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Interest and deferred consumption in the rat 
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Under a baseline condition, thirsty rats put water on account by licking an empty spout for 
a fixed number of licks at a water spout. Under interest-bearing conditions, they could enlarge 
this account by waiting longer than they did in baseline to make the first lick at the water spout 
(lick latency), or the next lick in a series of water licks (interlick interval). The account grew 
at two different interest rates, 15% and 25% of the remainder. The rats deferred consumption 
by increasing the inter lick interval in response to the 15% interest rate, but not the 25% rate. 
Interest had no effect on latency. We interpret the results in terms of (l)the concept of target 
saving, and (2) a substitution effect that discourages, and an income effect that encourages, present 
consumption. The results have implications for the study of self-control. 

Economists disagree about interest and the deferment 
of consumption. Keynesians hold that interest has a 
negligible effect on savings (Boskin, 1978; Keynes, 1936; 
Weber, 1970), and contemporary macromodels typically 
omit an interest rate variable. Empirical studies conflict: 
Weber (1970) concluded that higher interest rates went 
with more consumption and less saving, but others drew 
the opposite conclusion (Boskin, 1978; Wright, 1969). 

Those conclusions rest precariously on correlational 
analyses of income, tax, and investment statistics (Hall 
& Taylor, 1988). As a small step toward experimental 
certainty, we report an attack on this problem with rats 
in the role of consumers. 

We fashioned our procedure as an interest-bearing sav
ings account, with special attention to one paramount fea
ture. If we bank $10,000 to accrue interest, we can make 
a small withdrawal without jeopardizing significant in
terest earnings. In like manner our thirsty rat, having 
earned the chance to make a certain number of licks at 
a water spout, could lick right away but still enlarge the 
remainder by licking more slowly thereafter. 

We tested naive Sprague-Dawley males in a chamber 
monitored by a microcomputer (Buxton & Allison, 1990). 
Motorized shutters controlled access to an empty metal 
spout and, 6.4 cm to its right, a metal water spout. An 
electronic circuit detected licks. Each session lasted 
60 min. 

The rats always had laboratory chow, but never drank 
outside the daily test session. Under the baseline sched
ule, when the rat had completed 20 licks at the empty 
spout, the left shutter moved down and the right moved 
up simultaneously, exposing the water spout. When the 
rat had completed 20 water licks, the right shutter moved 
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down and the left moved up, exposing the empty spout. 
Test Phases 1, 3, and 5 provided measurements oflatency 
and interlick interval under this baseline condition with 
0% interest, where the rats could earn water only by lick
ing the empty spout. We used interest rates of 15% in 
Phase 2, and 25% in Phase 4. The repeated testing at 0% 
provided an estimate of order effects. 

Each rat moved to the next phase after five consecu
tive sessions that appeared stable on five measures: me
dian interlick interval (the time between successive water 
licks); median latency (the time between the raising of 
the water-spout shutter and the first water lick); the total 
number of water licks; total water consumption; and ef
ficiency, the number of water licks/mI. The 6 rats that 
met these rigorous stability criteria averaged seven ses
sions per phase. Three others fell short in one phase or 
another during the time limit of the experiment, and we 
used none of their data. 

Among the last five sessions of each phase, each ses
sion provided a median interlick interval for the individual 
rat. We defined the criterion session as the one that con
tained the median of the five median interlick intervals. 
Each rat yielded five criterion sessions, one per phase. 

In computing interest earned for deferment of consump
tion in Phases 2 and 4, we used separate compounding 
periods for latency and interlick interval. Thus, the rat 
could accrue licks by delaying its first water lick for a 
certain time (its latency compounding period), or any suc
cessive water lick for another time (its interlick interval 
compounding period). To select the two compounding 
periods, we examined the latencies and interlick intervals 
from the first baseline criterion session, and we chose the 
times that separated the top 15 % from the rest. These 
times were typically based on approximately 3,000 water 
licks. For example, if about 15 % of a rat's latencies were 
above 1,000 msec, and 85 % below, its latency compound
ing period would be 1,000 msec. Once the water spout 
appeared, the rat would have to wait at least 1,000 msec 
to earn interest on the latency of its first lick. Similarly, 
if its interlick interval compounding period were 



195 msec, the rat would have to wait at least 195 msec 
between two successive licks to earn interest on an inter
lick interval. 

