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Interevent anticipation of liquid
and solid sucrose rewards
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Albino rats were trained in a straight runway under two different series of reward magnitude
each day. In one three-run series (a trial), reward was given on the first and third runs (R-N-R),
and in the other, reward was given only on the first run (R-N-N). The interval between trials
was approximately 40 min, and the interval between runs within a trial was approximately 30 sec.
For one group of rats, reward was 10 45-mg sucrose pellets. For the other group, reward was
1 ml of 30% liquid sucrose mixed by weight with tap water. With both reward types, running
on the second run of a trial was faster if the third run was rewarded (R-N-R) than if it was not
(R-N-N). This result suggests that the animals were in some way anticipating the reward amount
for an upcoming run while running a current run. After 26 training days, the third run of the
R-N-R trial was shifted to nonreward for 12 additional days. Times slowed on Runs 2 and 3 in
the shifted trial, but there was no evidence of a successive negative contrast effect. The implica
tions of the anticipation result for the interpretation of differences between sugar and ordinary
food rewards in paradigms that suggest reward anticipation are discussed.

Whetheranticipation is a necessary constructin the anal
ysis of animal learning is, of course, an enduring con
cern. For some of those who imagine its necessity, atten
tion has focused on possible mechanisms (e.g., Spence,
1956), yet others have chosen to abandon concern for
mechanisms and to concentrate instead on functional
properties. Characteristic of the latter strategy is a recent
report that gives evidenceof intereventanticipation. Rats
given regular series of reward magnitude in a runwayper
form differently in some cases on comparably rewarded
runs that precede differently rewarded runs (Capaldi,
Nawrocki, & Verry, 1983; Self & Gaffan, 1983).

An old experiment (Elliott, 1928) that with its numer
ous contemporaryreplications has been the basis for most
theoretical work on anticipation showed the successive
negative contrast effect (SuNCE), a precipitous slowing
in the running of rats given a reduced reward following
regular experiencewith a larger reward. The SuNCEhas
long implied the operation of anticipation in that it has
been viewed as the consequence of experiencing a less
than-anticipated reward (Amsel, 1958). An impressive
number of experiments, however, have failedto showthe
SuNCE when the reward is sugar (Flaherty, 1982). One
vague possibility is that sugar somehow interferes with
the mechanism of expectancy. For a preliminary look at
this possibility, we have begun to study intereventantici
pation with sugar rewards.

Rats were runway trained under two different series of
reward magnitude each day. In one three-run series (a
trial), reward was given on the first and third runs
(R-N-R), and in the other, reward was given only on the
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first run (R-N-N). For one group of rats, the reward was
10 45-mg sucrose pellets. For the other group, reward
was 1 ml of 30% liquid sucrose. Interevent anticipation
in such a design wouldappear as faster runningon Run 2
of trials that end with a rewarded run (R-N-R) than on
Run 2 of trials that end with a nonrewardedrun (R-N-N).
Our thought was that if the mechanisms of anticipation
underlying the SuNCE and interevent anticipation were
the same, a reduction or elimination of the latter effect
would be seen with sucrose.

MEmOD

Subjects
The subjects were 12 naive Dublin Sprague-Dawley rats (male) ap

proximately90 days old at the beginning of preliminary training. The
rats were obtained from Dominion Laboratories, Dublin, Virginia.

Apparatus
The apparatus was a wooden runway, 15.2 em high, with a hinged

clear plastic cover. The startbox (20.3 x 15.2 cm) and alley (182.9
X 10.2 em) were paintedblack, and the goalbox(30.5 x 15.2 em) was
painted white and was positionedat a 90° angle to the end of the alley.
Manuallyoperatedstart and retrace doors were positionedat the begin
ning of the alley and 30.5 cm before the goalbox. Three photocells
mounted7.6, 160.0, and 195.6 em beyond the start door allowedmea
surement of start, run, and goal times by Standard electric timers in
units of .01 sec.

