Reduction of response latency in monkeys by a
procedure of differential reinforcement’
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The response latency of monkeys performing in a visual
reaction time situation was reduced when a contingency for
differential reinforcement of brief-latency responses (DRB)
was introduced. Introduction of the DRB contingency was
also associated with a reduction in the variability ofresponse
latency.

Animals may be trained to perform responses of
brief latency to the onset of an exteroceptive stimulus
in a reaction time (RT) situation (Stebbins & Lanson,
1961; Stebbins & Reynolds, 1964), The behavioral situa~
tion with animals is structured similarly to the classical
human RT situation. Ss are trained to depress a key
following the onset of a ''ready signal,'' hold the key
down during a variable ''foreperiod,'' and to release the
key following the onset of a second stimulus. The time
interval between onset of the second stimulus and key
release is the measured RT. Like the human RT mea-
sure, this measure of behavior in animals has been
shown to be sensitive to changes in the intensity of
stimulation (Stebbins & Miller, 1964; Stebbins, 1966).

In the human RT experiment Ssareusually instructed
to "'respond as quickly as possible.'' Preliminary work
(Stebbins & Miller, 1964), has suggested that the addition
of a contingency for differential reinforcement of brief
latency responses (DRB) may yield shorter RTs and
more stable performance than previously observed. This
contingency could serve as a substitute for the verbal
instructions used in the human RT situation. This paper
is a report of the behavioral effects of instituting a DRB
contingency on RT performance in monkeys.

Method

Three pigtail monkeys (Macaca nemestrina), ranging in weight from
3 to 8 kg, were used as Ss: F, Z, and B. Throughout the experiment
they were maintained in primate restraining chairs.

The Ss were trained in a darkened, audiometric testing chamber
(IAC, model 400A) to await the onset of a clearly audible 1 kHz tone,
then to press a telegraph key (Foringer) and hold it down through a
variable 0-5 sec. foreperiod, and, at the onset of a light, to release
the key. The light was produced by an Ne 40 bulb which was viewed
through a 1 cm hole located 15 cm from the monkey's eyes. The
intensity of the light measured independently by three observers with
a Macbeth Illuminometer was approximately 8 ft-c. Details of the
training procedure have been reported previously (Stebbins & Miller,
1964). Stimulus presentations were separated by a 35-sec. intertrial
interval. Inappropriate key presses, prior to onset of the tone, or
inappropriate releases, prior to onset of the light, resulted in the
start of the 35-sec. intertrial interval. Key release in the presence
of the light was followed by delivery of a 1-gm whole-diet, banana-
flavored, monkey pellet (Ciba). Monkey F's latencies were recorded
on a Standard Electric Timer accurate to 0.01 sec. Response latencies
of Monkeys Z and B were recorded using a solid-state digital clock,
accurate to 1 msec.

The timer controlling the length of the DRB criterion interval was
arranged in such a way thatifkey release did not occur within a pre-
set period of time following onset of the light, the tone and light
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Fig. 1. Median daily reaction times of subject F with decreasing
DRB criterion interval. On day 37 performance was unstable.

terminated, and no reinforcement was delivered. The DRB contingency
was introduced for Monkey Fafter extensive behavioral training (over
2 years), for Monkey Z after one month of preliminary training, and
for Monkey B the contingency was made aninitial condition of the RT
training procedure. The DRB criterion interval was decreased in
successive steps with a decrease in response latency and stable per~
formance being the criteria for further reduction in the interval.

Results

Figure 1 illustrates the effects of instituting the DRB
contingency on Monkey F's median response latency.
With the introduction of DRB, F'slatency showeda pro-
gressive decrease until the DRB criterion interval
reached 0.25 sec. When the interval was lowered to 0.24
sec., the animal's behavior became unstable with in-
creased variability and a greater number of inappro-
priate responses. Increasing the interval to 0.27 sec.
re-established stable performance. F's initial median
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Fig. 2. Median daily latencies of subject Z during first 43 days
of RT training, before and after application of 0.25 sec. DRB con-
tingency.
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Fig. 3. Median daily latencies of subject B during first 33 days
of RT training, under decreasing DRB criterion interval.

latencies were about 0.32 sec.; following DRB training
they stabilized at approximately 0.21 sec.3 Figure 2
shows response latencies during initial RT trainingand
the effect of DRB on performance for Monkey Z. The
DRB criterion interval was introduced and then reduced
as rapidly as possible on days 27 and 28 of RT training.
Introduction of DRB reduced the response latenciestoa
low value, one which had been approachedonly sporadi-
cally under pre-DRB conditions. Median response
latencies for Monkey Z were thereafter maintained at
this low value. The performance of Monkey B, with whom
the DRB contingency was made a part of the initial
training procedures, is illustrated in Fig. 3. Median
response latencies began to shorten immediately and
reached a stable level inabout 27 days of training. From
day 27 to day 32 median daily latencies were between
230 and 250 msec.

Aside from the observed effects on median latency,
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Fig. 4. Daily semi-interquartile range for subjects Z and B
during first 33 days of RT training.
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the DRB contingency tended to decrease the variability
of RTs. Prior to introduction of DRB, F's semi-
interquartile ranges were between 0.02 and 0.03 sec.
During the training period illustrated in Fig. 1, F's
semi-interquartile ranges decreased to between 0.01 and
0.02 sec. Figure 4 illustrates a similar effect on the
variability of performance of Z and B. Little or no
change occurred in variability of Z's performance until
the DRB contingency was introduced, at which time the
variability clearly decreased. B's response began to
exhibit a decrease in variability following the fifth day
of DRB training and stabilized at a semi-interquartile
range of approximately 14 msec.

Discussion

The decrease in latencies seen in F's performance clearly demon—
strates that the DRB contingency is effective in shortening RTs. The
contingency had a less striking effect on the performance of Z. This
animal's performance suggests that following initial training in the
RT situation, response latencies may attain a low level and that they
may then increase to some extent. For Monkey Z the DRB contingency
appears to reinstitute and maintain brief response latencies.

The observed decrease in variability of performance does not ap-
pear to be due only to a decrease in median response latency. Z's
minimal median latencies before and immediately after introduction
of DRB are equal; however, the variability is much reduced following
introduction of the 0.25 sec. DRB contingency.

These findings have been corroborated by one of the authors (W.S.)
with two cynomologous monkeys in anauditory RT situation. Thus the
evidence indicates that as the DRB criterion intervalis reduced, re~
sponse latency decreases. Eventually a pointis reachedat which fur-
ther reduction in the interval causes no further reduction in latency
and/or the S's performance becomes unstable. In addition to produc-
ing short latency responses, the DRB contingency appears to decrease
variability of latency. These effects of the DRB contingency are those
expected of a contingency which forces the S to "'respond as quickly
as possible.'"
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Notes

1. The investigation was supported in part by U. S. Public Health
Service Grants MH 06722, NB 16192-01, GM 666-05.

2. Now at Kresge Hearing Research Institute, University of Michi-
gan Medical School, Ann Arbor, Michigan.

3. This work was done as part of a larger investigation on the
neural circuits involved in reaction time performance (Miller, 1965,
Miller & Glickstein, 1964). In Fig. 1. at each of the times indicated
by the dashed lines a few days of training and testing were inter-
spersed in which light stimulus was replaced by direct electrical
stimulation of the visual cortex.

Psychon. Sci., 1966, Vol. 5 (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




