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Interaction of deprivation and delay of reinforcement was studied in an operant framework in this 
experiment. Four male Sprague-Dawley rats at approximately 250 days of age served as subjects. They 
were exposed to a series of conditions within a counterbalanced design. The four conditions represented 
the orthogonal combinations of amount of delay (0 and 10 sec) and levels of deprivation (75% and 85%). 
Conclusions from the study concerned the finding that the effect of a delay in reinforcement is magnified 
by an increase in deprivation and the value of searching for such interactive effects in operant research. 

Delay of reinforcement has a long history of experi
mentation with a great variety of apparatus. Most 
studies have found that an increase in delay is followed 
by a decrease in performance. Recent research in the 
operant framework, however, has indicated the speci
ficity of the effects of the delay procedure. For 
example, Morgan (1972) found that, in the case of 
fixed-ratio schedules, as the delay in reinforcement 
increased so did the pause after the reinforcement and 
before the organism begins responding for the next 
reinforcer (the postreinforcement pause). 

The effects of delay of reinforcement have also been 
found to interact with other variables. The relationships 
between sucrose concentration (McCloskey & 
Tombaugh, 1971), reward magnitude (Shanab, Rouse, & 
Cavallaro, 1973), secondary and partial reinforcement 
(Tombaugh, 1973), and contingency descriptions using 
fixed-ratio schedules (Frazier, 1973) have all been 
studied in recent experiments. The purpose of the 
present experiment is to search for an interaction 
between delay of reinforcement and level of deprivation. 
Although the effects of each have been thoroughly 
documented, their interactive effects in the operant 
setting have not been reported. 

METHOD 

Subjects 
Ten naive male albino rats of Sprague-Dawley stock were 

obtained from Harlan, Inc., Cumberland, Indiana, at approxi
mately 100 days of age, and served as subjects. The rats were 
fed ad lib for 150 days, after which time six of the rats were 
allowed to continue ad lib and the other four rats were deprived 
to 80% of their weight. Deprived weights were adjusted 
according to the weight gain of the six rats that were fed ad lib 
throughout the experiment (Capaldi, 1972). 

This experiment is based on a portion of a thesis submitted 
by Larry D. Hilgert in partial fulfillment of the requirements 
of a masters degree at Ball State University. The study was 
partially supported by a grant to Gary F. Meunier by the 
Ball State University Office of Research. 

Apparatus 
The test cage was a LVE Model 142-28 in a sound-attenuated 

chamber programmed by standard relay-type equipment located 
in an adjacent room. Reinforcers consisted of Noyes 45-mg 
food pellets_ A supply of water was maintained in the home 
cage. 

Procedure 
The four experimental rats were shaped to leverpress in the 

test cage and then placed on a schedule of continuous reinforce
ment for one session (100 reinforcers). The schedule was then 
gradually increased to a nxed ratio 40 (FR 40) and was main
tained at that level throughout the experiment. Each animal's 
performance was stabilized at least twice at each of the four 
treatment combinations produced by the two levels of depriva
tion (75% and 85% of ad lib) and delay (0 and 10 sec) with a 
reversal type of design. Stability was described in terms of 
a baseline defmition of no upward or downward trends in post
reinforcement pause and rate of response for a period of 8 days. 
In order to control for possible sequence effects, the schedule 
of presentation of conditions was different for each rat. I 
Presence of the delay was signaled by a tone which sounded 
continuously throughout the 10-sec interval (12,000 Hz at 
85 dB). Presence of the O-sec delay condition was signaled by a 
40-msec tone that accompanied delivery of the reinforcer. 
Although the lever remained in the chamber at all times, 
responses made during the delay did not effect the scheduled 
contingencies. Finally, an experimental session lasted until the 
rats received 100 reinforcers and sessions were conducted 
daily. 

RESULTS 

Three different dependent variables, the post
reinforcement pause, responding rate, and responding 
during the delay, were measured and will be discussed 
in turn. 

