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From Planning to Articulation
In Speech Production: W hat
Differentiates a Person Who

Stutters From a Person Who
Does Not Stutter?

The main purpose of the present study was to differentiate between people who stutter and
control speakers regarding their abllity to assemble motor plans and to prepare (and execute)
muscle commands. Adult males who stutter, matched for age, gender, and educational level with
a group of control speakers, were tested on naming words and symbols. In addition, their ability to
encode and retrieve memory representations of combinations of a symbol and a word, was tested
In a recognition task, using manual reaction times and sensitivity scores, as defined In signa
detection theory, as performance measures. Group differences in muscle command preparation
were assessed from electromyographic recordings of upper lip and lower lip. Results indicated no
Interaction between group and word size effects in choice reaction times or a group effect in the
ability to recognize previously learned symbol-word combinations. However, they were significantly
different in the timing of peak amplitudes in the integrated electromyographic signals of upper lip
and lower lip (IEMG peak latency). Findings question the claim that people who stutter have
problems In creating abstract motor plans for speech. In addition, it Is argued that the group
differences in IEMG peak latency that were found inthe present study might be better understood
In terms of motor control strategies than Iin terms of motor control deficits.

KEY WORDS: speech motor control, stuttering, motor planning, speech physiology

One of the main Interests In stuttering research concerns the difficulties persons
who stutter may have in the planning of speech. This general notion has a long history
In stuttering research and treatment (e.g., Van Riper, 1982). A popular way to investigate
planning aspects In speech production Isto use a reaction time paradigm, in which the
time between the presentation of the stimulus and the onset of speech Is influenced by
the nature ofthe verbal response (Klappet al., 1979; Sheridan, 1981; Sternberg, Monsell,
Knoll, & Wright, 1978). In stuttering research word size Is one of the main factors of
Interest, since people who stutter are known to stutter more often on longer words
compared to shorter words (Soderberg, 1966; and Starkweather, 1987, for a review).
The influence of word size on reaction time Is assumed to be related to the fact that
longer words have more units (e.g., syllables or phonemes), which will affect the time
needed to prepare the whole sequence in advance (Klapp, 1977; Monsell, 1986; Shaffer,
1984). For normal speakers, evidence In favor of such an assumption was found In both
simple (e.g., Dembowski & Watson, 1991; Peters, Hulstin, & Starkweather, 1989;
Sternberg et al.,, 1978; Sternberg, Wright, Knoll, & Monsell, 1980, Watson & Alfonso,
1982; Watson, Freeman, & Dembowski, 1991) and choice reaction time studies (e.g.,
Klapp, 1974; Klapp, Anderson, & Berrian, 1973; Peters et al.,, 1989; Rosenbaum,
Gordon, Stilings, & Feinstein, 1987; Van Lieshout, Hulstijn, & Peters, 1996).
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The fact that word size can influence both simple and
choice reaction times Is interesting, since It Is argued that
simple reaction times do not reflect influences of speech
planning as such (e.qg., Klapp et a}., 1979; Sheridan, 1981).
In fact, a simple reaction time task Is often used to avoid
Influences that are related to speech planning (cf. Hulstijn,
1987; Klapp et al., 1979; Ludlow, 1991; Sternberg et a(.,
1978; Watson & Alfonso, 1983,1987). How then to explain
the effect of word size on both simple and choice reaction
times? The answer to this question may be found In the
assumption that word size effects in simple and choice
reaction times have their origin at different stages In
speech production (cf. Levelt, 1989; Verwey, 1994).

Based on the model of Sternberg et al. (1978), Levelt
(1989) proposes four different stages Iin speech production
(see Table 11.2, p. 421) that follow the retrieval of word form
iInformation from the mental lexicon. In the first stage a
detailed abstract motor (or phonetic) plan is assembled and
(If necessary) stored In a short term motor buffer (the
Articulatory Buffer). In an earlier version of the model, this
stage only included phonological encoding, but in a more
recent version of the model (see Levelt & Wheeldon, 1994) a
phonetic encoding substage was added, in which the end-
product of phonological encoding (a phonological word) fs
used to retrieve motor templates (gestures) stored as syllabic
units in a long-term motor memory (the Syllabary, as it was
called by Levelt & Wheeldon, 1994). A similar distinction
between a phonological and phonetic processor can be found
In Kent (1990). For practical reasons, this paper will address the
phonological and phonetic encoding substages as one stage,
called the MOtOr plan assembly stage in accordance with the
use of the same concept In a previous paper {Van Lieshout et
al., 1996). The effects of word size In choice reaction time
studies are believed to have their origin mainly at this stage
(Levelt, 1989), since longer words have more syllables, which,
according to the model, will take more time to encode phono-
logically and also to find all the corresponding motor templates
(stored as syllabic units) in the syllabary.

Following this motor plan assembly stage, there are two
stages In which first, the motor plan units are retrieved on a
one-by-one basis (retrieval stage), and second, these units
have to be unpacked to make the individual muscle com-
mands available for their final parametrization and execution
(unpacking or muscle command parametrization stage). The
processes at the muscle command parametrization stage
determine the final output characteristics of muscle activity
In order to produce adequate patterns of force to generate
movement sequences. Since the retrieval and muscle com-
mand parametrization stages are both involved In setting up
the muscle commands prior to their execution, they will be
referred to as one stage in this paper, the muscle command
preparation stage . in accordance with the same concept

1Roughly, the processes that relate to the motor plan assembly stage can be
referred to as “motor planning,” whereas the processes that relate to the muscle
command preparation stage can be referred to as “motor programming” (cf. Van
Mier, 1992), However, since these terms have been used In many other
definitions, they have become rather ambiguous. To avoid confusion, In this
paper (and In a previous one, Van Lieshout et al.,, 1996) descriptive terms are
chosen that identify their relationship to the stages as addressed in Levelt (1989).
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used Iin a previous paper (Van Lieshout et al., 1996). Word
size effects found In simple reaction times are assumed to
have their origin at the muscle command preparation stage,
since longer words have more muscle commands2 and this
will affect the time to complete the unpacking and muscle
command parametrization substages (Levelt, 1989).

The fourth and final stage involves the execution of the
muscle commands, starting at the initiation of muscle activ-
ity, which i1s (normally) followed by the onset of an articula-
tory movement. Inthe present study this stage is referred to
as the EXeCUtion stage.

For people who stutter, the model as described above
would predict that If they have problems in processing
Information at the motor plan assembly stage (cf. Bosshardt,
1990, 1993; Hubbard & Prins, 1994; Postma & Kolk, 1993;
Wijnen & Boers, 1994), the increase in planning demands for
longer words would increase the differences in choice reac-
tion time between themselves and those who do not stutter.
Or, In other words, choice reaction time would show an
Interaction between group and word size effects. This inter-
action effect was found In a study by Peters et al. (1989).
They compared choice reaction times of a group of people
who stutter and matched control speakers for monosyllabic
words, polysyllabic (3/4 syllables) words, and sentences.
Both groups showed a significant increase In choice reac-
tion time for the polysyllabic words and sentences, but
especially for the polysyllabic words the Iincrease was clearly
stronger for the subjects who stutter.

To replicate and extend the significance of this finding, a
study by Van Lieshout et al. (1996) contrasted monosyllabic
words with polysyllabic words (2/3 syllables) in two different
choice reaction time tasks. One task was a word-naming
task of the same type used in Peters et al. (1989) in order to
replicate their finding most directly. The other task was a
nonstandard picture-naming task, in which subjects had to
learn a fixed combination between a picture and a word.
This way, reading time differences as related to the size of a
word (Eviatar & Eran-Zaidel, 1991 ; Naveh-Benjamin & Ayres,
1986) could be eliminated, making the relation between
changes In reaction time as a function of word size and
planning more evident. The results showed that despite a
clear word size effect in the word-naming task, there was no
significant interaction between group and word size effects
for this task. For the picture-naming task there was no main
effect of word size and neither was there a significant group
by word size interaction effect. Together, these data did not
provide evidence In favor of the hypothesis that people who
stutter have problems at the stage of motor plan assembly.

One reason that might account for not finding the inter-
action between word size and group effects Iin the study of
Van Lieshout et al. (1996) was the manipulation of word size,
In particular for the picture-naming task. For that task, all
three-syllable words were formed by adding grammatical
suffixes to bisyilabic words to indicate a plural form of these

20f course, when the motor plan consists of more than a single word
(stress-group), the muscle command preparation stage will also take more
time because more units in the motor plan will Increase the time to search the
short-term motor buffer (Levait, 1989; Sternberg et al., 1978).
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words. This method facilitated the choice of pictures, but
due to the high usage frequency of these suffixes in Dutch,
it might have diminished the demands on the planning of
these words. In addition, in the study of Peters et al. (1989),
word size was varied along a somewhat wider range con-
trasting monosyllabic words with three- to four-syllable
words. So, it Is possible that a wider range In number of
syllables within a word than used In Van Lieshout et al.
(1996) would be more successful In eliciting the potential
problems people who stutter may have Iin processing infor-
mation at the motor plan assembly stage.