Preliminary Training
Allanimals werehoused in individual livingcagesin theroomin which

the experimentwas conducted; water was freely available. During the
first 8 days of preliminary training, the rats were reduced to 85% of
their free-feedingbody weightsand allowed 15 min each day in squads
of six on a walled exercise table. After random assignmentto one of
two groups, 2 days of table placements that consisted of 15-min free
accessto rewarddeliveredon theexercisetablein thegoalcup(fashioned
from a teaspoon)were administered. The reward for one group (n=6)
was a 30% sucrose solution mixed by weight in tap water. For the sec
ond group (n=6), the reward was 45-mg Noyes Formula F sucrose
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Figure1. Transfonned mean totals for the first 26 days of training
averaged over the two reward types. The figure depicts the runs x
trials x days interaction.
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Factorial analyses were performed separately on Runs
1, 2, and 3 to clarify the interaction. There was, of course,
no evidence of differences in running for the two kinds
of trial on Run 1 [F(1,6) = 1.39, P < .05], but the main
effect of trials was reliable on Runs 2 and 3[F(1,6) =
71.78, P < .01; F(1 ,6) = 52.65, p < .01], as were the
interactions of trials X days [F(25,150) = 7.24, p < .01;
F(25,150) = 3.28, p < .01]. The Bonferonni t statistic
with an error term constructed from the overall analysis
was used to evaluate differences within a trial on given
days across different runs, and it showed that times on
Run 2 were slower than those on Run 3 in the R-N-N trial
on Days 20 and 22-26 (k = 12, a = .01). No other such
comparisons were reliable for Runs 2 and 3.

The focus of this experiment does not warrant elaborate
concern over factors that are responsible for the antici
pation effect and slower running on Run 2 than on Run 3
in the R-N-N trial. Such a discussion can be found in
Capaldi et al. (1983), Capaldi and Verry (1981), and Self
and Gaffan (1983). What is of concern is the demonstra
tion of what has been called interevent anticipation
(Capaldi et al., 1983) with liquid and solid sucrose re
wards, neither of which have produced evidence of an
ticipation's consequences in the negative contrast design
(Bums, 1984; Bums, Lorig, Carr, & Worthy, 1984).
Since the SuNCE and interevent anticipation have both
been shown with ordinary food pellets, but only inter
event anticipation has been shown with sucrose, several
possibilities regarding mechanisms are raised . If antici
pation is at work in both phenomena, the mechanisms may
be different, one functioning with both rewards, the other
only with food. It may also be, ofcourse, that one or both
of the phenomena do not involve anticipation, or that the
SuNCE involves the additional role of anticipatory frus
tration that is blocked in some way with sugar but not
with food (Stanton & Amsel, 1980).

In the second phase of this experiment, there was a
slowing of times on R-N-R(N) trials in Runs 2 and 3, with
no effect on Run 1. This phase is depicted in Figure 2,
which is constructed in the same manner as Figure 1.

pellets. On the remaining 3 days of preliminary training, each rat was
placed in the goalbox once each day with the retrace door closed and
the goalcup baited with either I ml of the liquid or 10 of the pellets,
dependingon the group assignment.By the end of goalboxplacements,
all rats were reliably consuming the reward in less than 40 sec. The
order of running of the rats throughoutthe experiment was determined
randomly each day, and the weighing and feeding of the animals took
placeabout I h (spenton the table)after the completion of dailytraining.

Training
The design dictated that each rat would be given two three-run trials

each day. In one of the two kinds of trial, the third run would be re
warded with the appropriatereward type (R-N-R), whereas in the other
kind of trial, it would not (R-N-N). The first and second runs for both
trials wouldbe rewarded and not rewarded, respectively. Subgroupsin
which the order of trials withina training day was a fixed factor (n=3)
were formedpseudorandomly. The three runsof a trial were donein suc
cession for each rat, and the secondtrial of a day wasadministeredafter
everyanimalhadcompletedthe first trial (in the sameorder). The proce
dure was such that the interval between runs within a trial was about
30 sec and the interval betweentrials was about 40 min. The rats spent
these intervals in the living cage. A run began with the opening of the
start door 2 sec after placement of the rat in the startbox and ended in
the completion of the reward (judgedby the experimenter)on rewarded
runs or after 30 sec in the unbaitedgoalboxon nonrewarded runs. The
retrace door was closed as the rat passed the second photocell. Only
one trial was given on each of the first 4 days of training; two of each
kind of trial were given during this period in the appropriate order.