The principal on which we computed interest was the 
number of water licks left in the account. For example, 
at the moment of access, the program would place 20 
water licks on account. Suppose the compounding periods 
were 1,000 msec for latency, and 195 msec for interlick 
interval. On a latency of only 950 msec, the account 
would fall to 19. But if the next lick came 400 msec later, 
this 400-msec interlick interval would earn 15% of 19, 
or 2.851icks, and the account would go to 20.85: 20 mi
nus the first 2, leaving 18 plus 2.85 earned from the first 
interlick interval. Cumulative wealth, defined as licks al
ready spent plus those still on account, would then be 
22.85 water licks: the initial 20, plus 2.85 gained for 
deferring the second lick. This process would continue 
until the account ran dry, whereupon the water shutter 
would fall, and 20 more empty licks would replenish the 
depleted water-lick account. We allowed no multiple com
pounding on any particular latency or interlick interval. 
Thus, an initial interlick interval of 400 msec would have 
earned the same interest, 15% of 19, as an initial inter
lick interval of 1,500 msec. Fractional licks were com
puted, but they were dropped at depletion time: Given 
20.85 licks on account, the water shutter would close at 
the 20th lick. To avoid runaway accounts, we limited them 
to 60. This precaution may have been unnecessary , for 
6O-lick accounts proved infrequent. 

We found that the rats deferred consumption at the 15% 
interest rate by deferring the next water lick, but the 25 % 
rate had no effect on the interlick interval. Interest did 
not affect latency. 

We based our conclusions on one-way repeated
measures analyses of variance and planned comparisons 
applied to the criterion sessions. Atop Figure 1 is the per
centage of interlick intervals longer than the compound
ing period. The five points differed significantly [F(4,20) 
= 6.00, p < .01]. Because the three baseline measure
ments at 0% did not differ significantly from one another, 
they showed no order effect. When we pooled those three 
for planned comparison with the interest-bearing condi
tions, we found that the percentage of interlick intervals 
longer than the compounding period was significantly 
greater at 15% than either 0% or25% [F(I,20) = 18.16 
and 12.59, p < .001 and p < .01, respectively]. The 
25% and 0% conditions did not differ significantly 
(F < 1). Precisely the same conclusions were supported 
by statistical analysis of the average interlick intervals at 
the bottom of Figure 1. Latencies displayed no signifi
cant interest-rate effect. For example, latency averaged 
about 770 msec at the 0% baseline rate, 775 msec at 15 % , 
and 720 msec at 25%, all statistically identical. 

At 0 %, the rats averaged 24 water licks per access
significantly more than the scheduled number, 20, because 
they made extra licks before the shutter could close com
pletely (Buxton & Allison, 1990). Still greater were the 
means recorded at 15% and 25%,33.7 and 33.9 water 

DEFERRED CONSUMPTION 169 

~ 
40 

QJ Interlick Intervals 
Il. 
CI 

! 
c: 30 '6 
c: 
::J 

8. I E 20 

I 
0 

t t 
() 

c: 
C'II .c ..... 10 
(jj 
CI 
c: 
.9 
~ 0 
0 

0%·1 15% 0%·2 250/. 0%·3 

Interest Rate 

170 
Interlick Intervals 

168 

166 

I I 164 

I 
<II 

I 
E 

162 

I 
160 

158 

156 
0%·1 15% 0%·2 25% 0%·3 

Interest Rate 

Figure 1. Percentage of interlick intervals longer than tbe com
pounding period (top), and median interlick interval (bottom). Each 
point is a group mean (n = 6); vertical Hoes show the root mean 
square error. 

