Paired-associate performance on successive
recall-test trials as a function of number of
successive pairing trials and stimulus elements’

Paired-associate (PA) performance was significantly im
proved by intcrpolation of three successive recall-test trials
between pairing trials, bul did not change systematically
over the three successive lest trials. Increasing number of
stimulus elements had only slight delcterious effects on
initial PA performance. The results indicate that the princi-
pal effect produced by interpolated test trials is to facilitate
PA learning during subsequent pairing trials.

One of the many disadvantages of the classical
paired-associate (PA) anticipation procedure has been
its inseparability of presentation of stimulus (5) terms
for attempted responsc (R) anticipation from that of
S-R pairs for learning (Battig, 1965). Through the
temporal separation of these two functions that charac-
terizes the recall method, the present experiment was
designed to evaluate separately the cffects of the puir-
ing and recall-test portions of the trial on PA learning
and performance. By systematically varying the number
of successive pairing trials preceding a set of three
successive test trials, the existence und magnitude of
any improvements in performance across successive
test trials (Richardson & Gropper, 1964) was also
evaluated. In addition, the design included systematic
variations in number of letters constituting the S-terms,
as well as conditions involving prior free-recall learning
of the S~terms, in order to determine whether increased
stimulus learning may he the primary determinant of
any changes in performance across successive test
trials.

Method

The 110 Ss were introductory psychology students
fulfilling 4 course requirement through their participa-
tion, who were assigned to one of 11 groups of 10 Ss
each according to a predetermined unsystematic se-
quence based on order of appearance in the laboratory,
which provided that each group be represented once in
each block of 11 Ss. Nine of the groups represented a
complete factorial design with three numbers of suc-
cessive pairing trials (one, three, or six, designated
respectively as R1, R3, and R6 conditions) and three
numbers of elements constituting each PA S-term (one,
two, or three, designated as S1, S2, and S3 conditions).
The remaining two S3-R1-P and S3-R6-P groups cor-
responded respectively to the S3-R1 and S3-R6 condi-
tions, but with prior free~recall pretraining on each of
the three-letter S-terms.
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All 8s learned an eight-puir PA list with maximally
similur but highly familiur words (BAG, BAT, BUG,
BUT, RAG, RAT, RUG, RUT) as R-terms. The eight
S3 S~terms were constituted from 21 different letters
(excluding A and U), and were equated bothin Anderson
(1965) ussociation value for individual letters and in
frequency of interletter associations (Underwood &
sSchulz, 1960). The 52 und 51 S-terms were produced
hy deleting letters from each S3 S-term so as to main-
tain comparable letter and interletter association
values, In an effort to muximize stimulus learning and
performance differences under S1, 52, and S3 conditions,
each 52 bigrum was presented in both possible letter
orders on alternate trials, and each $3 trigram was
presented equally often in each of three different letter
orders which provided that each letter appear once in
euach of the three letter positions.

All lists were learned to the same criterionof error-
less performance on the first two of the three successive
test trials which followed every one, three, or six
successive pairing trials under R1, R3, and R6 condi~
tions, respectively. All materials were presented at a
4-sec. rate by Curousel automatic slide projector witha
1-sec. interval between successive pairingtrialsandan
8- or 12-sec. interval hetween all other presentation
series, A different unsystematic serial order was used
each time through the list, and the S2 and S3 letter
orders during all three testtrials remained the same as
for the immediately preceding pairing trial.

Pretraining for the S3-R1-P and S3-R6-P groups
involved the successive 4-sec. presentation of all eight
S-terms, followed by 45 sec. for attempted oral recall
by spelling with no restriction either on order in which
the S-terms were recalled or on letter order. All three
S3 letter orders were presented equally often during
S-term pretraining, which continued to a criterion of
three correct recalls of each S-term (which then was
removed from the list).

Results

Number of errors summed over the three test trials
following the sixth pairing trizl decreased significantly
(p< .001) from R6 (9.6) to R3 (5.8) and R1 (1.4) condi-
tions, hut neither the slight increase from Sl (4.4) to
S2 (6.1) and S3 (6.4) conditions nor the interaction
approached significance (both Fs< 1). The Rl and R3
conditions did show a significant (p< .05) difference after
the third pairing trial hetween S1 (6.8), S2 (8.5), and
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S3 (12.2) conditions, but by the fifth trial the S3-R1
group actually became slightly superior to S2-R1 and
S1-R1 conditions.

Significantly (p< .05) fewer errors were also made
on the first three sets of test trials by the S3-R1-P
(21.6) than the S3-R1 (36.0) group, and after six pairing
trials by the S3~-R6-P (4.1) than the S3-R6(10.2) group.
The two P groups also recalled significantly (p< .001)
more stimulus letters than the S3-R1 and S3~R6 groups
on a free written-recall test immediately following the
last PA trial.

