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Abstract

Purpose—The present study examines the impact of typical aging and Parkinson’s disease (PD)
on the relationship among breath pausing, syntax, and punctuation.

Methods—Thirty young adults, 25 typically aging older adults, and 15 individuals with PD
participated. Fifteen participants were age- and sex-matched to the individuals with PD.
Participants read a passage aloud two times. Utterance length, location of breath pauses relative to
punctuation and syntax, and number of disfluencies and mazes were measured.

Results—Older adults produced shorter utterances, a smaller percentage of breaths at major
boundaries, and a greater percentage of breaths at minor boundaries than young adults, but there
was no significant difference between older adults and individuals with PD on these measures.
Individuals with PD took a greater percentage of breaths at locations unrelated to a syntactic
boundary than control participants. Individuals with PD produced more mazes than control
participants. Breaths were significantly correlated with punctuation for all groups.

Conclusions—Changes in breath pausing patterns in older adults are likely due to changesin
respiratory physiology. However, in individuals with PD, such changes appear to result from a
combination of changes to respiratory physiology and cognition.

INTRODUCTION

Successful communication involves not only motor plans and movements of the speech
system but also language planning and cognitive resources. Since speech is an overlaid
function, speakers must balance metabolic demands of oxygen/carbon dioxide exchange
with speech production (Bunn & Mead, 1971; Hoit, Lansing, & Perona, 2007). Balancing
physiology with language involves, among other things, deciding when to pause to inhale
(breath pause).

In speech, pauses can be used to mark the ends of prosodic phrases, changes in intonation,
and syllable duration (Schirmer, Alter, Kotz, & Friederici, 2001; Steinhauer, 2003). Typical
adults produce longer pauses at major prosodic boundaries (e.g., boundary of a group of into
national phrases) than at minor ones (e.g., boundary for a single into national phrase) (Price,
Ostendorf, Schattuck-Hufnagel, & Fong, 1991). Although prosodic structure is not the same
as syntactic structure (Ferreira, 1993; Gee & Grosjean, 1983), prosodic boundaries typically
coincide with syntactic boundaries (Price et al., 1991; Warren, 1996) with the longest pauses
often occurring at major syntactic boundaries (Price et al., 1991). Similarly, it has been
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shown that, during speech, adults take more breaths at major syntactic boundaries (e.g., after
independent and dependent clauses) than at minor syntactic boundaries (e.g, after a
prepositional phrase) (Grogiean & Collins, 1979; Wang, Kent, Duffy, & Thomas, 2005;
Winkworth, Davis, Ellis, & Adams, 1994).

This pattern of pausing longer and more often at major syntactic boundaries has importance
from the perspective of successful communication. Listeners use pauses along with other
prosodic cues to parse syntactic and semantic units in running speech. For example, Price
and colleagues (1991) found that listeners could reliably disambiguate syntactically
ambiguous sentences using only prosodic cues (syllable duration, pause duration, and
boundary tones). In fact, some studies have suggested that pausing is more important to
understanding syntactically complex sentences than pitch contour (Price et al., 1991; Shah,
Baum, & Dwivedi, 2006). In an elicited production task, Shah and colleagues (2006) found
that typical speakers produced longer pauses and longer syllable durations at syntactic
boundaries but less consistently produced afalling intonation pattern at the same boundaries.
Despite the lack of consistent into national cues, listeners were accurate in understanding the
intended meaning of structurally ambiguous sentences from the production task.
Interestingly, in the same study, individuals with left-hemisphere brain damage were found
to insert pausesin syntactically inappropriate locations in some sentence types, resulting in
lower listener accuracy in determining the intended meaning of those sentence types. Thus
breath pauses that occur at syntactically inappropriate locations may contribute to poor
intelligibility and reduced naturalness of speech (Hammen & Y orkston, 1994).

Although written language lacks acoustic markers of prosody such as pause duration and
pre-boundary lengthening, research suggests that punctuation in written language functions
similarly to prosody in spoken language. Thereis arelationship between commas in written
language and prosodic boundaries in spoken language. In silent reading, longer pauses are
taken at mgjor syntactic boundaries than at minor ones (Stine, 1990). Further, commas €elicit
asimilar event-related brain potential (ERP) response to that elicited by prosodic boundary
marks (including pauses) in spoken language perception (Steinhauer, 2003). Similarly, in
reading aloud, readers generally place prosodic breaks and breath pauses at |ocations with
punctuation, with more significant breaks occurring at a period than at a comma. For
example, it has been found that young adults tend to breathe more often at a period than at a
comma when reading aloud (Conrad, Thalacker, & Schonle, 1983). As with spoken prosody,
punctuation in written language is not the same as syntax but corresponds closely to syntax,
with periods representing independent clause boundaries and commas representing
dependent clause boundaries or minor syntactic boundaries such as between itemsin alist.
Thus, the results from Conrad and colleagues (1983) match closely with those of other
studies of breath pausing in spoken sentence production.

