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Recall of order information by deaf signers:
Phonetic coding in temporal order recall

VICKI L. HANSON
IBM Research Division, Thomas J. Watson Research Center, Yorktown Heights, New York

To examine the claim that phonetic coding plays a special role in temporal order recall, deaf
and hearing college students were tested on their recall of temporal and spatial order informa
tion at two delay intervals. The deaf subjects were all native signers of American Sign Language.
The results indicated that both the deaf and hearing subjects used phonetic coding in short-term
temporal recall, and visual coding in spatial recall. There was no evidence of manual or visual
coding among either the hearing or the deaf subjects in the temporal order recall task. The use
of phonetic coding for temporal recall is consistent with the hypothesis that recall of temporal
order information is facilitated by a phonetic code.

There is a strong tendency for normally hearing adults
to recode printed letters into a phonetic code in tasks of
short-term serial recall oflinguistic stimuli. These adults
persist in using this form of memory representation even
in some situations in which doing so has detrimental ef
fects on their recall ability. For example, detrimental ef
fects due to phonetic coding have been obtained when
items rhyme (Conrad, 1962; Conrad & Hull, 1964; Healy,
1974) and when concurrent competing articulation is re
quired (Conrad, 1972; Healy, 1977; Murray, 1967,
1968). Questions have arisen concerning the reason(s) for
the use of this code and whether or not other codes can
effectively substitute for phonetic coding in short-term
recall.

Studies with deaf subjects have provided one useful
means of differentiating between some explanations for
this phenomenon and of delineating the role of phonetic
coding in short-term memory. One hypothesis tested with
deaf subjects was the proposal that the use of a phonetic
code reflects primary language experience (Shand, 1982;
Shand & Klima, 1981). Contrary to the predictions ofthis
hypothesis, the evidence indicates that deaf signers, for
whom sign language is primary, do not always use sign
coding. In particular, evidence that deaf signers recode
printed words into a manual code in serial recall is lack
ing, while other evidence indicates that in some cases deaf
native signers will use phonetic coding in short-term recall
(Hanson & Lichtenstein, 1990). Both of these findings
are inconsistent with the primary language hypothesis.
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Another prominent hypothesis for the use of phonetic
coding in serial recall is that it reflects the sequential
character of speech (Baddeley, 1979; Crowder, 1978;
Healy, 1975; Penney, 1985, 1989). According to this
hypothesis, there are properties of a phonetic code that
make it particularly well suited for temporal recall. That
is, the auditory/vocal aspects of speech, being temporally
arrayed, promote recall of temporal information.

If a phonetic code is well suited for maintaining tem
poral order information, then deaf individuals, who would
be expected to have difficulty in using a phonetic code,
ought to have difficulty in maintaining temporal order in
formation. Evidence consistent with this claim has been
obtained repeatedly (for a review, see Cumrning & Rodda,
1985). In tasks requiring the serial recall of linguistic
stimuli (whether words, digits, signs, fingerspelling, or
pictures), deaf subjects have consistently been found to
recall fewer items than hearing subjects, even when con
founds with spatial order recall have been eliminated (e.g.,
Bellugi, Klima, & Siple, 1975; Blair, 1957; Hanson,
1982; Krakow & Hanson, 1985; McDaniel, 1980; Pintner
& Paterson, 1917; Wallace & Corballis, 1973; Withrow,
1968). However, in the temporal recall of nonsense
stimuli, deaf subjects have not been found to recall fewer
items than hearing subjects (McDaniel, 1980; Olsson &
Furth, 1966).

It appears to be only in the recall of linguistic stimuli
that deaf subjects are at a disadvantage. Deaf subjects are
at no disadvantage, compared with hearing subjects, in
spatial recall of stimuli, regardless of whether the stimuli
are linguistic or nonsense (Carey & Blake, 1974; Das,
1983). Indeed, there has even been some evidence that
deaf individuals are at an advantage in such situations
(BIair , 1957).

In aseries of experiments, Healy (1975, 1977, 1978,
1982) convincingly demonstrated that hearing subjects use
a phonetic code for the short-term retention of temporal,
but not spatial, order information. Using procedures that
isolated temporal and spatial information, Healy found
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Figure 1. The handshapes B S V M of the American manual al
phabet.

