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Disfluencies are generally divided into two types: stuttering-like disfluencies
(SLDs), which are characteristic of the speech of people who stutter, and typical
disfluencies (TDs), which are produced by nearly all speakers. In several studies, TDs
have been further divided into stalls and revisions; stalls (fillers, repetitions) are
thought to be prospective, occurring due to glitches in planning upcoming words and
structures, while revisions (word and phrase repetitions, word fragments) are thought
to be retrospective, occurring when a speaker corrects language produced in error.

This dissertation involved the analysis of 15,782 utterances produced by 32
preschool-age children who stutter (CWS) and 32 matched children who do not
stutter (CWNS). The first portion of this dissertation focused on how syntactic factors
relate to disfluency. Disfluencies (of all three types) were more likely to occur when

utterances were ungrammatical. The disfluency types thought a priori to relate to



planning (SLDs and stalls) occurred significantly more often before errors, which is
consistent with these disfluencies occurring, in part, due to difficulty planning the
error-containing portion of the utterance. Previous findings of a distributional
dichotomy between stalls and revisions were not replicated. Both stalls and revisions
increased in likelihood in ungrammatical utterances, as the length of the utterance
increased, and as the language level of the child who produced the utterance
increased. This unexpected result suggests that both stalls and revisions are more
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and/or longer), and that as children’s language develops, so do the skills they need to
produce both stalls and revisions.

The second part of this dissertation assessed the evidence base for the
widespread recommendation that caregivers of young CWS should avoid asking them
questions, as CWS have been thought to stutter more often when answering
questions. CWS were, in fact, less likely to stutter when answering questions than in
other utterance types. Given this finding, the absence of previous evidence connecting
question-answering to stuttering, and the potential benefits of asking children
questions, clinicians should reconsider the recommendation for caregivers of CWS to

reduce their question-asking.
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Chapter 1: Introduction

Disfluencies, broadly defined, are disruptions to the forward flow of speech
(Ambrose & Yairi, 1999). They are typically broken down into two major subtypes:
stuttering-like disfluencies (SLDs) and typical disfluencies (TDs). SLDs are usually
defined as part-word or monosyllabic whole-word repetitions, blocks, prolongations,
and broken words (e.g., Ambrose & Yairi, 1999; Logan & Conture, 1995). These
disfluencies, particularly part-word and monosyllabic whole-word repetitions, can
and do occur in the speech of people who do not stutter (PWNS), but they are more
frequent and often involve more iterations (e.g., “a-a-a-a-a-and” vs. “a-and”) in the
speech of people who stutter (PWS) (Ambrose & Yairi, 1999). SLDs are often
accompanied by muscle tension and awareness when they are produced by PWS
(Ambrose & Yairi, 1994; Tichenor et al., 2018). TDs include multisyllabic whole-
word repetitions, phrase repetitions, word and phrase revisions, word fragments, and
fillers such as “um” and “uh” (Ambrose & Yairi, 1999; Logan & Conture, 1995;
Yaruss et al., 1999), and they occur in the speech of PWS and PWNS (e.g., Ambrose
& Yairi, 1999; Buhr & Zebrowski, 2009). See Table 1 for examples of SLDs and

TDs.



Table 1

Examples of Stuttering-Like Disfluencies (SLDs) and Typical Disfluencies (TDs)

Disfluency Type Example

SLD Type
Part-word repetition Wh-wh-wh-what is that?
Monosyllabic whole-word repetition I 1111 want that one.
Block #My doll.
Prolongation Mmmmom help me.
Broken word The battby.

TD Type
Filler I um don’t like those.
Multisyllabic whole-word repetition Baby- baby wants to eat.
Phrase repetition I need- I need a car.
Word revision Mom- dad helped me.
Phrase revision My car- my truck is blue.
Word fragment The fi- shark is swimming.

Note. # indicates a tense pause.

Stuttering as a Developmental Speech-Language Disorder

Stuttering is unusual as a developmental speech-language disorder in its
emergence after a period of typical development; children typically begin to stutter
between the ages of 2;0 and 4;0 (Yairi & Ambrose, 2005, 2013). This onset is
followed by a period of stuttering, and then by spontaneous recovery in
approximately 80% of cases (Bloodstein et al., 2021; Yairi & Ambrose, 2013). At the
preschool age, there are small gender differences, with 1.34 to 2.2 boys who stutter
for every one girl who stutters. Because girls recover from stuttering at higher rates
than boys, the male-to-female ratio for adults is approximately 4:1 (see Yairi &
Ambrose, 2013, for a review).

Over the past century, many accounts of the causes of stuttering have been
proposed (see Bloodstein et al., 2021, for a review). One of the clinically and

theoretically influential perspectives about what causes stuttering is the Demands and
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Capacities Model (DCM) (Starkweather, 1987). Under the DCM, limitations in a
child’s ability to quickly respond to stimuli, coordinate movements of the speech
mechanism, and/or plan and execute sequences of movements (i.e., capacity
limitations) interact with internal and external demands to cause SLD production.
Despite criticism over its lack of specificity and circular arguments (e.g., Bernstein
Ratner, 2000; Siegel, 2000), the DCM is important to understand because it forms the
theoretical basis for commonly applied indirect stuttering therapies in which
modifications are made to decrease demands on a child’s speech-language production
system and/or to increase capacities for fluent speech (e.g., de Sonneville-Koedoot et
al., 2015; Millard et al., 2008; Richels & Conture, 2007).

The model currently favored by many experts, due to the body of research
supporting its major tenets, is the Multifactorial Dynamic Pathways Theory (MDP)
(Smith & Weber, 2017). The MDP explains that PWS have underlying speech-motor
vulnerabilities (e.g., Kleinow & Smith, 2000). Their speech-motor systems are then
destabilized by high motoric, linguistic, or emotional processing demands, and overt
stuttering behaviors such as prolongations result (Smith & Weber, 2017). The MDP
(Smith & Weber, 2017) is by its authors’ description consistent with, but more
detailed than, the DCM. They write “we believe the MDP is consistent with the basic
tenets of demands and capacities. The two accounts ‘explain’ stuttering at very
different levels” (Smith & Weber, 2017, p. 2499). The MDP advances our
understanding of why linguistic planning demands, which will be explored in the next
section, relate to SLD production by incorporating a series of research findings on

motor stability. Findings of (a) increased motor instability for PWS, (b) significant



increases in motor instability with increasing utterance length and complexity, and (c)
some evidence of interactions between whether a person stutters and degree of
increase in motor instability provide a mechanism by which utterances with higher
linguistic planning demands can elicit stuttering in a PWS (Kleinow & Smith, 2000;
MacPherson & Smith, 2013; Maner et al., 2000; Usler & Walsh, 2018).
Disfluency-Language Relationships
SLDs and Utterance-Level Language Factors

Decades of research have demonstrated that SLDs are more likely to occur in
longer and/or more syntactically complex utterances. The relationship between SLD
production and longer utterances has been shown with length measured in syllables
(Logan & Conture, 1995; Yaruss, 1999), morphemes (Richels et al., 2010; Yaruss,
1999; Zackheim & Conture, 2003), words (Buhr & Zebrowski, 2009; Gaines et al.,
1991; Hollister et al., 2017; Wagovich et al., 2009; Yaruss, 1999) and syntactic
constituents (Melnick & Conture, 2000; Yaruss, 1999). While length in syllables does
relate to stuttering, there is evidence that length in words or morphemes may be a
better measure of length to use when studying disfluency-language relationships.
Brundage and Bernstein Ratner (1989) assessed three measures of utterance length—
number of syllables, morphemes, and words—and how these related to measures of
SLDs per utterance. They found that increasing the number of morphemes in an
utterance was more strongly positively correlated with stuttering incidents than
increasing the number of words or syllables.

To assess stuttering-utterance complexity relationships, several studies have

split language samples produced by young CWS into fluent and SLD-containing



utterances and compared Developmental Sentence Score (DSS) values obtained for
the two sets of utterances. DSS is computed by assigning each utterance in a sample
with a score based on its sentence components, and giving an additional “sentence
point” if it contains no grammatical errors (Lee, 1974). Significantly higher DSS
scores are reported for SLD-containing utterances than for fluent utterances (Buhr &
Zebrowski, 2009; Gaines et al., 1991; Weiss & Zebrowski, 1992). Wagovich and Hall
(2018) reported mixed results regarding whether samples in which children produced
more SLDs had higher complexity scores using another measure, the Index of
Productive Syntax (IPSyn) (Scarborough, 1990). These authors looked at samples
produced by CWS close to stuttering onset over a series of 10 monthly visits, and
divided the samples into the first five collected (early samples) and the last five
collected (later samples). The authors found that the most disfluent of the late samples
(i.e., the ones with the highest rates of SLDs production) had higher IPSyn scores
than the most fluent of the late samples (i.e., the ones with the lowest rates of SLD
production). However, this was not true of the most and least disfluent early samples.
Overall, findings were mixed.

If disfluencies result in part from problems in the utterance planning process,
then they should not be randomly distributed within the utterance; they would be
expected to occur at locations where psycholinguists believe that planning loads are
high. Studies looking at locations of fluency breakdown have found that SLDs tend to
occur at the beginnings of syntactic constituents (Bernstein, 1981), clauses (Wall et
al., 1981), and utterances (Buhr & Zebrowski, 2009; Choi et al., 2020; Gaines et al.,

1991). For example, in their analysis of active declarative sentences produced by 3;0-



to 5;11-year-old CWS, Buhr and Zebrowski (2009) found that while 17% of all words
in their corpus appeared in the sentence-initial position, 51% of all stuttered words
were in the sentence-initial position. This type of finding is taken as indicative of a
linkage between SLD production and linguistic planning (Buhr & Zebrowski, 2009;
Choi et al., 2020).

Regularities about SLD positioning within the utterance are also critical to
understanding why the fact that SLDs are more likely to occur in longer and more
complex utterances is interpreted as evidence that SLD production is influenced by
planning load. Because SL.Ds are much more likely to occur in the utterance-initial
position (Buhr & Zebrowski, 2009; Choi et al., 2020; Gaines et al., 1991), the
explanation that SLDs occur more often in longer utterances because these provide
more opportunities for stuttering is too simplistic. Considered altogether, both length
and complexity studies and loci studies have found SLDs to occur where planning
loads are highest—in longer and more complex utterances, and early within the
utterance or other planning unit (e.g., Bernstein Ratner & Sih, 1987; Buhr &
Zebrowski, 2009; Choi et al., 2020; Wagovich et al., 2009; Yaruss, 1999).
TD-Language Relationships

SLDs emerge in the speech of CWS between ages 2;0 and 4;0, and TDs tend
to emerge during or before this period as well. Yairi’s (1981) documentation of TD
production by 2;0- through 2;9-year-olds indicates that even at early stages of multi-
word output, multisyllabic whole-word repetitions, phrase repetitions, fillers, and

revisions are already present.



Studies that have analyzed TDs as a single group have shown that they are
similar to SLDs in their relationship with utterance-level variables. Like SLDs, TDs
as a group tend to occur in longer (Buhr & Zebrowski, 2009; Yaruss et al., 1999;
Zackheim & Conture, 2003) and more complex (Buhr & Zebrowski, 2009; Gordon &
Luper, 1989; Haynes & Hood, 1978; Yaruss et al., 1999; Zackheim & Conture, 2003)
utterances.

Despite the tendency for TDs to be analyzed as one type of disfluency, it is
not clear that all types of TDs actually do behave similarly to SLDs in their
relationships with utterance length and complexity. Rispoli and colleagues have
differentiated between stalls and revisions (Rispoli, 2003, 2018; Rispoli et al., 2008).
Under the definitions provided by Rispoli and colleagues, stalls simply delay and do
not change any words or morphemes. These include fillers, and word and phrase
repetitions. Revisions, in contrast, involve changes to previously produced words or
morphemes and include word and phrase revisions and fragments. Regarding their
proposed functions, stalls are considered “prospective” and occur due to glitches in
planning language that has not yet been articulated. Revisions, in contrast, are
“retrospective” and occur when the speaker corrects already-produced words or parts
of words that were produced even though they did not match the speaker’s intention
(Rispoli, 2003). To be consistent with previous studies (Rispoli, 2003, 2018; Rispoli
et al., 2008; Wagovich et al., 2009), I will refer to the group of typical disfluencies
including word and phrase revisions and fragments as "revisions." The more specific
subtypes will be described as “word revisions,” or “phrase revisions.” I will refer to

fillers, word repetitions, and phrase repetitions as a group as “stalls.”



An informative discrepancy has emerged in studies that have separated stalls
and revisions. Stalls do not have an apparent relationship with a child’s overall
language abilities; a longitudinal study tracking children from ages 1;9 to 2;9 found
that for different children, stalls increased, decreased, or remained constant as mean
length of utterance in morphemes (MLU-m) and IPSyn scores increased (Rispoli et
al., 2008). These results converged with evidence of an earlier cross-sectional study
that enrolled 1;10- to 4;0-year-olds (Rispoli, 2003) and found that revision rate
correlated with MLU-m and IPSyn but that stall rate did not correlate with either of
these. While they do not appear to relate to language development, stalls do have a
relationship with utterance planning load; stalls are more likely to occur in longer
utterances (Rispoli, 2003; Rispoli et al., 2008). In contrast, revisions have not been
found to have a significant relationship with utterance length but do increase with
language skills, as measured by MLU-m and IPSyn (Rispoli, 2003; Rispoli et al.,
2008).

Rispoli (2003, 2018) has hypothesized about why stalls and revisions have
different relationships with utterance length and complexity and language
development. He points to differing prerequisite skills for production of these two
types of disfluencies. For a stall to occur, all that is required is that a glitch occurs in
sentence planning. In contrast, revisions require that the child is using a syntactic
frame in which they insert lexical items, and that the child has a repertoire of other
words that can be substituted. Support for this explanation of revision prerequisites
was provided by Rispoli’s (2018) finding that the number of different subject noun

phrases that children produced in their language samples (i.e., subject diversity) was a



significant predictor of subject revision rate. Children who had more available
substitutes for that specific sentence role made more revisions in that position.
Rispoli (2003, 2018) also suggests that attention to one’s own speech, language
comprehension, and sufficient monitoring skills are prerequisites of the ability to
revise, which further explains why revisions increase as language develops.
Importantly, Rispoli (2003) acknowledges a potential alternative explanation for this
relationship—that the higher revision rate might occur when a child’s language
abilities increase because they are revising grammatical errors more often. However,
this explanation seems unlikely because there were only 10 successful grammatical
revisions produced by children in that study, contrasting with 419 nongrammatical
revisions.

Re-analysis of the numbers of different types of TDs reported across studies
shows that at least half of TDs produced by young children are stalls. For example,
55.2% of the TDs reported by Haynes and Hood (1977) were stalls and 59.3% of
those reported by Wexler and Mysak (1982) were stalls. The results reported by
Rispoli and colleagues suggest that it may in fact only be stalls that pattern like SL.Ds
in occurring more often in longer and more complex utterances (Rispoli, 2003;
Rispoli et al., 2008). In other words, it may be that only stalls occur in longer and
more complex utterances and that revisions are more consistent across utterances of
varying length and complexity levels and do not contribute to the finding that TDs
overall occur in longer and more complex utterances. In a longitudinal study
following nine CWS for approximately 10 months, Wagovich et al. (2009) used the

stall-revision framework. They found that SLDs patterned similarly to stalls in their



occurrence in longer utterances and variability over time, with revisions not relating
to utterance length but increasing over time. The results of this study, along with
those of Rispoli (2003) and Rispoli et al. (2008) suggest that the best way to look at
TDs and their relationship to utterance-level and developmental language factors may
not be to consider them all together as one group.

Finally, like SL.Ds, TDs tend to occur towards utterance beginnings (Buhr &
Zebrowski, 2009) and early in syntactic constituents (Bernstein, 1981). Buhr and
Zebrowski (2009) reported that while only 17% of all words occurred in the
utterance-initial position, 71% of TDs occurred in this position. The tendency for TDs
to occur in specific locations in the utterance suggests that the relationship between
longer utterances and the presence of TDs is not due solely to the fact that they
contain more words that can be delayed or revised. Because of the patterning of TDs
into specific locations in utterances, the relationship is likely due at least in part to
longer utterances carrying greater planning loads (Rispoli & Hadley, 2001).

Answers to Questions and Disfluency

The ways in which disfluency production relates to answering questions is
somewhat unclear. Most studies looking at the relationship between utterance length
and/or complexity and disfluency have grouped answers together with other
declarative and imperative utterances (Buhr & Zebrowski, 2009; Gaines et al., 1991;
Logan & Conture, 1995; Richels et al., 2010; Zackheim & Conture, 2003).

Several studies have assessed fluency properties of questions and answers to
questions. Weiss and Zebrowski (1992) reported that children stuttered more often on

assertive utterances (including requests for information, actions, clarifications, or
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attention, utterances that label or describe, and performatives such as jokes) than on
responses to requests (including answers to questions). Weiss and Zebrowski
provided two possible explanations for this discrepancy. Assertive utterances were
longer and more complex than responsive utterances (many of which were one-word
responses to questions), so length or complexity factors could have accounted for this
finding. Another possible explanation offered by Weiss and Zebrowski is that
assertions have higher levels of “communicative responsibility.” This means that they
may introduce new information to the discourse or have higher information loads.
When a child’s utterance has higher communicative responsibility, the demands of
carrying the conversation forward and ensuring communicative success are more
heavily placed on the child (Stocker & Usprich, 1976). Linguistic factors (length and
complexity), and communicative responsibility may both have increased the
likelihood that an assertive utterance would contain SL.Ds, or one of these may have
driven the higher rate of stuttering in assertive utterances. Weiss and Zebrowski’s
analysis was not designed to differentiate between these possibilities. Similarly,
Yaruss (1999) found that questions, a type of assertive utterance, were more likely to
contain SLDs than declarative utterances, but did not assess whether answers to
questions had particular fluency properties.

Byrd et al. (2011) provided additional clarity about the relationship between
an utterance’s assertiveness or responsiveness and stuttering. They found that while
assertive utterances were more likely to contain SLDs than responsive utterances
were, this difference was no longer significant after accounting for length and

complexity. They broke utterances down into more specific types, but their coding
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system did not specify whether each responsive utterance was an answer to a question
(in comparison to a response to a statement). The distinction between responses to
statements and responses to questions is particularly clinically important. The
recommendation for caregivers to reduce their own use of questions so as to help
children stutter less by requiring fewer responses to questions, is widespread
(Bernstein Ratner, 2004; Franken & Putker-de-Bruijn, 2007; Kelman & Nicholas,
2020; Wilkenfeld & Curlee, 1997), despite evidence that parents of young CWS do
not ask questions more often than parents of CWNS (Meyers & Freeman, 1985).

These issues are particularly important in the period close to onset of
stuttering because (a) this age range is included among those in which environmental
modifications can involve reductions in caregiver use of questions (Franken &
Putker-de-Bruijn, 2007; Kelman & Nicholas, 2020), and (b) question formulation is a
developing skill during this period (Santelmann et al., 2002). Thus, withholding
models of questions from CWS may have an unintended impact on language
development.
Children’s Sentence Planning
Disfluency-Planning Relationships

The study of disfluency in children’s speech and children’s sentence planning
has been closely linked with and has built on some of the early work in adult sentence
planning (e.g., Boomer, 1965; Goldman-Eisler, 1968; Maclay & Osgood, 1959).
Clause junctures appear to be important planning locations for children, as they are
for adults (McKee et al., 2017). While children’s sentence planning shares many

features with adult planning, children may not be able to plan as much of an
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upcoming utterance at once. McDaniel et al. (2010) found that linguistic factors that
stress adults’ and children’s sentence planning are similar, even for children as young
as 3;5 to 5;11, but that children are likely to have to stall to plan during utterance
production more often than adults (McDaniel et al., 2010).

One theoretical perspective on how disfluencies, particularly TDs, relate to
sentence planning is the leading edge theory (Rispoli, 2003; Rispoli et al., 2008;
Rispoli & Hadley, 2001). Under this theory, children have a comfort zone of
utterances that they can produce fluently, and a leading edge of utterances that are
still within their reach, but that are more likely to be disfluent. Under this theory,
disfluent utterances are likely to be the most syntactically advanced utterances within
a child’s output.

Grammatical Errors and Sentence Planning

I will use the term grammatical error in the sense of Lee (1974) and
Eisenberg et al. (2012), which is deviation from adult grammar, specifically, from the
grammar of adult speakers of the same dialect. This use of “error” is only intended to
indicate that a production is non-adultlike, and not to suggest that a child’s utterance
diverges from what is expected of a child of their age. Errors, under this definition,
are in fact common in the speech of young children with typical language
development. A study of 2;6- to 6;6-year-olds reported that young typically-
developing children produced errors in 11% of utterances on average, with a range
across children of 0 to 35% (M. Dunn et al., 1996). Another study specifically
looking at 3-year-olds found that an average of 29% of utterances contained errors,

with an error rate range across children of 11 to 53% (Eisenberg et al., 2012).
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McKee et al. (2017) describe the following apparent irony in the study of
children’s expressive language development: Changes in the structure of utterances
that children produce are assumed to reflect language learning (i.e., improvements in
competence), while there is in fact evidence that children’s processing abilities (i.e.,
performance factors) impact what children’s utterances look like. What a child
produces does not always reflect their highest level of language knowledge. Much of
the evidence to support this is outlined by McKee et al. (2017). To start, children
understand grammatical morphemes before they consistently produce them. In
addition, utterance factors of length and complexity, which impact fluency (e.g., Buhr
& Zebrowski, 2009), affect whether an inconsistently produced morpheme is
produced in a particular utterance (see Charest & Johnston, 2011, for a review).
Similarly, prosodic processing can impact whether a morpheme inconsistent across
contexts is produced within a particular utterance. For example, stressed, utterance-
initial lexical nouns are more likely to be produced than unstressed, utterance-initial
subject pronouns (Gerken, 1991; McGregor & Leonard, 1994).

