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of a speech-based code.' In tests of short-term memory, hearing second
graders who are good readers have been found to be more sensitive to
this information than those who are poor readers.- For example, in a test
of the recall of printed consonant strings, the performance of second
grade good readers was found to differ significantly for rhyming and
nonrhyming strings (Liberman, Shankweiler, Liberman, Fowler, & Fischer,
1977). For the poor readers, in contrast, performance was similar in the
two cases. The difference in error pattern was attributed to the good
readers’ greater or more efficient use of a speech-based code. This result
has been obtained not only with printed letter presentation, but also
when the letter names were spoken (Shankweiler, Liberman, Mark,
Fowler, & Fischer, 1979). Similar results have been obtained also in -
tasks of recognition memory for words. Good readers are more likely
than poor readers to make errors in recognizing words that thyme with
earlier-occurring words, whether the words are heard (Byrne & Shea,
1979) or read (Mark, Shankweiler, Liberman, & Fowler, 1977). These
findings have suggested that for hearing children in the process of acquiring
reading skills, the poor readers may be deficient in the use of a speech-
based code.

The present research examines short-term memory coding as it relates
to the beginning reading success of prelingually, profoundly deaf children.
The most comprehensive work that has been done to date on reading in
deaf populations is an extensive study by Conrad (1979) of older hearing
impaired students (ages 15-16.5) in England and Wales. In that study,
three factors were found to be determinants of reading success: degree
of hearing loss, level of intelligence, and use of a speech-based code.
Of these factors, the latter is of particular relevance here.

The use of a speech-based code was assessed by Conrad by means
of a short-term memory task in which the students were presented short
lists of rhyming words (e.g., do, blue, and through) and nonrhyming
~words (e.g., bean, door, and farm). Students were considered to be using
a speech-based code if they made more errors on rhyming lists than on
nonrhyming lists. Degree of hearing loss was found to be related to
reading achievement (those persons having a loss of 85 dB or greater
showing a marked deficiency in reading achievement), but success in
reading for a given degree of hearing loss was largely determined by the
use of a speech-based code. Individuals who made use of this code tended
to be better readers than those who did not. Although the ability to use
a speech-based code was correlated with degree of hearing loss and
intelligence, use of a speech-based code was also an independent determiner
of reading success.

' The use of the term **speech-based code’ here is not meant to imply that the code
need be based on auditory or articulatory concomitants of speech, but rather may be an
abstract representation of the phonetic or phonological features of the language.
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It is of further interest to note that the majority of the profoundly deaf
students in Conrad’s study had not acquired the use of a speech-based
code and, moreover, that those profoundly deaf students who had acquired
it were using it less efficiently than their hearing counterparts. This latter
finding accords well with results obtained with deaf college students
(Hanson, 1982). The question therefore arises as to whether alternative
coding strategies might be in use by deaf readers. The most obvious
available alternative strategy is a manually based code. Its use could not
be assessed in Conrad’s study since the schools from which he drew his
subjects were strictly oral in their educational approach.

sign stimuli are presented to skilled users, short-term recall is mediated
by a sign-based code. It has been demonstrated that, for deaf aduits,
intrusion errors in sign recall tend to be formationally related to sign
parameters (Bellugi, Klima, & Siple, 1975). Thus, for example, an error
in the recall of the sign NOON might be the word free. The ASL sign

- than lists of unrelated signs (Hanson, 1982; Poizner, Bellugi, & Tweney,
1981; Shand, 1982). Similarly, deaf children tested with a continuous
recognition memory procedure tended to falsely recognize formationally
similar signs-(Frumkin & Anisfeld, 1977).

reading success. The results have been somewhat inconsistent in their
indications; some finding evidence for speech-based coding (Hanson,
1982; Locke & Locke, 1971; Novikova, 1966; Wallace & Corballis, 1973)
and others finding evidence of manually based coding (Conlin & Paivio,
1975; Locke & Locke, 1971; Moulton & Beasley, 1975; Odom, Blanton,
& Mclntyre, 1970; Shand, 1982). Such variety in outcome is understandable
given the differences in subject background characteristics (e.g., degree
of hearing loss, educational achievement, and age) and the varied meth-
odologies employed.