What about group by word size Interaction effects as
related to the muscle command preparation stage? Accord-
Ing to the model described above, simple reaction time data
could provide an answer to this question, since the motor
plan can be assembled in advance and, after the signal to
start speaking, subjects only need to retrieve the units of the
motor plan stored in the short term motor buffer, unpack, and
provide parameter values for the individual muscle com-
mands before they are executed (Levelt, 1989; Sternberg et
al., 1978). Findings that could Indicate that people who
stutter (children or adults) have problems In the muscle
command preparation stage as shown by a greater simple
reaction time difference than control speakers for longer (or
more complex) words are reported In a number of studies
(Bishop, Williams, & Cooper, 1991, Maske-Cash & Curlee,
1995; Reich, Till, & Goldsmith, 1981; Till, Reich, Dickey, &
Selber, 1983; Watson et al.,, 1991). On the other hand, there
are also a number of studies that report negative or less
clear findings In this respect (Dembowski & Watson, 1991,
McKnight&Cullinan, 1987; Peters et al., 1989). Furthermore,
it has to be noticed that the positive findings may be limited
to stuttering persons with concomitant (linguistic) problems
(Maske-Cash & Curlee, 1995; Watson et al., 1991). In gen-
eral, the effects of word size on group differences may be
more limited in simple reaction time studies as shown In the
study of Peters et al. (1989). In using both simple and choice
reaction time tasks, they only found a significant interaction
between group and word size effects for their choice reac-
tion time task. This indicates that group by word size
Interaction effects are most likely found In studies that
Include the processing of information at the motor plan
assembly stage by using a choice reaction time paradigm.

If people who stutter are different from control speakers In
the way they handle the preparation of muscle commands, it
seems likely that group differences will also exist at the stage
of muscle command execution, since the borderline be-
tween both stages is rather vague. Preparation and execu-
tion will follow each other very quickly and to some extent
the execution of ongoing muscle commands will coincide
with the preparation of the muscle commands next Iin line
(cf. Abbeduto, 1985; Klapp & Wyatt, 197/6; Sternberg et al.,
1978; Verwey, 1994). Delays that arise at the muscle com-
mand preparation stage could thus hamper ongoing muscle
command execution. As such, people who stutter may have
significant delays In initiating speech (see Adams, 1985;
Peters et al., 1989, for reviews) or speech-related motor
activities (e.g., Peters et al., 1989; Watson & Alfonso, 1987).
Or, as mentioned by Van Riper (1982), it may lead to
stuttering, because ‘‘when a person stutters on a word,
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there Is a temporal disruption of the simultaneous and
successive programming of muscular movements required
to produce one of the word’s integrated sounds, or to emit
one of Iits syllables appropriately or to accomplish the
precise linking of sounds and syllables that constitutes its
motor pattern” (p. 415). Given the above-mentioned prob-
lem In creating a meaningful temporal distinction between
the preparation and execution of muscle commands, the
present study addresses them both as a single “post-

planning” stage, using the term MUSCIE command prepara-
tlon/execution stage.

If people who stutter are different from control speakers In
the way they prepare muscle commands, this could also
give rise to group differences In the time course of EMG
signals (Aimé & McAllister, 1987; Guitar et ai., 1988; Hulstijn,
Van Lieshout, & Peters, 1991, Van Lieshout, Peters, Stark-
weather, & Hulstijn, 1993; Van Lieshout et al., 1996) and/or
their amplitudes (Freeman & Ushijima, 1978; Kalotkin, Man-
schreck, & O’Brien, 1979; Murray, Empson, & Weaver, 1987;
Shapiro, 1980; Van Lieshout et al., 1993; but see Caruso,
Gracco, & Abbs, 1987; McClean, Goldsmith, & Cerf, 1984;
Smith, 1989; Smith, Denny, & Wood, 1991). This, In turn,
may lead to group differences Iin kinematic characteristics of
the resulting movement patterns (e.g., Alfonso, 1991; Ca-
ruso, Abbs, & Gracco, 1988; Van Lieshout, Alfonso, Hulstijn,
& Peters, 1994; Van Lieshout et al., 1996; Zimmermann,
1980a, 1980b), and, indirectly, to group differences in the
duration of acoustic events (e.g., Borden, 1983; Healey &
Ramig, 1986; McMillilan & Pindzola, 1986; Pindzola, 1987,
Schaferskupper & Dames, 1987; Starkweather & Meyers,
1979; Van Lieshout et al., 1996).

In the study described here, the main purpose was to look
for evidence that persons who stutter may differ from control
speakers either In their ability to assemble motor plans or In
the way they prepare/execute muscle commands. As men-
tioned above, a proper test for the assumption that group
differences exist at the motor plan assembly stage can be
made In varying word size within a choice reaction time
paradigm (cf. Colombo et aL, 1995; Peters et al.,, 1989).
More syllables affect the time demands on the phonological
syllabification process and the retrieval of motor templates
from the syllabary (Levelt & Wheeldon, 1994) at the motor
plan assembly stage, as defined In this paper. In the theo-
retical perspective that I1s described above, the critical test
for the assumption that people who stutter take (or need)
more time than matched control speakers to complete the
processes at the motor plan assembly stage rests on the
finding of word size effects in combination with a significant
Interaction between group and word size effects. Therefore,
In the present experiment, word size was varied systemati-
cally in number of syllables, ranging from one to four
syllables. In comparison to the previous study (Van Lieshout
et aL, 1996) the range In number of syllables was extended,
and, In addition, grammatical suffixes were not used.

Since the significant group by word size interaction effect
In the study of Peters et al. (1989) was found In a word-
naming task, the same type of task was used In this study In
order to provide a basis for replicating their finding. Of
course, using a choice reaction time paradigm In a word-
naming task, there Is a possibility that longer words will



affect reading time too (Eviatar & Eran-Zaidel, 1991 ; Naveh-
Benjamin & Ayres, 1986; but, see Hudson & Bergman, 1985;
Rossmeiss! & Theios, 1982, for data that suggest a parallel,
In contrast to a serial processing, of the letters In visually
presented words).

Therefore, next to word naming, another type of task was
used, in which subjects had to learn to associate a word with
a meaningless visual-graphic symbol composed of line
patterns, which had no conceptual relationship to any of the
words used in the experiment (cf. Brennan &Cullinan, 1976;
Levelt & Wheeldon, 1994, for the use of a similar type of
task). Although geometrically less complex, the use of these
symbols can be compared to the use of lexigrams as
described, for example, in Wilkinson, Romski, and Sevclk
(1994). That Is, a symbol becomes the equivalent of a word.
There are two main reasons to use this type of task for
naming. First, In contrast to the word-naming task, the effect
of word size on the assembling of motor plans i1s no longer
confounded by the physical appearance of the stimulus. In
this sense, the symbol-naming task provides an unbiased
estimate of word size effects on naming. Secondly, In
contrast to a standard picture-naming task with normalized
pictures (cf. Snodgrass & Vanderwart, 1980), there is no
reason to limit the choice of words to those that can be
depicted in a meaningful manner (Levelt & Wheeldon, 1994).
Thus, for a symbol-naming task, more different words can be
used, and more importantly, different words can be assigned
to different symbols across subjects to minimize a system-
atic bias In naming time due to the visual complexity of a
picture.

Of course, this task also forces subjects to elaborate on
the coding strategies in order to memorize successfully the
correct combination (cf. Kyllonen, Tirre, & Christal, 1991;
Palvio, 1971,1991). It has been suggested that people who
stutter differ from controls In their ability to encode and
retrieve linguistic information (Bosshardt, 1993; Carpenter &
Sommers, 1987; Moore, 1986; Moore, Craven, & Faber,
1982; Rastatter & Dell, 1987). To test this assumption, the
subjects In the present experiment performed a symbol-
word recognition task, using manual reaction times as well
as response measures as defined In signal detection theory
(Green & Swets, 1966; McNicol, 1972) to evaluate their
speed and sensitivity to detect previously learned symbol-
word combinations. Manual and not speech reaction times
were used to test recognition performance to exclude pos-
sible Influences of naming processes. The most obvious
imitation of the symbol-naming task Is the number of
combinations that can be learned within a session. In the
present study a single naming session included four symbol-
word pairs, which Is In line with other studies (Levelt &
Wheeldon, 1994; Van Lieshout et al., 1996).

To test more specifically for group differences in muscle
command preparation/execution, electromyographic (IEMG)
recordings of the upper lip and lower lip were taken. This
could only be done for one half of the experimental stimuli,
namely for those words that had avoiced bilabial onset (/b /
or /m/). The other words started with a voiced apico-
alveolar onset (/n/ or /d/). From the Integrated ()EMG
signals two measures were taken. The first measure Is
defined as the Iinterval between the onset of upper lip and
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lower lip IEMG, which reflects the relative timing of the lip
muscles for a bilabial closure. The order of synergistic
muscle onsets for lip closure can be quite variable across
(normal speaking) subjects (Gracco, 1988), but people who
stutter have been found to show stronger delays in the onset
of upper lip IEMG activity, compared to lower lip IEMG
activity (cf. Hulstyn et al.,, 1991; Van Lieshout et al,, 1996,
see also Conture, Colton, & Gleason, 1988).

The second measure Is defined as the interval between
the onset of IEMG activity and the time of peak amplitude
(IEMG peak latency). In an earlier study (Van Lieshout et al.,
1993), a group of persons who stutter were found to show
significant delays In lower lip IEMG peak latency in compar-
Ison to matched controls. The significance of this measure
was addressed by Gracco (1988) In stating that “the tem-
poral characteristics of the EMG activity (onset time to peak
amplitude) are Important variables in the coordination of the
multiple articulators” (p. 4637).

