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The study aims to examine the relationships among working memory span(WM), lan-
guage production rate (LPR), and reading comprehension (COMP) of mature Chinese deaf
readers.  Sixty prelingually-deaf adults, and 30 hearing bilinguals who speak and sign flu-
ently participated in the study. Hearing participants were teachers of deaf schools or sign
interpreters.  All participants were college educated. Thirty of the deaf, with background
in manuals, are Taiwanese Sign Language Signers and are not able to speak orally. An-
other 30, educated in oral programs, speak orally and are not able to sign.

The first part of the study was associational in nature. Participants' working memory
spans, language production rates, and scores of a reading comprehension test were collected.
The results showed that: 1. WM was the best predictor of COMP. 2. LPR correlated nega-
tively with WM, that is, the longer one took to articulate given words, the shorter the WM. 3.
Means of WM were significantly different among groups. However, after statistically con-
trolling the effect of LPR, the differences of WM means were no longer significant. 4.
Based on Baddeley's (1986) WM model, the retention capacities for Central Executive (CE)
and Phonological Loop (PL), respectively, in each group were estimated. ~According to the
model, the WM variance could be accounted for by PL, rather than CE. The results sup-
ported the stated hypotheses.

The second part of the study was a within-participant experiment. The 30 hearing bi-
linguals participated in the experiment. To control the effect of word frequency and partici-

pants' prior knowledge, pseudo-words and pseudo-characters were used as experimental

*This study was sponsored by the National Science Council, project number NSC-86-2413-H-143-002-G8.
Part of the content was presented at a poster session of The Sixth International Conference on Theoretical
Issues in Sign language, Gallaudet University, Washington, D. C. in 1999.
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materials. Participants were asked to memorize the artificial relationships between the

pseudo-characters and their corresponding pseudo-signs, and the pseudo-characters and their

corresponding pseudo-spoken-words. WM spans and LPRs of signed and spoken character

lists were measured. The results indicated that the difference between signed and spoken

WM spans was no longer significant when LPR was statistically controlled.
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PURPOSES AND
MOTIVATION

Research has shown that the reading
achievement of children with severe to pro-
found hearing impairment typically lags be-
hind that of their peers with normal hearing
(Allen, 1986; King & Quigley, 1985; Quigley
& Paul, 1986, 1989; Trybus, 1985; Trybus &
Karchmer, 1977).
United States and United Kingdom placed the

Surveys in both the

reading of 15-year-olds who have severe to
profound hearing impairment at about the
third-grade level and that of high school
graduates at about the fourth-grade level.
(Conrad, 1979). Similar results were ob-
tained in Taiwan, where a logographic writ-
ten system was used (ﬁ%ﬁj » X76 %%f%l
#) o NT76) .

Many possible causes of the reading
failure of deaf readers, such as early language
deprivation, the inefficient processing of
phonological information, and the limited
capacity of working memory, have been
proposed. However, the present study will
only focus on the limited capacity of working
memory. According to the working
memory model proposed by Baddeley (1986),

the production rate of a language accounts for
verbal working memory capacity. Having
two different modes of language, namely
signed and spoken, the deaf population pro-
vides an opportunity to examine Baddeley's
model. The purpose of the study is to ex-
amine the relationships among working
memory, language production rate, and read-
ing comprehension of Chinese deaf readers.
According to Baddeley (1986), it is very
likely that deaf speakers and signers are rela-
tively slow in language production which
results in the shortage of working memory
capacity and reading failures. Besides aca-
demic research, this study also includes prac-
tical implications for deaf education. This
study may shed light on why deaf readers
have reading difficulties.

LITERATURE REVIEW

The researcher first states the significant
role of working memory during reading
comprehension.  Questions arise when stud-
ies have shown that deaf readers are very
deficient in working memory retention, so do
hearing poor readers. What’s wrong with
their working memory? Baddeley’s (1986)



WORKING MEMORY, LANGUAGE PRODUCTION RATE, AND + 157 -
READING COMPREHENSION OF CHINESE DEAF READERS

and his colleagues’ (1975) efforts in this re-
spect are to be discussed in details and the
research hypothesis of the study will be gen-
erated via this line of argument.

