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The present study tests the assumption of the PAS theory of echolc memory
{Greene & Crowder, 1984) that the representation of acoustic features is
necessary in producing modality effects. Performance by deal subjects was
compared to hearing subjects on serial and free-recall tasks with vocalizving and
non-vocalizing conditions, For the serial tasks, typical modality and acoustic
strdlarity effects were observed with hearing subjects, and no such effects were
found with deat subjects. However, for the free-recall task, modality effects
were found for both deaf and hearing subjects. It is unlikely that phonological
ting from gestural coes mediates the modality effect, as phonologi-
cal confusion errors for deaf and bearing subjects did not correlate with the size
of this effect.

One commonly used index of auditory or echoic memory is the modality
effect. When subjects are presented with a list of items to be immediately
recalled, performance on the last one or two items is better following
auditory presentation than following visual presentation (Crowder & More
tom, 1969). The recency advantage found with audition was originally
attributed to a Precategorical Acoustic Store (PAR) consisting of sensory
representations of at least the terminal item of stimulus lsts for upwards of
three seconds {(Crowder & Morton, 1969). Accordingly, subjects can use the
relatively long-lasting traces of items in PAS to supplement information held
in short-term memory (8TM). The result is two sources of information
available to the subject about recency items in auditory lists. Because the
duration of the visual store is much shorter, the subject receiving visual
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presentation cannot supplement the STM in recall. Thus, the modality effect
was thought to reflect the advantage of an additional source of information
for recall with auditory presentation.

Aldso supporting the original PAS model is the suffix effect (Crowder &
Morton, 1969), in which the auditory advantage is eliminated if a redundant,
non-recalled verbal item is appended to the list. There is no decrement in
recall, however, when a suffix is appended to a visually presented list
Subsequent items {e.g. the suffix) mask or supplant the trace of the previous
item in PAS and the magnitude of modality effect is reduced or eliminated,

Recently however, the PAS theory of echoic memory has been revised
{Crowder, 1983, Crowder, 1986; Greene & Crowder, 1984) as a result of
several findings inconsistent with the original model. Several studies (cf.
Mairne, 1988) have shown modality and suffix effects in the absence of sound,
Campbell and Dodd (1980) found a significant recency advantage of lipread
lists over visually presented lists, and a suffix effect when an auditory suffix
was appended to lipread lists. Spoehr and Corin (1978) demonstrated that a
hpread suffix appended to anditory Hsts produced a suffix effect, and similar
findings were reported when visually presented lsts were silently articulated
{mouthed), and when there was either a mouthed or auditory suffix {(Greene
& Crowder, 1984; Nairne & Walters, 1983). Clearly the original PAS model
cannot account for the numercous demonstrations of suffix and modality
effects in the absence of sound.

The original PAS theory assumed that activation of auditory features
occurs directly as a result of auditory input. The newer theory (Crowder,
1983; Greene & Crowder, 1984) is based on the assumption that gestural cues
can cause the auditory features associated with these cues to be activated.
Crowder (1983) suggests that when gestural information is presented, we first
calculate the sounds that these gestures would have produced, and then
activate the corresponding auditory features. The ability to utilize thes
gesture-to-sound rules presumably relies on the associations between audi-
tory and non-auditory stimulation formed during infancy. It s this initia
experience of simultaneously hearing sounds and associating these sounds
with gestures that provides subseguent non-auditory stimulation access ¢
PAS. The result is gestural stimulation that leads to “functional sound”
(Crowder, 1983, p. 261).

The revised PAS model still requires auditory feature synthesis, even when
gestural information is the catalyst. Modality effects found with mouthed
and lipread stimuli can be accounted for, and the integrity of the modality
effect procedure as an index of echoic memory is upheld. There is, however,
an alternative possibility.

An underlying assumption of both the original and revised PAS models &
that the primitive acoustic features are temporarily preserved, allowing time
for integration of PAS traces with information in 8TM. The result is
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enhanced recency for auditory lists. However, the necessity of this synthesis
in producing the modality effect has not been directly tested. The effects of
gestural information such as mouthing and Hpreading suggest that auditors
presentation may be one of several ways to produce enhanced recency; it
does not necessarily reflect echoic memory processes, If it can be demon-
strated that gestural information alone, independent of acoustic feature
activation, is sefficient to produce modality effects, then this effect does not
simply reflect an acoustic memory,

The present study was designed to test whether articulation by dead
subjects is sufficient to produce the modality effect. Although not directly
addressed by Crowder (1983), the PAS model seems to predict that as the
feature selection mediated by gestures reflects infantile associations of
gestures and sounds, congenitally deaf individuals should not bave access ic
such a system. However, predictions about adventitiously deaf subjects are
less clear, While these individuals should have formed the initial gesture-to-
sound associations that Crowder {1983) describes, we do not know how
subsequent physical damage to the auditory system would affect the pro-
cesses of PAS. This issue will be further explored in the analyses of our data.

