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This study examined the role of phonetic factors in the performance of good and poor beginning
readers on a verbal short-term memory task. Good and poor readers in the second and third grades
repeated four-item lists of consonant-vowel syllables in which each consonant shared zero, one,
or two features with other consonants in the string. As in previous studies, the poor readers per
formed less accurately than the good readers. However, the nature of their errors was the same:
Both groups tended to transpose initial consonants as a function of their phonetic similarity and
adjacency. These findings suggest that poor readers are able to employ a phonetic coding strategy
in short-term memory, as do good readers, but less skillfully.

Children who have difficulty learning to read have con
sistently been found to perform less well than good readers
on a wide variety of short-term memory (STM) tasks
(Bauer, 1977; Brady, Shankweiler, & Mann, 1983;
Hogaboam & Perfetti, 1978; Jorm, 1983; Katz, Healy,
& Shankweiler, 1983; Liberman,Shankweiler, Liberman,
Fowler, & Fischer, 1977; Mann, Liberman, & Shank
weiler, 1980; Shankweiler, Liberman, Mark, Fowler, &
Fischer, 1979; Torgesen, 1982). For example, they are
distinguished from good readers by their tendency to make
more errors on serial recall tasks involving such diverse
materials as auditorily presented letter names (Shankweiler
et al., 1979), words (Brady et al., 1983; Mann et al.,
1980), and sentences (Mann et al., 1980; Mann, Shank
weiler, & Smith, 1984). They also are deficient in their
memory for printed words (Mark, Shankweiler, Liber
man, & Fowler, 1977) and letter strings (Katz et al.,
1983; Shankweiler et al., 1979). Even pictures of name
able objects are remembered less well by poor readers,
although recall of nonsense "doodle" drawings does not
differentiate reading groups (Katz, Shankweiler, & Liber
man, 1981). This final observation is important because
it reveals that not all types of material enable us to distin-
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guish good and poor readers (Liberman, Mann, Shank
weiler, & Werfelman, 1982; Vellutino, Pruzek, Steger,
& Meshoulam, 1973). Thus it would not be appropriate
to conclude that poor readers suffer from some general
memory impairment. Rather, they appear deficient only
in the ability to remember linguistic material, whether
presented by ear or by eye (Libermanet al., 1982;Shank
weiler et al., 1979). That is, the commonality among the
many materials that distinguish the STM performance of
goodand poor readers is that retaining these materials in
working memory involves reliance on phonetic coding.
Thus we are led to seekan explanation of the poor readers'
STM impairment in the realm of phonetic coding itself,
rather than in the process of translating printed informa
tion into a phonetic code.

To develop our line of reasoning more completely, we
refer to three lines of evidence suggesting that the deficits
poor readers display on STM tasks are related to less ef
ficient phonetic coding processes. First, as mentioned
above, the contrast between reading groups in perfor
mance on STM tasks seems to be restricted to procedures
that employ "phonetically recodable" stimuli. When
visual stimuli are selected that do not lend themselves to
phonetic coding, the performances of good and poor
readers are the same. For example, for stimuli such as
photographs of strangers, nonsense doodle drawings, or
symbols from an unfamiliar writing system, recall by good
and poor readers is comparable (Katz et al., 1981; Liber
man et al., 1982; Vellutino et al., 1973). Similarly, in
memory for auditory stimuli that are not readily recoded
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phonetically (e.g., tones), poor readers perform equally
well on STM tasks (Holmes & McKeever, 1979). The
difference between reading groups for recall of phoneti
cally recodable stimuli (e.g., letters, words, and name
able objects) and the lack of difference in performance
for stimuli that are "phonetically unrecodable" highlight
the poor readers' difficultywith the use of a phoneticcode.

A second line of evidence finds that manipulations of
certain phonetic properties of stimuli in an STM task
generally have less effect on the performance of young
poor readers than on that of good readers (Brady et aI.,
1983; Liberman et al., 1977; Mann et al., 1980; Mark
et aI., 1977; Olson, Davidson, Kliegl, & Davies, 1984;
Shankweiler et aI., 1979). With stimuli in which there is
a low density of phonetic confusability (i.e., nonrhyming
items), good readers' recall is superior; however, if a high
density of confusability is present, the performance of
good readers is impaired much more than that of poor
readers. It has been supposed that for good readers the
effect of manipulating the density of phonetically confus
able items, also found for adults (Baddeley, 1966; Con
rad, 1972), results from the fact that they rely on pho
netic coding for the maintenance of information in STM.
Stimuli that introduce confusion among the phonetic rep
resentations in STM penalize use of phonetic coding and
therefore tend to have a greater effect on the performance
of the more skilled readers. The fact that phonetic con
fusability has less of an effect on the performance of the
poor readers suggests that they either fail to employ a pho
netic code or for some reason do so less well.