METHOD

Stimuli
The stimuli for both the temporal and the spatial order reca1l tasks

were the uppercase letters B, S, V, and M. The handshapes cor
responding to these letters are shown in Figure I. This character
set provided a test of phonetic similarity with the two letters B- V
(Wolford & Hollingsworth, 1974). These two letters are rnanually
(Richards & Hanson, 1985) and visually (Wolford & Hollingsworth,
1974) distinct. This letter set also provided a lest of manuaI similarity
with the two letters M-S, which are sirnilar in the American manuaI
alphabet (Richards & Hanson, 1985), but are phonetically and
visually distinct (Wo1ford & Hollingsworth, 1974). Finally, this
stimulus set provided two tests of visual similarity with the letter
pairs V-M and S-B (Wolford & Hollingsworth, 1974), both of
which are phonetically (Wolford & Hollingsworth, 1974) and manu
ally (Richards & Hanson, 1985) distinct.

The same four consonants appeared on each trial in both the tem
poral and the spatial order recall tasks. In each task, a test sequence
of 48 trials was generated . The 24 permutations of these letters each
appeared once at the short retention interval (3 digits) and once at
the long retention interval (15 digits). The order of trials was ran
domized, with the constraint that in every block of eight trials there
were four trials at the short interval and four trials at the long in-

interference intervals were used-a short one (3 digits)
and a longer one (15 digits). Following the interference
task, the subjects were asked to write down the four let
ters from that trial.

Letter sets designed specifically to test for phonetic,
manual, and visual confusions were employed. The iden
tity of the four letters was always known to the subjects,
thus eliminating a confound with recall of item informa
tion. The subjects were a group of deaf college students
and a control group of hearing college students. These
subjects participated in both recall tasks, thus allowing
a within-subjects comparison of temporal and spatial order
recall.

Subjects
The deaf subjects were 8 students at Gallaudet University who

were paid for their participation. All were congenitally and pro
foundly deaf, with a hearing loss of 90 dB or greater, better ear
average. In addition, a1l hadtwo deaf parents and were native signers
of.American Sign Language (ASL). Their median reading profi
ciency was grade 9.2 (range 3.3-12.9+), according to the com
prehension subtest ofthe Gates-Macthnitie Reading Tests (1978,
Level F, Form 2) administered to each subjecl. These subjects were
thus excellent deaf readers when rated against national surveys of
the reading proficiency of deaf students (Karchmer, Milone, &
Wolk, 1979). To obtain a measure of speech production ability for
individual subjects, speech intelligibility measures were obtained
from school records. This measure rates the speech production abil
ity of individuals on a scale of 1- 5, in which I is readily intelligi
ble to listeners and 5 is unintelligible. According to school records,
the speech intelligibility ratings of these 8 subjects were as folIows:
One had speech that was rated a "3," 2 had speech that was rated
a "4," 3 had speech that was rated a "5," and 2 had speech rat
ings that were listed as "NONE." Thus, with one exception (the
subject with the rating of "3"), the subjects here had poorly intel
ligible speech as judged by listeners.

The hearing subjects were 8 undergraduates from the University
of Connecticut who were paid for their participation. All had nor
mal hearing.
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evidence of phonetic confusions (e.g., B for P and F for
S) in the recall of temporal order information. These pho
netic confusions were limited to short retention intervals,
suggesting rapid decay of the phonetic component to short
term temporal recall. Healy found that recall accuracy,
correspondingly, dropped significantly at the longer in
tervals during temporal order recall.

The question addressed in the present experiment is
whether deaf signers similarly use phonetic coding spe
cifically for the short-term retention of temporal infor
mation. Such a finding would present a strong argument
for the importance of phonetic coding in temporal recall.
For prelingually, profoundly deaf individuals, develop
ing the use of a speech code is a formidable task. Deaf
individuals who use sign have potentially another memory
code-a manual code-more readily available. Thus, if
a manual code can provide an effective medium for re
taining temporal order information, then deaf signers
would be expected to use it. In the case of the present
study, this manual code would be one based on the hand
shapes of the American manual alphabet. In this alphabet,
there is a handshape for each letter, and words can be
spelled out, letter by letter, on the hand. Shown in Figure
1 are some examples of letter handshapes from the Amen
can manual alphabet.

Studies have shown that some deaf signers use phonetic
coding in short-term recall of printed material (for a
review, see Hanson, 1989, in press). The present study
represents an attempt to clarify the conditions under which
this phonetic coding is used; specifically, recall of tem
poral order information was isolated from recall of spa
tial information at two short-term retention intervals.
Another question investigated was whether or not, in con
trast to hearing subjects, deaf subjects make use of manual
or visual coding alternatives in the recall of temporal in
formation. Finally, the use of phonetic, visual, and manual
codes by deaf signers in spatial recall was also examined.