While the research discussed above has demonstrated a clear relationship between syntax
and breath pausing in young adults, only afew studies have attempted to define this
relationship in older adults and disordered speakers, such as individuals with Parkinson’s
disease (PD). It islikely that this relationship may be altered in older adults and individuals
with PD given the documented changes to the physiological properties of the respiratory
system as aresult of typical aging and disease (Bode, Dosman, Martin, Ghezzo, &
Macklem, 1976; Frank, Mead, & Ferris, 1957; Huber, 2008; Huber & Darling, 2011,
Mittman, Edelman, Norris, & Shock, 1965; Sadagopan & Huber, 2007; Solomon & Hixon,
1993). Typical aging and PD may also result in changes to cognition which could impact
language skills and lead to problems planning breath pauses with language formulation
(Birren & Schaie, 2001; Hayes, Davidson, Keele, & Rafal, 1998; Mather, 2010; Oliveira,
Gurd, Nixon, Marshall, & Passingham, 1997; Sommers & Danielson, 1999; Tun, O'Kane, &
Wingfield, 2002; Zgaljardic, Borod, Foldi, & Mattis, 2003; Zgaljardic et & ., 2006).
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Although most studies have focused on comprehension of language rather than production
(Kemper & Mitzner, 2001; Sommers & Danielson, 1999), some studies suggest that
limitations in working memory and reduced inhibitory mechanisms may impair language
skillsrelevant for production. Stine and colleagues have shown that during silent reading,
older adults tended to pause for less time at the end of sentences and pause longer at minor
syntactic boundaries than younger adults (Stine, 1990; Stine, Cheung, & Henderson, 1995).
They suggest that these age-related differences in silent reading may be related to reduced
working memory in older adults; the entire sentence istoo long for older adults to maintain
in working memory, and so they parse the sentence at minor boundaries, breaking it into
smaller chunks (Stine, 1990; Stine et al., 1995). If asimilar effect of working memory was
found to be present for speech production, older adults would be expected to pause more
often at minor boundaries and less often at major boundaries than young adults do. Looking
specifically at production, Kemper and colleagues have shown a decline in syntactic
complexity in spoken and written language with increasing age in healthy aging and have
related the decline to working memory (Kemper, 1987; Kemper, Marquis, & Thompson,
2001). Results from a controlled production task similarly showed evidence for capacity-
based limitations on the length, complexity, and content of older adults' sentence
productions (Kemper, Herman, & Chiung-Ju, 2004).

The impact of cognitive impairments on language has not been well studied in individuals
with PD. However, some of the cognitive impairments in individuals with PD are similar to
those seen with typical aging, although more severe. Thus, it is likely that cognitive
impairments in individuals with PD also contribute to language impairments. Specifically,
limitations in working memory, reduced inhibitory mechanisms, and difficulties with set
switching are likely to play arolein impaired language skills (Brown & Marsden, 1990;
Hayes et al., 1998). Individuals with PD have also been shown to have subtle language
processing difficulties, in particular related to syntactic processing, which may make it more
difficult for them to plan breath pauses with syntax (Friederici, Kotz, Werheid, Hein, & von
Cramon, 2003; Grossman et al., 1993; Grossman et a., 2000; Grossman, Lee, Morris, Stern,
& Hurtig, 2002; Hochstadt, 2009).

Severa studies have demonstrated that individuals with dysarthria take breaths more often at
minor syntactic locations than control participants (Bunton, 2005; Hammen & Y orkston,
1994; Wang et al., 2005). However, due to differences in the classification of breath pauses,
the type of speech task used, and the variety of dysarthria types studied, the magnitude of
the differences in breath pausing patterns between speakers with dysarthria and control
participants varies widely across studies. Hammen & Y orkston (1994) demonstrated that, in
areading task, individuals with a variety of neurological disorders affecting speech
production, including seven individuals with PD, took breaths at sentence boundaries only
39% of the time, as compared to 74% for control participants, a significant difference.
Individuals with dysarthriatook breaths within phrases or clauses 23% of the time, as
compared to 2% for the control participants, also significantly different. Bunton (2005)
found somewhat different results for conversational speech, though the group differences
were in the same direction. Individuals with PD took breaths at structural boundaries
between 50 and 71% of the time in conversational speech, while control subjects took
breaths at structural boundaries between 75 and 87% of the time (Bunton, 2005). Bunton did
not analyze these data statistically. Wang and colleagues (2005) obtained quite different
resultsin their study of conversational speech by individuals with traumatic brain injury and
arange of dysarthria characteristics. The reported that 9 out of 12 of their subjects took
breaths at |ocations comparabl e to the control participants, but no statistical analysiswas
completed. Further, they reported high inter-subject variability with the percent of breaths
taken at “appropriate breath locations’ ranging from 0%—99% (Wang et al., 2005, p. 71).
However, the variability Wang and colleagues reported may be due to the wide range of
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dysarthria types and speech impairment severity levels represented in the study patient
sample.

The current literature on breath pausing and syntax is limited in that, to our knowledge, no
studies have systematically investigated the relationship between breath pausing and syntax
intypical older adults. In fact, studies that have included older adults have only included
these subjects as the control group and did not contrast their data with that of a younger
adult group. Although we do gain some information about older adults breath pausing
patterns from the control group data, it isimportant to understand how older adults' breath
pauses compare with those of younger adults to fully understand the effects of typical aging
and to set realistic goals for disordered speakers. For these reasons, the present study
includes a young adult control group.