Morphosyntactic errors are useful in assessing how language relates to
disfluency production on this basis: Disfluency is more likely to be produced when
language planning demands are high. Whether an utterance contains an error is one
way of measuring which structures are difficult for a particular child (Watson et al.,
2011).

Utterance Grammaticality and Disfluency
To my knowledge, there are three published reports directly exploring the

relationship between grammaticality and disfluency, and these all focus on SLDs and
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CWS, without including TDs or CWNS. Bernstein Ratner (1997) split utterances
from language samples produced by 15 CWS into subsamples that contained and did
not contain grammatical errors. A higher proportion of utterances with grammatical
errors than error-free utterances contained SLDs. This finding suggests some
relationship between grammaticality and SLD production. However, several
questions were unanswered by this analysis, as length and complexity were not
controlled. It is possible that error-containing utterances were longer and/or more
complex than utterances without errors, and that this accounted for the grammaticality
effect.

A more recent study did control for length and complexity of utterances and
looked at relationships between grammaticality and disfluency in 11 young
monolingual Spanish-speaking CWS (Watson et al., 2011). Watson et al. (2011)
separated utterances into subsamples that were fluent or SLD-containing. They found
that the odds of an utterance containing an SLD was higher for ungrammatical
utterances, even when controlling for age, utterance length in syllables, and utterance
complexity. The authors interpreted these findings as consistent with prior research
reporting that syntactic complexity is an important contributor to stuttering, and as
consistent with hypotheses that both stuttering and grammatical errors result from
attempting to produce difficult structures. In contrast to Watson et al., and Bernstein
Ratner (1997), Yaruss (1999) did not find a significant relationship between utterance
grammaticality and the presence of stuttering in the language samples of 12 young

CWS.
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One unaddressed question here is whether grammatical errors temporally
follow disfluencies that are related to planning (stalls and SLDs). If a stall or SLD is
caused by difficulty planning the part of an utterance containing a grammatical error,
the stall or SLD would have to be produced before the error. To be clear, however,
this does not mean that the stall or SLD would have to immediately precede the error.
MacWhinney and Osser (1977) differentiated between disfluencies reflecting
different types of planning. Coplanning occurs when later words in an utterance are
planned while the utterance is already being produced and many of these disfluencies
would be classified as revisions. In contrast, preplanning occurs when words are
planned farther in advance, particularly towards utterance or clause beginnings.
Disfluencies associated with preplanning, particularly stalls, will occur earlier than
the error but do not necessarily have to occur immediately before the difficult
element. Within this framework, it is possible that preplanning of an ungrammatical
element would increase planning demand to a high enough level to cause a stall or
SLD. In this case, the stall or SLD would occur earlier in the utterance but not
necessarily immediately before the error. Because stalls and SLDs are associated with
planning (e.g., MacWhinney & Osser, 1977; McDaniel et al., 2010; Wagovich et al.,
2009), they would have to precede an omission or other error, or occur at the
beginning of a word containing an error to potentially be caused by difficulty
planning that portion of the utterance. Of the studies measuring both grammaticality
and disfluency (Bernstein Ratner, 1997; Watson et al., 2011; Yaruss, 1999), none
considered whether the disfluency occurred before the grammatical error. I expect

that stalls and SLDs will tend to occur before, or on the same word as errors, rather
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than after them. This prediction is based on the expectation that stalls and SLDs will
occur where a child is planning the error-containing portion of the utterance (i.e., on
or before the error).
Summary, Motivation, and Hypotheses
Summary of Theories of SLD and TD Production

Stuttering is a neurodevelopmental disorder that affects speakers who have
underlying speech-motor vulnerabilities; linguistic factors can interact with this
underlying motor instability to result in SLD production (Smith & Weber, 2017). The
conceptualization of language factors within this model is possible due to decades of
research documenting robust relationships between utterance length and complexity
and SLD production (e.g., Bernstein Ratner & Sih, 1987; Buhr & Zebrowski, 2009).
Recent reports have also indicated that language growth is a predictor of recovery,
with CWS who exhibit greater improvements in their language skills after onset being
more likely to experience recovery (Hollister et al., 2017; Leech et al., 2017, 2019).
One theoretical approach to understanding how TD production interacts with
language development is that these disfluencies, particularly the ones that delay
language production, occur in utterances that are at the leading edge of what a child is
able to produce; under this theory, children have the linguistic knowledge to produce
these utterances but do not have the processing capacity to do this entirely fluently
(Rispoli, 2003; Rispoli et al., 2008; Rispoli & Hadley, 2001). Further, in revisions, a
speaker produces a word or part of a word that does not match their intention, realizes
this mismatch, and then goes back to fix it; this involves coordinating at many levels

of the language production process. The skills required to revise parts of an utterance
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are thought to increase with language development, enabling increased revision
production (Rispoli, 2003; Rispoli et al., 2008).
Stall-Revision Dichotomy and SLDs

Findings that SLDs tend to occur early in utterances and in longer and more
complex utterances have been taken to indicate that SLDs are related to planning
(e.g., Buhr & Zebrowski, 2009; Yaruss, 1999). They have also been incorporated into
the MDP model of stuttering, which proposes that SLDs occur when high loads in
other domains (i.e., language or emotional) destabilize the already vulnerable speech-
motor systems of PWS (Smith & Weber, 2017). Some prior studies on TD production
by young children have considered all TDs together and found that TDs have similar
relationships to language variables as SLDs (Buhr & Zebrowski, 2009; Gordon &
Luper, 1989; Haynes & Hood, 1978; Yaruss et al., 1999; Zackheim & Conture,
2003). Other studies have separated stalls from revisions and found that stalls occur
more often in longer and more complex utterances but that revisions do not (Rispoli,
2003; Rispoli et al., 2008; Wagovich et al., 2009). This background motivates the first
question I will ask:

1. Do SLDs and stalls differ from revisions in their relationships with length,

complexity, grammaticality, and language level in the speech of young

children who do and do not stutter?

I expect that SLDs and stalls will occur more often in longer and more
complex utterances, and in utterances containing grammatical errors, and that they
will be variable across different children but not show a clear relationship with a

child’s overall language level. In contrast, I predict that revisions will increase with a

18



child’s overall language level, but will not show a relationship with length,
complexity, or grammaticality. More broadly, SLDs and stalls will pattern similarly
to each other in their relationships with length, complexity, grammaticality, and a
child’s language level, but revisions will show a different pattern. This finding would
be consistent with those reported by Rispoli (2003), Rispoli et al. (2008), and
Wagovich et al. (2009), but it would be the first time that revisions were compared to
SLDs and stalls in matched groups of CWS and CWNS and assessed all in the same
(large) study. If SLDs and stalls, which are both thought to serve a prospective
purpose in allowing the child more utterance planning time, relate to length,
complexity, grammaticality, and language level in similar ways, but revisions, which
are thought to serve a retrospective function do not (Rispoli & Hadley, 2001), this
would lend further support to the belief that SLDs reflect some aspect of sentence
planning.
Grammaticality of Disfluent Utterances

Prior research with relatively small samples of 11 CWS (Watson et al., 2011)
and 15 CWS (Bernstein Ratner, 1997) has suggested that CWS do produce more
SLDs in ungrammatical utterances, but another study with 12 CWS did not find this
relationship to be significant (Yaruss, 1999). Only one of these studies controlled for
utterance length and complexity (Watson et al., 2011), and no study has looked at
matched CWS and CWNS, and both SLDs and TDs or looked at stalls and revisions
separately. Considering these two groups of children and three types of disfluencies
(SLDs, stalls, and revisions) together will provide a broader picture of how SLDs,

stalls, and revisions, fit into the leading edge theory (Rispoli & Hadley, 2001). The
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leading edge theory is certainly consistent with the findings that length and
complexity are related to disfluency, particularly stall, production. However, length
and complexity are clearly not the only indicators, and arguably, not the best
structural indicators, of what a child is able to produce easily. Whether the child can
produce an utterance accurately, or whether the child is attempting structures they
have not yet mastered and thus produce ungrammatically (at least in that particular
utterance) may be a better indicator of which utterances are in the individual child’s
comfort zone or leading edge. Measuring grammaticality allows for more child-
specific, rather than population-wide, characterization of which utterances will be
difficult for a child to produce. If SLDs and stalls both occur more frequently in the
utterances containing grammatical errors, this would allow for an expansion of the
leading edge theory. It would suggest that grammatical utterances generally occur
within the comfort zone, and grammatical errors generally occur at the leading edge,
sometimes preceded by stalls and SLDs. Rispoli (2003) and Rispoli et al. (2008)
measured TDs in the speech of CWNS, and Wagovich et al. (2009) measured SLDs
and TDs in the speech of CWS. The proposed study will expand upon prior findings
by including CWS and CWNS, and measurement of SLDs and TDs, all in the same
study.

Regarding models of SLDs, the development of the MDP model (Smith &
Weber, 2017) was enabled by previous research into the ways that language, and
speech-motor skills relate to stuttering, as well as research assessing how emotional
processing, genetics, and neurobiology impact stuttering. This model does not

currently account for utterance grammaticality as a linguistic factor that may
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destabilize the motor system and lead to SLD production. Finding that grammaticality
relates to SLD production would contribute to our theoretical understanding of
stuttering by showing that structures that we know to be hard for a particular child
(indicated by an error) are where SLDs occur. This would be a more individualized
way of understanding where the child is putting in additional effort. If grammaticality
is in fact related to SLD production, then there would be a need for future research to
investigate whether grammaticality, like length and complexity, is related to motor
instability in PWS. And further, if SLDs occur before the error, this would be
additional support for the proposal that planning of difficult structures contributes to
SLD production (Watson et al., 2011).

Studying the ways in which grammaticality relates to disfluency in the speech
of young CWS is also clinically important, particularly in the construction of
treatment hierarchies. As one example, in DCM-based treatment focused on
decreasing internal and external demands for fluent speech and/or increasing a child’s
capacity for fluent speech, linguistic hierarchies are often used (e.g., Richels &
Conture, 2007). For instance, the specific group-based treatment described by Richels
and Conture (2007) takes the following factors into consideration, as they relate to the
child’s capacities and the internal and environmental demands for fluent speech: (a)
utterance length and complexity, (b) conversational time demands, (c) speech rate, (d)
emotional tendencies, and (e) the family’s role. Utterance length and complexity are
the primary linguistic factors considered in hierarchy development for this type of
fluency treatment. There is no reason to doubt that length and complexity should

continue to be considered in treatment planning for young CWS. However, there is
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reason to believe that utterance grammaticality may also be important to consider.
Grammaticality could be controlled by a clinician who knows the child’s language
profile (including the types of structures they can produce without errors) modifying
the types of utterances that are prompted in therapy. This background leads to the
next two questions that I plan to address:

2. How does the grammaticality of an utterance produced by a young CWS or

CWNS relate to the likelihood that it contains an SLD or stall?

3. Do SLDs and stalls tend to precede grammatical errors in utterances

produced by young CWS and CWNS?

I expect that utterances containing grammatical errors will be more likely than
grammatically correct utterances to contain stalls and SLDs. I make this prediction in
part because of the two sets of findings reported by Bernstein Ratner (1997) and
Watson et al. (2011) with SLDs (though these contrast with Yaruss’s (1999) results).
I am extending this prediction to look at stalls, and expect this to be true for both
SLD- and stall-containing utterances. I also make this prediction because this finding
would be consistent with the general principle that utterances with higher planning
loads—typically measured by length and complexity—are more likely to contain
SLDs and TDs (when TDs are measured as a whole) or stalls only when revision and
stalls are measured separately. As the analysis section will make clear, while this
question has a different theoretical basis than question one, questions one and two
will be linked by sharing statistical models.

Further, because stalls and SLDs are thought to occur where children are

planning challenging speech structures (e.g., Buhr & Zebrowski, 2009; McKee et al.,

22



2017; Rispoli et al., 2008), I hypothesize that stalls and SLDs in utterances containing
grammatical errors will tend to occur before and not after the error. Because children
can plan more than one word at a time (MacWhinney & Osser, 1977), “before” does
not necessarily mean “immediately preceding.” If disfluencies tend to occur before
errors, this would strengthen any conclusions drawn about the role of planning
difficult (i.e., error-containing) upcoming portions of the utterance in SLD and stall
production.
Utterance Function and Disfluency

There are two primary reasons why the study of the relationship between an
utterance’s function! and its fluency is important. First, the frequency with which
caregivers are advised to reduce their own use of questions and to use more
comments with young CWS makes the study of questions and responses to questions
and their relationship with SLDs, and disfluency more broadly, of high clinical
relevance (Bernstein Ratner, 2004; Franken & Putker-de-Bruijn, 2007; Kelman &
Nicholas, 2020; Wilkenfeld & Curlee, 1997). Second, little attention has been paid to
the role of communicative responsibility in early childhood disfluency. It would be
clinically and theoretically helpful to know whether a child adding new information
to the discourse is something that seems to contribute to the likelihood that the child
will be disfluent. This background forms the motivation for the fourth question that I

will ask:

! The “function” of an utterance can be defined in many ways and will be used here to describe
whether the utterance is a question, other assertive utterance, answer to a question, or other responsive
utterance.
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4. How does utterance function relate to disfluency, in the speech of young

CWS and CWNS?

The question about how utterance function relates to SLD production for
CWS is particularly motivated by the clinical background literature. The primary
hypotheses is that questions and other assertive utterances produced by CWS will be
more likely to contain SLDs than answers to questions and other responsive
utterances, but that this relationship may no longer be significant after controlling for
syntactic features of the utterance. This hypothesis is based on findings from previous
studies that have looked at questions and stuttering in CWS just older than those in
which the onset of stuttering typically occurs (Byrd et al., 2011; Weiss & Zebrowski,
1992; Yaruss, 1999). One of these previous studies enrolled 12 CWS and found that
questions were more likely than declarative utterances to contain SLDs (Yaruss,
1999). The second previous study enrolled eight CWS and found that assertive
utterances (a broad category including requests for information, actions,
clarifications, or attention, utterances that label or describe, and performatives such as
jokes) contained SLDs more often than responsive utterances (including responses to
questions) (Weiss & Zebrowski, 1992). The third study enrolled 15 CWS and found
that assertive utterances were more disfluent than responsive utterances, but that this
difference was no longer significant after controlling for utterance length and

complexity (Byrd et al., 2011).
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Chapter 2: General Methods

The studies addressing syntactic predictors of three disfluency types,
disfluency-error order, and how utterance function relates to disfluency had some
shared methods as they used the same language samples from the same participants.
Shared methods will be described in the current chapter, and methods specific to each
study will be described in subsequent chapters.

Participants
Corpora and Matching

This study involved the analysis of language samples collected from 32 CWS
and 32 matched CWNS. These participants were originally enrolled in one of three
previous or ongoing studies on stuttering and/or language development. Seventeen of
the CWS came from the Ratner corpus, available at Fluency.Talkbank.org (Bernstein
Ratner & Silverman, 2000; Miles & Bernstein Ratner, 2001; Silverman & Bernstein
Ratner, 2002; Wagovich & Bernstein Ratner, 2007), which was collected in the mid-
to-late 1990s. Some of the 17 Ratner corpus CWS enrolled in the current study were
part of the Bernstein Ratner (1997) study. The other 15 CWS came from the Ratner-
MacWhinney corpus (Bernstein Ratner & MacWhinney, 2018). The data from these
children was collected between 2016 and 2020 at the University of Maryland. This
study is still ongoing, and thus data are not yet posted in FluencyBank (at
Fluency.Talkbank.org).

Each CWS was matched to a CWNS whose language samples were collected

in similar play-based contexts. CWS and CWNS were matched on age (within 4
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months as the upper limit, and with 75% of pairs matched within 1 month) and
gender, and as closely as possible on maternal education. For Ratner-MacWhinney
corpus participants, matching was completed during the recruitment process. Ratner
corpus CWS were matched by Luckman et al. (2020). Of the 17 Ratner corpus CWS,
10 were matched to CWNS from the Ratner corpus, and seven were matched to
CWNS from the Weismer corpus available at Talkbank.org (Ellis Weismer et al.,
2013; Heilmann et al., 2005; Moyle et al., 2007). The 15 CWS from the Ratner-
MacWhinney corpus were matched to CWNS from the same corpus.

Participants were between the ages of 28 and 50 months. Twelve participants
were female and 52 were male.? All participants were monolingual English speakers.
Maternal education levels were available for the 15 CWS and 15 CWNS from the
Ratner-MacWhinney corpus. For these CWS, 14 mothers had college degrees or
higher and one parent had some college courses, and for these CWNS, all 15 mothers
had college degrees or higher.

Original Participant Recruitment

CWS and CWNS in the Ratner corpus were recruited through flyers posted in
pediatricians’ offices in the Maryland-Washington, D.C. metropolitan area. CWS and
CWNS in the Ratner-MacWhinney corpus were recruited from flyers posted in the

community, recruitment emails sent through community organizations, referrals from

2 This 4.3:1 male-to-female ratio is higher than what is reported in epidemiological studies of the
gender ratio for young children (see Yairi & Ambrose, 2013). It is, however, within the range of ratios
reported for other studies with CWS assessing similar questions. These studies range from their CWS
participants being all boys (Gaines et al., 1991; Logan & Conture, 1995; Melnick & Conture, 2000;
Yaruss, 1999; Zackheim & Conture, 2003) to gender ratios that more closely approximated those
reported at the period near onset, including a 2.75:1 ratio in Byrd et al. (2011), a 2:1 ratio in Wagovich
et al. (2009), and a 1.75:1 ratio in Watson et el. (2011).
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local speech-language pathologists, and a research participant database. CWNS in the
Ellis Weismer corpus were recruited through a research participant database.
Diagnosis of Stuttering

The diagnosis of stuttering for all CWS was made by a speech-language-
pathologist who was one of the original cadre of American Speech-Language-Hearing
Association Board Recognized Specialists in Fluency Disorders (ASHA BRS-FD).
CWS in the Ratner corpus were tested within four months of the onset of stuttering
and CWS in the Fluency Bank corpus were tested within one year of onset.
Screening for Typical Language Development

All participants were determined, by language sample analysis and
standardized testing, to have language skills falling within normal developmental
ranges. Available standardized test scores plus MLU-m were used to construct a
language development profile for each child. Each participant was required to have a
majority of their scores at 1.5 standard deviations below the mean or higher. These
guidelines were generally based on Tomblin et al.’s (1996) recommended criteria for
diagnosis of language disorders in kindergarteners,® but were slightly relaxed in order
to allow for more variation in language skills within the sample. The aim of these
criteria was to exclude any children with clear evidence of language impairment, but
to still allow for variation in language abilities.

The three corpora used different sets of measures to construct this profile of

participants’ language skills. In the Ratner-MacWhinney corpus, available tests were

3 According to Tomblin et al.’s (1996) recommended criteria for diagnosing language impairment,
children must score at least 1.25 standard deviations below the mean on two out of five composite
scores.
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the Peabody Picture Vocabulary Test-4 (PPVT-4) (L. M. Dunn & Dunn, 2007), the
Clinical Evaluation of Language Fundamentals Preschool-2 (CELF-P2) Sentence
Structure subtest, and the CELF-P2 Concepts and Following Directions subtest
(Semel et al., 2004). In the Ratner corpus, available test scores for each child were
some combination of the Peabody Picture Vocabulary Test-Revised (PPVT-R) (L. M.
Dunn & Dunn, 1981), the Expressive One-Word Picture Vocabulary Test-Revised
(EOWPVT-R) (Gardner, 1990), the Clinical Evaluation of Language Fundamentals-
Preschool (CELF-P) Linguistic Concepts subtest, and CELF-P Word Structure subtest
(Wiig et al., 1992). In the Weismer corpus, the MacArthur Communicative
Development Inventory-Words and Sentences (M-CDI) (Fenson et al., 1993),
Preschool Language Scale-3 (PLS-3) Auditory Comprehension subtest, and the PLS-
3 Expressive Language subtest (Zimmerman et al., 1992) were administered. MLU-m
was based on all fully intelligible utterances so that it could be compared to norms
available through the CHILDES database (Bernstein Ratner et al., 2020).
Language Sample Collection and Preparation

CWS and CWNS from all three corpora participated in play-based language
sampling tasks with examiners and/or caregivers, and transcripts document language
produced in these play-based interactions. The set of toys provided differed across
corpora. While seven of the CWS-CWNS pairs contained children from two different
original studies, there is no reason to believe that the toys provided would have
impacted the relationships between language and fluency as they will be reported.

All transcripts were compiled in CHAT format, for analysis with CLAN

language sample analysis software (MacWhinney, 2000). For the 64 participants
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combined, there were 98 total initial transcripts. Because transcripts created in CHAT
format are linked to the media file, if there were separate video or audio files created
by examiners for parent-child play and examiner-child play from the same visit, this
resulted in two transcripts. Whether there were two initial transcripts or one was
determined by examiners’ decisions about when to start and stop their video or audio
recorders. Therefore, the data from the 34 participants whose data were initially
treated as two separate transcripts are not thought to differ in any systematic way
from data from the 30 participants with one initial transcript. Prior to analysis, all
samples for each child were combined into a single file so that 64 composite
transcripts were analyzed. For transcription and reliability procedures, the 98 separate
language sample transcripts were treated separately to permit playback of linked
media files. The 98 initial transcripts ranged from 35 to 348 fully intelligible
utterances in length (M = 166.6, SD = 67.8), and the 64 composite transcripts ranged
from 41 to 514 fully intelligible utterances (M = 255.1, SD = 113.9).
Disfluency Coding

SLDs and TDs were coded using CHAT’s fluency coding conventions
(MacWhinney, 2000). SLDs coded were part-word repetitions, prolongations, blocks,
broken words, and monosyllabic word repetitions. TDs coded were fillers “um” and
“uh,” word fragments, multisyllabic word repetitions, multisyllabic word revisions,
phrase repetitions, and phrase revisions. Fillers were limited to “um” and “uh” as
these are the two fillers specifically listed by Rispoli (2003) and Rispoli et al. (2008);

lexical items such as “well” or “like” that are sometimes included in the filler (or
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interjection) category were not coded as fillers in this study. These match the
disfluencies presented in Table 1.