Working memory and the reading
of the deaf

The term “short-term memory” is simi-
lar to the concept of working memory. In
cognitive psychology, short-term memory
only refers to the storage functions of short-
term processing; however, working memory
refers to a broader conception that includes
both storage and computational functions.
Nonetheless, because the difference between
short-term memory and working memory is
not the subject of interest, the present re-
searcher treats them as synonymous in this
article.

Reading makes heavy demands on
working memory. The reader must keep
track of the current word while understanding
the phrase, clause, and sentence in which it is
involved. He must also keep track of and
integrate the current information with pre-
ceding portions of the text. Although the
linguistic and prior-knowledge-based infor-
mation reduces some of the burden, working
memory demands can still be great.

The fact that young children who are
poor readers are deficient in working memory
has been repeatedly reported. Typically
they remember fewer items than age-matched
good readers (Mann, Liberman & Shanweiler,
1980; Shankweiler, Smith, & Mann, 1984;
Wagner & Torgesen, 1987). However, me-
mory difficulties for poor readers appear to
arise only under specific conditions; chiefly,

they occur when the items to be retained are
words and nameable objects. When the test
materials are not verbal (i.e., phonological)
encoded, as in memory for nonsense shapes
or unfamiliar faces, memory testing does not
find poor readers at a disadvantage (Katz,
Shankweiler, & Liberman, 1981). The prob-
lem seems, therefore, to be a language-related
one, not a general memory impairment. In
fact, working-memory capacity has been
found to be a good predictor of the ability of
young children to learn English syntactic
rules (Daneman & Case, 1981). These
studies of poor readers are by no means trivi-
al for the study of the reading of the deaf.
Firstly, most deaf readers are poor readers.
Secondly, there have been studies indicating
that the short-term retention span of deaf
readers was significantly shorter than that of
their hearing counterparts (Bellugi, Klima, &
Siple, 1975; Bonvillian, Rea, Orlansky &
Slade, 1987; Conrad, 1979; Krakow & Han-
son, 1985).

Why do deaf individuals have a shorter
WM span? We shall discuss what have
been reported in related literature in the fol-
lowing paragraphs.

Language production rate of the deaf

Language production rate has been con-
sidered one of the major factors influencing
working memory span. Baddeley, Thomson,
and Buchanan (1975) reported that the num-
ber of words an individual can hold in WM is
limited, not by the number of “chunks” of
information presented, but rather by the
amount of time it takes to pronounce the
words. Thus, more words can be remem-
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bered when their pronunciation requires a
smaller amount of time. Using his working
memory model, Baddeley (1986) proposed
two hypotheses to account for the growth of
memory span with age. In the first hypoth-
esis, Baddeley proposed that memory span
might be dependent on the limited capacity of
the central executive. He stated that,

The executive will use processes such as
the articulatory loop system to store infor-
mation, thereby freeing capacity for storing
more items, either directly within the central
executive, or indirectly by the more efficient
use of control processes. As a child devel-
ops, the articulatory speech programmes will
become more and more efficient, and as such
require progressively less monitoring by the
central executive. When an adult is re-
quired to articulate unfamiliar material, this
too will require more attention from the cen-
tral executive, hence reducing the amount of
capacity remaining for storing subsequent
items (pp. 195-196)

However, after reviewing the studies
conducted by three research groups in Britain,
Baddeley (1986) proposed his second hy-
pothesis, an “articulatory loop hypothesis”.
He argued that the developmental progress of
memory span could be explained in terms of
the articulatory loop, without recourse to fur-
ther assumptions about the central executive.
He said, ...we can at present account for the
development of memory span in children
purely in terms of the articulatory loop. ...as
the children become older, their articulatory
skills improve, either as a result of practice,
maturation of the central nervous system or

both. This allows them to rehearse
subvocally at a faster rate (in the articulatory
loop) and hence maintain more items in the
phonological store....it may seem intuitively
unlikely that the only difference in perfor-
mance between younger and older children is
the rate at which they articulate.... this simple
hypothesis does fit the data remarkably
well....the sensible thing seems to be in fa-
vour of the simple hypothesis--at least until
further data show it to be inadequate (p.204).