Another major limitation of some previous studiesis the use of overly broad classification
systems for recording the locations of breath pauses. For example, Bunton (2005) classified
breath pauses broadly into one of two categories. structural (preceding a clause) or other
(between single words or lists of items). Thus, valuable information about the use of breath
pauses at more minor syntactic boundaries (e.g., at the beginning of aprepositional phrase)
may have been lost. Older adults and individuals with PD have been shown to produce
shorter utterances as compared to young adults (Hoit & Hixon, 1987; Huber, 2008). Shorter
utterances, and thus more frequent breath pauses, may result in fewer breaths at major
syntactic boundaries, but these breaths may still be tied to syntax in a predictable way.
Therefore, when recording the position of breath pauses, it isimportant to distinguish
between minor syntactic boundaries (e.g., following a subordinate clause) and locations
unrelated to a syntactic boundary (e.g. within a prepositional phrase). Thisdistinctionis
important because there may be very different consequencesto overal intelligibility.
Furthermore, when describing the relationship between syntax and breath pausing in older
adults and speakers with dysarthria, it isimportant to be as precise as possible to allow for
replication with new populations and for tranglation to clinical evaluation methods. Hammen
& Yorkston (1994) provided the most clearly-defined classification system of breath
pausing, defining breath pausing as either primary (at a sentence boundary), secondary (at a
phrase or subordinate clause boundary), or other (within a phrase or clause). The present
study adopts a similar three-way classification system for the syntactic location of breath
pauses.

Conrad et a (1983) showed that young adults use punctuation as a cue for breath pausing
when reading aloud. However, no current studies have examined whether older adults or
individuals with PD use punctuation in the same way. The present study investigates this
issue by analyzing breath pause locations in relation to punctuation in addition to syntax.

Research Question

The present study examines the impact of typical aging and PD on the syntactic |ocation of
breath pauses. Using a reading passage and a detailed classification of breath pauses, this
study provides a comprehensive overview of typical aging, extends earlier work to alarger
population of individuals with PD, and examines the relationship between breath pausing
and punctuation in these populations. It is important to understand the relationship between
breath pausing and syntax in order to set appropriate goals for individuals with dysarthriain
therapy and to develop treatment strategies designed to improve intelligibility and
naturalness of speech in individuals with motor speech disorders. Based on previous
literature, our hypotheses were as follows:

1. Typicaly aging adults will produce shorter utterances than young adults. A smaller
percentage of total breaths will be taken at major boundaries and a larger
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percentage of breaths will be taken at minor boundaries in older adults as compared
to young adults. However, in general, breaths will be associated with syntactic
boundaries and punctuation marks for both young adults and older adults.

2. Individuaswith PD will produce shorter utterances than age- and sex-matched
control participants. A smaller percentage of total breaths will be taken at major
boundaries and a larger percentage of breaths will be taken at locations unrelated to
a syntactic boundary by individuals with PD as compared to age- and sex-matched
control participants. In addition to taking alarger percentage of breaths at locations
unrelated to syntax, the individuals with PD will take a greater percentage of
breaths at locations without punctuation as compared to control participants.

METHODS

Participants

Seventy-one monolingual, native speakers of American English participated in this study: 30
young adults (15 women and 15 men), 25 older adults (15 women and 10 men), and 15
individuals with PD (6 women and 9 men). A subset of the older adults (fourteen who were
age- and sex-matched to the individuals with PD) were used as controls to compare to the
individuals with PD. Data were collected from one additional female participant as a control
to match FO3PD, who was too young to match with any of the older adults. Thus, atotal of
15 participants were age- and sex-matched to the individuals with PD. The mean ages of the
participants were as follows. young women: 22 years (range: 20-35 years), older women: 72
years (range: 66—76 years), women with PD: 70 years (range: 51-80 years), age-matched
women: 70 years (range: 5076 years), young men: 23 years (range: 2029 years), older
men: 71 years (range: 66-82 years), men with PD: 74 years (range: 70-83 years), age-
matched men: 72 years (range: 66-82 years). For age-matching, we strove to find healthy
older adults within 2 years of age for each of the individuals with PD. The average age
difference for the women with PD and the controls was 1 year (range: 0-3 years). The
average age difference for the men with PD and the controls was 2.5 years (range: 0-8
years). There were two men with PD for whom matches were not as close as we would have
preferred, 6 and 8 years difference. Information about time since diagnosis, medications, and
overall speech severity for individuals with PD is presented in Table 1.

Speech impairment ratings were made by three certified speech-language pathol ogists who
were unaffiliated with the study and who were experienced in the assessment and treatment
of individuals with motor speech disorders. To rate speech impairment, the speech-language
pathol ogists listened to individual sentences taken from the reading passage. Ratings of
loudness, speech rate, articulatory precision, breathiness, and hoarseness were made on a
scale of 1 (normal) to 7 (severe) and then averaged to obtain an overall speech impairment
rating. Normal was taken as arating of 1, mild was arating of 2-3, moderate arating of 4-5,
and severe arating of 6-7. These rating descriptors were also provided to the clinicians, in
addition to the numbers. Overall, the patients' speech impairments ranged from mild to
moderate, with reduced loudness and imprecise articulation most commonly rated as
problematic.

At the time of the experiment, all participants reported being free from colds, infections, and
allergy symptoms, having been non-smoking for at least the past five years, no history of
respiratory problems, no history of neurological disease (except PD), no head or neck cancer
or surgery, and no formal training in singing or speaking. All older adults and individuals
with PD were required to be living independently in the community and ambulatory and had
to pass the Mini-Mental State Exam (Folstein, Folstein, & McHugh, 1975) or the Cognitive-
Linguistic Quick Test (CLQT) (Helm-Estabrooks, 2001). Y oung and older adults were
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determined by the first author to have normal speech, language, and voice, and demonstrated
normal lung function by producing vital capacity (VC), forced vital capacity (FVC), and
forced expiratory volume in one second (FEV 1 o) at greater than or equal to 80% of expected
values based on age, sex, height, weight, and ethnicity (VacuMed Discovery Handheld
Spirometer). Individual s with PD were tested within 1-3 hours of taking their anti-
Parkinsonian medications.