In some of the transcripts, there were repetitions of (a) a name (e.g., “mommy
mommy I wanna cut a pizza cutter, or “pig pig where are you?”) (b) “look,” “hey,” or
“oh” (e.g., “look look he’s knocking the bird down,” “oh oh space right here,” or “hey

9 ¢

hey that’s the dragon wing,” (c) “yes,” “no,” or another word marking agreement or
disagreement (e.g., “no no you’re the doctor”), or (d) an adjective said multiple times
for emphasis (e.g., “he’s a big big cat”). When there was a repetition of one of these
types, and coders perceived the repetition as intentional rather than disfluent, they did
not include the repetition marker in the transcript. Omitting the repetition marker in a
CHAT file results in the utterance being classified as fluent unless it contains another
disfluency elsewhere. This decision was made to avoid over-marking disfluencies in
cases in which the speaker intended to say a word more than once; this impacted 99
out of 16,328 fully intelligible utterances.
Segmentation Procedures

Samples were segmented into utterances based on the two out of three criteria
rule. This rule is described by Bernstein Ratner, Brundage and Fromm (2020) and
based on Stockman’s (2010) finding that use of at least two criteria in boundary
placement resulted in more reliable segmentation decisions. According to this rule, an
utterance boundary is placed when two of the following three criteria are met: (a) a
perceptible pause, (b) terminal intonation contour, and (c) complete grammatical

structure. The following rule, similar to Rispoli (2003) was also used: A maximum of

two independent clauses connected by a coordinating conjunction could occur in one
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utterance; after this, another utterance automatically began. Because participants were
so young, this additional rule was not often required. Also following Bernstein Ratner
et al. (2020), preposed elements such as “yes” were joined to the main utterance
unless they met the two out of three criteria.

Consensus Reliability Procedures

For morpheme-by-morpheme transcription, segmentation, and disfluency
coding, consensus reliability procedures similar to those used in previous language
sample analysis studies assessing disfluency behaviors (Hollister et al., 2017; Rispoli,
2003; Watson et al., 2011) were used. This procedure involved two passes through
the transcript, and a consensus meeting with a third coder to discuss any locations
where the research assistant completing the second pass disagreed with the first pass
transcription.

First Pass. Transcripts were created by undergraduate, postbaccalaureate, or
master’s student research assistants. Because of the high number of research
assistants involved in transcript creation (at least 26, with the transcriber name
unavailable for some transcripts), these transcripts were considered a starting point
for the first pass. To increase consistency, I reviewed and corrected all transcripts to
complete the first pass.

Second Pass. Second passes were then completed by a different set of
undergraduate research assistants who had not worked on the original transcription.
The second pass involved checking (a) morpheme-by-morpheme transcription (i.e.,
whether the words and morphemes transcribed matched what was heard), (b)

segmentation (i.e., utterance boundary placement), and (c¢) disfluency transcription.
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Before initiating second passes, these research assistants completed approximately 20
hours of training and were required to obtain high levels of consistency with master
transcripts created by the first author.

Specifically, for morpheme-by-morpheme transcription, research assistants
were asked to transcribe 50-morpheme-long portions of transcripts. They were
required to achieve at least 90% point-by-point agreement with a master transcript on
two separate 50-morpheme transcripts. For segmentation, research assistants were
presented with transcript sections in which consecutive utterances produced by the
child (i.e., the child’s entire “turn”) were presented on one line. These transcript
sections were 30 turns long. They then inserted utterance boundaries. Research
assistants were required to achieve 90% point-by-point agreement to pass these tests
as well. For disfluency coding, research assistants were required to insert disfluencies
into transcript sections containing only bare words segmented into utterances. Word
fragments and fillers were removed, as were markings indicating the various
disfluency types. Each transcript section used contained 50 child utterances. Research
assistants’ fluency-coded transcripts were then compared to master transcripts.
Utterances were classified into those that were (a) fluent, (b) containing at least one
SLD and no TDs, (¢) containing at least one TD and no SLDs, or (d) containing at
least one SLD and at least one TD. Research assistants were required to achieve a
Cohen’s kappa value of .80 or higher on two separate transcripts. Once these
standards were met, research assistants were permitted to participate in checking

transcripts via a second pass and to participate in the consensus process.
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During the second pass, research assistants read the transcript while playing
the video or audio. They marked any locations where they disagreed with the first
pass transcription on (a) morpheme-by-morpheme transcription, (b) segmentation, or
(c) disfluency coding. Research assistants were simply told that the first pass was
created by a different transcriber to avoid their deferral to my coding decision. They
were told that the goal was to check the transcript and ensure that they were as
representative as possible of the child’s output.

Consensus Procedures. During consensus discussions, the second pass
research assistant directed a consensus rater (another research assistant) to the section
of the transcript where the second pass research assistant disagreed with the first pass.
The second pass and consensus raters discussed the section in question and attempted
to reach consensus. The mean number of marked utterances per participant brought to
these discussions were 0.83 (SD =1.34) for segmentation, 4.77 (SD = 4.24) for
fluency coding, and 6.64 (SD = 6.30) for morpheme-by-morpheme transcription.
Including partially unintelligible utterances, which were reviewed during this process
to ensure that there was agreement on their intelligibility, and utterances that would
be excluded in the data reduction process, there were 17,426 utterances reviewed.
This means that 0.3% of utterances were marked and discussed for segmentation, as
were 1.8% for fluency coding, and 2.4% for morpheme-by-morpheme transcription.
Through this process, consensus was reached for 100% of utterances.

Available Data Summary
After morpheme-by-morpheme, segmentation, and disfluency coding

consensus had been achieved, the samples were labeled with exclusion codes so that
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each research question could be addressed using only the utterances appropriate for
answering that question. As is traditional in language sampling studies, fully and
partially unintelligible utterances were excluded from all analyses. As previously
stated, there were 16,328 fully intelligible utterances, with a mean of 255.1 per
participant (range = 41 to 514). See Table 2 for more information about the available
utterances produced by each participant. The utterances included in the analyses for

each question will be later described.
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Table 2

Description of Participants

CWS CWNS

Pair Corpora Gender Age. Intell. Utts Age. Intell. Utts
1 RM-RM male 28 99 30 242
2 R-W male 28 183 29 254
3 R-W male 29 274 29 177
4 R-R male 29 276 29 167
5 RM-RM male 31 64 32 258
6 R-W male 31 248 31 147
7 R-W male 31 255 31 297
8 R-W male 32 48 32 196
9 R-R male 32 120 32 267
10 R-R female 32 139 31 183
11 RM-RM female 32 237 33 357
12 RM-RM male 32 442 31 483
13 R-W male 33 230 33 107
14 R-R male 33 252 33 288
15 R-W female 33 348 32 238
16 RM-RM male 34 215 34 305
17 RM-RM female 34 272 30 277
18 RM-RM male 34 274 33 480
19 RM-RM female 34 470 35 451
20 R-R male 35 71 35 174
21 RM-RM male 35 338 35 323
22 R-R male 36 460 39 41
23 R-R male 37 284 37 147
24 RM-RM male 39 373 36 350
25 R-R male 40 137 40 279
26 RM-RM male 40 238 38 415
27 R-R male 41 65 41 240
28 R-R male 45 166 46 147
29 RM-RM male 46 352 48 319
30 RM-RM male 47 172 47 200
31 RM-RM female 47 298 45 285
32 RM-RM male 47 514 50 320

Note. Age is in months. Intell. utts. is the number of fully intelligible utterances produced by the child.
R-W indicates that a CWS from the Ratner corpus was matched to a CWNS from the Weismer corpus.
R-R indicates that both participants were from the Ratner corpus. RM-RM indicates that both

participants were from the Ratner-MacWhinney corpus.
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Variable Coding

The following utterance-level factors were automatically computed in CLAN
or hand-coded.
Length

Length in morphemes was obtained using CLAN’s automatic parser, MOR.
This parser has been found to be 94% accurate and is thought to result in utterance
lengths that are more accurate and consistent than hand-MLU computation (Bernstein
Ratner & MacWhinney, 2016).
DSS Complexity Level

As discussed in the introduction, language samples can be scored for overall
DSS level by examining 50 utterances that contain a noun and verb in a subject-
predicate relationship and determining which of a set of language structures are
included in each utterance (Lee, 1974). For instance, the first person pronoun “I”’
receives one point, but the reflexive pronoun “myself” receives five points.
Additionally, under DSS guidelines, utterances without grammatical errors receive an
additional sentence point. Under traditional DSS guidelines, the DSS score is the
mean score of the 50 utterances, including points awarded for the structures in the
utterance and the sentence points. Because grammaticality was its own predictor in
this study, the DSS complexity score used in this project was defined as the DSS level
for the utterance, without including the additional point for grammatical accuracy.
DSS complexity score was determined using CLAN’s DSS function. One benefit of
coding individual utterances for DSS complexity, rather than using an overall DSS

score, is that it was not necessary for a participant to have produced 50 DSS-eligible
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utterances for their utterances to be included in the analyses. Any individual DSS-
eligible utterance could be coded with a DSS complexity score, regardless of how
many DSS-eligible utterances a participant produced.

Language Level

The child’s overall language level was represented by what I will refer to as
MLU-m-alternative (MLU-m-a). This is the MLU-m score computed after eliminating
utterances not thought to best reflect the child’s ability to spontaneously generate
language. The utterances used in computation of MLU-m-a were the same utterances
that were included in the full analyses for questions 1 and 2. For MLU-m-a and
questions 1 and 2, any utterances that were not considered to reflect the child’s ability
to spontaneously generate language were eliminated. Similar to exclusion criteria
used by Rispoli (2003), Hollister et al. (2017), and Watson et al. (2011), the following
were excluded: (a) immediate self-repetitions, (b) imitative utterances (i.e., exact
repetitions of the immediately preceding adult utterance), (c) isolated filler words or
word fragments, (d) utterances that were incomplete (i.e., those that trailed off or
were interrupted), and (e) rote utterances or labeling (e.g., singing, counting, or
labeling a set of objects).

Another set of utterances were excluded because their inclusion may have
inflated or deflated the impression of a child’s language ability. These were (a) single
word responses to questions, (b) utterances consisting of only “yes”, “no” or another
word meaning “yes” or “no” (e.g., “sure”), and (c) following Rispoli et al. (2008) and
Wagovich et al. (2009), utterances consisting of only “I don’t know.” “I don’t know”

was excluded also because it is common in young children’s speech and it may not
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reflect the planning load of a typical four-morpheme utterance (Rispoli et al., 2008).
After excluding these utterances, 11,142 utterances remained (for individual
participants, M = 174.1, range = 41 to 343).

MLU-m-a was different from the child’s overall MLU-m that was used to
determine eligibility, as the overall MLU-m used for eligibility determination was
based on all fully intelligible utterances so that it could be compared to available
norms. Because most excluded utterances were one-word responses to questions or
one-word productions of a word meaning “yes” or “no” (even if not a response to a
question), MLU-m-a was higher than MLU-m; it was 0.8 morphemes higher on
average.

Grammaticality

Utterances were coded for grammaticality based on whether they were
acceptable in the adult grammar of the dialect spoken by the child. Three CWS and
two CWNS were thought to be speakers of both Mainstream American English
(MAE) and African American English (AAE) and the other 29 CWS and 30 CWNS
were thought to be speakers of MAE only. Grammaticality coding for MAE-speaking
participants followed a guide based largely on Eisenberg et al. (2012). For
participants who spoke both MAE and AAE, utterances were considered grammatical
if they were adultlike in either dialect. Coding for these participants was guided by an
internal lab manual based on Oetting and MacDonald (2001) and Oetting and Pruitt
(2005) that was developed for a project assessing the utility of language sample

analysis across dialects.
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Specifically, the “intended utterance” (i.e., the utterance after removing any
disfluencies) was coded for grammaticality. See Table 3 for examples of intended

utterances.

Table 3

Intended Utterance Examples

Disfluent utterance Intended utterance
Um that- this- that's a unicorn. That’s a unicorn.
I- um the the bl-black one mmmakes me s- fall. The black one makes me fall.
They’re just- uh these guys are just lining up. These guys are just lining up.
I want- [ want do the puzzle on the table. I want do the puzzle on the table.
Coding Reliability

For length and MLU-m-a, reliability depends primarily on accurate
morpheme-by-morpheme transcription and utterance boundary placement, which
were checked through the consensus transcription reliability process. Length and DSS
complexity level were computed automatically by CLAN. MLU-m-a was also
computed automatically by CLAN, and it also depended on the accurate and reliable
coding of utterances for exclusion. Of the fully intelligible, excluded utterances,
81.5% were excluded automatically through the use of functions available in CLAN.
The other 18.5% were excluded through hand-coding by research assistants. I
checked the first five files coded by each research assistant, and all subsequent files
were checked for accuracy by a second research assistant.

Grammaticality was hand-coded by research assistants and underwent
consensus reliability procedures. Before participating in grammaticality coding for

MAE-only speaking participants, research assistants completed training and passed
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two tests of grammaticality coding for MAE-speakers. Research assistants who
worked on grammaticality coding in transcripts where the child spoke AAE and MAE
received additional training in AAE features and passed two tests of grammaticality
coding for AAE and MAE speakers. Tests involved coding grammaticality in 30-
utterance-long transcript sections. To pass each test, research assistants were required
to achieve 90%, point-by-point agreement with a master transcript that I coded.
Research assistants coded the transcript for grammaticality to complete the first
coding pass. Then, I completed the second pass and marked any utterances on which I
disagreed with the first pass decision. Finally, a third coder reviewed utterances on
which there was disagreement between the two coders (and to avoid their deferral to
my coding choice, they were not told which coder chose which code). Through this

process, consensus was reached on 100% of utterances.
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Chapter 3: Study 1 — Grammaticality and Other Utterance-Level

Syntactic Predictors of Stalls, Revisions, and SLDs

Questions 1 and 2 Analysis and Results
Initial Analysis Plan

All statistical models were run in R version 3.6.1 (R Core Team, 2019), using
the Ime4 package version 1.1-21 (Bates et al., 2015). The analysis plan involved
using the same set of logistic mixed effects models to address questions 1 and 2 and
running separate models to assess the impact of various predictors on the production
of each disfluency type (SLDs, stalls, and revisions).

I predicted that ungrammatical, longer, and more complex utterances would
be more likely to contain SLDs and stalls, but that the MLU-m-a of the child who
produced the utterance would not relate to the likelihood of a stall or SLD occurring.
For revisions, I expected a contrasting pattern in which utterances from children with
higher MLU-m-as would be more likely to contain revisions, but that grammaticality,
length, and complexity would not relate to the likelihood of a revision occurring.

The initial plan was to run a set of three models including grammaticality,
length, complexity, and MLU-m-a as fixed factors, with a random intercept for
participant. Continuous level 1 predictors (i.e., those that varied across clusters, or
participants), which were length and complexity, were cluster-mean centered.
Grammaticality was a binary predictor coded as 0 = grammatical and 1 =

ungrammatical. There was one continuous level 2 predictor (i.e., a factor that varied
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at the level of the clustering variable, participant), MLU-m-a, and this was grand
mean centered.

One limitation of this approach is that only about half of the total set of
utterances otherwise available for these analyses were DSS-eligible (specifically,
50.6%). In order to determine whether DSS complexity level contributed to model fit,
two sets of models were run on the 50.6% of utterances that were DSS-eligible. In the
first set of models, DSS complexity was included, and in the second set it was
omitted (and “set of models” here means three models with the three disfluency types
as outcomes). Likelihood ratio tests were planned to determine whether the inclusion
of DSS complexity level contributed to model fit. These likelihood ratio tests would
assess models using only DSS-eligible utterances that included or did not include
DSS complexity to determine whether DSS complexity improved model fit. If DSS
complexity did not significantly contribute to model fit, then models using the entire
set of utterances eligible for questions 1 and 2 would be used, without DSS
complexity included as a predictor.

The initial analysis plan, which was later modified, involved comparing
utterances that contained SLDs only and no other disfluencies to fluent utterances;
utterances that contained stalls only and no other disfluencies to fluent utterances; and
utterances that contained revisions only and no other disfluencies to fluent utterances.
The way in which the outcome variable was coded changed between the initial plan
and the final dissertation, but this initial approach was used in pilot analyses that will

be outlined in the next section.
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Pilot Analyses

Pilot analyses were conducted using data from 10 pilot participants (5
matched pairs of CWS and CWNS). With data from the pilot participants, likelihood
ratio tests indicated that DSS complexity did not significantly contribute to model fit
for any disfluency type. Therefore, results from pilot analyses using all eligible
utterances and omitting the DSS complexity predictor will be described.

Both grammaticality and length were significant predictors of SLD and stall
production in the pilot models, so no power analyses were needed to determine
whether 64 participants would provide sufficient power. I expected higher MLU-m-a
to be associated with a higher likelihood of revisions, and the pilot models indicated a
nonsignificant relationship going in the opposite direction. Because of the
directionality of the relationship, power analyses could not be run to determine the
sample size that would be needed to have sufficient power for detecting the predicted
effect of MLU-m-a on revisions. In sum, the planned sample size was expected to
have sufficient power to detect most effects. It was unclear, however, whether there
was sufficient power to detect a positive association between MLU-m-a and the
likelihood of utterances containing revisions because of the direction of this
relationship in the pilot data.

Modifications to the Initial Analysis Plan

Under the initial plan for classifying fluency outcomes, utterances with both
an SLD and a TD, or with both types of TDs, or with SLDs, stalls, and revisions,
were removed from the analyses. This approach may have worked well if the study

had assessed CWS only or CWNS only. However, when assessing the final data set, it
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became apparent that a much higher percentage of utterances from CWS than CWNS
would be discarded under this method because a high percentage of TD-containing
utterances from CWS also had SLDs. For CWS, 44.2% of their TD-containing
utterances also had an SLD, in contrast to 15.2% for CWNS. In order to not bias the
sample of TD-containing utterances analyzed for CWS, a different classification
system was adopted. With the new approach, utterances were coded for whether they
contained at least one SLD or not, at least one stall or not, and at least one revision or
not. For example, when determining whether an utterance was SLD-containing, stalls
and revisions would be ignored. An utterance with both an SLD and a stall would be
coded as SLD-containing for the purpose of models assessing whether certain
predictors made SLDs more likely to occur. It would also be coded as stall-containing
for the purpose of assessing whether certain predictors made stalls likely to occur. It
would be coded as not revision-containing in the models assessing whether certain
predictors made revisions more likely to occur. This approach improved on the initial
plan by preserving a higher percentage of the utterances produced by CWS. The
impact of this approach (and associated concerns) will be explored in detail in post-
hoc analyses and the discussion section. The results of the primary models that were
used to address questions 1 and 2 were also run as they were initially planned (i.e.,
comparing SLD-only utterances to fluent utterances, stall-only utterances to fluent
utterances, and revision-only utterances to fluent utterances) and the output of these

models can be seen in Appendix A.
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Final Analysis Plan

The final analysis plan made the single modification of coding each
disfluency type independently within the utterance. The same procedures outlined in
the initial analysis plan were used to determine whether to restrict the utterances to
those that were DSS-eligible. Therefore, the final models run would be logistic mixed
effects models including the following fixed effects: a binary grammaticality
predictor coded as 0 = grammatical, 1 = ungrammatical, cluster-mean centered length
in morphemes, a grand-mean centered MLU-m-a predictor, and possibly a cluster-
mean centered DSS complexity (depending on the results of the likelihood ratios
tests). They also would include a random intercept for participant to account for the
nesting of utterances within participants. The outcomes, across the three models run,
would be (a) whether the utterance contained at least one SLD or not, (b) whether the
utterance contained at least one stall or not, and (c) whether the utterance contained at
least one revision or not. Outcomes were coded as 0 = not containing the disfluency
of interest, and 1 = containing the disfluency of interest (SLD, stall, or revision).
Positive regression coefficients, therefore, would reflect increasing likelihood of
disfluency with an increase in the value of the predictor. There were 11,142 fully
intelligible utterances that met the inclusion criteria for questions 1 and 2 as outlined
in the general methods section. Alpha was set to .017 because of the three models for
the three disfluency types. See Table 4 for descriptive information about the

utterances and predictors.
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Table 4
Length and Grammaticality of Fluent Utterances and Utterances Containing Three

Disfluency Types

n % of Length % Ungram.
Utts. M (SD)
CWS
Fluent 3,554 66.8 3.4 (2.0) 16.7
SLD-containing 1,332 25.0 5.0(2.5) 34.7
Stall-containing 538 10.1 4.8 (2.6) 36.1
Revision-containing 312 59 5.5(2.7) 38.8
Total 5,322 100 3.9(2.3) 22.2
CWNS
Fluent 4,852 83.3 4.0 (2.3) 17.8
SLD-containing 410 7.0 5.6 (2.9) 254
Stall-containing 365 6.3 52(2.8) 21.4
Revision-containing 346 59 5.5(2.8) 28.0
Total 5,820 100 43 (2.4) 18.8
All Participants
Fluent 8,406 75.4 3.8(2.2) 17.3
SLD-containing 1,742 15.6 5.1(2.6) 32.5
Stall-containing 903 8.1 5.0(2.7) 30.1
Revision-containing 658 59 5.5(2.7) 33.1
Total 11,142 100 4.1(2.4) 20.4

Note. % of Utts. = percentage of utterances produced by CWS, CWNS, or all
participants that were fluent or contained each disfluency type. % Ungram. = %
ungrammatical. Some utterances are represented more than once in the above chart
because they contained more than one type of disfluency. Therefore, percentages do
not add up to 100%.

