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Disfluency clusters in typical and atypical finnish adult speech. 
A pilot study
Nelly Penttilä a, Anna-Maija Korpijaakko-Huuhkaa, and Judit Bóna b

aFaculty of Social Sciences, Tampere University, Tampere, Finland; bDepartment of Applied Linguistics and 
Phonetics, Eötvös Loránd University, Budapest, Hungary

ABSTRACT
This study first aimed to investigate disfluency clusters in typical and 
atypical Finnish adult speakers. Secondly, it aimed to observe possible 
fluency strategies in speakers representing different fluency levels. In 
addition to individual disfluency types, we examined different char-
acteristics of disfluency clusters produced by 23 speakers in a fluency 
continuum. Three adult speaker groups participated in this study: 
typical speakers with high disfluency frequencies (GA), typical and 
atypical speakers with very high disfluency frequencies (GB) and aty-
pical speakers with the highest disfluency frequencies (GC). Data were 
based on a narrative speech task, and disfluency clusters were ana-
lysed with both traditional methods and alternative methods. Two 
statistically significant differences between the speaker groups were 
found: 1) the length of the clusters was highest in GC compared to 
other groups, and 2) speakers in GC formulated their utterances more 
than other groups. Other results, although nonsignificant, were that 3) 
speakers in GA revised utterances more often than interrupted them 
compared to GB and GC speakers, and 4) clusters using repetitive 
words and phrases to maintain fluency were found in GA and GB 
only. In this study, different fluency levels revealed different strategies 
in both the production of single disfluencies and in disfluency clusters. 
It seems that more fluent speakers formulate their messages differ-
ently than less fluent speakers, and repetitions can be used to maintain 
fluency and possibly prevent difficult clusters, as noted with more 
fluent speakers.
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Introduction

Typical disfluencies in adults

Disfluencies are part of typical fluent speech (Bortfeld et al., 2001; Fox Tree, 1995), 
indicating the natural processes of planning and production of speech and language 
(Levelt, 1989). Disfluencies can be classified in several ways, e.g., into hesitations and self- 
repairs (Lickley, 2015) or stuttering-like disfluencies (involuntary repetitions, prolongations 
and tense pauses) and other disfluencies (filled pauses, word and phrase repetitions, 
revisions and incomplete phrases) (Tetnowski & Scott, 2010). Both types occur in all speech: 
typical speakers may produce stuttering-like disfluencies, and persons who stutter (PWS) 
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produce other disfluencies, too. The difference between the two speaker groups lies in the 
incidence rate of various disfluency types.

Theoretically, disfluencies can be seen as signs of covert errors (cognitive view) (Heeman, 
1997; Levelt & Cutler, 1983; Shriberg, 1999) or as a natural part of conversation, often with 
a pragmatic or communicative function (strategic view) (Allwood et al., 1990; Clark & 
Wasow, 1998). For example, Lickley’s (2015) classification of hesitations and repair-type 
disfluencies represents a cognitive point of view. Accordingly, hesitations are thought to be 
used to stall language formulation and to repair errors. Because of its clinical nature, speech- 
language pathology (logopedics) focuses on disordered speech and its symptoms, and thus, 
disfluencies are mostly examined from the cognitive perspective (Lickley, 2015; Moore & 
Korpijaakko-Huuhka, 1996).

From the strategic point of view, disfluencies are considered as functional communica-
tion tools (Table 1). Thus, interruptions may serve the speaker in formulating language by 
detecting errors in language structure, speech production or in rhetoric (Allwood et al., 
1990; Arnold et al., 2003; Levelt, 1983; Peltonen & Lintunen, 2016; Postma, 2000; 
Segalowitz, 2010; Shriberg, 1994). With revisions, then, the speaker edits detected errors 
by deleting, reordering, inserting, and substituting (Postma, 2000; Segalowitz, 2010; 
Shriberg, 1994). In conversations with filled pauses, the speaker may maintain the floor, 
seek attention, or send a signal to the listener that some help is desired, or filled pauses can 
reflect that too many options are available for the speaker while planning the message (see 
Eklund & Wirén, 2010). With word and sentence repetitions, the speaker may create 
narrative cohesion for the listener by connecting utterances (Barr & Keysar, 2002; 
Peltonen & Lintunen, 2016). Repetitions may also be used to stall or restart the message. 
Based on factor analysis, Penttilä and Korpijaakko-Huuhka (2019) proposed that interrup-
tions and revisions serve as language formulation tools, filled pauses as message planning 
tools, and word and phrase repetitions as tools for maintaining fluency.

Table 1. Proposed functional fluency tools (modified after Penttilä & Korpijaakko-Huuhka, 2019, p. 35).

