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The importance of the within-trial interval
in the superiority of the recall over anticipation method
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The magnitude of the difference between the recall and anticipation methods of paired-associate
learning was shown to increase as the length of the within-trial interval increased in the recall method. It
was noted that only those studies which used short within-trial intervals fail to consistently show the
recall method to be statistically superior to the anticipation method. Recall method learning rate was
not affected when the within-trial interval was filled, suggesting that rehearsal is not responsible for the
effect of interval. Alternate mechanisms were suggested.

In an analysis of paired-associate (PA) learning, Battig
and Brackett (l 961) compared the anticipation and
recall methods of list presentat ion. Their results
indi cated tha t learning by the recall method was
signifi cantly more effici ent than learning by the
anticipation method . As a result of this study and an
art icle by Battig (1965) emphasizing the many
meas urement problems inherent in the an ticipation
method, the recall method has become the preferred
procedure in PA studies. However, the factors
underlying the difference in learning rate between the
recall and anticipation methods have not yet been
experimentally determined. In fact , comparisons of
the se meth ods subsequent to the Battig and Brackett
study have not always shown reliably faster learning
with the recall method, While most studies surveyed by
us report numerically superior recall performance (22 of
24 studies), the magnitude of the effect has varied
widely , and only 10 of the 22 studies report statistically
significant recall method learning superiority.

There have been several attempts to explain the
variation in the magnitude of the recall method
superio rity . Initial investigations focused on the
characteristics of the to-be-remembered lists and were
unsuccessful (e.g ., Cofer, Diamond, Olsen, Stein, &
Walker , 1967) .

Recently , Battig (1973) has implicated the length of
the interval between the study and test segments of
recall method learning (i.e ., the within-trial interval) in
determining the magnitude of recall-anticipation learning
differences. Battig cit ed two lines of evidence in support
of his contention. First , was Izawa 's (1971) finding that
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lengthening the within-trial interval in the recall method
facilitated learning while lengthening the between-trial
interval in the anticipation method had no effect on
learning. Thus, while both the within-trial interval in the
recall method and the between-trial interval in the
anticipa tion method are intervals between studying and
test ing, lengthenin g the former facilitates recall method
learning while lengthening the latter has no effect on
ant icipation method learning. Although Izawa chose to
interpret her results differently, they clearly suggest that
manipulation of the within-trial interval in the recall
method should effect the size of recall method
superiority in a direct comparison with the ancitipation
method. Second, Battig noted that all studies which have
used substantial within-trial intervals (Battig & Brackett,
1961 ; Battig & Wu, 1965 ; Cofer et aI., 1967) have
rep orted large differences between recall and
anticipation method learning. In contrast, studies using
short within-trial intervals have not consistently found
such differences.

The primary goal of this study was to directly
measure the effect that lengthening of the within-trial
interval in the recall method has on the magnitude of the
recall-anti cipation learning difference . Accordingly ,
recall groups with short (3 sec) and long (24 sec)
within-trial intervals were compared with an anticipation
group. Because rehearsal during the within-trial interval
may be the crit ical factor in facilitating subsequent
recall , an additional recall group was added in which the
2 4 -sec with in-trial interval was filled with a
rehearsal-preventing task.

METHOD

Subjects
Ninety subjects were drawn from the undergraduate student
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Figure 1. Mean number of errors as a function of t rials for th e
four ex perimental groups.

population at Kansas State University. Some subjects received
ex tra credit in their introductory psychology class, while others
were paid for participating in the experiment. None of the
subjects had participated in a prior PA study.

Design
The subjects were assigned randomly to one of four groups.

One group of 36 subjects learned the 12-item list under the
anticipation method of presentation (Group A). The three oth er
gro ups of 18 subjects each were tested under the recall method
with the characteristics of the within-trial interval different for
each group. The subjects in Group R3 had a 3-sec within-trial
interval, while subjects in Group R2 ..had a 24-sec interval added
between the study and test segments of a trial to distribute
practice. Group R2 • f had a 24-sec within-trial interval filled with
a shadowing task intended to limit opportunity for rehearsal.

Materials
The list consisted of 12 CVC-number pairs . The S-terms of the

pairs were of medium association value (X =71%; Archer, 1960)
chosen for ease of pronounceability (X=2.7; Underwood &
Schulz, 1960). Two-digit numbers of low association value
(X=1.06 ; Battig & Spera, 1962) served as R terms. The 12 S
and 12 R terms were combined randomly to create the pairs .
The list was presented visually on the wall in front of the subject
by a slide projector. The shadowing task which filled the interval
for Group R2 • f, consisted of a list of two -syllable no uns,
presented one per second auditorily by means of a tape recorder.
A different random order of list presentations was used for each
subject.

Procedure
Each subject, tested individually, learned the same 12-pair list

to a criterion of two successive errorless trials or for a total of 10
trial s, whichev er occurred first. The subjects were instructed to
vocalize the correct response during pair pre sentation and to
respond verbally to the test stimuli if th ey thought they knew
the response. Guessing was encouraged .

Stimulus presentation time was 3 sec, and all groups had a
6-sec interval between trials. The within-trial interval was varied
in the recall method groups as described in the design section.
There is no within-trial interval possib le in the anticipation
method.

Since no learning measurement is possible on Trial 1 in the

anticipation method, a Trial 0 preceded Trial 1 in both methods.
This trial consisted of a normal anticipation trial in the
anticipation condition and a presentation of the test stimuli
alone in the recall conditions. Thus, testing on Trial 1 was
preceded by one presentation of the test stimuli and one
presentation of the pairs in both methods.

