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Rats were reinforced on a fixed-interval schedule in which 3-min intervals alternated with I-min 
intervals in even-numbered sessions and with 5-min inteFVals in odd-numbered sessions. The 1- and 5-min 
intervals ended with either one or three pellets. The number of responses in the 3-min interval was 
greater following one pellet than three pellets. There .were also mor~ respons~s ?uring the 3-min interval 
when it alternated with a I-min interval than when It alternated wlth a 5-mm interval. 

Several recent studies have shown that subjects 
reinforced on a fixed-interval (FI) schedule responded at 
higher rates during an interval following a small rein­
forcement than during an interval following a large 
reinforcement (Meltzer & Howerton, 1973, 1975; 
Staddon, 1970). However, it is not known what effect 
interval duration has on this phenomenon, if any. The 
question can be asked with regard to several different 
duration parameters, but in this experiment it was 
decided to vary the duration of an interval, at the end 
of which a rat would receive either of two different 
amounts of reinforcement. The effects of interval 
duration and amount of reinforcement would then be 
determined by examining the subjects' responses during 
an alternating interval which was always of the same 
duration and which always ended with the same amount 
of reinforcement. 

METHOD 

Subjects 
The subjects were nine male hooded rats, approximately 

90 days old at the beginning of the experiment. Each animal was 
placed on a 22-h food deprivation schedule 5 days before the 
beginning of the experiment and was maintained on that depri­
vation schedule until the experiment ended. Water was always 
available in an animal's home cage. 

Apparatus 
Each of the three identical chambers (Lehigh Valley Elec­

tronics No. 1316) had the following specifications. Interior 
dimensions were 21.0 x 30.5 x 18.0 cm. A bar requiring a force 
of 18-20 g was located on the left side of the front wall, 3.5 cm 
above -the grid floor. Food reinforcement consisted of one, two, 
or three 45-mg Noyes pellets, delivered into a bod hopper 
located in the middle of the front wall. If two or three pellets 
were to be delivered, the time between pellet presentations was 
no longer than .5 sec. Two incandescent white lights, each 
emitting 37.1 fL of illuminance, measured 2.5 cm from the 
source, were located on either side of the front wall 9.0 cm 
above the floor. A Knight pure-tone generator was used in 

presenting an 830-Hz tone, 3.5 dB above background noise, 
through a speaker mounted just outside the chamber. 

White noise was present in the experimental room to mask 
extraneous sounds. Electromechanical programming and record­
ing equipment was in an adjoining room. 

Procedure 
During the first three sessions, the rats were reinforced every 

time they pressed the bar. Beginning with the fourth session, 
all subjects were placed on an FI schedule. Two different multi­
ple schedules were used for the rest of the experiment in alter­
nate sessions. There were 17 fixed intervals in each session. In 
multiple schedule A the cue light was always on during odd 
intervals: the first, third, fifth, etc. intervals in a session. These 
intervals were always 3 min long and always ended with a rein­
forcement consisting of two 45-mg Noyes pellets delivered 
.5 sec apart. The light was always off during even-numbered 
intervals (Le., the second, fourth, sixth, etc., intervals) and the 
tone was on. 

The even-numbered intervals were 1 min long; four of them 
ended with a one-pellet reinforcement, while the other four 
ended with a 3-pellet reinforcement. The three pellets were 
delivered .5 sec apart. Thus, there were discriminative stirnuli­
light plus no tone during 3-min intervals, no light plus tone 
during I-min intervals-which allowed the subject to identify the 
duration of the current interval. There were no stimuli present 
that would have allowed the subject to predict the size of the 
reinforcement which would be delivered. We decided to use 
this procedure because previous work (Meltzer & Howerton, 
1975) had shown that there was a very small difference in 
performance following signaled as opposed to un signaled varia­
tions in amount of reinforcement. 

The sequence of one- and three-pellet reinforcements was 
arranged so that, if the intervening two-pellet reinforcement was 
ignored, a one-pellet reinforcement was equally likely to be 
followed by one pellet or three pellets at the end of the next 
I-min interval. And, in the same way, a three-pellet reinforce­
ment was equally likely to be followed by one or three pellets 
at the end of the next I-min session. 

The alternate sessions, in which multiple schedule B was 
used, also had a constant 3-min two-pellet light interval in every 
odd position. However, the even-numbered intervals were now 
5 min long and neither light nor tone was on during these 
intervals. Thus, it was possible for the subject to discriminate 
between the 3- and 5-min intervals within these schedule B 
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Table 1 
Response Rates During the First and Second Halves of the 

1- and S-Min Intervals 

Interval 

I Min 
5 Min 

First Half 

6.1 
8.3 

Second Half 

24.3 
19.1 

sessions and also to discriminate between the 5- and I-min 
intervals between sessions. The 5-min intervals ended with either 
a one- or three-pellet reinforcement, just as the I-min intervals 
did , and, just as in the I-min intervals, there were no stimuli 
present that would allow the subject to predict the amount of 
reinforcement which would be delivered at the end of the 
current interval. 

There were a total of 56 sessions during which the multiple 
schedules were used, 23 sessions with each schedule. The last 
10 sessions using each schedule provided the data used in the 
analysis. 