Respiratory kinematic data were transduced with the Respitrace (Ambulatory Monitoring,
Inc.). An elastic band placed around the rib cage (RC), just under the axilla, transduced RC
movement. A second band placed around the abdomen (AB), below the last rib at the level
of the participant’ s umbilicus, transduced AB movement. Signals from the Respitrace bands
were digitized through the anal og-to-digital converter in the Optotrak system (Northern
Digita Inc.). A microphone signal was digitized time-locked with the Respitrace signal.

Procedures and Speech Stimuli

Each participant read a short (68-word) reading passage two times at comfortable loudness
and pitch (Sapienza & Stathopoulos, 1995). The reading passage was displayed on a
computer screen in front of the participant. Participants were instructed to read the passage
aloud and to be sure they were clear and audible to an experimenter sitting about four feet

away.

Two researchers independently listened to the reading passages and marked any deviations
from the passage produced by the participants. In cases where there was a discrepancy
between the two transcriptions, the researchers came to consensus on what the participant
said.

Measurements

A breath group was defined as all of the words produced on one breath, and utterance length
was defined as the number of syllables produced on each breath group. The location of a
breath was determined using the sum signal from the Respitrace which was computed by
summing the calibrated rib cage and abdomen signals (Huber, 2007, 2008; Huber,
Chandrasekaran, & Wolstencroft, 2005; Huber & Darling, 2011). A breath was defined as a
sharp upward deflection in the sum signal. In general, there was little doubt asto the
location of breaths. However, in afew cases, the microphone signal was used to corroborate
the location of a breath since we did not expect participants would speak on inhalation. The
microphone signal was also monitored perceptually for speech during inhalation. The
location of breaths was then analyzed from the perspective of punctuation and syntax. While
there was no difference in the number of breaths taken by individuals with PD and the
control participants [F(1, 28.5) = .03, p = .858], older adults took significantly more breaths
as compared to younger adults [F(1, 53) = 8.39, p = .006] (see Table 2). Because of the
difference in the number of breathsin the older and younger adults, percent data were used
rather than raw counts to reduce the effect of number of bresths.

Breaths at Punctuation—The breaths taken at periods, commas, and at |ocations without
punctuation were counted. For each participant in each trial, the percent of breaths taken at
each location was computed by dividing the number of breaths at a location by the total
number of breaths taken in the trial.

Breaths at Syntactic Location—Breaths were also analyzed according to syntax using
the following categories.
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* Mgor syntactic boundary (i.e., after an independent clause)

«  Minor syntactic boundary (i.e., after a dependent clause or before a prepositional
phrase)

» Locations unrelated to a syntactic boundary (i.e., in the middle of a prepositional
phrase, after a pronominal subject, etc.)

A copy of the reading passage, with syntactic boundaries indicated, is presented in Appendix
A. For each tria, the percent of breaths taken at each syntactic location was computed by
dividing the number of breaths at a particular location by the total number of breaths taken
by the participant in that trial.

Error Analysis—The number of disfluencies (sound or single word repetitions) and mazes
(multiple word repetitions, restarted utterances, and other deviations from the text) were
counted. Breathsimmediately before, during, or after mazes or disfluencies were not
included in the counts associated with punctuation and syntax.

Statistical Analysis

The type of analysis used depended on the structure and distribution of the data. The data on
the effects of aging were analyzed separately from the data regarding the effects of PD. For
all analyses, the factors were age (young vs. older adult) or group (PD vs. control). The a
level was set as a < 0.05 for all statistical tests. Additional information about the statistical
analysesis presented in Appendix B.

For utterance length, number of breaths, percent of breaths at a period and comma, and the
percent of breaths at the major and minor boundaries, the data were analyzed using linear
mixed models with SAS procedure PROC MIXED because different subjects had different
numbers of data points which prevented simply averaging values for each subject. Each
subject was modeled with arandom individual effect which is nested within the fixed-effect
factor (either age or group). At most, two repeated measures were observed from each
subject and their covariance structures were modeled as unstructured. For the tests of fixed
effects, the Kenward-Roger method (Kenward & Roger, 1997) was used to compute the
degrees of freedom of the corresponding £test.

The numbers of mazes and disfluencies were counting measures of small values, and were
modeled by Poisson distributions. The data were analyzed using generalized linear mixed
models with SAS procedure PROC GLIMMIX. As above, each subject was modeled with a
random individual effect which is nested within the fixed-effect factor (either age or group).
At most two repeated measures were observed from each subject, and they were modeled as
independent measures (for any specified subject). For the tests of fixed effects, the
Kenward-Roger method (Kenward & Roger, 1997) was used to compute the degrees of
freedom of the corresponding #test.

The data for percent of breaths at locations without punctuation and percent of breaths at
locations unrelated to syntax were positively skewed and contained many zero measures.
Type 1 Tobit models (Amemiya, 1984) were used to model the truncated measures. The data
were analyzed using SAS procedure PROC QLIM, and the effects were tested using the
likelihood ratio test (x2-test).

