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routes in speech encoding: a ditgoute that operates via stored
syllabic schemas, and an indifeeissembly route that utilises
ABSTRACT sub-syllabic units. Direct route encoding is more likely to be

L used for higher frequency syllables and the indirect route for
Contemporary psycholinguistic models suggest that there Mayyer frequency or novel syllables. Direct route encoding

be dual routes operating in phonetic encoding: a direct roul mits an efficient and relatively error free output as the

which uses stored syllabic units, and an indirect route whighjtiple degrees of freedom of the speech motor system are
relies on the on-line assembly of sub-syllabic units. The Mo sirained into schemas or gestural gestalts [9].
computationally efficient direct route is more likely to be used

for high frequency words, while the indirect route is most likelyyhiteside and Varley [10] suggest that AOS can usefully be
to be used for novel or low frequency words. We suggest th@conceptualised within the direct/indirect or dual-route route
the acquired neurological disorder of apraxia of speech (AOSjyhqthesis. They argue that in AOS, either the access to and/or
provides a window to ggch encoding mechanisms and that thge storage of syllable or word level verbo-motor patterns are
disorder represents an impairment of direct route encodingsynted, and that much of the abnormal speech behaviours of
mechanisms and, therefore, a reliance on indirect meCha“'Sm§peakers with AOS represents an attempt to compensate for this
. o . . fundamental processing impairment by a reliance on indirect
We report an investigation of the production of high and lowhechanisms. They also suggest that indices of encoding route
frequency words across three subject groups: non-brajg.),qe parameters such as response latency, utterance and word
damaged control (NBDC, N=3); brain damaged control (BDCyyrations and the degree of coarticulation, with increasing

N=3) and speakers with AOS (N=4). The results are presentgfloncies and durations and decreasing coarticulation with
and discussed within the dual-route phonetic encodinggirect route encoding.

hypothesis.

This paper reports an investigation of the production of high and
1. INTRODUCTION low frequency words across three subject groups: non-brain
damaged control (NBDC, N=3); brain damaged control (BDC,
Acquired apraxia of speech (AOS) is a motor speech disorddr3) and speakers with AOS (N=4). The results are presented
that results from damage in the area of the pre-motor cortexand discussed within the dual-route phonetic encoding
the language-dominant hemisphere. The characteristics of thigothesis.
motor speech disorder include: a slow rate of speaking [1];
prosodic abnormalities [2]; inconsistent and variable 2. METHOD
articulatory movements [3], reduced coarticulation [4] and

disruptions in all production systems involved in the phoneti .

encoding of the linguistic message. These disruptions result?nl' SUbJeCtS

multiple phonetic and perceived phonemic errors in speech . ) .
output, and therefore, lowered speech intelligibility [5]. Three groups participated in the study:

The traditional conceptualisation of AOS is influenced by 1) non-brain damaged controls (NBDC, N=3, mean
psycholinguistic models that suggest that the speech segment  9€=57 years);

plays a critical role in the encoding of speech [6, 7]. In these )

models, speech encoding is viewed as a process of segment-by-2) Prain damaged controls (BDC, N=3, mean
segment access and the subsequent assembly of the 29e=64years); and

syllable/word. Much of the empirical evidence for such theories . i )

rests on speech error data from normal speakers (e.g. segmentaf3) SPeakers with acquired apraxia of speech (AOS,

switches which convert 'car park' to 'par cark’), and AOS is N=4, mean age=61 years).
viewed as a failure of these segmental access and syllable . )
assembly processes. All participants in the study were female and from South

Yorkshire except for one brain-damaged control. The brain-

Contemporary psycholinguistic models have, however, begun §@maged subjects all:

challenge the role of the segment in speech production [8].