In the present study, the procedures of Healy (1975)
were used to isolate temporal and spatial recall. The
general procedure was that on each trial, aseries of four
letters were shown to the subjects, one letter at a time.
After all four letters were shown, there was an interfer
ence task, in which the subjects were required to name
each digit in astring of digits. In the present study, two



Table 1
The Percentage oe Correct Responses in the Temporal Order

and Spatial Order Recall Tasks

ance was performed for the between-subjects factor of
group (deaf, hearing) and the within-subjects factors of
recall condition (temporal, spatial) and retention interval
(3, 15 digits). The analysis indicated a main effect of
retention interval [F(l,14) = 69.38, MSe = .0196,
p < .001], as well as an interaction of recall condition
x retention interval [F(l,14) = 11.11, MSe = .0135,
p < .005]. This interaction reflected a larger decline in
accuracy as the retention interval increased in the tem
poral order recall condition than in the spatial order recall
condition. No significant interactions involving subject
group emerged (all ps > .10).

The conditional probabilities of making confusions
related to the phonetic, manual, or visual sirnilarity ofthe
stimulus letters were next computed for each subject; then
an analysis ofvariance was performed on these probabil
ities. The conditional probability of making a phonetic
error was the percentage of incorrect responses of V for
B or B for V; these two letters were phonetically sirnilar,
but manually and visually distinct. That is, for errors that
were made on the letters V and B, this was the percent
age of responses with the phonetically sirnilar letter. The
conditional probability of making a manual error was the
percentage of incorrect responses of S for M or M for
S; these two letters are sirnilar manually, but they are pho
netically and visually distinct. Finally, the conditional
probability of visual errors was the percentage of incor
rectly responding V for M, M for V, S for B, and B for
S; these letter pairs are sirnilar visually, but they are manu
ally and phonetically distinct. The conditional probabil
ity of these visual confusions was computed as the per
centage of errors on these four letters that were visually
sirnilar. The conditional probabilities for the two subject
groups for each error type are shown in Table 2 for both
temporal and spatial order recall.

The analysis of these conditional probabilities on the
factors of subject group x error type (phonetic, manual,
visual) x delay interval (3 digits, 15 digits) X recall con
dition (temporal, spatial) revealed an interaction of error
type X recall condition [F(2,28) = 18.90, MSe =
1,477.97, P < .001]. This interaction indicated that
different error types predominated for temporal and spa
tial order recall. To determine the source of the interac
tion of error type X recall condition, the temporal and
spatial order data were analyzed separately.

In the temporal order condition, there was a significant
main effect of error type [F(2,28) = 7.28, MSe =
1,332.04,P < .005], which was qualified by an inter
action of error type X delay interval that approached sig
nificance[F(2,28) = 2.87,MSe = 1,258.13,p < .08].
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terval. The digits presented during the retention interval were the
digits 1-9. No digit occurred more than once in succession.

Procedure
The subjects were individually tested in the two tasks on succes

sive days. Half of the subjects received the temporal order recall
task first; half received the spatial order recall task first. The read
ing comprehension subtest ofthe Gates-MacGinitie Reading Tests
(1978) was administered to the deaf subjects on the 2nd day of
testing.

Stimulus presentation in both the temporal recall and the spatial
recall conditions was controlled by a microcomputer. A trial be
gan with four horizonta11y arrayed boxes shown on the monitor with
computer graphics. Each box was 5 in. high x 2 in. wide. The
four letters of a trial then appeared one at a time in these four boxes.
The letters were 1% in. x * in. Each letter was presented for
1,000 msec, followed by a I,OOO-msec ISI. The digits were
presented simultaneously, following the fourth ISI, appearing as
astring of digits. The presentation duration averaged 400 rnsec per
digit, such that the 3 digits of the short interference interval were
presented for 1,200 msec and the 15 digits of the long interval were
presented for 6,000 msec. Following the offset of the digits, a rnes
sage appeared on the computer screen instructing the subjects to
"write your answer now." After a 16-sec intervaI, during which
the subjects wrote their responses, the next trial began.

Instructions were signed for the deaf subjects by a deaf ex
perimenter, a native signer of ASL, and they were spoken for the
hearing subjects by a hearing experimenter. The subjects were in
structed that on every trial they would see four letters, one at a
time, and that these letters would be followed by aseries of single
digit numbers-either 3 or 15 digits. Deaf subjects were told to
simultaneously sign and mouth (pronounce without voicing) each
letter and digit. Hearing subjects were told to pronounce aloud each
letter and digit. The subjects were told that following offset of the
digits, they were to write the four letters in the answer booklets
provided. They did not have to fill in the four boxes sequentially.
Each page in the answer booklets had 12 rows of four boxes drawn
on it.