Third, and of primary concern to us here, is evidence
that poor readers may make use of a phonetic code, and
not some other coding strategy, but may do so less ac
curately or efficiently than do good readers (Katz, 1986).
Earlier, Conrad (1971) reported that children 6 years of
age or older produce the same pattern of results on STM
tasks as do adults, namely better recall for nonrhyming
sets of pictures than for rhyming sets. In contrast, chil
dren younger than 6 years of age did not show a differ
ence in recall for the nonrhyrning set. This study raised
the question of whether young children might initially use
some other, nonphonetic, coding strategy in short-term
memory. However, more recent research with even youn
ger children (4 years) has found the adult pattern, sug
gesting phonetic coding on the part of children as young
as 4 years of age (Alegria & Pignot, 1979). That is to
say, in the Alegria and Pignot experiments, 4-year-old
children recalled nonrhyming items better than rhyming
items, leading the authors to conclude that by 4 years of
age children are already using a phonetic code to store
and organize information in short-term memory. Thus,
at the present, questions can be raised as to whether there
are developmental changes in the type of code employed
in short-term memory. By extension, questions can also
be raised as to whether poor readers are using a non
phonetic strategy, or the same phonetic strategy that the
better readers employ.

Several studies have probed the coding strategies of
poor readers. Using a paradigm that tested recall for time
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periods longer than the assumed limits of STM, Byrne
and Shea (1979) obtained evidence that children who were
poor readers were able to use a phonetic code (albeit
poorly) when forced to do so by the use of pseudoword
stimuli, but otherwise tended to favor a semantic code
(although at least one study failed to replicate this find
ing [Winbury, 1984]). However, when some of us ex
amined the errors that good and poor readers made on
a standard word string repetition task, we found no indi
cation that either group of children was using a semantic
strategy (Brady et aI., 1983). Instead, the errors of the
poor readers, like those of good readers, indicated that
the stimuli were being processed phonetically. Out ofthe
437 intrusion errors (items that were not in the original
list) made by both reading groups, only one appeared to
have been a possible semantic error (station for train);
the vast majority of the remaining errors indicated that
children recombined phonetic units that had been present
in either the string being recalled or the preceding string.
What was noteworthy about the errors made was that,
rather than being semanticallybased errors, they appeared
to reflect a phonetic coding strategy for both reading
groups. However, consistent with the view that poor
readers encounter some difficulty with phonetic coding,
the incidence of recombinations (transpositions) of the
phonetic information was significantly more frequent for
the poor readers; hence, their performance was poor on
the repetition task.

In sum, present evidence is consistent with a hypothe
sis that poor readers are somehow deficient in creating
and/or maintaining a phonetic code and that this com
promises their performance on verbal short-term memory
tasks. The poor readers' specific difficulty with phoneti
cally recodable stimuli, their reduced sensitivity to rhyme,
and their tendency to produce a greater frequency of pho
netic errors of transposition all support this conclusion.
In this study, our concern is with the question of how to
characterize this deficit: Do poor readers create/maintain
a deviant phonetic code, or is their use of phonetic cod
ing ineffective for some other reason? Most of the studies
of the short-term memory performance of good and poor
readers have assessed performance by calculating the
number of items correctly reported. However, analyzing
the nature of errors, rather than simply the incidence of
errors, can offer a way of determining how good and poor
readers actually function in STM tasks. Our first effort
in this direction offered some interesting results in terms
of the occurrence of phonetic transposition errors (Brady
et al., 1983). Since phonetic transposition errors were
made by both good and poor readers, it would seem that
both groups employ some type of phonetic code. Yet the
higher occurrence of these errors for poor readers sug
gests some reading group differences in phonetic process
ing skills that remain to be explained.

One limitation of our earlier study was that it employed
materials that had not been designed to allow the rigorous
analysis of memory errors carried out in recent studies
of STM in adults (see Drewnowski, 1980; Ellis, 1980).
Thus we could not probe the role of such factors as the
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phonetic feature composition and adjacency of neighbor
ing stimuli on the incidence of errors by good and poor
readers. These factors influence the pattern of transposi
tion errors made by adult subjects, and we might presume
that they influence the behavior of young good readers
given that these readers show an adult-like susceptibility
to other manipulations of phonetic factors. Our present
question is whether phonetic feature similarity and ad
jacency of stimuli would influence the error pattern of
good and poor readers to the same extent. If so, it would
provide evidence of similar phonetic coding strategies on
the part of both groups of children and would imply that
the difficulties of the poor readers lie instead in either the
creation, maintenance, or retrieval of that code. However,
should the pattern of the poor readers' errors prove truly
discrepant with regard to the influenceof feature similarity
and item adjacency, it would imply use of a deviant code
as a source of their STM problems.

To answer this question, two experiments were con
ducted to examine the role of phonetic factors and ad
jacency on STM performance by good readers and poor
readers. Given our previous finding that poor readers
make more phonetic transposition errors than do good
readers, our aim was to replicate that finding, and to ex
amine the phonetic coding factors involved. In each ex
periment the subjects' task was to repeat lists of spoken
nonsense syllables in which we had manipulated the pho
netic similarity of the initial consonants, following the
methods employed for studying these factors with adult
subjects (Ellis, 1980). Nonsense syllables were used be
cause they allow for systematic variation of the phonetic
properties of the materials and they avoid familiarity ef
fects on recall. In keeping with Ellis's design, we con
structed lists of nonsense syllables such that items in the
strings shared zero, one, or two features of the initial con
sonant. Across lists of syllables, the order of the stimuli
also varied systematically as a probe to the questions of
whether adjacent items were more likely to be transposed
than were nonadjacent ones, and whether the number of
shared features interacts with any influence of adjacency.
This orthogonal manipulation of shared features and ad
jacency ultimately permitted us to determine the effects
of the phonetic structure of the materials on the pattern
of errors. Analysis of such effects as they relate to read
ing ability and the accuracy of recall can provide infor
mation on the use of phonetic coding by good and poor
readers.

