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ITI presentations of a white noise burst had little effect on 
conditioning rates of Ss trained at a 350 msec lSI, while producing 
a considerable decrement in the conditioning rates of Ss trained at 
a 750 msec lSI. These results are discussed in terms of variable, 
ISI-determined, 1TI consolidation rates. 

Problem 
The purpose of the present investigation was to determine 

whether the marked attenuation in conditioning rates produced by 
ITI interpolation of short white noise bursts (Papsdorf & 
Kettlewell, 1968) is influenced by lSI duration. Schneiderman & 
Gormezano (1964) obtained significantly more rapid conditioning 
of the rabbits' nictitating membrane response with an lSI of 250 
msec than with one of 500 msec. In an as yet unpublished 
investigation from the Michigan laboratory (Pennes and Papsdorf, 
manuscript in preparation) the frequently observed depression in 
human eyelid conditioning rates which accompany 50% reinforce­
ment schedules (e.g., Meiselman & Moore, 1965) was also found 
with conditioning of the nictitating membrane response, but only 
at such relatively non-optimal ISis as 600 and 1200 msec. On the 
contrary, Ss trained at a 200 msec lSI conditioned as rapidly on a 
50% reinforcement schedule as did the continuously reinforced 
animals. Since, in the Papsdorf & Kettlewell (1968) investigation, 
the interpolated stimulus depression was obtained with Ss con­
ditioned at the 600 msec lSI, we decided to determine whether 
the depression would be present or, paralleling the above 
unpublished observation, absent in Ss trained at a more optimal 
lSI. 
Subjects 

The Ss were 32 albino rabbits, 80-100 days old, obtained 
through the facilities of the Animal Care Unit of The University of 
Michigan, and maintained on ad lib food and water. 
Procedure 

The apparatus and procedure employed in classical conditioning 
of the nictitating membrane response of the rabbit has been 
described in detail by Gormezano (1966). Forty-eight h after 
delivery S was placed in a Plexiglas restraining box, the inferior 
and superior lids of the right eye were retracted with tailor hooks 
stitched to an adjustable Velcro strap, and a muzzle-like assembly 
supporting a photo-electric transducer was positioned on Ss head. 
Movements of the nictitating membrane were monitored electro­
graphically by mechanically coupling the transducer to a small 
nylon loop previously sutured into the membrane. S was then 
placed in a deactivated, sound-attenuating chamber for a 15 min 
habituation session. Twenty-four h later the 32 Ss were randomly 
assigned to the 4 cells (N = 8) of a 2 by 2 factorial design having 
lSI levels of 350 and 750 msec orthogonal to the presence (D) or 
absence (C) of a 5 sec burst of 85 dB white noise occurring 30 sec 
after CS onset. On each of the subsequent conditioning sessions, 
given daily for seven days or until S attained the 85% CR level on 
two consecutive sessions, Ss received IS CS-US pairings at an IT! 
of 60 sec. The CS, a 93 dB 1000 cps tone, was presented for 450 
or 850 msec with the US, a 3.0 rnA 60 cps shock delivered to a 
point approximately 12 mm posterior to the right temporal 
canthus, overlapping the last 100 msec of CS presentation. CRs 
were defined as a 1 mm or more deflection of the oscillographic 
recording pen occurring 50 msec after CS onset and up to the 
moment of US presentation. 
Results 

Figure I plots the percentage CRs across the seven conditioning 
sessions for each of the four groups with their mean performance 
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over the seven sessions plotted in the Inset. In the construction of 
this graph as well as in the subsequent data analysis the 
extrapolated performance level for a S attaining criterion prior to 
the seventh session was arbitrarily given the value attained by that 
S on the second criterion session. As examination of the figure 
indicates, IT! presentation of white noise bursts had little effect 
on conditioning rates at the 350 msec lSI, while producing a 
marked depression in the acquisition curve of the 750 msec lSI 
group. F-test comparisons of the control and experimental means 
over the seven conditioning sessions yielded no significant differ­
ence at the 350 msec lSI (F = .08) with a significant difference 
present at the 750 msec lSI (F = 6.70; df = 1/36; p < .05). 
Discussion 

The observation that ITI interpolations of "white noise" bursts 
produce deficits in conditioning rates which may be obviated by 
training with a more optimal lSI can be presently accounted for 
by at least two theoretical positions: (1) A larger reactive 
inhibition to associative strength ratio in the 750 msec lSI white 
noise Ss; (2) a faster rate of IT! consolidation in both of the 350 
msec lSI groups. With respect to the former hypothesis, as there is 
a slightly greater frequency of white noise-elicited IT! blinking in 
the interpolated stimulus groups, it could be suggested, in accord 
with Hull (1943) that the level of reactive inhibition, though equal 
in the two experimental groups, is, in comparison to their amounts 
of associative development, relatively greater for the 750 msec lSI 
Ss. However, as it was previously reported (Papsdorf & Kettlewell, 
1968) that a white noise burst occurring 50 sec into a 1 min ITI 
produced less of a depression than one occurring 30 sec into the 
IT!, the reactive inhibition hypothesis, as well as other time­
decaying inhibitory effects, would not appear to be applicable. 

