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Abstract 

 

Phonological Working Memory in Adults who do and do not Stutter 

 

 

 

 

Megann Nicole Vallely, M.A. 

The University of Texas at Austin, 2011 

 

Supervisor:  Courtney T. Byrd 

 

The purpose of the present study was to explore whether the phonological 

encoding difficulties that have been demonstrated in children who stutter persist in adults 

whose stuttering persists. This hypothesis was investigated by comparing the 

phonological working memory of adults who stutter (AWS) and adults who do not stutter 

(AWNS) using non-word repetition and phoneme elision tasks.  Twenty-four adults (age 

range = 17;9 to 46;11 mean age = 28;2): 12 AWS and 12 AWNS matched on gender and 

age participated in this study. A total of 48 non-words consisting of an equal number (N 

= 12 per syllable length category) of two-syllable, three-syllable, four-syllable and seven-

syllable non-words were selected for use in the non-word repetition and phoneme elision 

tasks. In the non-word repetition task, results showed a significant interaction between 

fluency group and syllable length for the 7-syllable length category only, indicating that 

AWS require a significantly higher mean number of attempts than AWNS. Results of the 
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phoneme elision task revealed a significant main effect for syllable length with both 

groups demonstrating a significant reduction in accuracy as the non-words increased in 

length, but there was no significant interaction between fluency group and syllable class 

length. Potential implications of these findings are presented along with 

recommendations for future research.  
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INTRODUCTION 

Although the etiology of stuttering remains unknown, the concomitance of 

phonological disorders appears to (at least) contribute to the persistence of stuttering 

(Paden, Yairi, & Ambrose, 1999). In addition, there are data to suggest that children who 

stutter (Byrd, Conture & Ohde, 2007) do not make the shift from holistic to incremental 

phonological processing within the expected developmental timeframe and additional 

experimental (Anderson, Wagovich & Hall, 2006; Hakim & Ratner, 2004; Anderson & 

Wagovich, 2010) as well as descriptive data (Anderson & Byrd, 2008; Coalson, Byrd & 

Davis, submitted) that further indicate the phonological representations of children who 

stutter may be less specified than children who do not stutter. Thus, it is reasonable to 

assume that there may be an interaction between phonological development and the 

fluent production of speech. What is not yet known is whether the differences in 

phonological development demonstrated in children who stutter persist in adults whose 

stuttering persists. Given the developmental advancements in the phonological working 

memory that have been demonstrated when comparing typically developing children to 

adults (Fry & Hall, 1994; Gutpa, 2003; Sasisekaran, Smith, Sadagopan & Weber-Fox, 

2010), it is important to explore whether this trajectory can be expected in adults who 

stutter or if, like children who stutter, their phonological abilities continue to differ from 

their fluent peers.   

Concomitance and persistence 

Research has demonstrated that children who stutter not only have a higher 

prevalence of phonological disorders than their typically developing peers (30-40% to 
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5%) (Arndt & Healey, 2001; Nippold, 2001), but they also tend to persist in their 

stuttering if any phonological delays present at onset of stuttering persist. Paden et al. 

(1999) completed a longitudinal investigation of 85 children who stutter that began near 

onset to stuttering. Twenty-two of the children persisted in stuttering 48 months post 

onset, whereas the other 62 recovered without intervention before 48 months post onset. 

The children who persisted in stuttering performed significantly more poorly on 

phonological measures when tested at the onset of stuttering than did the children who 

recovered from their stuttering, suggesting that continued difficulty with phonological 

encoding contributes to continued difficulty establishing and/or maintaining fluent 

speech.   

Holistic versus incremental encoding 

Children between the ages of two and four undergo rapid, critical changes in their 

phonological development that facilitate the development of more robust phonological 

representations (Metsala, 1997). In specific, during this time period, a significant 

vocabulary surge occurs that is thought to trigger a shift from holistic phonological 

processing (i.e., the encoding of the global syllable shape) to a more specified or 

incremental phonological processing (i.e., the left to right encoding of the individual 

sound segments in words) in order to distinguish amongst an increasing number of 

similar words in their mental lexicon (Fowler, 1991; Treiman & Breaux, 1982; Charles-

Luce & Luce, 1990; 1995; Brooks & MacWhinney 2000). 

