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Effects of an added counter on keypecking 
maintained by a fixed-ratio schedule: 

Context effects 

DAVID B. PEELE and C. B. FERSTER 
The American University, Washington, D.C. 

Under fixed-ratio reinforcement, an added counter weakened performance to a greater extent 
when the added counter alternated with an identical fixed-ratio schedule (without the counter) 
in a multiple schedule. The results were interpreted as indicating an increase in the discrimina­
tive control by the added counter, which was caused by the contrast with the interpolated ratio 
requirement without the counter. The results confirm and extend earlier reports that fixed-ratio 
performance is substantially weakened by amplification of the discriminative control of perfor­
mance by response count. 

A previous experiment gave evidence that the postrein­
forcement pause on a fixed-ratio schedule was longer with 
an added counter-a slit on the response key that provided 
an exteroceptive stimulus that was small at the start of 
the fixed ratio and large at completion of the ratio require­
ment (Ferster & Peele, 1980). In that experiment, the ef­
fect of the added counter was studied in a multiple sched­
ule in which the added stimulus grew with response count 
in one component of the multiple schedule, and remained 
fixed (either at a small or a large opening size) during 
the alternating component of the multiple schedule. The 
added counter increased the pause after reinforcement, 
relative to the performance without the counter. The ex­
tent of the attenuation of fixed-ratio performance de­
pended, however, on whether the added stimulus was 
fixed at the small or the large position during the compo­
nent without the counter. This was necessitated because 
the components were programmed on the same key. The 
added counter weakened performance to a greater degree 
when the alternating schedule, without it, was occasioned 
by the large slit size. This finding was interpreted as in­
dicating induction between the two components of the 
multiple schedule. The reinforcement of pecks at the large 
slit size, without the added counter, provided a contrast 
of conditions at the beginning of the fixed ratio that ac­
cented its unoptimal control of behavior. The reinforce­
ment at the small stationary slit reduced the unoptimality 
of the small size of the added counter at the start of the 
fixed ratio and, hence, lessened the pausing emitted with 
the added counter. 

In the present experiment, we examined the effect of 
the added counter by using two keys to eliminate these 
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complex interactions and to more accurately measure the 
attenuation and the conditions that govern it. 

METHOD 

Subjects 
Two naive adult male Silver King pigeons, maintained at 80% of their 

free-feeding weights, served as subjects. The total daily ration of food 
was delivered during experimental sessions. Experimental sessions were 
conducted until 60 reinforcements occurred; the food-magazine dura­
tion was adjusted between 4 and 5 sec to maintain a constant weight. 

Apparatus 
The experiment was carried out in a two-key, standard pigeon cham­

ber, as described by Ferster (1953). Tbe added counter was a slit, 3.2 mm 
wide and back-illuminated, that grew from 3.2 mm long at the start to 
28.6 mm at the completion of the fixed-ratio requirement. Tbe two keys 
were centered at equal distances from the food hopper. Tbe added counter 
key was illuminated with white light, and the key without the counter 
was illuminated with yellow light. The added counter was driven by 
an automatic electric stepping relay that operated through gear reduc­
tion. The stepper drove a wedge-shaped mask across the key, increas­
ing the height of the slit with each response. The rate of growth was 
linear. A counterweight returned the slit to the beginning position wben 
an electromagnetic clutch was actuated. Reset time was less than 0.5 sec. 
The delivery of food was linked mechanically to a switch on the added 
counter, to ensure that the added stimulus was always at the maximum 
position at the moment of reinforcement. The data were recorded on 
a cumulative recorder and a Sodeco counter, which printed out individual 
interreinforcement times. 