A recent study by Hanson and Fowler (1987) demonstrated that deal
individuals can utilize phonological (articulatory) information. In a series of
lexical decision tasks, they presented pairs of words and pseudowords thai
varied along several dimensions, including phonological similarity. Thes
found facilitation in reaction times for rhyming, phonologically similaz
waords, and suggested that “given the impoverished auditory experience of
deaf individuals, phonological information need not be tied to the auditory
modality” (Hanson & Fowler, 1987, p. 207). They further assert that this
phonclogical information may closely resemble articalatory coding. Ir
addition, Conrad (1979) demonstrated that deaf children can use speech-
based codes when performing in a visual memory span task. Thus, it appears
that the deaf can demonstrate a sensitivity to phonology and may utilize
articulatory coding. For the purposes of this article, the terms phonologica
and articulatory will be used interchangeably. Whereas deaf subjects may use
articulatory coding, the new PAS model predicts that congenitally dea:
subjects could not have formed the gesture-to-sound associations necessary
to utilize auditory feature selection.

Although auditory stimuli cannot be presented to deaf subjects, modality
effects have been consistently demonstrated when hearing subjects vocalize
visual stimuli (e.g. Crowder, 1986, Watkins, Watkins, & Crowder, 1974). Ir
the present study, performance by deaf subjects in immediate serial and free-
recall tasks was compared to hearing subjects when stimuli were vocalized o:
sitently read. If, as suggested by Crowder (1983) and Greene and Crowde:
{1984), the modality effect reflects the acoustic feature synthesis of echoi
memory, then because the deal cannot take advantage of this process. thers
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should be enhanced recency in the vocalizing condition for hearing subjects
only, If, on the other hand, gestural information alone is sufficient to produce
modality effects, then both groups of subjects should show enhanced recency
in vocalizing conditions,

Should the data indicate modality effects for both deaf and hearing
subjects, one possible explanation is that the modality effect occurs as a resub
of the articulatory coding generated from gestural stimulation, rather thar
acoustic feature synthesis, This possibility was tested by manipulating the
phonological confusability of stimulus Hsts, Conrad (1964, 1970) used thic
type of procedure to demonstrate articulatory coding in both deafl anc
hearing subjects with visual stimuli,

The revised model incorporates gestural movements, but modality effects
are still contingent on the activation of acoustic features rather than motoric
or phonological coding. Although deaf subjects can produce the motor
movements necessary for speech, they presumably cannot represent the
acoustic nature of the spoken stimuli. Thus, the present study tests the
assumption underlving both the original and revised PAS models: that
acoustic feature representation is necessary for producing modality effects.

In the first and second tasks serial recall was required, and the effects of
phonological similarity and modality for deaf as compared to hearing
subjects was examined. Watking et al. (1974), and Crowder (1971) have
demonstrated that phonologically confusable stimuli will reduce or eliminate
the modality effect, suggesting that PAS represents acoustic information.
Conrad (1970} demonstrated that deafl subjects who are good articulators
will make phonological confusion errors. Greene and Crbwder (1984;
suggested that because auditory and mouthed modality effects are both
influenced by acoustic similarity, they must share a common source. Thus,
Conrad’s (1970) task was replicated with the addition of a vocalizing
condition. Conrad’s procedure and stimuli were chosen because he was able
to demonstrate that this may be an appropriate technigue for distinguishing
between articulators and non-articulators in a deaf population. In this
procedure, phonological similarity is manipulated within lists, so that each
stimulus list contains both phonologically similar and non-similar items.
However, Watkins et al. (1974) assert that presenting mixed-letter lists
reduces the effect of acoustic similarity and may prompt other inter-list
memory strategies that do not rely on phonology. They posit that a more
sensitive measure of phonological coding can be obtained by blocking lists
that are either all similar or all non-similar, Thus, in the second task, blocked
lists in the manner suggested by Watkins et al. (1974) were presented. In the
third task, free-recall performance of deaf and hearing subjects was com-
pared in lists of items to be vocalized and silently read. If the modality effect
reflects echoic memory processes, then in both serial and free-recall tasks this
effect should be demonstrated with hearing subjects only. If, on the other
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hand, the modality effect simply reflects the processing of gestural informa-
tion and is independent of echoic memory, then both deafl and hearing
subjects should exhibit enhanced recency for vocalized lists over silently read
Hsts.

Method
Subjects

Hearing. The hearing subjects were 40 college students from the Univer-
sity of South Caroling who volunteered for this study and received credit
towards their introductory psychology course.