Short-term memory coding has been examined in deaf children (Frumkin
& Anisfeld, 1977; Liben & Drury, 1977), but once again not in relation
to reading success. Deaf children receiving oral education, tested ina
task of recognition memory for printed words, have been found to make
semantic errors in a task of recognition memory for printed words, as
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well as making visual/phonetic errors (Frumkin & Anisfeld, 1977). Since
visual and phonetic similarity were confounded in the study (as in their
stimuli TOY-BOY, MAKE-TAKE), it is impossible to know whether
it was phonetic similarity or visual similarity, or both, that led to the
errors. Deaf children educated with the Rochester method, which uses
simultaneous speech and fingerspelling, have been observed using si-
multaneous speech and dactylic rehearsal in a task of short-term memory
for printed letters (Liben & Drury, 1977).

The present research examines short-term memory for written material
by young children just beginning to acquire reading skills. Though it
derives its motivation from Conrad’s (1979) seminal work, it departs
from that work in two major respects. First, the children under study
are beginning readers whereas Conrad tested students about to graduate
from high school. Second, the children have been instructed with si-
multaneous speech and manual communication whereas Conrad’s subjects
had received only oral instruction.

The procedure follows the format of previous studies of short-term
memory in which printed strings of letters, varying in their phonetic
similarity (rhyming or nonrhyming), are presented for recall by good and
poor beginning readers (Liberman et al., 1977; Shankweiler et al., 1979).
The task here is expanded by also including stimuli varying in their
manual and visual similarity. In selecting items for the manually similar
strings of letters, it was, of course, necessary to ‘base similarity on the
handshapes of fingerspelling, not on the signs of ASL. That is because
the signs of ASL correspond, not to letters, but very roughly to English
at the whole-word level (see Klima ‘& Bellugi, 1979). Fingerspelling, as
its name implies, is a dactylic system based on a manual alphabet. In
the American manual alphabet there is a one-handed configuration for
each of the 26 letters of the English alphabet. Words are manually spelled
out in fingerspelling by the sequential production of each letter of the
word. Fingerspelling thus provides a manual system for representing the
orthography of English.

In the present research, the recall of strings of consonants that are
phonetically, manually (dactylically), or visually similar was compared
to recall of unrelated (control) strings. Differential ability to recall a given
experimental set will be presumed to reflect coding strategies in short-
term memory. Typically, in short-term memory studies similarity produces
performance decrements compared with a control condition in which the
stimulus items are dissimilar (e.g., Conrad & Hull, 1964; Baddeley, 1966).
To anticipate our results, we should note that the procedure of the present
experiment differs from the typical short-term memory task in one respect:
Each experimental set of letters was limited to only four consonants:
moreover, all four consonants of a set were presented on each trial of
testing with a set. It might be expected that such a procedure would
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influence the pattern of results. As will be seen, this was indeed the
case. With this repeated presentation of the same sets of consonants,

similarity produced improvement in performance relative to the control
set, instead of a decrement in performance.

METHOD
Subjects

Background information necessary for subject selection was obtained
from the detailed records kept by the school for the deaf where the
subjects were enrolled as students. To be accepted as subjects, the
children had to meet several stringent selection criteria. The criteria
required that a child be both prélingually and profoundly deaf (hearing
loss of 85°dB or greater in the better ear) and of average or above average
intelligence. Children with handicapping conditions other than hearing
loss were excluded. The number of children meeting these criteria even
at a school for the deaf was limited. A further limiting factor was that
only children returning parent permission forms could be included in the
study. The experimental subject group finally included 17 children. One
was dropped from the study due to unwillingness to complete the task.
The remaining 16 subjects were distributed as follows: 4 children were
in a preparatory class, 3 in first grade, 3 in second grade, and 6 in third
grade. The school attended by the subjects uses a total communication
approach to instruction. :

An additional prerequisite for subject selection was that the child know
the names of letters of the printed alphabet and know the correspondence
between each printed letter and its dactylic representation. The students’
teachers were consulted in this regard.