As already mentioned, if people who stutter are delayed In
the preparation and/or execution of muscle commands, It
may (indirectly) affect the time to complete the verbal re-
sponse (cf. Borden, 1983; McMillan & Pindzola, 1986; Pind-
zola, 1987; Postma, Kolk, & Povel, 1990), in particular for
longer words (Van Lieshout et al., 1996). Therefore, In
addition to the reaction time and IEMG measures, word
duration was Included In the present experiment as a
general estimate of execution time.

In sum, the present study was designed to determine
whether a group of persons who stutter would differ from a
group of control speakers In

1. the assembly of abstract motor plans, as shown by a
significant interaction In choice reaction time between group
and word size effects for word naming and symbol naming.
A recognition task was used to check for possible group
differences in the building and retrieval of memory represen-
tations that could influence the choice reaction times in the
symbol naming task;

2. later stages, that Is, In the preparation/execution of
muscle commands, as shown by larger interlip intervals and
stronger delays In the interval between IEMG onset and
peak amplitude for people who stutter. Such group differ-
ences are also expected to result in longer word durations
for people who stutter. The group effects for these measures
may be Influenced by word size, showing greater differences
for the longer words between people who do and who do
not stutter.

Method

Subjects

In the experiment 12 adult males who stutter participated
(mean age 24.2 years, SD = 34, range 19-31 vyears),
matched for age (mean 23.3 years, SD = 3.1, range 19-30
years), sex, and educational level to 12 control speakers. All
subjects had normal hearing acuity, normal language and
voice quality, and normal vision. None of the persons who
stutter had been In treatment over at least the last year
preceding the start of the experiment. They were all selected
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from a clinical population of people who stutter known to the
speech department of the ENT clinic of the academic
hospital in Nijmegen.

Stuttering severity was determined by three experienced
speech-language pathologists using the Stuttering Severity
Instrument (SSI, Riley, 1972) scores on oral reading and
conversational speech, which were both recorded on video
prior to the experiment. Of the persons who stutter, 7 were
classified as very mild, 4 as mild, and 1 as moderate. All
subjects were volunteers paid for their participation.

Design and Procedure

Stimuli. See the Appendix for words and symbols, that
were used In the experiment. All words were low-frequency
nouns (<10/million), based on 42 million tokens in CELEX, a
computerized Dutch lexical database (Burnage, 1990). In
total, 16 different words were used, which varied systemat-
ically along two dimensions, that Is, In size (one, two, three,
and four syllables) and consonant-vowel word onset (bilabial
consonant: /bi:/ and /me:/; alveolar consonant. /do:/ and
/na:/). These 16 words were assigned to four different word
sets. In each set the four words differed in consonant-vowel
onset and number of syllables, and they were not semanti-
cally related to each other. These four word sets were used
to form two fixed combinations of two word sets each In
which the four levels of word size and the two levels of initial
consonant sound category (bilabial vs. apico-aiveolar) were
fully crossed. Each subject was assigned to either of the
combinations. The order of word sets within a fixed combi-
nation was balanced across subjects. The variation in word
onset was used to prevent subjects from adopting a fixed
a priori lip position. The voiced bilabials were used to include
measures for lip IEMG activity. The mean number of graph-
emes was 4.0 (SD = 0.0) for the one-syllable words, 7.5
(SD = 0.6) for the two-syllable words, 10.0 (SD = 0.0) for the
three-syllable words, and 14.5 (SD = 0.6) for the four-
syllable words.

For the symbol-naming task, meaningless visual-graphic
symbols composed of line patterns matched for complexity
and size were used (see Appendix, Figure A). Only those
symbols were selected that, according to a small panel of
subjects (4 randomly chosen female graduate psychology
students who did not participate In the experiment and were
naive as to its goals), did not show a consistent association
with a particular word of the experimental stimuli. In this
way, all selected symbols were neutral with respect to the
target words of the experiment and could be combined at
random with any of them. Furthermore, the panel was asked
to group symbols that to their accord were more or less
similar. From the symbols that were consistently grouped
together, and thus might get confused, the symbol that had
the most distinctive features, as compared to the other
symbols outside the group, was chosen. For the experiment,
none of the selected 16 symbols was consistently paired
with a particular initial phoneme-word size level combination
across subjects. In sum, several steps were taken to mini-
mize a systematic bias in reaction times as a function of the

stimulus (symbol) that was used to cue the paired response
word.
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Procedure. Before the start of the experiment, the per-
sons who stutter were asked to read aloud a standard text
and subseqguently they were engaged in a brief dialogue with
the experimenter. These speech tasks were videotaped and
used afterwards for estimating stuttering severity.

Subjects were Informed about the use of surface EMG
electrodes before they received written task instructions.
Small surface EMG electrodes were attached bilaterally with
flexible tape at the junction of the vermilion border for upper
lip and lower lip, approximately 1.25 cm from the median
raphe, which Is a standard procedure at the Nijmegen
research lab (cf. Peters et al.,, 1989; Van Lieshout et al.,
1993). A microphone was placed at approximately 30 cm In
front of the subject's mouth.

In general, three aspects were emphasized In the Instruc-
tions. First, upon hearing the warning sound, a subject had
to inhale through his mouth. Second, until the stimulus was
presented, he had to keep his lips in an open position. Inthis
way the initial upper and lower lip configuration was similar
for alf subjects. Third, when the stimulus was presented,
simultaneously with a high-pitched tone, they had to re-
spond as fast as possible, except In the learning session,
where accurate responding was more critical than fast
responding. Between two series of tasks, subjects could
take a break. During the experiment, subjects were seated 1
m from a TV monitor on which the stimuli were presented.
Subjects performed In the presence of one of two experi-
menters,; the other experimenter controlled the equipment In
an adjacent room.

Tasks. The experiment consisted of two series of three
different tasks (and a learning session) In a fixed order, all
using a choice reaction time paradigm. For each series of
tasks, one of two sets of four different words each was used
(see stimuli section for detalls about the way word sets were
formed). |

The first task was a WOrd-naming task. The four words of
a set were presented consecutively 24 times in a random
order, yielding 96 trials, halfway interrupted by a short break.
Following the successful completion of the word-naming
task, the subjects were familiarized with four symbol-word
pairs that had to be learned for the next tasks, by showing
one by one the selected combinations of a word and a
symbol on 10 by 15 cm index-cards.

Then a [€arning Session started, which enabled the sub-
jects to build associations between the symbol and the
target word. During this learning session a symbol was
presented on the screen for each trial. The subjects had to
name the correct target word. After the response was given,
the correct word appeared on the screen underneath the
symbol. Each pair was presented 12 times In a random
order. All subjects had to satisfy the criterion of naming the
four correct verbal labels five times In a row before they
could proceed to the next task (cf. Brennan & Cullian, 1976;
Levelt & Wheeldon, 1994). -

The next task was a ecognition task. Subjects were
shown simultaneously a symbol and, underneath it, one of
the 4 target words. By pressing a button with their right or
left Index finger, they had to indicate whether or not the
displayed combination was correct, that Is, If it was one of
the four pairs previously learned. Half of the combinations




that were shown were correct, so the chance of making a
correct response on the basis of a pure guessing strateqy
would be 50%. There were 48 trials In total, presented In'a
random order. Since it can be expected that the yes-
response I faster than the no-response (e.g., Kroll & Potter,
1984), the yes-response was always given with the domi-
nanthand, which, In general, is assumed to deliver the faster
manual response (Bashore, 1981 Webster & Ryan, 1991)

Finally, m,the,symbo\-nammg task, the same four symbol™
word combinations were used, but this time the subjects
were asked to name as fast as possible the correct verbal
label for the symbol that was Eresented on the screen.
Similar to the word namm% task, the four choices were
Bresented consecutwe\}( 24 imes In random oraer, yielding

0 trials, Interrupted halfway by a short break.

In all these tasks, except the learning task, subjects were
encouraged to respond as fast as possible. In the word-
naming,. recognition, and symnol-naming task this was
emphasized b¥, giving the ‘subjects visual feedback on
voice-key reaction times. These voice-key data were_ only
used forfeedback purposes and not for further analysis. In
all tasks (Including the learning session) a trial onset was
signaled by alow frequency beep ESOO Hz, 500 ms), followed
by a 500 ‘ms Interval In which the subject was explicitly
nstructed to Inhale. This Instruction was meant to prevent a
bias toward group differences In reaction times that actually
reflect qroup differences In the onset of Inspiration (Vah
Lieshout et al., 1996; Watson & Alfonso, 1987).