Operational definitions for disfluency units
Functions of 

units & Subtypes Subtypes with examples*

Interruption 
intermitting a sound, syllable, part-word, 
word or utterance (false start) 
revision 
correcting of a sound, syllable, part-word, 
word or utterance

Language 
formulation

● repairing
● inserting
● substituting

Repairing sound(s) or syllable(s) because of an error 
e.g., man chases ra^ (.) crows 
inserting new elements to the utterance 
e.g., man chases crows (.) black crows 
substituting words 
e.g., man chases crows^ (.) magpies

Filled pause 
filling a pause with interjection (e.g., well, 
like) or a hesitation sound (e.g., em, er)

Message 
planning

● hesitating
● structuring

Hesitating a single word 
e.g., man chases (.) well (.) like (.) ee (.) em (.) crows 
structuring an utterance 
e.g., man (.) well (.) mm (.) he chases black crows away 
from the field

Word repetition 
iterating a whole word immediately after 
the previous one or after a silent or filled 
pause

Fluency 
maintenance

● restarting
● connecting

Restarting an utterance usually after an error 
e.g., a boke bloke (.) bloke chases

Phrase repetition 
iterating two or more words immediately 
or after a silent or filled pause

● creating 
time

connecting two utterances with different contents 
e.g., chases crows and (.) and then he sees 
creating time for planning or formulation by 
repeating words or phrases, usually without 
hesitation sounds 
e.g., man chases (.) chases (.) chases (.) crows

*in text examples ^ = interruption, (.) = silent pause
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Fluency skills vary between speakers, and disfluency frequency depends on several 
factors, like the speaker’s age and sex, speech task, topic, and language (e.g., De Andrade 
& De Oliveira Martins, 2007, 2010; Beke et al., 2014; Shriberg, 2005). In typical English- 
speaking populations, disfluency frequency – the proposition of disfluent syllables in all 
syllables – has been approximately 6% with a wide variation (Fox Tree, 1995; Roberts et al., 
2009). For example, Roberts et al. (2009) assessed the fluency of 25 native speakers and 
found that the proportion of disfluencies ranged between 2.3% and 13.0% depending on the 
speech task (mean of 6.87% (SD = 2.71) in describing one’s work vs. 7.56% (SD = 2.27) in 
describing one’s hobby). In Hungarian spontaneous narratives about speakers’ lives, typical 
adults produced 16.86 (SD = 8.67) disfluencies in a 200-syllable sample (Bóna, 2018), or 
around 8.4 disfluencies per 100 syllables.

Previous studies of Finnish fluency have mainly focused on temporal aspects of speech 
like speech rate and pauses (e.g., Moore & Korpijaakko-Huuhka, 1996), psycholinguistic 
aspects of speech like slips of the tongue and self-repairs (e.g., Hokkanen, 2001), or 
on second language fluency (Peltonen, 2020). Only one fundamental study of disfluencies 
in Finnish-speaking adults exists (Penttilä et al., 2018; original publication in Finnish, its 
sequel in English by Penttilä & Korpijaakko-Huuhka, 2019). In that study, adults (N = 70) 
produced 0–7.8 disfluencies per 100 syllables in a story generation task (M = 2.3, SD = 2.25).

In various languages, the most common disfluency in typical speakers is filled pauses 
(Bortfeld et al., 2001; McDougall & Duckworth, 2017). Also, segment prolongations are very 
common disfluencies in typical speech (Eklund, 2001). Filled pauses indicate, for example, 
that speakers are not ready to continue their expression (Bortfeld et al., 2001; McDougall & 
Duckworth, 2017). Thus, Eklund and Wirén (2010) remind that filled pauses serve several 
functions, possibly even more than just one function at the same time. In English, pauses are 
typically filled with uh, uhm and er (Roberts et al., 2009); in Hungarian with ö, m, öm and öh 
(Horváth, 2010); and in Finnish with öö, mm and ää (Penttilä & Korpijaakko-Huuhka, 
2019; Penttilä et al., 2018). In Finnish-speaking adults, up to 28.0% of all disfluencies were 
filled pauses, while word repetitions accounted for 18.9%, followed by interruptions (18.4%) 
(Penttilä & Korpijaakko-Huuhka, 2019; Penttilä et al., 2018). Interestingly, the frequency of 
interruptions was highest in the most disfluent typical speakers (disfluency frequencies 
5.6–7.8%) compared to other speakers (disfluency frequencies 0.0–5.2%). It seems that there 
are differences in the quality of disfluency types based on the disfluency frequency.

Disfluencies in atypical speech

In logopedics, the focus of (dis)fluency studies in adults has mostly been in stuttering-like 
disfluencies present, for example, in persisting developmental stuttering (Juste & De 
Andrade, 2011; Robb et al., 2009), after stroke or traumatic brain injury (TBI) (Jokel 
et al., 2007; De Nil et al., 2017), and in Parkinson’s disease (Goberman et al., 2010; Juste 
et al., 2018). Other research fields such as psychology (e.g., Lake et al., 2011) and computer 
science (e.g., Guinn & Habash, 2012) have increased their interest in disfluencies in adults 
without a classic fluency disorder (e.g., stuttering, cluttering) during the last decade. For 
example, disfluencies have been studied in autism spectrum disorder (ASD) (Lake et al., 
2011) and dementia (Guinn & Habash, 2012). Logopedic fluency studies in adults without 
a classical fluency disorder (stuttering or cluttering) are rare (Wiklund & Laakso, 2019), 
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although they could have both theoretical and clinical implications for speech therapy 
practice.

