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Positive conditioned suppression as a function
of the percentage of CS-US pairings
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Two groups of 12 rats were trained to barpress on a variable-interval 2-min schedule of sucrose
solution reinforcement. While responding on this schedule of reinforcement, the subjects were
exposed to a classical conditioning contingency, in which an 8-sec light CS terminated with the
delivery of a food pellet US on either 100% or 50% of the CS presentations. Comparisons of the
response rate during the CS to the response rate prior to the CS revealed that suppression of CS
rate was directly related to the probability of CS terminating with US.

Estes and Skinner (1941) reported that the rate of a
positively reinforced operant response was suppressed
during a conditioned stimulus (CS) which previously had
been paired with a negative unconditioned stimulus
(US), such as electric shock. This conditioned suppres-
sion presumably occurred because the CS elicited a con-
ditioned emotional response which was incompatible
with the operant response. Since this first description,
the negative conditioned suppression procedure has been
used frequently to investigate the parameters which
affect the interactions between operant and respondent
conditioning.

A less frequently studied variation of the Estes and
Skinner (1941) procedure consists of following the CS
with a positive US, such as food, rather than a negative
US, such as shock. Meltzer and Brahlek (1970) found
that the rate of a positively reinforced operant response
increased during a long-duration CS which preceded a
positive US (condition enhancement), and decreased
during a short-duration CS which preceded a positive
US (positive conditioned suppression). Azrin and Hake
(1969) suggested that a common emotional arousal may
mediate both negative and positive conditioned suppres-
sion, and called for additional research investigating
variables common to both procedures.

One variable common to both procedures is the
percentage of CS-US pairings. A number of studies have
reported that the rate of acquisition of negative con-
ditioned suppression is directly related to the probability
that the CS will terminate with electric shock (Brimer
& Dockrill, 1966; Geller, 1964). However, no significant
differences in asymptotic negative conditioned suppres-
sion could be found between groups receiving different
percentages of CS-US pairings. All groups eventually
reached almost complete response suppression, even
when as few as 25% of the CSs terminated with shock
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(Hilton, 1969; Wagner, Seigel, & Fein, 1967; Willis,
1969). The only study which reported a direct relation-
ship between the percentage of CS-US pairings and
negative conditioned suppression varied the probability
of shock within subjects (Willis & Lundin, 1966). It
seems likely that a type of “floor effect” may be re-
sponsible for the failure to find differences between
groups receiving different percentages of CS-US pairings.
Once response rate during the CS approaches zero,
higher probabilities of shock could not increase response
suppression.

One previous experiment has investigated the effects
of varying the probability of a positive US on positively
reinforced operant response rate. Meltzer and Hamm
(1974) found that asymptotic conditioned enhancement
increased as the percentage of pairings of a long (2-min)
light CS and a positive US increased from 33% to 66% to
100%. The duration of the CS was then reduced to 8 sec,
with the percentage of CS-US pairings remaining at the
previous values for each group. However, the expected
positive conditioned suppression did not develop during
the short-duration CS. The 100% group showed neither
enhancement nor suppression, while the rates of the
33% and 66% groups were considerably enhanced during
the CS. Meltzer and Hamm interpreted these results by
suggesting that a CS which had been paired with a
positive US always elicits a positive emotional response
which facilitates positively reinforced operant responses.
A second response, such as a postural adjustment or
sign tracking (Hearst & Jenkins, 1974), which interferes
with the operant response may also be elicited by the
CS. The strength of the second interfering response
presumably increases with the percentage of CS-US
pairings, and decreases with the duration of the CS.
Meltzer and Hamm predicted that low probabilities of a
positive US following a short CS would produce condi-
tioned enhancement by reducing the sign-tracking
tendencies and thus leaving the facilitating emotional
response relatively unopposed.

The Meltzer and Hamm experiment confounded the
effects of percentage of pairings of a short CS and a

142



positive US with a shift in the duration of the CS.
Accordingly, the present experiment sought to deter-
mine the effects of manipulating the percentage of
CS-US pairings with no confounding previous experience.

METHOD

Subjects

The subjects were 24 experimentally naive male Long-Evans
rats, approximately 120 days old at the beginning of the experi-
ment. All rats were maintained at approximately 80% of their
free-feeding weight. Water was continuously available in the
subjects’ individual home cages.

