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A “word length effect” for sign language:
Further evidence for the role of
language in structuring working memory

MARGARET WILSON and KAREN EMMOREY
The Salk Institute for Biological Studies, La Jolla, California

We report a sign length effect in deaf users of American Sign Language that is analogous to the
word length effect for speech. Lists containing long signs (signs that traverse relatively long dis-
tances) produced poorer memory performance than did lists of short signs (signs that do not change
in location). Further, this length effect was eliminated by articulatory suppression (repetitive motion
of the hands), and articulatory suppression produced an overall drop in performance. The pattern of
results, together with previous findings (Wilson & Emmorey, 1997), provides evidence for a working
memory system for sign language that consists of a phonological storage buffer and an articulatory re-
hearsal mechanism. This indicates a close equivalence of structure between working memory for
sign language and working memory for speech. The implications of this equivalence are discussed.

Our previous research (Wilson & Emmorey, 1997, de-
scribed below) has uncovered what appears to be a “phono-
logical loop” for sign language. The phonological loop, as
studied in hearing subjects, is a component of working
memory that is used for the temporary maintenance of in-
formation in a speech-based form (see, e.g., Baddeley,
1986). Our findings have indicated a similar mechanism in
the working memory of deaf native users of American Sign
Language (ASL). This mechanism is used for the tempo-
rary maintenance of sign language materials and seems to
be largely parallel in structure to the phonological loop for
speech. The data suggest the existence of a storage buffer
that is accessed directly through sign presentation and indi-
rectly through picture presentation, the latter case appar-
ently mediated by a manual articulatory rehearsal process.

These findings have implications for our understanding
of the architecture of working memory. They indicate that
the type of speech-based memory mechanism observed in
hearing subjects is not an innate property of the working
memory system, based, perhaps, on the evolutionary rela-
tionship between language and the vocal and auditory sys-
tems. Rather, it suggests that the structure of the phonologi-
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cal loop arises in response to developmental experience, in
whichever modality receives the appropriate form of input.

However, our findings so far represent only a partial
replication of the body of evidence that has been used to
construct the theory of the phonological loop. In the present
paper, we offer additional evidence for the structure of sign-
based working memory. This evidence addresses the word
length effect, a major line of evidence that supports Badde-
ley’s model of speech-based working memory. The results
of the present investigation strengthen the claim that a
phonological loop of approximately equivalent structure can
arise in either of two very distinct sensorimotor modalities.

The Evidence for the
Speech-Based Phonological Loop

Much of the evidence for the structure of the phonolog-
ical loop rests on the phonological similarity effect and the
word length effect (see Baddeley, 1986, for areview). In the
similarity effect, lists of similar-sounding items produce
lower memory performance than do lists of distinctive items
(see, e.g., Baddeley, 1966; Conrad & Hull, 1964). This re-
duced performance presumably occurs because of confu-
sions between items, and this indicates that the surface form
of the language is being retained. In the length effect, lists
of long words produce lower memory performance than
do lists of short words (Baddeley, Thomson, & Buchanan,
1975). This effect is presumed to occur because of the in-
volvement of articulatory processes, which places a time
limit on the amount of material that can be retained.

Further evidence comes from the effect of suppressing
the subject’s vocal articulatory processes. This is done by
having the subject repeat a word or a syllable continuously
during presentation of the stimuli, thus preventing the artic-
ulatory mechanisms from being used for task-relevant pur-
poses. This manipulation reduces memory span (see, €.g.,
Murray, 1968).
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Furthermore, the effect of suppression interacts with
the effects of phonological similarity and word length.
Specifically, with the visual presentation of stimuli (print
or namable pictures), suppression renders the similarity
and word length manipulations ineffective. This strongly
suggests that the similarity and length effects are pro-
duced by articulatory mechanisms (Baddeley, Lewis, &
Vallar, 1984). However, there is an important difference
between the similarity effect and the length effect: They
are subserved by articulation in different ways.

The similarity effect is only disrupted by articulatory
suppression when a speech code must be derived from visual
information, such as print or pictures. When words are
presented directly as speech, the similarity effect remains
robust even under articulatory suppression (Baddeley
et al., 1984). The similarity effect is, thus, apparently a
product of a nonarticulatory phonological buffer, and ar-
ticulation is involved only as a means of translating the
task materials into a phonological code. When this trans-
lation cannot take place, the phonological representation
will be absent, and there will be no similarity effect. But
if the stimuli are presented directly in phonological form,
the similarity effect will occur even when articulation is
blocked.

