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Acquisition and extinction following extended partial
reinforcement training under small or large reward

LAWRENCE S. MEYERS and GARY J. ANDERSON
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Forty-one rats were given either 30 , 90 , or 300 50% partial reinforcement trials to either a 1- or 15­
pellet reward . Following both 30 and 90 trials , large reward led to faster acquisit ion responding and
greater resistance to extinction than small reward . Following 300 trials, small and large reward groups were
responding equally rapidly in acquisit ion, but the small reward group tended to be mo re resistant to
extinction than the large reward group.

On the basis of considerable empirical evidence (e.g .,
Capaldi & Capaldi , 1970; Capaldi & Lynch , 1968 ; Hulse ,
1958 ; Wagner, 1961) it is generally assumed tha t gro ups
rece iving large reward during part ial rein forcement
t raining demonstrate greater termina l acquisition
performance and greater resistance to ex tinction than
g ro u p s receiving s ma ll reward during partial
reinforcement. These assu mptions are in corporated in to
the contemporary animal learning theories of Amsel
(e .g., 1958; 1962) and Capaldi (e.g., 1967) .

A rec en t study by McCain (19 70) questions the
generality of these reward magnitude effects across all
levels of training. McCain reported that although
"large-partial " was associated with faste r responding and
grea ter resistance to extinct ion than "small-partial"
following 42 acquisit ion trials, after 138 training t rials
small and large partial reinforcement groups had
comparable terminal acquisition speeds and were equally
resistant to extinction . .

Since McCain's (19 70) findings apparent ly con t rast
with currently avail able data, a more extensive :
investigation of th e ro les of reinfo rcement magnitude
an d levels of tr aining appears warranted . In the present
experiment animals received either 30, 90, or 300 partial
reinforcement trials under either small or large reward
and were then extinguished.

METHOD

The 42 male Sprague-Dawley rats bred at Sacramento State
were about 105 days old at the beginning of the experiment , and
were randomly assigned to six groups of seven subjects each. One
animal scheduled for 300 trials under large reward died during
training and its data were enti rely disregarded. The apparatus
used was a standard Gerbrand 's Model C operant chamber
equipped with a Scientific Protot ype (RL2-l) retractable bar.

Three levels of 50% partial reinforcement acquisition training
(30, 90, and 300 trials) were factorially combined with two
levels of reward (l and 15 .045 g pellets). All animals were
placed on a deprivation schedule on Day I involving I h free
access to Lab Chow every 23 h. On Day IS those subjects to
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receive 300 trials were shaped to a criterion of 10 burprcsscs
under one pellet reinforcement and on Day 16 they received 10
trials of 100% reinforcement at their sched tiled reward. From
Day 17 through Day 46 , 301l partial reinforcement trials were
administered at a rate of ten trials each daily session. On Days 36
and 42, the two pretraining and the appropriate number of
training sessions were instituted for su bject s receiving 90 and 30
acquisition trials, respectively. A maximum of th ree rewarded
and three nonrewarded trials occurred in succession on any one
training day. Further, beginning from Day I , all subjects in all
groups were given equal handling regardless of their daily
experimental routine . During training, the bar was ret racted for a
period of 90 sec following each barpress. The latency from the
insertion of the bar into the box until a response occurred was
recorded.

All animals entered extinction on Day 4 7. at a rate of 10 trials
per day. If a barpress was not made within 5 min after the
appearance of the bar, the bar was retracted and presented again
90 sec later. Two successive 5-min trials ended the session for the
subject, and he was assigned the maximum score for the
remaining trials of the day. Two terminated sessions resulted in
the retirement of the animal and he was assigned the maximum
score for all remaining sessions. The retirement of three animals
in a group was the criterion for terminating both that group and
the other group which received a comparable amount of
acquisition training.

