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ABSTRACT ARTICLE HISTORY
This study had two research objectives. The first was to examine Received 22 August 2023
age-related differences in the fluency of speech outputs, as prior Accepted 8 May 2024
research contains conflicting findings concerning whether older KEYWORDS

adults produce more disfluency than younger adults. The second Aging; speech fluency;
was to examine cognitive individual differences, and their relation- disfluency; executive
ship with the production of disfluency. One hundred and fifty-four function; individual
adults completed a story re-telling task, and a battery of cognitive differences
measures. Results showed that younger adults produced more um’s

and fewer repetitions. For individual differences, results showed

that inhibition and set shifting were related to the production of

repetitions, and inhibition and working memory were related to uh

production. Our results provide clarification about mixed findings

with respect age and disfluency production. The individual differ-

ences provide clarification on theoretical arguments for disfluent

speech in aging (e.g. Inhibition Deficit Hypothesis), and also sheds

light on the role of executive functions in models of language

production.

The first goal of this study was to investigate age-related differences in disfluency
production. The literature on speech disfluencies across the lifespan is relatively sparse
and filled with conflicting findings. The second goal of this study was to investigate the
production of disfluency in aging with respect to cognitive individual difference variables,
including executive functions (i.e., working memory, inhibition, and set shifting) and
intelligence (i.e., matrix reasoning and vocabulary). Several recent studies have documen-
ted significant relationships between different forms of disfluency and cognitive indivi-
dual differences in younger adults (e.g., Engelhardt et al., 2010). Thus, the second goal of
the study was to shed light on how changes in cognitive abilities (e.g., executive function-
ing), which tend to decrease over the course of aging, may impact the production of
disfluency. If cognitive individual differences are related to disfluency production, then we
expect increased rates of disfluency in older adults. However, the current study used
a cross-sectional design, and thus, cannot definitely establish a causal connection
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between declines in cognitive individual differences and increased disfluency production
(in older adults).

In the remainder of the Introduction, we first broadly cover age-related changes in
language, and the mixed findings with respect to disfluency production in aging. Second,
we review literature on about the relationships between cognitive individual differences
and disfluency production. Finally, we outline the rationale and predictions for the current
study, with a particular emphasis on what results mean for theories of aging (e.g., the
Inhibition Deficit Hypothesis).

Age-related language changes

Many studies have shown a range of different language problems across the lifespan with
respect to language outputs (for reviews, see Burke & Shafto, 2004, 2008). In general, older
adults produce more off topic speech, which is believed to be related to difficulty
inhibiting irrelevant information (James et al., 1998). Some studies indicate that the
syntactic structures of older adults are less complex (i.e., lower mean number of clauses
per utterance), and these differences have been linked to working memory limitations
(Kemper et al., 1989; Kemper & Rash, 1988; cf.; Gordon et al., 2019). In picture-naming
tasks, older adults (>70 years of age) often produce more errors (i.e., produce semanti-
cally-related words) and non-normative (i.e., acceptable but atypical) responses (LaGrone
& Spieler, 2006; Verhaegen & Poncelet, 2013). In addition, while several studies have found
object naming accuracy to be well-preserved in older age (Goulet et al., 1994;
Markostamou & Coventry, 2022; Wierenga et al., 2008), naming speed diminishes
(Goulet et al., 1994; Mortensen et al., 2008). In spoken discourse, older adults also have
a tendency to produce a greater number of pronouns, indefinite references, and ambig-
uous expressions (Kemper, 1992; Schmitter-Edgecombe et al., 2000).

As mentioned above, one common language problem reported by older adults is
word-finding difficulties (Burke et al., 1991; Gordon & Kindred, 2011; Heine et al., 1999;
Schmitter-Edgecombe et al., 2000). These word retrieval problems are linked to disfluency
(i.e., higher rates of pauses, interruptions, and non-normative word use). Some research-
ers have speculated that increased use of non-normative words is a compensatory
mechanism that helps older adults deal with word retrieval difficulties (Dennis, 2012).
Some associate these difficulties with deficits in inhibitory control (Hasher, 2015). This is
because the production system cannot inhibit competing responses, which blocks access
to a target word. In contrast, others have suggested that word retrieval difficulties are due
to a specific information-transmission deficit (James & Burke, 2000), which affects lexical-
to-phonological representations within the production system (Bock & Levelt, 1994; Dell,
1986; Dell & O'Seaghdha, 1992; Dell et al., 1999; Levelt, 1989). Thus, older adults more
commonly experience word retrieval difficulties, and these difficulties result in several
issues, including potential increased rates of disfluency. In summary, all of these findings
are indicative of some language functions becoming less efficient with increasing age, but
at the same time, other language functions remain relatively intact (Shafto & Tyler, 2014;
Wierenga et al.,, 2008).

In our review of published English-language articles, we identified 14 studies that
examined age-related changes in disfluency production, that is, comparisons of disfluency
rates between younger and older adults (Albert, 1980; Bortfeld et al.,, 2001; Castro &
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James, 2014; Cooper, 1990; Davidson et al., 2003; Duchin & Mysak, 1987; Horton et al.,
2010; James et al.,, 2018; Kemper et al., 2003, 2009; Martin, 2017; Schmitter-Edgecombe
et al, 2000; Shewan & Henderson, 1988; Spieler & Griffin, 2006). Table 1 contains an
overview of the results of these studies, and also, methodological details about sample
size and the speaking task used in each study. For the total disfluencies produced (i.e., the
overall rate of disfluency), 75% of the studies showed a (significant) positive result in
which older adults produce more disfluency compared to younger adults. Likewise, three-
quarters of all studies found significantly higher rates of filled pauses (um’s and uh’s)
among older adults. For overall disfluency rates and filled pauses, the effect sizes were
small-to-medium. There are no (significant) positive results with unfilled (silent) pauses.
Finally, repetitions and repairs show significant differences in approximately one-third to
one-half of the studies. Again, effect sizes for significant findings range from small-to-
medium.

