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TABLE I
BREAKDOWN OF ERRORS AND

COMPARISON WITH CHANCE EXPECTATIONS

Ss were not to guess unless reasonably certain. There
were no restrictions on recall order or the amount of
time allowed for recall.

Each S wore headphones during the entire experimen
tal session. During half the trials white noise was
presented over the headphones from a nearby tape re
corder. The noise level was high enough so that S could
not hear his own voice when speaking, but not so high
as to be unpleasant after a short adaptation period.
Eighty different sequences were presented, with noise
and non-noise alternating in blocks of five trials. The Ss
were fully informed of this procedure and always warned
before the noise was turned on or off. Twenty Ss served
as part of the laboratory requirement for an intro
ductory psychology course.
Results and Discussion

An item analysis was done on all errors, providing a
count of the number of times 3 was given in the position
of H, and so on for all possible substitutions. As no
directionality was evident in these confusions, "3 sub
stituted for H" and "H for 3" were combined to provide
a total 3-H confusion index. Omissions were also tallied .
Extra-task intrusions (only seven in all) were counted as
omissions for simplicity.

It has been shown that most intrusions in a task of
this sort come from within the sequence presented-that
is, some items are recalled but their positions apparent
ly forgotten (Conrad, 1959). Under the assumption that
aII confusions come from within the 8-item sequence and
that all such confusions are equally likely, we can pre
dict that 3/7 of the substitution errors should be intra
class errors (t,e, digit-digit and letter-letter substitu
tions), 1/7 should be interclass aural confusions [e.g.,
2-Q, 8-H, etc.), and 3/7 should cross class boundaries
but be non-aural (e.g., 3-H, 5-X, etc.),

The numbers of omission and substitution errors and a
comparison of substitution error percentages with the
above chance predictions are presented in Table 1.
Differences between noise and non-noise error distri-

Abstract
Analysis of errors in a short-term memory task

indicates that Ss adopted two possible coding strategies:
digit vs, letter categorization and subvocal or aural re
hearsal. White noise had no effect on types of errors
made or on over-all performance, but did bring out the
usually covert rehearsal process. Evidence from errors
and effects of noise point to a reinterpretation of
"auditory" coding in terms of kinesthetic feedback pro
duced by subvocal rehearsal.
Problem

Conrad (1964) has shown that confusions amongvisu
ally presented letters in a short-term memory task are
highly correlated with perceptual confusions that Ss
make when the same letters are read aloud with a noise
background. In other words, the letters most likely to
be confused in short-term memory (STM) are those
which sound most alike. This strongly suggests that STM
is primarily maintained through a coding process closely
associated with the auditory modality. Nevertheless, it
seems unlikely that such an aural coding system is the
only means of maintaining a temporary memory trace.
Various classification schemes should be available when
meaningful stimuli are used-for example, ifletters and
digits are presented alternately, Ss should be able to
remember this fact and use it to more accurately recon
struct the sequence when asked to recall.

It is possible to infer the particular coding strategies
an S has employed from the errors he makes in recall
(and also to some extent from verbal reports at the end
of an experimental session). This technique was used in
the present study to determine (a) to what degree aural
coding is evident when another means of coding is avail
able, and (b) whether loud random ("white") noise during
presentation and recall can interfere with STMand thus
force S to abandon aural coding for a non-aural classifi
cation strategy.
Procedure

Five digits and five letters were selected so that for
each digit there was a letter with a similar sounding
name. The digits were: 2, 3, 5, 6, and 8; the correspond
ing matched letters were Q, T, Y, X, H. On each trial
8 of these 10 characters-four digits and their corres
ponding letters-were used to generate a randomly or
dered sequence (e .g., 6, H, X, 5, Y, Q, 8, 2). The items
were presented on a memory drum, one at a time at a
I-sec. rate. Immediately after presentation of the eighth
item S wrote down as much of the sequence as he could
remember. Instructions stressed that every itemhad to
appear on the answer sheet in its proper position and that

Type of error Observed

Noise Non-noise
Omission (n) 927 903
Substitution (n) 1(,37 1681

Introclass 46.5% 45.3%
Interclass

aural 19.4% 21.8%
non-aural 34.1% 33.0%

Chance

42.7%

14.6%
42.7%
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butions produced a x2 of 2.84, which is not significant
(i' "> .50, df=4). Combining noise and non-noise errors
and compar ing with the chance expectations yieldedax2

of 166.33, which is very highly significant (p< .00I,df=
2).

The directions of deviation from chance indicate both
a high frequency of aural confusions and a high frequency
of intr acla s s confusions. It appears that when Ss have an
opportunity they will code in several ways. In the present
case aural coding is very evident, but classification cod
ing also shows up strongly. How classification coding
could be attempted is illustrated in one S's report that
he had "tried to make mathematical formulas" out of
the sequences. This S made few aural confusions. Thus,
it appears that the types of errors made depends in
part upon the particular coding strategy S adopts. Most
Ss made both aural and classification errors with high
frequency.

Several confusions occurred with noticably higher
frequencies than others of the same types. Of intraclass
confusions, X-H, Q-T, and 2-3 were most common. Of
non-aural interclass confusions, the most frequent were
2-T, 3-Q , and 6-H . In fact, it appears that 2-3-Q-T is
a cluster of highly confusable items both within and
across class boundaries. Another,less effective cluster
is 6-8-X-H. A possible posthoc rationalization for these
clusters lies in articulational similarities. Thus, while
3 and Q do not sound much alike, their names have a
common consonant-vowel configuration. Similarly, the
other cluster has a common vowel-consonant articula
tion. This interpretation suggests that what have been
called "aural" or "auditory" confusions are really
kinesthetic confusions, arising from stmflar muscular
feedback patterns produced by subvocal rehearsal. Since
the majority of acoustically similar items are also artt
culationally similar. virtually all the data showing
acoustic confusions in STM can be accounted for by a
kinesthetic feedback hypothesis.

Lending credence to this interpretation are two out
comes of the white noise condition in the present experi
ment. First, it did not have the effects upon error dis-
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tributions or over-all performance on the STM task
which might be expected if codingwere auditory. second,
it produced overt rehearsal in a few Ss (in the present
study, all males). This effect was probably due to the
elimination of auditory feedback as a means of monitor
ing (and thus suppressing) overt speech. Ss questioned
indicated that they had not been aware of "thinking
aloud." Since information from kinesthetic feedback was
available to these Ss, we can safely conclude that the
same kinesthetic feedback must have been present on
non-noise trials as well-presumably produced by
small, covert muscular responses in the vocal appara
tus. This interpretation fits in nicely with the common
experience that thinking (and in this case STM) involves
"talking to oneself" without producing overt vocaliza
tions .

It should be possible, if the kinesthetic feedback
hypothesis is correct, to find certain predictable dis
crepancies between acoustic confusions and memory
confusions. One test can be derived from Conrad's
(1964) data. The name of the letter Pis articulationally
'l'ery similar to B, but is acoustically more similar to
T, as P and T both begin with an "unvoiced stop." It
can therefore be predicted that the ratio of P-B and
P-T confusions should differ accordingly from the lis
tening to the recall data. Conrad's data produce the fol
lowing frequencies :

Confusion Listening Recall
P-T 786 103
P-B 237 164

The differences between listening and recall is highly
significant ( X~144.6. p< .001, df =1) and in the pr edicted
direction.
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1. Th is research was done while the author was a graduate fell ow
of the Nat ional Science Foundation. He wishe s to thank Drs.
Gordon H. Bower and Le onard M. Horowitz for their helpful sugges 
tions.

Psychon. set., 1965, Vol. 3



<<
  /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