For the temporal order recall task, the subjects were told that
they would see the letters B, S, V, and M on every trial, and that
the B would always appear in the left-most box, the S in the next
box, the V in the next box, and the M in the right-most box. They
were told to write the letters in the boxes to show the temporal order
in which the letters appeared-that is, to write the first letter they
saw in the first (i.e., left-most)box on their answer sheets, the seeond
letter they saw in the second box, and so forth.

For the spatial order recall task, the subjects were told that they
would see the same letters on every trial-B, S, V, and M. They
were also told that the B would always appear first, the S second,
the V third, and the M fourth. The spatiallocation of each of these
four letters would vary from trial to trial. The subjects were told
to write the letters in the boxes to show the left-to-right spatial order
in which the letters appeared.

The subjects received four practice trials in each condition be
fore beginning the test trials. The practice trials were taken from
the same letter and digit sets as were used in the experimental trials.

RESULTS

Responses were scored as incorrect if the correct letter
did not appear in the correct serial position. Tablei gives
the percentage correct responses for deaf and hearing sub
jects in the temporal and spatial order recall conditions
at the two retention intervals. An arcsine transformation
was applied to this accuracy data, and an analysis of vari-

Interval

3 digits
15 digits

Temporal Order Spatial Order

Hearing Deaf Hearing Deaf

96.1 97.4 95.6 92.3
80.2 79.2 90.5 83.2



Table 2
Conditional Probabilities of Each Error Type for

Hearing and Deaf Subjects in the Temporal Order
and Spatial Order Recall Conditions

Recall Condition

Temporal Order Spatial Order

Interval Hearing Deaf M Hearing Deaf M

3 digits
Phonetic 60.7 68.8 64.7* 14.3 4.3 9.3
Manual 8.3 34.4 2\.4 14.3 13.5 13.9
Visual 2\.9 10.4 16.1 70.5 5\.6 61.1*

15 digits
Phonetic 57.1 35.6 46.3 8.7 19.6 14.2
Manual 47.4 41.3 44.4 24.2 23.0 23.6
Visual 2\.6 31.3 26.5 61.5 56.3 58.9*

*Greater occurrence than other error types at that interval (p < .0 I).

Separate post hoc analyses of the short and long delay
intervals revealed significantly more phonetic confusions
than either manual or visual confusions at the short inter
val (Newman-Keuls, p < .05), but no difference in the
frequency of the three types of confusions at the long in
terval (Newrnan-Keuls, p > .05). There were no signifi
cant effects involving subject group in this analysis of the
temporal order condition (all ps > .10).

In the spatial order condition, there was also a main
effect of error type [F(2,28) = 15.39, MSe = 1,413.83,
P < .001], this time reflecting more visual confusions
then either phonetic or manual confusions (New
man-Keuls, p < .05). The proportions of phonetic and
manual confusions were not significantly different from
each other (Newman-Keuls, p > .05). In this spatial
order condition, the interaction of error type x delay in
terval was not significant (F < I), indicating a similar
pattern of errors at the two delay intervals. As with the
temporal order condition, there were no significant ef
fects involving subject group (all ps > .10).

DISCUSSION

Consistent with Healy (1975, 1982), evidence was
found in the present study for the use of a phonetic code
in temporal order recall among the hearing subjects, as
indicated by the predominance of phonetic confusions in
temporal recall at the short interval. This phonetic code
appeared to decay relatively quickly, with the consequence
that temporal order recall ability declined significantly af
ter only a few seconds of interpolated activity.

Deaf children receive training in lipreading and speak
ing. They also have everyday exposure to watehing other
people speak. Through such experiences, they may pick
up information about the phonetic structure oflanguage.
Of interest here is the finding that the deaf subjects used
a phonetic code, as indicated by the predorninance of pho
netic confusions in temporal recall at the short interval.
As with the hearing subjects, this phonetic code appeared
to decay relatively quickly. Associated with this decay
of the phonetic code, the accuracy of the deaf subjects
declined significantly at the long interval.
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The pattern of recall confusions indicated different cod
ing in the spatial than in the temporal order recall task
for subjects in both groups. There was no indication of
phonetic coding in spatial order recall. Rather, the error
pattern showed a predominance of visual confusions in
letter recall at both delay intervals. Thus, there was evi
dence for the use of a relatively long-lasting visual code
mediating spatial recall for subjects in both groups.