In our opinion, there are three key studies on disfluency and aging (Bortfeld et al., 2001;
Castro & James, 2014; James et al., 2018). These studies are important because they were
focused primarily on disfluency production in aging and assessed disfluency according to
standard psycholinguistic convention. Bortfeld et al. (2001) investigated a large range of
different factors (situational and demographic) in task-oriented conversations. They found
higher rates of disfluency when speakers were discussing abstract figures, which they
associated to planning difficulty. In addition, older adults produced numerically (but not
significantly) more disfluency than did younger and middle-aged adults. Castro and James
(2014) found that older adults produced increased disfluency when describing negative
pictures, as compared to neutral pictures. In contrast, younger adults’ disfluencies did not
vary by picture type, and thus, those authors reported a significant interaction between
age group and picture type. James et al. (2018) examined picture descriptions in which
pictures varied based on whether they contained errors or not. They also reported that
older adults produced more fillers for error pictures compared to non-error pictures, and
that older adults were more disfluent overall (i.e., repetitions and repairs). Thus, there was
a significant interaction between age group and picture type for fillers, and a main effect
of age on repetitions and repairs.

To summarize, the literature on disfluency in aging contains some replication issues
(particularly for repetitions and repairs). There are some possible explanations for these
mixed/conflicting findings, but at present, it is not clear what those explanations are.
There may be sampling issues, which result in differences in language and cognitive
abilities between groups. For example, there might be differences between older adults
recruited from a university setting compared to those recruited from the community.
There may also be differences in the size of the speech sample analyzed for each
participant. The reason that this may be an issue is that it opens the possibility of small
speech samples resulting in extreme values. This would be most obvious in cases of
secondary analysis (e.g., switchboard corpus), in which the researcher has little-to-no
control over the data. Third, there may be some differences based on the speaking task,
as there may be production demand variability. For example, comparisons of fully inter-
active dialogue versus situations in which the speaking situation was more “scripted” or
constrained (as in many psycholinguistic sentence production and picture-naming tasks)
may be confounded by task demands. For simplicity, we refer to these more scripted
speaking situations, as monologue tasks. However, classification of speaking task into
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monologue vs. dialogue is a clear oversimplification of the variability of production tasks
used in existing in existing literature.

Individual differences in disfluency production

The second research goal in the current study focused on examining how differences
in disfluency production may be related to cognitive individual differences. Executive
functions are often described as cognitive control mechanisms, which support a wide
range of everyday behavior, particularly in the service of achieving goals (Miyake et al.,
2000). They include updating/monitoring of working memory, set shifting (also called
mental flexibility), and inhibitory control (Burgess, 1997; Denckla, 1996; Friedman &
Miyake, 2004; Miyake & Friedman, 2012; Miyake et al., 2001). It is widely assumed that
these executive functions have a role in most, if not all cognitive tasks, including
language production (Roelofs, 2003). Studies examining the role of executive function-
ing in more complex cognitive tasks often use individual differences paradigms. That is,
if an ability, such as language production, relies on a particular type of executive
functioning (e.g., inhibition), then individuals varying in that executive function will
also vary in language production.

Several studies have reported significant relationships between speech disfluencies
and executive functions (e.g., Engelhardt et al., 2010, 2011, 2012, 2013). The most robust
findings with respect to inhibition were shown for repair disfluencies. The inhibition-
repair association was specifically shown by performance on the Stroop task and stop-
signal reaction time, which accounted for nearly one-third of the variance in repair
disfluencies. In contrast, repetitions were consistently linked to verbal intelligence, as
measured by Wechsler Adult Intelligence subscales (i.e., vocabulary, comprehension,
information, and similarities). In all cases, there were “negative” relationships between
executive functioning and intelligence and disfluency production (i.e., better performing/
higher ability individuals produced fewer disfluencies).

In later work, Engelhardt et al. (2019) examined the role of working memory on speech
disfluencies by examining a sentence-repetition task. The prediction driving that study
was that individual differences in working memory ability, and specifically, slow retrieval
or increased likelihood of retrieval failure, would be related to increased rates of dis-
fluency (Baddeley & Logie, 1999). Confirming that prediction, results from hierarchical
structural equation modeling showed that repairs were related to individual differences in
working memory, and specifically, that working memory accounted for approximately
one-quarter of the variance in disfluency production. Again, the direction of the relation-
ship was such that higher ability individuals produced fewer repairs.

We identified only one study in the literature that considered executive functioning
with respect to aging and disfluency production. Kemper et al. (2009) assessed disfluency
production in two different speaking conditions (i.e., a baseline task and a dual task). They
also assessed inhibitory control (with the Stroop task), processing speed, and working
memory, and reported the correlations between filled pauses and these measures. In the
baseline speaking condition, there were no significant correlations. However, the stron-
gest correlations were with working memory, and for both younger and older adults,
correlations were negative (-.17 and —.21, respectively). (Again, negative indicates that
higher working memory span individuals produced fewer filled pauses.) In the dual-task
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condition, there was a significant correlation in younger adults between filled pauses and
inhibition (i.e., .48), where higher Stroop scores indicated worse performance. (In this case,
a positive relationship indicates that poorer inhibitory control related to increased rates of
filled pauses.) In contrast, the correlation between filled pauses and inhibition among
older adults was also positive, but not significant (i.e., .23). The likely explanation for these
correlations is that participants who had difficulty dealing with dual-task demands were
more likely to produce filled pauses.