EXPERIMENT 1

In the first experiment good and poor readers were
given lists of the syllables /S;)/, /Z;)/, /g;)/, and /b/ for
recall. Using a conventional phonetic feature analysis, the
consonants in these stimuli can be compared on voicing,
place of articulation, and manner. Pairs of the syllables
share zero, one, or two phonetic features, allowing an
analysis of transposition errors in terms of phonetic fea
ture similarity. In addition, the position of each syllable

in the string was systematically varied to permit an evalu
ation of the effects of position on error rate. Based on
previous work we expected good readers' errors to reflect
the use of a phonetic coding strategy; hence, we expected
their incidence of transposition errors to be a function of
phonetic feature similarity. Our primary goal was to de
termine whether poor readers' errors would also reveal
the effects of phonetic processing.

Method
Subjects. In Experiment 1, the subjects were second-grade chil

dren from two elementary schools in a suburban school district in
Rhode Island. A school reading specialist, a principal, and the class
room teachers helped to preselect the poorest readers and the best
readers from the second-grade classes. In a supplementary screen
ing procedure, the Word Attack and Word Recognition subtests of
the Woodcock Reading Mastery Tests, Form A (Woodcock, 1973),
and a test of receptive vocabulary, the Peabody Picture Vocabu
1aryTest-Revised (PPVT-R; Dunn 1981), were administered to the
children.

A student's inclusion in the study was determined by the follow
ing criteria: (1) To ensure valid classification as a good or poor
reader, the scores on the two Woodcock subtests had to be consis
tent. (2) In order to restrict the range of IQ scores, only subjects
with scores from 90 to 135 on the PPVT were eligible for further
testing. (3) Given the evidence that STM span increases with age
(see Dempster, 1981), subjects were selected whose ages fell within
the limited range of 88-100 months.

Twenty-eight children satisfied the requirements for participa
tion in the study. Based on the scores that were obtained on the
reading tests, two groups were formed that were nonoverlapping
in reading level. The 14 children who qualified as good readers
were well beyond the end of second-gradereading performance (test
ing was done in the spring), with a mean reading grade level of
5.0. The 14 children labeled poor readers had an average reading
grade level of 2.1 and lagged considerably behind their peers. The
IQ scores, as determined by the PPVT, did not differ significantly
[F(l,26) = .66, MSe = 90.4, p = .423]. The mean IQ score for
the good readers was 114, and for the poor readers 111. The read
ing groups also did not significantly differ in age [F(l,26) = .05,
MSe = 18.6,p = .828]. The good readers had a mean age of96.1
months, and the poor readers had a mean age of 96.4 months.

Materials and Procedure. The materials comprised lists of four
nonsense syllables presented auditorily in 3 practice trials and 12
test sequences. In all sequences the stimuli were the consonant
vowel (CV) syllables IS'J/, IZ'J/, Ig'J/, and Ik'J/. In these syllables,
the vowel is held constant, and the initial consonants share zero,
one, or two phonetic features. The four syllables can be combined
into 6 possible pairs, two that share no features, two that share one
feature, and two that share two features (as detailed in Table 1).
The trials consisted of randomizations of these four syllables in
which each consonant occurred only once per list and three times
at each of the serial positions 1 to 4. For the six stimulus pairs,
each occurred twice (once in each order, e.g., Is';!l, Iz';!l, and Iz';!l,
Is';!/) at each of the serial positions 1 and 2, 2 and 3, and 3 and 4.

The practice trials and test sequences were read with a neutral
intonation by a phonetically trained male speaker and were recorded
on magnetic tape. The materials were presented to subjects through
headphones. Within each list, the syllables were spoken with a neu
tral prosody at the rate of one per second. The subjects' responses
were recorded in case of experimenter difficulty in documenting
responses. Subsequent comparisons of the written and audio ver
sions confirmed the accuracy of the transcribed responses.

Each child was tested individually for two sessions in a small
room provided by the school. The first session consisted of the
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Shared Features

Table 3
Experiment 1: Adjacency* and Feature Slmilarity]

Effects in Phoneme Order Errors

Table 2
Experiment 1: The Mean Percentage of Items Correctly

Reported, Listed by Serial Position

*The mean percentage of times the error consisted of an item from an
adjacent or nonadjacentposition. tThe mean percentage of errors for
each number of shared features between reported item and target.

4

38
30

3

38
23

2

50
35

Serial Position

72
50

0 2 Total

Good Readers

Adjacent 16 25 21 62
Nonadjacent 8 12 17 37

Total 24 37 38

Poor Readers

Adjacent 17 16 21 54
Nonadjacent II 12 22 46

Total 28 28 43

Good Readers
Poor Readers

with the present task. Having replicated this pattern, we
turned our attention to the nature of the errors for both
reading groups.