Deaf.  There were 40 deafl volunteers from Gallauder College whose
hearh‘ig loss was m !mwt 5%{‘} d"ﬂ in tht‘: beuf::r car. “§“hr€€: ﬁ:u?&jwcm hmi a hmring

mm@um% M:cb;m s had a hﬁarmg loss Oi greater mw 90 dﬂ‘ & pmt(mmﬁi h:m
in which only vibrations rather than complete sound patterns can be
perceived.

Hearing loss was congenital for 31 subjects. One subject’s onset age could
not be identified, and the remaining 8 subjects had become deaf between the
ages of 3 and 15

Although this study was not designed to examine the verbal learning
characteristics of deaf individuals, Gallaudet did provide a pool of test scores
that they had retained about their students, and we examined these measures
in relation to performance on our fasks. It is important to note, however,
that the Gallaudet measures are viewed as supplemeuntal information second-
ary to the experiment that we conducted, Thus, there are no predictions
advanced about the relationship between performance on our experimental
tasks and subjects’ scores on the following measures provided by Gallaudet:

Cattell 1O,

lipreading scores with visual presentation;

lipreading scores with visnal and auditory presentation;
etiology and magnitude (in dB) of hearing loss;

speech discrimination score.

Two additional measures, a speech score, and whether the student was or was
not an articulator, were assigned by a hearing experimenter who was
proficient in sign language and familiar with deaf speech.

The experimenter assigned a speech score to cach subject quite subjec-
tively but based on the following five-point rating scale:
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1. The student is easily understood by the general public and has no obvious
voice and/or articulation errors.

2. The student is easily understood by the general public, but has obvious
voice and/or articulation errors,

3. The general public has some difficulty understanding the student initially,
but the student can be understood once the listener adjusts to “deaf
speech™,

4. The student’s speech is very difficult for the general public to understand.

Probably understood only by family and teachers.

. The student’s speech cannot be understood.

L

The experimenter then labelled each subject as either an articulator or & non-
articulator, based on their speech score, tape conversations, and questions
such as “When you read, do you ever talk to yourself?” and “When you
think, do you think in words?” Of the 40 subjects, 23 were labelled as
articulators,

Marerials and Apparatus
TASK 1: Mixed-Levter Lists (Serial Recall). There were 50 lists of

the same restrictions as Conrad (1970). BC T Z were regarded as phonologi-
cally similar, and X H K LY were considered to be non-similar, Roth sets of
letters were represented in each st

TASK 2. Blocked-Letrer Lists { Serigd Recall).  The second set of serial
recall lists was chosen from a pool of stimulus letters that were either
phonologically similar (BCD EG TV Z) or non-similar (FHIJNOQR).
There were 24 lists of seven letters each. Each list contained only similar or
non-similar letters, and lists were blocked by similarity.

TASK 3: Free Recall. There were 24 lists of 12 high-frequency words
(nouns) that were presented at a rate of 1.5 per sec, with a 60-sec delay
between lists for immediate written free recall.

The letters and words were presented via a Kodak slide projector, Serial
lists were presented at a rate of 1.1 per sec with a 15-sec delay between lists
that was used for immediate, written recall.

Procedure

All subjects participated in all conditions over a two-day period. Half of
all lists were to be vocalized, the other half read silently. For half of the
subjects, lists presented on Day 1 were vocalized, and lists presented on Day
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4 were read silently. For the remaining subjects this order was reversed. Each
task was represented on both days.

For all subjects, the mixed-letter task was presented first, followed by the
blocked-letter task. The presentation order of blocked lists (acoustically
similar or disstmilar) was counterbalanced across subjects. The free-recall
task was the last task presented on each day.

Subjects were presented with typical serial-recall instructions for letter
sts. Response booklets were provided in which subjects were to write thelr
recall. As our deaf subjects were chosen from a highly regarded university, we
did not feel written responses would in any way impair their performance.

Results

The raw data and a normalized version were analysed, To transform the
data, the total number of correct responses collapsing across all lists of a
given condition and all serial positions was calculated for each subject. The
number correct at each serial position was then divided by this total,
resulting in the percentage of the total correct accounted for at each serial
position. Although analyses were performed on both the raw and trans-
formed data, the results of the transformation are presented only when they
differ from the non-transformed results, A difference of this type was found
only once, for hearing subjects in the blocked-letter task,

Analyses of Variance (ANOVA) on the raw data were performed on the
mean number of items recalled in the correct serial position. For the free-
recall word task, analyses were based on the mean pumber of correcily
recalied items regardiess of the order in which they were recalled. All post
hoe analyses were computed with the Tukey HSD comparison, and any
differences reported were at the 0.05 level of significance or better. Separate
analyses were computed for deaf and hearing subjects,

TASK 1:
Mixed-Letter Lists (Serial Recall)