The ratings by the school’s reading diagnostician were used to differ-
entiate groups of good and poor readers. These ratings were based on
the children’s measured reading achievement in relation to their ages.
The reading achievement results were from the Woodcock Reading Mastery
Test for the four youngest children and from the Stanford Achievement
Test—Hearing Impaired for all other children. By these criteria, 10 of
the children were classified as good readers, 6 as poor readers. Although
averaging over results from two different tests is not strictly legal, for
purposes of providing adescription of the reading abilities of these children,
such averaging was undertaken. For the good readers, the mean reading
achievement was grade 2.2; for the poor readers, grade 1.8. By an analysis
of covariance with age as the covariate, this difference in reading ability
between the two groups was significant, F(1, 13) = 12.12, p < .005.

Additional background information was obtained regarding each subject’s
age, speech production skills, and parents’ hearing status. The speech
intelligibility of each child was based on the ratings of a speech pathologist
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at the school on a scale of 1 to S in which 5 represents speech that is
completely intelligible and 1 represents speech that is completely unin-
telligible. The subjects in the good and poor reader groups did not differ
significantly in their rated speech intelligibility, #(14) = .36, p > .20.

A summary of these background characteristics of the subject groups
is given in Table 1. For the children in the preparatory class and in first
grade, the IQ score was a combined measure based on the Hiskey-
Nebraska Test of Learning Aptitude and the child’s chronological age.
For the children in the second and third grades, the 1Q score was a
combined measure based on the performance section of the Wechsler
Intelligence Scale for Children—Revised and the child's chronological
age. Since scores for age and 1Q were markedly skewed, median scores
are presented. Median levels of hearing loss are presented since mean
averages of such scores would be nonsensical.

Four of the subjects had deaf parents—all four were classified as good
readers. One subject, classified as a poor reader, had an older deaf sibling.

Stimuli

The stimuli were individual letters of the alphabet. To examine the
possible effects of phonetic, dactylic, and visual similarity, sets of con-
sonants related along each of these dimensions were constructed. In
constructing sets that vary in similarity along three dimensions, it is to
be expected that the degree of similarity between dimensions may vary.
Thus, it may be argued, for example, that the visually similar items are
not as similar as the phonetically similar items. Such potential disparity
in relative similarity would be difficult to assess reliably and, for now,
will not be considered.

Due to the limitations of a 26-letter alphabet and a need to manipulate
phonetic, dactylic, and visual similarity independently, it was necessary
to modify the procedure of earlier studies somewhat (Conrad, 1972;
Liberman et al., 1977; Shankweiler et al., 1979). The major modifications

TABLE 1
CHARACTERISTICS OF GOOD AND POOR READERS
Hearing Speech
loss (dB)* Age* 1Q° intelligibility®

Good readers

Score 101 8.5 105 2.3

Range _ 87-110+ 6.25-11.0 88-143 1-4
Poor readers '

Score 103.5 9.3 97 2.1

Range 85-107 7.5-11.33 87-111 1-4

¢ Median score.
* Mean score.
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ASL (Richards & Hanson, 1982). The visually similar set consisted of
the letters, K W X Z, which have been rated as visually similar (Wolford
& Hollingsworth, 1974) and are a subset of letters previously used to
measure visual coding (Conrad, 1972). In addition, a control set of four

Phonetically Simitar 8ot

: i M ; iN i ; S i : T
Dactyfically Similar Set
@( w @x % z
. ’ 5
G g~ ~~[R

Visuslly Simiar Set
Fic. 1. The handshapes of the letters in the four experimental sets.
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letters, G J R L, was constructed. The letters of this set are dissimilar
along all three dimensions studied here.

