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A retroactive inhibition design was employed to study the role ofrules in paired-associate learn­
ing and retention. Subjects first learned one of three unmixed lists of paired nonsense syllables.
A rule applied to all items in two ofthe lists: Pair members changed first letter (rhymed)or changed
middle letter. In the third list, pair members were not related. A common second list was learned,
and either a first-list recall test or a four-alternative forced-choice recognition test followed. First­
list learning and recall were superior for lists with rules. Recognition, which did not show a ceil­
ing effect, was not superior for lists with rules when both target and distractors followed a rule.
The results supported the hypothesis that rules facilitate retrieval rather than storage, and that
they do so to the extent that they reduce response-set size.

Rhyming can effectively aid verbal performance.
Rhyming pairs, for example, are consistently easier than
pairs of unrelated words (Bower & Bolton, 1969). One
hypothesis proposed to account for the advantage of rhym­
ing paired associates is that the presence of a rhyming
rule restricts the number of potential responses of each
list pair. With reduced response-set size comes improved
performance. Hunt , Elliot , and Spence (1979), for exam­
ple, found that, with words oflow meaningfulness, rhyme
cues led to better recall following a single study trial than
did associative cues. The response-set size for these rhyme
cues was smaller than that for the associative cues. More
recently , Nelson , McEvoy, and Friedrich (1982) showed
that when rhymes were used as cues for recall following
a single study trial, the smaller the set size, the better
the recall. Thus, evidence suggests that performance is
inversely related to response-set size and that the effec­
tiveness of rhyming stems from the reduced set size it en­
tails.

The response-restriction hypothesis need not apply to
only a rhyming rule . Any rule that reduces response-set
size should improve performance. The hypothesis also im­
plies that the extent of improvement should vary directly
with the extent of reduction in the size of the response
set. D'Amato and Rubenstein (1981) tested this predic­
tion by comparing a list of rhyming pairs with other lists
that followed progressively more restrictive rules . They
did indeed find that the greater the reduction in the size
of the set defined by the rule, the better the paired­
associate learning.

The response-restriction hypothesis of rule superiority
may be readily extended to paired-associate retention. As
with learning, retention should be inversely related to the

The author s' mailing address is: Department of Psychology , Brook­
lyn College , City University of New York , Brooklyn , NY 11210.

size of the response set defined by the rule . Using a
retroactive inhibition design, D' Amato and Guber (1982)
obtained results quite consistent with this prediction.
Recall of the first-list responses progressively improved
as rules became more restrictive. In addition , a forced­
choice recognition procedure that effectively equated
response-set size under all conditions failed to show reten­
tion differences among the groups. These results suggested
that superior recall for lists with rules was not due to su­
perior storage of the individual pairs, but rather to the
superior retrieval provided by the rule that stemmed from
the reduced size of the response set relevant to each list
pair . The recognition results of the D' Amato and Guber
study had to be interpreted cautiously, however, because
recognition was at or close to ceiling for all groups .

The present study sought to replicate and extend the
D'Amato and Guber (1982) experiment while avoiding
a ceiling effect. This was accomplished by lowering the
criterion of first-list learning and by using nonsense syl­
lables instead of words so that the number of distractors
accompanying each target on the recognition test could
be increased .

MEmOD

Subjects
Sixty-three students participated in order to fulfill a requirement for

introductory psychology . They were tested individually and were as­
signed randomly in blocks of 7, with each condition occurring once in
each block.

Materials
Four unmixed lists , with each containing 10 pairs of nonsense sylla­

bles, were used. The same nonsense syllables were employed as stimuli
in all four lists. These nonsense syllables were: NEF , HIX, KER, SAQ,
TUF , BUZ, COZ , JEK , LOH, and vm. Glaze association values of
these syllables ranged from 13% to 93 %. With but one exception, the
three responses selected for each stimulus in the three lists used for origi­
nallearning were of equal Glaze value, ranging from 47% to 60% . For