Researchers have argued that this shift supports the fluency of speech production 

in young children (Brooks & MacWhinney, 2000). Thus, Byrd et al. (2007) investigated 
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the presence of this shift in preschool children who stutter and found that at age 3 both 

children who stutter and children who do not stutter were able to name pictures 

significantly faster when presented with an auditory prime that was comprised of the 

nucleus and coda of the target word (holistic prime). However, at age 5 the children who 

stutter remained faster when presented with the holistic prime, but the children who do 

not stutter were faster when presented with an auditory prime that consisted of only the 

initial sound segment of the target word (incremental prime). These data suggest that 

children who stutter may rely on a less efficient form of phonological encoding at a later 

age than is developmentally expected.  

Phonological Working Memory 

Phonological encoding is considered to occur in the phonological aspect of a 

theoretical framework referred to as working memory (Baddeley, 2003). A critical 

component of the working memory system is the phonological loop which is divided into 

two subcomponents: a phonological store and a sub-vocal rehearsal system. The 

phonological store holds material to be remembered in a phonological code; material that 

is subject to decay over time. The sub-vocal rehearsal system is a silent verbal repetition 

process that refreshes the material in a phonological code, allowing it to be preserved in 

the memory for a longer period of time. Thus, phonological encoding and sub-vocal 

rehearsal are thought to directly influence memory capacity. Tests of the phonological 

working memory typically include a non-word repetition task because the repetition of a 

non-word requires the ability to accurately segment and temporarily hold an unfamiliar 

phonological sequence in the phonological loop and repeat it.   
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NON-WORD REPETITION 

Children who stutter have been found to be less accurate in their repetition 

accuracy than children who do not stutter, particularly relative to non-words of 3- and 4-

syllables (Anderson & Wagovich, 2010; Anderson, Wagovich, & Hall, 2006; Hakim & 

Ratner, 2004). These data suggest that the phonological working memory of children who 

stutter does not appear to be as efficient as children who do not stutter. Phonological 

working memory capacity is developmental in nature and increases with age (Fry & Hale, 

1996; Gupta, 2003). Thus, it is important to determine if this difference in non-word 

repetition persists into adulthood for those persons whose stuttering persists. However, 

given that adults who do not stutter typically demonstrate less difficulty than children 

who do not stutter in the repetition of non-words of 4-syllables, the present study will 

employ 2-, 3-, 4- and 7-syllable words to insure that the task for the adults is challenging 

enough to allow for a potentially distinguishing demand on the phonological working 

memory of adults who do versus adults who do not stutter.  

PHONEME ELISION 

 Further, although non-word repetition tasks do appear to be able to differentiate 

between groups of children who do and do not stutter, this task alone may not be as 

effective in demonstrating differences in adults, especially given the advances in 

phonological working memory that have been reported based on non-word repetition 

performance (Fry & Hall, 1994; Gutpa, 2003; Sasisekaran et al. 2010). Therefore, in 

addition to the repetition of non-words of increasing lengths, participants will also be 
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required to repeat the non-words without specific sounds in the word, a task that is 

referred to as phoneme elision.  

Phoneme elision involves the omission of one or more phonemes in the 

production of a word (Wagner, Torgesen, & Rashotte, 1999).  In a phoneme elision task, 

the participant is asked to recognize and produce what word remains when a specified 

phoneme is removed. For example, “Say stall without the /s/.” In this case the answer 

would be “tall.” Results from this task will provide additional unique insight into the 

phonological working memory of adults who stutter, as, to our knowledge, the phoneme 

elision abilities of adults who stutter has not yet been explored in this manner.    

In summary, this study aims to examine the phonological working memory of 

adults who do and do not stutter.  Phonological working memory will be examined via 

non-word repetition and phoneme elision tasks that require the participant to encode 

verbal information in their phonological working memory, to separate and manipulate 

phonemic units, and to articulate the same and/or a modified non-word.  This information 

will help to contribute a more detailed account of the role of phonological encoding in the 

ability to establish and maintain fluent speech production.  
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METHOD 

Participants 

  To qualify for inclusion in the present study, participants had to meet the 

following criteria: (a) native English speaker (N = 12 for the group of adults who stutter 

(AWS); N = 13 for the group of adults who do not stutter (AWNS)) or if reported that 

they were exposed to another language in addition to English, they had to speak English 

with native competency (N = 2 for the group of adults who stutter; N = 1 for the group of 

adults who do not stutter); (b) between the ages of 17 and 50 years old; (c) no speech or 

language disorders (with the exception of stuttering for the AWS); and (d) no social, 

emotional, or psychiatric disturbances. Receptive and expressive vocabulary was 

assessed using the Peabody Picture Vocabulary Test, Fourth Edition (PPVT-IV; Dunn & 

Dunn, 2007) and the Expressive Vocabulary Test-Revised (EVT; Williams, 2007). 

