that the behavior-produced 
advent of a new schedule may exert considerable control. This 
may be particularly potent in ratio procedures, where comple
tion of the ratio has the dual consequence of producing rein
forcement and leading to the next schedule in the programmed 
series. However, even in procedures in which advent of the next 
schedule is not so strictly behavior contingent, adventitious re
lations of this sort must certainly develop. Interactive effects 
may in part be explained in terms of such superstitious 
contingencies where changing schedules are coincident with 
changing patterns of behavior. 

Concepts like "schedule interaction" and "reinforcement 
density" imply effective operation of events distributed over 
relatively long periods of time. Further, events that are not 
present are still assumed to influence the momentary behavior of 
the organism. This study may provide some clue as to how such 
temporal integration operates. Extensive exposure to the experi
mental situation may provide conditioned reinforcers for re
sponding in the form of changing schedules. Kelleher (1966) has 
pursued such effects in his analysis of second-order schedules. In 
essence, the organism not only achieves reinforcement on a 
schedule, but also changes schedules by behaving. A determinant 
of response likelihood is the prior history of such changes. As 
provision of the conditions under which primary reinforcers are 
obtained makes response more likely, so response likelihood may 
also vary with real or adventitious schedule changes related to 
response. 

REFERENCES 

AZRIN. N. H. Sequential effects of punishment. Science. 1960. 
131. 605·606. 

CATANIA. A. c.. & GILL. C. A. Inhibition and behavioral 
contrast. Psychonomic Science. 1964. 1. 257-358. 

GRIFFITHS. R. R.. & THOMPSON. T. Pausing in ratio schedules: 
A function of upcoming ratio size. Proceedings of the 80th 
Annual Convention of the American Psychological Association. 
1972. 7. 753-754. 

KEESEY. R. E .. & KLING. J. S. Amount of reinforcement and 
free operant responding. Journal of the Experimental 
Ana(l'sis of Behavior. 1%1. 4. 125-132. 

KELLEHER. R. T. Chained and conditioned reinforcement. In 
W. K. Honig (Ed.). Operant behavior: Areas of research 
and application. New York: Appleton-Century·Crofts. 
1966. pp. 160-212. 



134 MINTZ 

MINTZ, D. E., MOURER, D. J., & GOFSEYEFF, MIRIAM. 
Sequential effects in fixed-ratio postreinforcement pause 
duration. Psychonomic Science, 1967, 9, 387-388. 

MINTZ, D. E., MOURER, D. J., & WEINBERG, LAURA S. Pause 
and rate effects in multiple-reinforcement fixed-ratio 
schedules. Psychonomic Science, 1966, 6,487-488. 

NEVIN, J. A., & SHETTLEWORTH, S. J. An analysis of contrast 
effects in multiple schedules. Journal of the Experimental 
Analysis of Behavior, 1966, 9, 305-315. 

PLIsKOFF, S. S. Rate change effects a pre-schedule-change 
stimulus. Journal of the Experimental Analysis of Behavior, 
1961, 4, 383-386. 

PLISKOFF, S. S. Rate change effects with equal potential 
reinforcements during the "warning" stimulus_ Journal of the 
Experimental Analysis of Behavior, 1963, 6, 557-562. 

REYNOLDS, G. S. Behavioral contrast. Journal of the 
Experimental Analysis of Behavior, 1961, 4, 57-71. (a) 

REYNOLDS, G. S. An analysis of interactions in a multiple
schedule. Journal of the Experimental Analysis of Behavior, 
1961. 4,107-117. (b) 

STADDON, J. E. R. Multiple fixed-interval schedules: Transient 
contrast and temporal inhibition. Journal of the Experimental 
Analysis o.f'Behavior, 1969, 4, 583-590. 

WILTON, R. N., & GAY, ROBERT A. Behavioral contrast in one 
component of a multiple schedule as a function of the 
reinforcement conditions operating in the following 
component. Journal o.f' the Experimental Analysis of 
Behavior, 1969, 12, 239-246. 

(Received for pUblication May 3, 1976.) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