The procedure was a close approximation, with the exception of the
reward types, to that of Capaldi et al, (1983, Experiment 1), in which
intereventanticipationwas demonstratedwith food-pelletrewards. Be
cause of our interest in successive contrast, however, we appended a
12-day phase to the 26 days of training with the primary procedure.
During this phase, the R-N-R trial also had a nonrewarded third run,
R-N-R(N).

RESULTS AND DISCUSSION

All times were logged, and separate factorial analyses
combining the two levels of reward type and two levels
of order of presentation of trials over runs, days, and trials
were done on start, run, goal, and total measures. Be
cause there were no important differences in the pattern
of results for the different measures, the total measure
is used here as the basis for discussion. Two animals, one
of each reward type, were eventually discarded for
repeated biting .

Plotted in Figure 1 are the mean transformed total
times, 10[ln(start)+ln(run)+ln(goal), during the 26
days of primary training. Each point is a daily mean for
a particular trial averaged over reward types. Runs 1,2,
and 3 are depicted in the left, center, and right panels,
respectively. Figure I shows the anticipation effect de
veloping over days, with Run 2 times on R-N-R trials be
ing comparable to those on Runs 1 and 3. The Run 2 times
on R-N-N trials are slower than those on Runs 1 and 3,
although a trial discrimination that came from slowing on
R-N-N trials did develop on Run 3. Statistical support for
these conclusions is best summarized by a reliable runs
X trials X days interaction [F(50,300) = 2.98, P < .01].
Neither the interaction (F < 1) nor any other experimental
effects depended on reward type, and there were no ef
fects involving the order variable that were not most rea
sonably described as warm-up effects .



Figure 2. Transformed mean totals, shown in a manner similar
to Figure 1, for the 12-day period following the shift to Run 3 non
reward in the R-N-R trial.

Separate analyses were done on each of the three runs,
but a trials X days interaction appeared only on Run 3
[F(1l,66) = 2.05, p < .05] . There was no evidence of
contrast effects, that is, slower running on R-N-R(N) than
on R-N-N trials, in either Run 2 or Run 3. Since succes
sive contrast may be interpreted as the consequence of
unmet anticipations, we might expect to see contrast in
animals anticipating reward yet experiencing nonreward,
but contrast was not shown here in this rather unusual con
trast design with sucrose. It remains to be seen whether
the effect would appear in a comparable design with or
dinary food pellets or with sucrose during extensive train-
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ing. These difficulties notwithstanding, the results of this
experiment make prudent consideration of the possibility
that the processes underlying interevent anticipation and
successive contrast are different.

REFERENCES

AMSEL, A. (1958). The role offrustrative nonrewardin noncontinuous
reward situations. Psychological Bulletin, 55, 102-119.

BURNS, R. A. (1984). The goal units dimension in negative contrast
failures with sucrose. Journal of GeneralPsychology, 111, 9-23.

BURNS, R. A., Loaro, T. S., CARR, E. J., & WORTHY, L. G. (1984).
Alternation and reduction of liquidsucrosein discretegoalunits. Jour
nal of General Psychology, 111, 69-78.

CAPALDI, E. J., NAWROCKI, T. M., & VERRY, D. R. (1983). The na
ture of anticipation: An inter- and intraeventprocess. AnimalLearn
ing & Behavior, 11. 193-198.

CAPALDI, E. J., & VERRY, D. R. (1981). Serialorderanticipation learning
in rats: Memory for multiplehedoniceventsand their order. Animal
Learning & Behavior, 9, 441-453.

ELLIOTT, M. H. (1928). The effect of change of reward on the maze
performanceof rats. University ofCalifornia Publications in Psychol
ogy, 4, 19-30.

FLAHERTY, C. F. (1982). Incentive contrast: A review of behavioral
changesfollowing shiftsin reward. AnimalLearning & Behavior, 10,
409-440.

SELF, R., & GAFFAN, E. A. (1983). An analysisof serial patternleam
ing by rats. Animal Learning & Behavior, 11, 10-18.

SPENCE, K. W. (1956). Behavior theoryand conditioning. NewHaven,
CT: Yale University Press.

STANTON, M., & AMSEL, A. (1980). Adjustmentto reward reduction
(butnot negativecontrast)in rats 11, 14, and 16daysof age. Journal
of Comparative and PhysiologicalPsychology, 94, 446-458.

(Manuscript received for publicationJune 22, 1984.)



<<
  /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