Additionally, the Non-word Repetition and Rapid Digit Naming subtests from the 

Comprehensive Test of Phonological Processing (CTOPP; Wagner, Torgesen & 

Rashotte, 1999) were administered to assess working memory capacity. Fifty-percent of 

the AWS had higher standard scores on the PPVT-IV, EVT and CTOPP than their 

AWNS matches.  

One AWNS and two AWS who were recruited for participation were excluded 

because of failure to meet one or more of the aforementioned inclusion criteria. Twenty-

eight adults who do (N = 14) and do not stutter (N = 14) who were age (+/- 3 years) and 

gender matched met these criteria and, thus, participated in the present study.  

Stuttering severity ratings were assigned to each participant who stutters using a 
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9-point stuttering severity rating scale (1 = no stuttering, 2 = very mild stuttering, 9 = 

extremely severe stuttering) described by Logan, Byrd, Mazzocchi and Gillam (2011). 

This scale was modified from a stuttering severity scale previously developed by 

O’Brian, Packman, Onslow, and O’Brian (2004). The author and a graduate student in 

speech-language pathology independently rated one-half of the participants from the 

stuttering group for stuttering severity.  The mean rating for all 14 participants who 

stutter was 4.25 (SD = 1.89), with 6 participants receiving ratings of 2 or 3 (which would 

correspond to relatively mild stuttering), 5 participants receiving ratings of 4, 5, or 6 

(which would correspond to relatively moderate stuttering) and 3 participants receiving 

ratings of 7 or 8 (which would correspond to relatively severe stuttering). Inter-rater 

reliability for the severity ratings was assessed by having the speech-language pathology 

graduate student rate 7 of the 14 samples that had been rated previously by the author. 

Overall, 5 of the 7 ratings were identical to the original ratings, and the remaining two 

ratings were within 1 scale point of the original ratings that were performed by the 

author. 

General details about treatment history were available for all AWS. Ten of the 14 

AWS had reportedly received speech therapy for stuttering. The author chose not to 

exclude adults on the basis of treatment history because (a) there was no reason to 

suspect that exposure to fluency therapy would differentially affect individual adult’s 

performance on the two tasks used in the study; (b) many adults who stutter have access 

to fluency therapy during the school years, thus inclusion of adults who had participated 

in therapy is an important aspect of ecological validity in this study.  
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Approval for the completion of this study was provided by the University of 

Texas at Austin Institutional Review Board and informed consent was obtained for each 

participant. Participant characteristics and performance on standardized test measures are 

summarized in Table 1. 

Stimuli development  

NON-WORD STIMULI 

 A total of 48 non-words consisting of an equal number (N = 12 per syllable 

length category) of two-syllable, three-syllable, four-syllable and seven-syllable non-

words were selected for use in the present study (See Table 2 for list of stimuli). The non-

word stimuli for the task were adapted from Gupta (2003) and Dollaghan and Campbell 

(1998).  Thirty-six words were selected from Gupta (2003) and twelve words were taken 

from Dollaghan and Campbell (1998). All consonant clusters in the non-words selected 

from Gutpa’s study were reduced to singletons. The three-syllable non-words were 

created by reducing seven-syllable non-words or combining two-syllable non-words with 

an additional syllable from Gupta (2003).   

Non-words were controlled for phonotactic probability using the Vitevich and 

Luce (2004) web-based method of calculating segmental and biphone phonotactic 

probabilities. The mean sum of segmental probability was 1.217 for the two-syllable 

words, 1.293 for the three-syllable, 1.437 for the four-syllable and 1.676 for the seven-

syllable non-words. The mean sum of the biphone probabilities was 1.009 for the two-

syllable words, 1.021 for the three-syllable words, 1.024 for the four-syllable words, and 
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1.029 for the seven-syllable words. The segmental and biphone sums for all syllable 

length categories were considered to have low phonotactic probability.  

The non-words were also controlled for real word-likeness. Twenty adults rated 

the non-words according to the word-likeness scale used by Gathercole (1995). 

Participants were instructed to rate the spoken non-word on a 5-point scale with 1 

indicating “very unlike a real word” and 5 indicating “very like a real word”. They were 

told the rating should not be based on comparing the non-word to an existing real word, 

but on whether the non-word’s sound pattern could exist in the English language. The 

mean word-likeness rating was 2.718 for the two-syllable class, 2.442 for the three-

syllable words, 2.474 for the four-syllable words, and 2.833 for the seven-syllable words.  