After the 500 ms silent interval a hgh frequency beep
(2000 Hz, 100 ms) was presented simultaneously with the
stimulus (word or symbol) to which the subject had to
respond (manually or verbally) as fast as possible. After 2 s
the stimulus disappeared. ffom the screen. The next trial
started after a silent intertrial interval (ITl) of 2 S during which
visual feedback was given on reaction time_ (word naming,
reco%mtmn and symbol naming), or In which the correct
targe word was shown (leaming session). |

efore the start of the first task (word naming) subjects
received 20 practice trials with stimuli that were not used in
the experiment proper. These trials were_ not further ana-
\yzed, 8ymbo\s and words were presented In the central part
f an 18 by 24 cm rectangular screen at a viewing distance
of 1dm, using uppercase letters of about 1 cm height for the
words,

Instrumentation. The presentation of the stimull (words
or symbo\s}, the warning and reaction tones, the starting and
stopping of the data-recording equipment, and the registra-
tion Of Voice-key reaction times, were under control of an
BM PS2/30 micro-computer, connected to two (mono-
chrome) TV-manitors, one in front of the experimenter, the
other In front of the subject. |

Lip EMG activity was recorded usmlg small (0.4 mm)
sliverball electrodes (San-el Sokki, Inc.). For the EMG mea-
surements a reference electrode was positioned on the skin
coverm? the mastoid. EMG electrodes were connected to
differential preamplifiers (Honeywell, EMG Pream ifier). The
output of the preamplifiers was fed to amplifiers @-Ioneyweﬂ,
Accudata, 135) set atafreguency,range 0f 20-2500 Hz, The
speech signal was recorded using an AKG (type 451 q
condenser microphone. All signals, Including a pulse signa
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indicating the start and stop of a trial, were recorded on a
14-channel FM Instrumentation recorder g FAC) at a running
speed of 9.52 cm/s (Frequency range 0-2500 Hz). Key press
responses were recorded by means of specia ke¥s that
needed a force of about 120 ¢ and a displacement of 2 mm
to be depressed (cf. Hulstin, Summers, Van Lieshout, &
Peters, 1992).

Fluency Criteria And Data Analysis

Only those utterances were analyzed that were judged to
have Deen spoken fluently. This was done to prevent the
measures from being confaminated with Influences of stut-
tering events. As described in Peters et al. (1989), in orderto
be fluent, an utterance had to satisfy two criteria. First, there
should be no visible signs of strqu e In the supject’s face or
body just before or during the trial Sequence. Every instance
of such SI%HS was noted” during the experimental” sessions.
Second, the utterance should not contain audible hesita-
tions, prolongattons, repetitions, or any other perceptual
sign of dysfluency. Durm% the experimental sessions, dys-
fluencies were noted and checked afterwards by careful
istening to audio recordings of the subject’s speech. Next,
all trialS In which sub{ects made naming errors were ex-
cluded. Inaddition, forthe EMG signals to be included, there
had to_ be no signs of electrode movement artifacts or
excessive activity (that might ac,companY behaviors that are
not task related, ‘like licking the lips, swallowing, yawning) of
any kind. Stuttering subjacts were not asked 1o indicate
whether they experienced a subperceptual stutter that might
have gone Unnoticed by the experimenter. Such an Instruc-
tion could have biased the results in creating a dual-task
situation for the persons who stutter. That I, they would not
only have to perform the experimental task, buf in addition
they would have to monitor carefully their (inner) speech to
detect (c)overt aysfluencies. Such’ extra demands_ could
easlly Increase reaction times and word durations. For the
word-naming task intotal 5.03% of the data for the controls
and 11.94% of the data for the Bersc)ns who stutter were lef
out of the ana\gas. For the sympol-naming task the percent-
ages were 14.93% for the control sReakers and 19.31 % for
the persons who stutter. Clearly, the symbol-naming task
nduced more errors than the word-naming task. For the
recognition task, errors pncorrect Ves or no-response,% Were
determined automatically by software. Together with the
correct manual responses these error data were used to
evaluate the recognition performance of the persons who
stutter and their matched controls. | |

Speech and EMG signals from the FM instrumentation
recorder were handpass filtered (EMG: 20-500 Hz; Audio:
80-2500 Hz, all with 48 dB/octave) before being digitized at
2500 Hz (EMG) or 5000 Hz (Audio) and thelr gain was Set to
an optimized value (£5 V). The onset and offset of the
speech signal were used as temporal markers to determine
speech reaction time and word duration. For these mea-
sures It was possible to use a limited frequency band
80-2500 Ha, for the audio signal (cf. Watson et al., 1991).
\fter being digitized, the EMG signals were software recti-
fled and low pass filtered between 15 and 40 Hz. Both raw
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and Integrated EMG signals were displayed during the
analysis ?see also Figure 1), |

Speech and IEMG time measures were determined auto-
matically using an algorithm inwhich the onset or offset [(on\y
for,audmz} of a signal was defined at a 5% level of the
optimized range éi V) above a calculated noise level (mean
+ 3 X standard deviafion) for a number of triais within a set
of data for a given nammﬂ task (thus. onset = noise level +
50 mV). All “automatically derived onsets were visual
checked and corrected If necessary (see also Gracco, 1988)
Once the onset of the IEMG signals was determined, an
automatic algorithm was used to find the IEMG peak ampli-
tude In the Interval between IEMG onset and the onset of
speech, In Figure 1 an example of a typical trial IS shown,
llustrating the temporal markers for the onset and offset of
speech, the onset of upper lip and lower lip IEMG activity, as
\t/)vet\m,s the temporal location of the [EMG peak amplitude for

oth lips.

Dependent Variables

Recognition task. To analyze the recogmtmn task perfor-
mance two measures were uSed that are derived from signal
detection theory gGreen & Swets, 1966; McNicol, 1972). The
first measure 1S the nonparametric sensitivity score P(A)
which Indicates how well subjects can make correct judg-
ments while avoiding making incorrect ones. It is based on
the probabilities of “hits" (recognizing the combination as

reviously learned and being correct(‘} and “false alarms'
Ere,cogmzmg the _combination as previously learmned and

eing Incorrect). The exact formula that was used to calcu-
late the P{A) scores can pe found In McNicol (1972, p. 115)
With high levels of sensitivity, the distribution of this score

Audio
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will be skewed, which might affect the analysis of variance,
Therefore, as recommended by McNicol r(1972?, al PA)
scores were transformed, according to the formula;

2arcsin yjP(A)

A second measure for recognition performance IS bias,
that Is “the extent to which the observer favors one hypoth-
esIS over another independent of the evidence he has been
given” (McNicol, 1972, p. 11). The total number of “yes’
'esponses was used as a nonparametric bias score. Both
measures of recognition performance were also used by
Bosshardt S1993 ~although he did not mention the transfor-
mation for the &A) scores. Next to these recognition mea:
sures that Indicate how well subjects can make a (correct)
jfud?ment, manual reaction time was used to determine how
ast these judgments were given.
~ INVord—-namvng and symbo/-nam/ng fasfc FO WOra Nalm-
ng as well as for symbol namln?, choice speech reaction
time was used as an overall performance measure, It was
pased on the Interval between the moment at which a
stimulus was presented and the very first onset of speech
acoustics (see Figure 12. Word size and group effects for this
measure were used to fest the first assumption mentioned at
the end of the Introductjon. o

In addition, but only for the words with a bilabial conso-
nant onset, two IEMG measures were calculated. The first
measure IS based on the Interval between uploer ip and
lower lip [EMG onset {interiip interval = lower lip IEMG onset
~ upper lip IEMG onset; thus a negative value indicates that
the lower lip came first). The second measure Is based on
the Interval between F}upper/lower) ip IEMG onset and the

temporal location of the IEMG peak amplitude ([EMG peak

Peak
Onset Speech

IR e o
nd (f) temporal location of Lower lip pea



latency). As a more gen_era\ estimate for %roup differences In
speech execution, the Interval between the onset and offset
of speech acoustics (word duration) was Included In the
analyses. Group and word size effects for these measures
were used to test the second assumption mentioned at the
end of the Introduction.

Statistical Analysis

In order to reduce susceptibility to outliers In the data,
separately for each subject and ‘task the median values
(Ferguson, 1984) were calculated anross the repetitions of
ndividual stimuli, For word naming and symnol naming the
number of repetitions was 24. For'the recognition task, the
number of repetitions was 12 for either response type
(yes/no). In case the median could not be calculated dug to
missing data, It was replaced by a value calculated accord-
ng to a method descrined In“Winer (1962 P 282). This
strate_%/ was used 101 times out of a total of 36864 cells
(=0.27%). The median values were used to calculate the
group means for the factors of Interest (group and word

Size).

F)or the recognition task,. transformed P(A) scores, bias
scores, number of hits (maximum of 6 per combmaﬂon) and
false alarms (maximum of 6 per combination) were analyzed
n singular analyses of variance, with word Size (four levels)
as within-subject factor and group (persons who stutter vs,
control sp,eakers?] as between-subject factor. For the manual
reaction times the analysis of variance followed a three-
factor design with repeated measures with group as be-
tween-subject factor and word size (four levels) and re-
sponse type (two levels) as within-subject factors.