Levelt and Wheeldon [8] suggest that there are two possible
! This is referred to as the ‘indirect' route by Levelt and
Wheeldon [8]
2 This is referred to as the 'direct' route by Levelt and Wheeldon

(8]




* had left-hemisphere lesions; e utterance durations (in milliseconds) - these
were measured from the beginning of the

*  were pre-morbidly right-handed; utterance to the end of the entire utterance (i.e.
‘The Mile");
* were neurologically stable (a minimum of 1 year
post onset); « word durations (in milliseconds) - these were
measured from the start of the acoustic activity
»  had varying degrees of aphasic impairment; and of the target word to the end of the word;
« had no significant dysarthria, which was e consonant-vowel coarticulation measures were
determined by a test measuring diadokenetic rates. taken for the bilabial high/low frequency pairs
(mile/bile, base/macepound/mound), which
The brain-damaged controls had no apraxic difficulties. Two for these contexts, were diphthongs.
were fluent conduction aphasics and one an agrammatic
aphasic. The coarticulation measures for the bilabial subset included
measurements of the second formant frequency (F2 in Hz) at the
The criteria used in the diagnosis of AOS included: onset of the vowels and the temporal midpoint of the vowels. For
the plosive contexts, the vowel onset was taken at the point of
. the agreement of two independent clinicians; the release of the plosive and for the nasal contexts, this was
taken at the onset of the vowel following cessation of the low
- prosodic abnormality which was characterised by frequency nasa}l murmur. The difference between the F2 values
marked  syllable  segregation and effort, of the vowel midpoint and the vowel onset were then calculated
accompanied byusiden bursts of energy with rapid and measured as the 'F2 change'. Here, a greater F2 change could
decay; and be interpreted as being indicative of less coarticulation, whereas
conversely, a smaller F2 change could be indicative of greater
+  intact gross oral movement. coarticulation.
29 Speech Data Further to this, the time interval between the vowel onset and

temporal midpoints was measured as the 'CV Timelag' duration

in milliseconds).
The speech material used in the study consisted of thrge )

repetitions of a set of phonetically matched 10 high frequency

words (occurrence of more than 100 per million) and 10 low 3. RESULTS
frequency words (occurrence of less than 10 per million). These

words were selected from Thorndike and Lorge [11]. 3.1. Temporal Parameters

The high frequency words were: 'mile’, 'base’, 'pound’, 'bad’he mean and standard deviation values for response latency,
'school’, 'cold', 'foot’, 'group’, 'cup’ and ‘car’. The low frequenaytterance duration and word duration are given by word
words were: 'bile', 'mace’, 'mound’, 'bog’, 'stool’, ‘colt', 'sooftequency for all three groups in Tables 1, 2 and 3 respectively.
‘croup’, 'cub’, and 'tar'. This gave a total of thirty tokengdoh

of the high and low frequency word groups, which were then

randomised into a single list. Subjects were instructed to repeat

each word after the experimenter. Each word was preceded Group Word Frequency
either by 'a’ or 'the'. All sessions were recorded in a quiet room High Low
using a DAT recorder. The data reported here includes only théyon-prain damaged 177.03 (84.4) 248.4 (89.1)
first repetition of the data sets. control
. . Brain-damaged 348.5 (249.0) 526.5 (381.1)
2.3. Acoustic analysis control
AOS 1125. 1 (1260.0) 659.8 (447.2

All speech data were digitized (SR 10kHz) and analysed usingrable 1: Mean and standard deviation values for all three groups
KAY Computerized Lab (CSL) Model 4300. Speech pressurey frequency: response latency.

waveforms, wideband FFT spectrograms and LPC analyses

were used to obtain acoustic measures. Only stimuli that were

perceived as being 'on target' were analysed. Group Word Frequency
) High Low
The measures that were taken included: Non-brain damaged 679.2 (106.8) 692.4 (164.5)
. ) . control
e response (or repetition) latencies (in Brain-damaged 793.7 (177.3) 840.3 (212.2)
milliseconds) - these were measured from the control

end of the_ e_xperlimenter's utterance to the start AOS 996.8 (331.7) 1089.2 (433.4)
of the participant's utterance;

Table 2 Mean and standard deviation values for all three groups
by frequency: utterance duration.