In contrast, the length effect is disrupted by articulatory
suppression, regardless of how the stimuli are presented.
This suggests that the length effect is a direct product of
the articulatory processes themselves. When the articulatory
processes are unavailable, the length effect cannot occur.

Furthermore, if one takes the word length effect as diag-
nostic of the involvement of articulatory processes, the fact
that the length effect occurs even with speech presentation
suggests that articulatory processes play a greater role in the
phonological loop than just translating from print to phonol-
ogy. The occurrence of the length effect for speech stimuli,
together with the disruption of overall performance level by
articulatory suppression, suggests that articulation is an in-
tegral part of the memory maintenance system. Baddeley’s
model states that articulation is used to repeatedly feed in-
formation back into the storage buffer before it fades.

We should note that there have been challenges to the
claim that the word length effect reflects an articulatory
process within the phonological loop (see, €.g., Avons,
Wright, & Pammer, 1994; Bishop & Robson, 1989). How-
ever, a growing body of neuropsychological evidence
joins the existing behavioral evidence to implicate speech-
planning mechanisms in working memory rehearsal (Belle-
ville, Peretz, & Arguin, 1992; Cubelli & Nichelli, 1992;
Fiez et al., 1996; Waters, Rochon, & Caplan, 1992). Fur-
thermore, for the present purposes, we are primarily inter-
ested in the pattern of data that has been used to dissoci-
ate the locus of the similarity effect from the locus of the
word Iength effect.

Partial Evidence for a
Sign-Based Phonological Loop

Previously, we have found that certain of these charac-
teristic effects and interactions hold true for sign-based
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working memory, as well as for speech-based working
memory (Wilson & Emmorey, 1997). We replicated the
finding of previous investigators (Hanson, 1982; Klima &
Bellugi, 1979; Krakow & Hanson, 1985; Poizner, Bellugi,
& Tweney, 1981) that lists of signs that share handshape
are recalled less well by deaf signers than are lists of signs
with diverse handshapes—an ASL-based phonological
similarity effect.! We also found that simple repetitive
movement of the hands during stimulus presentation re-
duced memory performance—a manual articulatory sup-
pression effect. Furthermore, we found that, when stimuli
were presented directly in the phonological form in which
they would be rehearsed (i.e., presented as signs), the
phonological similarity and articulatory suppression ef-
fects were independent of one another, but, when stimuli
were presented as namable pictures that must be translated
into phonological form, articulatory suppression elimi-
nated the phonological similarity effect. As in the case of
spoken language, this pattern of findings suggests that
there is an articulatory rehearsal mechanism that is disrupted
by the competing movement of the relevant articulators
and that this rehearsal mechanism is used to convert non-
phonological stimuli into phonological form. It further
suggests that this rehearsal mechanism is separate from
the storage component responsible for the phonological
similarity effect. Thus, our findings so far indicate the ex-
istence of a sign loop, with a structure that appears to par-
allel that of the speech loop.

To consolidate this claim, however, we must demon-
strate an additional set of effects. If articulatory processes
are involved, they ought to have certain consequences,
such as the limitation that articulation rate places on how
much material can be rehearsed without loss of information.
That is, we ought to be able to find a sign length effect that
is parallel to the word length effect for speech. Further, if
this sign length effect is indeed articulatory in nature, it
ought to be vulnerable to articulatory suppression. That is,
articulatory suppression ought to reduce or eliminate the
sign length effect. Furthermore, in contrast to our findings
with the phonological similarity effect, this reduction of
the sign length effect ought to occur even when stimuli are
presented directly in phonological form.

In fact, there is some evidence that suggests we may not
find such articulation-based effects. Whereas hearing sub-
jects show a correlation between articulation rate and mem-
ory span (Hulme, Thomson, Muir, & Lawrence, 1984),
Mayberry and Waters (1990) failed to find such a corre-
lation in deaf subjects. However, there were methodolog-
ical problems with how articulation rate was measured in
that study, which may explain the lack of correlation.
Given the important role ascribed to articulatory processes
in the phonological loop, it is critical for our claims that
we discover whether a sign length effect exists.

METHOD

Two sets of signs were chosen on the basis of movement type to
be long sign stimuli and short sign stimuli. Long signs were chosen
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Figure 1. lllustration of long and short American Sign Language signs, matched for handshape.

to have large circular movement, movement that covered distance, or
movement with change of direction. Short signs, in contrast, were
chosen to have short movement involving no change of location (e.g.,
tapping). In addition, pairs of short and long signs were matched for
handshape and approximately matched for location (see Figure 1).
The two lists were also approximately matched for concreteness of
meaning and for length in syllables of their English glosses (see the
Appendix). Finally, the two lists were approximately matched in
number of monosyllabic and bisyllabic signs (using Brentari’s
[1990] analysis).