Error analysis. The errors were first categorized as
misplacements of phonetic information that had been in
the string, errors of omission (no response), or substitu
tion errors (the intrusion of phonemes that were not in
the original list). (A negligible number of omission er
rors occurred, so these responses were grouped with the
substitution errors for statistical purposes.) The majority
of errors fell within the first category, phonemes that had
occurred elsewhere in the string [F(l,26) = 56.04, MSe
= 10.4, p < .001], and this was true for both good
readers (mean = 74%) and poor readers (mean = 73%).
Since the vowel was the same for all items, it is not pos
sible to determine whether these order errors were
phoneme transpositions or entire syllable order errors.

The construction of the present experiment, using
phonemes that differ systematically in shared features, al
lows us to examine the conditions under which these order
errors occurred. Two parameters were measured. First,
an error was evaluated as having been, in the original
string, adjacent to the target or nonadjacent (e.g., in tar
get string "go, z», ko, sa" and reported string "go, ~::l,

ka, p", the original locations of the reversed items
were nonadjacent). Second, an error was scored in terms
of the number of features shared between the substitute
response and the target item (e.g., in a reversal of /g/ and
target /k/, there are two features in common).

As shown in Table 3, the source (i.e., originalloca
tion) of substitutedstimuli was a significant factor for both
good and poor readers. Errors were significantly more

Table 1
Experiment 1: The Consonant Pairs Described in Terms of

Shared Phonetic Features

Phonetic Feature*

Results and Discussion
In a preliminary analysis of the data, the number of cor

rect responses was tabulated in terms of item order and
serial position, as is customarily done in studies of short
term recall in good and poor readers. The innovation was
to further analyze the errors qualitatively, focusing on the
instance of transpositions in relation to whether the trans
posed syllable was adjacent to the target syllable in the
test sequence, and in relation to the phonetic feature
similarity between target syllable and the transposed
response. The statistical analyses for all scoring proce
dures were based on the raw scores for each subject. For
ease of comparison between reading groups and with other
published research, the data were converted to percent
age values in the tables.

Analysis of correct responses. Since the same items
were presented on each trial, varying only in terms of
order, an order-correct scoring procedure was adopted.
A response was considered correct only if it had been
assigned to the appropriate serial position. Table 2 shows
the mean percentage of correctly reported items at each
serial position for each group of subjects. Consistent with
earlier studies, the good readers were notably more ac
curate overall than were the poor readers [F(l,26) = 9.91,
MSe = 4.8,p = .004]. There was a significant effect of
serial position [F(3,78) = 36.46, MSe = 1.0, P < .001],
with no interaction of serial position and reading group
[F(3,78) = 1.52, MSe = 1.0, p = .216].

Analyses of covariance (ANCOVAs), using IQ and age
as the covariates, were conducted to evaluate whether the
obtained differences in performance might be attributed
to differences in age or in intelligence between good and
poor readers in our sample. Neither analysis altered the
pattern of results 1

: the good readers were still superior
in recall with IQ as the covariate [F(1,25) = 8.72, MSe =
4.8, p = .007], and with age as the covariate [F(l,25)
= 9.47, MSe = 5.0, p = .005].

Thus, it is clear that the characteristic differences in
STM recall between good and poor readers were obtained

screening procedure, the second the memory task. In the second
session the practice trials were presented (repeated if necessary),
followed by the test sequences. For each trial, subjects were in
structed to repeat the items in the order they had been presented,
as soon as the list ended.

Consonant Number of
Pairs Voicing Place Manner Shared Features

sz + + 2
gk + + 2
sk + I
zg + I
sg 0
zk 0

*A + sign indicates that the two consonants have the same categoriza
tion for the listed feature.
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likely to involve a syllable adjacent to the target than a
nonadjacent syllable [F(l,26) = 11.44, MSe = 4.2, p =
.002], but there was no interaction between this effect and
reading group [F(l,26) = 1.63, MSe = 4.2, p = .213].
This suggests that the subjects had retained some infor
mation about the relative position of items in the original
string even when they were unable to make a fully ac
curate report.

The second qualitative scoring procedure, which evalu
ated the phonetic similarity between errors and target
stimuli, is more central to our interest in the coding skills
of good and poor readers. Would the incidence of order
errors be greater for stimuli that shared two features than
for those with one or none in common (see Table 3)? A
significant effect of phonetic similarity was obtained
[F(2,52) = 7.93, MSe = 3.6, p < .001], underscoring
the phonetic basis for storage in STM. Yet the effect did
not significantly differ for good and poor readers [F(2,52)
= 2.66, MSe = 3.6, p = .079], suggestingthat both read
ing groups were relying on phonetic representation.

The effects of feature similarity on the occurrence of
errors were also analyzed for the order errors involving
adjacent and nonadjacent target stimuli. The interaction
of adjacency and similarity on the incidence of errors was
nonsignificant [F(2,52) = 2.72, MSe = 3.6, p = .075].
Likewise, no significant interaction was obtained between
reading group, similarity, and adjacency [F(2,52) = .60,
MSe = 3.6, p = .553],

In sum, in this experiment poor readers were found to
recall significantly less information than did good readers.
However, like good readers' errors, the errors of poor
readers consisted largely of information that had been in
the original string but reported in the wrong order, rather
than errors of omission or substitution. Further analyses
showed that these order errors revealed significanteffects
of adjacency and of phonetic similarity. Thus the errors
of poor readers show the same systematic effects of
processing as do the errors of good readers, but they oc
cur at a higher rate. The implication would seem to be
that poor readers employ the same coding strategy as do
good readers, but less effectively, leading them to make
more errors, but not different types of errors, than do good
readers.