The alternative formulation of lSI-determined consolidation 
rates is an expansion of the hypothesis that IT! consolidation 
occurs in conditioning of the nictitating membrane response 
(Kettlewell & Papsdorf, 1968). Briefly, this theory assumes that 
tone-shock presentation on trial N activates a population of neural 
elements which code this contingency and move from a vulnerable 
or short-term state to a less vulnerable or long-term state in the 
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Fig. 1. Percentage CRs for aU groups over the seven conditioning sessions 
and (Inset) coUapsed across the seven sessions. 
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period following US offset. US presentation on trial N + I, as well 
as ITI presentations of white noise bursts, terminates the 
consolidation process and those traces which have not yet 
consolidated are lost. However, another population of traces codes 
the tone-shock contingency of trial N + I and the process is 
reinitiated. With reference to the present results, more optimal 
ISIs could presumably produce more rapid ITI consolidation; thus, 
for example, given a 350 msec lSI, 95% of the activated traces 
could be consolidated 30 sec after es onset while, for the 750 
msec lSI Ss, only 50% of their traces might be consolidated by this 
time. 

As to the possible reasons for such a relationship between lSI 
and ITI consolidation rate, we can, of course, at this point only 
speculate. John (1967, p. 62) has·suggested that the reverberatory 
overlap of wavefronts of coherent neural activity emanating from 
the es dominant focus and travelling to the US dominant focus 
underlies the neural basis of associative ontogenesis. John further 
suggests that the facilitatory effects of certain analeptic drugs on 
conditioning rates is attributable to increasing the number of 
eS-excited neural elements. Besides increasing the coherence or 
detectability of the reverberatory wavefronts, larger neural popula­
tions may interact in such a way that there is greater alteration in 
the extraneuronal microenvironment which accelerates the 
metabolic process involved in associative storage. This hypothesis 
of metabolically determined consolidation rates can also be 
applied to the results of the present investigation if it is assumed 
that the number of es activated neurons, or degree of wavefront 
coherence, effectively interacting with the US dominant focus is 
determined by the lSI. 

Another possible explanation for lSI determination of ITI 
consolidation rates, one which John has also considered in 
accounting for the facilitatory effects of certain eNS excitant 
drugs, is that the rate of reverberatory activity underlying 
consolidation may be altered by lSI duration. If the lengths (i.e., 
number of synapses) of the functional neural paths involved in 
wavefront emanations from the CS-dominant focus to the US­
dominant focus are determined by the lSI, then the number of 
wavefront passages which proceed through these loops in a given 
unit of time would vary inversely with the period of es-us 
separation. Thus on the assumption that each wavefront sweep 
adds a constant increment to associative development, con­
solidation would proceed more rapidly with an lSI of 350 msec 
than with one of 750 msec. 
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While the present investigation points to the possibility of lSI 
determination of ITI consolidation rates, only further research can 
establish this hypothesis; an investigation critical to its acceptance 
would involve not only demonstrating the presence of variable, lSI 
determined, ITI vulnerability gradients, but also the existence of 
an early ITI locus where white noise bursts produce a level of 
depression independent of the lSI function. Such a locus of course 
would reveal the time at which the ITI consolidation process has 
been initiated. 

If the efficacy of this hypothesis is established, consideration of 
the alternate neural analogues proposed-differential metabolic 
enhancement as a function of wavefront coherence, or variable 
neural loop iteration frequencies-suggests another line of in­
vestigation. A factorial comparison of the disrupting effects of 
white noise bursts on conditioning to es of several intensities 
should, if the loop length hypothesis is correct, result in no 
interaction since increases in es intensity presumably augment 
wavefront coherence but do not alter loop length. We are 
presently engaged in this and related investigations at the Michigan 
laboratory. 

REFERENCES 
GORMEZANO, I. Classical conditioning. In J. B. Sidowski (Ed.), Experi­

mental methods and instrumentation in psychology. New York: McGraw­
Hill, 1966. 

HULL, C. L. Principles of behavior. New York: Appleton-Century-Crofts, 
1943, 

JOHN, R. ROY. Mechanisms of memory. New York: Academic Press, 1967. 
MEISELMAN, H., & MOORE, J. The effects of percentage reinforcement, US 

duration, and experience with procedure on the conditioned eyelid 
response. Psychon. Sci., 1965,3,335-336, 

PAPSDORF, JAMES D., &KETTLEWELL, NEIL M. The effects of different 
interpolated IT! stimulu!K:onditioned stimulus intervals on the acquisition 
of the classically conditioned nictitating membrane response of the rabbit. 
Psychon. Sci., 1968,10, 171-172. 

SCHNEIDERMAN, N., & GORMEZANO, I. Conditioning of the nIctitating 
membrane response of the rabbit as a function of CS-US interval. J. compo 
physiol. Psychol, 1964,59,188-195. 

NOTE 
1. This research was supported by a grant from the National Institutes of 

Mental Health, NIH MH 12504-02, to James D. Papsdorf. 

Psychon. Sci., t968, Vol. 12 (5) 



<<
  /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