In order to control for the possibility that sign length may have an
effect at the time of report, we used a probe paradigm, in which sub-
Jjects are asked to report only a single item from a particular serial po-
sition. (The word length effect has been demonstrated with a probe
paradigm by Avons et al., 1994.) Specifically, in the present experi-
ment, the subjects were shown a probe sign after the end of the list
and were asked to report the sign that had come immediately after
the probe sign. This method allowed us to test for serial memory,
while eliminating any effect of report length. Any observed length
effect could thus be attributed to the impact of length on retention
prior to report. (Experiments on the word length effect in hearing
subjects frequently use written reports, in which subjects are allowed
to abbreviate long words in order to eliminate report length effects—
see, ¢.g. etal., Baddeley et al., 1984, This solution is not practical here,

since the use of written English may bias deaf subjects away from an
ASL-based memory strategy-—Krakow & Hanson, 1985.)

Because sign-based memory generally yields lower serial recall
performance than does speech-based memory (Hanson, 1982;
Klima & Bellugi, 1979), possibly because of differences in articula-
tion time (Klima & Bellugi, 1979; Marschark, 1996), the present ex-
periment used relatively few items per list. Pilot experiments indi-
cated that five signs per list with a probe paradigm avoided both
ceiling and floor performance for most subjects.

Subjects

The experiment included 12 deaf students at California State Uni-
versity, Northridge, and at Gallaudet University, Washington, D.C.,
ranging in age from 19 to 30 years, with a mean age of 24. All sub-
jects had hearing loss of 80 dB or greater, and all considered ASL to
be their primary language. Of these, 7 had deaf parents or an older
deaf sibling and had acquired ASL from birth, whereas the remain-
ing subjects all had learned ASL by age six. Two additional subjects
were tested but were excluded because of performance near chance
(25% correct).

Stimuli
Thirty-two lists of 5 signs each were created from a set of 10 long
signs, with no sign occurring more than once per list. Likewise, 32
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Figure 2. Mean performance on probed recail of American
Sign Language signs. Error bars represent within-subjects 95%
confidence intervals.

lists were created from a set of 10 short signs. (English glosses ofthe
long and short signs are listed in the Appendix.) In addition, 8 lists
of each length were created for practice, with each stimulus sign used
exactly four times. Each sign was filmed separately, beginning and
ending with the signer’s hands in the lap. These stimuli were cropped
to a length of 1.25 sec each and were concatenated into lists with
zero interstimulus interval (ISI) by digital editing software (Adobe
Premiere) before being transferred to videotape. Stimulus presenta-
tion for each trial consisted of a list of signs, followed by a 2-sec re-
tention interval, followed by a single sign from the list (the probe).
In all four conditions, probes were chosen with equal frequency
from serial positions 1—4 in the list. (After 4 subjects were run, an
error was detected in the balancing of frequency of serial position.
For these subjects, eight trials were thrown out to achieve balance,
and the stimulus tape was redesigned to correct the balancing for the
remaining subjects.)

Design and Procedure

Two within-subjects factors were tested: suppression (not sup-
pressed vs. suppressed) and length (short vs. long). Trials from all
four conditions were mixed, and a break was provided halfway
through the experiment. Instructions, which were given in ASL, re-
quested that the subjects produce the sign that had occurred imme-
diately after the probe sign in the stimulus list. The stimuli were pre-
sented on videotape by a Panasonic monitor/recorder AG-513. After
the presentation of each trial, the experimenter paused the videotape
while the subject responded. Suppressed trials were preceded by a
blue dot in the upper right corner of the screen for 1 sec, which was
the subject’s cue to begin manual suppression. This consisted of
forming the ASL & handshape (thumb touches middle finger) with
both hands, combined with the movement from the sign wORLD (the
two hands circle one another, with coniact at the end of each repeti-
tion).2 This activity was to begin before stimulus presentation and to
continue throughout stimulus presentation, retention interval, and
probe presentation. If the subjects interrupted the suppression move-
ment or slowed to a rate of less than approximately one repetition per
second, they were corrected after the end of the trial. (In fact, all
such instances of subjects being corrected occurred during practice.)