EXPERIMENT 2

To determine the generality of the results to other con
sonants and other classes of phonemes, we next tested
good and poor readers on a second set of items consist
ing of syllables that started with the consonants 1m!, Inl,
/hI, and Ik/, using the same procedure as in Experiment 1.
In addition to a same-vowel condition, Experiment 2 also
employed a mixed-vowel condition to further explore the
nature of order errors. In the mixed-vowel condition, it
is possible to analyze whether order errors consist of trans
positions of phonetic segments (e.g., Irm/, Imel for Iml,
Imre/) or of syllable misorderings (e.g., Imre/, Iml for

Iml, Imre/. In this way we hoped to make a more fine
grained analysis of the coding strategies of good and poor
readers.

Method
Subjects. The same subjects were recruited for participation in

Experiment 2, conducted inthespring ofthefollowing school year
(third grade). Four children were nolonger available, 2 good readers
and 2 poor readers. The remaining children were reevaluated for
inclusion in thestudy, in accord with lite criteria outlined forEx
periment 1.2 For all subjects, placement in a reading group was
thesame asit had been theprevious year. Additional children were
screened to increase the number of subjects in each group. Two
children qualified asgood readers and 4 aspoorreaders, bringing
the group sizes to 14good readers and 16poor readers.

As before, the reading groups were nonoverlapping in reading
level. The 14good readers had a mean reading grade level of8.7,
whereas the16children who were labeled poor readers had a mean
reading grade level of2.9. The PPVT IQscores didnotdiffer sig
nificantly forthereading groups [good readers, mean = 113; poor
readers, mean = Ill; F(1,28) = .52, MSe = 87.6, P = .476].
Nor did the ages significantly differ [good readers, mean =
107.2 months; poor readers, mean = 108.3 months; F(I,28) = .45,
MSe = 18, P = .509].

Materials and Procedure. Experiment 2 was designed to be
parallel to Experiment I butwith different stimulus sets. AsinEx
periment I, a trialconsisted of four nonsense syllables presented
auditorily, and thesubjects were asked torepeat thelistintheorder
ofpresentation. There were now two conditions, a same-vowel con
dition and a mixed-vowel condition. The construction of the test
sequences was identical to thatof Experiment I. The initial con
sonants of the test items in each set again had zero, one, or two
phonetic features in common with the other stimuli selected (see
Table 4). Inthesame-vowel condition thestimuli were Im~/, In~/,

Ib~/, and Ik~/. Inthenonrhyme set,theconsonants were randomly
paired with the vowels III, lei, 101, I~/, la!, lOll, I~I/, ta), lrel,
and lui (with the stipulation that CV combinations sounding like
real words were excluded).

Thepreparation ofstimulus tapes and themethod of testing also
mirrored theprocedures adopted inExperiment I, except that each
child was tested in three sessions (one screening session and two
memory-task sessions). Ineach memory-task session, a subject had
three practice trials (repeated if necessary) and six test trials for
one condition (e.g.,same-vowel), followed bythree (ormore) prac
tice trials and six testtrials for theother condition (e.g., mixed
vowel). The orderof testconditions was reversed for thesecond
session. Within each reading group, halfofthesubjects began with
the same-vowel condition, halfwith the mixed-vowel condition.

Table 4
Experiment 2: The Consonant Pairs Described in Terms of

Shared Phonetic Features
Phonetic Feature*

Consonant Number of
Pairs Voicing Place Manner Shared Features
mn + + 2
mb + + 2
nb + I
bk + I
mk 0
nk 0

*A + sign indicates that the two consonants have the same categoriza
tion for the listed feature.



Table 5
Experiment 2: The Mean Percentage of Consonants Correctly

Reported, Listed by Serial Position

Serial Position

2 3 4
Good Readers

Same-Vowel Set 83 67 59 65
Mixed-Vowel Set 74 57 61 67

Poor Readers

Same-Vowel Set 67 55 42 47
Mixed-Vowel Set 69 52 44 52

Results and Discussion
The results will be described jointly for the two vowel

conditions, scored and presented as in Experiment 1.
First, the correct response data will bediscussed, followed
by the error analysis results.

Analysis of correct responses. In Table 5 the mean
percentage correct at each serial position is listed for the
two vowel conditions, same-vowel and mixed-vowel. For
these values, the data have been analyzed only for con
sonant information. Thus, in this analysis the vowel re
sponses were not scored. Except for recall being a little
better for all subjects, as expected for older children, the
results replicate those in Experiment 1. Good readers
were superior to poor readers in recall in both the same
vowel condition [F(I,28) == 14.25, MSe == 6.3,p < .001]
and the mixed-vowel condition [F(I,28) == 5.64. MSe ==
6.7, p == .025]. In addition, the serial position effect was
significant for both vowel conditions [same-vowel,
F(3,84) == 21.21, MSe == I.I,p < .001; mixed-vowel,
F(3,84) == 17.96, MSe == 1.1,p < .001]. However, there
was no interaction between serial position and reading
group [same-vowel, F(3,84) == 1.36, MSe == 1.1, P ==
.261; mixed-vowel, F(3,84) == .47, MSe == 1.1, p ==
.704].