All stalls were generally considered as one group in the analyses that follow,

as were all revisions. For descriptive purposes, breakdowns of the types of stalls and

revisions are shown in Table 5 and Table 6.
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Table 5

Types of Stalls in Stall-Containing Utterances

Stall Type n % of Stalls
Filler(s) only 597 66.1
Phrase repetition(s) only 246 27.2
Multisyllabic word repetition(s) only 21 23
Phrase repetition(s) & filler 33 3.7
Multisyllabic word repetition(s) & filler 3 0.3
Multisyllabic word repetition(s) & phrase repetition(s) 3 0.3
Total 903 100
Table 6

Types of Revisions in Revision-Containing Utterances

Revision Type n % of Revisions
Phrase revision(s) only 214 32.5
Word revision(s) only 205 31.2
Fragment(s) only 128 19.5
Phrase revision(s) & fragment(s) 78 11.9
Word revision(s) & phrase revision(s) 24 3.6
Word revision(s) & fragment(s) 5 0.8
Word revision(s), phrase revision(s) & fragment(s) 4 0.6
Total 658 100

Note. Utterances in which the phrase being replaced (the reparandum) contained a
fragment, such as, “the chair is too s- the chair is too big” were classified under
“phrase revision(s) & fragment(s)” or under “word revision(s), phrase revision(s) &
fragment(s)” if they also contained at least one word revision.
Questions 1 and 2 Results

The first step was to determine whether DSS complexity improved model fit
(or, in other words, accounted for additional variance when controlling for
grammaticality, length, and MLU-m-a). Using the 5,641 DSS-eligible utterances

only, models including grammaticality, length, MLU-m-a, and DSS complexity were

compared to models including grammaticality, length, and MLU-m-a. Results of
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likelihood ratio tests indicated that DSS complexity did not significantly improve
model fit for the SLD model, (x*(1) = 0.01, ns), stall model (¥?(1) = 1.16, ns), or
revision model (¥%(1) = 0.11, ns). Because inclusion of DSS complexity did not
improve model fit for any of the models, and the inclusion of DSS complexity
required elimination of about half of the available utterances, models using all
utterances and omitting DSS complexity as a predictor will be reported and
interpreted.

Utterances with grammatical errors had higher odds of containing all three
disfluency types, when holding utterance length and MLU-m-a constant (z = 8.34, p <
.001 for SLDs, z =5.06, p <.001 for stalls, and z = 5.97, p <.001 for revisions). The
presence of a grammatical error was associated with a 1.76-times increase in the odds
it would contain at least one SLD, a 1.53-times increase in the odds it would contain
at least one stall, and a 1.73-times increase in the odds it would contain at least one
revision, all when holding length and MLU-m-a constant. Similarly, increasing length
increased the odds that utterances would contain all three disfluency types, when
holding grammaticality and MLU-m-a constant (z = 19.88, p <.001 for SLDs, z =
8.67, p <.001 for stalls, and z = 12.98, p < .001 for revisions). An increase of one
morpheme in the length of an utterance was associated with a 1.29-times increase in
the odds that it would contain at least one SLD, a 1.14-times increase in the odds it
would contain at least one stall, and a 1.23-times increase in the odds it would contain
at least one revision, all when controlling for grammaticality and MLU-m-a. MLU-m-
a was unrelated to the odds that an utterance would contain at least one SLD, when

holding utterance length and grammaticality constant (z = 0.46, ns). Utterances
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produced by participants with higher MLU-m-as had higher odds of containing stalls
and revisions, when holding utterance length and grammaticality constant (z =3.41, p
<.001 for stalls, and z = 3.09, p = .002 for revisions). An increase in one morpheme
in the MLU-m-a of the child who produced the utterance was associated with a 1.58-
times increase in the odds it would contain at least one stall and a 1.29-times increase
in the odds it would contain at least one revision, when controlling for utterance
grammaticality and length. See Table 7 for model output and ORs for the models used

to address questions 1 and 2.
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Table 7

Results from Mixed Effects Models of Predictors of Disfluency for Three Disfluency

Types
Model and Effect B OR z p
SLD
Fixed effects
Intercept -2.35 0.10 -16.06 <.001
Grammaticality 0.57 1.76 8.34 <.001
Length 0.26 1.29 19.88 <.001
MLU-m-a 0.08 1.09 0.46 .646
Random effect Var.
Participant 1.21
Stall
Fixed effects
Intercept -2.90 0.06 -26.61 <.001
Grammaticality 0.43 1.53 5.06 <.001
Length 0.13 1.14 8.67 <.001
MLU-m-a 0.46 1.58 3.41 <.001
Random effect Var.
Participant 0.55
Revision
Fixed effects
Intercept -3.10 0.04 -42.67 <.001
Grammaticality 0.55 1.73 5.97 <.001
Length 0.21 1.23 12.98 <.001
MLU-m-a 0.26 1.29 3.09 .002
Random effect Var.
Participant 0.13

Note. Outcomes coded as 0 = no SLD in utterance, 1 = SLD in utterance, 0 = no stall
in utterance, 1 = stall in utterance, and 0 = no revision in utterance, 1 = revision in
utterance. Grammaticality coded as 0 = grammatical, 1 = ungrammatical. Var. =
variance. Number of participants = 64. Number of utterances = 11,142.
Summary of Results

All three disfluency types had higher odds of occurring in ungrammatical and
longer utterances. Both stalls and revisions had higher odds of occurring in utterances

produced by children with higher MLU-m-as, while MLU-m-a was not a significant

predictor of whether SLDs would occur. Complexity was removed from the models
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because it did not significantly contribute to model fit, so no conclusions can be
drawn about whether predictions about complexity were supported. In the context of
these findings, there are several additional analyses that may be valuable in
interpreting the primary findings.

Additional Post-Hoc Analyses

Group. First, the relationship between linguistic predictors and disfluency is
of particular interest for CWS because of the potential clinical application of findings
for this group. In addition, some prior studies that had results contrasting with some
of the findings here have only enrolled CWNS (Rispoli, 2003; Rispoli et al., 2008) or
CWS (Wagovich et al., 2009) so assessing these relationships within each group
would enable closer comparisons to this previous work. For these reasons, the role of
group in the results was assessed.

In order to determine whether the factors that predicted SLD, stall, and
revision production for all participants together were also significant predictors of the
disfluency types for each group, models were run on utterances from CWS and
CWNS separately. It was possible that production of disfluencies, particularly SLDs,
may have been influenced by different factors across groups. For these post-hoc tests,
alpha was set to .017 due to the three models run for each group.

Results of the three models run on utterances produced by CWS looked very
similar to those reported for the full set of participants. As with the models run using
utterances from all participants, ungrammatical and longer utterances had higher odds
of containing SLDs (z =7.70, p < .001 for grammaticality and z = 17.83, p <.001 for

length), stalls (z = 4.82, p <.001 for grammaticality and z = 6.59, p < .001 for length)
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and revisions (z = 5.03, p <.001 for grammaticality and z=9.19, p <.001 for length),
holding all other factors constant. As with the models run using utterances from all
participants, utterances produced by CWS with higher MLU-m-as had higher odds of
containing stalls, and revisions, holding utterance length and grammaticality constant
(z=3.00, p =.003 for stalls, and z = 3.35, p <.001 for revisions). See Appendix B for
CWS-only model output.

Results from the models run only on utterances produced by CWNS differed
in a few ways from those run on utterances from both groups. First, utterances
produced by CWNS with higher MLU-m-as had higher odds of containing SLDs,
holding utterance length and grammaticality constant (z =2.78, p = .005). A one-
morpheme increase in the MLU-m-a of a CWNS was associated with a 1.47-times
increase in the odds that an utterance they produced would contain an SLD, holding
grammaticality and length constant. Secondly, grammaticality was not a significant
predictor of whether an utterance produced by a CWNS would contain a stall, holding
utterance length and MLU-m-a constant (z = 1.80, p = .072). If an unadjusted alpha of
.05 had been used, there would have been a trend towards an effect in which
ungrammatical utterances produced by CWNS had higher odds of containing stalls,
controlling for grammaticality and MLU-m-a. Ungrammatical utterances produced by
CWNS had 1.29-times higher odds of containing stalls compared to grammatical
utterances. This contrasts with the 1.68-times increase for CWS. And third, for
utterances produced by CWNS, an increase in MLU-m-a was not associated with a

significant increase in the odds that it would contain a revision, controlling for
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grammaticality and length (z = 1.03, ns). See Appendix C for CWNS-only model
output.

Finally, group was added to the three original models to determine whether
the odds of each disfluency type occurring differed by group when controlling for all
other predictors. When controlling for grammaticality, length, and MLU-m-a,
utterances produced by CWS (unsurprisingly) had greater odds of containing SLDs (z
=8.59, p <.001) and stalls (z =2.71, p = .007), but there was no significant difference
between groups in the odds of revisions occurring (z = 0.06, ns). If an utterance was
produced by a CWS rather than a CWNS, there was a 5.61-times increase in the odds
that it would contain an SLD and a 1.73-times increase in the odds that it would
contain a stall, holding grammaticality, length, and MLU-m-a constant. See Appendix
D for full model output.

Gender. Next, it was potentially useful to explore the possibility that the
results identified so far may not be reflective of all children. In the recruiting process,
efforts were not made recruit any particular gender balance for the CWS (and CWNS
were matched on gender to the CWS). This resulted in a 4.3:1 male-to-female ratio.
Therefore, it was of interest to determine whether relationships between linguistic
factors and disfluency were different for girls than they were for the boys; boys made
up 81.3% of the participants and 77.9% of the utterances included in the models and
therefore contributed greater weight to the outcomes. This question was particularly
important in the context of a substantial number of studies assessing language-fluency
relationships in young CWS that have enrolled only boys (Gaines et al., 1991; Logan

& Conture, 1995; Melnick & Conture, 2000; Yaruss, 1999; Zackheim & Conture,

53



2003). In addition, MacWhinney and Osser (1977) found that boys engaged in
coplanning more (typically seen through revisions), while girls engaged in
preplanning more (typically seen through stalls), so it was of interest to know whether
there were gender differences in the use of stalls or revisions.

The same factors that were significant predictors in models including
utterances from all children were significant in the models run on male-produced
utterances only, with one exception. While MLU-m-a was a significant predictor of
whether an utterance would contain a revision when all utterances were included, it
did not reach significance (at the adjusted alpha level of .017) as a predictor of
revisions when only utterances produced by males were included (z = 2.24, p = .025).
See Appendix E for full output of the boys-only models.

Because there were only 12 girls enrolled in the study, models run on only
their utterances included substantially fewer utterances than models run on all
participants’ utterances (2,462 utterances, compared to 11,142). In the three models
looking at relationships between linguistic predictors and disfluency in utterances
produced by girls, all relationships occurred in the same direction as those in the
models using utterances produced by all participants. Grammaticality and length had
positive coefficients in the SLD, stall, and revision models for girls’ utterances.
MLU-m-a had a positive coefficient in the stall and revision models, and had a
positive coefficient close to zero in the SLD model (B =0.01, z = 0.02, ns). However,
in these models using utterances from girls only, grammaticality did not reach
significance as a predictor of whether a revision would occur, though there would

have been a trend towards significance if an unadjusted alpha had been used (z =
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1.82, p =.069), and MLU-m-a did not reach significance as a predictor of whether a
stall would occur (z = 1.04, ns). See Appendix F for full output of the girls-only
models.

Finally, to further assess the relationship between gender and disfluency
production, gender was added to the three original models. Controlling for length,
accuracy, and MLU-m-a, gender was not a significant predictor of whether an
utterance contained at least one SLD, stall, or revision (z = 0.43, ns for SLDs, z =
1.52, ns for stalls, and z = 0.13, ns for revisions). See Appendix G for full model
output.

Types of Revisions. As expected, a relationship was identified between
revision production and MLU-m-a. This relationship was expected based upon the
thinking that, as children’s language level increases, skills needed to produce
revisions also increase (i.e., monitoring and comprehension skills, and enough lexical
or structural alternatives) (Rispoli, 2003, 2018; Rispoli et al., 2008). An alternative
explanation for this relationship, that was offered and rejected by Rispoli (2003), was
that older children could be better able to detect their grammatical errors. Rispoli
(2003) reported that their participants produced only 10 successful grammatical
revisions, compared to 419 nongrammatical revisions, and therefore ruled out
increased correcting of grammatical errors as an explanation for the increasing
revisions with language level. If children in the current study with more advanced
language produced more grammatical revisions, this may partially explain the

relationship between MLU-m-a and revisions in the current study. To assess this
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possibility, I examined the types of revisions to better understand whether revisions
were occurring in this dataset to correct grammatical errors.

Revision-containing utterances were classified based on how the revision
related to the grammaticality of the utterance. It was difficult to tell what a child was
beginning to say when they produced word fragments (e.g., “no m- your coffee get
out”), so only utterances including at least one word or phrase revision were included
in this analysis. Successful grammatical revisions were identified when the portion of
the utterance that was replaced (the reparandum) would have made the utterance
ungrammatical, but the replacement made that part of the utterance grammatical. For

2 ¢

instance, in “put in it- put it in my ear,” “put in it,” was replaced by “put it in.”
Without the revision, the utterance would have been “put in it my ear” and been
ungrammatical. The revision made the utterance grammatical, so it was coded as a
successful grammatical revision. If an utterance had two or more word or phrase
revisions, it was labeled as having a successful grammatical revision if at least one of
the word or phrase revisions was a successful grammatical revision. There were 658
revision-containing utterances, and 530 of these contained at least one word or phrase
revision. (One hundred twenty-eight only had word fragments.) Of the 530 utterances
with word or phrase revisions, only 19 of these contained a successful grammatical
revision. Standardized MLU-m-as (z-scores) were identified for the 15 participants
who produced successful grammatical revisions to determine whether children with
more developed expressive language skills produced more successful grammatical

revisions. Of these 15 participants, 10 had positive standardized MLU-m-as,

indicating MLU-m-as above average. Of the five participants with negative
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standardized MLU-m-as, two had standardized MLU-m-as of -0.01, which means that
their MLU-m-as were approximately at the mean. The mean standardized MLU-m-a
for participants who produced at least one successful grammatical revision was 0.65,
which indicates that these participants, on average, were nearly two-thirds of a
standard deviation above the mean with their MLU-m-as. Therefore, it may have been
the case that a very small portion of the effect of MLU-m-a on revision production
was due to increasing successful grammatical revisions with language level.
However, these 19 utterances with successful grammatical revisions only made up
2.9% of the utterances with revisions. See Table 8§ for a description of participants

who produced successful grammatical revisions.
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Table 8

Participants with Successful Grammatical Revisions

Participant SGRs Utts. with Percent Standardized
word/phrase rev. MLU-m-a
CWS-2 1 8 12.5 0.59
CWS-9 1 6 16.7 0.56
CWS-14 3 14 214 -0.46
CWS-16 1 1 100.0 -0.60
CWS-17 1 5 20.0 -0.01
CWS-25 1 6 16.7 0.71
CWS-30 1 10 10.0 1.76
CWS-31 1 16 6.3 1.10
CWNS-6 1 11 9.1 -0.10
CWNS-12 1 24 4.2 1.45
CWNS-16 2 8 25.0 0.74
CWNS-20 1 13 7.7 0.16
CWNS-21 2 11 18.2 1.45
CWNS-26 1 10 10.0 -0.01
CWNS-32 1 12 8.3 2.35

Note. SGR = Successful grammatical revisions. Utts. = utterances. Rev. = revision.
Percent = percent of the participant’s utterances with word or phrase revisions that
had an SGR.
Question 3 Analysis and Results
Disfluency-Error Order Coding

For any disfluent utterances containing at least one SLD or stall (the
disfluencies expected a priori to relate to planning), the order of the SLD(s)/stall(s)
and grammatical error(s) was coded. Some disfluencies occur in the space between
words, and these were considered to occur on the word following the disfluency.
Similarly, errors of omission were considered to occur on the word following the
omission. This question about order was asked because SLDs or stalls must occur on
or before an error for it to be possible that planning the error portion of the utterance

is a contributing factor to production of the SLD or stall. Therefore, disfluencies
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occurring before or on the same word as the error were grouped together in the
analysis. Utterances with SLDs or stalls and errors were excluded from this analysis if
either (a) the location of the error could not be definitively determined to be before or
after the SLD or stall, such as an utterance with incorrect word order or one that was
clearly ungrammatical but where the intended utterance was unclear (e.g., “same i-i-
ice cream [ got” was excluded); (b) there was more than one SLD/stall and at least
one occurred before the error and at least one occurred after; or (¢) there was more
than one error and at least one occurred before the SLD(s)/stalls(s) and at least one

occurred after. See Table 9 for examples of order coding.
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Table 9

Examples of Disfluency-Error Order Coding for an MAE-Speaking Child

Utterance Disfluency-error order coding
That that that _for me. Disfluency first or on same word as error
Those babies i-i-is mine. Disfluency first or on same word as error
I _gonna put that in-inside. Error first

Her d-d-doesn’t want two doll_. Excluded: One error is before the disfluency
and one is after.
Note. MAE = Mainstream American English. Disfluencies are italicized. Error
locations are indicated by underlining or an underscore.

Disfluency-Error Order Reliability

Disfluency-error order was hand-coded by research assistants who passed two
tests prior to beginning this coding. For each test, they were asked to classify 30
utterances as (a) having the error before all SLDs and stalls, (b) having all SLDs and
stalls before/on the same word as the error, or (c) excluded from disfluency-error
order analysis due to unclear order. To pass these tests, they were required to achieve
a Cohen’s kappa value of .80 or higher. Research assistants who conducted order
coding for participants thought to be both AAE and MAE speakers had previously
passed two tests of AAE and MAE grammaticality coding.

When qualifying utterances (i.e., those eligible for inclusion in the analyses
for questions 1 and 2 that also had at least one SLD or stall and an error) in a
transcript were coded by a research assistant for disfluency-error order, this
completed the first pass. Then I completed a second pass by marking any utterances
on which I disagreed with the first pass coding. There were 17 disagreements out of
718 qualifying utterances (2.3%). Finally, a different research assistant who had

passed order coding tests reviewed utterances with these disagreements. In cases of
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disagreement, the disagreement-resolving research assistant was not told which code I
chose and which code the first pass coder chose. Consensus was reached for all

utterances through this process.

Question 3 Planned Analyses

Question 3 asks whether disfluencies tend to precede grammatical errors. In
order to address this question, the 718 utterances that were eligible for analysis in
questions 1 and 2 and contained at least one SLD or stall and a grammatical error
were identified, as previously outlined. Then, 106 of these were excluded from the
analysis because there was no clear error-disfluency order. This left 612 utterances
remaining, across 59 participants, 551 having the disfluency first or on the same word
as the error, and 61 having the error first. A logistic mixed effects model was run,
predicting order (disfluency first or on the same word as the error vs. error first) with
a random intercept for participant and no fixed effects.

A pilot analysis was conducted as part of a planned power analysis. This pilot
analysis used data from the same 5 CWS and 5 CWNS who were part of the pilot
analyses for questions 1 and 2. Results of the pilot analysis found a significant effect
consistent with predictions when using data from the 10 participants, so the full
dataset was expected to have sufficient power.

Question 3 Results

There was a significant intercept in the model, reflecting greater odds of the

stall(s) and/or SLD(s) occurring before or on the same word as the error than of the

error occurring before the stall(s) and/or SLD(s) (z =9.92, p <.001). Utterances had
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11.57 times greater odds of having the stall(s) and/or SLD first than of having the

error first. See Figure 1.
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Figure 1

Order of SLDs/Stalls and Errors.
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Note. The y-axis shows the group and pair number. CWS = child who stutters. CWNS = child who
does not stutter. n = 612 utterances across 59 participants.
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Question 3 Additional Post-Hoc Analysis

Disfluencies tend to occur in the utterance-initial position (e.g., Buhr &
Zebrowski, 2009), so it was possible that the significant effect was driven by this
tendency. Therefore, an additional analysis was run only on utterances that had at
least one non-initial stall or SLD. Utterances that had their only stall(s) and/or SLD(s)
occurring on or before the first intended word were removed. There were 263
ungrammatical utterances across 51 participants with at least one non-initial stall
and/or SLD. The model run on this limited set of utterances also had a significant
intercept (z = 5.05, p <.001), reflecting greater odds of the stall(s) and/or SLD(s)
occurring before or on the same word as the error than of the error occurring before
the stall(s) and/or SLD(s). With utterances containing only initial-position stalls(s)
and/or SLDs removed, the remaining utterances had 3.81 times greater odds of having
the stall(s) and/or SLD(s) first or on the same word as the error than having the error
first.
Discussion

The primary questions addressed in this study concerned how specific
linguistic factors related to the production of SLDs, stalls, and revisions in the speech
of young CWS and CWNS. I will first discuss results from the primary models used
to address these questions, which used data from all participants, and will discuss the
results of the order analysis in this context. I will then discuss results from post-hoc
analyses that were conducted to more fully understand and interpret the primary

findings.
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Primary Findings

SLDs. First, I expected that ungrammatical and longer utterances would be
more likely to contain SLDs, but I did not expect an association between the language
level of the child who produced the utterance and whether it was SLD-containing.
These predictions were supported; such results are consistent with a large body of
previous research showing that longer utterances are more likely to contain SLDs
(e.g., Richels et al., 2010; Yaruss, 1999; Zackheim & Conture, 2003) as well as with
two of three previous studies assessing the role of grammaticality in SLD production
(Bernstein Ratner, 1997; Watson et al., 2011). These findings are also consistent with
the long-held proposal that SLDs occur in part due to language planning demands
(e.g., Hall et al., 2007). The absence of an association between language level and
SLD production, controlling for length and grammaticality, is not definitive evidence
that there is no association. However, this study was well-powered to detect predicted
effects, and the p-value for the effect of MLU-m-a on SLD production was .646, so it
seems fair to say that the absence of an effect was probably not due to insufficient
power. The absence of an association between the number of SLDs and language
level is consistent with the conception of stuttering as a highly variable disorder (e.g.,
Yaruss, 2004).