3.2. Coarticulation Measures

Group Word Frequency
High Low The mean and standard deviation values for the F2 change and
Non-brain damaged 572.0 (114.8) 598.6 (140.9)| CV timelag parameters are given by word frequency in Tables 4,
control 5 and 6, for all three groups respectively. A repeated measures
Brain-damaged 574.3 (102.5) 634.5 (220.0)) ANOVA for the F2 change parameter data showed no overall
control significant differences for any of the comparisons (namely
AOS 657.5 (180.9) 615.0 (160.2) frequency, frequency-by-group, and group comparisons).
Table 3 Mean and standard deviation values for all three
groups by frequency: word duration. Word Frequency
High Low
Repeated measures ANOVA tests for the response latency dat® Change (Hz) 109.2 (282.6) 141.7 (324.8)
of all three groups combined indicated that there were MoCy Timelag (ms) 124.3 (29.4) 117.1 (14.7)

significant differences by frequency. There were, howevefaple 4: Mean and standard deviation values for the degree of
significant frequency-by-group interactions (F (2,76)=4.295 change from vowel onset to mid vowel (in Hz) and the CV

p<.05) and significant group differences in the response latengye|ag values (in ms) for the first repetition bilabial data: non
duration values (F (2,76)=18.82, p<.001). Post-hoc Scheffé tegjs;in damaged controls.

showed significant group differences (p<.05) between the AOS

and NBDC groups for the low frequency words, with the AO$ Word Frequency

group having longer response latencies. In addition, significant High Tow
differences were found between the BDC and NBDC groups fpt

the low frequency words, with the former group showing longg rF%/(_:rhanlge (Hz) igg; (22243) ﬁgg (5303.3)
response latencies. In the case of the high frequency worg&Y Tmelag (ms) 7 (23.4) 8 (19.

significant differences (p<.05) were found between the aosable 5: Mean and standard deviation values for the degree of

group and both the BDC and NBDC groups, with the A0&2 change from vowel onset to mid vowel (in Hz) and the CV
group having the longest response latency values timelag values (in ms) for the first repetition bilabial data: brain
' damaged controls.

In addition, paired-tests indicated that there were significan

differences between the response latency values of the high and _Word Frequency

low frequency data of the non-brain damaged controls (t(29)x- High Low

4.56, p<.001), with the low frequency words displaying longer F2 Change (Hz) 330.3 (371.8) 198. 3 (331.4)
duration values. This pattern was replicated in the data of th€V Timelag (ms) 193.8 (41.7) 188.8 (84.9

brain damaged controls, who also showed a significamtable 6: Mean and standard deviation values for the degree of
difference between the response latency values of the high &#lchange from vowel onset to mid vowel (in Hz) and the CV
low frequency data using a paired t-test (1(19)=-2.50, p<.05), ttmelag values (in ms) for the first repetition bilabial data:
the predicted direction. In contrast to this, the data of the AC#praxic speakers.
group showed the reverse trend of the high frequency words
having significantly longer response latency values. Howevdn addition, a repeated measures ANOVA for the CV timelag
when the response latency data of the high and low frequengiues showed no significant frequency or frequency-by-group
data were compared using a paired t-test, this difference did mteractions. However, significant group differences (F(2,
reach significance. 15)=8.82, p<.005) were indicated. Subsequent post-hoc Scheffé
tests showed significant differences (p<.05) between the AOS
Repeated measures ANOVA tests for the utterance duratigmup and both the BDC and NDBC groups, for the high
values showed significant differences by frequency (F(Xrequency words. The post-hoc tests also indicated significant
57)=5.72, p<.05), with low frequency words displaying longedifferences between the AOS and NBDC groups for the low
durations. In addition, significant group differences (F(2frequency words. In all group comparisons the CV timelag
57)=12.99, p<.001) were found and post-hoc Scheffé testmlues were longer for the AOS group.
showed significant differences (p<.05) between the AOS group

and both the BDC and NDBC groups for both the low and high 4. DISCUSSION
frequency words. No frequency-by-group interactions were
found.