Lake et al. (2011) investigated disfluencies from a strategic point of view in adults with 
ASD. They found that speakers with ASD (n = 13) produced fewer filled pauses (ums and 
uhs) and revisions than speakers in the control group (n = 13). In contrast, speakers with 
ASD produced more silent pauses and stuttering-like disfluencies compared to controls. 
Speakers with ASD have social and linguistic impairments which reflects, for example, 
a lack of interest in interacting with others (American Psychiatric Association [APA], 2013); 
thus, both filled pauses and revisions can be interpreted as listener-oriented features of 
speech (Lake et al., 2011).

While filled pauses are rarely produced by speakers with ASD (Lake et al., 2011), speakers 
with developmental intellectual disabilities produce more filled pauses than control speak-
ers (Coppens-Hofman et al., 2013; Jankovics & Garai, 2019; Rossi et al., 2011). For example, 
Jankovics and Garai (2019) noticed that adults with mild intellectual disability (MID; 
n = 10) used filled pauses more in both dialogue (interview) and monologue (picture 
story task) compared to control speakers (n = 10). Interestingly, in dialogue, control 
speakers produced revision more often than speakers with MID. Jankovics and Garai 
(2019) interpreted that the filled pauses of speakers with MID reflected their lowered 
processing capacity of language planning. The higher frequency of revisions in the dialogue 
of the control group, on the other hand, was interpreted to indicate typical speakers’ 
attempts to (with revisions) improve the message for the communication partner. This 
finding aligns with Lake et al.’s (2011) study in which speakers with ASD rarely revised their 
utterances.

In a small group (N = 10) of Finnish speakers with traumatic brain injury (TBI), the mean 
disfluency frequency was as high as 15.5% (SD = 10.02, range 7.0–38.4%) (Penttilä et al., 
2019). Interruptions (38.1% of all disfluencies) and filled pauses (31.7%) were the two most 
common disfluency types followed by revisions (20.9%). Frequent interruptions found in 
speakers with TBI possibly reflected the speakers’ need to formulate their speech, although 
they did not have the skills required to repair the interrupted utterances (Penttilä et al., 2019). 
It is known that the impact of TBI on higher cognitive functions (e.g., attention, executive 
functions and language), social functioning and impairments can cause difficulties in orga-
nizing and structuring linguistic information, flow of thought, interaction and turn-taking 
(Davis & Coelho, 2004; McDonald et al., 2014; Raukola-Lindblom et al., 2020). Although the 
pathologies in ASD and TBI are different, there are similarities in the impairment of the 
speakers’ social and communication skills, and therefore, the low frequency of revisions in 
speakers with TBI (Penttilä et al., 2019) may be due to weakened communications skills 
(revisions as a listener-oriented feature; Lake et al., 2011) or language processes (revisions as 
a formulation strategy; Penttilä & Korpijaakko-Huuhka, 2019).

Disfluency clusters

Disfluency clusters are aggregates of disfluencies that occur within a word or in adjacent 
words, possibly indicating more severe speech planning difficulties than single disfluencies 
(Bóna, 2018, 2019: Robb et al., 2009). One way to categorize disfluency clusters is based on 
a disfluency taxonomy (Ambrose & Yairi, 1999; Yaruss, 1998). Accordingly, stuttering-like- 
disfluencies (SLDs) include at least two sound and syllable repetitions, prolongations or 
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blocks in the same or adjacent words, and other disfluencies (ODs) consist of at least two 
filled pauses, revisions, interruptions or repetitions of words and phrases (LaSalle & Hu- 
man, 2015; Robb et al., 2009). As expected, MIX clusters contain both OD- and SLD-type 
disfluencies (Robb et al., 2009; Sawyer & Yairi, 2010).

Existing studies of disfluency clusters are mostly based on data from children with 
developmental stuttering (LaSalle & Huffman, 2015; Sawyer & Yairi, 2010) and from adults 
with persistent stuttering (Robb et al., 2009) or cluttering (Bóna, 2018, 2019; Myers et al., 
2012, 2008). There are only a couple studies on disfluency clusters in typical adult speakers 
(Bóna, 2018, 2019; Myers et al., 2012), and even rarer are studies on disfluency clusters in 
atypical speech without classical fluency disorders (Penttilä et al., 2019).