RESULTS AND DISCUSSION 

The fIrst analysis compared response rates iii. the fIrst 
and second halves of the I- and S-min intervals, the even­
numbered intervals in -multiple schedule A and multiple 
schedule B, respectively. The analysis was performed to 
insure that subjects were responding at signifIcantly 
higher rates during the I-min intervals than during the 
S-min intervals. These mean rates are shown in Table I. 
Response rate was signiftcantly higher during the second 
half of the interval (F :;:: S1.47, df:;:: I/B, p < .01), and 
there was a greater difference between response rates 
in the second half as opposed to the fIrst half of the l­
and S-min intervals (F = 11.23, df = I/B, P < .02S). 
In brief, this meant that there was very little difference 
between the mean response rate of 6.0 responses/min 
during the fIrst half of a I-min interval and the mean of 
B.3 responses/min during the fIrst half of a S-min inter­
val. However, mean response rate was 24.3 responses/ 
min during the last half of a I-min interval and 19.1 
responses/min during the last half of a S-min interval. 
Apparently, subjects discriminated the two types of 
intervals but response rate differences were only present 
during the last half of each interval. 

The second analysis examined the number of 
responses subjects made during the three time bins of 
the 3-min two-pellet intervals-the fIrst 90 sec, the next 
60 sec, and the last 30 sec. Number of responses was 
analyzed rather than response rate because, with time 
bins of unequal duration, overall rate measures would be 
distorted. However, the mean number of responses in 
an interval can be computed correctly regardless of the 
duration of the different time bins. Table 2 shows that 
th~re were different numbers of responses in each time 
bin, with the greatest number in the bin from 90 to 
ISO sec (F = 26.62, df = 2/16, p < .01). Subjects made a 
mean of 37.9 responses during each 3-min interval 

following a one-pellet reinforcement and a mean of 
31.6 responses during 3-min intervals following a three­
pellet reinforcement, which was a signifIcant difference 
(F = IB.30, df = l/B, p < .01). And, as Table 2 also 
shows, the difference in responses following one and 
three pellets was greatest during the second time bin of 
the interval, that is, between 90 and 150 sec after the 
preceding reinforcement. This interaction was also 
signifIcant (F = 6.22, df= 2/16, p < .OS). 

The duration of the variable reinforcement interval 
also had a signiftcant effect on responses during the 
3-min interval (F = 9.26, df = I/B, p < .OS). When the 
alternate interval was I min long, there were 42.3 
responses during the 3-min interval. When the alternate 
interval was S min long, there was a mean of 27.0 
responses during the 3-min interval. Finally, there was a 
signiftcant interaction between the duration of the alter­
nate interval and the distribution of responses during the 
3-min interval (F :;:: S.5I, df:;:: 2.16, p < .OS); as Table 2 
shows, the greatest differences were again in the time bin 
between 90 and ISO sec. 

Several points can be made regarding the data. First, 
subjects make more responses after small reinforcements 
than after large reinforcements, as has been demonstrat­
ed many times before. Second, the duration of an 
alternating interval in a complex multiple schedule has 
a strong inductive effect. Shorter alternate intervals 
increase responding; longer alternate intervals reduce it. 
However, these two effects do not interact. The differ­
ences in responding following large and small reinforce­
ment are not affected by the duration of the interval 
at the end of which the variable reinforcement is deliver­
ed; nor does the duration of the interval at the end of 
which the variable reinforcement magnitude is delivered 
modify the effects of reinforcement magnitude on 
response output during the next interval. 

Finally, both of these effects are smallest at the 
beginning of an interval when a subject is responding at a 
very low rate and at the end of an interval when a 
subject is responding at a high terminal rate. They are 
greatest during the middle of the interval. 

Table 2 
Mean Number of Responses During Successive Time Bins in 

Different Types of 3-Min Intervals Ending with a 
Two-Pellet Reinforcement 

Size of 
Alternate Last 
Interval Reinforcement 

All 
Duration 

One Three 
Time Bin Intervals 1 Min 5 Min Pellet Pellets 

0-90 sec 7.4 9.8 5.0 8.8 6.1 
90-150 sec 15 .5 19.0 12.0 17 .2 13.9 

150-180 sec 11.8 13.5 10.0 11.9 11.6 

0-180 sec 34.7 42.3 27.0 37.9 31.6 



INTERVAL DURATION AND FI PERFORMANCE 305 

REFERENCES 

MEL TZER. D .. & HOWERTON. D. L. Sequential effects of reinforce­
ment magnitude on fixed-interval performance. Journal of 
Comparative alld Physiological Psychology. 1973. 85. 361-366. 

MELTZER. 0 .. & HOWERTON. D. L. Sequential effects of signaled 
and u nsignaled variations in reinforcement magnitude on fixed 

interval performance. Bulletill o( the Psychollomic Sl)ciety. 
1975 . 6. 401-464. 

STADDON. J. E. R. Effects of reinforcement duration in lixed 
interval responding. Joumal o( the Experimelltal Allu(rsis o( 
Behal·ior. 1970. 13. 9-11. 

(Received for publication June S. 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