For the' word-naming task as well as for the symbol-
naming task, the analysis of variance followed a two-factor
design” with repeated” measures on speech reacfion fimes
and word durations with group ,as,betwe,en-sub{ect factor
and word size ifour \eve\s()}J as within-subject factor. Varia-
tions Inthe Initial phonemes of aword can ‘Influence reaction
tfimes (cf. Dembowski & Watson, 1991; Peters et al., 1989),
but the design of the present experiment was such (see
above) that word size levels and Initial phoneme were not
confounded. Therefore, data were pooled across the words
with alveolar and bilabial initial phonemes, except, of
course, for the IEMG measures. For the latter, separate
analyses of variance were performed on the interlip interval
and ‘on u,Ppe,r,Igp and lower lip [EMG peak latencies for the
words with Initial bilabial consonant following a two-factor
design with repeated measures with group” as between-
subject factor and word size (four levels) as within-subject
factor. F-values reported for word size main effects as wel
as for word Size Interaction effects are based on multivariate
tfgsg%) (Hotellings T2 of significance (Rietveld & Van Hout,

For group main effects, additional Information will be
supplied to evaluate the power of that particular variable In
differentiating on @ more general level between people who
do and who 0o not stutter, as well as to be able to compare
the results of the present study more directly with the results
of previous studies. The additional informafion. includes two
estimates of how much (in %) of the total variation for that
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articular measure Is accounted for by group membership
gEta Squared, 2 and Omega Squared, &), Furthermore,
J5% confidence Interval (CI) information will be given to
ndicate the upper and lower limits of the size of the group
difference. Fmaﬂy, the erc,enta%e of proportion misclassi-
flied (PM) subjects will be given o Indicate how wel grun
membership can pe predicted from the variable for whic
the grou? effect IS reported. The latter index reflects the
degree of overlap between the distributions for the persons
who stutter and their matched counterparts; the higher the
overlap, the more difficult It IS to differentiate Detween
members of the two groups using that particular variable, A
more detailed account of using these Indices to Interpret the
significance of group differences was recently given by
Young (1994). | o

Word' size effects are submitted to trend analysis, using
orthogonal Po\yn,omml contrasts to qualify the nature of the
Size effect, that Is, to test for a linear InCrease or gpossm\y
higher order (quadratic, cubic) effects (Ferguson, 1984). For
alf tests a significance level of 0.05 was applied.

Results

The results are Rresented n two major sections. The first
section presents the data for the recognition task, and the
second Section presents the data for the word-naming and
the picture-naming tasks. For the recognition task the sen-
sitivity data will be given first, followed by the data of the
manual reaction times. For the naming tasks, the acoustic
data ﬁoeech reaction time and word duration) will be given
1;|rtst, 0)\owed by the IEMG data (Interlip interval and peak
atency).

Recognition Task

Sensitivity measures. Table 1 shows the means ang
standard deviations of the transformed sensitivity P(hA)
score, the hias score, the number of false alarms and the
number of hits for group Fpersons who stutter and control
speakers) and word size Eour \eve\s?. On the P(A) score the
persons who stutter and the controls were not found to be
different, F (1, 22) = 121, p = 283, and contrary to
exgectaﬂons, the ,averaﬂ,e value for the persons who stutter
(2.72) was even shghtlg gher than the average value for the
control speakers 12.63). “Similarly, there were no Proup
effects for pias, F (1,22) = .84, p -~ .370, the number of false
alarms, F (1, 22) - 1.85, p = .188, and the number of hits,
F(1,22) = 14 p = .709. Main effects for word size were not
mgnn‘lcant, although there was a trend for P(A%’ F (3 20) ~
%I': g ) < 08. No other effects were found to be significant

Manual reaction time. Table 2 lists the means and
standard deviations of the manual reaction times for group,
resgonse type (yes/no), and word size. Persons who Stutter
(798 ms) and controls (790 ms) did not differ from each other
In their overall manual reaction times, F = .03, R = .867. In
general no-responses (836 ms% took \onger fhan yes-re-
Sponses (/51 ms), F (1, 22) = 33.51, p < .001. Theré was a

trend for an overall main effect for word size, F (3,20) = 3.06,
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TABLE 1. Means (+S£>) of transformed sensitivity Index P(A
alarms %AM ané Sum e offmts (Hrﬂs o?contr \% eai?rs(fgi
one (1 syl), two (2 syl), three (3 Syl), and four ?4 39\) syllable

A L S T
1 9yl %352()) %358% 8)
2 SVl %278% %286?5 a

sy ) (8 S
iy 07 A

p < .06, and, in addition, there was a group by word size ~ Naming Tasks

r
interaction effect, F (3, 20) = 3.63, p < Oqj showing a longer . | . o .
reaction time. for p(erson)s wiho Siuter M the onge-syHa e Acoustic data, Word naming/reaction times, Figure 2A

condition (800 ms) as compared to the control speakers (743~ SnOWS the means (and standard geviations) of the acoustic
ms). For the polysyllabic words group differences were much ~ €&ction times for group and word Size. Persons who stutter
smaller (two-S}/Hab\e words: persons who stutter 8 ms (443 ms) had longer reaction times than ther maiched
faster: three-syllable words: persons who stutter 1ms faster: ~ CONtrols {418 ms), Dut this JJoup (lifference was not signif-
and four-syllaple words: persons who stutter 13 ms faster). Canh (L 22% = -9§,§) = .33/. There was a main effect for
Since a significant Interaction between word size and re-  word size, F (3 20) = 4-§0,6P <001, but no Interacfion with
sponse type (yes/ino) was also found, F (3, 20) = 11.87, p < %IVOUIO, F (3, 20) = 57, p = 641, as can be seen in Figure 2A
001 S|mP\e main effects for word Size were tested sepa- rend ana\¥3|s on_the main word size effect revealed a
rately for the yes- and no-responses. For the yes-response  Significant finear, F (1, 22) = 89.11, p < 001, and cubic
there was a significant main effect for word size, F (3,20) = component, F (1, 22) =" 1440, p < 001, showing an
007 p < .oo(f, which was not found for the no-response, ncrease (26 ms) In speech reaction time between one- ana
F(3,20) = .97, p = .426. Atrend analysis on the main effect ~ two-syllable words and also between three- and four-sylla-
of word size_for the ves-response Tevealed a quadratic  ble words E)13 ms), but no clear difference between two-"and
component, F (1, 22) = 26.1, p < .001, denoting longer  three-syllable words. . |

manual reaction times for the yes-response for two- (810 Acoustic data: Word naming/word duration. Means
ms) and three-syllable (779 mS) words, In comparison to @nd standard deviations) for word duration are listed In
one- (700 ms) and four-syllable (710 ms) words. Neither for gure 2C. As a group, persons who stutter (469 ms) had
the yes-, nor for the no-response was there a first order \onger word durations than thelr matched counterparts
nteraction between group and word size. As can be seen In '@3 ms). However, this group effect was not sqmﬁcant
Table 2, the Interaction between group and word size that (L, 22) = 316, p < .10. There was a main, effect for worg
was found when pooled across response éy#e (See above) Size, Fl@’ 20% = 338.06, p < .001, but no Interaction with
seems to be primarily based on the group difference (75 ms) 1qroup, (‘3, 20) = .36, p = 783, as shown In Figure 2C.
found for the no-reSponse In the monosyllabic conaition. rend analysis on the word size effect revealed a Clear hut
That Is, for some unknown reason, people'who stutter took  trivial sm\;n! icant linear component, F(1, 22) = 1065.00, p <
more time than control sPeakers to decide that a particular 001, but, In addition, there was a cubic component, F (1,22)
one-syllable word did not belong to the displayed symbol. - 4356, p < .00L The latter effect is based on the fact that
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the Increase In word duration between two- and three-
syllable words was smaller (130 ms) than the Increase
between one- and two-syllable words'(193 ms) and three-
and four-syllable words (207 ms). This finding seems to
arallel the’small difference in speech reaction time between
Wo- and three-syllable words (see abovez,. |
Acoustic data’ Symbol namingJreaction time. Means
and standard deviatipns of acoustic reaction time for group
and word size are shown In Figure 2B. Compared {0 the
word-naming task average reaction times were slower in the
symbol-naming task (430 vs. 666 ms). This Is a well-
gdocumented effect for naming pictures (Symbols) in compar-
son With _naming words % aser, 1992, Smith & Magee,
1980 Thelos&Amrhein, 1989). Persons who stutter were on
average 8 ms slower than their matched controls, a grou
difference that was not significant, F (1, 22) = .08, p =7,784.
There was a significant word size main effect, F (3, 20) =
21.12, p < .001, but, again, as in word namm(l} there was no
interaction with group, F (3, 20) = .45, p = .719, as shown in

ers gn rsons wWho stutter for wqrd size gon ss\g\
A) an S}/f&o\ namin iB %o word quratio si+ .

ree-syll
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Control speakers

B
Persons who stutter
Word size
0 —£3 Control speakers
D

Persons who stutter

Word size

e, two-syllable,
Zornons tter%rﬁ
0

X
e and four-SylJable words) in word haming (C) and sym

Fq,ure 2B. Atrend analysis on the word size effect revealed
a linear, F (L, 22) = 27,35, p < .001, and a quadratic
component, F (1, 22) = 233, p < .001. Speech reaction
fime " Increased between one- and two-syllable words (74
ms), remained practically the same (1.2 ‘ms) for two- ang
three-syllable words, and showed a small decrease (9 ms)
between three- and four-syUab]e words. Insum, there was a
clear dichotomy In reaction times between monosyliabic
words and polysyllabic words. |

Acoustic data: S¥mbo\ naming/word duration. Means
and standard deviations of word™ duration for group and
word size are shown In Figure 2D. On average, group
differences in word duration were the same as found for the
word-naming task (control speakers: 437 ms; persons who
stutter, 470 ms), but, again, the effect was not significant,
F(1,22) = 2.77,p = .110. As can be expected, there was a
strong main effect for word size, F §3, 20) = 444.44 n < 001,
but N interaction with group, F (3, 20) = .20, p = .897, as
shown in Figure 2D. A trend analysis on the main effect
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of word size showed the expected linear component,
F (1, 22) = 1430.00, p < .001, and, similar to word naming,
there was also a cubic component, F (1, 22) - 29.12, p <
001 The Increase In word duration hetween two- and
three-syliable words was smaller (128 ms% than the Increase
between one- and two-syllable words (192 ms) and between
three- and four-syllable words (203 ms?. S0, for word naming
and picture namm? the word size effect on word duration
was nearly identical, as were the absolute durations for each
word size level (compare Figure 2C and 2D).