Myers et al. (2012) investigated disfluencies and disfluency clusters in fluent adults and in 
adults with developmental cluttering (PWC). The mean number of produced disfluency 
clusters for fluent adults was 3.2 (SD = 2.41) in 400 syllables. The most common disfluency 
cluster type was OD, which consists of filled pauses, revisions, and word repetitions. Bóna 
(2018) studied disfluency clusters in nine adults with cluttering (PWC) and compared them to 
typical speakers (n = 9). In a 300-syllable speech sample, typical speakers produced a mean of 
4.8 disfluency clusters (SD = 4.2). As expected, clusters in typical speech were short, and only 
24.5% of them consisted of more than two disfluencies. Contrarily, Penttilä et al. (2019) found 
that speakers with TBI without a diagnosed fluency disorder produced more clusters (M = 6.3, 
SD = 3.46, range 2–14) than typical speakers. The clusters were also longer than in typical 
speech: 76.2% consisted of more than two disfluencies, typically multiple revisions. In some 
cases, repeated attempts to revise the message resulted in forgetting the topic, reflecting 
problems with higher cognitive functions typical of people with TBI (McDonald et al., 2014).

Purpose of the present study

As disfluent speech increases in certain developmental (e.g., autism; Wiklund & Laakso, 
2019), acquired (e.g., traumatic brain injury; Penttilä et al., 2019) and neurodegenerative 
(e.g., dementia; Guinn & Habash, 2012) diseases, it is important to increase our knowledge 
of disfluencies at different fluency levels, especially at the weaker end of the fluency 
continuum. In this pilot study, we explored disfluencies and disfluency clusters with both 
traditional and alternative methods (see Methods section below), especially in relation to 
the frequency of disfluencies on a fluency continuum. Investigating (dis)fluency at different 
fluency levels on this continuum should increase our understanding of possible fluency- 
improving strategies used by typical and atypical speakers and of speech production 
processes in general.

In this study, we examined disfluencies and disfluency clusters found in three speaker 
groups: speakers with high (M = 5.51%, SD = 0.41), very high (M = 7.53%, SD = 1.20) and 
the highest disfluency frequency (M = 22.1%, SD = 10.87) levels. We addressed the 
following research questions:

(1) What kinds of disfluencies and disfluency clusters are produced in speaker groups of 
different fluency levels?

(2) Do the disfluencies or disfluency clusters differ in these speaker groups?
(3) Do the clusters differ in their linguistic functions between the fluency levels?
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Based on the previous literature, we expect to find some differences between the groups, 
especially in relation to the quality of disfluency types (Jankovics & Garai, 2019; Lake et al., 
2011; Penttilä & Korpijaakko-Huuhka, 2019). As to the linguistic functions and fluency 
strategies of disfluency clusters, no research has been published so far. Therefore, this pilot 
study will be the first to report possible functional aspects of disfluency clusters.

Methods

Participants

A total of 23 speakers were chosen for this study, of which 14 were typical speakers and 9 
atypical. The 14 typical speakers were selected from a corpus of 70 typical Finnish speakers 
(Penttilä, 2019; Penttilä et al., 2018). These 70 were classified with cluster analysis (centroid 
linkage) into five groups based on their disfluency frequency: very high fluency (n = 17), 
high fluency (n = 17), average fluency (n = 22), fluency lower than average (n = 3) and low 
fluency (n = 11). The 14 selected speakers belonged to the last two groups, thus representing 
the highest disfluency frequencies of the 70 typical speakers (Table 2). Seven of these 
selected speakers were male and seven were female. Their mean age was 44.4 years 
(SD = 15.1, range 29–89).

The nine atypical speakers, who suffer from TBI, were also selected for this study from 
a larger dataset (N = 20) (Penttilä, 2019; Penttilä et al., 2019). Their brain injury was verified 
with CT or MRI. They showed various communication disorders (aphasia, apraxia of 
speech and dysarthria) due to their injury, and they suffered from multifaceted cognitive 
deficits in memory, attention, problem solving and executive functions. None of them, 
however, stuttered. Eight of these speakers were male and one was female. Their mean age 
was 46.3 years (SD = 11.6, range 34–64).

For this study, these 23 speakers were classified into three groups according to their 
disfluency frequency in a semispontaneous speech sample with hierarchical cluster analysis. 
Disfluency frequencies differed statistically significantly between each speaker group 
(Kruskal-Wallis: H(2, 23 = 19,076, p = .001). Group A (GA) consisted of eight typical 
speakers with high disfluency frequencies: 4.9–6.0%. Group B (GB) had 10 speakers with 
(n = 4) and without (n = 6) TBI with very high disfluency frequencies: 6.1–10.0%. Group 
C (GC) consisted of five speakers with TBI with the highest disfluency frequencies: 10.1–-
39.7% (Table 2).