Stalls. Next, [ expected that stalls, like SLDs, would be more likely to occur
in ungrammatical and longer utterances, because of previous suggestions that stalls
are related to planning difficulty (Rispoli, 2003; Rispoli et al., 2008; Wagovich et al.,
2009). These predictions were supported. Because of previous suggestions that the

prerequisites to stall production are limited—that a “glitch” in sentence planning is all
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that is needed for a child to produce a stall—and because of previous studies failing
to find an association (Rispoli, 2003; Rispoli et al., 2008; Wagovich et al., 2009), I
did not expect a relationship between language level and stall production. Contrary to
predictions, more advanced expressive language level was associated with a greater
likelihood of stall production, when holding grammaticality and length of the
utterance constant. It was not simply the case that children with more advanced
language development were attempting longer sentences and that this drove their
higher likelihood of stalls. Because length and grammaticality were controlled in
these models, the result means that, if two children produced utterances of the same
length, and the utterances were both grammatical or both ungrammatical, the
utterance from the child with higher mean utterance length would be more likely to
contain a stall. This result was surprising.

Given this finding, an obvious question raised is whether there are prerequisite
skills needed to produce stalls (or possibly, what the prerequisite skills for stall
production are). For additional context, 66.1% of the stall-containing utterances only
had a filler or fillers, and 27.2% of the stall-containing utterances only had a phrase
repetition or phrase repetitions and no other stalls. Therefore, understanding filler
development would be the most useful in explaining the current findings.

There are several possible explanations for the increase in stall-containing
utterances for children with more advanced language development. The current data
cannot differentiate between these, so they may provide directions for additional
research. One possible explanation for increasing stalls with language level concerns

the child’s ability to monitor for upcoming pauses. In an influential study, Clark and
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Fox Tree (2002) found that adults tended to produce “um” before longer pauses
(where syntactic planning is thought to be occurring more often) and “uh” before
shorter pauses (where lexical access is thought to be occurring more often). Hudson
Kam and Edwards (2008) discuss the production of “um” and “uh” as being,
“deceptively complicated,” (p. 315) because they require a child to anticipate a delay.
They found that 3- and 4-year-olds produced “um” and “uh” in ways that were close
to adult-like patterns (i.e., before pauses) but that they did not yet differentiate
between the two fillers by placing “um” before longer pauses and “uh” before shorter
pauses. In the context of these findings, it is possible that children with more
advanced language skills are better at monitoring their speech and knowing when a
delay is approaching, and therefore when inserting a filler may be useful to the
listener. This is testable; researchers could assess whether younger children have
silent pauses in their speech, without preceding fillers.

A second possibility concerns the insertion of the filler into the sentence plan.
Fraundorf and Watson (2014) asked adults to retell three stories while viewing
bulleted lists of major plot points. They hypothesized that fillers would tend to be
used at the beginnings of new messages, where the speaker would not be required to
re-plan in order to put a filler into the utterance. They found evidence supporting this
hypothesis; participants tended to use fillers when encountering message-level, rather
than grammatical or phonological-level difficulties. If children with more advanced
language skills are better able to insert fillers into their sentence plans, this could

partially explain the increase in stalls with language level.
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A third possibility is related to the social function of fillers. Recent work has
assessed filler production by speakers with autism spectrum disorder (ASD), whose
diagnosis of ASD indicates some degree of difficulty with social communication.
Speakers with ASD have been found to produce “um” less frequently than speakers
with neurotypical development (Gorman et al., 2016; Irvine et al., 2016, 2016; Lake
etal., 2011; McGregor & Hadden, 2018). This difference has been attributed to lower
social communication skills for speakers with ASD, resulting in their less frequent
use of a behavior that is intended to aid the listener (Irvine et al., 2016; Lake et al.,
2011). If children with more advanced language levels also have more advanced
social skills (or have more cognitive capacity available during language production to
use for social processing), they could be better able to use fillers as social signals to
aid with holding the floor. These three potential reasons for increases in stalls
(specifically, fillers, as these accounted for approximately two-thirds of stall-
containing utterances) are not mutually exclusive, nor are they an exhaustive list of
possible explanations. Each may account for some portion of the increase in stalls
with language level.

SLDs and Stalls and Disfluency-Error Order. SLDs and stalls had much
greater odds (11.57 times greater) of preceding errors or occurring on the same word
as the error than of following errors. Disfluencies tend to occur on the first word of
the utterance (e.g., Buhr & Zebrowski, 2009), so their positional distribution could
have fully or partially accounted for this finding. To assess this alternative
explanation, utterances with only utterance-initial SLDs or stalls were removed and a

second model was run. With these utterances removed, the effect remained, though at
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a reduced level, with SLDs and stalls now having 3.81 times greater odds of
occurring before or on the same word as the error than after it. The overall effect,
therefore, appears to be partially, but not fully, accounted for by the tendency of
disfluencies to occur in the initial position of the utterance.

These findings help with understanding the effect of errors on the types of
disfluencies that were expected, a priori, to be associated with planning demands
(SLDs and stalls). As far as I know, this was the first analysis of the order of
disfluencies and grammatical errors within utterances. It strengthens the interpretation
that planning of the error-containing portion of the utterance could be influencing
SLD and stall production. However, it should be stated that planning an error-
containing portion of an utterance is not always associated with disfluency. Still, in
utterances that have SLDs/stalls and errors, the SLD/stall tends to occur first.

Revisions. I expected that revisions would increase with language level, but
be unrelated to factors measuring utterance-level demand (grammaticality and
length). As predicted, utterances from children with higher language levels were more
likely to contain revisions. Rispoli (2003) proposed that the reasons for increases in
revisions with increasing utterance lengths are that some of the skills needed for
revisions (i.e., attention to one’s own speech/monitoring, language comprehension,
and availability of alternative words or structures) increase with expressive language
skills. Rispoli also offered the possible alternative explanation that children with more
advanced language were better able to revise grammatical errors, and then rejected
this alternative explanation on the basis that there were only 10 successful

grammatical revisions compared to 419 nongrammatical revisions in that study’s
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corpus. In the current study, there were 19 successful grammatical revisions out of
658 total revisions (530 which contained at least one word or phrase revision). The
mean standardized MLU-m-a score of the 15 children who produced them was 0.65;
children who successfully revised grammatical errors did, on average, have a higher
MLU-m-a than the mean level for the total sample. However, since successful
grammatical revisions only made up 2.9% of the total revisions in this sample, it is
unlikely that more advanced grammatical skills were the primary reason for the
increase in revisions as language level increased. The increase in revisions with
MLU-m-a seems more likely attributable to one or more of the skills Rispoli
discussed: language comprehension or monitoring, the ability to stop oneself from
speaking and make a quick change, or having sufficient alternative words or
structures to substitute. Future experimental work measuring attention to a child’s
own output, their comprehension skills, and their error-monitoring skills is needed in
order to better understand these relationships.

This study also produced the unexpected results that ungrammatical utterances
and longer utterances had higher likelihoods of containing revisions. Revisions were
varied across fragments, word revisions, phrase revisions, and combinations of these,
with no single category making up more than a third of the revision-containing
utterances. The two possible explanations are that more-difficult-to-plan utterances
(i.e., those that are longer and/or ungrammatical) are (a) more likely to contain
production slips (not necessarily grammatical errors) that the child might want to
revise, or (b) production slips that are produced equally across utterances are more

likely to be noticed and corrected if the utterance is longer and/or ungrammatical.
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The first of these possibilities seems more probable, but it is not possible to
differentiate between these based on the current data. One challenge in studying
production errors in the speech of young children is that it is difficult to know what
utterance the child was aiming for and therefore whether there was a one-time
production slip, or whether the utterance contained some kind of error reflecting the
child’s general language abilities (Hanley et al., 2016). To differentiate between these
two possibilities, future experimental studies would have to elicit production slips in
paradigms that permit the experimenter to know the intended target. A previous study
used a paradigm called the “moving animals” task, in which children were asked to
describe the positioning of animals moving on a screen and to correct any slips that
they made. Children ages 5 to 8 did produce sufficient semantic slips and revisions to
successfully analyze results (Hanley et al., 2016). If, for example, length, were
manipulated within this paradigm, experimenters could determine whether production
errors are more common in longer utterances and/or whether utterance length was
associated with likelihood that a child was able to observe and correct those slips.
Alternatively, a simple sentence repetition task, such as the one used by Bernstein
Ratner and Sih (1987) may provide sufficient slips and revisions to assess
relationships between planning difficulty (e.g., length or complexity), the number of
slips, and the likelihood that slips are revised. An elicited production task, like the
one used by McDaniel et al. (2010) may also result in enough slips and revisions.
Experimenters in the McDaniel et al. study told brief stories and then used these to
prompt children to produce sentences with particular structures. A moving animals-

type task has the benefit of making it easy to elicit plenty of slips and revisions, while
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sentence repetition and McDaniel et al.-type elicited production tasks have the benefit
of making it easy to manipulate length and complexity of the utterances.

Predictors of Stalls and Revisions. Previous research has suggested a
dichotomy between the linguistic factors associated with stall production and those
associated with revision production (Rispoli, 2003; Rispoli et al., 2008; Wagovich et
al., 2009). However, the current data indicated that both stalls and revisions were
associated with planning-related factors (length and complexity) and the child’s
language level (MLU-m-a). Language level was particularly surprising with regard to
how it impacted stalls compared to revisions. While MLU-m-a was a significant
predictor of both stalls and revisions, the OR was higher for stalls; a one-morpheme
increase in MLU-m-a was associated with a 1.58-times increase in the odds of at least
one stall occurring, and a 1.29-times increase in the odds of at least one revision
occurring. The higher OR for stalls than for revisions was surprising, since no
relationship was expected for stalls and a relationship was expected for revisions. The
current data, therefore, suggest that there should be a reconsideration about whether
there is a dichotomy in predictors of stalls and revisions and whether it generalizes to
a broad range of utterance types (compared to the active declarative sentences
analyzed by Rispoli, 2003, Rispoli et al., 2008, and Wagovich et al., 2009).
Additional Analyses

Group. Factors that predicted significantly increased likelihoods of SLDs,
stalls, and revisions when utterances produced by all children were included were

also significant predictors in the models only looking at utterances produced by CWS.
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This was not true, however, when looking at utterances from CWNS alone. There
were three differences for CWNS.

First, for CWNS, MLU-m-a was a significant predictor of whether an
utterance would contain an SLD. This relationship can be understood by examining
the definition of SLDs. As Wingate (2001) pointed out, “‘stutter-like’ is not stutter”
(p. 381). Wingate expressed concern about the inclusion of monosyllabic whole-word
repetitions among behaviors counted when stuttering is quantified and argued that
monosyllabic whole-word repetitions do not share some features of other SLD types.
He argued that monosyllabic whole-word repetitions do not share two core features of
stuttering—iteration of some small unit of speech and perseveration—and therefore
monosyllabic whole-word repetitions should be studied with regard to whether they
are SLDs but not necessarily included in this category.

Among the 410 SLD-containing utterances produced by CWNS, 205
contained monosyllabic word repetitions and no other SLDs, and 133 contained part-
word repetitions and no other SLDs. These part-word repetitions, when produced by
CWNS, are also arguably not stuttering; they are qualitatively different, likely lacking
muscle tension, awareness, and a feeling of being “stuck,” all features of stuttering
(Ambrose & Yairi, 1994; Tichenor et al., 2018; Tichenor & Yaruss, 2019).
Monosyllabic whole-word repetitions, part-word repetitions (and probably other
SLDs) produced by CWNS may be better understood as stall-like. Because stalls
increase in likelihood as MLU-m-a increases, it is unsurprising that SLDs produced
by CWNS do as well. I am not suggesting that monosyllabic whole-word repetitions

should be removed from the SLD category, but I do suggest that researchers studying
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SLD and TD production by both CWS and CWNS consider definitions and the
impact of such definitions on outcomes.

The second difference for utterances produced by CWNS was that
grammaticality did not reach significance as a predictor of whether an utterance
would contain a stall. For utterances from CWNS, ungrammatical utterances had 1.29
times greater odds of containing at least one stall, but the p-value of this predictor was
.072 and not significant. This contrasts with an OR of 1.68 and p-value of <.001
when only utterances from CWS were used. To better understand why this may have
happened, I considered the possibility that stall-containing utterances produced by
CWNS differed from those produced by CWS. One possibility is that stalls produced
by CWS occur as part of the SLD (if the SLD can be defined broadly).

Of the 365 stall-containing utterances produced by CWNS, 52 (14.2%) also
contained an SLD. In contrast, 223 of 538 stall-containing utterances (41.4%)
produced by CWS also contained an SLD. This indicates a qualitative difference
between groups in their stall-containing utterances. The next step was to determine
whether the stalls occurred as part of the stuttering. Utterances were examined to
determine whether the stalls immediately preceded the stuttered word or occurred in
the middle of a stuttered disfluency. Some examples of utterances having their only
stall (or their only string of stalls) before or in the middle of a stuttered disfluency are
“uh llllet’s dump it,” “um uh hi-hi-him will be wo-working too,” “um um um um um
um um p-put it in in in in in in your face,” “the baby- the baby wa-wa-wants to to get
a t-temperature,” and “her uh her eating it.” In the first five of these examples, fillers

or phrase repetitions occurred only in positions (or in strings) immediately preceding
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SLDs. In the last example listed, the stall “uh” is produced between iterations of the
monosyllabic word repetition.

Of the 223 CWS-produced utterances with both SLDs and stalls, only 107
(48.0%) still would have still contained stalls if the stalls immediately preceding
stuttered words or occurring in the middle of an SLD (between iterations) were
removed. In other words, 116 (52.0%) of the utterances from CWS with both stalls
and SLDs had only stalls that immediately preceded stuttered words (or occurred in
strings immediately preceding SLDs). In these cases, it is possible (and maybe
probable) that the stalls were functioning as postponements or avoidance behaviors.
To briefly explain, stuttered disfluencies can be accompanied by secondary behaviors.
These behaviors are not stuttered speech, but are physical concomitants that occur
alongside the stuttered disfluencies. Through conditioning, they become associated
with the stuttered speech. A postponement is a specific type of secondary behavior
that develops based on the speaker’s attempts to delay or avoid the disfluency
(Bloodstein et al., 2021). Secondary stuttering behaviors have been documented close
to stuttering onset, in the age range of the participants in this study (Schwartz et al.,
1990; Yairi, 1983). Another possibility is that some or all of these fillers had not yet
developed into a full-fledged secondary behaviors, but were produced by CWS
simply in attempt to avoid or delay the SLD, as anticipation and avoidance are well-
documented processes in stuttering (Jackson et al., 2019; Kimmell, 1938; Tichenor &
Yaruss, 2019). For example, in the utterance “uh 1lllet’s dump it” the “uh” may be

occurring because the speaker has developed a secondary behavior of producing a
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filler before some of their SLDs (as a postponement), or because in that particular
utterance, the child was attempting to delay the prolongation.

Given this co-occurrence of stalls and SLDs in the samples of CWS, the
reason for the effect of grammaticality on stall production in the full sample could be
that it is primarily the SLDs in the combined dataset and CWS-only dataset that are
impacted by grammaticality. The ORs would support this possibility; in the models
using utterances from all participants, grammaticality had an OR of 1.76 in the SLD
model, compared to the OR of 1.53 in the stall model. In some cases, these stalls and
SLDs may both be occurring due to planning difficulty. In other cases, particularly
for the 52.0% of stall-containing utterances from CWS where stalls only occurred
immediately before or within SLDs, the SLD was likely partially caused by the
planning difficulty, and the stall may have occurred secondarily to the SLD. To help
with understanding whether this was the case, an additional model was run on the
10,919 utterances remaining after removing utterances produced by CWS that
contained both SLDs and stalls. In this model, ungrammatical utterances had 1.30
times greater odds of containing at least one stall than grammatical utterances (z =
2.63, p =.009), holding utterance length and MLU-m-a constant. The full results of
this model are in Appendix H. This contrasts with the OR of 1.53 when SLD-stall
utterances from CWS are included among those containing stalls. The grammaticality
effect was decreased but did not disappear when the utterances from CWS with SLDs
and stalls were removed. Based on these findings altogether, it appears that there is a
somewhat weaker (though still present) effect of grammaticality on stall production

when these stalls appear on their own, apart from SLDs. It also seems that there is a
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stronger effect of grammaticality on SLD production; this effect seems to impact
outcomes when looking at stall-containing utterances, since SLDs produced by CWS
can be preceded by stalls that occur as avoidance/delay behaviors related to the SLD.

The third difference is that, for utterances produced by CWNS, the MLU-m-a
of the child who produced the utterance was not a significant predictor of whether it
contained a revision. For utterances from CWNS, a one-morpheme increase in MLU-
m-a was associated with only a non-significant 1.11-times increase in the odds of the
utterance containing a revision, compared to an OR of 1.59 and significant association
for utterances from CWS. It is difficult to explain why there was a weaker association
for CWNS. This finding particularly highlights the inconsistency between the current
findings and those of Rispoli (2003) and Rispoli et al. (2008), who enrolled only
CWNS. Rispoli (2003) and Rispoli et al. (2008) saw relationships between the child’s
language level and revisions but not stalls, while the opposite was true for CWNS in
the current study. (Though it should also be mentioned that an association between
language level and revisions but not stalls was also identified in an analysis of
longitudinal data from nine CWS by Wagovich et al., 2009.)

There are possible methodological reasons for the differences between these
two previous studies and the current one. The current study used a more diverse set of
utterances, while these two previous studies with CWNS restricted their analysis to
active declarative sentences, and Rispoli et al. (2008) further limited their analysis to
utterances that were only seven phonological words or shorter. Therefore, a tighter
degree of control was held with regard to which utterances were assessed in the

studies by Rispoli and colleagues. It is possible that the relationship they identified

77



between revisions and language development are only present in shorter ADSs, or
that the inputs to statistical models must be tightly controlled for a difference between
predictors of stalls and revisions to be identified. Rispoli (2003) found increases in
revisions as both MLU-m and IPSyn increased in a cross-sectional sample of 22-
through 48-month-old children, and Rispoli et al. (2008) found increases in revisions
with age in a longitudinal study of 21- through 33-month-old children. The measure
of language development, and age of participants (as well as the cross-sectional
nature) in the current study are closer to those in Rispoli (2003). If the difference in
findings is due to methodological differences, the most likely explanation seems to be
the restriction of utterance types to active declarative sentences by Rispoli (2003),
compared to the use of a much broader set of utterances analyzed here, as this is the
major difference.

One possible reason why CWS showed increased revisions with language
level while CWNS did not relates to children’s awareness of their own language
output. The two groups did not differ in the rate at which their utterances contained
revisions. For CWS, 312 of 5,322 total utterances (5.9%) contained at least one
revision, and for CWNS, 346 of 5,820 total utterances (also 5.9%) contained at least
one revision. Therefore, it does not appear that being a CWS drives children to be so
aware of their slips in language production that they revise more often in general.
However, it is possible that being a CWS has a differential impact on a child’s
awareness of their production slips, depending on the child’s language level. CWS
can be aware of their stuttering even at preschool ages; at least some children show

explicit awareness (Ambrose & Yairi, 1994), and others indicate awareness on some
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level by the development of secondary behaviors (Schwartz et al., 1990; Yairi, 1983).
It is possible that CWS who have more advanced language abilities and have greater

processing capacities are more capable of being influenced in their revision behavior

by increased awareness due to being a CWS.

Finally, group was added to the models to determine whether utterances
produced by children from either group were more likely to contain SLDs, stalls, or
revisions, when controlling for utterance length, grammaticality, and language level.
As expected, utterances produced by CWS were more likely to be SLD-containing,
controlling for grammaticality, length, and language level. Utterances produced by
CWS were also more likely than utterances produce by CWNS to contain stalls when
controlling length, grammaticality, and language level. In the context of CWS
potentially producing stalls to avoid SLDs, or as secondary behaviors, it is not
especially surprising that CWS produced more stalls. There were no differences
between groups on revision production, so there was no evidence that either group
overall was more attentive to their production slips.

Gender. The impact of gender was assessed for two reasons. First, it has an
impact on many developmental processes, including language development.
Secondly, the sample used in this study reflected the fact that more boys than girls
stutter (Bloodstein et al., 2021). It was of interest to know whether the general group
findings were reflected in both gender groups, or whether results were more
indicative of language-fluency relationships as they occur for boys.

The same factors that predicted SLD, stall, and revision occurrence for the

entire sample were also significant in models only using utterances from boys. The
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factors that increased the likelihood of SLD, stall, and revision occurrence for the
entire sample had positive coefficients for girls, and most were significant in the
models using only girls’ utterances. MLU-m-a as a predictor of stalls and
grammaticality as a predictor of revisions did not reach significance, however. That
these predictors did not reach significance is unsurprising, given that the girls’
utterance models only had 2,462 utterances produced by 12 children, compared to
11,142 utterances produced by 64 children in the entire sample. A gender predictor
added to the SLD, stall, and revision models was not significant in any of the models.
Taken altogether, these results do not suggest any interesting differences related to
gender. While future research looking at how SLDs, stalls, and revisions relate to
linguistic factors should enroll greater numbers of girls, there is no indication based
on the current data that these findings are not generalizable to girls. Current findings
are also inconsistent with MacWhinney and Osser’s (1977) report of girls producing
more preplanning disfluencies (generally stalls) in comparison to boys producing
more coplanning disfluencies (generally revisions). In addition, these results suggest
that differences between the findings in this study and those reported by Rispoli
(2003), Rispoli et al. (2008), and Wagovich et al. (2009), are not due to the lack of
gender balance in the current study.
Theoretical Implications

Under the leading edge theory, children are thought to develop a comfort zone
of utterances that can be produced without disfluency, while also attempting a set of
more recently-acquired and advanced structures that are more likely to exceed a

child’s ability to produce language easily. This second set of utterances is called the
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leading edge and are what the theory predicts will be disfluent (Rispoli & Hadley,
2001). Children are thought to have the competence to produce these leading edge
utterances, but not the performance capacities to produce them fluently. Rispoli and
Hadley (2001) measured utterance length and verb phrase (VP) complexity in the
study in which they proposed the theory. The current results do not weaken the
suggestion that the longest utterances a child can produce, or those with more
complex VPs, are more likely to exceed a child’s capacities for uninterrupted speech.
The current results do, however, suggest that grammaticality should be added to the
list of considerations. Grammaticality is arguably more theoretically in line with the
idea of a comfort zone and is a more individualized measure; measuring
grammaticality requires examining the utterance and looking inside it to see whether
children themselves are able to show via their sentence construction that they can
produce it grammatically. The current study shows that grammatical utterances are
more likely to be within the comfort zone of utterances that are produced without
disruption, while ungrammatical utterances that a child attempts are more likely to be
in the disfluent leading edge. Because young children’s expressive language skills are
growing, this leading edge is constantly moving.