To examine the relationship between breath pauses and punctuation, linear regressions
between the number of breaths at minor boundaries and the number of breaths at commas
were fitted for each group. There are 26 locations defined as minor boundaries in the reading
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passage and ten of those are marked with a comma (see Appendix A). One mgjor boundary
occurred at acomma and that location was excluded from this analysis.

To establish inter-measurer reliability for utterance length and categorization of breaths, 2
young men, 2 young women, 2 older men, 2 older women, 2 men with PD, 1 woman with
PD were randomly chosen for remeasurement. This accounted for about 15% of the subjects.
Breath counts matched for every subject. For utterance length, a paired t-test was performed
to test whether significant differences existed between the two measurers. The mean
difference was 0.11 syllables, which isinsignificant [t (363)=0.64, p=0.42]. Overall,
reliability was good.

RESULTS

Means and standard errors for each group for dependent measure are presented in Table 2 to
provide potential comparative values for clinical practice.

Typical Aging

Utterance Length—Older adults produced shorter utterances than young adults [F(1, 53)
=6.24, p=.016].

Effects of Punctuation—Older adults took a significantly smaller percent of breaths at
periods [F(1, 53) = 8.33, p = .006] and a significantly larger percent of breaths at commas
than young adults [F(1, 53) = 11.84, p = .001]. For the percent of breaths at |ocations
without punctuation, there was no significant effect of age [x4(1) = .06, p = .812].

Effects of Syntax—Older adultstook a significantly smaller percent of breaths at major
boundaries [F(1, 53) = 7.72, p = .008] and a significantly larger percent of breaths at minor
boundaries [F(1, 53) = 10.64, p = .002] than young adults (see Figure 1). The linear
regressions demonstrated strong positive relationships between breaths at minor boundaries
and breaths at commas for both young (R2 = 0.90) and older adults (R2 = 0.91) (see Figure
2). Few subjects took breaths at minor boundaries which were not marked by commas.
There was no significant effect of age for the percent of breaths at locations unrelated to
syntax [x2(1) = .03, p = .866] (see Figure 1).

Error Analyses—There were very few instances of mazes or disfluenciesin the data from
the young and older adults and no significant effect of age for the number of mazes [F(1,
91.99) = .00, p =.987] or disfluencies [F(1, 108) = .98, p = .341]. Seventy-six percent of the
trials had no mazes in them and nineteen percent had one maze in them. Three young adults
produced 2—3 mazes in one of the two trials. One female older adult produced alarge
number of mazes (12 and 13) for both trials of the reading passage. Ninety percent of the
trials had no disfluencies and seven percent had one disfluency. The maximum number of
disfluenciesin any trial was three, produced by an older male.

Parkinson’s Disease

Utterance Length—~For utterance length, there was no significant effect of group [F(1,
28.2) = .09, p=.764].

Effects of Punctuation—For the percent of breaths at periods, commas, and no

punctuation, there were no significant effects of group (Periods: [F(1, 28.2) = .29, p = .596],
Commas: [F(1, 26.9) = 2.02, p = .167], No Punctuation: [x2(1) = 2.37, p = .124]).
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Effects of Syntax—+For the percent of breaths at major and minor boundaries, there were
no significant effects of group (Major: [F(1, 28) = 1.11, p = .301], Minor: [F(1, 27.8) = .49,

p = .489]). The linear regressions demonstrated strong positive relationships between breaths
at minor boundaries and breaths at commas for both controls (RZ = 0.90) and individuals
with PD (R2 = 0.89) (see Figure 2). For the percent of breaths at locations unrelated to
syntax, there was a significant effect of group [x2(1) = 4.38, p = .036]. Individuals with PD
took a significantly larger percentage of breaths at locations unrelated to syntax as compared
to control participants (see Figure 3).

Error Analyses—Individuals with PD produced significantly more mazes than control
subjects [F(1, 56) = 7.84, p = .007]. For the number of disfluencies, there were no significant
effects of group [F(1, 35.25) = .97, p = .331].

DISCUSSION

The present study examined the impact of typical aging and PD on the syntactic location of
breath pauses. In general, the hypotheses about changes as aresult of typical aging were
supported. However, support for the hypotheses about changes as a result of PD was mixed.

Typical Aging

In general, amajority of breaths produced by both young adults and typically aging adults
were located at major or minor syntactic boundaries, as expected. We hypothesized that
typically aging adults would produce shorter utterances and take a smaller percentage of
breaths at major boundaries and a greater percentage of breaths at minor boundaries than
young adults. These hypotheses were supported by the results. Further, breaths at minor
boundaries were highly associated with punctuation, as hypothesized. Interestingly, although
16 of the 26 minor syntactic boundariesin the text did not have any punctuation marking,
almost all of the breath pauses at minor boundaries occurred at locations marked with
commas. This suggests that commas are an important visual cue for breath pausesin
reading, especially for speakers such as older adults who may need to take more breaths at
minor boundaries. While changes in breath pausing patterns have been linked to negative
changes in speech intelligibility and naturalness (Hammen & Y orkston, 1994), the typically
aging adults were generally readily intelligible to listeners. It islikely that while typically
aging adults take a greater percentage of breaths at minor boundaries, the fact that the
majority of their breaths are till tied to syntax preserves speech intelligibility and

natural ness.