There are some additional points worth mentioning about this study. The first is that
filled pause rates also included interjections,1 and therefore, represented more disfluency
than just filled pauses. The second is that the study did not consider other types of
disfluency (e.g., repetitions or repairs). Considering these factors, the study does not shed
much light on the relationship between disfluency, executive functioning, and aging.
However, the results of the study were unusual in that it is one study in the literature that
showed a “reversed” effect (i.e., that younger adults produced more filled pauses than did
the older adults).

Current study

The current study had two research goals. The first was to examine age differences in
disfluency production and the second was to investigate the role of cognitive indivi-
dual differences in disfluency production. As reviewed above, the disfluency literature
with respect to aging is highly mixed. The most consistent findings for aging and
disfluency concern overall disfluency rates, and therefore, we predicted that older
adults would be more disfluent (total disfluencies). In classic psycholinguistic literature,
filled pauses have been argued to be a more “listener-oriented” form of disfluency
(Clark & Fox Tree, 2002; Fox Tree & Clark, 1997; Lake et al., 2011). That is, speakers
produce filled pauses as a signal to the listener that they are experiencing some
difficulty and/or planning what to say, and that there will be a delay (Clark, 1994;
Smith & Clark, 1993). Further, Clark and Fox Tree (2002) argued um’s signal upcoming
long delays and uh’s signal upcoming short delays. In a more recent review paper on
filled pauses, Corley and Stewart (2008) concluded (1) that filled pauses occur
in situations where the speaker experiences difficulty and (2) that filled pauses provide
information to listeners, who can use them to facilitate understanding. In short, they
stated speakers signal “pay attention, I'm in trouble here and the next part of the
message might not be what you expected” (pg. 600). It is also clear that listeners can
productively use the presence of filled pauses to facilitate comprehension (e.g., Bailey
& Ferreira, 2003; Fraundorf & Watson, 2011, 2013).

In the current study, we investigated more nuanced hypotheses for filled pauses, and
those hypotheses were based on something called the um-uh ratio (for a review, see
Engelhardt, 2020). The um-uh ratio has become increasing prominent in disfluency
research, and it essentially predicts differential roles for um and uh (Horton et al., 2010;
Horvath, 2010). Um’s are thought to be more prominent discourse markers (i.e., signaling
upcoming long delays - consistent with Clark & Fox Tree, 2002), whereas uh’s are primarily
produced as more local markers of difficulty experienced by the speaker. Thus, um’s and
uh’s may have different distributions. To investigate these hypotheses, we calculated
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overall rates of filled pauses, the rate of um production, the rate of uh production, and the
um/uh ratio.

There were two empirical datapoints motivating the examination of um’s and
uh’s separately. The first is the findings of Kemper et al. (2009), who reported that
younger adults produced more filled pauses than did older adults. The second is
an aging study by Horton et al. (2010), who found a significant positive correlation
between uh’s and age (r =.27) (i.e, more uh’s produced by older adults), and
a significant negative correlation between um’s and age (r=-.19) (i.e., fewer um’s
produced by older adults). Horton et al. also speculated that the discrepancies
were due to the different functions between the two types of filled pauses. Thus,
the analysis of um’s and uh’s, and um/uh ratio is more fine-grained than most prior
aging-related disfluency studies, and is important theoretically for theories of
speaker- vs. listener-oriented disfluency (Clark & Fox Tree, 2002; Fox Tree & Clark,
1997; Lake et al., 2011).

Findings for repetitions and repairs have been more varied in the literature, with
approximately one-third to one-half of studies showing a positive significant effect
(see Table 1). We expected older adults to produce more repetitions and repairs.
However, whether those differences are significant or not is difficult to predict given
prior findings.

With respect to the second research goal, participants completed a battery of cognitive
tasks, which were selected to give broad coverage to executive functioning and intelli-
gence (Ardila et al, 2000; Carroll, 1993; Deary, 2001; Hasher & Zacks, 1988; Miyake &
Friedman, 2012). We chose one measure for each of the main types of executive function-
ing (working memory, inhibition, and set shifting), and two measures of intelligence
(vocabulary: a component of verbal intelligence, and matrix reasoning: a component of
fluid intelligence). In general, prior findings of individual differences and disfluency
indicated negative relationships between individual differences variables and disfluency
production (i.e., higher ability individuals produced less disfluency). Based on the indivi-
dual difference findings described above, we hypothesized that rates of filled pauses
would be most closely associated with working memory (based on the pattern in Kemper
et al,, 2009 - baseline condition, and Engelhardt et al., 2019). Part of the rationale for this
prediction is based on speaking task. Participants completed a story re-telling task, and
thus, the task involved a clear memory component. Furthermore, we hypothesized that
repetitions would be significantly related to vocabulary, which is the most consistent
finding in the disfluency literature, which also assessed individual differences (see
Supplementary Materials, section A for a summary of prior studies). For repairs, we
hypothesized that they would be related to (1) inhibitory control (as shown in several
earlier sentence-production tasks) and (2) working memory (given that the task requires
memory encoding and retrieval; Markostamou & Coventry, 2021). If the inhibition predic-
tions are confirmed, then it would provide theoretical support for the Inhibition Deficit
Hypothesis (Hasher, 2015), as inhibitory processes are less efficient in older adults (Hasher
& Zacks, 1988; Hasher et al., 2007; Lustig et al., 2007). Relatedly, if the working memory
predictions are confirmed, then it would suggest that much of the variance in disfluency
production can be associated with memory capacity issues, and theoretically, this would
support models of language production assuming a prominent role for executive func-
tioning (Roelofs, 2003).
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Method
Participants

Participants were 154 adults with a mean age of 55.49 years (SD = 20.74, range 18-85), of
which 63 were male and 91 were female. Participants were recruited from the University
of East Anglia and the local Norwich area through opportunity sampling. All research
procedures were ethically approved by the University of East Anglia’s School of
Psychology Ethics Committee and were carried out in accordance with the 2013
Declaration of Helsinki. Most young adults were recruited from undergraduate and
postgraduate university programs through an online system and university advertise-
ments, and were awarded course credits. All other participants were recruited from the
community through advertisements in local media outlets and invitation leaflets, and
received monetary compensation for their participation.