As noted previously, deaf subjects typically perform
more poorly on temporal recall of linguistic stimuli than
hearing subjects do. Yet, in the present study, recall ac
curacies of the deaf and hearing subjects were compara
ble. There are two factors, either or both of which may
have contributed to this unexpected result. The first is the
use of phonetic coding among the deaf subjects. Previ
ous research has indicated that deaf subjects who do not
show evidence of the use of phonetic coding tend to recall
fewer items than hearing subjects who do use phonetic
coding (e.g., Conrad & Rush, 1965; Wallace & Corballis,
1973). The accuracy of deaf subjects may also be less even
when phonetic coding is used, although there is evidence
that as deaf subjects' use of phonetic coding increases,
their temporal recall accuracy improves (Conrad, 1979;
Hanson, 1982; Hanson & Lichtenstein, 1990). In the
present study, where no differences in the use of phonetic
coding between hearing and deaf subjects were obtained,
the deaf subjects' temporal recall accuracy was compara
ble to that ofthe hearing subjects. The second factor that
may have contributed to the comparable accuracy of the
two groups is the overall high level of accuracy of both
deaf and hearing subjects. This level of accuracy is higher
than is gene rally obtained with this paradigm (see Healy,
1975, 1982), most likely due to the use of longer stimu
lus presentations in this study than in others. These longer
intervals likely allowed for more phonetic rehearsal dur
ing stimulus presentation. In particular, ceiling effects of
hearing subjects may have masked any potential group
differences.

Anecdotally, it is worth reporting that one difference
in the performance of the hearing and the deaf subjects
in the present study was that the temporal order recall task
appeared more ' 'natural" to the hearing subjects, while
the spatial order task seemed more "natural" to the deaf
subjects. That is, when giving instructions to the subjects,
the hearing subjects assumed atemporal recall task. It re
quired elaboration for them to understand what to do in
the spatial order task. In contrast, many deaf subjects as
sumed a spatial recall task, and needed elaboration of the
temporal order instructions. This observation is consis
tent with experimental evidence of differences in temporal
and spatial order preference for hearing and deaf subjects
(O'Connor & Hermelin, 1972, 1973). Despite the prefer
ence on the part of the deaf subjects for spatial order
recall, their accuracy was not significantly better in this
condition than in the temporal order recall condition (see
also Das, 1983). Sirnilarly for the hearing subjects, their
preference for temporal order recall did not translate into
greater accuracy in this condition than in the spatial order
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recall condition, although, as noted previously, there may
have been ceiling effects obscuring possible differences
here.

The deaf subjects' use of a phonetic code in temporal
recall is consistent with the claim that recall of temporal
order information for linguistic stimuli is facilitated by
the use of a phonetic code. For deaf subjects, the acqui
sition and use of a phonetic code is extremely difficult.
Thus, they would be expected to use visual or manual
codes, if such codes were effective. Yet, in the present
study, evidence was not obtained that the deaf subjects,
all native signers of ASL, relied on these alternatives for
temporal order recall.

The finding that the deaf subjects used a phonetic code
is especially impressive, given the fact that most of them
had speech that was rated as only poorly intelligible. These
intelligibility ratings, however, are based on listeners' rat
ings of intelligibility, and may not reflect the extent to
which an individual deaf subject can effectively use a pho
netic code to mediate temporal recall. The fact that speech
production ability does not reflect ability to use a pho
netic code is dramatically demonstrated by research with
some brain-damaged patients who have lost the ability to
produce speech. These patients can still retain the ability
to use a phonetic code (e.g., Baddeley & Wilson, 1985;
Bishop & Robson, 1989; Martin, 1987).

There is reason to believe that the results obtained here
might not have been obtained if less skilled deaf readers
had been tested. Within the deaf population, the evidence
indicates that phonetic coding is used primarily by good
readers, whether beginning readers (Hanson, Liberman,
& Shankweiler, 1984), high school students (Conrad,
1979; McDermott, 1984), or college students (Lichten
stein, 1985). The subjects of the present study were col
lege students, and most were excellent readers when rated
against national norms for the reading levels of deaf adults
(Karchmer et al., 1979). The importance of the present
study, therefore, is not the suggestion that phonetic cod
ing in temporal recall will be characteristic of all deaf sub
jects, but rather the finding that, for deaf subjects who
are able to use a phonetic code, this code is used specifi
cally for temporal recall.