As much as possible, letters of each set were selected to be similar
only along the relevant dimension. That is, for example, the letters of
the visually similar set were selected to be dactylically and phonetically
dissimilar. There were unavoidably some confoundings, however, if sets
truly high in phonetic and dactylic similarity were to be used. The alphabet
does not permit a complete independence of phonetic, dactylic, and visual
similarity. As a result, in the phonetically similar set the letters B and
P are also visually similar (Wolford & Hollingsworth, 1974), and in the
dactylically similar set the letters N and M are also phonetically and
visually similar (Wolford & Hollingsworth, 1974).

While these stimuli were chosen. on the basis of judged similarity in
sorting tasks (Wolford & Hollingsworth, 1974; Richards & Hanson, 1982),
their similarity can be evaluated on the basis of confusability scores from
other studies on auditory, dactylic, and visual perception. As shown in
Table 2, the measured auditory confusability is highest for the phonetically
similar set, the measured dactylic confusability is highest for the dactylically
similar set, and the measured visual confusability is highest for the visually
similar set. The confounding of phonetic similarity and dactylic similarity
on the letters M and N is apparent in these confusability ratings. The
similarity of M and N account for 86% of the auditory confusability of
the dactylically similar set. Thus, the relatively high auditory confusability
of the dactylically similar set resuits from the confusability of these two
letters. The auditory confusability of these two letters with the other
letters of the dactylically similar set, however, is low.

TABLE 2
Aupttory, Dactyric, anp Visuat CoNrusions oF THE Four StimuLus SETs BAsep oN
PRrEVIOUS STUDIES

Auditory” Dactylic? Visual®
confusions confusions confusions
Phonetically similar set
BCPV 1321 (45.2%) 2 (1.4%) .8 (18.6%)
Dactylically similar set
MNST 989 (33.8%) 121 (86.4%) 8 (18.6%)
MN 846 (28.9%)
Visually similar set
KWXZ 294 (10.0%) 16 (11.4%) 21 (48.8%)
Control set '
GILR 321 (11.0%) 1 (.7%) 6 (14.0%)
Total 2925 (100%) 140 (100%) 43 (100%)

¢ From Conrad (1964).
* From Weyer (1973).
¢ From Fisher, Moaty, and Glucksberg (1969), 400-msec presentation.



386 HANSON, LIBERMAN, AND SHANKWEILER

Wwere made.

Procedure

is, each slide was displayed for 1 sec with a I-sec blank interval following.

The children, who were tested individually, were instructed that on
each trial they would see four letters, one after the other. They were to
watch carefully as each of the four letters was presented and try to

RESULTS

Responses were scored in two ways: order-strict scoring, in which a
Tesponse was considered correct only if the correct letter appeared in
the correct serial position; and order-free scoring, in which a response

TABLE 3
MEAN Numeer of ERrors (OuT oF 16 PossisLe) For Goop anp POOR READERS
Phonetically Dactylically Visually Control
similar lists similar lists similar lists lists
Good readers ’
Order-free 35 @3 36 (3.1 58 (3.8) 5.8 (3.8)
Order-strict 5.7 4.1) 6.0 (4.49) 8.2 (3.9 . 7.5 (5.7)
Poor readers
Order-free 7.5 (4.6) 6.7 (4.2) 6.5 (3.6) 7.3 3.7)
Order-strict 10.0 (7.5 9.3 (5.2) 9.2 4.2) 1.0 (5.1)

Note. Standard deviations are given in parentheses.
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factors of stimulus set (phonetic, dactylic, visual, or control sets) and
scoring procedure (order-strict or order-free scoring) produced no significant
interactions involving scoring procedure (p > .25). There was, however,
a main effect of scoring procedure, F(1, 14) = 55.40, p < .00{, with
significantly more errors occurring in the order-strict than in the order-
free scoring.