Procedure 
Keypecks were shaped by successive approximations to the desired 

response, and then reinforced continuously on alternate keys with the 
added counter held at the maximum position. Contingencies were indi­
cated by illuminating the respective keys. The fixed-ratio requirement 
was then increased to the terminal value of 200 in 10 steps over a period 
of five sessions. During this time, components alternated between keys, 
each with the same ratio requirement. During training, the added coun­
ter remained stationary at the large slit size. Thereafter, three stages 
followed each other in continuous, simple alternation, each in effect for 
a full session. Stage I was a multiple schedule in which a fixed-ratio 
200 (FR2oo) alternated between the added counter key and the key 
without the counter. Stage I was held in effect for a total of 19 ses­
sions. In the second and third stage, only the key without the added 
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counter or the key with the added counter, respectively, was operative 
while the alternate key was dark. Stages 2 and 3 were held in effect 
for nine sessions each. Since the fixed-ratio performance in components 
with and without the added counter was uniformly a pause after rein­
forcement followed by an abrupt shift to the prevailing fixed-ratio run­
ning rate, the interreinforcement time was considered the major datum. 
The effects of treatment on performance were assessed by detennining 
mean interreinforcement times (in seconds) for performances with and 
without the added counter. 

RESULTS AND DISCUSSION 

The results for both subjects are shown in Figure 1, 
which illustrates the interreinforcement time with and 
without the added counter when the schedules were com­
ponents of the multiple schedule and when the schedules 
were programmed alone as a simple schedule. The left 
panel shows the fixed-ratio performance with the ad~ed 
counter when it was programmed as part of a multiple 
schedule (open bars) and when it was programmed as a 
simple schedule (filled bars). The right panel shows analo­
gous fixed-ratio performance on the key without the added 
counter. In all cases, the interreinforcement time was sub­
stantially longer with the added counter. Overall, mean 
interreinforcement times with, as opposed to without, the 
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Figure 1. Mean interreinforcement intervals obtained on a fIXed­
ratio 200 schedule of reinforcement, with and without an added coun­
ter. Values for performance with the added counter, s~own in the 
left panel are illustrated for instances where contingencies were ar­
ranged as' either a simple (6Iled bars) or a multiple (open bars) sched­
ule A similar data set is shown in the right panel for performance 
maintained by an identical fIXed-ratio schedule without the added 
counter. Each bar represents group mean (±SE) performance for 
each of 2 pigeons. 

added counter were 1,250 versus 226 sec, respectively, 
or a 5-fold increase produced by the addition of the ad­
ded counter. Performance maintained by FR200 without 
the added counter (right panel) was roughly identical in 
both multiple and simple schedule conditions. This was 
not the case for performance on the FR200 with the added 
counter. As shown in the left panel of the figure, both 
birds took substantially longer to complete the ratio in the 
context of the multiple-schedule presentation. The increase 
in interreinforcement time resulting from contextual ef­
fects for Pigeons I and 2 represents increases of 62 % and 
65 %, respectively. 

The results confirm and extend the findings reported 
by Ferster and Peele (1980) that the added counter 
weakens performance maintained by a fixed-ratio sched­
ule. In the present study, we avoided the confounding ef­
fects of induction reported in the earlier experiment by 
recording performance with and without the added coun­
ter on two separate response keys. The novel finding in 
the present experiment was that fixed-ratio strain accom­
panying performance with the addition of an added counter 
was enhanced by alternating a fixed-ratio component with 
the added counter with a similar fixed-ratio requirement 
without the added counter. By virtue of alternation with 
an identical fixed-ratio schedule in the absence of explicit 
feedback of count, the added counter acquired enhanced 
discriminative control over responding. One interpreta­
tion of the data is that the added counter eliminates the 
ambiguity that is normally present in the bird's own be­
havior when that behavior is the controlling discrimina­
tive stimulus. In this manner, the performance maintained 
by the fixed ratio without the added counter, in relation 
to that maintained by the fixed ratio with the added coun­
ter, was functionally similar to the performance main­
tained by a variable-ratio schedule (Ferster & Skinner, 
1957). 

REFERENCES 

FERSTER, C. B. (1953). The use of the free operant in the analysis of 
behavior. Psychological Bulletin, SO, 263-274. 

FERSTER, C. B., a PEELE, D. B. (1980). The contribution of an added 
counter to a fixed-ratio schedule. Journal o/the Experimental Anal­
ysis of Behavior, 34, 93-105. 

FERSTER, C. B., a SKINNER, B. F. (1957). Schedules of reinforcement. 
New York: Appleton-Century-Crofts. 

(Manuscript received September 14, 1989.) 



<<
  /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