There were no significant effects of manual coding for
either temporal or spatial recall. In the short interval con
dition, where temporal order recall was best, the incidence
of manual confusions by the deaf subjects was only half
the incidence of phonetic confusions. Were the deaf sub
jects using manual coding that the experimental proce
dures failed to detect? This possibility cannot be com
pletely ruled out solely by failure to find an effect of
manual coding. For example, it is possible that the let
ters used to test sign confusability were not similar enough
to produce confusions. Although the letters M and S have
been judged to be manual1y similar by deaf subjects such
as those ofthe present study (Richards & Hanson, 1985),
it is possib1e that this pair was not as similar as the pho
netically or visually similar pairs. Indeed, such a rank
ing of similarity across stimuli is not possible. It shou1d

be noted, however, that the letters M and S were part of
a stimulus set previous1y found to produce performance
decrements in written letter recall among deaf children
(Hanson et al., 1984).

Some studies done with self-report (Lichtenstein, 1985)
or observation of overt rehearsal (e.g., Liben & Drury,
1977; Locke & Locke, 1971) have suggested that deaf
subjects may use manual rehearsal in the temporal recall
of letters and words. However, such reports and obser
vations do not, necessarily, indicate the use of an inter
nal code based on signs. That is, rather than being an in
dicator of internal coding, overt manual rehearsal may,
at least in some cases, be serving as a supplemental storage
mechanism. This overt use of sign may provide some
recal1 of information in addition to that supplied by the
internal code. For examp1e, in various studies over the
years, the author has noticed that deaf subjects will use
memory "tricks" (unless specifically directed not to do
so), such as manually recording some stimulus letters on
their hands, and keeping the fingers in position for these
letters throughout the stimulus sequence while memoriz
ing other letters in the sequence. Similar observations
were reported by Locke and Locke (1971). In these cases,
the manual signal appears to serve not as an internal code,
but rather as a visible reminder of the stimuli.

This discussion should not be taken to mean that a
manual code based either on signs or on handshapes of
the manual alphabet cannot serve as a short-term memory
code. There is clear evidence in the literature for manual
coding in short-term memory studies. If we look closely
at these studies, however, we notice that a pattern begins
to emerge. For signed stimuli, evidence of sign intrusions
or decrements related to the forrnational similarity of signs
has been reported in temporal recall (Bellugi et al., 1975;
Hami1ton & Holzman, 1989; Hanson, 1982; Krakow &
Hanson, 1985; Shand, 1982). Recall accuracy for a se
quence of signs in these studies, however, tends to be
poorer than hearing subjects' recall accuracy for a se
quence of words. Moreover, correlations between the use
of sign coding and memory span have not been demon
strated (Kyle, 1980). In contrast to these studies with
signed stimuli, there has been no clear evidence of manual
coding obtained in studies that have examined the tem
poral order recall of printed letters or words (Hanson &
Lichtenstein, 1990). Evidence of manual coding of print
has generally been obtained only under conditions in
which temporal order recall is not required. For exam
ple, evidence of sign coding has been obtained in paired
associate and free recall tasks, facilitating, in these cases,
the learning of items that have formationally similar signs
(Conlin & Paivio, 1975; Moulton & Beasley, 1975;
Odom, Blanton, & McIntyre, 1970; Putnam, Iscoe, &
Young, 1962).

In conclusion, the finding that the deaf college students
in the present study used a phonetic code specifically in
temporal recall, despite their difficulty in using speech
and despite their having a manual code available to them
as an alternative short-term memory code, is consistent



with the claim that a phonetic code is particularly weIl
suited for recall of temporal order information (Baddeley,
1979; Crowder, 1978; Healy, 1975; Penney, 1985, 1989).
This evidence also adds to a growing body of literature
indicating that deaf subjects have available to them a va
riety of short-term memory coding options, the use of
which varies as a function of specific subject characteris
tics (e.g., reading proficiency), stimulus characteristics
(e.g., signed vs. print stimuli), and task characteristics
(e.g., temporal vs. spatial order recall).

REFERENCES

BADDELEY, A. D. (1979). Working memory and reading. In P. A.
Kolers, M. Wrolstad, & H. Bouma (Eds.), Processing ofvisible lan
guage (VoJ.l, pp. 355-370). New York: Dienern.

BADDELEY, A., & WILSON, B. (1985). Phonological coding and short
term memory in patients without speech. Journal 0/Memory & Lan
guage, 24, 490-502.

BELLUGI, U., KUMA, E. S., & SIPLE, P. (1975). Rememberingin signs.
Cognition, 3, 93-125.

BISHOP, D. V. M., & ROBSON, J. (1989). Unimpairedshort-termmemory
and rhyme judgement in congenitally speechless individuals: Irnpli
cations for the notion of "articulatory coding." Quarterly Journal
0/ Experimental Psychology, 41A, 123-140.