RESULTS

The number of errors to reach the criterion of two
consecutive errorless trials or a maximum of 10 trials
was tabulated separately for each subject .on each trial.
The criterion of two successive errorless trials was
reached before Trial 10 by 15 of the 90 subjects with no
subject reaching criterion in less than five trials. Figure 1
shows the mean number of errors made on each tria l for
the four groups. As can be seen , perfo rmance was
virt ually equivalent for all groups at the outset of
learning (Trial I) but quickly diverged as learning
progressed. Overall, performance was best for Groups
R2 4 (X = 54.7 errors) and R2 4 f (X= 59.2), poorest for
G..!oup A (X =77.4) and intermediate for Group R3

(X = 66.1). The analysis of variance showed a significant
main effect of groups, F(3,86) =3.24 , P < .05, a
significant main effect of trials , F(9 ,774) = 256.76,
p < .0 I, and a significant Groups by Trials interaction,
F(27,774) = 2.76, p < .01. A Newman-Keu ls posttest
performed on the mean number of errors per group
revealed that except for the comparison between Groups
R2 4 and R2 4 f, all pairwise comparisons were reliably
different.

DISCUSSION

The results of this study clearly support the hypothesis that
increasing the wit hin-trial interval in the recall method of PA
learning will increase the difference between recall and
anticipation -Iearn ing rates. The 24-sec within-trial interval
produced reliably better recall than the 3-sec interval. It is not
particularly surprising, therefore, that studies which have used
short within-trial intervals have not consistently shown the recall
method to be statistically superior to the anticipation method.
On the other hand, this is the fourth study comparing the
methods which used a fairly large within-trial interval, and all
four studies have found large and reliable differences in learning
rates between the two methods.

It is not clear as yet how the within-trial interval serves to
facilitate recall method performance. Rehearsal can probably be
eliminated as the causal agent because the recall group which was
tested after a filled interval (RH f) was not reliably different
from the recall group which was tested after an unfilled interval
(R 2 . ) . Although it is possible to argue that activity during the
filled interval did not eliminate rehearsal , it would seem very
likely that the intervening activity would greatly reduce
rehearsal. Failure to find a reliable difference between the two
groups strongly suggests that rehearsal is not the critical
mechanism. Another possibility is that subjects change their
strategy for encoding the material as the within-trial interval
increases . There is now developing considerable evidence that
subjects change their strategy for recall as the conditions of
retention change (Craik & Watkins, 1973; Roenker, Note I) . Still
another possibility is the temporal separation hypothesis
proposed by Battig and Brackett (1961). Increasing the time



during which no list-related task is performed could serve to
further separate learnin g and testing into two distinct tasks and
thereby facilita te performance. Unfor tunately, that hypothesis is
difficult to test witho ut altering th e methods of list presentation.

Although th e present study was not designed to test either the
differential encoding or separatio n hypotheses, both would seem
to be plausible candidates for the mechanism underl ying
facilitation of recaU thro ugh an extended within-trial int erval.

In summary, the present experiment provides convincing
evidence that lengthening the with in-tri al interval in the recaU
meth od increases the superiority of that procedure over the
anticipatio n method of PA learning. Thus, it seems likely that
the many failures report ed in replicating Battig and Brackett 's
(l96 I) result s can be att ributed to th e short within-t rial intervals
used in th ose studies. That is not to suggest that the magnitude
of the with in-tr ial interval is the only variable contributing to
difference s between recall and anticipation PA learning. Multiple
causati on for phenomena is the rule in psychol ogy, and it would
be very surprising if the differences between these two PA
procedures proved to be an exception.

REFERENCE NOTE
1. Roenker, D. L. The role of rehearsal in long-term retention.

Unpublished doctoral dissertation, Kansas State University ,
1973.

REFERENCES
Archer, E. J . A re-evaluation of the m eaningfulness of all

possible CVC trigrams, Psychological Monographs, 1960,74,
(10, Wh ole No . 4 9 7).

COMPARING METHODS OF PA LEARNING 133

Battig, W. F . Evidence that recall-anticipation differences
increase with increasing time intervals. Journal of
Experimental Psychology, 1973, 100, 399-402.

Battig, W. F . Procedural problems in paired-associate research.
Psychonomic Monograph Supplements, 1965, I , No.1.

Bat t ig, W. F., & Brackett, H. R . Compariscn of anticipation and
recall methods in paired-associate learning. Psychological
Reports, 19 61, 9 . 59-65.

Battig, W. F., & Sp era, A. J. Rated association values of numbers
from 0-100. Journal of Verbal Learning and Verbal Behavior,
1962, I , 200-202.

Battig, W. F. , & Wu, R. D. Comparison of recall anticipation
paired-associate procedures within mixed aurally presented
lists. Psv chonomic Sc ience, 1965,3, 233-234.

Cofer. C. N.. Diamond, F .. Olsen, R. A ., Stein , J . S., & Walker,
H . Comparison of anticipation and recall methods in
paired-associate learning. Journal of Experimental Psychology.
1967, 75 , 545-558.

Cr aik, F. 1. M., & Watkins, M. J . The role of rehearsal in
short-term memory. Journal of Verbal Learning and Verbal
Behavior, 1973, 12, 599-607.

Izawa, C. Massed and spaced practice in paired-associate
learning: List versus item distributions. Journal of
Experimental Psychology, 1971, 89, 10-21.

Tulving, E.. & Arbuckle, T . Y. Sources of intratrial interference
in immediate recall of paired associates. Journal of Verbal
Learning and Verbal Behavior, 1963, I, 321-334.

Underwood, B. J ., & Schultz, R. W. Meaningfulness and ve rbal
learning. Philadelphia: Lippincott, 1960.

(Received for publication April 7,1975.)



<<
  /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