503 Copyright 1985 Psychonomic Society, Inc.



504 D 'AMATO AND MARCHESE

two of these three initially learned lists , a general rule applied : Either
each pair rhymed (e.g., NEF-SEF) ,or the middle letter changed (e.g.,
NEF-NIF) . The third list consisted of unrelated pairs (e.g., NEF-LUZ).
Each subject learned one of these three first lists . The fourth list , which
was the same for all subjects , served for interpolated learning. It con­
sisted of the first-list stimuli pairedwith unrelated responses (e.g., NEF­
JUN). The Glaze value of these responses ranged from 67 % to 80 %.
Four lists were used for theforced-cho ice recognition test. In all of them,
each first-list stimulus appeared along with four alternatives, the first­
list response to the stimulus plus three distractors . For rule lists , dis­
tractors as well as targets followed the rule. Thus, targets and distrac ­
tors rhymed when the rhyme list was tested (e.g. , NEF-SEF , PEF, DEF ,
VEF), and the middle letter changed when the middle-letter-changed
list was tested (e.g., NEF-NIF, NOF , NUF , NAF) . The recognition
test for the unrelated list took one of two form s. In one list , all distrac­
tor s were unrelated to each other and to the target syllable; in the other,
the distractors rhymed with the target for half the items , and the middle
letter changed for the remaining half. In selecting distractors for each
target, association values were equated across the four lists insofar as
was possible. Target position varied withineach list. Between lists, target
position remained the same .

Procedure
The study employed a retroactive inhibition design. Prior to the first

trial on the original list , standard written paired-associate instructions
were presented. The subjects learning the rhyming and middle-letter­
changed lists were informed of the rule applying to their list . On the
first trial , all subjects repeated aloud the experimenter 's pronunciation
of each syllable as it appeared. Each list was presented on a Stowe
memory drum paced at a 2:2-sec rate with a 4-sec intertrial interval for
as many anticipa tion trial s as were necessary to achieve a criterion of
4/10 correct. All lists followed the same sequence of three different ran­
dom orders of the pairs . Approximately 2 min elapsed between first­
and second-list learning; during that 2 min , the subjects read instruc ­
tions for the interpolated list. Following 10 antic ipation trials on the
interpo lated list , the subjects were tested for retention of first-list
responses. They were presented with a pencil and a sheet of paper on
which the entire set of stimuli appeared, and were told to write down
the syllable that went with each one on the first list, and to guess if neces­
sary to avoid omitting any items. The same sequence of stimuli was
used on all the retention tests . For recogni tion , each stimulus appeared
along with four alternatives followed by a blank space , where the re­
spon se was to be entered. Three minutes were allowed for the retention
test . In sum , there were seven groups in all , with nine subjects in each
group. Three groups were given a recall test of their first list , which
had been composed of pairs that rhymed, that had the middle letter
changed , or that were unrelated . Of the four groups receiving the forced­
choice recognition test , one group had a first list of rhyming pairs, one
of middle-letter-changed pairs, and two of unrelated pairs . The latter
two groups differed only in the type of distractors employed, these be­
ing either unrelated or related to the targe t.

RESULTS AND DISCUSSION

Trials to reach first-list criterion yielded the following
means : middle letter changed , 2.78 ; rhyme , 3.89; and un­
related, 10.15 . Lists significantly affected performance
[F(2 ,60) = 29.89, P < .00 1]. Orthogonal comparisons
of these means showed that the two rule lists combined
differed significantly from the unrelated list (p < .00 1)
but not from one another (p > .05). The number of cor­
rect anticipations on the last trial of interpolated learning
did not differ [(F2 ,60) = 2.20, P > .05], indicating that
the groups were comparable in their performance on this
second list.

The mean numbers of first -list responses correctly
recalled on the recall test of retention were 6.00, 4 .33 ,

and 1.00 for middle-letter-changed, rhyming , and un­
related lists, respectively . These means were significantly
different [F(2,24) = 25.93, P < .001]. Orthogonal com­
parisons revealed that the middle-letter-changed condi ­
tion was significantly superior to the rhyming condition
(p < .05) and that both these rule lists were significantly
superior to the unrelated list cond ition (p < .001) .
Forced-ehoice recognition scores produced these mean
numbers of first-list responses correctly recognized: mid­
dle letter changed , 5.78 ; rhyming, 7.33; unrelated-related
(unrelated list with rule following distractors) , 7.67 ; and
unrelated-unrelated (unrelated list with unrelated distrac ­
tors ), 9.33. These means were significantly different
[F(3,32) = 5.04, P < .0 1]. Orthogonal comparisons
showed no difference (p > .05) between the rhyming and
middle-letter-changed groups or between these two rule
groups combined and the unrelated-related group. The
difference between these three groups and the unrelated­
unrelated group was significant (p < .01) . In order to
determine whether rhyming and middle-letter-changed al­
ternatives presented a comparably difficult recognition
task, performance of the unrelated-related group on items
with rhyming and middle-letter-changed alternatives was
compared. No difference was found [t(8) = 1.92 ,
P > .05] .