BLAIR, F. X. (1957). A study ofthe visual memory of deaf and hearing
children. American Annals 0/ the Deaf, 102, 254-263.

CAREY, P., & BLAKE, J. (1974). VisuaIshort-term memory in the hearing
and the deaf. Canadian Journal 0/ Psychology, 28, 1-14.

CONUN, 0., & PAIVIO, A. (1975). The associative learning ofthe deaf:
The effects of word imagery and signability. Memory & Cognition,
3, 335-340.

CONRAD, R. (1962). An association between memory errors and errors
due to acoustic masking of speech. Nature, 193, 1314-1315.

CONRAD, R. (1972). Speech and reading. In J. F. Kavanagh & 1. G.
Mattingly (Eds.), Language by ear and by eye: The relationships be
tween speech and reading (pp. 205-240). Cambridge, MA: MIT Press.

CONRAD, R. (1979). The deaf schoolchild. London: Harper & Row.
CONRAD, R., & HULL, A. J. (1964). Information, acoustic confusion

and memory span. Britisn Journal 0/ Psychology, 55, 429-432.
CONRAD, R., & RUSH, M. L. (1965). Ontbenature of short-termmemory

encoding by the deaf. Journal 0/Speech and Hearing Disorders , 30,
336-343.

CROWDER, R. G. (1978). Language and memory. In J. F. Kavanagh
& W. Strange (Eds.), Speech and language in the laboratory, school,
anti clinic (pp. 331-376). Cambridge, MA: MIT Press.

CUMMING, C. E., & RODDA, M. (1985). The effects of auditory depri
vation on successive processing. Canadian Joumal 0/ Behavior
Science, 17, 232-245.

DAS, J. P. (1983). Memory for spatial and temporal order in deaf chil
dren. American Annals 0/ the Deaf, 128, 894-899.

Gates-Macüinitie Reading Tests (2nd ed.), (1978). Boston: Houghton
Mifflin.

HAMILTON, H., & HOLZMAN, T. G. (1989). Linguisticencoding in short
term memory as a function of stimulus type. Memor» & Cognition,
17, 541-550.

HANSON, V. L. (1982). Short-term recall by deaf signers of American
Sign Language: Implications of encoding strategy for order recall.
Journal 0/ Experimental Psychology: Leaming, Memory & Cogni
tion, 8, 572-583.

HANSON, V. L. (1989). Phonology and reading: Evidence from pro
foundly deaf readers. In D. Shankweiler & 1. Y. Liberman (Eds.),
Phonology anti reading disability: Solving the reading puzzle (pp. 69
89). Ann ArOOr: University of Michigan Press.

HANSON, V. L. (in press). Phonological processing without sound. In
S. Brady & D. Shankweiler (Eds.), Phonological processes in liter
acy. Hillsdale, NJ: Erlbaum.

RECALL OF ORDER INFORMAnON 609

HANSON, V. L., LIBERMAN, I. Y, & SHANKWEILER, D. (1984). Lin
guistic coding by deaf children in relation to beginning reading suc
cess. Journal 0/ Experimental Child Psychology, 37, 378-393.

HANSON, V. L., & LICHTENSTEIN, E. H. (1990). Short-term memory
coding by deaf signers:The primary languagecoding hypothesisrecon
sidered. Cognitive Psychology, 22, 211-224.

HEALY, A. F. (1974). Separating item from order information in short
term memory. Joumal 0/ Verbal Learning & Verbal Memory, 13,
644-655.

HEALY, A. F. (1975). Coding of ternporal-spatialpatterns in short-term
memory. Journal of Verbal Leaming & Verbal Behavior, 14,481495.

HEALY, A. F. (1977). Pattern coding of spatial order information in
short-term memory. Journal of Verbal Leaming & Verbal Behavior,
16, 419437.

HEALY, A. F. (1978). A Markov model for the short-term retention
ofspatiallocation information. Journal of Verbal Leaming & Verbal
Behavior, 17, 295-308.

HEALY, A. F. (1982). Short-terrn memory for order information. In
G. H. Bower (Ed.), The psychology of leaming anti motivation
(Vol. 16, pp. 191-238). New York: Academic Press.

KARCHMER, M. A., MILONE, M. N., JR., & WOLK, S. (1979). Educa
tional significance of hearing loss at three levels of severity. Ameri
can Annals 0/ the Deaf, 124, 97-109.

KRAKOW, R. A., & HANSON, V. L. (1985). Deafsigners and serial recall
in the visual modality: Memory for signs, fingerspelling, and print.
Memory & Cognition, 13, 265-272.