Table 2. Participant groups.
Speaker groups 
N = 23 Sex Age range Disfluency frequency (%)

Female/male Years Range Group mean SD

GA 
(high disfluency frequencies) 
typical speakers, n = 8

5/3 38–89 4.95–5.97 5.51 0.4

GB 
(very high disfluency frequencies) 
typical speakers, n = 6 
speakers with TBI, n = 4

2/8 29–70 6.32–7.76 
7.00–9.84

7.53 1.2

GC 
(the highest disfluency frequencies) 
speakers with TBI, n = 5

1/4 34–62 12.35–39.7 22.1 10.8
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Speech sample

The 23 participants were asked to generate a story based on a 9-frame comic strip, 
Ferd’nand, by Henning Dahl Mikkelsen (year unknown). The narrative speech samples 
were recorded using a Zoom H2 device (see Penttilä & Korpijaakko-Huuhka, 2019; Penttilä 
et al., 2019). The same narrative task has commonly been used in speech and language 
studies in Finland (e.g., Korpijaakko-Huuhka & Lind, 2012; Moore & Korpijaakko-Huuhka, 
1996) as well as in clinical settings. The transcribed stories varied in length; the mean 
number of syllables in the stories was 196.4 (SD = 36.6) with a wide variation (range 
144–298). Although the length of the text might influence speech fluency, we used all the 
speech samples because this method works well in clinical practice to assess speech 
disorders. The differences between the speech samples were compensated by calculating 
the frequency of disfluencies and disfluency clusters per 100 syllables.

Analyses of disfluencies and disfluency clusters

From the orthographic transcripts, frequencies of the following disfluency types were 
counted: (a) stuttering-like disfluencies (SLDs), including repetitions (sound, syllable and 
part-word), involuntary prolongations and blocks, and (b) other disfluencies (ODs) includ-
ing filled pauses, word repetitions, phrase repetitions, interruptions and revisions (Ambrose 
& Yairi, 1999). The total disfluency frequency is the total number of SLDs and ODs per 100 
syllables. The analyses’ reliability was double-checked by the principle investigator N.P.

A disfluency cluster was defined as the occurrence of two or more disfluencies in the 
same word and/or consecutive words (Colburn, 1985; Sawyer & Yairi, 2010). A disfluency 
cluster started when at least two disfluencies occurred adjacent to each other and ended 
when speakers either managed to continue their message fluently or when they abandoned 
the message and started a new utterance on a different topic. Each cluster was classified by 
type as SLD, OD or MIX (Sawyer & Yairi, 2010). The total number of clusters and the 
number of each cluster type per speaker were determined. Next, the mean length of clusters 
was calculated based on the number of disfluent units, i.e. individual disfluencies, in each 
cluster. For example, a MIX-type cluster “he um he wou-wou-would go” contains three units.

In addition to the traditional way to classify disfluency clusters into SLD, OD and MIX 
types, they were further evaluated based on their disfluency characteristics into five func-
tional groups, four of which (formulation, planning, maintenance, articulation) were based 
on the factors found in Penttilä and Korpijaakko-Huuhka (2019) study. The fifth cluster 
class (combination) was created for this study. The function of each cluster was interpreted 
based on the most common disfluency type(s) in the disfluency cluster. Accordingly, if the 
most common disfluency units in a cluster were revisions or interruptions, the function of 
the cluster was interpreted to be ‘language formulation’ (see Table 1). If most units were 
filled pauses, it was thought to indicate ‘message planning’. If most of the cluster included 
word and phrase repetitions, the function was considered ‘fluency maintenance’. Finally, if 
the units included mostly stuttering-like disfluencies, the cluster was thought to indicate 
‘articulation’ difficulties. When an equal number of disfluencies (e.g., filled pause+inter-
ruption+filled pause+revision) carried two different functions (e.g., language formulation 
and message planning, respectively), the function was named as a “combination strategy”.
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Results will be presented as distributions of different features, as well as with other 
descriptive statistics. Because of the small number of participants, group differences were 
tested with the nonparametric Kruskal–Wallis test and correlations with Spearman’s rank 
order correlation test. Statistical significance was set at p ≤ .05, and significance p-values 
were adjusted by the Bonferroni correction in multiple comparisons.

Results

Disfluencies and disfluency clusters

Our first research question asked what kinds of disfluencies and disfluency clusters are 
produced in speaker groups representing different fluency levels. We found out that the 
most common single disfluency type in each speaker group was filled pauses (Table 3). 
A total of 112 disfluency clusters were analysed: 29 in GA, 45 in GB and 38 in GC. The most 
common cluster type in each speaker group was OD, secondly MIX. No stuttering-like 
clusters (SLD) were found, even if some speakers in all groups produced a few stuttering- 
like sound or syllable repetitions in their clusters.

Differences between the speaker groups

The second research question concerned possible differences in disfluencies and disfluency 
clusters between the speaker groups. Only statistical difference between the groups was the 
length of the clusters (X2(2, 23) = 7089, p = .029). In GA, 65.5% of the clusters contained two 
units (disfluencies), in GB 44% and in GC only 34.2%. With a pairwise comparisons, we 
tested the equality of the distributions with each pair (GA = GB, GA = GC, GB = GC) and 
noted that the clusters were statistically longer in GC than in GA (X2(1, 23) = −10 187, 
p = .024). Significance values were adjusted by the Bonferroni correction.

Table 3. Descriptives of disfluencies and disfluency clusters.