All participants spoke English as their first language, and had normal or corrected-
to-normal vision and hearing. Exclusion criteria for all participants included prior
history of head injury, alcohol and drug dependence, severe learning or intellectual
disability, any active medical or neuropsychological condition resulting in cognitive
dysfunction, and a formal subjective memory complaint (i.e., had sought profes-
sional assessment due to concerns about their memory). Inclusion criteria for parti-
cipants aged 45 or older included a score>=25 on the Montreal Cognitive
Assessment (Nasreddine et al., 2005), a brief screening test of general cognitive
functioning.

For the age group analyses, participants were divided into three groups (younger
adults: 18-26 years, middle-aged adults: 45-65 years, and older adults: 66-85 years; see
Figure 1 and Table 2). The groups differed largely as expected with respect to individual
differences. In short, there were significant age differences in the expected direction
(older < younger) for backward digit span, Stroop, trails, and matrix reasoning, and the
opposite pattern (older > younger) for vocabulary (see Supplementary Materials, section
B for scatterplots).

Standardizedmeasures

Inhibition

To assess inhibition, we used the Stroop task (Golden, 1978; Stroop, 1935). Participants
had to name the color of the ink in which color words were printed, which was
different from the written words (incongruent). Performance was based on the number
of correct responses given within 45 seconds, thus, higher scores indicate better
performance.

Set shifting

Set shifting (or mental flexibility) was measured using the Trail Making Test (Reitan, 1958;
Strauss et al., 2006). This task consisted of two parts. In Part A, the participant had to
connect in ascending order a set of numbers using a pencil, as fast as possible. In Part B,
participants had to rapidly connect a series of numbers and letters in ascending order
while alternating between numbers and letters (i.e., 1-A, A-2, then 2-B, etc.). In case of an
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Figure 1. Histogram showing the number of participants by age. As can be seen, there were a number
of younger adults (i.e., university students), and a number of middle-aged and older adults (i.e.,
ranging from 45 to 85 years of age).

error, participants were notified and encouraged to return to the point before the error
and retrace their steps. Time to complete Part A was subtracted from time to complete
Part B, hence, higher scores indicate worse performance.

Working memory

To examine working memory, participants completed the forward and backward digit
span tasks (Wechsler, 2008). In these tasks, participants are provided with a random series
of numbers which they have to immediately repeat either in the same order (forward digit
span) or in the reversed order (backward digit span). Higher scores indicate better
performance.

Fluid and verbal intelligence

The Matrix Reasoning test (Wechsler, 2008) was used to assess non-verbal fluid
intelligence, as it requires making use of current information within a novel problem
solving and reasoning setting (i.e., selecting the option that completes an incomplete
matrix of geometric figures out of six options). Performance was based on the number
of correct responses given within 5 minutes. For the assessment of verbal intelligence,
we used the Mill Hill vocabulary test (Raven, 1998), which requires selecting the most
relevant synonym out of six options for each word provided. It thus examines the
individual’s ability to utilize verbal information, providing an indication of verbal
intelligence. There was no time limit for this task, and higher scores indicate better
performance.
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AGING, NEUROPSYCHOLOGY, AND COGNITION 1

Speech samples

To collect speech samples, participants were told four novel stories (see Supplementary
Materials, Section C), which they had to memorize and repeat back to the experimenter as
accurately as possible (Markostamou & Coventry, 2021; Redford, 2013). Participants had to
repeat these stories twice, once immediately after the stories had been read to them, and
once again after an interval of approximately 25 minutes. For the second repetition,
participants were given a short prompt before each story. The stories produced by
participants were recorded, and afterward transcribed and coded for disfluency.

General procedure

Upon entering the lab, participants provided written informed consent and basic
demographic information. They then completed each of the tests in the battery (verbal
and non-verbal intelligence tests, digit span tasks, trail making test, Stroop task, and
the story re-telling task). The same experimenter (second author) conducted individual
testing sessions with each participant. The entire testing session lasted approximately
2 hours.

Disfluency coding

Three main types of disfluency were examined: filled pauses, repetitions, and repairs.?
Filled pauses are uh’s or um’s, and there were a few instances of er and erm. Repetitions
refer to repetitions of a word or string of words with no functional benefit. Repairs occur
when a speaker stops speaking, and then starts over with a new word or phrase.

The dataset was transcribed and coded by two trained research assistants, with each
completing approximately half of the data. A third trained research assistant then coded
approximately half of the data (as a validation sample). Next, the results from the first
team and the validation sample were compared. The results showed high correlations,
suggesting good reliability (filled pauses: r(776) =.948, p < .01; repetitions: r(776) =.847,
p < .01; repairs: r(776) =.901, p <.01). The first author resolved the few discrepancies that
did occur, and ensured there were no systematic differences in the coding. The first author
was responsible for classifying filled pauses into um’s and uh’s, and did so by re-listening
to the entire dataset. The dataset contained 58,764 words (approximately 382 words per
participant). There were no significant differences in the number of words produced
based on age group or disfluency rates between the first and second re-telling of the
stories (all p’s > .05). The dependent variable was the rate of disfluency production
(calculated for each type separately) per word produced by each participant. The um/uh
ratio was calculated by dividing rate of um production by the sum of um’s plus uh’s (i.e.,
um/(um + uh)). This um/uh calculation is technically a proportion rather than a ratio, but
we use the “ratio” label for consistency with prior literature.