Changes in breath pausing patternsin typical aging could be the result of either changesto
respiratory physiology or changes to cognition affecting the ability to plan breath pauses
relative to syntax. In this study, changes in breath pausing patternsin typically aging adults
are likely the result of changes to respiratory physiology rather than changesin cognition
because breath pauses were still closely tied to syntax despite the fact that typically aging
adults produced shorter utterances than young adults. Changes to respiratory physiology in
typically aging adults include decreased elasticity of the lungs, decreased compliance of the
chest wall, lower elastic recoil forces, and decreased muscle mass (Berry, Vitalo, Larson,
Patel, & Kim, 1996; Bode et al., 1976; Enright, Adams, Boyle, & Sherrill, 1995; Enright,
Kronmal, Manolio, Schenker, & Hyatt, 1994; Knudson, Slatin, Lebowitz, & Burrows, 1976;
Pfitzenmeyer et al., 1993; Sherrill, Lebowitz, Knudson, & Burrows, 1992; Tolep & Kelsen,
1993). These physiologic changes make it more difficult for aging adults to inspire to higher
lung volumes and continue speaking to lower lung volumes. Thus, typically aging adults
may produce shorter utterances as a result of a decreased ability to utilize expiratory muscles
to produce longer utterance at lower lung volumes (Huber, 2008). Typically aging adults
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may also produce shorter utterances as away to ensure breath pauses are produced at
syntactically appropriate locations as opposed to speaking until they are forced to inspire at
asyntactically inappropriate location, suggesting intact cognition or intact coordination of
respiration with language formulation.

disease

We hypothesized that individuals with PD would produce shorter utterances as compared to
control participants. This hypothesis was not supported. Some previous studies have
demonstrated significantly shorter utterances for individuals with PD as compared to control
participants (Huber & Darling, 2011; Solomon & Hixon, 1993), but not all studies have
reported significant differences (Bunton, 2005). High speaker variability, as observed in
Bunton (2005), results in difficulties comparing results across studies. Comparisons of mean
dataindicate that the individuals with PD in our study and those in Solomon and Hixon
(1993) produced comparable mean utterance lengths, 13.2 syllables and 13.6 syllables,
respectively. However, control participants in the current study produced 12.6 syllables per
breath group, while control participantsin Solomon and Hixon (1993) produced 17.5
syllables per breath group. Thus, the discrepancy in the results across the current study and
Solomon and Hixon is due to utterance length differences between the control participants
and not the individuals with PD. The mean from the current study is at the low end of the
range of values reported for utterance length in typically aging adults, from 1218 syllables
per breath group, in previous literature (Hoit & Hixon, 1987; Hoit, Hixon, Altman, &
Morgan, 1989).

We hypothesized that individuals with PD would take a smaller percentage of breaths at
major boundaries. This was not supported by our results. There were no significant
differences between individuals with PD and control participants for breaths taken at major
boundaries or minor boundaries. Two studies reported that individuals with dysarthria take
fewer breaths at sentence or major boundaries than control participants (Bunton, 2005;
Hammen & Y orkston, 1994). One of those studies, Hammen & Y orkston (1994), included
participants with dysarthria due to traumatic brain injury, cerebrovascular accident, and
amyotrophic lateral sclerosis, aswell as PD. Asindividuals with different types of dysarthria
exhibit different types of speech symptoms and different breath pausing patterns, differences
between our study and theirs are not surprising. Bunton (2005), the only previous study to
solely utilize individuals with PD, found that individuals with PD took breaths at structural
boundaries between 50 and 71% of the timein conversational speech, while control subjects
took breaths at structural boundaries between 75 and 87% of the time. In the current study,
individuals with PD took breaths at major boundaries 63.1% of the time, which is consistent
with Bunton’ s results. However, control participants in the current study only took breaths at
major boundaries 64.7% of the time, which is much lower than control participantsin
Bunton’s study. Therefore, much like our results for utterance length, the control

participants drove the differencesin findings across studies. This could be related to age
differences between the control participants, the speech task examined, or the number of
control participants included. Bunton only had 6 control participants while the current study
had 15 control participants. The control participants in Bunton’s study were younger than
the control participantsin the current study, particularly the men. Previous studies from our
laboratory have shown significant differencesin the respiratory patterns utilized for reading
and monologue in young adults, older adults, and individuals with Parkinson’s disease
(Huber, 2007; Huber & Darling, 2011). Those respiratory patterns differences may also
result in differences in breath pausing behavior and may also explain the differencesin the
control group means between the current study and Bunton (2005).

Differences in the severity of the speech impairments demonstrated by the participants may
also be the cause of discrepancies between the current study and previous studies. In
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general, individuals with PD in the current study had mild speech severity with only 3
individual s with moderate speech severity. Most of the participants in Hammen & Y orkston
(1994) were moderate with some participants having moderate-severe speech impairment.
Therefore, significant differences in breath pausing patterns may only occur with more
severe speech impairment. This hypothesis was supported by the results from the current
study. Figure 4 depicts the percentage of breaths taken at the three syntactic boundaries for
the mild and moderate patients. Although no statistical test was completed on these data due
to large differences in subject numbers, it is clear that the individual s with moderate
dysarthriatook a smaller percentage of breaths at major boundaries and alarger percentage
of breaths at locations unrelated to a syntactic boundary.

