
Reaction time as a function of noncontingent 
reward magnitude] 

College student Ss were given a series of about 250 trials 
in a simple, nonchoice, reaction time situation, some pre
assigned monetary reward being credited to their accounts 
following each response. Each trial began, for control Ss, with 
a warning light, and, for experimental Ss, with a display of 
the reward value assigned for the trial. The reward received 
depended in no way upon any property of the S's response. 
Results revealed a small but reliable tendency for reaction 
time of experimental Ss to vary inversely with the magnitude 
of reward anticipated on any given trial. 

In one of the few previous studies of response time 
in relation to reward magnitude in human learning, 
Keller, Cole, Burke, & Estes (1965) presented data 
for a modified paired-associate situation. In their 
study, Ss learned a 25-item paired-associate list, 
each item having two alternative responses, to each 
of which was assigned a particular reward magnitude. 
Reaction time varied systematically with reward 
magnitude at both intermediate and terminal stages 
of learning; but the most orderly functions appeared, 
not for latency vs the difference between the two 
reward magnitudes assigned for an item, but rather 
for latency vs the value of the higher of the two re
wards. Further, steepness of the function increased 
with training. These and other findings led to the 
interpretation that the effects of rewards upon per
formance involve two phases. Firstly, associations 
between stimuli and reward values are learned simply 
by contiguity. Following this learning, anticipation 
of reward generates facilitative feedback, directly 
related in intensity to reward magnitude. One func
tion of this feedback is to increase the probability 
that the given stimulus will be overtly chosen during 
any interval of time and thus on the average to re
duce reaction time (Estes, in press). 

In this study we proposed to obtain independent 
evidence on this interpretation by determining the 
relationship between reaction time and reward mag
nitude in a situation which does not involve choices 
among alternatives. The principal difference between 
the experimental paradigm of this study and that of 
the standard runway experiment with varying reward 
magnitude is that in the present situation the Ss will 
not need to learn what reward to expect but rather 
will have this information supplied by the E. 

The general plan of the experiment is as follows. 
Each trial begins with a go signal, to which the S 
simply responds by operating a single response key 
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and following which the S is credited with the re
ward value, calibrated in points, assigned for the 
trial. In the experimental condition of principal in
terest, Ss will be informed before each trial of the 
assigned reward value. Thus they will be in much 
the same position as a rat which, at the start of a 
runway trial, has learned what reward to expect, 
and will necessarily receive the given reward once 
it has responded. Only the time between trial onset 
and the receipt of reward will be under the S's con
trol. By comparing data for this experimental group 
with appropriate controls we propose to determine 
whether response time varies simply as a function 
of amount of antiCipated reward even when the 
amount of reward is in no way contingent upon any 
property of the S's behavior. 
Subjects 

The Ss were 40 Stanford undergraduates about 
equally divided between freshmen and upper-classmen. 
Most had participated in experiments before but only 
one had had any experience with a differential re
ward task. 
Apparatus 

stimulus displays were presented by means of a 
tachistoscope with the input of the generating pro
gram adapted for a reaction time experiment. The 
response button, which activated a microswitch, was 
located in the center of a panel in front of the S. A 
patCh of light in the center of the tachistoscope 
screen served as the warning light and four colored 
cue lights above the screen served as the go signal. 
Under conditions calling for information to be given 
about rewards, point values appeared at the appro
priate time on the tachistoscope screen. 
Procedure 

Under each condition Ss were told that we wished 
to see how fast they could operate the response but
ton following appearance of the go signal on each 
trial. Between trials the S rested a forefinger lightly 
on the response button and was to press the button 
down as quickly as possible upon appearance of the 
signal. Under the experimental conditions, the Ss 
were shown prior to the go signal on each trial the 
number of points that would be given as reward. 
whereas under the control condition this information 
was not given. The possible point values were 0, 20, 
40, 60, and 80. The program delivered these on a 
random schedule subject to the constraint that each 
value occur five times in every 25 trials. Each se-
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Table 1. 
Mean Reaction Time in Milliseconds as a Function of Payoff 

at Two Stages of Training. 