Group

Disfluency 
frequency 

(SD, range)

Proportion of 
single 

disfluencies*

Mean number of 
clusters in speech 

sample 
(SD, range)

Mean 
length 

of 
cluster 

(SD, 
range)

Proportion 
of cluster 

types

Proportion of the most com-
mon disfluencies in the 

clusters

GA 5.51% 
(0.41; 
4.95–5.97)

1.FP 43.6% 
2.REP 22.4% 
3.REV 18.1% 
4.IRR 9.6% 
5.SLR 6.3%

3.6 
(1.59; 2–6)

2.5 
(0.73; 
2–4)

OD 93.1% 
MIX 6.9%

1.REV 27.8% 
2.IRR 23.6% 
3.FP 23.6% 
4.REP 22.2% 
5.SLR 2.8%

GB 7.53% 
(1.20; 
6.32–9.84)

1.FP 34.5% 
2.IRR 23.0% 
3.REV 20.1% 
4.REP 18.7% 
5.SLR 3.7%

4.5 
(2.50; 1–9)

2.8 
(0.93; 
2–5)

OD 91.1% 
MIX 8.9%

1.REV 31.5% 
2.IRR 26.2% 
3.FP 25.4% 
4.REP 13.1% 
5.SLR 3.8%

GC 22.10% 
(10.87; 
12.35–39.70)

1.FP 36.7% 
2.IRR 33.3% 
3.REV 20.8% 
4.REP 4.2% 
5.SLR 5.0%

7.6 
(3.78; 5–14)

3.6 
(2.24; 
2–14)

OD 68.4% 
MIX 31.6%

1.IRR 29.7% 
2.REV 27.5% 
3.FP 24.6% 
4.SLR 10.1% 
5.REP 8.1%

*FP = filled pauses, REP = word and phrase repetitions, REV = revisions, IRR = interruptions, SLR = stuttering-like repetitions
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In addition, multiple nonstatistical differences were found. Based on single disfluencies, 
speakers in GA revised utterances more often than they interrupted them compared to GB 
and GC speakers (Table 3). As for disfluency clusters, speakers in GC produced more mixed 
clusters (MIX) than speakers in GA and GB. Also, the number of clusters was highest in GC.

Functions of disfluency clusters

Our third research question asked if the clusters differ in their linguistic functions between 
the fluency levels. As seen in Figure 1, the most common function of disfluency clusters in 
each speaker group represented language formulation with the help of revisions and 
interruptions. This function differed between groups statistically significantly (X2(2, 23), 
7333, p = .026). With pairwise comparisons, we tested the equality of the distributions with 
each pair (GA = GB, GA = GC, GB = GC) and noted that speakers in GC formulated their 
message in the clusters statistically more often (X2(2, 23), −10 200, p = .022) than speakers in 
GA. Significance values were adjusted by the Bonferroni correction.

When different variables were examined in all participants (N = 23), we found that the 
length of clusters correlated with the number of MIX clusters (rs = 0.511, p = .013), the 
number of all clusters (rs = 0.488, p = .018), and to combined clusters containing formula-
tion and planning strategies (rs = 0.492, p = .017). In addition, several variables impacted the 
number of clusters; formulation clusters (rs = 0.763, p = .000), planning clusters (rs = 0.681, 
p = .000) and combination clusters (rs = 0.543, p = .007) increased the number of clusters, as 
well as the number of interruptions (rs = 0.568, p = .005) and revisions (rs = 0.446, p = .033).

Other significant differences between the functions of disfluency clusters were not found, 
although there were different proportions of maintaining, planning and combination 
clusters among the groups. Clusters of repetitive words and phrases functioning to maintain 
fluency were found in GA and GB only. Planning the message as indicated by filled pauses 
was lowest in GA, but it increased in GB and GC. Almost one-third of all disfluency clusters 
in GA were labeled as combination strategies as they consisted of equal numbers of different 
disfluencies. In contrast, in GB and GC, less than one-sixth of all the clusters were these 
combinations. Unlike other speaker groups, the most common functions of the combined 
clusters in GA were planning and maintaining (Figure 2). Clusters including mostly 

55.2 %

10.4 % 6.9 %

27.5 %

60.0 %

8.9 %

17.8 %
13.3 %

65.8 %

0.0 %

18.4 % 15.8 %

0.0 %

10.0 %

20.0 %

30.0 %

40.0 %

50.0 %

60.0 %

70.0 %

80.0 %

90.0 %

100.0 %

Formulating Maintaining Planning Combining

Group A Group B Group C

Figure 1. Functions of disfluency clusters in each speaker group.
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stuttering-like disfluencies were not found; therefore, clusters indicating articulation diffi-
culties (fourth factor in Penttilä & Korpijaakko-Huuhka, 2019) were not found.

Discussion

The present study aimed to examine the characteristics of disfluency features in three 
speaker groups with different fluency levels: typical speakers with high disfluency frequen-
cies (GA), typical and atypical speakers with very high disfluency frequencies (GB) and 
atypical speakers with the highest disfluency frequencies (GC). Two statistically significant 
results were found: 1) the length of the clusters was highest in GC compared to other 
groups, and 2) speakers in GC formulated their utterances more than other groups. Other 
results, although nonsignificant, were that 3) speakers in GA revised utterances more often 
than interrupted them compared to GB and GC speakers, and 4) clusters using repetitive 
words and phrases to maintain fluency were found in GA and GB only. This Discussion 
section is ordered according to these findings.