Interestingly, recall of consonants appears to be inde
pendent of the vowel environment. There was a striking
lack of difference in error rate for consonants for the two
vowel sets [F(I,28) < 1.00]. That this held for both read
ing groups is supported by the lack of a group x vowel
set interaction [F(1,28) == 2.43, MSe == 2.3, P == .130].

In most memory studies, the consonants are not scored
in isolation, but rather the entire response is scored as
correct or not. We will now present the data in this
fashion, counting a response as correct only if both the
consonant and vowel were accurately reported. Scoring
the entire syllable, a substantial difference in accuracy is
now present for the two sets [F(I,28) == 146.49, MSe ==
1.5, P < .001]. This can be seen in Table 6. Of course,
the error rate for the same-vowel set is the same as plot
ted for the consonant scoring, since subjects do not make
mistakes on the vowels in this task. This is not so for the
mixed-vowel set, where the amount of information to be
recalled is much greater. Subjects must retain both the
consonant and the vowel, and with nonsense syllables this
cannot be facilitated by semantic information. The in-

ERRORS IN SHORT-TERM MEMORY 449

creased memory load is reflected in the lower accuracy
for the mixed-vowel condition.

With regard to the influence of the two vowel sets on
good versus poor readers, good readers showed greater
improvement on the easier items (same-vowel set) than
did the poor readers. This is reflected in the significant
interaction of vowel set and reading group [F(1,28) ==
8.59, MSe == 1.5, p == .007]. The particular pattern of
errors by good and poor readers for vowels and consonants
will bediscussed below in the Error Analysis section. The
results of the same-vowel and mixed-vowel conditions in
relation to results of other studies investigating the effects
of rhyme on recall will be addressed in the conclusion.

In sum, the results of the correct response analyses show
that good readers performed significantly better on both
conditions (same- and mixed-vowel) and for both scor
ing techniques (consonant alone and whole syllable).

Error analysis. We found, as in Experiment 1, that the
majority of consonant errors consisted of misorderings
of the items in the string, rather than substitutions of new
items or omissions. This effect was significant for both
the same-vowel condition [good readers, mean == 90%;
poor readers, mean == 88%; F(I,28) == 135.11, MSe ==
2.0; p < .001] and the mixed-vowel condition [good
readers, mean == 89%; poor readers, mean == 93%;
F(1,28) == 196.08, MSe == 3.2; P < .001].

However, in the mixed-vowel set, in which we can ex
amine vowel errors, the errors for consonants and vowels
differed somewhat. As noted, the reading groups differed
significantly on the consonant errors [F(I,28) == 5.64,
MSe == 6.7, p == .025], but the difference was not ob
tained for vowel errors [F(1,28) == 2.51, MSe == 21.1,
p == .124]. Although both groups produced many errors
on the vowels, error rate did not distinguish the groups.

Table 7 displays the ways in which the consonants and
vowels vary as to error type. First, as stated earlier, for
the consonants, very few errors consisted of substitutions
or omissions. With such a limited data set, this is as ex
pected. In contrast, for the vowels, a larger set of stimuli
was possible in any particular string, and a fair number
of substitution errors occurred. Second, few of the er
rors for either reading group consisted of entire syllable
misorderings, and no group difference was observed for
this error type [F(1,28) == 1.90, MSe == 7.3, p == .179].
Third, the majority of errors consisted of transpositions

Table 6
Experiment 2: The Mean Percentage of SyUables Correctly

Reported, Listed by Serial Position

Serial Position

2 3 4
Good Readers

Same-Vowel Set 83 67 59 65
Mixed-Vowel Set 54 36 33 45

Poor Readers

Same-Vowel Set 67 55 42 47
Mixed-Vowel Set 43 31 21 34
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Shared Features

Table 8
Experiment 2: Adjacency· and Feature Sirnilarityt

Effects in Order Errors

Table 7
Experiment 2: Mixed-Vowel Condition,

Analysis of Errors

Vowel Errors

Good 32 13.5 39 47.5
Poor 39 18.0 44.4 37.6

CONCLUSION

Our goal was to conduct studies that would allow us
to determine the coding processes of good readers and
poor readers on short-term memory tasks. Previous work
(Brady et al., 1983) had provided preliminary evidence
that poor readers, like good readers, may use a phonetic
code in STM. In the present experiments this question was
directly evaluated using nonsense strings in which the pho
netic similarity of the items was controlled. Use of non
sense materials limits the types of coding strategies, and
allows us to probe whether the phonetic coding strategies
of the poor readers are affected by the same factors as
are those of the good readers.

Good and poor readers in the second grade (Experi
ment I) and third grade (Experiment 2) were tested on
recall tasks with differing sets of consonant-vowel sylla
bles. The results of the two experiments are congruent:
First, consistent with previous research, poor readers
made more errors than did good readers, underscoring
the fact that their problem extends beyond recall of printed
material to recall of spoken material. Second, looking
more closely at the pattern of errors made by poor readers,
it was observed that their significantly higher error rate
reflected poor memory of consonant information.
Although both good and poor readers produced a fair
number of errors for vowels, the error rate did not dis
tinguish reading groups. Third, as might be expected given
the limited number of items in our corpus (particularly

6.51, MSe = 3.5, P = .003; mixed-vowel set, F(2,56)
= 5.96, MSe = 4.4, P = .005], with no interaction be
tween reading group and the effect of feature similarity
[same-vowel set, F(2,56) = .03, MSe = 3.5, P = .975;
mixed-vowel set, F(2,56) = .71, MSe = 4.4,p = .497].
Order errors were thus more likely to occur between
stimuli that shared phonetic information.