Hearing Subjects. A 2x7 ANOVA was computed as a function of
whether lists were vocalized or read silently (vocalizing condition) and serial
position. As can be seen in Figure 1, a modality effect was found for hearing
subjects, with recall being better for vocalized than silently read lists, but this
superiority was confined to the end of the list,

This was confirmed by the significant Vocalization » Serial position
interaction, F(6, 234)=46.51, p<0.05, MSe=23.08, and post hoc analyses
indicating a significant advantage of vocalized lists over non-vocalized lists at
serial position seven. There was a significant serial position effect, F(6,
234)=17.59, p<0.01, MSe=31.63, and the main effect for vocalization was

EFa 41008
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FIG. 1. The mean number of correctly recalled items for hearing and deaf subjects as a
function of sertal position, and whether subjects vocalized or silently read stimuli,

analysis was found for the transflormed data,

To assess the influence of phonological coding in producing the modality
effect, y* analyses that compared the number of phonologically similar
confusion errors made when phonologically similar letters were presented, to
the number of errors when non-similar letters were presented, were per-
formed on the recall scores for each subject. Two ¢? scores were obtained for
gach subject, one for vocalized lists, and one for silently read Hsts, Twenty of
the 40 hearing subjects showed significantly more phonologically similar
confusion errors than non-similar errors with vocalized lists. These subjects
are considered to have been engaging in phonological coding. Fifteen of the
40 hearing subjects exhibited phonological coding with silently read lists,
nine of which had also shown this coding with vocalized lists,

The magnitude of the modality effect was then computed for each subject
by subtracting the mean number of items recalled in serial position seven for
silently read Hsts, from the same measure in vocalized lists, There was no
significant correlation between the magnitude of the modality effect and the
x? score for vocalized lists (r=0.2714, p=0.115) or silently read lists
{r==0.2929, p=0.088). Thus, the modality effect does not appear to be related
to phonological coding for hearing subjects in this task,

Deaf Subjects. A 2% 2x7 ANOVA was computed with the variables
being (a) whether the student was labelled as an articulator or non-
articulator, (&) the vocalizing condition, and (¢} serial position. As can be
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seen {n Figure 1, the typical modality effect was not found for deaf subjects,
This was confirmed M’ the lack of an mwmatmﬂ between vocalization and
serial position F(6, 228y = 105, ﬁW (3{}“? M¥e=12.22. Although there was an

effect of vocalization, F{1, 38)=6.52, p<{. 0‘5 Mgﬂ =270, nalike hearing
subjects, post hoe analyses on me ‘%«’wczﬁ zation x Serial position interaction
indicated that it was not a function of the final Hst position. Furthermore,
recall performance does not appear to be influenced by whether subjects
were labelled as articulators or non-articulators, reflected by the lack of an
overall effect of this manipulation, F(1, 38)=0.44, p> 0.05, MSe= 1339,
and the lack of an interaction with the other manipulations. No significant

effects were demonstrated for Articulator  Vocalization, F(1, "38} = 3,02,
P 005, MSe=270; Articulator x Serial position, F(6, 228) = 1,56, p> (.05,
MSe=20.82; or Articulator ¥ Vocalization » Serial position, F(6, &“’8}«‘
.20, p> 0. {):’5w MSe=12,23, There was a main effect demonstrated for serial
position, F{6, 228)= 30,65, p> 0.01, MSe=20.82. Analysis of the normalized
data produced the same a:am{;:h;fﬂic;m

As with hearing subjects, ¥’ analyses were computed for each subject
comnparing the type of errors made when phonologically similar vs. non-
similar letters were presented. Only four of 40 deaf subjects showed signifi-
cant articulatory coding in vocalized lists, and only one subject showed
articulatory coding in silently read lists. This measure, indicating that only a
few deaf subjects used articulatory coding, is obviously inconsistent with our
labelling of the subjects as articnlator or non-articulator, However, as
previously mentioned, caution is necessary in interpreting phonological
confusions in mixed Hsts, and it may be that our ¥* measure is not a sensitive
index of articulatory coding,

The results of the mixed-letter task analyses indicate that deaf subjects do
not produce the modality-dependent performance characteristic of PAS.
However, because § of the 40 deaf subjects who participated in this study
became deal after three vears of age, it is possible that their data are not
representative of those individuals who are congenitally deaf and have had
no experience with acoustic information. Crowder (1983) postulated that the
association between gestures and sounds is formed during mﬁmm and it is
the formation of these associations that allows subsequent non-auditory
stimuli to activate PAS. Our deaf sample provides an opportunity to test this
otherwise unexplored premise. One possibility is that adventitiously deafl
subjects can utiize PAS, as during infancy they would have formed the
necessary gesture-to-sound associations required for subsequent auditory
feature selection. Another possibility, however, is that physical damage to
the auditory system that resulted in hearing loss may include those areas
associated with PAS, thereby eliminating the ability to activate this system.
To explore these possibilities, a peint biserial correlation was computed
between the onset age of hearing loss (greater or less than three years) and the
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magnitude of the modality effect at the terminal list position (vocalized
minus silent). The results indicate no relationship between onset age and the
modality effect, #(37)=0.15, p> (.08, Thus, regardless of when our subjects
became deaf, they did not produce the vocalizing advantage at terminal liss
positions that is characteristic of PAS,