The postreinforcement pause (PRP) was defined 
as that interval between the delivery of the nth 
reinforcer and the first response before the n + 1 
reinforcer. A graphical summary of these data is 
presented as Figure 1, where mean session PRP (in 
seconds) is plotted for each rat as a function of depriva
tion and delay level. As is obvious from this figure, 
PRP increased with increases in delay and decreases in 
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Figure I. A graphical representation of average postreinforce
ment pause for each rat under four experimental conditions. 

deprivation. Additionally, an interaction occurred in all 
four sets of data; the difference between performance 
at the two levels of deprivation was greater at the 10-sec 
delay than at the O-sec delay condition . 

Response rate, the second dependent variable, was 
measured as the interval which commenced with the fIrst 
response after the PRP and terminated with the delay 
tone. These data are presented as Figure 2, where the 
mean rate of responding (per minute) is plotted for 
each rat as a function of deprivation and delay 
conditions. As is obvious from the figure, with the 
exception of Rat 77 at the 75% deprivation level, 
increasing the delay produced decreases in responding 
rate. The data also indicate that for three of the rats 
differences due to deprivation levels will be larger with 
a 10-sec delay than a O-sec delay. Due to the failure 
of Rat 80 to replicate this interactive effect, however, 
and the unusual performance of Rat 77 at the 75% 
deprivation level, the data may best be considered 
suggestive rather than defmitive on this point. 

Finally, the third dependent variable, responding 
during the delay, was measured as the number of 
responses occurring during the lO-sec delay period . (For 
obvious reasons, records were not kept of responding 
during the O-sec delay.) These data are presented as 
Table 1, where the mean cumulative responses during a 
session are shown as a function of level of deprivation 
for each animal . With the exception of Rat 79, they 
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Figure 2. A graphical representation of average response 
rates for each rat under the four experimental conditions. 

typically follow the pattern of increased deprivation 
leading to increased responding. Although the actual 
amount of this responding varied across trials within 
a session, the total amount was quite consistent across 
sessions. Representative cumulative records from two of 
the animals (Rat 76 and Rat 79) are presented as 
Figure 3 to demonstrate that the delay periods were 
adequately discriminated. The letter "C" in this figure 
indicates particularly good examples of this discrimi
nation. 

DISCUSSION 

Demonstrating that the postreinforcement pause (PRP) 
is sensitive to changes in various independent variables is 
not difficult . For example, Morgan (1972) found an increase 
in PRP with additional delay before reinforcement, and Sidman 
and Stebbins (1954) reported that PRP decreased as the level 
of deprivation increased. The unique rmding from the present 

Table I 
Cumulative Responses During the Delay Period 

for an Average Session 

Rat 

76 
77 
79 
80 

Deprivation Level 
75% 85% 

2452 
2404 
2557 
2893 

1104 
1361 
2728 
1839 
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Figure 3. Cumulative records for Rat 76 and Rat 79 ("C" 
showing discrimination of the delay). 

experiment, therefore, involves the interaction effects of these 
two variables on the PRP, i.e., in this study the effects of 
deprivation were magnified by the addition of a delay before 
reinforcement. The presence of this interaction suggests the 
usefulness of studying more than one variable concurrently 
in the search for functional relationships and the worth of this 
notion is also supported by the rate of responding data. 
Although not conclusive, these data are certainly suggestive 
of the same interaction found with the PRP data. 

Finally, mention should be made of an alternative explana
tion of this interaction. This alternative hinges on the facts 
that (a) the actual amount of responding during the 75% 
deprivation level was often twice as large as that during the delay 
under 85% deprivation, and (b) at higher levels of deprivation 
discrimination often is not accurate (Powell, 1973). It may be 
reasonable to argue, therefore, that due to the animals' failure 
to discriminate the delay, differences in PRP and response rate 
could have been caused by a simple increase in the number of 
responses emitted before reinforcement in the 75% condition 
(Felton & Lyon, 1966). Although it is difficult to completely 
rule out this possibility, certain arguments can be made against 
it. For example, perusal of the cumulative records (see 
Figure 3) does indicate that some discrimination was occurring, 

and previous experiments (Meunier & Ryman, 1974; Pierce, 
Hanford, & Zimmerman, 1972) have indicated an invariance 
of results across different types of delay procedures. Finally, 
the differences in PRP for Rat 79 parallel those differences 
observed for the other animals, although he responded equally 
during the delay regardless of deprivation level. 
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NOTE 

1. A tabular representation of the design is available upon 
request. 

(Received for publication September 2, 1975.) 



<<
  /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