Data screening and preparation

Data points greater than * 3.0 standard deviations from the mean for each variable in the
data set were scrutinized as outliers. There were none in the individual differences
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measures, and three in the disfluency means. The disfluency coding for these cases was
re-checked, and two of the three occurred within one participant. Given the low number
of elevated means, we retained them in the dataset. Finally, we applied a transformation
to skewed variables (i.e., square root and inverse).

Data analytic plan

The data analysis plan consisted of two main sections. In the first section, we compared
rates of disfluency production among the three groups of younger, middle-aged, and
older adults, using a one-way ANOVA. This was done for the total disfluencies produced
and each disfluency type examined. These analyses are most comparable to existing
disfluency studies of aging in the literature and relate to whether there are overall
differences in disfluency production based on age. This section addresses the first goal
of the study.

The second main section focused on the individual differences variables. We began
this section by presenting the correlations between variables. Second, we present the
results of six backwards regressions (one for each type of disfluency - total filled
pauses, um’s, uh’s, um/uh ratio, repetitions, and repairs). For these regressions, we also
included age as a continuous variable.> These analyses examine which individual
differences variables significantly relate to rates of disfluency production. We chose
regression for these analyses, because they reveal whether each variable accounts for
“unique” variance in the dependent variable (disfluency), and thus, regression pro-
vides a more thorough assessment compared to examining simple bi-variate
correlations.

Results

The descriptive statistics and bivariate correlations between variables are presented in
Tables 3 and 4, respectively.

Table 3. Descriptive statistics for intelligence, executive function measures, and disfluencies.

Measure N Mean SD Min Max Skew Kurtosis
Executive Functions

Forward Digit Span 154 11.05 2.50 5.0 16.0 0.20 -.53
Backward Digit Span 154 7.58 217 3.0 14.0 0.80 0.76
Stroop 154 42.45 12.01 15.0 76.0 0.48 0.29
Trails B-A 154 38.69 21.69 6.0 121.0 1.36 2.32
Intelligence

Matrix 154 17.92 3.98 7.0 26.0 -0.78 0.26
Vocabulary 154 21.94 438 11.0 320 -0.25 —-0.40
Proportion of Disfluencies

Total Disfluent 154 0.53 0.32 0.0 0.17 1.01 1.35
Filled Pauses 154 0.03 0.03 0.0 0.14 1.33 2.73
Um rate 154 0.02 0.02 0.0 0.13 1.80 5.99
Uh rate 154 0.01 0.01 0.0 0.11 3.15 14.43
Um/uh ratio 154 0.62 0.31 0.0 1.00 —0.60 —0.63
Repetitions 154 0.01 0.01 0.0 0.04 1.61 3.02
Repairs 154 0.01 0.01 0.0 0.03 0.70 0.70

Data based on un-transformed means.
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Section 1 - disfluency rates by age group

We began the analysis by investigating differences in disfluency production based on
age group. There were no significant differences in the mean number of words
produced (younger =386, middle-aged =379, older=382) by participants in the
different groups F(2,150)=.07, p=.93, n°=.00. In addition, the total disfluencies
produced were not significantly different between groups F(2,151)=1.19, p=.31,
n’=.02. The trend was for the younger participants to produce more disfluencies
overall (i.e., the mean rate of disfluency production for younger participants was
.059), which was driven primarily by the rates of filled pauses. In contrast, the
middle-aged and older adults produced less disfluency overall (i.e., means of .053
vs. .050, respectively).

Disfluency types

Results showed that there were significant group differences in the number of total filled
pauses F(2,151) = 3.68, p = .03, n? = .05. Younger adults produced more filled pauses than
did middle-aged adults t(91) =2.13, p=.02. There were also significant differences
between younger and older adults t(92) = 2.67, p =.01. However, the difference between
middle-aged and older adults was not significant t(119) =.63, p=.53 (see Figure 2, left
panel).

The means for filled pauses broken down by type are also shown in Figure 2 (right
panel). Results showed significant group differences in the number of um’s F(2,151) = 7.45,
p <.001, n? =.09. Younger adults produced more um’s than did middle-aged adults t(91)
=2.71, p=.01. There were also significant differences between younger and older adults t
(92) =3.81, p <.001. However, the difference between middle-aged and older adults was
not significant t(119) = 1.28, p = .20. In contrast, there were no differences in the rate of uh
production F(2,151) =.093, p=.91, n>=.001. For um/uh ratio, results showed that the
difference between groups was marginally significant F(2,151) = 2.60, p =.08, n°=.03
(younger adults =.73 (SD =.25), middle-aged adults =.59 (SD =.32), and older adults
=.58 (SD =.32)). Following up the marginal result, there were significant differences
between the younger and middle-aged adults t(91) =2.09, p=.04 and between the
younger and older adults £(92) =2.21, p=.03. The middle-aged and older adults were
not significantly different t(119) =.23, p =.82. What the analysis of filled pauses shows is

Disfluency Type by Group Filled Pause Type by Group
0.05 0.05
@Young Adults @ Young Adults
> 004 O Middle Adults > 004 O Middle Adults
§ @0lder Adults § QOlder Adults
i 0.03 % 0.03
T -
g 002 éi 0.02
-9 -8
: = g
Total Filled Pauses Repetition Repair Um's Uh's
Disfluency Type Disfluency Type

Figure 2. Proportion of disfluencies (per word) produced. Left panel shows results for total filled
pauses, repetitions, and repairs. Right panel shows results for um’s and uh’s. Error bars show the 95%
confidence intervals.
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that younger adults produce more ums than do the middle-aged and older adults, and
this translates to a marginally significant difference in the um/uh ratio.