The results of this study replicated and extended the
D'Amato and Guber (1982) findings under conditions that
avoided the ceiling effects that limited interpretation of
the results of that study . Thus, added support has been
obtained for the response -restriction hypothesis of the ef­
fectiveness of rules , which maintains that rules benefit
paired-associate performance to the extent that they reduce
the size of the set of potential responses to the stimulus.
First-list learning showed that the two paired-associate lists
in which a: rule applied were significantly easier to learn
than a list of unrelated pairs . And, once again, the middle­
letter-changed rule proved superior to the rhyming rule ,
although this difference was not significant. The response­
restriction hypothesis would predict greater ease of learn­
ing for a list of pairs in which the middle letter changed
than for a list of rhyming pairs, because the rhyming rule
would reduce response-set size less than the middle-Ietter­
changed rule would.

As expected, first-list recall yielded results that were
similar to those for first-list learning. Lists with rules were
recalled significantly better than was the list of unrelated
pairs, and the middle-letter-changed rule was superior to
the rhyming rule, in this case significantly so. Of greater
interest are the recognition results. As ment ioned , the
recognition findings of D'Amato and Guber (1982) had
to be interpreted rather caut iously , because a ceiling ef­
fect was evident. The present study clearly has avoided
a ceiling effect for the two rule groups and for the un­
related group with rule-following distractors . Their mean
percentage of first-list responses chosen from among the
four possible alternatives ranged from 58 %to 77 %. The
near-ceiling recognition for the unrelated group with un­
related distractors is consistent with results found by others
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showing greater ease of recognition when distractors are
not related graphemically and phonemically to target items
(e.g ., Gillund & Shiffrin, 1984). This group will not be
further considered. The two rule groups and the unrelated­
related group used alternatives that were similar, so that
comparisons among these three groups are the appropri­
ate ones for testing the response-restriction hypothesis .
What do these comparisons show? They show no differ­
ence among the means. This was, of course, anticipated ,
because the response-set size was effectively equal for
these three groups-a condition that, according to the
hypothesis, makes rules ineffective.

The results suggest , then, that rules benefit retention,
as they do learning, when they enable set size to be dimin­
ished. Added support for this conclusion comes from com­
parisons of recall with recognition scores. For the middle­
letter-changed group, there is virtually no difference­
60% and 58% for recall and recognition, respectively.
This would be anticipated, since response-set size was,
in all likelihood , roughly equal under recall and recogni­
tion testing. With rhyming, there is a large difference be­
tween recall and recognition-43 % and 73 %, respec­
tively . This is due most likely to the greatly reduced set
size enjoyed by the rhyming list in recognition testing.
Finally , if recall of the unrelated list is compared with
recognition for either one of the recognition tests that were
employed , even larger differences than with rhyming are
observed, reflecting the relatively greater restriction of
set size under recognition testing for the unrelated list.

The results of the present study are consistent with any
one of a number of retrieval models of memory. For ex­
ample, the SAM model (Gillund & Shiffrin , 1984) main­
tains that in recall the cues used to probe memory estab­
lish a search set that effectively restricts the domain of
information in memory that need be considered. A search
process is carried out on this set of information until an
item that the subject decides is the response to the stimu­
lus is sampled or until the search is terminated. As search­
set size decreases, the probability increases that the tar­
get will besampled when a particular search is performed.
In the present study, it may be assumed that search-set
size varied directly with the size of the set defined by the
particular rule. In conjunction with the stimuli of the list
pairs acting as probe cues, the particular rule established
a corresponding search set. The rule yielding the smaller
search set for each list stimulus increased the probability
of sampling the response to that stimulus. Thus, the
middle-Ietter-ehanged rule, which defined sets smaller
than those defined by the rhyming rule, resulted in su­
perior performance in recall and acquisition (which may
be assumed to involve the recall processes described in
the model). Lists following either rule would reduce
search-set size considerably more than would a list of un­
related pairs. Thus , performance on the rule lists should
indeed have surpassed that of the unrelated list.