Apparatus

Rats were tested individually in standard operant condition-
ing chambers measuring 22.2 x 19.1 x 19.1 cm. The front wall
of each chamber had the following configuration: a response
lever 3.2 cm to the right of center and 6.4 cm above the grid
floor, an opening for access to a liquid dipper 4.4 cm from the
left wall and 2.0 cm above the floor, a food pellet cup located
3.0 cm from the right wall and 3.0 cm above the floor, and a
pilot light located 14.0 cm above the liquid-dipper opening.
Each chamber was placed in a ventilated sound-attenuating
enclosure. White noise was always present in the experimental
room to mask extraneous noises. Electromechanical relay
equipment was located in an adjacent room and controlled
stimulus events and response recording.

Procedure

Throughout the experiment, all sessions lasted 50 min. The
response lever was removed from the chambers during pre-
liminary training. Sessions 1-3 consisted of dipper training, in
which the dipper containing .1 cc of 10% sucrose solution (by
weight) was available on a variable-time 1-min schedule.
Sessions 4-7 consisted of food-cup training, in which a 45-mg
food pellet was delivered into the food cup on a variable-time
1-min schedule. The response lever was then introduced and
remained in the chambers for the rest of the experiment. Sub-
jects were conditioned to barpress for 6-sec access to the sucrose
solution. Barpressing was reinforced continuously during
Sessions 8-12, on a variable-interval 30-sec schedule during
Sessions 9-11, and on a variable-interval 2-min schedule during
Sessions 12-17.

For the testing phase of the experiment the 24 rats were
randomly assigned to two groups of 12 subjects each. In each of
the 24 testing sessions, subjects in both groups were exposed
to eight presentations of an 8-sec light CS while responding on
the variable-interval 2-min schedule of reinforcement. The mean
interval between CS onsets was 6.25 min. Each CS terminated
with the delivery of a food pellet US for the 100% CS-US group.
For the 50% CS-US group, four of the eight CS presentations in
each session terminated with a food pellet US. The order of
CS-US pairings and CS-alone trials was changed every session
for the 50% CS-US group. Presentations of the CS and US did
not affect the variable-interval 2-min schedule of sucrose rein-
forcement for either group.

Following each of the 24 sessions of the testing phase, the
total number of responses during the eight 8-sec CS intervals and
the total number of responses during the eight 8-sec intervals
immediately preceding the CS presentations (pre-CS intervals)
were recorded for each subject. From these totals, response
rates during the pre-CS and CS intervals were computed for each
subject. Inflection ratios were also calculated for each subject
by dividing the CS rate by the sum of the CS rate and the pre-CS
rate. These inflection ratios provided a measure of change
in the response rates during the CS while controlling for pre-CS
rates. An inflection ratio less than .50 meant that the subject
was responding at a lower rate during the CS than during the
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immediately preceding interval, and was considered evidence of
positive conditioned suppression.

RESULTS

Figure 1 shows the mean response rates during the
pre-CS and CS intervals for each group over blocks of
four sessions. An analysis of variance was performed on
these response rates over the six blocks of sessions. This
analysis revealed a significant main effect of interval
(F=735,df =1/22, p<.05) and a significant Groups
by Interval interaction (F=7.05, df =1/22, p<.05).
Tests of simple main effects revealed no difference in
pre-CS rates between groups, no difference in CS rates
between groups, no difference between the pre-CS and
CS response rates for the 50% CS-US group, and sig-
nificantly lower response rates during the CS intervals
than during the pre-CS intervals for the 100% CS-US
group.

Group mean inflection ratios over blocks of four
sessions are shown in Figure 2. As can be seen in
Figure 2, the mean inflection ratios of the 100% CS-US
group indicate substantial suppression of response rates
during the CS, while mean inflection ratios of the 50%
CS-US group indicate, at most, a slight suppression of
response rates during the CS. An analysis of variance on
inflection ratios over the six blocks of sessions con-
firmed the statistical reliability of the differences be-
tween group mean inflection ratios (F = 6.73, df = 1/22,
p <.05). A significant main effect of blocks (F =4.01,
df =5/110, p<.01) reflected the decline in mean
inflection ratios across groups. The analysis did not re-
veal a significant interaction of Groups by Blocks.