There were also significant age group differences on the number of repetitions F
(2,151)=4.87, p=.01, r)2=.06. However, for this analysis, both the middle-aged and
older adults produced more disfluencies than did the younger adults [middle-aged vs.
younger: t(91) =—-3.10, p =.003, and older vs. younger: t(92) = -2.69, p =.01]. In contrast,
there was no difference between the middle-aged and older adults t(119) =.20, p = .84.
Finally, for repairs, the groups were not significantly different from one another F(2,151) =
1.08, p=.34, n’ =.014.

To summarize, results showed that younger adults produced more filled pauses than
did the middle-aged and older adults, and specifically, they produced more um’s. For
repetitions, the pattern reversed. Younger adults produced fewer repetitions than did
middle-aged and older adults. Repairs and uh’s showed no significant group differences.

Section 2 - individual differences variables

The correlations presented in Table 4 showed that the individual difference variables
produced several significant correlations with disfluency rates. Total filled pauses were
significantly related to age and vocabulary. Um’s were significantly related to age, Stroop,
and vocabulary. Uh’s were not significantly related to any variables. Um/uh ratio was
significantly related to age and Stroop. Repetitions were significantly related to age,
Stroop, trails, and matrix reasoning. Repairs were not significantly related to any variables.
In order to investigate how these variables were related to the production of disfluency,
we ran six backwards regressions (one for each type of disfluency and um/uh ratio) with
the purpose of identifying which variables significantly related to disfluency production.
We also included age in the regression analyses.

Results of the regression analyses are presented in Table 5. Assumptions of regressions
were checked (i.e., residuals were normally distributed and equal distribution of error

Table 5. Regression coefficients for retained predictor variables by disfluency type.

Variable B SE (B) B t-value
Total Filled Pauses F(1,152) = 7.54, p = .01, R? = .047

Age —.001 .000 -22 —2.75%*
Um’s F(2,151) = 12.40, p < .001, R? = .141

Age -.001 .000 —41 —4.96%*
Matrix —.004 .001 -21 -2.53%

Uh’s F(2,151) = 3.33, p = .04, R? = .042

Backward 029 014 18 2.04*

Stroop —-.001 .000 =21 —2.34*

Um/Uh ratio F(2,151) = 7.58, p < .001, R? = .091

Stroop .008 .002 35 3.89%*
Matrix -.012 .006 -.16 -1.83"

Repetitions F(2,151) = 7.59, p < .001, R? = 091

Stroop -.001 .000 -.19 -2.16*

Trails B-A .005 .003 16 -1.77*

Repairs F(3,150) = 1.87, p = .14, R?* = 036

Age .000 .000 -22 -2.07*

Matrix Reasoning .000 .000 -.16 -1.71*

Vocabulary .000 .000 19 1.96"

®5) < 001, **p < .01, *p < .05, *p < .10.
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variance), and we also assessed multi-variate outliers via Cook’s distance. All Cook's
D values were acceptable (i.e, < .12).

Age was significantly related to total filled pauses, which is consistent with results
in Section 1. Younger participants produced more total filled pauses than did the
older participants. Likewise, age was a predictor of um’s, and was in the same
direction as it was for total filled pauses. However, matrix reasoning was also
a predictor of um’s. The direction of the effect was such that individuals with higher
matrix reasoning showed a lower rate of um production. For uh production, there
were two significant variables retained in the regression. They were backwards digit
span and the Stroop task. For backwards digit span, higher memory ability partici-
pants produced a greater number of uh’s. For the Stroop task, individuals with
greater inhibitory abilities produced fewer uh’s. The um/uh ratio showed that the
Stroop task was significant and matrix reasoning was marginally significant.
Individuals with better Stroop performance showed a higher ratio (i.e., higher ratio
of um-to-uh), and for matrix reasoning, the direction showed that higher ability
individuals had a lower ratio (i.e., lower ratio of uh-to-um).

For repetitions, two variables were retained (i.e., the Stroop task and the trails task).
Stroop performance was related to repetitions, such that individuals with higher inhibi-
tory ability showed significantly fewer repetitions. The trails task was related to repeti-
tions, such that individuals with higher set shifting ability showed marginally fewer
repetitions. Three additional points are worth mentioning here. First, age was not
a significant predictor of repetitions (in contrast to results in Section 1). Second, matrix
reasoning, which showed a significant bi-variate correlation with repetitions, was also not
significant. We believe that this is likely due to the “shared” variance between matrix
reasoning and the executive function measures. Both correlations were very near |.50|.

For repairs, three variables were retained (age, matrix reasoning, and vocabulary).
However, it is important to note that the overall regression model for repairs was not
significant, consistent with the fact that the correlations showed no significant rela-
tionships. In addition, two of the three retained predictors were only marginally
significant.

Discussion

This study had two research goals. The first focused on age-related differences in dis-
fluency production. As reviewed in the Introduction, the literature on disfluency produc-
tion in aging is extremely mixed, and we speculated on several reasons why this may be
the case. The results of this study showed significant age differences in filled pauses,
specifically in the rates of um production. We also observed significant differences in the
rates of repetitions. The second research goal focused on the role of cognitive individual
differences in rates of disfluency. For this goal, we found that several significant results for
executive functions and intelligence.