We also hypothesized that individuals with PD would take a greater percentage of breaths at
locations unrelated to a syntactic boundary than control participants. This was supported by
our findings. This finding was stronger in the individuals with moderate speech impairments
than in those with mild speech impairments (see Figure 4). While speech impairment and
breath pausing appear to be related, as evidenced by our results, it is unclear to what extent
speech impairment impacts breath pausing. A longitudinal study is needed to further
substantiate the impact of speech impairment on breath pausing patterns.

Results for punctuation followed results for syntax closely. There were no significant group
differences for breaths at periods or commas. Again, very few subjects took breaths at minor
boundaries that were not marked with a comma, suggesting that commas serve as an
important visual cue for breath pausing. However, there was no significant difference for
breath at no punctuation, but individuals with PD took a greater percentage of breaths at
locations unrelated to syntax. This suggests that the syntactic-based breath categorization
scheme may be more sensitive to the kinds of difficultiesindividuals with PD have than a
punctuation-based categorization scheme.

In this study, changesin breath pausing patternsin individuals with PD are likely the result
of both changes to respiratory physiology and cognition. The fact that utterance length was
not shorter than the control participants, but the percent of breaths at locations unrelated to
syntax was higher for individuals with PD suggests that respiratory physiological change
cannot be the sole cause. Since the individuals with PD in this study were, with one
exception, older adults, respiratory changes which occur with typical aging will affect their
speech production. Additionally, increased chest wall rigidity and reduced inspiratory and
expiratory muscle strength may exacerbate the typical aging-related changesin individuals
with PD (De Pandis et a., 2002; Haas, Trew, & Castle, 2004; Inzelberg et al., 2005; Sabate,
Gonzalez, Ruperez, & Rodriguez, 1996; Solomon & Hixon, 1993). Individuals with PD
have also been shown to have subtle language processing difficulties, in particular related to
syntactic processing, which may make it more difficult for them to plan breath pauses with
syntax (Friederici et a., 2003; Grossman et al., 1993; Grossman et al., 2000; Grossman et
al., 2002). Problems with syntactic processing may underlie our finding that individuals with
PD took a greater percentage of breaths at locations unrelated to a syntactic boundary. The
finding that individuals with PD produced more mazes than older adults further supports the
hypothesis that individuals with PD experience subtle changes to language formulation. This
finding was particularly striking given that the task was a reading task where little language
formulation was required. In support of the hypothesis that both respiratory physiologic and
cognitive changes underlie impairments in the coordination of breathing and language in
PD, previous data from our lab have shown that individuals with PD have difficulty
coordinating respiratory movements and language formulation in extemporaneous speech
(Huber & Darling, 2011). Individuals with PD demonstrate weaker relationships between
lung volume initiation and utterance length in extemporaneous speech than in reading,
suggesting that these individuals do not plan utterances prior to inhalation. By not
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consistently planning utterances prior to inhalation, individuals with PD are forced to stop
speaking wherever they arein their utterance when they are driven by the physiologic need
to breathe. Therefore, by not planning the appropriate respiratory support for their
utterances, individuals with PD likely increase the likelihood that breaths will occur at
locations unrelated to a syntactic boundary. Taken together, these data suggest that changes
to cognition and language skills may impact how well individuals with PD maintain the
relationship between breath pauses and syntax.

Clinical Implications

Summary

This study provides a normative data set from typically aging adults, demonstrating the
relationship between syntax and breath pausing. While typically aging adults tend to breathe
at syntactically appropriate locations, they do often breathe at minor boundaries while still
preserving intelligibility. Thus, clinicians should focus on training individuals with PD to
breathe at both major and minor syntactic boundaries, not just major syntactic boundaries.
Our results also suggest that direct treatment of breath pausing patterns may not be
warranted until moderate impairments in speech production are evident in individuals with
PD. However, given the preliminary nature of the data suggesting that speech impairment is
related to breath pausing patterns, it would be advisable to monitor breath pausing patterns
at all stages of the disease, particularly since unnatural pausing patterns are likely to impact
naturalness and intelligibility of speech.

This study examined aterationsin breath pausing patterns with typical aging and PD.
Typically aging adults take a greater percentage of breaths at minor boundaries and
occasional breaths at |ocations unrelated to a syntactic boundary without negatively
impacting speech intelligibility and naturalness. It is currently unknown what percentage of
breaths at |ocations unrelated to a syntactic boundary is needed before a reduction in speech
intelligibility or naturalness can be perceived. Future research on the relationship between
breath pauses and intelligibility would help to inform clinicians when to address breath
pausing issues in individuals with dysarthria. In addition, it is not known whether older
adults and individuals with PD would show the same breath pausing patterns in spontaneous
speech. In particular, it is unclear whether minor syntactic boundaries would be utilized as
often when visual cues (e.g., commas) are not available. Further research is needed to
answer this question.

This study aso demonstrated that individuals with PD take a greater percentage of breath
pauses at locations unrelated to a syntactic boundary than control participants. Our results
suggest that breath pausing patterns are more impaired in individual s with moderate speech
impairment. However, some of the statistically significant differences were small (in
particular the comparison between individuals with PD and controls for percent of breaths at
locations unrelated to syntax). These small statistical differences, along with some of non-
significant findings, may be due to the small number of participants with PD in the study
and the inclusion of participants with milder dysarthria. Future research should observe
breath pausing patterns using larger sample sizes, more severe speakers, and longitudinal
designsto further determine the impact of speech impairment and disease severity on breath
pausing patterns.