Disfluency clusters in different fluency levels

The length of disfluency clusters varied statistically significantly according to fluency level. 
In GA, 65.5% of the clusters contained two units (disfluencies), which is close to Bóna’s 
(2018) finding that in typical speakers, 75.5% of the clusters contain only two units. In GB 
and GC, the proportions of short (two units) clusters were lower: 44% and 34.2%, respec-
tively. The high proportion of longer clusters (3 or more units) in the latter two speaker 
groups may be due to lower fluency skills resulting from aphasia or other cognitive deficits 
caused by TBI (McDonald et al., 2014). Therefore, these lower fluency skills probably 
manifested in longer and more complicated clusters, especially in multiple revisions without 
satisfactory outcomes, thus intermitting speech flow.

The mean number of disfluency clusters in the speech task increased, as expected, with 
increasing disfluency frequency, from 3.6 in GA to 4.5 in GB and 7.6 in GC. Still, this result 
was not statistically significant. Previous studies have shown that fluent adults produce 
approximately 3–5 (Myers et al., 2012; Bóna, 2018, respectively) disfluency clusters per 

24.1 %

3.4 % 0.0 %
8.9 %

4.4 % 0.0 %5.3 %
7.9 %

2.6 %
0.0 %

10.0 %

20.0 %

30.0 %

40.0 %

50.0 %

60.0 %

70.0 %

80.0 %

90.0 %

100.0 %

Planning and maintaining Planning and formulating Planning, formulating and maintaining

GA GB GC

Figure 2. Functions in combination clusters in each speaker group.
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speech sample. Our results match nicely with the range found in previous studies, as GA 
participants were all typical adult speakers, as were half of the GB speakers. The results of 
different studies do not seem critically dependent on the speech samples’ size: 300 syllables 
in study by Bóna (2018), 400 syllables in Myers et al. (2012), and 144–298 syllables in this 
study.

Language formulation as a fluency strategy

The most common function of disfluency clusters for all groups was language formulation 
(including interruptions and/or revisions). Speakers in GA, however, formulated their 
utterances during speaking statistically significantly less than speakers in GC (p = .022). 
Strategically, in future studies, it would be interesting to also consider formulation as 
a listener-oriented strategy as Lake et al. (2011) did. Accordingly, speech therapy interven-
tions could focus on supporting patients to formulate their language output instead of 
trying to decrease occurring disfluencies.

The result that speakers in GA formulated their utterances less often than speakers in GC 
may be explained by the fact that speakers in GC had TBI with multiple cognitive deficits. 
Still, we can search for other explanations by observing the proportional differences of 
revisions and interruptions in these speaker groups. For example, according to Jankovics 
and Garai (2019) and Lake et al. (2011) typical speakers revise their messages more 
frequently than those with MID or ASD. In our study, typical speakers in group A (with 
high disfluency frequencies) revised their message twice (18.1%) as often as they interrupted 
(9.6%) it. In contrast, group B of both typical and atypical speakers (with very high 
disfluency frequencies), and group C of atypical speakers only (with the highest disfluency 
frequencies), more often interrupted (GB:23.0% and GC:33.3%) than revised (GB:20.1% 
and GC:20.8%). Although these proportional differences between the three groups were not 
statistically significant, we can speculate that perhaps the speakers in GA had a different and 
maybe more efficient formulation strategy than speakers with lower fluency skills (GB; GC). 
It is possible that speakers with better fluency skills improve their expressions using multi-
ple revisions, such as inserting and substituting words, while those with lower fluency skills 
interrupt their speech without necessarily revising it. This is something that would be 
interesting to study in the future by analysing the subfunctions (e.g., insertions, substitu-
tions) of disfluencies in formulation clusters.

Maintaining fluency with repetitions

As shown in different studies, repetitions are good tools for creating time, structuring, and 
connecting utterances (Barr & Keysar, 2002; Peltonen & Lintunen, 2016). In this study, 
speakers in GA repeated words and phrases more, both separately and in clusters, compared 
to groups with lower fluency skills (GB; GC). Additionally, unlike GC, both GA and GB 
produced disfluency clusters by repeating words and phrases which function only for 
maintaining fluency. Although these differences were not significant, they should be noted.

There may be several reasons why speakers in GA repeated words more often than the 
other groups and why only GA and GB speakers had fluency maintaining clusters. It has 
been assumed that disfluency clusters occur because the speaker detects an error and tries to 
correct it (Penttilä et al., 2019; Robb et al., 2009). Also, disfluencies occurring in clusters 
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seem to indicate more severe speech planning difficulties than single disfluencies (Bóna, 
2018, 2019; Robb et al., 2009). As the repetitions occurred more often in GA, which also had 
the lowest number of disfluency clusters and the shortest clusters, it may be possible that the 
fluency maintaining clusters do not indicate more severe planning difficulties. Rather, they 
probably prevented other, possibly more severe, disfluency clusters (formulation, planning, 
and combination clusters) from occurring. This hypothesis is supported by the fact that 
these clusters containing repetitions did not statistically influence the number of disfluency 
clusters like the other functions did. This model of thinking should be considered with 
caution as it is based on a very small sample.