Age differences in disfluency production

The first goal examined disfluency production by comparing disfluency rates across
three age groups (younger, middle-aged, and older adults). We predicted that older
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adults would produce significantly more disfluency. Prior literature was especially
conflicting for repetitions and repairs with approximately one-third to one-half of
prior studies showing a significant result. However, based on two studies (Horton
et al., 2010; Kemper et al., 2009), we further examined type of filled pause by
classifying them into um’s and uh’s, and we also calculated the um/uh ratio. Our
predictions were that um’s and uh’s would have slightly different distributions, and if
there were differences, it would shed light on the listener- vs. speaker-oriented forms
of disfluency.

The results of this study, with respect to age, showed that younger adults produced
significantly more total filled pauses than middle-aged and older adults, counter to
predictions (see also, Kemper et al., 2009). This was due to their increased tendency to
produce um’s (with an effect size of .09), whereas the production of uh’s did not show
a significant age-group difference (see also Horton et al.,, 2010). The increased um
production in younger adults carried through in the um/uh ratio differences between
groups, but it is important to note that um/uh ratio was only marginally significant. The
fact that younger adults produced more um’s suggests an increased tendency to signal
their delays than do middle-aged and older adults. To place the um and uh rates in this
study in context, the um/uh ratio for younger adults in the current study (.73) was almost
identical to controls in ASD literature (.77), whereas middle-age and older adults in the
current study have a lower ratio (.58-.59). Individuals with ASD have an even lower um/uh
ratio (.47) (Engelhardt, 2020).

The age analysis further showed that there were significant differences in repetitions,
with middle-aged and older adults producing more repetitions compared to younger
adults (with and effect size of .06), consistent with predictions. More specifically, younger
adults produced about half the number of repetitions as did the middle-aged and older
adults, which is consistent with approximately one-third of the existing studies in the
literature. The rate of repairs was not significantly different in the age group comparisons,
and again, the null effect of repairs is consistent with approximately one-third of the
studies in the literature.

To summarize the findings of this study with respect to age differences, we observed
that younger adults produced more um’s than did middle-age and older adults, and that
younger adults produced fewer repetitions than did middle-age and older adults.

Cognitive individual differences and disfluency production

The second goal of this study focused on the relationship between disfluency production
and cognitive individual differences. We ran a series of backwards regressions, in which
we assessed whether any of the individual difference variables were significantly related
to rates of disfluency. The general prediction for this set of analyses was that higher
performing (or higher ability) individuals would produce fewer disfluencies. The specific
predictions were that filled pauses would be related to working memory, repetitions
would be related to vocabulary, and repairs would be related to both working memory
and inhibition. If confirmed, these findings would lend theoretical support for both
theories of aging (e.g., Inhibition Deficit Hypothesis) and models of language production,
which assume a role for executive functioning (e.g.,, WEAVER ++).
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Filled pauses

For total filled pauses, age was the only significant predictor, which is consistent with the
age-group results above. Age was also retained as a significant predictor in the rate of um
production. Younger adults produced more um’s than did the middle-age and older
adults, suggesting that younger adults are better at signaling delays in their speech.
This difference in um’s drove the significant difference for total filled pauses. Matrix
reasoning was also retained in the regression examining um production. The direction
of the effect was such that higher ability individuals produced fewer um’s. Recall that
based on Horton et al. (2010), we hypothesized that um’s would have a distinct distribu-
tion compared to uh’s, and be produced as a signal (or discourse marker, as argued by
Horton et al.) of an upcoming delay. The matrix reasoning result clearly suggests that um’s
(or at least a good proportion of um’s) reflect problems experienced in the course of
speaking rather than a “helpful” form of listener-oriented disfluency. One additional point
to note about um production is that vocabulary and Stroop resulted in significant
correlations but neither was retained in the final regression model, and we believe that
the lack of an effect for Stroop is due to the fact that age was a stronger predictor, and age
and Stroop had a lot of overlapping variance (i.e., the highest correlation in the entire
dataset).

The retained predictors for uh’s were backward digit span and Stroop. The direction of
the Stroop result is consistent with predictions (i.e., better Stroop performance corre-
sponded to fewer uh’s). In contrast, backward digit span was not consistent with general
predictions, as higher digit span corresponded with higher rates of uh production.
A possible explanation for this result is that individuals with better memory abilities are
actually able to recall more details of the stories (a sort of tip of the memory phenom-
enon), and thus, they produce uh’s in the process of retrieving and conveying these
details. In order to investigate this explanation, we ran a correlation between backward
digit span and the number of words produced. The correlation was not significant (r=.13,
p =.10), but positive, which indicates a numerical trend for higher ability individuals to
recall more information about the story. By this explanation, higher ability individuals
actually expend greater effort, which in turn makes it more likely that they produce this
one type of disfluency (i.e., uh’s). Finally, the regression for um/uh ratio showed that
Stroop and matrix reasoning were retained, and the direction of Stroop and matrix
reasoning were the same as the two previous analyses, and thus, consistent with
predictions.