A final analysis on mixed-letter Hsts was performed in ovder to examing
differences between deaf and hearing subiects, A mixed ANOVA on the rawn
data was computed with the factors of Hearing status (deaf/hearing).
Vocalization, and Serial position. The results vield conclusions similar to the
individual AMOVAs computed for each subject sample. Whereas hearing
subjects recalled more items than did deaf subjects, the hearing advantage i
the final serial position was evident only when subjects vocalized Hsts, Fina
position recall in silent Hsts did not differ between deal and hearing subjects
As can be seen in Figure 1, the requirement of vocalizing improved hearing
subjects” performance on the final list item relative to silent reading, whereas
the corresponding performance by deaf subjects did not differ as a functior
of whether or not they engaged in vocalization. This conclusion was
supported by the Hearing status ¥ Vocalization % Serial position interaction
Fi6, 468)=3.95, p<0.001, and the post hoc analysis on the final seria
position indicating a superiority of vocalizing over silent reading for hearing
subjects only.

The results from the mixed-letter lists are consistent with the PAS
interpretation of modality effects. Hearing subjects, who according 1o the
PAS model bave the ability to utilize acoustic feature synthesis, produced ar
end-of-the-list advantage in vocalized lists that is characteristic of the
modality effect. Deaf subjects, who do not have echoic memory traces, dic
not demonstrate this effect.

ety

TASK 2
Blocked-Letter Lists

Hearing, A 2x2x7 ANOVA was performed on both the raw anc
transformed data as a function of acoustic similarity, vocalization, and seria
position. The PAS theory predicts that the magnitude of the modality effec
in non-similar lsts will be greater than for similay lists. The analysis of the
raw data confirms this prediction. As can be seen in Figure 2, a modality
effect was found with hearing subjects when non-similar lists were presented.
and this effect was eliminated when list items were acoustically similar,

For the raw data, the interaction between vocalization, similarity, anc
serial position was not significant [F< 1. However, because the modalite
effect is expected in the final list position of non-similar lists only, post hoe
analyses were performed on the recall from lists position. The analysis
indicated an advantage of vocalization at serial position seven for non
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FiG. 2. The mean number of correctly recalled items in blocked-letter lists for hearing subjects
only, as a function of similarity, serial position, and whether subjects vocalized or silently read
stimuli,

similar lists only. Overall, non-similar lists were better recalled than similar
hists {F{1, 26)=128.37, p<0.001], non-vocalized lists were betier recalled
than vocalized lists [F(1, 36)=7.93, p<0.01, M8e=11.97], and the inter-
action between similarity and vocalization was not significant, (1, 36)=
163, p>0.05, MSe= 788 There was a main effect for serial position, F(6,
216)y==32.34, p<0.01, MSe=4.67, and a significant interaction of Similarity
% Serial position, F(6, 216)=12.84, p=<0.01, MSe=2.11. Post hoc analyses
indicated that overall, non-simdlar Hsts were better recalled than similar Hsts
in all seven serial positions. The Vocalization ¥ Serial position interaction
was also significant, F(6, 216)= 10.75, p<0.01, MSe=2.28; however the
post hoe analysis indicated that these differences were in primacy positions
only (1-4), and favoured non-vocalization,

The analysis on the transformed data vield similar results, with one
exception. Post hocs on the three-way interaction indicated a significant
advantage of vocalizing in the terminal serial position of both similar and
non-similar lists, The modality effect was equivalent for the scoustically
sirnilar and dissimilar lists (see Figure 3). It should be noted from the raw
data in Figure 2, however, that performance by hearing subjects in the
vocalized lists appears to be at ceiling for several serial positions, including
the final item. This boundary condition reduces our ability to interpret the
magnitude of the difference in modality effects in similar and non-similar
lists. Given the prevailing literature in this area (Watkins et al., 1974
Crowder, 1971), it is likely that the modality effect in non-similar Hsts is still
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FIG. 3. The percentage of the total number of iterns recalled in blocked-letter Hats for hearing
subjects only as a function of similarity, serial position, and whether subjects vocalized or
sitently read stimuli.

greater than for similar lists. But, it is also clear that the modality effect is
observed when similar items are presented, if the data are transformed.