Experimental Control 

Payoff Trials 1-27 Trials 28-54 Trials 1-27 Trials 28-54 

0 282 260 247 234 
20 280 253 251 232 
40 278 256 247 231 
60 274 249 246 232 
80 275 250 249 232 

quence generated was run twice, once on an experi
mental S and once on a control S, even though the 
control S never saw the point values. 

For an experimental S the trial began with the 
appearance of the point value for the trial on the 
tachistoscope screen, followed by the onset of the 
go signal after an interval which was drawn from 
a uniform distribution running from 1.0 to 2.5 sec. 
Both the payoff display and the go signal remained 
on until the S responded, following which both went 
off. Then the next trial began after a rest interval 
of 5 sec. For the control S the procedure on a trial 
was exactly the same except that the numerical dis
play of a reward value was replaced by a patch of 
light on the tachistoscope screen. Under both con
ditions, Ss were instructed that the rewards did not 
depend in any way upon their response on any par
ticular trial, that the amount they would be paid 
depended upon the number of points they scored 
during the 40 min experimental session, and thus 
the faster they reacted Of' the average the more 
they could earn. After each 10 min of experimental 
trials, the S was given a 2 min rest interval during 
which he was informed as to how many points he 
had obtained up to that time. 

The tape output from the apparatus was run into 
a computer program which stored latencies together 
with point values for the 20 Ss of each condition. 
Then the latencies were averaged for each reward 
condition (even though for the control Ss the dis
tribution would necessarily be random since the Ss 
could not distinguish among the different types of 
trials). Payments of Ss varied between $1.50 and 
$2.50 each for the session. 
Results 

The number of trials completed within the 40 min 
experimental session varied from S to S, with most 
completing from 55 to 58 trials per payoff con-
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dition. Virtually complete data are available for 
54 trials on each payoff, so mean values for the 
first and second 27 trials by each group under each 
payoff condition have been computed and are pre
sented in Table 1. Perhaps the most conspicuous 
feature of these data is the large and consistent 
difference between experimental and control con
ditions, which remains virtually unchanged as both 
groups reduce their average reaction times with 
practice. At the least, this result makes it clear 
that the experimental Ss attended to the preview 
displays of the reward magnitudes. Presumably the 
observed differential reflects some interference be
tween the activity involved in processing information 
from the preview displays and that required for 
optimal preparatory adjustments for the key pressing 
response. The improvement in response speed over 
the series for both groups is clearly independent of 
reward magnitude. 

The finding of primary theoretical interest is the 
small but systematic effect of reward magnitude upon 
response time for the experimental group, increasing 
slightly in the later trial block, to be contrasted 
with the absence of any trend for the control Ss. To 
eValuate reliability of the trend under the experi
mental condition, response times for the lowest two 
and for the highest two reward magnitudes were 
pooled for each S, and a t test for paired measures 
was computed. The obtained t of 2.48 with 19 df 
is significant well beyond the .05 level. Tukey's 
test for a monotonic trend, applied to the same data, 
yields an F value of 5.78, which for 1/19 df is sig
nificant beyond the .05 level. Evidently it may be 
concluded that a significant trend exists for the ex
perimental group. This finding provides another 
fragment of support for the proposition that, under 
suitably simplified conditions, probability of re
sponse by a human S is related in a simple way 
to his current state with respect to anticipation of 
reward. 

References 

ESTES, W. K. Reinforcement in human learning. Technical Report 
No. 125, Nom. 225 (73), Stanford University, Stanford, California, 
1967, 50 pp. (To be published in J. Tapp (Ed.), Reinforcement, 
New York: Academic Press, in press.) 

KELLER, L., COLE, M., BURKE, C. J., & ESTES, W. K. Reward 
and information values of trial outcomes in paired-associate learning. 
Psychol. Monogr., 1965,79 (Whole No. 605). 

Note 
1. This research was supported in part by Grant GB 3878 from the 
National Science Foundation. 

Psychon. Sci., 1968, Vol. 10 (10) 



<<
  /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