To summarize briefly, Baddeley (1986)
strongly argued that the amount of storage in
the central executive is a constant which does
not change as the memory span increases
with age. The articulation rate can entirely
account for the developmental growth of
memory span. This viewpoint was con-
sistent with the results of an earlier study.
Baddeley, Thomson, and Buchanan (1975)
reported that their participants could recall as
many words as they could read in approxi-
mately 1.8 seconds. They claimed that the
capacity of the WM can be expressed as the
time taken to articulate a sequence of items.
Thus, more words can be remembered when
their pronunciation requires a smaller amount
of time.

This argument is not confined to a with-
in-participant situation. Researchers have also
used it to interpret the memory span discrep-
ancy between groups. For example, after
comparing his results with those of an ex-
periment using hearing participants, Lichten-
stein (1983) indicated that the amount of
storage in the central executive of his hear-
ing-impaired participants was at least as effi-
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cient as that of the hearing participants. The
span difference between hearing and hear-
ing-impaired groups could be interpreted
totally by the inefficient articulatory loop of
Chen and
Stevenson (1986) reported cross-linguistic

the hearing-impaired subjects.

differences in forward digit span among 4-,
5-, and 6-year-old American and Chinese
children. Chinese children outperformed their

American counterparts in all three age groups.

Because the pronunciation duration of digits
in Chinese (mean was 320 msec) was found
to be much shorter than that of English (420
msec), the finding was considered as evi-
dence supporting Baddeley’s model.

The above empirical findings can be
summarized as follows:

1. Most individuals with severe to pro-
found hearing impairment have reading dif-
ficulties. They are poor readers.

2. Poor readers are deficient in working
memory.

3. The short-term retention span of deaf
readers is significantly shorter than that of
their hearing counterparts.

4. The articulation time accounts for the
working memory differences among groups.

5. Sign language is slower than spoken
language in producing words (Bellugi &
Fischer, 1972). Besides, the articulation dura-
tion of deaf speakers was longer than that of
their hearing peers.

HYPOTHESIS AND
METHODOLOGY

Part One of the Study—-
An Associational Study

Hypothesis  The reasons why deaf
readers have reading difficulties are not clear.
Based on the previous research described
earlier, the present researcher proposed the
running hypothesis for this study. The re-
searcher speculated that the fact deaf readers
take longer to produce language results in a
limited working memory capacity, which
consequently has a negative effect on reading
comprehension.

Under this big picture, more specific
hypotheses can be generated.

1. The reading comprehension score of
groups from different language backgrounds
will be significantly different.

2. WM will be positively correlated with
reading comprehension.

3. WM spans in different language
backgrounds will be significantly different,
regardless whether the materials being real
words or pseudo words..

4. The language production rate of
groups from different language backgrounds
will be significantly different.

5. After controlling for the language
production rate statistically, the differences in
WM span between groups will be no longer
significant.

Participants  There were 90 adults,
composed of 30 hearing bilinguals who spoke
and signed fluently and 60 prelingually-deaf
people, participated in the study. The 30



$ 160~ RS PR

hearing participants were teachers at deaf
schools or sign interpreters, whereas the deaf
participants were adults with prelingual
hearing loss greater than 90 dB in the better,
unaided ear. The participants were all col-
lege educated. Thirty of the deaf partici-
pants, with a background in manual programs,
were Taiwanese Sign Language signers and
were not able to speak orally. The other 30,
educated in oral programs, spoke orally and
were not able to sign.

Procedures Participants were in-
structed to complete the following tests.

The Chinese reading comprehension test.
There are 6 articles, either essays or stories,
in the researcher-developed reading compre-
hension test. Each article has 5 multi-
ple-choice test items.  Thus the total number
of test items is 30. Articles and items are
arranged in order of their difficulty according
to a pilot study using junior high school stu-
dents as subjects. Participants were asked to
read the articles and complete the multi-
ple-choice items in 9 minutes. The full score
was 30. The two-week test-retest reliability
was .84.