In a further attempt to examine phonological coding, a confusability
index was computed on the non-transformed data for each subject, based on
the number of ervors in similar lists, divided by the total number of errors
(collapsing across similarity). A score of 0.50 indicated equal numbers of
errors in similar and non-similar lists, thus representing chance. However,
Conrad (1979) has argued that this technique vields unreliable results when
the ratio falls within the range of 0.48-0.52. Thus, a 1-test was performed on
the difference between the mean confusability index for all subjects and 0.52.
The results indicated that hearing subjects made significantly more phono-
logically based confusion errors than would be predicted by Conrad’s
criterion {#(39)= 10.50, p <0.001]. Although this finding is inconsistent with
our analysis of errors on the mixed-letter lists, it does correspond to the
conclusions of Watking et al, (1974) that blocked lists are a more sensitive
measure of phonological coding than are mixed lists. To assess the influence
of phonological coding on the modality effect, correlations were computed
comparing the magnitude of the modality effect for serial position seven and
the confusability index for each subject. As with the mixed-letter lists, no
relationship was found [r=0.08, p= >0.10].

Deaf. A 2x2xTx2 ANOVA was computed with the variables of
Similarity, Vocalization, Serial position, and whether or not a subject was
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classified as an articulator or non-articulator. As with mixed-letter lsts, deaf
subjects did not exhibit a modality effect (ses Figure 4}, There was no
advantage of vocalization in recency positions for either similar or non-
similar lsts. This finding was the same for both the raw and transformed
data. Thus, as predicted with both the original and revised PAS models,
gestural information alone was not sufficient to produce the modality effect.
This was confirmed by the lack of either a Similarity » Vocalization X Serial
position interaction, M6, 228)=0.65, p>» 0.05, MSe= 231, or a Similarity
® Voealization % Serial  position » Articulator-Mon-articulator  interaction
Fi6, 228)y=2.03, p»0.05 There was no main effect for articulator, F(1,
38)==0.56, p=> (.05, and overall, non-similar lists were better recalled than

Acrticulatory % Similarity interaction, M1, 38)=7.55, p<0.01, MSe=7.75,
and post hoc analyses indicated that non-articulators performed better on
simifar lists than did articulators. There was a significant serial position

effect, F(6, 228} = |

9.11, and a significant Vocalization

analyses on this interaction indicated significance at serial position three
only, and favoured non-vocalization,

As with hearing subjects, a confusability index was obtained, the mean of
which was compared to 0.52. To the extent that differential errors in similar
and non-similar lists reflect coding, this analysis indicated that deaf subjects
were engaging in significant articulatory coding, #(39)=4.29, p<0.001. We
also examined the difference between the average confusability index for deaf
versus hearing subjects and found that hearing subjects were significantly
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FIG, 4. The mean number of corvectly recalled items in blocked-letter lsts for deal subjects
only, as g function of similarity, serial position, and whether subjects vocalized or silently read
stirnuli,
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more likely to produce articulatory confusions than were our deaf subjects
I8y =634, p<(.001.

Additionally, those subjects labelled as articulators by our experimente:
exhibited significantly more articulatory coding than did non-articulators
p<0.01. It appears that our clinical labelling of articulator anc
our confusability index are reflecting similar processes. This finding agair
supports Watkins et al. (1974), who asserted that blocked lists are a more
sensitive measure of gahmm%%; al coding than are mixed lists. These date
also confirm the findings by Hanson and Fowler (1987) that deaf subjects car
utilize phonological information, and lends further support to the assump-
tion that articulatory coding does not produce the modality effect.

As with the mixed-letter lists, an additional ana lysis was computed to
examine performance differences between deaf and hearing subjects. A
202w 2x T mixed ANOVA was performed with the factors of Hearing
status, Vocalization, Acoustic similarity, and Serial position. The results
yielded several interesting findings.

For both deaf and hearing subjects, performance on non-similar lists was
significantly better than on similar lists, but this improvement was much
larger for hearing subjects across all but the first serial position. This findi ing
complements the results of our confusability index, suggesting that although
both groups of subjects used articulatory coding, hearing subjects relied on
this form of coding to a greater extent than did the deaf. This was supported
by the significant effect of Hearing status x Similarity % Serial position, F(6,
468)=6.31, p<0.0001, and the corresponding post hoc analysis. Moreover,
whether subjects vocalized or silently read stimuli did not significantly
change this relationship. Thus the Hearing status x Vocalization x Acoustic
Mma%amy x Serial position interaction was not statistically significant, K6,
468y < 1,

Amthw interesting finding relates directly to the modality effect, When:
lists were read silently, there were no differences in performance on the finaf
serial position between deaf and hearing subjects. In addition, when deaf
subjects vocalized, their performance on the terminal item did not differ from.
when they silently read lists, or when hearing subjects read silently. By
contrast, when hearing subjects vocalized, they produced significantly
greater recall at the final list position than when they read silently, or when
deaf subjects read silently or aloud. Thus, although both groups of " subyjects
showed equivalent terminal list item performance with silent reading, only
hearing subjects showed the end-of-the-list advantage with vocalizing that is
typical of the modality effect. This was confirmed by the Hearing status x
Vocalization x Serial position interaction, F(6, 468)=3.67, p<0.01, and
corresponding post hoc analyses.