KYLE, J. G. (1980). Sign coding in short term memory in the deaf. In
B. Bergman & I. Ahlgren (Eds.), Proceedings 0/ the first interna
tional symposium on sign language research. Stockholm: The Swed
ish National Association of the Deaf.

L!BEN, L. S., & DRURY, A. M. (1977). Short-term memory encoding
strategies of the deaf. Journal 0/Experimental Child Psychology, 24,
60-73.

L!CHTENSTEIN, E. (1985). Deaf working memory processes and En
glish language skills. In D. Martin (Ed.), Cognition. education. and
deafness (pp. 111-114). Washington, DC: Gallaudet College Press.

LocKE,J. L., & LocKE,V. L. (1971). Deaf children's phonetic, visual,
and dactylic coding in a grapheme recall task. Journal 0/experimen
tal Psychology, 89, 142-146.

McDANIEL, E. D. (1980). Visual memory in the deaf. American An
nals 0/ the Deaf, 125, 17-20.

McDERMOTT, M. J. (1984). The role 0/ linguistic processing in the si
lent reading act: Recoding strategies in good and poor deaf readers.
Unpublished doctoral dissertation, Brown University.

MARTIN , R. C. (1987). Articulatory and phonological deficits in short
term memory and their relation to syntactic processing. Brain &Lan
guage, 32, 159-192.

MOULTON, R. D., & BEASLEY, D. S. (1975). Verbal coding strategies
used by hearing-impaired individuals. Journal 0/Speech & Hearing
Research, 18, 559-570.

MURRAY, D. J. (1967). The role of speech responses in short-terrn
memory. Canadian Journal 0/ Psychology, 21, 263-276.

MURRAY, D. J. (1968). Articulation and acoustic confusability in short
term memory. Journal 0/ Experimental Psychology, 78, 679-684.

O'CONNOR, N., & HERMELIN, B. (1972). Seeing and hearing and space
and time. Perception & Psychophysics, 11,4648.

O'CONNOR, N., & HERMELIN, B. (1973). The spatial and temporal or
ganization of short-term memory. Quarterly Journal 0/experimen
tal Psychology, 25, 335-342.

OOOM, P. B., BLANTON, R. L., & McINTYRE, C. K. (1970). Coding
medium and word recall by deaf and hearing subjects. Journal 0/
Speech & Hearing Research, 13, 54-58.

OLSSON, J. E., & FURTH, H. G. (1966). Visual memory-spän in the
deaf. American Journal 0/ Psychology, 79, 480484.

PENNEY, C. G. (1985). Elimination ofthe suffix effect on preterminal
list items with unpredictable list length: Evidence for a dual model
of suffix effects. Journal 0/ Experimental Psychology: Leaming,
Memory, & Cognition, 11, 229-247.

PENNEY, C. G. (1989). Modality effects and the structure of short-terrn
verbal memory. Memory & Cognition, 17, 398422.



610 HANSON

PINTNER, R., & PATERSON, D. (1917). A comparison of deaf and hear
ing children' s visual memory for digits. Journal 0/Experimental Psy
chology, 2, 76-88.

PUTNAM, V., Iscos. 1., & YOUNG, R. K. (1962). Verballearning in
the deaf. Journal 0/Comparative & Physiological Psychology, 55,
843-846.

RICHARDS, J. T., & HANSON, V. L. (1985). Visual and production
similarity of the handshapes of the American manual alphabet. Per
ception & Psychophysics, 38, 311-319.

SHAND, M. A. (1982). Sign-basedshort-term coding of AmericanSign
Language signsand printedEnglishwordsby congenitalIy deaf signers.
Cognitive Psychology, 14, 1-12.

SHAND, M. A., & KLIMA, E. S. (1981). Nonauditory suffix effects in

congenitallydeaf signers of AmericanSign Language.Journal 0/Ex
perimental Psychology: Human Leaming & Memory, 7, 464-474.

WALLACE, G., & CORBALLIS, M. C. (1973). Short-terrn memory and
coding strategies in the deaf, Journal 0/ Experimental Psychology,
99, 334-348.

WITHROW, F. B. (1968). lmmediate memory span of deaf and normally
hearing children. Exceptional Children, 35, 33-41.

WOLFORD, G., & HOLUNGSWORTH, S. (1974). Evidencethat short-terrn
memoryis not the limiting factor in the tachistoscopic full-report proce
dure. Memory & Cognition, 2, 796-800.

(Manuscript received August 16, 1989;
revision accepted for publication April 13, 1990.)