Methodological considerations and future directions

When observing these study results, one should keep in mind that several different analyses 
were done on speech samples from a relatively small number of people. Still, some statistical 
observations with nonparametric tests were completed. Statistically significant differences 
were found only in the length of clusters and in the amount of formulation clusters between 
groups GA and GC. Other discussed differences are based on descriptive differences.

The selection of subjects for this study was reliable, as the classification of speakers was 
based on a hierarchical cluster analysis of speakers’ disfluency frequencies showing statis-
tically significant differences between the three speaker groups. The three groups contained 
either typical (GA) or atypical speakers (GC) or both (GB). Thus, this study shows that the 
relation of disfluency frequencies with fluency strategies can be observed despite the 
speakers’ background. In the future, it would be beneficial to study this relationship in 
larger groups of speakers in order to examine the separate roles of aetiology, age, sex, and 
educational background. For example, as GA had more females than the other two groups, 
and since both the reported differences involved the GA group, sex-based differences should 
be observed in future studies. In addition, this study did not use a control group of fluent 
adults with average fluency skills, which may be a useful direction for future studies.

Some studies have measured disfluency frequencies based on words (Robb et al., 2009), 
and others are based on syllables (Jokel et al., 2007). Because of the special morphosyntactic 
structure of the Finnish language (see Helasvuo, 2008), syllables are more commonly used 
instead of words in Finnish studies. Therefore, cross-language comparisons are unfortu-
nately limited because of these differences between Finnish and English, as well as many 
other languages.

The analyses used in this study were both traditional (disfluencies, disfluency frequency, 
disfluency clusters; Sawyer & Yairi, 2010) and alternative (functions of disfluency clusters; 
Penttilä & Korpijaakko-Huuhka, 2019). The alternative classification of fluency functions 
used in this study represents strategic thinking, which possibly opens a new perspective to 
other fluency studies, especially in the field of logopedics. This classification originally 
results from a factor analysis based on a corpus of speech samples and disfluencies of 70 
speakers (Penttilä et al., 2018). The principle investigator guaranteed the reliability of the 
results by double-checking the analyses.

The results of this pilot study should be observed carefully due to the uncommon 
method of analysis as well as to the small group sizes and short speech samples. First, 
the names of the clusters (e.g., formulation clusters, planning clusters) are oversimpli-
fications. Second, all the interpretations about the disfluency functions must be 
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considered with caution, as it is difficult to tell from the outside, based solely on the 
transcripts, what is happening in the speakers’ minds. In addition, as formulation 
clusters statistically differentiated GA from GC, these clusters and their occurrences 
should be further studied with a larger data set, for example, by analysing their 
subfunctions: correcting, inserting, and substituting words and phrases (Arnold 
et al., 2003; Postma, 2000; Segalowitz, 2010).

The nature of the task used in fluency studies needs further consideration. In this study, 
the analyses of disfluency and disfluency clusters were performed on a semi-spontaneous 
speech sample based on a 9-frame comic strip (Ferd’nand by Henning Dahl Mikkelsen). 
Semi-spontaneous speech refers to speech elicited by situational pictures or retold stories 
(see Prins & Bastiaanse, 2004). The story generation task in this study, the ‘scarecrow story’, 
has commonly been used both in clinical and research settings in Finland (see Korpijaakko- 
Huuhka & Lind, 2012; Penttilä et al., 2018). Performing the task requires speakers to 
generate utterances instead of simply repeating or reading them. Stuttering studies have 
shown that both disfluencies and the number of clusters increase as syntactic complexity 
increases (e.g., Robb et al., 2009), and in typical speakers, the type of speech task impacts 
disfluency frequency (e.g., Roberts et al., 2009). Although this task may have restricted 
lexical and grammatical choices, it enabled more reliable comparisons between subjects 
compared to unpredictable spontaneous or totally fictional narratives. Still, data from 
dialogues must be considered in the future.

Conclusions

Different fluency levels revealed different strategies in both the production of single 
disfluencies and in disfluency clusters. First, the need to formulate utterances increased 
statistically with increasing disfluency frequency, as did the length of the clusters. Second, 
speakers with lower disfluency frequencies mostly revised their output, while speakers with 
higher disfluency frequencies most typically interrupted their speech. Third, repetitions can 
be used to maintain fluency and prevent difficult clusters, as noted in speakers with lower 
disfluency frequencies. Further analysis of the functions of disfluencies and disfluency 
clusters are needed, as the knowledge gained might have a clinical role in diagnostics and 
rehabilitation in speech therapy practice.
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