RESULTS

All latency measures were transformed to speed
scores. The acquisition data are presented in Figure I,
with speed multiplied by 1000 and plotted over training
sessions. For the 30-trials group , the trend of faster
responding under large compared to sm all reward was
not a reli able one , i.e ., neither the main groups effect
nor the Groups by Acquisition Sessions interaction
reached significance, Fs < I . For animals given 90 tr ials,
those responding under large reward im proved at a more
rapid rate ' than those pressing for small reward as
indicated by the reliable Groups by Acqu isition Sess ions
interaction [F(8/96) =3.11, p < .0 5, 1]2 =.13] ; the
overall group difference was not significant
[F(I /12) = 4.57, p > .0 5 ] . On the final day of tr ain ing
no group difference was observed , F < I. Although
sim ila r differences were found after 90 trials for the
extended training groups, by the comple tion of their
300 training trials no performance differences were
associated with reward magnitude , F < 1.
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The presen t results confirm and extend the suggestions made
by McCain (1970), and taken together with McCain' s findings
provide a somewhat detailed descript ion of part ial reinforcement

DISCUSSION

pressing for the large reward group sharply ucerc a ,c , ~

relative to the constant but slower response decremcnt
observed for the small reward subjects . However, an
unequ al N analysis of variance encompassing all
extinction sessions yielded neither a groups effect nor a
Groups by Extinction Sessions interaction, Fs < 1. Two
further analyses, conducted on a post hoc basis,
suggested that while no differences existed during the
initial 30 extinction trials , F < 1, the small reward group
was more resistant to extinction than the large reward
group over the final 30 extinction tria ls [F{1/l1) = 6.63 ,
p< .05] .
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Figure 2. Terminal acquisition (TA) and extinction over
sessions of 10 trials each.
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Figure I . Acquisition over sessions of 10 trials each.

The extinction performance of each of the groups is
presented in Figure 2. Recall that the procedure dict ated
that the two groups at each acquisition level be
terminated together; on this basis the 30·, 90·, and
300-trials groups reached the extinction criterion after
70, 100, and 130 trials , respectively . For both the 30­
and 90-trials groups extinction differences appeared
during the first session and were maint ained through
most of extinction . In both the 30· and 90·trials
conditions, large reward produced greater resistance to
extinction than small reward [F = 5.91 , 1'/2 = .26 and
F=7.l4, 1'/2=.31, respectively], with dfs=I/12 and
ps < .05. In both analyses the Groups by Extinction
Sessions interactions were not Significant, Fs < 1.

Following 300 trials of acquisition, the small reward
group showed a tendency to be less resistant to
extinction than the large reward group during the first
six sessions; following the seventh session speed of
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dkc'b. First . it appears that reward magnitude affects the rat e at
wh ich acq uisition asy mpto te is reached but docs not det ermine
asympto tic performance level. Secon d . the funct ion rclati ne
resistance to extin ction to magn itude of partial rein for cemen t i~
complex an d must include a level of tr ain ing parameter.
Specifically, it appears that afte r limited training large reward is
assoc iated with greater resistance to ext in ct ion than small
reward , that after th e moderate am ount o f tr ainina ziven bv
~IcCain (19 70) , large and sma ll rewa rd do not d i ir~rentiallY
affect extinction performan ce, and that after extended
acq uisition training sma ll reward may te nd to pro duce greater
persiste nce during extinction th an large reward ,

This desc rip tio n is not in consistent with the larger body of
literature on the problem, given th at the available dat a are
considered instances of limited training effec ts . Such a
consideration is reasonable when prev iously used levels of
trai ning are exa mined. Capaldi and Cap ald i (19 70), fo r example,
used 18 acquisi tion trials, Capaldi and Lyn ch (196 8) used 22
tr ials, Hulse (1958) used 24 trials, and Wagner (1961 ) used 60
tri als as his maximum. Although such cross-experimenta l
co rnpari son s are tenuou s here, especially sin ce th ese studies. as
well as ~lcCain 's , (197 0) , dealt with locomoto r be havio r, it can
minimally be said that ex tended acq uisitio n train ing was no t
provided.

Tak en together with McCain's (19 70) result s, t he present data
bear on the- theo ries o f Arnsel (1958 ; 1962) and Capald i (1967 ).
The postulation of conditioned fru stration (Am sel, 1958; 1962)
is used not only to explain the partial reinfor cemen t acquisition
effec t . b ut differen ces in the am ount of condit ioned frust ratio n
based on rewa rd magn itude a re also used to account fo r
acq uisition an d ex tinction diffe ren ces betw een sma ll and large
magnitudes of partia l reinforcem ent groups fo llowing so mewhat
limited amo unts of training (e.g., Wagner , 1961 ). The present
data would lead to th e implicati on th at small co mpared to large
rewa rd following extended acq uisitio n produ ces co mparab le
am oun ts of con ditioned fru strati on . The tend en cy toward more
rap id exti nction of the large reward co mpared to the sma ll
reward gro up fo llowing ex tended acquisition co uld be att ributed
to a greater magnitude of prim ary fru strati on presuma bl y
aro used du ring extinc tion for the former gro up.