A point biserial correlation was computed to examine the relationship
between the onset age of hearing loss (less than or greater than three years)
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and the magnitude of the modality effect (final position vocalized vs. silent)
in similar and non-similar Hsts. The results indicated that onset age was not a
gwm predictor of modality difference on the terminal list position for similar
- 0.092, p>0.05), or non-similar (r= —0.215, p>0.05) lists.

Overall, the results of the serial tasks clearly support a PAS interpretation
of modality effect. The ability to activate an acoustically based sensory trace
may be necessary to produce these effects. Gestural information, as indexed
by performance of deaf subjects on vocalized lists, is not sufficient to produce
enhanced recency.

!

TASK 2
Free Recall

Hearing. A 2x 12 ANOVA was computed with the variables of Vocali-
zation and Serial position. As can be seen in Figure 3, the free-recall data for
hearing subjects yielded results consistent with the serial tasks. A recency
advantage was obtained for vocalized over silently read lists. This was
confirmed by the significant interaction between serial position and vocaliza-
tion, F(11, 429)=9.89, p<0.01, MSe=2.75, and supported by post hoc
analyses indicating an advantage of vocalizing over silent reading for serial
Wmiiin 18 11 and 12, There was a significant main effect for serial position,
Fiut mg = 106.44, p<0.01, MSe=4.07, and no main effect for vocalization
F(i, 1.17, p>0.05. These results did not change as a function of

tmmtwmmg the data.
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subjects as a function of serial position, and whether subjects vocalized or silently read stimnul,
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Deaf.  The results of 2% 12 Vocalization x Serial position ANOVA to
deaf subjects are inconsistent with the findings of the other tasks in this
study. As can be seen in Figure 5, there was a vocalized superiority for deat
subjects over the final two positions and non-vocalized superiority over the
primacy positions. These findings were confirmed by a significant Vocaliza-
tion x Serial position interaction, F(11, 429)=6.9, p<0.01, MSe=2.61, and
post hoc analyses indicating an advantage of vocalizing over silent reading
for serial positions 11 and 12. The analysis of the transformed data vielded
similar conclusions,

As with the other tasks, an additional analysis was computed to examine
performance differences between deaf and hearing subjects. A mixed
ANOVA on the raw data was performed with the factors of Hearing status,
Vocalization, and Serial position. Although there was a significant Vocaliza-
tion x Serial position interaction, F{11, 858)=14.97, p<0.001, with an
advantage of vocalizing over silent reading at serial positions 11 and 12, the
Hearing status x Vocalization % Serial position interaction was not statisti-
cally significant, F(11, 858)=1.34, p>0.05. These results indicate that the
relationship between modality of presentation and recall performance did
not change as a function of hearing status.

Does this fit the definition of a “modality effect”? The similar pattern of
non-vocalized superiority over primacy positions to that with hearing
subjects suggests that the answer to this question may be yes. This finding
complements findings of vocalized superiority on recency positions in most
studies manipulating modality (either auditory or vocalized and silently read
visual presentation),

Finally, correlations were calculated between the test scores obtained
from Gallaudet records and the vocalized/non-vocalized difference for the
last item in free recall for the deaf subjects. There were a few subjects for
whom certain scores were not available from Gallaudet records: thus these
subjects were omitted from this analysis. The results, presented in Table 1,

TABLE 1
Rafationship Between Terminal List ltem Performance and Individual
Difference Measures

Hearing Loss Discrimingtion Lipreading
Speerh
ige Score Right Left Right Left Right Left
1= 39) (n=38)  (n=9) =39y (n=26) (0=29) (o=35) (n=3%
=029 =029 r=0164 =040 =031 0078 pe 000 re 004
$=0.480  p=0096 p=0325 p=0396 p=0128 p=0.689 p=05896 pe= 0,438

Jone of the correlations reached the 0.03 level of significance.
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showed no significant relationships between the difference score for terminal
list iterns and the onset age of hearing loss (point biserial correlation), the
ability to discriminate vowels in the right or left ear, lipreading ability,
magnitude of hearing loss in either ear, or speech intelligibility as scored by
the experimenter.

DISCUSSION

One important characteristic of our data is its implications for deaf readers.
It has long been assumed that deaf individuals use sign-language-based codes
and visual orthography when they read (Bellugi, Klima, & Siple, 1975}
Hanson and Fowler (1987 demonstrated that although sign-based and
visual codes may play an important role in reading for the deaf, these
individuals are also capable of accessing phonological information, Que
confusability index for blocked-letier lists confirms their findings and sup-
ports the assertion that the ability to use phonological information need nos
be tied to the auditory modality.