Language production rates (LPR). To
avoid misunderstanding, the researcher de-
cided to use the term "language production
rate” (LPR) instead of “articulation time"
because "articulation" is often mistaken for
the movements only related to "speaking."
The researcher collected "real-word” and
"pseudo- word" production rates in the study.
In the real-word task, experimenters selected
5 words from the materials of the verbal

working memory test.  Participants were

presented a word list of the 5 words and
asked to read the words in the original order 5
times as quickly as possible (ABCDE
ABCDE ABCDE...). Experimenters meas-
ured the articulation time twice up to second
with a stop watch. The average time of the
two trials was the LPR. Participants with
either oral or sign language background read
the word list in speech or sign respectively,
whereas bilingual participants were tested in
both formats. As to the pseudo-word-list,
readers are referred to the second part of the
study for detailed information.

Verbal working memory span.  Fifty-
four two-syllable, high-frequency Chinese
words that are concrete nouns were selected
for the study. Each word of the list was
printed on a separate card. To control the
effect of word frequency, the experimenter
conducted a pilot study and selected words
that even first graders could understand.
Experimenters presented one card at a time in
a 2-second interval in a determined sequence.
The test began with a 3-item level. Higher
levels of 4-, 5-, 6-, and 7-item followed if a
participant passed any one of the two trials in
an earlier level. Each word appeared only
once in the test. The test was stopped if a
participant failed to answer both items cor-
rectly in a given level. To include the com-
putation and storage functions of working
memory in the test, the experimenters asked a
simple question first, then read several words.
Participants were required to pick the correct
answers and recall them in the original order.
For example, the first item of the 2-word lev-
el reads:
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"Please read the animals that have
wings in the original order.

(cards presented in a determined order)

'rabbit’, 'butterfly’, 'beetle’, 'frog' "

Participants were supposed to answer
"butterfly," and "beetle".
reliability of the test was .76 to .82 in another

The test-retest

study conducted by the author.
Part Two of the Study—
A Within-Participant Experiment

The second part of the study used pseudo
characters, signs, and syllables to control the
effect of word frequency and participants'
prior knowledge. In addition, the researcher
used a within-participant design to avoid the
confounding effect of demographic variables.
According to Baddeley & Gathercole (1993),
the only factor contributing to WM span
should be the language production rates (LPR)
of the pseudo signs and syllables. Therefore,
if the effect of LPR was removed using sta-
tistical technique, the WM spans for sign or
speech recall were expected to be equal. If
it is not the case, there must be factors other
than LPR having an influence on WM.
The 30 hearing bilin-
guals in the first part of the study participated

Participants

in the experiment.

Experimental materials and proce-
dures  Twelve pseudo written characters
were created as experimental materials. These
characters were randomly assigned to 2 lists.
Each list contained 6 characters. One list was
for oral recall and the other for sign recall.
For the sake of convenience, the characters in
the oral list were named as "A, B, C, D, E, F"
and the sign list as "U, V, W, X, Y, Z"

Each pseudo character in the oral/sign list has
a corresponding nonsense syllable/sign.
None of the syllables/signs held any infor-
mation that could be related to participants'
prior knowledge about their spoken/sign lan-
guage. Participants were required to memo-
rize the artificial relationships between the
pseudo characters and corresponding non-
sense signs and syllables. After a participant
successfully passed 5 continuous trials in
which s/he responded to the pseudo charac-
ters with correct pseudo signs and syllables,
the test began. Half of the participants be-
gan with oral tasks while the rest began with
sign tasks.

Pseudo word WM span
menter presented pseudo characters by flash

The experi-

cards in an interval of 2 seconds. Partici-
pants were instructed to recall the items pre-
sented in the original order.

Nonsense syllable/sign LPR  Partici-
pants were asked to repeat "UVWXYZ
UVWXYZ UVWXYZ..." in speech, and
"ABCDEF ABCDEF....." in sign 5 times re-
spectively as quickly as possible. The ex-
perimenter measured the articulation time up
to second with a stop watch.

Hypothesis  After controlling for the
effect of LPR, there will be no significant
difference between signed and spoken WM

spans.