Capa ld i's ( 1967) model, reflecting data collec ted under
limited or mod era te training conditions . assumes that reward
magnit ude direct ly determines associa tive st rength. The
co mparable asy mptotic performance prese nt ly observed betwee n
vmall an d large parti al rein for cement groups suggests th at a
co mp arable amo unt of associ ative strength is ac hieved und er a ll
reward levels, but at different growth rates for eac h reward
magnitude. Sin ce thi s growth rate appears to be low for small
reward conditions the impli cation is tha t differen ces in
asso ciative strength are mo st evident during limited train ing.
Capaldi's analyses of par tial reinforcement effects, magn it ude o f
reward effects , and the variet y of theoretical trea tme nts of ot her
relate d phen omena therefore retain their pred icti ve value for
limited and moderate amounts of train ing.

The assumption of eq uat maxima of associa tive strength for a ll
levels of reward magnitude , if incorporat ed int o Ca pa ld i's (1967)
model, help to explain the ex tinctio n perfo rmance observed he re
follo wing exte nde d training. Assuming a co mparable seq uentia l
str uc tu re of the acq uisitio n sched ules . t hen assoc ia tive st rength
to each stimulus which was conditioned would be eq ua l. Sin ce
one gro up would have associa tive strength to the memory o f
small reward and the ot her would have associative str ength to
the memor y of large rewa rd . and since grea te r gene ralize d
asso ciati ve stre ngt h to ext inctio n re late d st imuli woul d be
derived fro m the' small rather th an the large reward stimulus set,
it direct ly fo llows that sma ll-partial would produce grea ter
resista nce to ext inctio n than large-partial reinfor cement. In fact,
given the con siderable amount of associative str ength resulting
fro m exte nded pract ice, one would further pred ict that
extinct ion differences favoring the sma ll reward gro up should
emerge relat ively late in ex tinc tion ; that is. bo th gro ups be nefi t
from genera lized associa tive st rength du ring ea rly e xtinction, but
th e small reward gro up will still be responding to ex tinc tio n
stimuli which have accru ed so me genera lized associative strength
long aft er th at no longer hold s tru e for the large reward gro up.
Fo r exam ple, th e sti mu lus set correspo nding to 'the memor y o f
120 extinction trials will haw greate r ge neralized associa tive
strength for the small-pa rtial gro up than for the large-partial
gro up , a di fference subs ta ntia lly greater tha n t hat fo r the
sti mulus set Corres po nding to only 40 e xtinctio n tr ials.

REFERENCES

Amsel , A . The role of frustrative no nr eward in noncontinuous
reward situations. Ps v cholgical Bulletin, 1958 , 55 , 102-119 .

Amsel , A . Frustrative nonreward in pa rt ia l reinforcement a n d
discrimination learning: Some r ec ent history and a theoretical
exte nsi o n . Psychological Review , 1962, 69,306-328.

Capaldi . E . .J. A seq uential hypothesis o f instrumental learning.
In K . W. Spence and J . T . Spence (Eds .) , Th e ps ychology of
learning and motiva tion. New York : A ca d e mic Press , 1967.

Capaldi , E . J .. & Capaldi . E. D. Ma gnitude o f partial reward.
irregular re ward s chedules. and a 24-hour IT!. Journal o f
Comparati ve a n d Physiolo gical Ps y cho lo g y , 1970, 72 .
203-209 .

Capald i, E . J., & Lynch, A . D. Magnitude of p artial reward a n d
res istance t o extinction. J ournal o f Comparative and
Physi olo gical P sy chol og y. 1968, 6 5. 1 79-181.

Hulse, S . H ., Jr. Amount and p ercentage o f reinforcement and
d u ratio n o f go a l b ox confinement in conditionin g a nd
e xti n ct io n . Jou rna l o f E xp erim ental Psycholog y, 1958. 5 6 ,
48-57 .

McCain , G. R eward magnitude a n d instrumental r esponses:
Consistent a nd partial reward. Psv chonornic Science, 1970.
19 .139-141.

Wagn er, A. R . E ff ec t s o f amount and percentage o f
r einf orcem ent and number of ac q u isit io n trials o n
co n di ti o n ing and e xt in ction . Journal of Exper im ental
Psychol og y , 1961 . 63 , 234-242.

(R eceived for publication May 12,1975.)



<<
  /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