It is also worth noting that the leading edge theory, as it was proposed by
Rispoli and Hadley (2001), and as it was studied here, has been focused on syntax.
However, it is possible that the leading edge is not only syntactic. Future researchers
may wish to assess whether there are semantic contributions to the leading edge. In
other words, do utterances containing more recently learned words have greater

likelihoods of being disfluent? This could be tested in a study using dynamic
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assessment. If children are more disfluent in utterances containing pseudowords they
are taught in a testing session, then this would support expansion of the leading edge
hypothesis to include a semantic/lexical level and would also have clinical
ramifications.

In the introduction, I referenced McKee et al.’s (2017) discussion of an irony
seen in the study of children’s expressive language. They point out that increases in
the complexity of the structures that children produce are often assumed to be
improvements in competence, even though there is existing evidence that
performance factors impact the structure of children’s expressive output. For instance,
previous studies have shown that prosodic features of an utterance can impact
whether utterance-initial subjects are produced (Gerken, 1991; McGregor & Leonard,
1994). The findings of the current study suggest that children have some level of
knowledge that their ungrammatical utterances are ungrammatical. If children were
completely unaware at all levels of language production that their utterances did not
match the adultlike target, then it would be difficult to imagine why ungrammatical
utterances would have been more likely to be disfluent. The current findings provide
another example of why children’s expressive language should not considered to
reflect their highest level of competence.

The final set of theoretical implications pertain to the MDP (Smith & Weber,
2017). The MDP synthesizes decades of research examining the factors associated
with and contributing to developmental stuttering. It describes stuttering as a
neurodevelopmental disorder impacting the motor system that is strongly conditioned

by linguistic and emotional factors (Smith & Weber, 2017). The model makes a key
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connection between linguistic and motoric factors by incorporating research findings
showing decreased motor stability in the speech of PWS as length and complexity
increase (Kleinow & Smith, 2000; MacPherson & Smith, 2013; Maner et al., 2000;
Usler & Walsh, 2018). Based on current findings, grammaticality should be
considered for incorporation into the MDP as a factor representing language demand
alongside length and complexity; this would be especially true if findings about
grammaticality and SLDs continue to be replicated. Current findings that length
continues to be a predictor of disfluency, even when controlling for grammaticality
and MLU-m-a, support the MDP’s current incorporation of linguistic factors as
impacting SLD production.

With the current finding of the impact of grammaticality on the likelihood that
an utterance contains an SLD, the question arises of what the mechanism is for the
connection between grammaticality and SLDs. One possibility is that ungrammatical
utterances pose production difficulty for CWS, resulting in lower motor stability for
ungrammatical utterances. Because of the magnitude of the association between
grammaticality and SLD production (for CWS, a 1.89-times increase in the odds of
SLD production for ungrammatical utterances), better understanding the mechanism
underlying this relationship seems particularly important to understanding how
language factors relate to motor stability. In fact, MacPherson and Smith (2013)
asked CWS and CWNS ages 4;0 to 6;11 to complete a sentence repetition task so that
their motor stability could be measured. They found that more CWS were unable to

repeat the stimuli accurately than CWNS. Inaccurate repetitions were removed from
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analysis. If this discarded data could be analyzed in an exploratory way, it may begin
to help us understand how grammaticality relates to motor stability for CWS.
Clinical Implications

In discussing clinical implications, the most relevant statistical model is the
one looking at which factors are related to SLD production for CWS; this model
indicated that longer utterances and ungrammatical utterances produced by CWS
were more likely to contain SLDs, with ORs of 1.89 for grammaticality and 1.36 for
length. Because of the different ways that length and grammaticality are measured
(i.e., length being measured in morphemes, and grammaticality being a binary
predictor), it is not possible to say that grammaticality is necessarily a stronger
predictor of whether a CWS will stutter on an utterance than length is. It is, however,
possible to say that changing an utterance produced by a CWS from being
grammatical to ungrammatical has a greater impact on the likelihood that it will be
stuttered than increasing the length of the utterance by one morpheme does. The
increase in odds of stuttering with a two-morpheme increase in length is similar to the
increase associated with an utterance being ungrammatical rather than grammatical;
adding two morphemes increases the odds of an utterance from a CWS being
stuttered by 1.85 times.

Clinical intervention is ideally based in research findings that have been
replicated or assessed in meta-analyses (e.g., Bernstein Ratner, 2006) so it is
important to consider the context of prior findings about grammaticality before
discussing clinical recommendations. Current findings are consistent with those from

two of three prior studies (Bernstein Ratner, 1997; Watson et al., 2011), one which
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used some of the same participants as the current study (Bernstein Ratner, 1997). The
current study is also larger than the three previous studies (Bernstein Ratner, 1997;
Watson et al., 2011; Yaruss, 1999), and clinicians should consider the current larger
sample in how they weight previous findings. The two previous studies finding
associations between grammaticality and stuttering and the current one have
controlled for different factors and used different statistical approaches. Two have
enrolled monolingual English-speaking CWS (Bernstein Ratner, 1997, and the
current study) while one enrolled monolingual Spanish-speaking CWS (Watson et al.,
2011). The diversity in methods and approaches to analysis suggest that there may be
a robust relationship between grammaticality and stuttering, though additional
research on interactions between language and fluency should continue to measure
grammaticality. The clinical applications outlined below may be considered based on
the current state of the evidence, and continued replication would increase the
strength of these recommendations.

The finding that grammatical errors are related to disfluency production, and
most importantly here, SLD production, underscores the need for thorough language
assessments in evaluations for young children seen for concerns about stuttering.
Comprehensive evaluations have long been recommended, given that we have known
about associations between linguistic factors and SLDs for decades, and that the
prevalence of language disorders appears to be higher among CWS than in the
general population (Hall et al., 2007). With recent findings indicating that language
growth is associated with recovery from stuttering (Hollister et al., 2017; Leech et al.,

2017, 2019), this recommendation has become even more critical. If language skills
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are weak for a CWS, then language development must be supported. Further, if a
speech-language pathologist is to know which utterances a child is likely to produce
with grammatical errors, they have to conduct an in-depth language assessment.
Because each child’s leading edge, and which utterances are likely to be
ungrammatical, is changing as their language develops, frequent language sampling
or other monitoring of expressive language skills is required for clinicians to have up-
to-date knowledge about the child’s leading edge. Finally, dynamic assessment may
be a valuable tool as it can provide information about whether structures unattested in
language sampling data can be produced grammatically by a CWS.

Another clinical implication of the association between ungrammatical
utterances and SLDs is that speech-language pathologists should consider
incorporating grammaticality into treatment hierarchies for preschool-age CWS when
modeling and teaching new skills. After their thorough language evaluations,
clinicians would have information about which structures a child does and does not
produce grammatically. Based on previous research findings, clinicians might
currently be increasing length and complexity as CWS show increased performance
of a new skill such as easy, relaxed speech (e.g., Richels & Conture, 2007). If the
grammaticality finding were incorporated, then a hierarchy may involve first working
on structures that CWS can produce grammatically before moving to utterances that
they are expected to produce with grammatical errors. This can be done by modeling
or through a structured elicitation task; with both of these methods, a clinician who
has a thorough understanding of the child’s expressive language skills can control

whether a CWS is attempting an utterance that will likely be grammatical or
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ungrammatical for that particular child. If the clinician were modeling a structure
expected to be produced with a grammatical error, the clinician would of course
model the utterance grammatically but know that the child would likely produce an
error.

Clinicians should also continue to remember that stuttering is a highly
variable disorder. Within a PWS, there is daily and situational variability, particularly
in overt stuttering behaviors such as frequency and duration (Constantino et al., 2016;
Tichenor & Yaruss, 2021; Yaruss, 1997), and there is variability across speakers in
how a particular situation may impact their stuttering (Yaruss, 2004). Because of this,
it is important for clinicians to individualize the specific goals of intervention as well
as the ways in which these goals will be targeted. Therefore, before incorporating
grammaticality into any treatment hierarchy, clinicians should assess whether
ungrammatical utterances are more likely to be stuttered by the child.

Further, clinicians should keep in mind that language growth is associated
with recovery (Hollister et al., 2017; Leech et al., 2017, 2019), and children produce
ungrammatical utterances as they gradually learn new structures (Eisenberg et al.,
2012). If specific errored structures have strong associations with stuttering for a
particular child, then clinicians should consider adding work on those errored
structures to the fluency treatment plan.

The finding that grammatical errors increase the likelihood of stuttering
indicates that special care should be taken with CWS who have concomitant language
disorders (for whom the amount of clinical guidance is already limited). Severity of

overt stuttering behaviors (i.e., SLD production and accompanying behavioral
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concomitants) will vary across CWS who also have language disorders, just as it
varies across all children (e.g., Yaruss, 2004). It is therefore not possible to say that
the presence of a concomitant language disorder will necessarily cause overt
stuttering behaviors to be more severe for a particular child, even though children
with language disorders will produce more grammatical errors (Eisenberg & Guo,
2016, 2018). However, because children with language disorders not only produce
more grammatical errors but also persist in producing ungrammatical utterances
through later ages (Eisenberg & Guo, 2016), clinicians should consider that CWS
who also have language disorders may need additional attention to the development
of skills to aid them when they stutter during utterances that are ungrammatical
(including learning to tolerate the stuttering). In fact, as percent grammatical
utterances (PGU), a language-sampling based measure, has been demonstrated to
show acceptable to good diagnostic accuracy for children up to ages 8;11 (Eisenberg
& Guo, 2016), associations between grammaticality and stuttering may need to be
considered in particular detail for school-age CWS with concomitant language
disorders. These children may be working towards more advanced fluency skills
while still producing grammatical errors.
Methodological Implications

Another lesson of this study is the complexity of understanding the production
of various disfluency types across both CWS and CWNS. An initial plan for this
study was to compare utterances containing only SLDs to fluent utterances, utterances
containing only stalls to fluent utterances, and utterances containing only revisions to

fluent utterances. Under this plan, utterances containing both stalls and revisions or
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both TDs and SLDs would have been discarded. However, the initial plan would have
excluded many more utterances from CWS than from CWNS, as 44.2% of the TD-
containing utterances produced by CWS also had an SLD, in comparison to 15.2% of
the TD-containing utterances produced by CWNS. Therefore, the approach used in
this paper was to assess each utterance with regard to whether an SLD was present or
not, whether a stall was present or not, and whether a revision was present or not.
This approach was intended to make a more fair assessment of stall and revision-
containing utterances for CWS. However, it does have one disadvantage that was
described in detail above—that stalls can also serve as avoidance or secondary
behaviors for CWS. CWS did not produce higher rates of revisions than CWNS, but it
is entirely possible that some revisions produced by CWS were also produced in
attempt to avoid words on which they anticipated stuttering, as word substitution is a
well-documented behavior among PWS (e.g., Jackson et al., 2015).

Disfluencies occur in clusters (instances in which two or more disfluencies
occur in sequence) more often than would be expected by chance, and this is true in
the speech of both preschool-age CWS and CWNS (Hubbard & Yairi, 1988; Sawyer
& Yairi, 2010). Several explanations have been offered for the occurrence of
disfluency clusters, most focusing on ways in which an initial disfluency can increase
the likelihood of a second disfluency. These include the possibilities that the first
disfluency increases anxiety or tension (Hubbard & Yairi, 1988), or that the speech
system takes time to restabilize after the first disfluency. Given what is known about
secondary behaviors, as well as anticipation and avoidance being common features of

stuttering (e.g., Jackson et al., 2015), the explanation that seems to best explain why

&9



stalls precede SLDs is offered by LaSalle and Conture (1995). After discussing
explanations in which the first disfluency is assumed to increase the likelihood of the
second one, LaSalle and Conture say, “preceding words may be influenced by
following words. Cognitive, emotional, speech, and/or language adjustments that an
individual makes for an upcoming word may affect the words preceding it...in the
manner of anticipatory, regressive, or right-to-left assimilation that occurs with
phonemes” (emphasis in original, pp. 975-976).

There are no definitive guidelines (or even strong recommendations)
regarding how to classify utterances when the research aim is to measure language-
fluency relationships for both TDs and SLDs in the speech of both CWS and CWNS.
Most previous studies, such as those cited in the introduction, have not enrolled both
CWS and CWNS and looked at both SLDs and TDs. Those that did have made varied
decisions. For example, Zackheim and Conture (2003) enrolled both CWS and
CWNS, and looked only at SLDs in the speech of CWS and only at TDs in the speech
of CWNS, decisions made due to the low rate of TDs in the speech of CWS and low
rate of SLDs in the speech of CWNS in their sample. This approach avoids the issues
encountered in the current study but also restricts the types of questions that can be
addressed. Buhr and Zebrowski (2009) discarded utterances containing both a TD and
an SLD before conducting their sentence-level analyses because of the known
phenomenon of fluency clusters and the possibility that SLDs and TDs were not
independent. This approach solves the independence problem, but it adds another
problem, which is that a greater proportion of utterances produced by CWS are

removed in this case. Future researchers assessing both SLDs and TDs in the speech
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of both CWS and CWNS should consider disfluency clusters, as well as stuttering
avoidance and secondary behaviors, and consider how these issues may impact their
particular analyses. To answer certain questions, such as the questions about stalls or
TDs generally in CWS versus CWNS, a multi-step approach may be advisable.
Researchers may wish to run a primary analysis including utterances containing both
stalls (or TDs generally) and SLDs, and then to conduct follow-up analyses omitting
utterances containing both stalls (or TDs generally) and SLDs, or omitting utterances
with fillers or stalls occurring in utterance positions immediately preceding or within
SLDs.
Limitations and Future Directions

This study suggests that whether an utterance will later contain a grammatical
error may influence disfluency occurring earlier in the utterance, and it suggests that
stalls and revisions may both be caused by planning demand and increases in
language skill in play-based language contexts, for monolingual English-speaking
children who do not present with any obvious language delay or disorder. The
generalizability of the findings may be limited to children with similar profiles.
Further, while CWS from the Ratner corpus are known to be matched to CWNS
(from the Ratner and Weismer corpora) on maternal education (as this matching was
done prior to their inclusion in Luckman et al., 2020), the actual maternal education
levels were unavailable. As in most studies of parent-child interaction the data are
skewed to higher SES and education levels; the maternal education levels for CWS
and CWNS from the Ratner-MacWhinney corpus are higher than typical parent

education the United States and this limits generalizability as well.
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Because this study used cross-sectional data, it is also restricted in the
conclusions that it can draw about how disfluencies relate to general profiles of
language development. Fortunately, the CWS and CWNS from the Ratner-
MacWhinney corpus are being followed for two years (for three total visits), and if
researchers wish to know how language development within the same group of
children relates to stall and revision production, this data will soon be available. It
will eventually be shared at Fluency.Talkbank.org, thus available to any interested
researcher. There are also follow-up transcripts available at Fluency.Talkbank.org for
eight of the CWS from the Ratner corpus. These children were seen at 3, 6, 9, or 12
months after their initial sessions, or at more than one of these intervals.

It would be of clinical interest to know how the results of a similar study
would turn out if it enrolled CWS (or CWNS) with language disorders. It may be the
case that ungrammatical utterances are particularly hard for these children to produce
fluently, or it may simply be the case that they have more ungrammatical utterances.

It is also currently unknown what happens to the impact of grammaticality as
children age and improve their language skills to the point where they no longer make
as many grammatical errors. It is possible that older children who only produce a
limited number of grammatical errors may have heightened awareness of the
ungrammatical nature of their ungrammatical utterances, and be even more impacted
by them. Or their more advanced language skills may decrease the extent to which
grammatical errors impact their fluency. A related question is whether there is an age
so young that children are not aware that their utterances are ungrammatical. It is

uncommon for one-word utterances to be ungrammatical (but there are some,
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particularly if they are two morphemes, such as “sheeps”). The question of how
grammaticality relates to disfluency could be asked of children who are just

producing two-word combinations.
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Chapter 4: Study 2 — Utterance Function and Disfluency

Data Reduction

The analyses for question 4 included all fully intelligible utterances that could
be assessed for their status as to whether they were a question or other assertive
utterance, or an answer to a question or other responsive utterance. If the same set of
utterances used in the analyses for questions 1 and 2 were used here, this would have
excluded many of the utterances used in responding to adults, particularly “I don’t
know” and one-word responses to questions. Therefore, the set of utterances included
in the analyses for question 4 was intentionally larger than the set included in
analyses for questions 1 and 2 so as to reflect the ways in which children respond to
adults. Utterances were only excluded from the analyses for question 4 if it would
have been difficult to determine their intent. Excluded utterances were those that were
(a) fully or partially unintelligible, (b) incomplete (i.e., interrupted or trailed off), or
(c) composed only of fillers or fragments. There were 7,689 eligible utterances
produced by CWS. Of these 3 were coded as having “unclear” functions (per the
guidelines described below) and so were excluded from the analyses, leaving 7,686
remaining. For CWNS, there were 8,093 eligible utterances initially, 6 of which had
“unclear” functions, leaving 8,087 coded utterances.
Function Coding

Utterances were assigned to one of the five categories described below. These
guidelines are based on the system used by Weiss and Zebrowski (1992) and Byrd et

al. (2011) and originally described by Fey (1986). Questions and non-question
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assertive utterances were both considered types of assertive utterances. Answers to
questions and non-answer responsive utterances were both considered to be types of
responsive utterances.
Questions

All of a child’s questions were given this code. This included questions where
there was subject-auxiliary inversion (e.g., “can you get this on?”’), as well questions
with declarative sentence structure but in which intonation indicated that the utterance
was a question (e.g., “this one’s full?”).
Other Assertive Utterances

This code was given to any non-question utterance in which the child (a)
brought up a new topic, (b) solicited information, an action or attention, (c) labeled,
(d) described facts or events, or () stated rules or explanations. For example, when

99 ¢

not prompted by an adult’s utterance, “sheep go on here,” “your name is ‘cowboy,’”
“I can open it,” and “I need something else” would all have been coded as other
assertive utterances.
Answer to a Question

Any utterance in which a child was answering an adult’s question was given
this code. In line with Fey (1986) the child’s utterance must have been an attempt to
answer the question to receive this code, but the child’s answer was not required to be
correct. For instance, if the child was holding a toy car and an adult asked, “Is that a

2 ¢

car?” and the child said “yes,” “no,” or “yeah but it’s not fast” all of these would have
been coded as answers. However, if the child said, “cars go fast,” this would have

been coded as an assertive utterance.
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Other Responsive Utterances

This code was used for any utterance, other than an answer to a question, in
which a child was responding to an adult. It was also used for utterances in which the
child repeated the previous adult utterance or their own immediately preceding
utterance. This included any utterances that were statements of agreement with the
adult’s preceding declarative utterance (e.g., if the adult said, “your Lego tower is
big,” and the child said, “yeah it is”’) and responses to requests for information (e.g., if
the adult said, “tell me which truck you want,” and the child said, “the green one”). If
the adult’s utterance had been, “which truck do you want?”” and the child had
responded in the same way, this would have been coded as an answer to a question.
Unclear Function

This code was used if it was unclear what preceded the child’s utterance. For
instance, it would have been used if the child was the first person to speak after
recording began and this made it difficult to determine the function of the utterance.
These utterances were excluded from the analysis.
Reliability

Question 4 asks whether questions and other assertive utterances are more
disfluent than answers and other responsive utterances. To address this question,
utterance function was coded, using similar reliability methods to those used to code
other hand-coded variables (i.e., grammaticality and disfluency-error order). Research
assistants completed training and passed two tests of function coding before coding
this feature. On each test, research assistants were required to classify utterances in

30-utterance-long transcript sections as (a) an answer to a question, (b) a non-answer
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responsive utterance, (¢) a question, (d) a non-question assertive utterance, or (¢)
having unclear function. They were required to achieve Cohen’s kappa values of .80
or higher on two of these tests. Research assistants who had passed two tests
completed the first function coding pass. I completed the second coding pass and
identified utterances on which I disagreed with the first pass coding. There were 255
utterances (1.6% of the 15,782 total) with disagreements marked. A third coder
reviewed these utterances to attempt to resolve disagreements. The third coder did not
know which coder had chosen which code so that they would not defer to my coding
choice. Consensus was reached on 100% of utterances.
Planned Analyses

As in analyses addressing questions 1, 2, and 3, statistical models reported in
this chapter were run in R version 3.6.1 (R Core Team, 2019) with the Ime4 package
version 1.1-21 (Bates et al., 2015). Question 4 asks whether questions and other
assertive utterances contain disfluencies more often than answers to questions and
other responsive utterances. Because caregivers of CWS are sometimes advised to
avoid asking questions so that the CWS will have to provide fewer answers (and
thereby, potentially stutter less), the first set of models assessed the impact of the
utterance function on whether CWS would produce SLDs. The outcome for all of
these models was whether the utterance contained at least one SLD or not. Because
the aim of this recommendation is to reduce SLD production and it does not focus on
TDs in any way, TDs were disregarded for these analyses. That is, utterances

containing stalls and/or revisions along with at least one SLD were counted as SLD-
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containing. Utterances containing stalls and/or revisions but without SLDs were
counted (along with fluent utterances, of course) as not SLD-containing.