RESULTS AND
DISCUSSION

The Associational Study
Table 1 presents intercorrelations be-
tween working memory span (WM), language
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production rate (LPR), and reading compre-
hension (COMP) for all participants (N=90)
and for each group (N=30). WM positively

correlated with reading comprehension.
This finding was especially true in hearing
WM was the
best predictor of reading comprehension in
both groups. Tablel-1 also shows that the
LPR negatively correlated with WM and
COMP.

with the original hypothesis.

bilinguals and deaf signers.

These findings were consistent
That is, in
general, the longer one takes to produce

Table 1

PR

Ean

L= H
words, the shorter the WM span and the
poorer the COMP s/he has.

There is a somewhat different picture
when statistical procedures were conducted in
WM still
positively correlated with COMP in all three

three independent sample groups.

conditions. However, the coefficients be-
tween LPR and COMP, as well as between
LPR and WM, were marginal or not signifi-
cant in most cases. The researcher believes
this might be explained by the small number

of the participants.

Intercorrelations between working memory span (WM), language pro-

duction rate (LPR), and reading comprehension (COMP) for each group.

1-1 All participants, N=90

Variables 1 2 3 4 5

1.COMP 1

2. Real word LPR* -.301** 1

3. Pseudo word LPR? -.582*** 347 * 1

4, Pseudo word WM 514*** -.356*** -.529*** 1

5. WM Span 558%** -.387%** -.408*** .348** 1

1-2 Hearing bilinguals , N=30

Variables 1 2 3 4 5

1.COMP 1

2. Real word LPR* -.146 1

3. Pseudo word LPR* .035 3244 1

4. Pseudo word WM .355* -.278 -.151 1

5. WM Span .559** .070 -.023 .292 1

1-3 Deaf speakers (N=30)

Variables 1 2 3 4 5

1.COMP 1

2. Real word LPR* -.349¢# 1

3. Pseudo word LPR? -.384* .640*** 1

4. Pseudo word WM 317 -.223 -214 1

5. WM Span .360* -.490** -.570** .083 1

1-4 Deaf signers (N=30)

Variables 1 2 3 4 5

1.COMP 1

2. Real word LPR* -172 1

3. Pseudo word LPR* -.310# 147 1

4. Pseudo word WM 212 -.298 -.256 1

5. WM Span 572** -.132 -.320# .249 1
*P<.05 **p <01 ***P <001 # marginal

1. Participants used their strongest language during the tasks.
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Table 2 Means (STDs) of variables and the comparisons between group means

All partici-
. Speakers
Variables pants
(N=30)
(N=90)

Hearings Signers Post-hoc
(N=30) (N=30)

F
®) Comparison

1. reading

2. pseudo-word WM 3.80(1.19) 3.96(0.96)

3. Real word LPR

4. Pseudo word 10.30(6.15)  7.13(2.40)

4.49(1.07)

21.10(5.93) 23.00(4.57) 24.10(5.25) 16.27(4.67) F=22.91*** Hearings >Signers;

Speakers > Signers
2.94(1.00) F=18.19**  Hearings > Signers;
Speakers > Signers

14.98(4.32) 17.07(5.11) 11.77(511) 16.10(3.33) F=17.55%*** Signers > Hearings;

Speakers>Hearings

6.30(2.80) 17.46(4.37) F=96.69**  Signers > Hearings;

LPR Signers > Speakers
WM Span 4.07(0.69)  4.01(0.77)  4.37(0.60) 3.77(0.57) F=18.18**  Hearings > Signers
**p .01 ***p <.001

Given the scarcity and geographically
widespread nature of the deaf population and
hearing bilinguals, this study could only have
30 participants in each group. When the
sample size is 30, a correlation coefficient
must be larger than .35 to reach the .05 sig-
nificance level. If the sample size could be
enlarged, several coefficients that were marked
"marginal” would become significant. Be-
sides, in table 1-3 and 1-4, the coefficients
between LPR and WM were all negative, as
was observed in Table 1-1. It seems very
unlikely that the patterns of these coefficients
were caused by chance.

Table 2 presents means and standard de-
viations of variables and the results of analy-
sis of variance, with reading comprehension,
memory span, and LPR as dependent varia-
bles, and GROUP as independent variable.