Finally, the non-words were controlled by keeping the phonemic onsets of the 

stimuli consistent across all syllable length categories. In syllable classes two through 

four, there were two vowel onset stimuli. In the seven-syllable class, three words were 

vowel-initiated non-words. Three to six non-words in each syllable class began with a 

stop consonant. Three to five words were fricative initiated across the syllable categories, 

and affricate onsets ranged from one to two per syllable category. Offsets of the words 

were also consistent across syllable length categories. Seven to nine of the words in each 

syllable class ended with a stop consonant. One to two of the final consonants in each 

syllable class were a liquid or glide. Vowel offsets occurred in one to four of the non-

words in each syllable class. A fricative offset occurred in two words in the two syllable 

category and one word on the three syllable category. The resultant non-word stimuli 

used in the present study are listed in Table 2.  
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PHONEME ELISION STIMULI 

 Phoneme elision requires that a person repeat a word with a sound or phoneme 

missing. The target words for the phoneme elision task were created by alternately 

deleting the initial consonant sound from the first syllable, the initial consonant sound 

from the second through seventh syllables, and the final consonant sound in the words 

that were used for the non-word repetition task. The end result was that the participant 

would have to eliminate the production of a phoneme across each syllable from the 

beginning to the end of the shortest to the longest non-words. Elision was based on 

location, not on phonological property. For example, the initial consonant phoneme 

elision task for “noitowf” was to “Now say noitowf without saying /n/.” The correct 

response was “oitowf.” The initial consonant phoneme elision task from the second 

syllable for the two-syllable non-word “kentaid” was “Say kentaid without saying /t/.” 

The correct response was “kenaid.” A complete list of the phoneme elision tasks required 

of each participant is included in Table 2.  

Stimuli recording and presentation 

A female native speaker of Standard American English recorded the non-word 

and phoneme elision stimuli on a Dell computer using CSL equipment in a sound treated 

room.  The microphone was placed approximately one and a half feet from the speaker. 

For the non-word repetition task, the carrier phrase “Say ___” was used for each non-

word. For the phoneme elision task, the carrier phrase “Now say ____ without saying 

/__/” was used for each phoneme elision task. For example, “Say aftyss.” “Now say 

aftyss without saying /s/.”  
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Stimuli presentation order within each syllable class was randomized using 

Microsoft Excel. Intelligibility of the recorded non-words was verified by an 

undergraduate speech-language pathology student who listened to and phonetically 

transcribed the non-words. The undergraduate’s transcriptions were compared to the 

examiner’s transcriptions of the non-words and no differences in transcription were 

found.  

Pilot study 

Six AWNS and one AWS (ages 20 to 50) completed a pilot study before the 

twenty-four participants completed the experimental tasks. The pilot study allowed for 

optimal resolution of recordings used and helped to determine the number of 

presentations participants needed in order to accurately repeat a given non-word. After 

administering the experiment to one AWS and four AWNS, consistent errors on 

fricatives was noted. The examiner re-recorded the stimuli using the same Dell computer 

and CSL software, with the microphone placed approximately six inches from the 

speaker’s mouth. Administration of the re-recorded stimuli yielded accurate fricative 

discrimination among the same pilot group as well as the additional two AWNS who had 

not yet completed the pilot study prior to this change in stimuli. In addition, all pilot 

AWNS accurately repeated non-words in all syllable classes in four or less attempts. The 

AWS pilot participant required a maximum of six attempts to accurately repeat the non-

words. Therefore, for the experimental task all participants were allowed a maximum of 

six attempts to produce the non-word.  



12  

Experimental task 

 The experimental non-word repetition and phoneme elision tasks were completed 

in a quiet room. The participants listened to the stimuli through Optimus speakers on a 

Dell computer. The following directions were read to the participants prior to beginning 

the experiment: “I want you to listen to some made-up words. After you hear each made-

up word, please repeat it as clearly as you can. Even if the word is hard to say, give it 

your best try. After you finish repeating the word, you will then be asked to repeat it with 

one of the sounds in the word missing. Listen carefully to the recordings. Are you ready 

to begin?” Before beginning the experimental tasks, the adults then completed four total 

practice sets; one practice non-word repetition and one phoneme elision task were 

presented for each syllable class. Participant responses were recorded by hand and also 

with an Olympus digital voice recorder.  