As in Experiment I, there was not a significant inter
action between the effects of adjacency and phonetic
similarity [same-vowel condition, F(2,56) = .58, MSe =

2.6,p = .637; mixed-vowel condition, F(2,56) = 1.83,
MSe = 2.2, P = .170]. Nor were significant interactions
obtained between reading group, adjacency, and similar
ity [same-vowel condition, F(2,56) = 1.28, MSe = 2.6,
P = .285; mixed-vowel condition, F(2,56) = 1.88, MSe
= 2.2, p = .161].

To summarize, although the poor readers made more
errors than did good readers on both consonant and vowel
information, it was only consonant accuracy on which the
groups significantly differed. Of the consonant errors, the
majority for both good and poor readers consisted of re
orderings of the phonetic information in the string. These
recombinations showed strong influencesof adjacency and
phonetic similarity reflecting, we presume, the underlying
processing strategies. The kinds of errors suggest that the
inferior performance of poor readers on these short-term
memory tasks is not the consequence of a different cod
ing strategy, but rather of a lesser degree of skill with
a phonetic strategy.

10.6
6.8

Omission:j:
+Substitution §

77.2
77.6

Analysis of Errors (%)

12.2
15.6

Consonant Errors

Syllable
Order* Transpositiont

35
46

Mean %
Errors

Good
Poor

0 2 Total

Same-Vowel Set

Good Readers Adjacent 19.6 28.1 30.7 78.4
Nonadjacent 4.7 5.9 11.1 21.7

Total 24.3 34 41.8

Poor Readers Adjacent 21.9 24.1 25.3 71.3
Nonadjacent 5.2 8.9 14.5 28.6

Total 27.1 33 39.8

Mixed-Vowel Set

Good Readers Adjacent 27.7 20.7 28.3 70.7
Nonadjacent 7.1 7.5 14.6 29.2

Total 28.8 28.2 42.9

Poor Readers Adjacent 17.5 24.6 22.8 64.9
Nonadjacent 8.0 9.5 17.5 35

Total 25.5 34.1 40.3

*The mean percentage of times the error consisted of an item from an
adjacent or nonadjacent position. tThe mean percentage of errors for
each number of shared features between reported item and target.

Reading
Group

ofthe available consonants and vowels, which create new
syllables.

Let us next look, as in Experiment I, at the effects of
adjacency and phonological similarity on the occurrence
of consonant errors. It is clear from Table 8 that there
is a pronounced effect of adjacency on errors in both
vowel conditions. For both good and poor readers, trans
positions more often involved consonants from adjacent
than from nonadjacent syllables [same-vowel set, F(I,28)
= 104.72, MSe = 3.2, p < .001; mixed-vowel set,
F(1,28) = 41.71, MSe = 4.6, P < .001]. The similar
ity of these effects for good and poor readers is confirmed
by the lack of an interaction between reading group and
the effect of adjacency [same-vowel set F(1,28) = 3.8,
MSe = 3.2,p = .544; mixed-vowel set, F(1,28) = .01,
MSe = 4.6, P = .908]. Furthermore, there were also sig
nificant effects of phonetic feature similarity on the inci
dence of transposition errors [same-vowel set, F(2,56) =

*Whole syllable in wrong position. tConsonant transposition: con
sonant in wrong position with new vowel. Vowel transposition: vowel
in wrong position with new consonant. :j:No response. §Response
given that was not in original string.



in Experiment 1), most errors involving consonants were
errors of item order rather than errors of item identity
(Healy, 1974), and this was the case for good and poor
readers alike. In general, the order confusions were more
likely to occur between adjacent items than between non
adjacent items, and this was equally true for both good
and poor readers. More importantly, the pattern of con
sonant errors for both reading groups revealed significant
effects of phonetic similarity between the two items that
were transposed. In sum, then, consonant transposition
errors were significantly more frequent for the children
with reading problems. Poor readers, however, did not
differ from good readers in the composition of their er
rors, and both groups were influenced by the adjacency
and phonetic similarity of items in the string being
recalled.

The factors of phonetic similarity and adjacency have
been noted as important aspects of STM processing for
adults (Drewnowski & Murdock, 1980; Ellis, 1980).
Several authors have noted that errors in recall by adults
show effects of feature similarity (Cole, Haber, & Sales,
1968; Cole, Sales, & Haber, 1969; Hintzman, 1967;
Wickelgren, 1966). Furthermore, Ellis (1980) docu
mented effects of phonetic parameters on the occurrence
of transposition errors by adults on tasks that are similar
to those in the present experiments. Hitch (1974) and Ryan
(1969) also reported a strong effect of adjacency in the
recall errors of adults that is like the effect seen in our
study. These findings and those of the present study need
to be incorporated into models of short-term memory. For
example, the prevalence of transposition errors, in which
consonant and vowel elements recombine to form new
items, indicates that the syllable may not be the storage
unit in STM. Apparently smaller phonetic units become
relevant in the storage process. Current models that de
tail the incidence of item and order errors (e.g., Lee &
Estes, 1981) could be extended to incorporate the role of
phoneme or feature-size units in conceptions of informa
tion storage. Our intent in this study is not to develop such
a model; our interest lies in the finding that the same
processing strategies appear to be at work for adults, chil
dren who are good readers, and children who are poor
readers.