The central prediction was that, without controlling for other utterance-level
factors such as length and grammaticality, assertive utterances would be more likely
to contain SLDs than responsive utterances, but that this difference may no longer be
significant after controlling for syntactic features. The first model run to test this
hypothesis included a binary predictor representing whether an utterance was
assertive (including questions and other assertive utterances) or responsive (including
answers to questions and other responsive utterances), and a random intercept for
participant. The second model was the same as the first but it controlled for
grammaticality and length by adding a binary grammaticality predictor and cluster-
mean centered utterance length (in morphemes) as fixed factors.

The next question was whether answers were more disfluent than all other
utterance types combined. To address this question, answers were compared to all
utterances that were not answers. Because answers made up 77.3% of responsive
utterances produced by CWS, results from the third and fourth models were not
expected to differ greatly from those of the first two models, which grouped answers
and other responsive utterances together. However, in order to address the belief that
caregiver questions should be avoided so as to decrease a child’s production of
disfluent utterances, answers as a single group should be compared to (a) all other
utterances and (b) other responsive utterances.

The last question concerned the two types of responsive utterances. It aimed

to determine: If a child is responding to an adult’s utterance, then does it matter what
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they are responding to? Answers were compared to non-answer responsive
utterances. The fifth model, therefore, included a binary answer vs. other responsive
utterance predictor and a random effect of participant. The sixth model added a binary
grammaticality predictor and cluster-mean-centered utterance length in morphemes.
Because there were six models run, alpha was set to .008.
Pilot Analyses

Pilot analyses were run looking at the impact of function on whether
utterances would the two disfluency types thought a priori to be more strongly related
to planning demands (SLDs and stalls). This pilot analysis was run on data from 5
CWS and 5 matched CWNS, and did not separate participants by group. It found that
with the 10 pilot participants, assertive utterances were more likely to contain SLDs
or stalls than responsive utterances, but that this difference was no longer significant
after controlling for grammaticality and length. It also found that answers were less
likely to contain SLDs or stalls than utterances than the other three types when
combined into one category, and that this significant association persisted after
controlling for grammaticality and length. Last, the pilot analysis found that answers
were more likely to contain SLDs or stalls than other responsive utterances, and that
this relationship was still significant after controlling for SLDs and stalls. Given that
these revealed significant associations between function and SLD/stall production
with the 10 pilot participants, no power analyses were warranted.

The question better motivated by the background literature strictly regarded

whether CWS, specifically, were more likely to stutter when asked questions.
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Therefore, the primary analyses were modified to focus on CWS and SLDs, using
models as outlined in the planned analyses section.
Results

Without controlling for other factors, assertive utterances produced by CWS
had higher odds of being SLD-containing than responsive utterances (z = 15.33, p <
.001). The odds of an utterance containing an SLD increased by a factor of 2.76 when
an utterance was assertive rather than responsive, when other predictors were not
controlled. When controlling for grammaticality and length, assertive utterances
produced by CWS still had higher odds of being SLD-containing than responsive
utterances (z = 7.56, p <.001). When holding grammaticality and length constant,
assertive utterances produced by CWS had 1.74 times higher odds of being SLD-
containing than responsive utterances.

Without controlling for grammaticality or length, utterances produced by
CWS that were not answers had higher odds of containing at least one SLD than
answers (z = 9.97, p <.001). Utterances that were not answers had 1.98 times the
odds of being SLD-containing compared to answers. Put differently, answers had
0.51 times the odds of being stuttered compared to other utterances. Controlling for
grammaticality and length, utterances produced by CWS that were not answers still
had higher odds of containing at least one SLD compared to answers (z =4.72, p <
.001). When holding grammaticality and length constant, utterances that were not
answers had 1.43 times the odds of being SLD-containing compared to answers.

Finally, the last two models looked within responsive utterances and

compared answers to other responsive utterances. Results of the model not controlling
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for other factors indicated that answers had greater odds of being SLD-containing
than other responsive utterances (z = -4.50, p < .001). Without controlling for other
factors, for CWS, other responsive utterances had 0.52 times the odds of answers of
being stuttered. Stated differently, without controlling for other factors, answers
produced by CWS had 1.92 times greater odds of being stuttered than other
responsive utterances. When holding grammaticality and length constant, there was a
trend towards answers from CWS having greater odds of being SLD-containing than
other responsive utterances (z = -0.42 p = .009). When controlling for grammaticality
and length, other responsive utterances from CWS had 0.66 times the odds of being
stuttered compared to answers. Put differently, when controlling for grammaticality
and length, answers produced by CWS had 1.52 times greater odds of being stuttered
compared to other responsive utterances. See Table 10 for descriptive statistics and

Table 11 for model output from the six models.

Table 10

Characteristics of Assertive and Responsive Utterances Produced by CWS

n Length % Ungrammatical % SLD-
M (SD) containing

Assertive utterances

Questions 898 3.4 (2.0) 224 27.3

Other assertive 2,894 39 (2.4) 22.3 23.6
Assertive total 3,792  3.8(2.3) 22.3 24.5
Responsive utterances

Answers 3,008 2.6 (2.2) 10.0 13.4

Other responsive 886 2.1(1.7) 6.4 7.0
Responsive total 3,894 2.5(2.1) 9.2 12.0
Total 7,686  3.1(2.3) 15.7 18.1

Note. Length is in morphemes.
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Table 11

Results from Mixed Effects Models of SLD Production by Utterance Function for

cws
Model and Effect B OR z p B OR z p
Responsive vs. Assertive Function alone Function, grammaticality, length
Fixed effects
Intercept -231  0.10 -1559 <001 -245 0.09 -1459 <.001
Function 1.01 276 1533 <.001 0.55 1.74 7.56 <.001
Grammaticality 0.74 210 899 <001
Length 0.38 146 2342 <.001
Random effect Var. Var.
Participant 0.59 0.76
Answers vs. All Other Utts, Function alone Function, grammaticality, length
Fixed effects
Intercept -2.18 0.11 -1477 <001 -238 0.09 -14.05 <.001
Function 0.68 1.98 9.97 <.001 0.36 143 472 <.001
Grammaticality 0.77 216 933 <001
Length 0.39 148 2440 <.001
Random effect Var. Var.
Participant 0.56 0.75
Answers vs. Oth. Resp. Function alone Function, grammaticality, length
Fixed effects
Intercept -2.09 0.12 -13.87 <001 -2.64 0.07 -1470 <.001
Function -0.66 052 -450 <001 -042 0.66 -2.61 .009
Grammaticality 090 245 591 <001
Length 0.44 1.56 17.12 <.001
Random effect Var. Var.
Participant 0.55 0.75

Note. Var. = variance. Utts. = utterances. Oth. resp. = other responsive utterances.
Function coded as 0 = all responsive, 1 = all assertive; 0 = answers, 1 = all other utts.;
0 = answers, 1 = other responsive utterances. Outcomes coded as 0 = not SLD-
containing, 1 = SLD-containing. Number of participants = 32. For the responsive vs.
assertive and answers vs. all other utterances models, number of utterances = 7,686.
For the answers vs. other responsive utterances model, number of utterances = 3,984.
Question 4 Additional Post-Hoc Analyses

CWNS. Results indicated that for CWS, answers are not more likely to
contain SLDs than utterances serving other conversational functions. One possibility
is that the origin of the recommendation for caregivers to avoid asking questions was

early clinicians’ and researchers’ observations of how disfluency related to question-

answering in children with typical levels and types of disfluencies in their speech.
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Therefore, I also assessed whether disfluencies in the speech of CWNS were
increased in answers to questions. Six models were run with the same inputs as those
run to assess SLD production in the speech of CWS. However, in this set of models,
only utterances from CWNS were used, and the outcome variable was whether the
utterance was fluent or disfluent. Simple fluency or disfluency was used because, as
discussed in the interpretation of previous findings in this dissertation, it is unclear
that there are qualitative distinctions between TDs and the SL.Ds produced by CWNS
that would make a meaningful difference in the outcomes of these models. Alpha was
again set to .008 because six models were run.

Without controlling for other factors, there was a significant increase in the
odds of an utterance being disfluent if it was assertive rather than responsive (z =
3.21, p=.001). For CWNS, assertive utterances had 1.24 times greater odds of being
disfluent compared to responsive utterances. Controlling for grammaticality and
length, there was a significant increase in the odds of an utterance being disfluent if it
was responsive rather than assertive (z =-3.25, p <.001). For CWNS, assertive
utterances had 0.79 times the odds of responsive utterances of being disfluent, when
controlling for grammaticality and length. Put differently, for CWNS, responsive
utterances had 1.27 times greater odds of being disfluent compared to assertive
utterances, controlling for grammaticality and length.

Without controlling for other factors, there was an nonsignificant trend
towards an increase in the odds that an utterance from a CWNS would be disfluent if
it was an answer compared to an utterance with another function. For CWNS,

utterances had 0.87 times the odds of being disfluent if they were not answers
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compared to answers (a nonsignificant trend). Stated differently, for CWNS,
utterances had 1.15 times greater odds of being disfluent if they were answers, and
this association approached the corrected alpha level of .008 (z =-1.96, p = .050).
When controlling for grammaticality and length, answers from CWNS had
significantly greater odds of being disfluent, compared to all of their other utterances
(z=-6.52, p <.001). For CWNS, utterances that were not answers had 0.62 times the
odds of being disfluent compared to answers, when holding grammaticality and
length constant. Put differently, for CWNS, answers had 1.61 times greater odds of
being disfluent compared to utterances with other functions, when holding
grammaticality and length constant.

Without controlling for other predictors, answers produced by CWNS had
greater odds of being disfluent than other responsive utterances (z =-7.74, p <.001).
For CWNS, other responsive utterances had 0.24 times the odds of answers of being
disfluent. Stated differently, for CWNS, answers had 4.17 times greater odds of being
disfluent compared to other responsive utterances. Finally, controlling for
grammaticality and length, answers produced by CWNS still had greater odds of
being disfluent than other responsive utterances (z =-6.67, p <.001). Controlling for
grammaticality and length, other responsive utterances from CWNS had 0.29 times
the odds of answers of being disfluent. Put differently, controlling for grammaticality
and length, answers from CWNS had 3.45 times greater odds of being disfluent
compared to other responsive utterances. See Table 12 for descriptive statistics and

Table 13 for model output.

104



Table 12

Characteristics of Assertive and Responsive Utterances Produced by CWNS

n Length % Ungrammatical % Disfluent
M (SD)

Assertive utterances

Questions 1,041  3.7(2.1) 18.9 12.6

Other assertive 3,180 4.4 (2)5) 20.3 14.9
Assertive total 4221 4224 20.0 14.4
Responsive utterances

Answers 3,045 2.7(2.4) 7.9 14.6

Other responsive 821 2.1(1.8) 4.0 4.3
Responsive total 3,866 2.6(2.3) 7.1 12.4
Total 8,087 3.4(2.5) 13.8 13.4

Note. Length is in morphemes.
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Table 13

Results from Mixed Effects Models of Disfluency Production by Utterance Function

for CWNS
Model and Effect B OR z p B OR z p
Responsive vs. Assertive Function alone Function, grammaticality, length
Fixed effects
Intercept -2.15 012 -20.69 <.001 -2.11  0.12 -19.46 <.001
Function 0.22 1.24 3.21 .001 -024 079 -3.25 .001
Grammaticality 0.43 1.54 474 <001
Length 0.25 1.28 18.02 <.001
Random effect Var. Var.
Participant 0.24 0.26
Answers vs. All Other Utts, Function alone Function, grammaticality, length
Fixed effects
Intercept -1.95 0.14 -18.52 <001 -194 0.14 -17.60 <.001
Function -0.14  0.87 -1.96 .050 -048 062 -6.52 <001
Grammaticality 0.44 1.56 4.83 <001
Length 0.26 1.29 18.61 <.001
Random effect Var. Var.
Participant 0.24 0.26
Answers vs. Oth. Resp. Function alone Function, grammaticality, length
Fixed effects
Intercept -2.01 0.10 -14.64 <001 -3.18  0.04 -21.22 <.001
Function -141 024 -7.74  <.001 -1.25 029 -6.67 <.001
Grammaticality 0.40 1.50 240 .016
Length 0.27 1.31 1296 <.001
Random effect Var. Var.
Participant 0.44 0.37

Note. Var. = variance. Utts. = utterances. Oth. resp. = other responsive utterances.
Function coded as 0 = all responsive, 1 = all assertive; 0 = answers, 1 = all other utts.;
0 = answers, 1 = other responsive utterances resp. Outcomes coded as 0 = fluent, 1 =
disfluent. Number of participants = 32. For the responsive vs. assertive and answers
vs. all other utterances models, number of utterances = 8,087. For the answers vs.
other responsive utterances model, number of utterances = 3,866.

Types of Other Responsive Utterances. In the coding system discussed so
far, all other responsive utterances were grouped together. The clinical question that
this study aims to address is whether the strategy often taught to caregivers of CWS
of making comments rather than questions is in fact effective at reducing the

likelihood that an utterance will be SLD-containing. To gain a satisfactory answer to

this question, additional steps in controlled experiments would have to be taken.
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There is one step towards better understanding this clinical issue that can be taken
with the data available here: the nature of the utterances that children are responding
to in their “other responsive” utterances could be examined. Are children responding
to comments that caregivers may use in the place of questions? Or are children
responding to utterances that are not specifically intended to prompt the child to
respond? To address this question, other responsive utterances were classified further
based on the communicative interaction that they were a part of, as outlined in Table
14. The child’s other responsive utterance itself was coded, but the preceding adult

utterance and conversational interaction as a whole were also considered.

Table 14

Other Responsive Utterance Subtypes

Oth. Resp. Subtype Definition Example

Prompted Child is responding to an utterance  Adult: [ wonder what this is.
in which the adult was clearly Child: That’ll help us get on
attempting to get the child there.
respond.

Repetition Child’s utterance is a partial or Adult: I think that’s actually
complete repetition of preceding supposed to be pickles.
child or adult utterance. Child: Pickles.

Spontaneous Child appears to have decided on Adult: I think we should
their own to say something, play with the castle.
including spontaneous Child: No.
agreements, disagreements, and
protests.

Note. Oth. Resp. = Other responsive.

When the 886 other responsive utterances produced by CWS were coded
according to the definitions in Table 14, 20 (2.3%) were prompted, 241 (27.2%) were

repetitions and 625 (70.5%) were spontaneous. Prompted other responsive utterances
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are the subtype of greatest interest because they are the ones that would occur in
response to an adult substituting a comment for a question. Given the small number
of prompted other responsive utterances, no additional statistical analyses were
performed.

Discussion

Utterance Function and SLD Production by CWS

The primary aim of this study was to assess the empirical basis of the
recommendation that caregivers should consider avoiding asking questions of CWS,
so as to help CWS avoid stuttering. Three sets of models were run. Within each set,
utterances were first compared by function without controlling for other syntactic
predictors. These models run without controlling for other predictors are arguably the
more clinically relevant models; when caregivers are avoiding asking questions in
order to reduce a child’s SLD production, they are not thinking about controlling for
grammaticality and length of a child’s response. Then the models run while
controlling for grammaticality and length can provide more useful information about
the role of function and communicative responsibility in disfluency production.

I hypothesized that assertive utterances (which include questions), would be
more likely than responsive utterances (which include answers) to contain SLDs
when grammaticality and length were not held constant, and expected that this
difference might no longer be significant when controlling for grammaticality and
length (as was no longer significant after controlling for length and complexity in a
study by Byrd et al., 2011). The first part of the hypothesis was supported; assertive

utterances from CWS had 2.76 times greater odds of being stuttered compared to
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responsive utterances. This difference was still significant when controlling for length
and grammaticality (though the OR was reduced to 1.74). That this difference
remained significant in the current study when controlling for other linguistic factors
at first appears to diverge from what Byrd et al. (2011) reported. However, the current
study is larger and better-powered than Byrd et al.’s, and Byrd et al. reported a near-
significant p-value of .097 for their analyses. Therefore, it probably should not be
considered a surprising, or even divergent result, that the current study’s findings
found assertiveness to have an impact when controlling for grammaticality and
length. On the basis of their results, Byrd et al. concluded that the length and
complexity of assertive utterances, rather than communicative responsibility,
accounted for the increase in stuttering in these utterances. Though the results of the
current study are not surprising in light of the power difference, the conclusions about
the role of communicative responsibility are different. Current results suggest that
assertiveness on its own contributes to increased likelihood of stuttering for CWS
(and grammaticality and length play a role as well).

On the basis of these results, however, what it is about assertive utterances
that makes them more likely to be stuttered cannot be identified. Weiss and
Zebrowski (1992) suggested that if it was not the length and complexity of assertive
utterances that made them more likely to be stuttered, then it may have been their
“communicative responsibility,” defined in the sense of Stocker and Usprich (1976).
In high communicative responsibility utterances, the burden of communicative
success is held more by the child; when the child is introducing a novel topic or in

some other way taking control of the conversation, the demands on the child to
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communicate clearly so that the listener can follow along increase. In assertive
utterances, children may have been introducing a new topic; the difficulty of
retrieving words that are newly introduced into the conversation may have been part
of what makes assertive utterances more likely to be stuttered. Finally, assertive
utterances may have imposed greater emotion regulation demands on CWS; moments
with high levels of positive emotionality (e.g., when receiving a desirable gift) have
been linked to higher rates of SLD (and TD) production for CWS (Johnson et al.,
2010). The ways in which a child’s emotional reactivity and emotional state impact
their stuttering are complex (Jones et al., 2014), and since emotional reactivity and
stress levels were not measured or manipulated in the current study, additional
research would be needed to assess how assertive and responsive utterances relate to
emotion regulation demands.

In order to better assess whether answers are associated with higher levels of
stuttering, answers were compared to all utterances that were not answers (assertive
utterances plus other responsive utterances). For CWS, utterances that were not
answers were 1.98 times (and significantly) more likely than answers to be stuttered.
When controlling for length and grammaticality, these other utterances had 1.43 times
(and still significantly) greater odds of being stuttered compared to answers. That
answers have only about half the odds of being stuttered of other utterances, without
controlling for other factors, is the most critical result here in terms of indicating why
caregiver questions do not need to be avoided by adults interacting with CWS. That

the significant relationship persists after controlling for other factors is likely
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attributable to one or some of the explanations discussed regarding assertive
utterances, as 81.1% of utterances that were not answers were assertive utterances.
Finally, answers were compared to other responsive utterances. When
caregivers are instructed to avoid questioning, the proportion of the child’s utterances
that are responses to non-question comments are expected to increase, so comparing
answers to other responsive utterances addressed the question of the child utterances
that may replace answers are likely to be more fluent than answers. Answers
produced by CWS had 1.92 times (and significantly) higher odds than their other
responsive utterances to contain SLDs. Controlling for grammaticality and length,
answers produced by CWS had 1.52 times higher odds of being stuttered compared to
other responsive utterances, and this difference approached significance. These
results might appear to suggest that if caregivers are trying to prompt children to talk,
prompting children with statements, that will result in non-answer responsive
utterances, may be helpful. However, in order to determine whether these non-
question prompts elicited a large portion of the other responsive utterances, additional
coding was required. This coding indicated that only 2.3% of these were prompted by
adult statements of the type that might be used instead of questions. The majority
(70.5%) of other responsive utterances were spontaneous responses to adults, such as
agreements, disagreements, and protests, and the remaining 27.2% were full or partial
repetitions of preceding utterances. Given this breakdown, the increased likelihood of
stuttering in other responsive utterances does not indicate that caregivers should avoid
questions and instead make comments. It also raises the question of how successful

leading a child to speak using primarily statements actually is; measurement of the
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rate of children’s responses to prompts was not part of this study but may be worth
assessing in future studies. Research measuring how often children respond to adults’
prompts may be useful; if children rarely respond to them (which may be the case
based on the low percentage of other responsive utterances that are children’s
responses to prompts), then this would be even further reason for clinicians to move
away from asking caregivers to comment rather than question.

Clinical recommendations can be made more strongly when they are based on
higher levels of evidence, such as randomized controlled trials (RCTs) and meta-
analyses (Bernstein Ratner, 2006), so current findings will be contextualized. In 1992,
Weiss and Zebrowski found that assertive responses were more likely to contain
SLDs than responsive utterances. Assertive utterances were also longer than
responsive utterances, and since length was not controlled in their analyses, it was
unclear whether this difference was attributable to utterance length or assertiveness.
More recently, Byrd et al.’s (2011) findings were similar to the ones from this study,
though less well-powered. Therefore, current findings that answers are stuttered less
often than other utterances are consistent with past reports.