licks per access. These observations may identify the rat 
as a target saver. Browning and Browning (1983) used 
target saving to explain why a person might save less at 
higher interest rates . If the target is a $5,000 sailboat, at 
15% the sailor must save $4,348 to hit the $5,000 target, 
but only $4,000 at 25 %. Given a higher interest rate, the 
target saver need not save so much. Our thirsty rats may 
have acted as savers with a target of 34 water licks per 
access-out of reach at 0%, but reachable at 15% by 
means of a longer interlick interval. At the higher interest 
rate, 25%, they could and did reach the same target 
without increasing the interlick interval. This target-saver 
concept implies that if the 0 % schedule had allowed 34 
licks per access, no positive interest rate would have in
duced the rat to defer consumption. 

Conventional theory might interpret our results in terms 
of two opposite effects, substitution and income, brought 
into play when changing rates alter the relative cost of 
present and future consumption. Because present con
sumption grows more costly as interest rates rise, we tend 
to substitute future for present consumption and therefore 
defer. But rising interest rates bring in addition a rise in 
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income. If consumption acts as a normal good, both 
present and future consumption will increase with income. 
Thus, the net effect on present consumption results in the
ory from opposite substitution and income effects. The 
substitution (income) effect of a rising interest rate dis
courages (encourages) present consumption. 

Faced with the prospect of several water licks, our rats 
licked right away, but they deferred subsequent licks in 
response to a 15 % interest rate for deferment. A still 
higher rate, 25 %, had no significant effect on latency or 
interlick interval. Thus, the thirsty rat may drink a little 
as soon as it can and only then respond to extrinsic re
wards for deferment of consumption. In terms of conven
tional economic theory, the 15% rate created a substitu
tion effect (less consumption now) that outweighed its 
income effect (more consumption now). As the rate in
creased, the income effect grew faster than the substitu
tion effect, and the two effects canceled at 25 % . 

Our results may have useful implications for experi
ments on self-control, where subjects often choose a small 
immediate reward over a large delayed reward (Logue, 
1988). A large delayed reward might prove more popu
lar if we could consume a little right away without sacrific
ing the chance for more of the same later on. Our rats 
licked the water spout about as soon as they could, but 

readily deferred licks that remained on account. A child 
might readily eat one pretzel now, and two later, in prefer
ence to two pretzels now. Impulsive behavior might oc
cur more often under the conventional procedure, where 
the child must wait a long time for any of the three, and 
therefore chooses instead the two immediate pretzels. 

REFERENCES 

BOSKIN, M. J . (1978) . Taxation, saving, and the rate of interest. Jour
nal of Political Economy, 86, 3-27 . 

BROWNING, E . K., & BROWNING, J. M. (1983). Microeconomic theory 
and applications . Boston: Little, Brown. 

BUXTON, A., & ALLISON, J. (1990) . Efficiency and persistence of lick
ing in rats. Physiology & Behavior, 47, 239-247. 

HALL, R. E. , & TAYWR, J. B. (1988). Macro-economics: Theory . per
formance . and policy (2nd ed.) . New York: Norton . 

KEYNES, J. M. (1936). The general theory of employment. interest. and 
money. London: Macmillan. 

LoGUE, A. W . (1988). Research on self-control: An integrating frame
work. Behavioral & Brain Sciences, 11, 665-707. 

WEBER, W. E. (1970). The effect of interest rates on aggregate con
sumption. American Economic Review, 60, 591-600. 

WRIGHT, C. (1969). Saving and the rate of interest. In A. C. Harberger 
& M. J. Bailey (Eds.), The taxation of income from capital (pp. 275-
3(0) . Washington : Brookings Institution . 

(Manuscript received October 25, 1990.) 



<<
  /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