In none of the present conditions were there any
systematic changes in performance across the three
successive test trials. Over the first such set, where
previous studies had {typically obtained increases
(Richardson & Gropper, 1964), almost half (50) of the
present Ss showed no change whatever from the first to
the third successive test trial, whereas slightly but
insignificantly more Ss declined (37) than improved (23),
and for no group did this change approach significance
(all Fs< 1).

Discussion

While the present results are completely negative with
respect to any improvement or other systematic change
in performance across three successive recall-test
trials, the marked decrement from R1 to R6 conditions
clearly demonstrates that interpolated test trials serve
to facilitate performance following one or more subse-
quent pairing trials. Thus interpolated test trials appear
to increase the amount learned during subsequent pairing
trials, most likely by enabling S to identify those pairs
which he has not yet learned, and to concentrate upon
these the next time(s) they are presented.

The present results contrast sharply with the several
recent studies allegedly. demonstrating ''learning"’
during recall-test trials (Richardson & Gropper, 1964).
Most of these studies, however, employed either the PA
anticipation procedure or a lengthy retention interval
preceding the successive test trials, both of which would
be expected to produce extensive temporary disruption
on the first test trial with subsequent opportunity for
"warm=-up'' improvement (Lazar & Van Laer, 1966).
Although not emphasized by the latter authors, they too
found no significant changes over 10 successive test
trials given immediately after 10 recall-method learning
trials, as did Reynolds (1965) over five successive test
trials after nine trials under both prompting and
anticipation methods. Thus it is by no means clear that
"fusing the alternate study and recall method, some
changes in performance will occur even though the
correct responses are not shown'' (Underwood, 1966,
p. 549). In the present study, such changes did not occur
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even under the R6 condition where maximal disruption
should have resulted from the shift from six successive
pairing trials to the first set of three test trials.

As for the minimal deleterious effects of increasing
number of stimulus elements, this is consistent both
with Newman's (1963) finding of a superiority for one-
element over multi-element S-terms on early trials
which is eliminated or reversed on later trials, and
Underwood & Erlebacher's (1965) finding of probably
insignificant decrements from increasing number of
letter orders for dissimilar five-element S-terms.
Presenting multi-element S-terms in varying letter
orders may well increase the likelihood of finding an
eagy association with the R-term, and thus counteract
any deleterious effects of such letter-order variation.
Postexperimental questioning revealed that under S3
conditions only one S reported usingall threeletters for
all eight pairs, and there was 56.8% usage of fewer than
three letters combined over Ss and pairs. Thus letter-
order variation does not eliminate stimulus selection.
Pretraining, however, produced significantly (p< .001)
less stimulus selection (27.3%), and six of the 20 Ss
reported using all three letters for all pairs. In any
event, while the ineffectiveness of the present stimulus-
element manipulation precludes any definitive con-
clusions, the absence of any postexperimental S-term
recall differences between R1, R3, and R6 conditions
argue against stimulus learning asa major consequence
of interpolated successive test trials.

References

Anderson, N. S. Word associations to individual letters. J. verbal
Learn. verbal Behav., 1965, 4, 541-545.

Battig, W. F. Procedural problems in paired-associate learning
research. Psychon. Monogr. Suppl., 1965, No. 1.

Lazar, G., & Van Laer, J. Successive recall as a warm-up task
for paired adjectives. Psychon. Sci., 1966, 5, 137-138.

Newman, S. E. Performance during paired-associate training as a
function of number of elements comprising the stimulus term.
Tech. Rep. No. 4, Contract Nonr 486(08), 1963,

Reynolds, J. H. Paired-associate learning by anticipation and non-
anticipation methods: Supplementary data. Psychol. Rep., 1965,
16, 1123-1124.

Richardson, J., & Gropper, M. S. Learning during recall trials.
Psychol. Rep., 1964, 15, 551-560.

Underwood, B. J. Ezperimental psychology (2nd Ed.). New York:
Appleton-Century-Crofts, 1966.

Underwood, B. J., & Erlebacher, A. H. Studies of coding in verbal
learning. Psychol. Monogr., 1965, 79, No. 13(Whole No. 606).

Underwood, B. J., & Schulz, R. W. Meaningfulness and verbal learn-
ing. Philadelphia: Lippincott, 1960.

Note

1. This research was supported by Public Health Service Research
Grant HD-01062 from the National Institute of Child Health and
Human Development, and is based upon a Master’s thesis by the
senior author.

Psychon. Sci., 1966, Vol. 6 (2)




<<
  /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