When the recommendation is made for caregivers to reduce their questioning
of young children, an implicit assumption is made that the benefit to CWS from the
supposed decrease in SLD production outweighs any benefit they would have gained
from being asked questions. However, being asked questions does in fact have
benefits in language development. One obvious benefit is that it provides children
with models of questions, which are some of the more advanced structures that they

will learn (Birbili & Karagiorgou, 2009; Santelmann et al., 2002). In addition,
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mother’s usage of yes/no questions has been linked to the development of their
children’s auxiliaries (Newport et al., 1977). Questions also help with moving
conversations forward; the use of wh- questions maintaining the child’s previous
topic has been shown to increase the length of conversations between adults and
children with varied language abilities (Yoder et al., 1994). Children with language
and cognitive impairments have been found to use longer utterances in response to
caregivers’ questions than in response to other parent utterances (Yoder & Davies,
1990). Finally, questions can be an important part of shared book reading, a practice
known to support language and literacy development (Birbili & Karagiorgou, 2009;
Crain-Thoreson & Dale, 1999).
Utterance Function and Disfluency Production by CWNS

When answers were found to have lower rates of stuttering than all other
utterance types combined, I wondered what the source of the clinical recommendation
to help CWS avoid having to answer questions may have been. This recommendation
for a reduction in caregiver use of questioning has been made by experts since at least
the 1970’s. Van Riper (1973) wrote:

We have observed thousands of verbal interactions between mothers and

children and the amount of questioning which takes place just before volleys

of stuttering occur is surprisingly great. We have no direct research on this but

an examination of daily logs kept by parents in which they reported the

characteristics of the communicative situation which yielded the most fluent

and the least fluent responses shows clearly that parental questioning preceded
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stuttering in an impressive number of instances whereas only rarely did it

precede a markedly fluent response. (p. 379)

The overall percentage of answers from CWS that contained SLDs (13.4%)
was lower than the percentage of utterances from CWS overall that contained SLDs
(18.1%); it was not the case that without controlling for length and grammaticality,
answers would have appeared to have been highly disfluent to a casual observer of
these samples. One possibility is that this concern that researchers and clinicians
(outside of Van Riper, who made this observation with CWS) have had about
question-answering was derived from elevated disfluency rates for CWNS when
answering questions. The question about whether CWNS produce more disfluencies
when they are answering questions was testable.

For CWNS, responsive utterances had 1.24 times (and significantly) higher
odds compared to assertive utterances of being disfluent, after controlling for length
and complexity. Answers to questions had 1.61 times (and significantly) higher odds
of being disfluent compared to other utterances, controlling for grammaticality and
length. Finally, answers, when compared to other responsive utterances, were 3.45
times more likely to be disfluent, controlling for grammaticality and length.

These findings suggest that higher communicative responsibility did not
increase the likelihood that CWNS would be disfluent in the same way that it
increased the likelihood that CWS would stutter. One potential explanation for the
decrease in stuttered disfluency for CWS when answering questions is that parents
and examiners could have been aware of the impact that demand and time pressure

may have on stuttering. If parents and examiners interacting with CWNS were not

114



modifying their speech in other ways to make their questions less demanding, then
this might explain the relative increase in disfluency with question-answering in
CWNS.

An alternative explanation concerns potential temperamental differences
between CWS and CWNS. Conflicting findings have driven continue debate about
whether CWS and CWNS have differing temperamental profiles (see Bloodstein,
Bernstein Ratner, & Brundage, 2021, for a review) but if these differences do in fact
turn out to be present, they may partially explain the differing fluency patterns in the
ways that the two groups answer questions. This would provide a child-focused
explanation. For instance, CWS have been reported to have higher behavioral
inhibition than CWNS (Choi et al., 2013; Ntourou et al., 2020), and higher behavioral
inhibition has been related to the production of fewer words in a language sampling
context (Tumanova et al., 2020). CWS with higher behavioral inhibition may be more
resistant to answering questions, and therefore may choose to answer different types
of questions than CWNS. This, in turn, may have impacted the profiles of fluency we
observed here, and warrant future investigations that probe question-asking and -
answering patterns between CWS and their parents on structural, functional, and
temperament-focused levels of analysis.

Limitations and Future Directions

As with results from the previous study, the generalizability of the findings
about answers and other utterance functions and their relationships with disfluency
may be limited to other children who share characteristics with these participants.

This means that generalization may be most appropriate when considering
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monolingual, English-speaking children without obvious language delays or
disorders. The maternal education level for this sample, when available, was also not
representative of the American population, and this may further limit generalizability.

The current study was restricted to data available from language sample
analysis. While there are benefits to using this type of data, particularly ecological
validity, there are limits to the types of information that this data can provide. I will
first discuss potential research directions that could be taken with language sampling
data (and even with the current corpus) and then I will discuss a research direction
that would require a different paradigm.

First, future researchers aiming to provide clinical guidance may wish to
identify different question types and measure the disfluency of responses to these
(controlling for length, as length will likely vary greatly depending on question type).
For instance, yes/no questions, and questions presenting choices (e.g., “do you want
the car or the truck?””) may elicit more fluent answers than open-ended questions
(e.g., “how does baby get ready for bed?”’). Questions differ in structural complexity
required of the asker, as well as structural complexity typically demanded by the
person who answers. Even yes-no questions and certainly Wh-questions differ in the
lexical and conceptual demands placed on speaker and answerer. Beyond structural
distinctions, questions can vary in the cognitive demands placed on the respondent, as
well as the functional load within the interaction (e.g., “Why don’t we play with the
blocks”, vs. “Why do you think the train keeps falling off the track?”’). To summarize
succinctly, one can ask many questions about questions on numerous levels, all of

which require coding of specific aspects of the utterance and interchange.
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In addition, future researchers also may wish to disentangle the impact of the
pace of the conversation and questioning. This may particularly be helpful in
understanding why answers to questions were less likely to be stuttered for CWS
while they were more likely to be disfluent for CWNS. If parents and examiners were
sensitive to the pace of the conversation when speaking to CWS, but parents and
examiners rapidly asked questions of CWNS, this may partially explain the divergent
findings across groups. This could be studied by measuring the amount of time that
parents and examiners paused after their questions and also by measuring their speech
rate. The likelihood of parents of CWS having encountered information suggesting a
slowed pace of conversation may have differed across corpora because of the time
periods when they were collected; the Ratner corpus was collected in the late 1990s
and these parents were probably less likely to have encountered information on the
internet about how to adjust their communication styles. Therefore, this explanation
may not be particularly likely to explain this discrepancy for Ratner corpus CWS and
CWNS, but it may partially explain the discrepancy in the fluency of answers for
Ratner-MacWhinney corpus CWS and CWS.

To gain a better understanding of the impact that asking fewer questions
would have on the functions of utterances that CWS produce, researchers may wish to
assess the rate at which CWS answer questions they are asked. A cursory look at this
can be gained by looking at the overall number of adult questions (i.e., the number of
adult utterances ending in a question mark) and the number of child answers. There

were 6,443 adult questions in samples with CWS, and only 3,008 fully intelligible
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utterances coded as answers. (The numbers are similar for CWNS, so higher
selectivity about which questions to answer does not explain the relative fluency of
CWS in their answers.) A careful analysis would be needed before concluding that
CWS respond to fewer than half of adult questions, as some of the answers may have
been fully or partially unintelligible, or interrupted or trailed off and therefore not
coded for their function. A finding that children only answer about half of the
questions they are asked, in a well-controlled study, would further suggest that it is
not particularly helpful for caregivers to reduce their use of questions. If children are
happy to not respond to questions when they do not want to, caregivers would not
need to reduce their questioning to reduce demands.

Further analysis of language samples could also provide more clarity about
the role of introducing new information into the discourse in the disfluency of
assertive utterances. Researchers could code utterances for simply whether new
information was introduced in the utterance. This type of analysis would help us
better understand the specific role of introducing new information into the discourse,
in comparison to other features of assertive utterances (e.g., potentially higher
emotion regulation demands).

In order to confirm the association between answers and lower levels of
disfluency for CWNS, elicited probes that control the content of the child’s answer
could be used. For instance, researchers may wish to pose comments and questions
intended to elicit answers/non-answer responses with similar content and syntax. For
instance, the parallel “What does baby want to do?” with a clear expectation of an

answer, and “Hm, I wonder what baby wants to do,” where it is clear from the context
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that an answer is optional, could be posed to CWS to determine whether the

expectation of answering the question has an impact on their fluency.
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Chapter 5: General Discussion

The major findings of this dissertation can be summarized as follows. This
study is arguably the largest to demonstrate that ungrammatical utterances are more
likely to be disfluent (stuttered and TD-containing) than grammatical utterances. To
my knowledge, it is also the first study to assess grammaticality as it relates to both
SLDs and TDs, and in the speech of both CWS and CWNS. Second, this dissertation
found that SLDs and stalls tend to precede grammatical errors when they occur in the
same utterance, which is consistent with SLDs and stalls occurring during the
planning of potentially more challenging, error-containing portions of utterances.
Third, this dissertation has failed to replicate a dichotomy between predictors of two
different TD types- stalls and revisions. Both stalls and revisions increased in
ungrammatical utterances, longer utterances, and as language level increased. Fourth,
this dissertation found that, in the speech of young CWS, answers to questions are
less likely to contain SLDs than other utterance types, but that in the speech of
CWNS, answers are more likely to be disfluent than other utterance types.

All of these findings can be interpreted in the context of stuttering being a
highly variable disorder (Tichenor & Yaruss, 2021; Yaruss, 1997). For any particular
CWS at any particular moment, it is not possible to definitively determine whether a
word or utterance will be stuttered. There will be long, ungrammatical, assertive
utterances produced by CWS that will be fluent. For example, consider participant
CWS-32, whose MLU-m-a was 4.90, and who stuttered in 14.3% of his utterances

that were eligible for the syntactic analyses in questions 1 and 2 (and was disfluent in
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some way in 19.2% of them). He fluently produced the nine-morpheme,
ungrammatical question, “why are these wheels keep getting off?”” According to the
output of the statistical models, this utterance would have had a high likelihood of
being stuttered due to its grammatical error, length, and assertiveness. However,
stuttering is variable, and other factors not measured in this study may have
contributed to the non-production of any SLDs in that utterance. Some of these other
factors, such as those relating to emotional regulation demands, are known to
stuttering researchers (Jones et al., 2014). There also are likely other factors
contributing to the occurrence or non-occurrence of an SLD (or TD) in a particular
moment that researchers have not yet thought to study.

The association between grammatical errors and disfluency, as well as the
absence of an identified relationship between answering questions and stuttering for
CWS are group-level findings was based on data from 32 CWS and 32 CWS. While
these are large samples in comparison to many previous studies of disfluency or
stuttering and language, clinicians should remember analyses included data from only
64 children in total. The findings of this dissertation, therefore, should be considered
starting points, particularly given that stuttering is a disorder characterized by great
heterogeneity, both across speakers and even within speakers when sampled at
multiple time points, even close in time (Constantino et al., 2016; Tichenor & Yaruss,
2021; Yaruss, 1997). For instance, clinicians may wish to assess whether an
individual CWS presents with increased stuttering in ungrammatical utterances. If
this pattern is not seen for a particular CWS, then it may not be worthwhile to

consider grammaticality in developing treatment hierarchies for that child. In contrast,
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particularly with young children with emergent language profiles, a profile of
occasional ungrammaticality in expressive language samples might logically prompt
the SLP to inventory those structures that the child appears to have strong productive
control over, and those with less consistent evidence of mastery. In planning fluency-
related activities, such information would be taken into account in planning expected
verbal responses to clinician prompts.

Two of the major findings of this dissertation can serve as examples of how
facilitation of language development should be considered in stuttering intervention
for young children. First, the finding that ungrammatical utterances are more likely to
be stuttered can be applied in specific contexts by clinicians. It can be used when
introducing new skills such as easy, relaxed speech. The other finding with direct
clinical applicability is that CWS are less likely to stutter when answering questions
than in other utterances. This finding is more applicable to the child’s general
environment, outside of therapy. It indicates that there is little reason for caregivers to
generally avoid asking questions of CWS to facilitate their fluency, particularly given
the potential benefits of being asked questions (e.g., Birbili & Karagiorou, 2009;
Newport et al., 1977). When implementing any fluency intervention with a young
CWS, clinicians should consider how the intervention might impact the child’s
language development. The close links between language and fluency indicate that in
order to be a good fluency therapist for young CWS, a clinician must also be a good

language therapist.
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Appendices

Appendix A

Results from Mixed Effects Models of Predictors of Disfluency Comparing Utterances

With Each Disfluency Type Only to Fluent Utterances

Model and Effect B OR z p
SLD Only vs. Fluent
Fixed effects
Intercept -2.51 0.08 -16.84 <.001
Grammaticality 0.49 1.63 6.16 <.001
Length 0.27 1.31 17.94 <.001
MLU-m-a 0.08 1.08 0.46 .648
Random effect Var.
Participant 1.23
Stall Only vs. Fluent
Fixed effects
Intercept -3.11 0.04 -27.54 <.001
Grammaticality 0.35 1.42 3.15 <.001
Length 0.14 1.15 7.29 <.001
MLU-m-a 0.51 1.67 3.68 <.001
Random effect Var.
Participant 0.53
Revision Only vs. Fluent
Fixed effects
Intercept -3.44 0.03 -39.16 <.001
Grammaticality 0.44 1.55 3.47 <.001
Length 0.22 1.25 9.78 <.001
MLU-m-a 0.24 1.27 2.55 011
Random effect Var.
Participant 0.13

Note. Outcomes coded as 0 = fluent, 1 = SLD(s) only; 0 = fluent, 1 = stall(s) only;
and 0 = fluent, 1 = revision(s) only. Grammaticality coded as 0 = grammatical, 1 =
ungrammatical. Var. = variance. Number of participants = 64. For the SLD only vs.
fluent model, number of utterances = 9,702. For the stall only vs. fluent model,
number of utterances = 8,961. For the revision only vs. fluent model, number of
utterances = 8,772.
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Appendix B

Results from Mixed Effects Models of Predictors of Disfluency for Three Disfluency

Types for CWS Only
Model and Effect B OR z p
SLD
Fixed effects
Intercept -1.58 0.21 -9.91 <.001
Grammaticality 0.63 1.89 7.70 <.001
Length 0.31 1.36 17.83 <.001
MLU-m-a 0.22 1.24 1.04 297
Random effect Var.
Participant 0.71
Stall
Fixed effects
Intercept -2.75 0.06 -17.48 <.001
Grammaticality 0.52 1.68 4.82 <.001
Length 0.13 1.14 6.59 <.001
MLU-m-a 0.61 1.85 3.00 .003
Random effect Var.
Participant 0.59
Revision
Fixed effects
Intercept -3.21 0.04 -28.50 <.001
Grammaticality 0.65 1.91 5.03 <.001
Length 0.21 1.24 9.19 <.001
MLU-m-a 0.47 1.59 3.35 <.001
Random effect Var.
Participant 0.15

Note. Outcomes coded as 0 = no SLD in utterance, 1 = SLD in utterance, 0 = no stall
in utterance, 1 = stall in utterance, and 0 = no revision in utterance, 1 = revision in
utterance. Grammaticality coded as 0 = grammatical, 1 = ungrammatical. Var. =
variance. Number of participants = 64. Number of utterances = 5,322.
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Appendix C

Results from Mixed Effects Models of Predictors of Disfluency for Three Disfluency

Types for CWNS Only
Model and Effect B OR z p
SLD
Fixed effects
Intercept -2.95 0.05 -24.89 <.001
Grammaticality 0.36 1.43 2.84 .004
Length 0.18 1.20 9.01 <.001
MLU-m-a 0.38 1.47 2.78 .005
Random effect Var.
Participant 0.26
Stall
Fixed effects
Intercept -3.01 0.05 -22.83 <.001
Grammaticality 0.25 1.29 1.80 .072
Length 0.12 1.13 5.62 <.001
MLU-m-a 0.43 1.54 2.74 .006
Random effect Var.
Participant 0.35
Revision
Fixed effects
Intercept -3.01 0.05 -33.21 <.001
Grammaticality 0.42 1.53 3.23 .001
Length 0.20 1.22 9.13 <.001
MLU-m-a 0.10 1.11 1.03 305
Random effect Var.
Participant 0.09

Note. Outcomes coded as 0 = no SLD in utterance, 1 = SLD in utterance, 0 = no stall
in utterance, 1 = stall in utterance, and 0 = no revision in utterance, 1 = revision in
utterance. Grammaticality coded as 0 = grammatical, 1 = ungrammatical. Var. =
variance. Number of participants = 64. Number of utterances = 5,820.
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Appendix D
Results from Mixed Effects Models of Predictors of Disfluency for Three Disfluency

Types With Group as a Predictor

Model and Effect B OR z p
SLD
Fixed effects
Intercept -3.18 0.04 -21.75 <.001
Grammaticality 0.56 1.76 8.29 <.001
Length 0.26 1.29 19.86 <.001
MLU-m-a 0.31 1.36 243 015
Group 1.72 5.61 8.59 <.001
Random effect Var.
Participant 0.50
Stall
Fixed effects
Intercept -3.16 0.04 -21.77 <.001
Grammaticality 0.43 1.53 5.03 <.001
Length 0.13 1.14 8.67 <.001
MLU-m-a 0.52 1.69 4.03 <.001
Group 0.55 1.73 2.71 .007
Random effect Var.
Participant 0.48
Revision
Fixed effects
Intercept -3.11 0.04 -32.81 <.001
Grammaticality 0.55 1.73 5.97 <.001
Length 0.21 1.23 12.98 <.001
MLU-m-a 0.26 1.29 3.06 .002
Group 0.01 1.01 0.06 951
Random effect Var.
Participant 0.13

Note. Outcomes coded as 0 = no SLD in utterance, 1 = SLD in utterance, 0 = no stall
in utterance, 1 = stall in utterance, and 0 = no revision in utterance, 1 = revision in
utterance. Grammaticality coded as 0 = grammatical, 1 = ungrammatical. Group
coded as 0 = CWNS, 1 = CWS. Var. = variance. Number of participants = 64.
Number of utterances = 11,142.
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Appendix E

Results from Mixed Effects Models of Predictors of Disfluency for Three Disfluency

Types for Boys Only
Model and Effect B OR z p
SLD
Fixed effects
Intercept -2.39 0.09 -15.00 <.001
Grammaticality 0.64 1.89 8.16 <.001
Length 0.25 1.29 17.37 <.001
MLU-m-a 0.11 1.11 0.52 .601
Random effect Var.
Participant 1.15
Stall
Fixed effects
Intercept -2.95 0.05 -26.91 <.001
Grammaticality 0.42 1.52 4.05 <.001
Length 0.13 1.13 7.37 <.001
MLU-m-a 0.50 1.65 5.52 <.001
Random effect Var.
Participant 0.41
Revision
Fixed effects
Intercept -3.14 0.04 -37.05 <.001
Grammaticality 0.61 1.83 5.83 <.001
Length 0.21 1.23 11.54 <.001
MLU-m-a 0.23 1.26 2.24 .025
Random effect Var.
Participant 0.15

Note. Outcomes coded as 0 = no SLD in utterance, 1 = SLD in utterance, 0 = no stall
in utterance, 1 = stall in utterance, and 0 = no revision in utterance, 1 = revision in
utterance. Grammaticality coded as 0 = grammatical, 1 = ungrammatical. Var. =
variance. Number of participants = 52. Number of utterances = 8,680.
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Appendix F
Results from Mixed Effects Models of Predictors of Disfluency for Three Disfluency

Types for Girls Only

Model and Effect B OR z p
SLD
Fixed effects
Intercept -2.18 0.11 -6.06 <.001
Grammaticality 0.35 1.42 2.51 012
Length 0.27 1.30 9.73 <.001
MLU-m-a 0.01 1.01 0.02 .988
Random effect Var.
Participant 1.44
Stall
Fixed effects
Intercept -2.63 0.07 -8.65 <.001
Grammaticality 0.42 1.52 2.82 .005
Length 0.13 1.14 4.60 <.001
MLU-m-a 0.33 1.39 1.04 0.30
Random effect Var.
Participant 0.96
Revision
Fixed effects
Intercept -2.97 0.05 -22.57 <.001
Grammaticality 0.35 1.42 1.82 .069
Length 0.20 1.22 6.01 <.001
MLU-m-a 0.31 1.36 2.47 013
Random effect Var.
Participant 0.04

Note. Outcomes coded as 0 = no SLD in utterance, 1 = SLD in utterance, 0 = no stall
in utterance, 1 = stall in utterance, and 0 = no revision in utterance, 1 = revision in
utterance. Grammaticality coded as 0 = grammatical, 1 = ungrammatical. Var. =
variance. Number of participants = 12. Number of utterances = 2,462.
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Appendix G
Results from Mixed Effects Models of Predictors of Disfluency for Three Disfluency

Types With Gender as a Predictor

Model and Effect B OR z p
SLD
Fixed effects
Intercept -2.38 0.09 -14.67 <.001
Grammaticality 0.57 1.76 8.33 <.001
Length 0.26 1.29 19.88 <.001
MLU-m-a 0.08 1.09 0.46 .645
Gender 0.15 1.17 0.43 671
Random effect Var.
Participant 1.20
Stall
Fixed effects
Intercept -2.97 0.05 -25.04 <.001
Grammaticality 0.43 1.53 5.04 <.001
Length 0.13 1.14 8.67 <.001
MLU-m-a 0.46 1.58 3.47 <.001
Gender 0.39 1.48 1.52 128
Random effect Var.
Participant 0.53
Revision
Fixed effects
Intercept -3.11 0.04 -39.13 <.001
Grammaticality 0.55 1.73 5.96 <.001
Length 0.21 1.23 12.98 <.001
MLU-m-a 0.26 1.29 3.09 .002
Gender 0.02 1.02 0.13 .898
Random effect Var.
Participant 0.13

Note. Outcomes coded as 0 = no SLD in utterance, 1 = SLD in utterance, 0 = no stall
in utterance, 1 = stall in utterance, and 0 = no revision in utterance, 1 = revision in
utterance. Grammaticality coded as 0 = grammatical, 1 = ungrammatical. Gender
coded as 0 = male, 1 = female. Var. = variance. Number of participants = 64. Number
of utterances = 11,142.
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Appendix H

Results from Mixed Effects Models of Predictors of Disfluency for Stall-Containing

Utterances, Without SLD-Stall Utterances From CWS

Model and Effect B OR z p
Stall, without SLDs
Fixed effects
Intercept -3.08 0.05 -29.40 <.001
Grammaticality 0.26 1.30 2.63 .009
Length 0.10 1.11 6.05 <.001
MLU-m-a 0.52 1.69 4.07 <.001
Random effect Var.
Participant 0.46

Note. Outcomes coded as 0 = no stall in utterance, 1 = stall in utterance.
Grammaticality coded as 0 = grammatical, 1 = ungrammatical. Var. = variance.
Number of participants = 64. Number of utterances = 10,919
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