This study suggests that changes in breath pausing patterns in typically aging adults are due
to changes in respiratory physiology. However, in individuals with PD, the data suggest that
such changes may result from a combination of changesto respiratory physiology and
changes to cognition. However, the current study cannot distinguish the extent to which
physiological and cognitive mechanisms are involved in breath pausing in individuals with
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PD. Future research should also seek to further investigate the physiological and cognitive
factors that affect breath pausing patterns in individual s with PD.
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Appendix A: Papa Passage with Syntactic Locations Marked

Papa[MIN] was a great man. [MAJ] Working al hislife[MIN] as acarpenter, [MIN] he
built homes[MIN] for other people. [MAJ] Papa[MIN] was an excellent craftsman. [M AJ]
Anyone who worked with Papa [M IN] knew that he was an honest man. [M AJ] Papa
[MIN] gave himself to hiswork, [MIN] toiling daily [MIN] for small amounts of money.
[MAJ] Noone[MIN] disliked Papa. [MAJ] Infact, [MIN] neighbors [MIN] used to bring
Papa apples [MIN], pears[MIN], and other fruits[MIN], especially around the holidays.
[MAJ]

| remember Papa [MIN] for his kind ways. [MAJ] What | remember [M I N] was the manner
[MIN] in which Papa dressed, [MIN] the way he carried himself. [MAJ] Papa[MIN] was
such a strong man. [M AJ] Devoted to hisfamily [MIN], especially his children [MIN],
Papa[MIN] worked night and day [MIN] to provide for us. [M AJ] Although we never
showed Papa our appreciation [MIN] on adaily basis[MIN], | know that he felt our love
[MAJ], or so | hope.

Appendix B: Models and SAS Codes
Models and SAS Codes

1. Linear Mixed Modes

Yijk=p+0i+0650) €k

where Y isthe k-th measure of j-th subject with factor level i, /is the overall mean, ajis
the fixed effect of the factor, f;;) is the independent individua random effect distributed as
N (0, oé), and & isthe error distributed as MO, o) with congix, &) = Prokor. The SAS

codes for such amodel is as follows,

proc mixed data=oayadata;

class group person;

model y = group/ddfm=kr s;

random intercept/subject=person g v;
repeated/type=un sub=person r;

run; quit;

2. Generalized Linear Mixed Modes

log(E [Yik])=p+0ai+B;(),

where Y isthe k-th measure of j-th subject with factor level i, zisthe overall mean, ajis
the fixed effect of the factor, 5 is the independent individual random effect distributed as

N (O, 0%). The SAS codes for such amodel is asfollows,

proc glimmix data=oayadata;
class group person;
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model y = group/ddfm=kr s dist=poisson;
random intercept/subject = person g v;
run; quit;

3. Type 1 To bit Modes

* . Ko

Yi'k: }/”:J.k’ Zf KJk>_07

ij 0, if Y <0,
Yz;k:#‘f'ai‘f'ﬁjk,

where Y isthe k-th measure of j-th subject with factor level i, tisthe overall mean, ajis
the fixed effect of the factor, and & is the independent error distributed as NV (O, . The
SAS codes for such amodel is asfollows,

proc glim data=oayadata;
model y = group;

endogenousy ~ censored(1b=0);
test group=0/Ir;

run; quit;
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Figure 1.

Percent of breaths at syntactic boundariesin younger and older adults.
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Figure 2.

Scatter plot demonstrating the linear relationship between number of breaths at commas and
number of breaths at minor boundaries for young adults, older adults, individuals with
Parkinson’ s disease (PD), and control participants.
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Figure 3.

Percent of breaths at syntactic boundariesin the individuals with PD and the control

participants.
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Figure 4.
Percent of breaths at syntactic boundariesin individuals with normal or mild speech
symptoms as compared to those with moderate speech symptoms.
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Table 2

Means and Standard Errors (in parentheses) for all Dependent Measures by Group
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M easurements Young Adults  Older Adults Age- and Sex- Individualswith
Matched Controls Parkinson’s Disease

Number of Breaths 15.9 (0.49) 13.4(0.49) 15.4(0.72) 14.9 (0.87)
Utterance Length 14.2 (0.51) 12.0 (0.39) 12.6 (0.65) 13.2 (0.74)
Percent of Breaths at Periods 72.7 (1.62) 64.2 (1.43) 64.7 (1.86) 63.1 (2.45)
Percent of Breaths at Commas 24.1 (1.40) 32.4(1.17) 31.6 (1.59) 27.6 (2.09)
Percent of Breaths at L ocations without Punctuation 3.2 (0.68) 3.4(0.73) 3.7(0.94) 9.2(2.38)
Percent of Breaths at Major Boundaries 74.9 (1.39) 67.2 (1.56) 67.4 (1.58) 64.0 (2.39)
Percent of Breaths at Minor Boundaries 23.8(1.42) 32.1(1.27) 32.0(1.48) 29.7 (2.03)
Percent of Breaths at Locations Unrelated to Syntax 1.2 (0.44) 0.8(0.33) 0.8 (0.34) 6.3(2.02)

Mazes 0.3(0.35) 0.7 (0.078) 0.1 (0.06) 0.7 (0.23)
Disfluencies 0.1(0.09) 0.2 (0.04) 0.3(0.14) 0.4(0.14)
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