[EMG data; Word naming/mterllp interval. Means (and
standard deviations) of the nterlip Interval data for group
and word size are shown In Table 3. Persons who Stutter
(21.0 ms) and matched control speakers (16.7 ms) showed
N0 significant difference In Size or sign of the Interval,
F (L 22) = 51, p = 481 Word size had a significant effect
on the interlip interval, F {3 202 = 370, p <".05, hut there
was no Interaction with group, F (3, 20) = .58, p. = .634, The
results of the trend analysis revealed a significant linear
component, F(1, 22) = 7,19, p < .05, showing on average a
decrease of the interval for }onger words.

[EMG data: Word naming/peak latency. Means and
standard deviations of [EMG peak latency for both lips for
group and word size are shown In Table 3. A significant
group effect (22 ms longer peak latency for persons who
stutte? was found for the upgerlép F(1,22)= 798 p < .01,
if =266, a®= 22.5 Cl = 5.8-37.9, PM = 28.1%, but not
for the lower lip, F (1, 22) = 182, p = 191, although the
group difference was only slightly smaller (16 ms longer for
persons who stutter). Word size”had a significant effect on
Upper lip IEMG peak latency, F F(3 202 = 4.35,p < .05, and
lower lip IEMG ‘peak latency, F (3, 20) = 844, p < .00L
These effects were similar for persons who do and who do
not stutter, as shown by a nonsignificant %roup by word size
interaction effect for upper lip, F?B,ZO) = 1.36,p = .284, ana
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lower lip, F (3, 20) = 55, p = .65. A trend analysis on the
main effect of word size revealed a quadratic component
- Sl, 22) = 893, p < .01, for upper lip, and a linear,
- éA 22) = 10.43, p < .01, and quadratic comﬁonent, F (1,
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22) = 13.15, p < .001, for the lower lip. For the upger hg
EMG peak latencies for one- ?67 ms) and four-syllable (69
ms? words were shorter than for two- (78 ms) and three-
syllable (73 ms) words. For the lower lip, [EMG peak laten-
cles showed a steady Increase for two- (13 ms) and three-
syllable (12 ms) woras, but a decrease of 17 ms for the
four-syllable words. -

EMG data; Symbol namm?/mte,rnp nterval. Means
and standard deviations of the interlip Interval data for %roup
and word size are shown In Table 3. Persons who stutter
(10.8 ms) and control speakers (19.1 ms) showed no signif-
cant difference In Size o sqn of the Interval, F (1 22? =01,
p = 421 Word size did not have asgmﬁcant effect on the
interlip interval, F (3,203 =95, p = 433, as In contrast to the
word-naming task, and neither was there an interaction with
grouRA : 83, 0) = 87,p = 473

IEMG data; Symbol naming/peak latency. Means and
standard deviations of IEMG peak latency for group and
word size are shown in Table 3. Significant (%rou effects
were found for upper lip, F E()l,22) = 1.0, é) < ,;AQ: 25.4,
W2 = 213, Cl = 53385, PM = 28.8%, and lower lip,
Fél, 22) = 94 2|o < 0L T2=299 @ =259 Cl =
8.3-42.8, PM = 26.4%, showing \on?er ntervals for the
Dersons who stutter (group difference for the upper lip; 22
ms; for the lower lip: 26 ms). There was no main effect for
word size for the upper lip, F (3,20) = .85, p = 483, or lower
i, F (3, 20) = .78, p = .520. Also, the interaction between
word Size and %roup was nonsignificant for oth hfs: upger
ip, F E%GZO) = 1.82,p = .176; and lower lip, F (3, 20) = .75,
P = .900.



Discussion

This stuay was set up to find evidence that people who
stutter diffef from control speakers in the way they process
information at the stage of motor plan assemply or'the staﬁe
of muscle commandpreparation/execution. n lignt of the
flrst assumgtlon (Qroup differences at the stage of motor
plan assemoly) a group by word size Interaction effect was
expected for choice reaction times In word naming, as wel
as In symbol naming. These Interactions, however, were not
found,”despite clear main effects of word size in both the
word-naming and picture-naming task. In fact, there was not
even a general ([;roup effect In both naming tasks. A recog-
nition task to test the ability of bullding and retrieving
memory representations for the symbol-word combinations
also revealed no group differences or group by word size
nteractions. |

Data that could have supported the second assumption
(group differences at the stage of muscle command prepa-
ration/execution) showed mixed results. For the Interlip
nterval there were no group effects or ?roup by word size
Interaction effects. For [EMG peak lafency, people who
stutter showed, In general, longer delays compared to the
matched control speakers. However, ‘this effect seemed
Independent of word size effects, as shown most clearly in
the word-naming task. | L

Groug differences In word durations were not significant
although for word naming there was a statistical trend
(p < .102 showing longer word durations for the persons
who stutter. Word size had no influence on the Size of the
group effect. These findings and others will be aiscussed in
more detail as regards thelr significance In providing positive
Or negative evidence for the assumptions that were men-
tioned at the end of the Introduction.

1 Do persons who stutter have problems in assem-

bling abstract motor plans? | |
Group differences in speech reaction times. Inthis study It
was expected that If persons who stutter need more time to
assemble a motor plan, this should be most evident for the
longer words, since they contain more syllables and thus \out
timé demands on the phono\oglca\ syllabification and sylla-
pary retrieval processes (Levelt, 1989: Levelt & Wheeldon
1994). Word size indeed affected naming latencies In Word
naming and symbol naming, but not in a simple linear way
which s in liie with findings of other studies (cf. Klapp &
Wyatt, 1976; Sternberg ef al, 1978; Van Lieshout et al,
1 962. Although there was always a clear difference In
reaction time between monosylladic and bisyllabic words,
adding an extra syllable to a word that already has more
than .one_syllable” did not automatically Increase choice
reaction time. One way of explaining thiS observation Is hy
assuming that for words with more than two syllables, the
subjectscould choose to start executing theSe first two
syllables, whereas the remaining syllables are Brocessed n
parallel at earlier stages. Klapp ‘& Wyatt (1976) alread
mentioned this possipility and, more recently, Verwey (199
discussed this Issue In great detail. As IndiCated by Verwey
(1994), a clear Indication for such on-line processing IS @
decrease In reaction time for longer sequences, The data
from the present experiment showed examples of this effect,
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especially In the symbol-naming task. For word naming, the
increase n speech reaction time for the four-syllable words,
not found In symbol nammg,,cou\d reflect” an effect of
reading time £ngatar & Eran-Zaidel, 1991; Naveh-Benjamin
& Ayres, 1986). Furthermore, as mentioned by Verwey

1994), practice could enhance this on-line processing, and
the subjects inthe present study had ample practice on only
four different words for each Series of tasks. |

The most Important aspect of this all is the fact that in the
present study group differences and word size showed no
significant Interaction, neither in naming latencies, nor in
word durations. Apparently, people who' stutter processed
the Information for longer words in the same way and in the
same time scale as control speakers. Thus, the present
findings do not support the hypothesis that persons who
stutter have a deficit In assembling motor plans (or speech
B\annlng) as was claimed by a number of authors (cf

osshardt, 1990,1993; Hubbard & Prins, 1994: Peters et a.
1989; Postma & Kolk, 1993: Wijnen & Boers, 1994)

This replicates the fmdlnﬁs of a previous study (Van
Lieshout et al. 1996|), n which persons who stutter and their
matched controls also failed to show a differentia! effect for
word size. However, as already mentioned, especially for
picture naming, the size effect in that study seemed too
restricted In its demands on motor plan assembling. That Is
why Inthe present stuay word size was varied along a wider
range, but even with this manipulation there was no group
by word size Interaction effect.” o

A serious limitation In the significance of not fmd,mc% a
group by word size interaction effect may be found in the
Severity Tatings for the stuttering subjects that were used in
the présent experiment. According to the SSI scores there
was only one moderate rating and the other subjects had
relatively mild ratm(b}s. nthe previous study (Van Lieshout et
al., 1996), the number of subjects with moderate ratings was
higher (5), but, as In the present ,studg there were no
stlittering. subjects with high severity S\-ratm,?s, which
might limit the scope of these findings. However, It has to be
sald that clinical ‘severity scores, ‘like the ones obtained
using the SSI, have to be Interpreted with much caution as
regards thelr significance toward explaining the absence or
ﬁresence of group effects In studies like the one presented

ere. Forexample, inthe SSI physical concomitants interms
of coping an strug?hng pehaviors have a very strong
nfluence on the total outcome of the severity Score. In
Figure, 3 the individual SSI scores for the stuttering subjects
used In this experiment are shown for the job task, the
reading task, the duration of disfluencies, and the presence
of physical concomitants, expressed as a percentage of the
maximum score for that part of the SSL As can be seen, all
subjects had relatively low scores on physical concomitants,
despite sometimes relatively high scores on frequency of
disfiuency and duration of disfluencies. Therefore, Tt IS
questionable whether SSI scores In terms of stuttering
severity allow clear predictions on the possinility of findin
group. differences In the measures as used In the presen
experiment (cf. Watson et al., 1992), Despite these objec-
tions, the fact that two studies with different stuttering
subjects falled to provide evidence In favor of the assump-
tion"that people who stutter have problems at the stage of
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Job task |J—| Reading taak