Reading comprehension Three group
means of COMP differed significantly (Fgs
=22.91, P<.001). Scheffe post-hoc compar-
isons indicated that there is no significant
difference between the COMP means of

hearing bilinguals and deaf speakers. But
the deaf signers’ COMP mean was signifi-
cantly smaller than those of the other two
groups.

Working memory span
WM span of deaf signers in both pseudo-
word and real-word conditions was signifi-
cantly smaller than those of hearing bilin-
guals and deaf speakers.

The mean

Language Production Rate  Hear-
ing participants produced words much faster
than deaf participants in both real- and pseu-
do-word conditions. There was no signifi-
cant difference between deaf signers and deaf
speakers in real-word LPR. However, deaf
signers’ LPR was significantly slower than
that of deaf speakers. Notably, in LPR tasks,
deaf speakers produced the materials in their
dominant language. In other words, deaf
signers used Sign and deaf speakers used
Mandarin. Even all participants were using
their dominant languages, the deaf signers
remained relatively weak in pseudo-word LPR
tasks.
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Newport (1984) has found that signers
who first learned to sign after childhood
showed decreased accuracy in producing
ASL morphology compared with ear-
ly-childhood learners despite considerable
Similarly, Mayberry (1991)
found that age of sign language and spoken

experience.

language acquisition has a lifelong effect on
participants’ sentence processing. Given the
fact that the hearing-impaired participants in
this study were prelingually deaf, it seems to
be reasonable to suppose that they had lan-
guage developmental delay during their early
years and consequently resulted in an ineffi-
cient language processing, as reflected in
their longer language production rates.

In summary, the general impression of
the above findings is that, compared with
hearing people, deaf people were at a disad-
vantage position in these tasks. It seemed
that deaf signers had particular difficulty
producing pseudo-words.

Baddeley (1986) indicated that LPR ac-
counts for the individual differences of
working memory span. According to his
model, the more efficient the language pro-
duction is, the faster the rehearsal process
will be, which consequently results in a better
performance of WM. In addition, the LPR
can also be considered as an index of verbal
automaticity. As the automaticity increases,
individuals use fewer and fewer cognitive
resources in the basic processes of language
and reading. More resources can go to
higher-level processing and aid comprehen-
sion. If this is the case, the researcher then
predicted that when LPRs were controlled
statistically, the differences of WM means
among groups should disappear. An
ANCOVA (analysis of covariance) procedure,
using pseudo-word LPR as covariate, and
pseudo-word WM as dependent variable, was
then conducted to test this hypothesis.

Table 3 Means (raw data) and adjusted means (ANCOVA, using LPR as covariate)
of pseudo-word WM span for each groups

Hearings Speakers Signers

F comparisons of means

Means 4.49 3.96

Adjusted means 4.25 3.77 3.37

2.94 18.19(p<.01)

2.81(p>.05)

Hearings > Signers
Speakers > Signers
Hearings=signers=speakers

As shown in table 3, the results of
ANCOVA revealed that WM group mean
differences were no longer significant after
the language production rate was controlled.
This finding supported the hypothesis gener-
ated from Baddeley's (1986) working
memory model.

The within-participant experiment
Only the 30 hearing bilinguals partici-
pated in this experiment. The first part of
the study controlled the effect of word fre-
quency and participants' prior knowledge by
using pseudo words and pseudo characters as
WM materials. However, the researcher was
unable to interpret the between-group WM
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differences because differences caused by
other factors, such as reading comprehension,
might also exist. It is possible that deaf
signers differ from the other two groups in
the amount of time they spend on learning
reading-related skills, in their socioeconomic
and cultural background, and so on. The
WM capacity may, therefore, be the result of
many complex interactions, rather than a sin-
gle independent variable. The second part
of the study used a within-participant design
to control the effect of these possible demo-
graphic variables. In this experiment, par-
ticipants were asked to complete the tasks

both in oral or sign modes. The researcher
compared the means of dependent variables
within participants, which means that
participants were compared with themselves
rather than individuals from different back-
Table 4 showed that WM spans
in different experimental conditions differ
(paired-t=4.41, p<.000).
However, after statistically controlling the

grounds.

significantly

effect of language production rate, the dif-
ference was no longer significant (p>.05).
This result again supported the hypotheses
generated from Baddeley's (1986) WM mod-
el.