The results of this study also support the assertion that phonologicalls
mixed lists of stirnuli may not be a sensitive measure of phonological coding
{Watkins et al,, 1974). The data from the mixed-letter lists indicated that onb.
half of our hearing subjects, and only four of 40 deaf subjects, exhibited
significant confusion errors., However, in the blocked-letter lists, both deat
and hearing subjects produced significant phonological confusions, and this
measure for the deaf corresponded to our clinical labelling of whether or not
these subjects were articulators. Thus, it does appear that blocked lists are =
more sensitive indicator of phonological coding.

Although Watkins et al. (1974) found a significant modality effect ir
blocked lists of phonologically similar stinouli, Crowder (1971) showed nc
such effect. The analysis of our raw data closely resembled the results of
Crowder (1971). However, when the data were transformed, a differens
pattern emerged-—one similar to Watking et al,, in which a modality effecs
was demonstrated with acoustically confusable lists. The finding that acous-
tic similarity may decrease but not eliminate the modality effect suggests thas
although echoic memory can represent phonological information, othes
features of acoustic input may stll provide valuable information wher
integrating 5TM and echoic memory.

This study was designed to test whether modality effects could be
produced with gestural information, in the absence of acoustic feature
representation. For the serial tasks, there was no evidence that deaf subiects.
who can be presumed o lack the ability to synthesize acoustic information.
show the same vocalized superiority over silently read items produced by
hearing subjects. Transforming the data to conirol for baseline differences
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did not change these conclusions. Modality effects still did not obtain fos
serial recall of letter lists with deaf subjects,

58 PAR
because of early gesture-to-sound associations formed during infancy, Con-
sequently, we suggested that congenitally deaf subjects could not activate
such a system. The results of our serial tasks support this notion. Alterna-
tively, adventitiously deaf individuals, who presumably would have formec
the necessary gesture-to-sound rules, might be capable of activating PAS
auditory feature selection. However, for all of our tasks, we found nc
relationship between the onset age of hearing loss and the magnitude of the
modality effect. One possible explanation for these findings is that the
physical damage to the auditory system that resulted in hearing loss max
have included those areas associated with PAS.

Although deaf subjects did not produce a modality effect, they did exhibi-
phonological coding in blocked-letter lists. Moreover, although hearing
subjects exhibited both phonological coding and modality effects, these
effects showed no predictive relationship. These findings support the notior
that echoic memory represents acoustic rather than articulatory information
However, for the free-recall task, both deaf and hearing subjects showec
vocalized superiority for recency items. The fact that the two groups alsc
showed the same modality pattern for primacy positions suggests that similax
processes were operating to cause the modality effect,

Why the deaf showed modality effects with free recall and not with seria
recall is unclear. This study may best be thought of as three independen:
experiments rather than a single experiment comparing three tasks, It was
not designed to test for differences between free and serial recall. The free-
recall task differed in many ways from the serial tasks, including rates os
presentation, items to be recalled, list lengths, and recall instructions, whick
probably led to numerous storage and retrieval strategies across subjects,

Previously published findings might lead us to speculate that the import-
ant difference between the serial tasks and the free-recall tasks was the nature
of the recalled items, letters, or words. Engle (1974) looked at the modalits
effect and suffix effect in a task requiring either free recall or serial recall ot
12-item word lists presented at a one-second rate. The suffix typically
eliminates the auditory superiority for recall of short lists of digits or letters
but in this study the suffix did not eliminate the auditory superiority in eithes
free recall or serial recall of long lists of words,

Further evidence that the nature of the modality and suffix effects depend:
on whether letters or words are the recall items was presented by Richardsor
(1979). He found that auditory superiority with serial recall of short lists oi
words is not affected by the phonemic similarity of the items, and the effect o
the suffix on this recall is not diminished if the suffix and lst items are
presented by different voices. Both of these effects are quite different from
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those obtained with letter lists. Richardson argues that words are represented
in what he calls g post-lexical store at input, and that neither letters nor digits
are so represented. The modality effect with letters and digits is argued to
reflect & sensory trace, whereas the effect with words represents a more
central and residual code.

By Richardson’s logic, the modality effect found with deaf subjects in the
free-recall task would not represent the activation of articulatory, gestural, or
phonetic codes, but the activation of a more meaning-based code, But, as
mentioned previously, our study was not designed to test methodically for
differences between serial recall of short Hsts of letters and free recall of
longer lists of words. Why deaf subjects show no modality effects with the
sertal tasks but do show the effects with free recall must, for now, remain
speculation,
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