Duration ] | Physical Concomitants

% score SSI
100

Stuttering subjects

F%U' ; % SR caDacores I P eSr(fJ né%?sea%. @r%lpéarpro\;n%weeﬁf%

ndividual persons wha stutte
%gw overall se entg rating (S to S7 = very
mild ate)

gt according to
n%d; sg 0 sllg: s12 = moder

motor plan assemoly, either at the phonological or phonetic
encoding jprocess, ¢an be taken as a serious threat to the
generah?y of the claim. )

“Group differences In the recognition of symbol-word com-
binations. In the recognition task, the “subjects had to
ndicate whether or not a displayed symbol-word combina-
tlon was greﬂwously learned. To De able to do so, they had to
learn to buiid associations between the stimulus éymbo\)
and the resRonse (word). It has been claimed that persons
Who stutter have ?rob\ems In memory encoding and retrieval
of inquistic stimull (Bosshardt, 19937 Carpenter & Sommers,
1987” Moore, 1986: Moore et ai., 1982). Inthe present study,
there was no support for this claim. Reco?nmon perfor-
mance, as measured by the same Indices that were used by
Bosshardt (1993), did riot show that persons who stutter had
more problems In recogmzmg the correct stimulus pairs than
control speakers. On the contrary, they even had somewhat
h,|gh,?,r sepsnmty scores, although the group effect was not
significant.

he same was found for the manual reaction times. If
persons who stutter have more difficulties in the encoding
and retrieval of the appropriate associations befween a
symbol and a word, then 1t could be expected that they
would take or need more time to decide whether or not the
displayed combination was one of the four combinations
Prewous\y learned. However, they did not. One could argue
hat the Symnol-word combinations were perhaps too easy
to elicit the potential problems persons who stutter may
have In memory encoding and retrieval. However, such an
explanation seéms unlikely In h?,ht of the clear effects of
word size on manual reaction fime, Indeed, a stuay by
Brennan and Cullinan d(1976) showed that “long words as
opposed to short words may be more difficult 10 learn as
names [to a s%/mbollj and more difficult to retrieve from
storage” (p. 151). Furthermore, the use of abstract line
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patterns (cf. Nagata, 1986) and low frequency nouns can be
extp,ecte‘d to InCrease the load on memory” encoding and
retrieval
~ But, even In the absence of group differences in recogni-
tion, 1t 1S possible that the combination of memory retrieval
and naming, as re?uwed n the sympol-naming task, could
generate & kind of processing Overload situation for the
persons who stutter, as can be Inferred from the ideas
expressed In a number of so-called “interference” theories
Nudelman, Herbrich, Hoyt, & Rosenfield, 1989; Peters &
tarkweather, 1990: Welster, 1993). This might show In
stronger group differences or even group oy word Size
nteraction effects for the symbol-naming task, compared to
the word-naming task. Thé data from the present study do
not support this theory. In fact, the group difference In
symbol naming was smaller than the group difference found
for word naming, |

In sum, the data of the present study do not provide
evidence that persons who stutter have problems In pro-
cessing Information at the stage of motor plan assembly, as
t was called In this study. This also seems In line with the
findings of a recent study by Throneburg, Yairi, and Paden
(1994?, In which stuttering children (with and without accom-
|oany|ng ,?hono\ogma\ deficits) showed no effect of phono-
ogical difficulty on thelr stutterin frequenc;/.

2. Do persons who stutter have prob
aration of muscle commands? |

Group differences In the Interlip interval. In a previous
study (Van Lieshout et al., 1996) a significant group differ-
ence In the interval between upper lip and lower lip [EMG
onset was found for word and picture naming. The present
study showed no such difference. In this™ respect It IS
mportant to note that in the previous study the interlip
nterval data were based on a mixture of lip-closing and
Ip-rounding gestures, whereas In the present study, only
hf-c\osmg act|v,|rtry was measured. As noted by Gracco
(1988, 1994), different articulatory tasks %n his “study lip
closing and lip openm?),ma require different. ways of
coordmatmﬁ muscle activity due to differences In biome-
chanical |nfluences on these actions. |t seems plausible to
assume that If subjects are forced to alternate between two
different tip gestures (closing and rounding) from trial to trial,
as In the previous experiment (Van_ Lieshout et al., 199)
they need a certain amount of flexipility In changing muscle
command parameters for the two lips that are used to
execute the gesture that IS required. Recently, It has been
suggested that this type of flexibility in motor control mag be
reduced for (some) people who stutter (Kalveram, 1993,
McClean, Levendowski, & Cord, 1994: Van Lieshout et al.,
1994). On the other hand, with only one type of lip gesture
(the alveolar pnonemes do not reqire lip dction), Including a
pre-specified lip position (open mouth before Stimulus on-
Set), as Inthe present experiment, the demands on flexibilt
n motor control are probably less (see also Zimmermann
Hanley, 1983), thus diminis mg the probability of finding
group differences In the refative iming of the onset of muscle
activity for upper lip and lower lip

Group differences in IEMG peak latency. In a recent study
(Van Lieshout et al., 19932 t was showri that persons who
Stutter differed significantly from control speakers in the

ems In the prep-



durations of the Interval between [EMG onset and the
temporal location of the |[EMG %eak amplitude. The loresent
study replicated this finding in both naming tasks, although
the effect was not significant for the lower “R n word
naming. Taken together for both lips and tasks, the amount
of variance for the IEMG peak latency variable that IS
accounted for by group mempership Is routhy around 25%,
which Is considerably less than the 48% calculated from the
data reported In Van Lieshout et a. (1993), Also, the 95%
confidence Intervals of the group differences In the present
stud* (taken together, roughly between 6 ms and 40 ms) are
clearly smaller in size than thé interval for the lower lip founa
earlier (roughly between 73 ms and 155 ms). This difference
S also reflectéd in the percentage of subjects that would be
misctassified as either a stuttenn(g Or nonstuttering subject
(around 28% In this study vs. 16% in the 1993 stuay).

Both studies differed 1N a number of ways, but probably
the most Important difference3 can be found In the diversity
ana comﬁ\exn%,of the stimull that were used. That Is, In
general, the subjects inthe present StUdY had more practice
on the same items than the subjects in the 1993 study. So,
It seems that with extended practice on a number of words
the group difference for IEMG peak latency may become
smaller, due to a decrease In the IEMG peak latency interval
for stuttering subjects. This finding may be com%ared 0 a
finding reported by Zimmermann and ame,}/ (1983), show-
mgf that practice “ Seems to be associated with an increased
velocity of the articulators” (p. 39). If practice can decrease
the size of the IEMG peak latency interval and, at the same
fime, Increase movement velocities for people who stutter,
one could speculate about a possible relationship between
the two phenomena. |

For single-joint movements Gottlieh, Corcos, and Agarwal
(1989) provided data that differences in movement speed or
ime can be related to differences In the duration of EMG
activity. Although their theory remains more or less silent
anout EMG peak latency (see the comment of Gottlieh et al
n paragrapn 1.4n. in their resRonse to open Reer commen-
tary), Its clear from some of thelr examples that differences
In movement speed can affect this measure, showing Ionger
Reak [atencies for slower movements (see Figures 4, 10A,

4, and, for a more schematic lllustration, Figure 8A In
Gottlieb et al,, 1989; see afso open peer commentary of
Wallace & Weeks, 1989). A similar relationship between
[EMG peak latency and movement speed can be found In
Gracco (1988, Figure 11) for lip closing. Although these data
are based on individual performances, It seems reasonable
to assume that If two Proups of subjects In general would
differ In the speed of, for example, lip closing movements,
this could lead to a group difference In IEMG peak latency.
Of course, without movement data, this remains somewhat
speculative. However, there are kinematic studies that do
seem 1o indicate that people who stutter may move at a
slower rate than control Speakers In perceptually fluent

3There were also different stuttering subjects Iin both studies, but since the
stuttering severity scores across the studies are based on different methods,

there Is no clear way to relate stuttering severity to group differences in IEMG
peak latency.