Table 4 Means (raw data) and adjusted means (ANCOVA, using LPR as covariate)
of pseudo-character WM span in two experimental conditions (hearing

bilinguals, N=30)

Recall in speech  Recall in sign

Test of mean difference

Means 4.49 3.57 Paired-t =4.41, df=29, p<.000
Adjusted means 411 3.92 Fa, 28=.23, p=.639
DISCUSSION Language background and working

Working memory and reading com-
prehension In the present study, verbal
working memory span was a good predictor
of both deaf and hearing readers’ reading
comprehension. Reading comprehension
score increased with working memory span.
This was consistent with previous research-
ers’ findings (Daneman & Carpenter, 1980;
Baddeley, 1986; 1992; Siegel, 1994). These
results support the notion that working
memory plays a significant role during the

reading process.

memory  Although deaf signers performed
more pooly than either deaf speakers or
hearing bilinguals on WM tasks, there was no
evidence indicating that the between- group
WM difference was a function of language
background. The WM difference disap-
peared after the language production rate was
controlled. The language production rate
could reasonably and empirically account for
the between-group differences of working
memory span. This statement continued to
be true when possible confounding variables,
such as word frequency, demographic back-
ground, and prior knowledge, were removed
by the design. In sum, this study supports
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the hypothesis generated from Baddeley's
(1986) working memory model. The results
lead the researcher to consider the possibility
that it was the “language processing”, and not
the “linguistic nature” of the deaf population
that had a negative influence on working
memory, and consequently resulted in fail-
ures of reading comprehension.

For prelingually-deaf speakers, to ac-
quire a spoken/aural language is difficult
enough. To articulate the written represen-
tation of the language in an automatic way is
even harder.  The discrepancy of LPR
means between deaf and hearing speakers in
this study addressed this difficulty.

Deaf speakers who grew up in an oral
environment confronted difficulties in lan-
guage processing. The same is true for deaf
signers, whose dominant communication
mode is relatively time-consuming (Bellugi
and Fischer, 1972), which results in ineffi-
cient language production, as shown in the
comparisons of LPR means in Table 2. It is
the author’s speculation that, when the items
to be remembered were real words, deaf
signers used semantic and orthographic in-
formation about the words to aid language
production. Therefore, deaf signers’ aver-
age LPR was not significantly different from
the other two groups. However, when se-
mantic and orthographic information was
removed, as in the pseudo-word materials,
the processing became extremely difficult.
Also, for most deaf signers, reading makes
heavy cognitive demands because the text
represents a language they are not familiar
with. The processing and transformation of

internal linguistic representation may occupy
too many mental resources and result in a
shortage of WM capacity, as is observed in
Table 2, in which all of the statistics for the
deaf signers are the lowest among the three
groups.

Conclusions and Implications  The
first part of the study examined the relation-
ships among language production rate,
working memory capacity, and reading com-
prehension in adult Chinese deaf readers.
Similar to what has been found by previous
researchers, the results of the present study
indicated that WM is highly correlated with
reading comprehension. Also, as predicted,
the average WM spans in the three groups
were significantly different. It was found
that the efficiency of language production
(LPR) contributed to working memory span.
Whenever the LPR was controlled, the be-
tween-group WM difference disappeared.
These findings, of course, do not necessarily
indicate cause-and-effect relationships. How-
ever, the second part of the study tested the
effect of LPR on WM with an experimental
design. With demographic variables and
prior knowledge being controlled and the
LPR removed, the researcher again found
that the WM differences disappeared. Do
these findings provide any direct implications
for educational practice? As what was re-
ported by Lovett, Steinbach and Frijters
(2000), reading disabled children could bene-
fit from remedial programs aimed at naming
speed training.  Automaticity training of
language processing may be a useful target
for future research, for we have seen how
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language production rate has an influence on
working memory, a factor which has been
considered by different researchers to be the
best predictor of reading comprehension.
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