The analysis of variance of inflection ratios revealed
more response suppression during the CS for the 100%
CS-US group than for the 50% CS-US group. In order to
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Figure 1. Mean response rates for 100% and 50% CS-US
groups are shown over blocks of four sessions. Mean response
rates during the pre-CS and CS intervals are plotted separately
for each group.
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Figure 2. Mean inflection ratios for 100% and 50% CS-US
groups are shown over blocks of four sessions.

determine if each group’s inflection ratios represented
significant response suppression, one-tailed t tests
were performed on the difference between each group’s
mean inflection ratio for the last block and .50. These
t tests revealed that the 100% CS-US group had inflec-
tion ratios significantly below .50 (t=3.91, p<.01)
but the 50% CS-US group’s inflection ratios did not
significantly differ from .50 (t=1.09, p < .20).

DISCUSSION

The analyses of response rates and inflection ratios yielded
essentially the same information. Positive conditioned suppres-
sion was observed with 100% pairings of a short CS and a posi-
tive US, but not with 50% CS-US pairings. In light of the results
of the present experiment, the enhancement observed in the
33% and 66% groups of Meitzer and Hamm (1974) following a
shift in CS duration from 2 min to 8 sec seems most likely to be
due to the previous experience with the 2-min CS.

Two aspects of the present results differ from those of
negative conditioned suppression studies. First, the present
experiment found an effect of percentage of CS-US pairings
between groups of subjects, while betweensubject effects have
not been found when shock is used as the US. Second, the
50% CS-US group failed to develop positive conditioned suppres-
sion. In studies of negative conditioned suppression, 50% pair-
ings of the CS and shock have been sufficient to develop con-
siderable suppression (Wagner, Siegel, & Fein, 1967).

One factor which may contribute to these differences be-
tween positive and negative conditioned suppression is the
intensity of the US. It is difficult to compare the intensity of a
positive US, such as food, to the intensity of a negative US,
such as shock. Thus, the importance of this factor for the dif-

ferences between positive and negative conditioned suppression
is difficult to assess.

A second possible explanation for the differences between
the present experiment and those manipulating the percentage
of pairings of a CS and a negative US is suggested by the analysis
of Meltzer and Hamm (1974). According to their analysis, the
8-sec CS elicited a response-facilitating emotional response and
a second response-interfering response. In the 100% CS-US
group, these competing response tendencies combined to pro-
duce a net effect of positive conditioned suppression. Reducing
the percentage of CS-US pairings, as in the 50% CS-US group,
led to a net effect of neither conditioned suppression nor con-
ditioned enhancement. A reduction in the percentage of pairings
may weaken the strength of the interfering response, or may
weaken the strength of both the interfering response and the
facilitating emotional response.

REFERENCES

Azrin, N. H., & Hakg, D. F. Positive conditioned suppression:
Conditioned suppression using. positive reinforcers as the
unconditioned  stimuli. Journal of the Experimental
Analysis of Behavior, 1969, 12, 167-173.

BriMER, C. J., & Dockrirr, F. J. Partial reinforcement and
the CER. Psychonomic Science, 1966, 5, 185-186.

Estes, W. K., & SKINNER, B. F. Some qualitative properties
of anxiety. Journal of Experimental Psychology, 1941, 29,
390-400.

GELLER, l. Conditioned suppression in goldfish as a function
of  shock-reinforcement  schedule. Journal of the
Experimental Analysis of Behavior, 1964, 7, 345-349.

Hearst, E., & JEnkiNs, H. M. Sign-tracking: The stimulus-
reinforcer relation and directed action. Austin, Tex:
Psychonomic Society, 1974.

HirTon, A. Partial reinforcement of a conditioned emotional
response in rats. Journal of Comparative and Physiological
Psychology, 1969, 69, 253-260.

MEeLTzER, D., & Branrex, J. A. Conditioned suppression
and conditioned enhancement with the same positive UCS:
An effect of CS duration. Journal of the Experimental
Analysis of Behavior, 1970, 13, 67-74.

MerrzER, D., & HamMm, R. J. Conditioned enhancement as
a function of the percentage of CS-US pairings and CS
duration. Bulletin of the Psychonomic Society, 1974, 4,
467-470.

WaGNER, A. R., SiEGEL, L. S., & FEIN, G. G. Extinction of
conditioned fear as a function of the percentage of
reinforcement. Journal of Comparative and Physiological
Psychology, 1967, 63, 160-164.

Wieis, R. D. The partial
suppression. Journal of Comparative
Psychology, 1969, 68, 289-295.

WiLis, R. D., & LunpiN, R. W. Conditioned suppression
in the rat as a function of shock reinforcement schedule.
Psychonomic Science, 1966, 6, 107-108.

reinforcement of conditioned
and Physiological

(Received for publication March 31, 1977.)




<<
  /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