%pes of (Speech) mo
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speech (McClean et al., 1994: Zimmermann, 1980a; but, see
aruso et al, 1938). |
Group differences in word duration, If people who stutter
would show longer movement durations, this would affect
thelr speech rate too. Onthe other hand, It has to be noticed
that slower speech rates do not entall per definition longer
movement durations (cf. Adams, Weismer, & Kent, 1993).
With single word utterances, the measure of word duration
that was used In the Present experiment may serve as an
estimate of speech rate. In the experiment described here
people who stutter In %enera\,showed slightly longer word
durations (f%B ms) In both naming tasks than control speak-
ers. The erfect, however, was not significant. In a previous
stud¥ (Van Lieshout et al. 1996?, the group effect for wora
duration was much stronger, althougn different in size for
Pmture naming (86 ms) and word naming (127 m%} Both
asks In that earlier study differed in the number of different
tems that had to be named. Inthe picture-naming task, per
supject only four different items were repeated 24 times,
Whereas In'the Word-namm? task 32 different items were
repeated only three times. Clearly, subjects had more prac-
fice on each, item for the picture-naming task. In the exper-
ment described here, both naming tasks used the same
number of items and the same _number of repetitions per
tem and there was no task difference in word duration.4
Thus, It seems that, similar to [EMG peak latency, group
differences in word duration are influenced le practice. AS
indicated by the data from Zimmermann and an\e¥ (1983),
differences In movement speed for articulation may form the
common factor on which these practice effects are based.
Of course, If the longer [EMG peak latencies {and word
durations) that are shown by the people who stutter, com-
nared to the nonstuttering control speakers, reflect the use
of a reduced movement Speed, the question remains how
this group effect can be explained, or In other words, why
would eoP\e who stutter move their articulators at a Slower
rate? Surely, this question cannot be answered within the
boundaries of the present experiment, but some hypotheses
can he explored briefly. | |
The first_hypothesis sugoests that this group difference
reflects a t|m|n]q deficit for people who stutter at the sub-
stal\%es of muscle command. Initiation/execution (cf, Mackay
& MacDonald, 1985; Van Riper, 1982). Persons who stutter
may have afunctional Impairment in controHJn,? muscle force
OVer time, which 1s not the same as a deficit In controlling
muscle force alone icf. Starkweather, 19953. For specific
or disorders Gracco (1991) discussed
e possibility that a deficit in scaling muscle actions to a
specific speéch movement task may relate to a disturbed
functioning of the supplementary mofor area (SMA). The role
of the SMA In stuttering has gained some Interest recently
(cf. Caruso, 1991: Dembowski & Watson, 1991; Watson ét
al, 1992: Webster, 1993) and perhaps the data of the
present experiment are another (Indirect) indication that

4Due to the fixed sequence of tasks for a given word set, the practice effect
In symbol naming (last task) might have been stronger, compared to word
naming (first task), but it seems that after the word-naming task there was no

extra benefit from the additional practice given at symbol naming. This might
reflect a kind of ceiling effect.
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there IS an SMA Involvement In stuttering. But then, If a
timing deficit underlies the delays In IEMG peak latency, it
seems reasonable to assume that this would be accompa-
nied by either more (cf, Janssen, Wieneke, & Vaane, 19835)or
less (cf. McClean et al., 1994) variable interval durations. In
comparing the average coefficient of variation (CV) of IEMG
peak latency of persons who stutter and control speakers for
Upper lip i,contro\s: 21.01%; persons who stutter: 25.1%)
and lower lip (controls: 38.4%; persons who stutter: 23.1 %),
a_clear group difference Is not observed. Also, If group
differences In IEMG peak latency are based on a neuromus-
cular timing deficit, the practice effect on |[EMG peak latency
would have to be accounted for as well. For example, as
indicated by Ludlow (1991), the effect of practice on the
speech output of neurologically based speech disorders
may not always be as clear as with stuttering. Next to this
“deficit” hypothesis, there Is room for another hypothesis to
explain why people who stutter might use slower movement
speeds, compared to non,stuttennq subjects. |
n_this hypothesis, which IS also discussed In earlier
publications R/an Lieshout et al., 1993,1994,1996), a group
difference In” movement speed could relate to” a group
difference In motor control strategy. For example, for ,sm?\e-
joint movements Gottlieb et al. (1989), made a distinction
petween two different control strategies. In one type of
strateqy subjects want to exert explicit control over move-
ment Speed “or time, whereas In the other type of strategy
movement speed IS not a control variable and a mere
consequence of task conditions. The detalls of these strat-
egles and their EMG and kinematic consequences as de-
scribed by Gottlieb et ai, (1989) may be quite different for
speech, apart from the Implicit_suggestion that there Is a
possible relation between 1IEMG peak latency and move-
ment time/speed (see above,%. However, the basic concept,
that subjects may choose different ways of specifying mus-
cle_ commands to perform a certain task, remains an Inter-
estm(% viewpoint, ,espemaH% n Its potential to provide a
tentafive explanation for why people who stutter may use
slower movement speeds than control speakers In percep-
tually fluent speech. In such an explanation, the Slower
movement speed Is a direct reflection of a control strategy In
which people who stutter want to exert explicit control over
movement speed In order to avoid situations in which the
motor control system might ?et out of balance (cf. ZImmer-
mann, 1980c). “Such a Strafegy can also be induced by
ntensive speech treatment as was suggested by the data of
a recent study by McClean et al. (1994). In this sense, longer
movement durafions can be seen as akind of compensation
behavior, but a compensation for what? -
There are several possibilities, ail of which are still highly
sPecu\atlve, and without sufficient empirical support. Gener-
ally speaking, one could argue that whenever and for
whatever reason people who  stutter need more time to
complete the processing of Information at some stage
during speech production, the increase In movement dura-
tion can enlarge the time window In which the task can be
accomplished without Interruption. For example, In terms of
motor control, decreases in movement speed may indicate
“that the motor control system shifts from a stratéqy that Is
predominantly open-loop at fast movement speeds to a
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strategy that I1s predominantly closed-looped at slow move-
ment Speeds” (Adams et al., 1993, p. 52).5

Differences In open-looped versus closed-looped control
strategies may relate to motor skill (Van Lieshout et al., 1994;

Van Lieshout et al., 199 see also Neilson, Neilson, &

O'Dwyer, 1992). Inthis view, persons who stutter are at the
low end of the motor skill continuum and, In moving at a
slower speed, they can put a stronger emphasis on_using
proprioceptive Information to guide their ‘actions. Or, as
stated by Neilson (1989):

s oy o s

jUéI Wantnhq t0 ta‘< |F easy, IS like a Sr(/)W esponse
Adjusting t esaee 0 aEF onse I this wa O||m£|e atr e-of[
between contr ?o and the error between desired and actua
rearterence signals, (p. 229

The Issue of speech motor skill In stuttering was also
addressed Ina \on]%tudma\ study by Kloth, Janssen, Kraaim-
aat, and Brutten (1995). Inthelr study, Kloth et al. examined
the linguistic and speech motor skIlls (using acoustic mea-
sures) of children at risk for stuttering who had no signs of
stuttering at the start of the investigation. The main differ-
ence that was found between those children who, one year
ater, were classified as people who stutter and those who
did not, was a higher pre-onset articulatory rate for the
stuttering children. The authors concluded that this finding
was In line with suggesﬂons from a “ Demands and Capac-
|tg” apﬁroach (cf. Adams, 1990; Starkweather & Gottwald,
1 90){t at the occurrence of stuttering Is related to the fact
that for these Individuals their speech rate exceeds thelr
speech motor skills. So, although speculative and in need of
more empirical support, the data from the present study
showmg a group difference in IEMG ﬁeak latenc m|giht
suggest that people who stutter move their articulafors af a
(Slig ﬂY) slower movement speed In correspondence to a
control” strategy than seems appropriate. within the con-
stre%mts kO\F a limited (but not necessarily impaired) speech
motor Skill,

Conclusions

n the present study a tentative answer was sought as
regards the 3|Pnn‘|cance of various sta?es In speech produc-
tion (motor plan assemply and muscle command prepara-
tion/execution) to explain” differences between people who
stutter and matched control speakers. The data that were
presented do not show clear evidence that people who
stutter in general have problems In assembling motor plans
for speech production or In bullding and retrieving memory
representations of symbol-word combinations. With respect
to the stage of muscle command preparation/execution, the

5In the study of Adams et al. {1993), slow speech rates (one quarter to half that
of conversational speech) were characterized by more asymmetrical velocity
profiles and multiple velocity peaks. Clearly, in the present study such strong
decreases In movement speed were not found, and neither were the asym-
metrical velocity profiles. However, the process of shifting from a more
open-looped to a more closed-looped strategy may be a gradual one, with
single narrow-peaked and broad multiple-peaked velocity profiles being
extremes at each end of the continuum.



data show that people who stutter, compared o matched
controls, have delayed IEMG peak latencies. The orrﬁrn of
this group difference is yet unclear anc ma¥ relate either to
deficits In neuromuscular timing or to strategic choices in
the control of neuromuscular output, for example, to com-
pensate for a lack of speech motor skill
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Appendix
Experimental stimuli (including English translation):
WORDS:
19yl 2 Syl 3 syl 4 syl
B\ES EIEJSE)R EE)\EF URGER IERCONSUM?T\E
(iping) adger eef burger eer consume
EET L DAUW TERKOK EERTRAPSRAK
N starting/end point) mﬁg (C l|:'e C00K) multi-stage rocke?
%OOP DOOFPOT OOPLEERL)\NG OORKE SYSTEE
aptism) (extinguisher) atechumen d|rect aling system
NAAD NAARLING NAAICU SU? NAAMVA SLﬁITGANG
(Seam) (odious person) (Sewing-Class (case ending
SYMBOLS.
.