587

RESULTS

Performance for the four conditions is depicted in Fig-
ure 2. Error bars show within-subjects confidence inter-
vals—that is, confidence intervals with intersubject vari-
ance removed (Loftus & Masson, 1994). Inspection of the
graph suggests that suppression reduces performance and
also that length and suppression interact. Figure 3, which
plots difference scores, shows the effect of length for the
not-suppressed and suppressed conditions. The confi-
dence interval for the not-suppressed condition lies en-
tirely above zero, suggesting that short sign performance is
in fact better than long sign performance. These observa-
tions are borne out by statistical tests. A two-way repeated
measures analysis of variance did not show a main effect
of length [F(1,11) =0.58, n.s., MS,=121.58] but did show
amain effect of suppression [F(1,11)=6.23, MS,=291.29,
p < .05] and a significant interaction [F(1,11) = 6.48, MS, =
90.30, p < .05]. In the not-suppressed condition, the effect
of length was significant {#(11)=2.08, p < .05, one tailed].
In the suppressed condition, the apparent reversal of the
length effect was not significant [#(11) = 1.17, n.s.], al-
though this may reflect insufficient power.

DISCUSSION

These results demonstrate a sign length effect in ASL-
based working memory that parallels the word length ef-
fect for spoken language. The results also replicate our
previous finding that manual articulatory suppression dis-
rupts working memory for signs (Wilson & Emmorey,
1997). Furthermore, just as with the word length effect for
speech, articulatory suppression reduces or eliminates the
sign length effect, suggesting that the length effect is ar-
ticulatory in origin. Given that the probe paradigm used
here prevents any effect of length caused by the process of
report, the sign length effect appears to be due to the time
limitation imposed by an articulatory rehearsal process.
This set of findings supports the claim that there is a close
equivalence of structure between the phonological loop
for speech and the phonological loop for sign.

Inspection of the mean difference scores for the sup-
pressed condition in Figure 3 actually shows slightly better
memory for long signs than for short signs. One possible
explanation for this reversal, if it is real, is that the hand
motion during suppression is similar to that of two of the
long signs (and none of the short signs). Compatibility be-
tween the suppressing movement and the movement of
these signs may have allowed a certain amount of rehearsal
to take place, even under suppression. This would result in
a slight advantage for the long signs relative to the short
signs, which would be more effectively suppressed. This
explanation is consistent with the phonological loop model
we are invoking to explain working memory for signs.

Finally, we should also note that the interaction between
length and suppression, which is predicted by the claim
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Figure 3. Difference scores (short sign condition minus long
sign condition) for the not-suppressed and suppressed conditions.
Error bars represent within-subjects 95% confidence intervals.

that the length effect is articulatory, would not be expected
if the observed “length effect” were in fact a spurious re-
sult of some other unintended difference between the two
sets of signs. Thus, the observed pattern of results vali-
dates the choice of short and long sign stimuli.

The Nature of Articulatory Rehearsal

A controversy exists in the literature over whether the
word length effect results only from differences in length
that are specified in the phonological representation (e.g.,
difference in number of syllables) or whether it can arise
from factors that affect length because of the constraints of
articulation itself (e.g., English long vs. short vowels or
articulatorily simple vs. complex combinations of
phonemes). The present results may bear on this issue. Al-
though Baddeley, Thomson, and Buchanan (1975) found
a word length effect for long as opposed to short words
that were matched for number of syllables and phonemes
and that differed only in the articulation length of the
phonemes themselves, Caplan, Rochon, and Waters
(1992) failed to replicate this result. Caplan et al. (p. 186)
argue that, although word length effects (e.g., those based
on number of syllables) do “require some form of phono-
logical output planning,” this output planning does not fully
specify articulatory gestures. Instead, they conceive of this
output planning as activating “underspecified lexical
phonological representations (p. 189).” (See Baddeley &
Andrade, 1994; Caplan & Waters, 1994, for further debate
on this issue.)

Our findings on the sign length effect may pose a chal-
lenge to the view proposed by Caplan et al. (1992). Unlike
spoken language, additional syllables in sign language do

not necessarily add additional articulatory length, accord-
ing to most accounts of ASL syllable structure (for reviews,
see Brentari, 1995; Corina & Sandler, 1993). Indeed, our
set of long signs contained a few monosyllabic signs (e.g.,
LANGUAGE, YEAR), whose matched short signs were bisy/-
labic (e.g., LICENSE, STATISTICS). Thus, the features that dif-
ferentiate our long and short signs apparently affected ar-
ticulation time for reasons related to the articulatory
gestures themselves (e.g., distance to be traveled) rather
than for reasons related to the phonological representa-
tion. For speech, the types of length manipulations used by
Baddeley et al. (1975) and by Caplan et al. (e.g., long vs.
short vowels) may simply not result in large enough length
differences to create a robust effect. In contrast, because
sign language involves large scale movement, it may be
much easier to construct sizable length differences without
resorting to adding syllables, thus providing a better test
of whether length effects can be found for relatively pe-
ripheral features of the stimuli. Our data seem to argue
that peripheral features of language output are indeed in-
volved in the phonological loop.