In previous studies efforts to discern the coding strate
gies of poor readers have tended to focus on the effects
of rhyme on recall performance. As mentioned in the in
troduction, adult subjects and good readers usually have
better recall for lists of nonrhyming items than for lists
of rhyming stimuli (e.g., Baddeley, 1966; Shankweiler
et al., 1979). The greater confusion in recall when the
items are phonetically similar has been taken as reflect
ing in the use of phonetic coding processes in STM. In
earlier studies good readers have been penalized by
manipulations of rhyme to a greater extent than have poor
readers, leading to the conclusion that poor readers make
less effective use of phonetic representation (Mann et al.,
1980; Shankweiler et al., 1979). However, these findings
have been obtained for longer sequences than those used
in the present experiments. In the present study, sequences
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were deliberately kept short so as to optimize the sub
ject's ability to recall the correct number of stimuli, and
thereby facilitate the examination of order errors (i.e.,
syllable misorderings) and transposition errors (i.e., trans
positions of phonetic elements) in the reported items. In
these circumstances we found no penal effect of rhyme;
consonants were recalled no better in the mixed-vowel
set than in the same-vowel set. Thus, effects of rhyme
may well depend on how taxed the system is (a similar
idea has been expressed by Hall, Wilson, Humphreys,
Tinzmann, & Bowyer, 1983). The everyday experience
that rhyme facilitates recall may be related to this.

That rhyme effects are tied to task factors has also been
suggested by results obtained for adults (see Watkins,
Watkins, & Crowder, 1974). In a paradigm similar to the
present one, Ellis (1980), using short strings of nonsense
syllables, did not find significant differences in the error
rates for an all-same vowel condition and for an all
different vowel condition (although with other conditions
there was a significant effect of vowel environment on
error rate). Thus, we are not alone in finding that the par
ticular type of STM task used in the present experiment
does not produce the standard rhyme effect. As found for
adults, task factors also appear to influence the relative
difficulty of rhyming strings for younger good and poor
readers. Hanson, Liberman, and Shankweiler (1984)
found repeated rhyming strings to be easier for subjects
in a study employing short sequences (four items) with
the same stimuli repeated on each trial in varying order.
In addition, the "rhyme effect" appears to be sensitive
to subject characteristics (Hall et al., 1983) and to age
effects (Olson et al., 1984). It is evident that additional
work is necessary to understand the basis of the traditional
rhyme effect in STM. However, although the effects of
rhyme have proved to be somewhat labile, it is important
to keep in mind that previous STM studies with children
varying in reading ability show that the levels of recall
on STM tasks have consistently distinguished reading
groups. It is that difference that we seek to explain.

A finding by Case, Kurland, and Goldberg (1982) offers
an account of why children, in general, perform less well
than older individuals, and may also apply to poor readers.
These authors argue that as a child matures, basic encod
ing and retrieval operations in STM become more effi
cient, resulting in more functional storage space (and in
a concomitant increase in short-term memory capacity).
In support ofthis interpretation, they report a linear rela
tionship between increases in memory span and increases
in speed of word repetition for normal children 3-6 years
of age. Their position is buttressed by an additional ex
periment in which adults were forced to count in an un
familiar language: The speed of counting for the adults
was equal to the rate of 6-year-old children, and their
memory span correspondingly dropped. It may be worth
noting that individual differences in memory span are
found throughout the lifespan. Furthermore, there is
another indication that phonological skills also vary for
adults and that these two findings may be related: Bad
deley, Thomson, and Buchanan (1975) found that adults'
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memory span could be predicted on the basis of the num
ber of words that the subject could read in approximately
2 sec.

Based on the findings by Case and Baddeley and their
colleagues, we suggest that good and poor readers' differ
ences in STM relate to a difference in the efficiency with
which they process phonetic information. The present
work indicates that children who are poor readers use the
same phonetic processes in STM as do good readers or
adults, but are less proficient. It is of course possible that
effects of feature similarity on auditory memory tasks may
be related to perception or production factors entailed in
these tasks. In a subsequent series of experiments, we have
explored further the relationship of phonetic processing
skills and short-term memory skills to determine whether
that relationship may account for the developmental
changes in short-term memory that have been observed,
and for the memory differences for children differing in
reading ability. We obtained significant correlations on
a variety of phonological tasks between the efficiency of
phonetic processes and verbal short-term memory span,
both in a developmental study with 4-8 year olds and in
an experiment with third-grade good and poor readers
(Brady, 1986). These findings converge with the present
results to indicate that poor readers have normal, though
less automatic, phonetic coding.
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NOTES

I. In the remainder of the analyses for Experiments I and 2, the data
were likewise reanalyzed controlling for age and IQ. In no case was
the significance of the differences between reading groups reduced when
age and IQ were controlled.

2. The criteria for inclusion were adjusted for children a year older.
Subjects were selected whose ages fell within the range of 100-112
months.
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