The SAM model claims that recognition may be deter­
mined by the outcome of a familiarity process set in mo- .

tion by the cues. A positive recognition response would
occur if the familiarity value for an item were above
criterion or were greater than that for the other altern­
tives. In the present study, in which set size was the same,
rules could have aided recognition if they had increased
target familiarity . This they apparently did not do, be­
cause recognition performance did not differ among the
groups . Taken together , the results of this study suggest
that the presence of a rule in a list does not result in su­
perior storage of individual pairs. Rather, rules facilitate
performance by reducing response-set size and thus in­
creasing retrieval success.

Of course, it may beargued that the present results are
due to some factor other than set size that covaried with
the rules. For example, there may have been a difference
in the similarity of pairs that rhymed, that had changed
middle letters, or that were unrelated, a difference that
could have created a difference in list difficulty. In order
to determine whether there were indeed systematic sim­
ilarity differences , 60 students, not otherwise involved in
the study, were presented with one of the three lists used
for first-list learning and were asked to rate each pair for
similarity. A significant difference was found among the
three means [F(2,57) = 15.13 , P < .01]. The pairs of
the unrelated list were rated as being significantly less
similar than were those of each of the two rule lists, but
a Tukey test revealed no difference between the two rule
lists (p > .05). Apparently, then, differences in pair
similarity are not responsible for the observed differences
in acquisition and retention .

Attempts have been made to relate paired-associate
learning to the frequency with which the two interior let­
ters of a pair occur together in the language (e.g.,
Underwood, 1982). Did the lists employed in this study
differ in this frequency? Apparently not, for when bigram
frequency of list pairs was examined, no systematicdiffer­
ences among these lists emerged. It remains possible that
some other factors that covaried with the rules employed
in this study exist. However, an explanation of the find­
ings in terms of the response-restriction hypothesis seems
most satisfactory at the present time.

Although we have stated that the lists differed in the
rules that they employed, it may be claimed instead that
they differed in the retrieval cues that they encouraged .
That is, in the middle-letter-changed list, first and last let­
ters of the stimuli were used as retrieval cues, and these
were superior to the middle and last letters that served
as retrieval cues in the rhyming list. Such an interpreta­
tion is indeed plausible for the present study. However,
in order to explain the differences in effectiveness of these
retrieval cues, we would still have to resort to a response­
restriction account such as has been presented here, be­
cause, without such an account, it would be difficult to
explain why first and last letters were superior as retrieval
cues for acquisition and recall but not for recognition. We
have used the term rules to indicate that the interpreta­
tion presented should not be restricted to such physical
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information as letter position, but should apply more
generally whenever lists comprise pairs of related items­
be they physically or otherwise related.

REFERENCES

BoWER, G. H. , '" BoLTON, L. S. (1969). Why are rhymes easy to learn?
Journal of Experimental Psychology , 82, 453-461.

D'AMATO, M . F., '" GUBER, S. (1982). Rules and paired-associate reten­
tion . Perceptual and Motor Skills , 54 , 110.

D'AMATO, M . F. , '" RUBENSTEIN, V. (1981). Response-set size and
paired-associate learning. Psychological Reports , 48 , 172-174.

GILLUND, G. , '" SHIFFRIN, R . M . (1984) . A retrieval model for both
recognition and recall. Psycholog ical Review, 91 , 1-67.

HUNT, R. R. , ELUOT, J . M. , '" SPENCE, M. J . (1979) . Independent
effects of process and structure on encoding. Journal ofExperimen­
tal Psychology: Human Learning and Memory , S, 339-347 .

NELSON, D. L. " McEvoy, C. L. , '" FRIEDRICH, M. A . (1982) . Ex­
tralist cuing and retrieval inhibition . Journal ofExperimental Psychol­
ogy: Learning, Memory , and Cognition , 8, 89-105 .

UNDERWOOD, B. J . (1982) . Paired assoc iate learning: Data on pair
difficulty and variables that influence difficulty . Memory &: Cogni­
tion , 10, 610-617.

(Manuscript received for publication June 8, 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