Repetitions

We predicted that repetitions would be related to verbal intelligence (e.g., Engelhardt
et al, 2010). In the current study, however, we found that Stroop performance was
significantly related to repetitions, and the trails task was marginally related to repetitions.
Thus, reduced inhibitory control seems to result in production problems, such that,
something “upcoming” in the speech stream is problematic, forcing speakers to stop
speaking. When they resume, they start over with something already articulated (i.e., prior
to the point of suspension). This is thought to be an attempt to restore continuity to an
interrupted constituent (Clark & Wasow, 1998). There is one other study in the literature
that also reported a significant correlation between inhibition (Stroop) and repetitions
(Engelhardt et al., 2013). The correlation in that study was —.19, which is virtually identical
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to the standardized regression coefficient in the current study (see Table 5). These
findings are consistent with the Inhibition Deficit Hypothesis. The marginal effect of the
trials task makes is difficult to make firm conclusions about the role of set shifting in
repetitions, and we note also that the bi-variate correlation was also marginally
significant.

Repairs

The overall regression model for repairs was not significant (p =.14). Moreover, the bi-
variate correlations with repairs showed no significant effects (see Table 4). Thus, we do
not believe that there is much discussion given the null findings.

Summary

Virtually all of the significant individual differences effects were consistent with our
general predictions that higher ability individuals would produce less disfluency. We did
not observe a working memory effect on either filled pauses or repairs, nor did we observe
a vocabulary effect on repetitions. In fact, the only significant memory effect found was in
the opposite direction of predictions. Instead, matrix reasoning was significantly related
to um’s and marginally related to repairs. We found that inhibition (Stroop performance)
was significantly related to two types of disfluency (uh’s and repetitions). Both of which
are consistent with one of the main theories of aging (i.e., the Inhibition Deficit
Hypothesis). More generally, these cognitive individual difference findings will also be
important to theories of language production which assume a role for executive
functioning.

Strengths, limitations, and future directions

The main strengths of the present study are (1) the large sample size and (2) the extensive
battery of tasks completed by all participants, including measures of short-term/working
memory, inhibition, set shifting, vocabulary, and matrix reasoning. This kind of individual
differences study and the size of the speech sample generated from each participant
represents a substantial empirical undertaking. The study does have several limitations. The
first and most obvious is that the sample had an age-hole in it. We did not recruit individuals
in their 30s, and also, the number of individuals in the late teens and 20s was smaller than
those in the middle-age and older adult groups. This potentially means that individual
younger participants had a greater impact on statistical analyses. However, because the
range of ages was 18 and 85, and there was a large number overall, we do not feel that the
study is sufficiently impacted by the missing 30 year olds, nor the comparatively smaller
“younger” age group. Cognitive declines are also not typically observed in this age range.
(The correlations for participants 45 years and older are presented in the Supplementary
Materials, section E.) The second limitation is the cross-sectional nature of the study, which
may be an issue if there are cohort differences in patterns of speech. This limitation can only
be addressed by future longitudinal studies, which would more definitively demonstrate
causal relationships between individual differences and the tendency to produce disfluent
speech. The third limitation is that education was not controlled between groups (see
Table 2). In particular, the middle-aged group had a higher number of years of education
compared to the younger and older groups. We did run the correlations between education



20 P. E. ENGELHARDT AND I. MARKOSTAMOU

(years) and the disfluency measures, and none were significant. However, it would be
desirable to have had our groups matched in terms of education.

We think the one obvious future direction concerns rates of disfluency production in
atypically aging individuals, including individuals with mild cognitive impairment or mild
dementia due to Alzheimer’s disease (Kemper et al., 2001). One possibility is that the early
linguistic declines associated with dementia may also encompass an increase in dis-
fluency production (Kemper & Lyons, 1994). If so, disfluencies may provide an additional
early clinical-diagnostic marker of cognitive impairment/decline. A second broad future
direction is longitudinal studies, which would be better placed to establish a causal
connection between declines in cognitive individual differences and increased disfluency
with age (see Beirer et al., 2023).

Conclusions

The present study does not answer all of the questions about the mixed findings in the
literature or definitively show why older adults produce higher rates of certain disfluency
types. Instead, what the current study contributes several nice pieces to the puzzle
regarding (1) disfluency production in aging and (2) the role of individual differences in
disfluency production (in aging). That is, taken as a whole the present study contributes
broadly to the disfluency literature. At the same time, the current study addresses one
theoretical reason why older adults, in some cases, produce more disfluency. The
Inhibition Deficit Hypothesis assumes a prominent role of decrements inhibitory control
on language function across the lifespan, and some of our results are clearly in line with
this theoretical prediction (Hasher, 2015). Both uh’s and repetitions were related to Stroop
task performance (Friedman et al., 2006).

To summarize the main findings of the present study, we found that younger adults
produced more filled pauses, and specifically, more ums than did the older participants.
Higher rates of um production were likely due to better signaling of an upcoming delay
(see also Horton et al., 2010). Differences in uh’s were linked to lower inhibition and better
memory performance. Repetitions were linked to inhibitory control and set shifting. When
individual differences were tested in statistical models, age was no longer significantly
related to repetitions. We believe that the current results will be important to future
theoretical work in which the role of individual differences are further explicated and
modeled (Bock & Levelt, 1994; Dell & O’'Seaghdha, 1992; Dell et al., 1999; Kempen &
Huijbers, 1983; Levelt, 1989; Vosse & Kempen, 2000). The findings lead to a range of
exciting new research questions, for example, does inhibitory control affect particular
stages of production, such as, lemma selection or phonological encoding?

Notes

1. Interjections are inserted linguistic material (e.g., | mean, You know, well, etc.), which is
unrelated to the main message being conveyed. These are also sometimes referred to as
lexical fillers.

2. We also coded blends. However, these were infrequently produced, and therefore, excluded
from all analyses.
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3. We also checked whether disfluency rates varied by gender (Martin, 2017). Those results are
presented in the Supplementary Materials, section D. We also performed a series of correla-
tional analyses between education (in years) and the disfluency measures, and none were
significant.
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