Good and poor readers were found to be differentially affected by the
four stimulus sets as evidenced by a significant interaction of group X
stimulus set, F(3, 42) = 3.57, p < .025. Post hoc tests were conducted
to determine the basis of this interaction. An analysis on the simple
effects indicated a significant effect of stimulus set for the good readers,
F(@3, 42) = 7.71, p < .001, but no significant effect of stimulus set for
the poor readers, F(3, 42) = 1.20,-p > .25. Thus, performance of the
poor readers did not significantly vary as a function of stimulus set. For
the good readers, in contrast, accuracy for the phonetically and dactylically
similar sets was significantly greater than accuracy on the control set
(Dunnett’s t statistic, p < .05, two tailed). Performance of the good
readers on the visually similar set was not significantly different from
the control (Dunnett's ¢ statistic, p > .05, two tailed).

An analysis was also undertaken of the types of errors made by good
and poor readers. For the responses on the phonetically similar trials,
the number of responses that rhymed with the target set was tabulated.
These responses were the five letters D, E, G, T, and Z. Using the order-
free scoring procedure, 55% of the errors made by the good readers on
the phonetically similar set were responses that rhymed with the target
set. For the poor readers, only 22% of such errors rhymed with the
target set. Since a chance response with one of the 22 letters not from
the phonetically similar set would produce rhymes for 5 of the letters
(22.7% of the responses), it is apparent that the poor readers were re-
sponding randomly when they made an error, while the good readers
tended to respond with a letter related to the target set. The dactylically
similar set is less suitable than the phonetically similar set for such an
analysis because the only two letters that are manually very similar are
A and E, both vowels (Richards & Hanson, 1982; Weyer, 1973). Since
vowels never occurred in the experiment, it might be expected that
subjects would have a reluctance to respond with vowels. The pattern
of results with the dactylically similar set was, however, consistent with
the results of the phonetically similar set: With chance at 9.1%, the -
errors of the good readers were dactylically related to the target set
22.2% of the time, while the errors of the poor readers were, again,
exactly at chance, with a related letter only 9.1% of the time. Thus, the
error analysis on the phonetically and dactylically similar sets indicates

that only the good readers made errors based on the linguistic similarity
of the target sets.



388 HANSON, LIBERMAN, AND SHANKWEILER

An analysis of the individual responses of good readers is relevant to
the question of whether the improved performance of the good readers
on the dactylically similar set can be attributed primarily to the phonetic
similarity of the letters M and N in that set. This analysis revealed that
the improvement was not due solely to better recall of only these two
letters. Using the order-free scoring procedure, it was found that the
good readers recalled an M on 80% of the dactylically similar test trials,
an N on 65% of these trials, an S on 85% of these trials, and a T on
87.5% of these trials. Thus, it is clearly not the case that the M and N
are solely responsible for the improved performance.

Since the good readers vary in age from 6.25 to 11.0 years, it is of
interest to determine whether the tendency to use speech-based and
manually based codes changes with age. For hearing children, use of a
speech-based code has been shown to increase throughout this age span
(Conrad, 1971). For each of the good readers, an index of speech-based
and dactylically-based encoding was obtained as the ratio of number of
errors with the phonetically or dactylically similar set to the number of
errors on the control set. Thus, for example, if a subject made three
errors on the phonetically similar sets and four errors on the control
sets, the speech encoding index for the subject would be .75. By this
measure, the lower the index, the greater the indication of speech encoding.
A correlation of — .47 was obtained between age and the speech encoding
index, and a correlation of ~.56 was obtained between age and the
dactylic encoding index. Both of these correlations are in the expected
direction in finding that the older the child, the greater the evidence for
both speech and dactylic encoding.