The Interplay of Language
Structure and Sensory Processing

The results of the present study indicate that articulatory
processes play a similar role in sign-based and speech-
based working memory, lending support to our previous
claim for a sign-based “phonological loop” that parallels
the speech-based loop in structure (Wilson & Emmorey,
1997). We should note, however, that not all of our findings
indicate complete equivalence between the speech loop
and the sign loop. In one study we found that deaf children
who were native signers of ASL were approximately equal
on forward and backward digit span, in striking contrast to
the standard finding of severely diminished performance
on backward span relative to forward span for hearing
children (Wilson, Bettger, Niculae, & Klima, 1997). This
result can be interpreted in terms of information-process-
ing differences between the auditory and visual modali-
ties. Whereas audition tends to code order information
temporally, and hence unidirectionally, vision can code
order information spatially, without a necessary direc-
tionality. Thus, differences between audition and vision
may create differences between the speech and sign loops
in terms of exactly how information is represented in the
phonological storage buffer.

Nevertheless, our previous (Wilson & Emmorey, 1997)
and present results indicate that the basic configuration of
components and how they interact is the same for the
speech and sign loops. This claim has implications for our
understanding of how working memory develops. The struc-
ture of the phonological loop appears not to be predeter-
mined by the evolutionary relationship between language
and the auditory/vocal modality. Instead, it appears to de-
velop in response to language experience, regardless of
sensorimotor modality.
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This raises the possibility that similar rehearsal loop
structures could arise for other forms of expertise bestdes
language, such as musical expertise. The apparently crit-
ical role of articulatory processes in both the speech loop
and the sign loop suggests that a necessary precondition
for such rehearsal loops may be a tight, overlearned rela-
tionship between input and output representations. It may
be that imitatability or rehearsability is a hallmark of the
type of information that will allow for this type of mem-
ory mechanism. In that case, we would indeed expect such
a mechanism for expert musicians, who have overlearned
the relationship between certain notes (or relationships and
combinations of notes) and certain motoric patterns in-
volved in playing an instrument.

A similar suggestion regarding the role of learned
motor patterns in the creation of rehearsal mechanisms
has been made by Reisberg, Rappaport, and O’Shaugh-
nessy (1984; see also Reisberg & Logie, 1993). Although
the motoric system for representing information that was
invented by Reisberg et al. was extremely simple (capable
of representing only the numbers 1-10 and practiced by
subjects for only a few hours), it nevertheless hints at both
the importance of articulation as a form of representation
in working memory and the flexibility of working memory
in its ability to acquire and exploit novel representational
systems. These conclusions fit well with the implications
of the present findings. The articulatory and phonological
properties of a language apparently are sufficient to give rise
to a rehearsal loop structure within working memory, re-
gardless of the sensorimotor modality of the language.
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NOTES

1. The sublexical structure of ASL exhibits abstract phonological
properties, such as hierarchically organized feature classes, autoseg-
mental representations, deletion and segmentation rules, a sonority hi-
erarchy, and syllabic structure. See the following references for reviews
of ASL phonological structure and for arguments supporting the use of
the term phonology to characterize the sublexical structure of signed lan-
guages: Brentari (1995), Corina and Sandler (1993), Coulter (1993), and
Sandler (1995).

2. Pilot data indicate that this movement is a more effective form of
suppression than that used in our previous study (Wilson & Emmorey,
1997), perhaps because it involves a specified location and a more
structured handshape, allowing less possibility for concurrent re-
hearsal.

APPENDIX

English Glosses of Long and Short Signs
Long Signs Short Signs
CROSS CHURCH
BIKE MILK
TOAST POTATO
AMERICA FOOTBALL
LANGUAGE LICENSE
COMMITTEE COP
NAVY Russia
PIE SCHOOL
PIANO TYPEWRITER
YEAR STATISTICS

(Manuscript received October 29, 1996;

revision accepted for publication March 10, 1997.)