The results suggest that there is some evidence for dual-route

ghonetic encoding. Although there are relatively small numbers
A repeated measures ANOVA showed no overall frequenc f observations, there are trends evident in the data that suggest

frequency-by-group or group differences for the word duratioHigh frequency words are encoded differently from low
values. However, appreciably longer word duration values Wefquency phonetically-matched cognates. Trends for high
observed for the high frequency words of the AOS grouRrequency words to have shorter response latencies, utterance
Further to this, a Least Significant Difference post-hoc testnq \yord durations than their low frequency cognate are evident
indicated a significant difference (p<.05) between the AOS anfl the data from non-phonetically disordered subjects (NBDC
NBDC groups. and BDC). These trends reached significance for both groups on
the response latency and utterance duration measures.
Additional word duration data would be valuable to assess



whether the trend in this fine durational measure could be raised
to significance. The response latency difference might be
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thus take longer to reach threshold than higher frequengy,
counterparts. Hence frequency effects can be observed on ma
linguistic tasks, whether or not they involve phonetic encoding.
It is more difficult, however, to explain utterance and word
duration differences in this way as these measures appear to

address post-access and phonetic parameters more narrowly.—

The pattern of durational data from the non-phonetically
disordered subjects therefore suggests some support for the
hypothesis that high frequency words are retrieved as wholes,
whilst lower frequency words require more phonetic planning.

The durational data from the AOS subjects is suggestive of
abolition of any frequency effect and provides preliminary
support for the reconceptualisation of AOS as an impairment of
direct route speech encoding [10]. The utterance duration
measures revealed a pattern of performance similar to that of the
control groups, with high frequency words having shorter
durations, but on the remaining measures, the data from the
AOS showed the reverse trend with shorter durations on low
frequency words. We advance the hypothesis that the
fundamental impairment in AOS is the inabilitygocess, or the
loss, of stored word schema. As a result, all speech output,
independent of its frequency of occurrence, would have to be
encoded via less computationally efficient indirect route
encoding resources. This entails the assembly of the
syllable/word from sub-component gestures. Indirect route
encoding is likely to be less efficient for speech assembly for all
speakers in that that it is slower and more error prone, but for
speakers with AOS it maybe particularly problematic due to the
presence of a lesion in the motor control regions of the language
dominant hemisphere. Further validation of this hypothesis
depends partly upon the inclusion of a phonetically disordered,
but non-AOS group (subjects with dysarthric disorders) within
the experiment. This would establish whether the abolition of
frequency effects observed in this study are specific to phonetic

encoding disorders (AOS), or are a general consequence of the -

perturbation introduced into speech production by both
encoding and implementation disorders.

The coarticulation measures produced a less coherent pattern of
results than the corresponding durational data. It was
hypothesized that the storage of information into a
syllable/word gestalt would result in a greater degree of
intrasyllabic cohesiveness and would be reflected in increased
degrees of coarticulation. There is some temporal evidence of
this from the CV timelag data of the AOS group, who displayed
longer durations than the control groups. There is, however, no
evidence of this from either the temporal data of the two control
groups, or the F2 frequency change data of all three groups.
There are two possible reasons for this. First, only a small
subset of data was used in the coarticulation analyses. The smal
number of observations might therefore be a factor in the failure
to identify potentially subtle patterns within the data. Second,
the sensitivity of the F2 and CV timelag measures may be a

relevant factor. The measures that were used are likely to be too =

gross to capture any subtle coarticulation patterns that may be
differentiating high/low frequency words. Metrics that could be
used for measuring subtle coarticulation patterns need further
development.

(10.

e investigation.
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