Analysis of recall accuracy indicated that use of linguistic coding strat-
egies affected the ability of subjects to recall information about the order
in which items were presented. Because a valid comparison of recall
accuracy between the two reader groups can only be made on the control
sets, these analyses of accuracy were confined to the control sets. It
was found that the poor readers were relatively more penalized by order-
strict scoring than were the good readers, as demonstrated by a significant
interaction of scoring procedure x group in an analysis of the errors,
F(I, 14) = 5.02, p < .05. To determine the basis of this interaction,
additional analyses were undertaken of the accuracy of the two reader
groups for the control lists. Since the poor readers were somewhat older
than the good readers, an analysis of covariance was performed with _
age as the covariate. The analysis indicated a significant difference between
the groups for order-strict scoring, F(1, 13) = 5.08, p < .05, but not for
the order-free scoring, F(1, 13) = 2.17, p > .15. These results suggest
that poor readers have relatively more difficulty than good readers in
the recall of order information.
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DISCUSSION

These results indicate that the good readers differed from the poor
readers in their use of linguistically based recall strategies. This was
shown by the good readers’ improved performance on the phonetically
and dactylically similar lists as compared with the control lists. In contrast,
the performance of poor readers did not vary as a function of stimulus
set. Thus, in keeping with results obtained with hearing beginning readers
(Byrne & Shea, 1979; Liberman et al., 1977; Mark et al., 1977; Shankweiler
et al., 1979), deaf children who are good beginning readers are able to
make greater or more efficient use of linguistically based codes in short-
term recall than are deaf children having difficulties in acquiring reading.
It should be noted that the better performance of the good readers on
the phonetically similar set could not be simply a reflection of differences
in speech production capabilities of the good and poor readers. The
speech production skills of the two reader groups were not significantly
different. This suggests that it is not differences in speech ability, per
se, that differentiate good and poor readers, but rather the good readers’
more effective use of a short-term memory code based on linguistic
features. -

The lack of significant influence of linguistic similarity for the poor
readers was not due to individual differences among the poor readers
obscuring group tendencies. Inspection of the recall errors of the poor
readers indicated a consistent pattern—for each of the poor readers, the
recall accuracy across the four stimulus sets was comparable. The failure
of the accuracy of the poor readers to vary as a function of stimuius set
is in marked contrast to the performance of the good readers. The recall
accuracy for each of the good readers consistently showed an improvement
in both the phonetically and dactylically similar sets as compared with
the control. :

In the present experiment, phonetic and dactylic similarity were ma-
nipulated to investigate potential differences between good and poor
readers in linguistic coding. It must be borne in mind that linguistic similarity
will facilitate or hinder recall ability depending on task demands. In
poetry, for example, as in certain short-term memory tasks (see Watkins,
Watkins, & Crowder, 1974), phonetic similarity aids recall. The recall
accuracy of the good readers in the present study benefited by the rhyming
set, whereas in earlier studies with hearing children the performance of
the good readers was penalized by the rhyming set (Liberman et al.,
1977; Shankweiler et al., 1979). Since other investigations with deaf
subjects have found decrements in serial order recall when sets of words
are phonetically similar (Conrad, 1972, 1979; Hanson, 1982; Locke &
Locke, 1971; Wallace & Corballis, 1973), it cannot be the case that
phonetic similarity affects deaf and hearing subjects differentially. The
explanation for the discrepancy between the present results and earlier
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studies would seem to be due to differences in procedure. On any given
trial in a typical short-term memory- experiment, the subject is shown
only a subset of the set of stimuli. In the present experiment, however,
the constraints imposed by the need to manipulate independently the
phonetic, dactylic, and visual similarity of the consonant sets limited the
available stimuli for each set; on any given trial an entire set of confusable
stimuli was presented. If subjects in this situation could determine the
similarity principle used in stimulus selection, they could use that principle
to aid recall. The finding that good readers, but not poor readers, made
errors that were consistent with the target set in the phonetic and dactylic
similarity conditions provides strong evidence that the good readers did
abstract the linguistic similarity principle used in stimulus list construction
and that they then used this principle to aid recall. It is just this ability
to establish and make use of linguistically based codes in the recall of
letter strings that distinguishes the two groups. :

The phonetically similar set consisted of letters whose names were
auditorily confusing, but not dactylically or visually confusing. In the
construction of the dactylically similar set, however, some confounding
was unavoidable. The two letters M and N were also high in auditory
confusability. The data nonetheless suggest that this phonetic similarity
was not the sole reason for the improvement of the good readers on the
dactylically similar set: Though this phonetic similarity applied to only
two of the four letters of the dactylically similar set, analyses showed
that the improved recall applied to all four fetters.

Some comment should be made about the failure to find evidence of
the use of visual coding strategies that have so often been considered
- to be the preferred strategies for deaf individuals (see, for example,

Conrad, 1972; Frumkin & Anisfeld, 1977; MacDougall, 1979; Wallace &
Corballis, 1973). Caution must always be used in cases of failure to find
that the experimental manipulation produces an effect. It is possible that
the present experimental situation was inappropriate for detecting a visual
strategy, and that such strategies may have been present but were not
detected. Although we cannot rule out this possibility altogether, such
a possibility does not diminish the major finding of the present study
that the good readers differed from the poor readers in their use of
linguistically based codes.

The fact that no evidence was obtained for the poor readers’ use of
phonetic, dactylic, or visual codes in the present study is consistent with
recent findings for hearing children who are poor readers. Although these
poor readers are able to recall the letters with better than chance accuracy,
when they make an error their error pattern is random. These findings -
with poor readers have been interpreted as indicating that poor readers
have linguistic codes available to them, but that they make less efficient
use of these codes than do good readers (Wolford & Fowler, in press).
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In line with such an interpretation, two features of the present study
should be noted. First, as indicated earlier, one criterion for subject

periment had this linguistic information available to them. Second, the
experimenter here observed that nearly all the subjects, whether good

to make effective use of a linguistic representation after deriving the
letter names is closely paralleled in research with hearing children. This
was demonstrated with hearing beginning readers in a consonant recall
task similar to the one used here, in which the children spoke aloud the
letter name for each printed letter as it was presented (Wolford & Fowler,
in press). In that study, as in the present one, good readers, but not
poor readers, displayed errors related to linguistic recall strategies.

The difference between good and poor readers in the use of short-
term memory codes was also associated with differences in serial recall
ability. The analysis of the control sets demonstrated that the poor readers
were relatively more penalized than the good readers by the order-strict
scoring procedure. Thus, the poor readers were less able than the good
readers to retain information about the order in which items were presented.
These results are in accord with research with hearing children in finding
that poor readers exhibit specific difficulty in the retention of order
information (Katz, Shankweiler, & Liberman, 1981). This difficulty may
be understood in terms of the deficient use of a linguistically based code.
It has been hypothesized that a speech-based code is particularly well
suited for carrying information about item order (Baddeley, 1978; Crowder,
1978; Healy, 1975). Indeed, the ability of deaf persons to recall information
about order has been found to vary as a function of use of a speech-
based code (Conrad, 1979; Hanson, 1982). As the good readers in the
present study were found to use both speech-based and manually based
codes, it is not possible here to determine whether it was the speech
code alone that was related to ability to recall order information or
whether the manual code contributed also. It must remain for future
- research to determine whether a manually based code can retain this
information as well as a speech-based code.

In summary, the present findings are important in the indications they
provide that deaf children need not be limited to reading strategies that
involve visual retention; instead they are able to make use of linguistic
strategies—derived, it appears, from both spoken and manual language—
that could mediate comprehension. Although the language system is
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accessed via different modalities in the speech-based and manually based
codes used by the good readers, both provide the reader with a means
of representing the internal structure of words (see also Hirsh-Pasek,
1981) and, specifically, in terms of the present study, provide a linguistic
basis for holding information in short-term memory. These results argue

that successful deaf beginning readers differ from their poorly reading °

deaf counterparts in the use of these linguistic recall strategies. This
suggestion is consistent with research on hearing children in indicating

that differences in the use of linguistically based representations in working
memory are a relevant factor in learning to read.
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