 Participants were provided six attempts to listen to and accurately repeat the non-

word before advancing to the phoneme elision task. Once the participant either repeated 

the non-word correctly or after the participant had listened and incorrectly produced the 

non-word six times, the phoneme elision task was administered. The participant was 

required to complete the phoneme elision task whether the word was produced correctly 

or not as we did not want the participants to be able to determine and potentially become 

discouraged by the (in)accuracy of their performance. However, the phoneme elision data 

included in the final data corpus only consisted of words for which the participant was 

able to accurately produce the non-word prior to completing the phoneme elision task. 

Unlike the non-word repetition task, the phoneme elision task was administered once. 
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Completion of the non-word repetition and phoneme elision tasks for all syllable classes 

took approximately 30-45 minutes.  

Coding 

The experimenter rated the participant’s non-word repetition and phoneme 

elisions as correct or incorrect using a binary criterion of right or wrong. If the response 

was incorrect, a phonetic transcription of the response was recorded. Participants’ 

responses were recorded orthographically on a non-word repetition and phoneme elision 

score sheet. The responses of each participant that were recorded on-line during the 

experiment by hand were verified via review of the audio file to ensure accuracy in 

recording.   

Reliability 

 Reliability of transcription was documented by having two undergraduate 

students in speech-language pathology listen to 30% of the participants’ audio-recorded 

responses. The undergraduate students’ transcriptions of fluency of non-word repetition 

matched the examiner’s transcriptions 96% of the time. The accuracy of production for 

non-word repetition matched the examiner’s transcriptions 99% of the time. The 

reliability for the phoneme elision task was 96%. The undergraduates’ and examiner’s 

transcriptions of the fluency on phoneme elision tasks correlated 93% of the time.  
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RESULTS 

To review, the purpose of the present study was to explore the phonological 

working memory of adults who stutter (AWS) and adults who do not stutter (AWNS) 

using two experimental tasks. First, the participants had to repeat a set of 12 non-words 

across four syllable categories of increasing length (2-syllable, 3-syllable, 4-syllable, 7-

syllable) (N = 48 total non-words). The second and final task (phoneme elision) required 

that the participant repeat the same set of non-words within each syllable length category, 

but with a designated sound eliminated. The results are discussed relative to performance 

on each of these tasks. For the first set of analyses, we were interested in comparing the 

ability of AWS versus AWNS to accurately produce non-words of varying syllable 

lengths and also their ability to accurately produce those non-words with a phoneme 

eliminated. Thus, we included disfluent, but accurate productions within the final data 

corpus for both the non-word repetition task analysis and the phoneme elision task 

analysis. For the second set of analyses, we limited our focus to the AWS group only to 

allow for exploration as to whether there was a relationship between the disfluent and 

accurate nature of their productions across the syllable length categories. 

Non-word repetition task 

A Repeated Measures ANOVA, with the between-subjects factor of Fluency 

Group (AWS, AWNS) and a within-subject factor of Syllable Length (2-syllables, 3-

syllables, 4-syllables, 7-syllables) with the dependent variable being the mean number of 

production attempts at each syllable length prior to accurate production was completed to 

address the research question related to non-word repetition. Recall that participants were 
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allowed a maximum of 6 opportunities to listen to and attempt to produce the non-word 

repetition accurately. If after these six attempts they were not able to complete an 

accurate production, they received a score of 7. There was significant main effect for the 

within-subject factor of Syllable Length, F(3, 26) = 28.715, p < .0001 , partial eta
2
 = 

.525. In addition, there was a significant interaction between Syllable Length and Talker 

Group, F(3,26) = 3.993, p = .011, partial eta
2
 = .133. There was not a between-subjects 

effect for Fluency Group (See Figure 1).  

A decomposition of the interaction between Fluency Group and Syllable Length 

revealed a significant difference between AWS versus AWNS for the 7-syllable length 

category; no differences were noted for the 2-, 3-, or 4-syllable length words. The mean 

number of attempts needed to accurately produce the non-word was significantly higher 

for the AWS than the AWNS at the 7-syllable length category (p = .05). Further analysis 

of the interaction revealed that within each fluency group, the accuracy of production was 

significantly higher in the 2-syllable length words compared to each of the other 

categories of increasing syllable length for both AWS (i.e., 2 vs 3 syllable: p < .0001; 2 

versus 4 syllable: p = .001; 2 versus 7 syllable: p = .002) and AWNS (i.e., 2 vs 3 syllable: 

p = .013; 2 versus 4 syllable: p = .003; 2 versus 7 syllable: p = .001). This pattern 

continued with the 3-syllable length words being produced significantly more accurately 

than the 4-syllable (AWS: p = .035; AWNS: p = .005) and 7-syllable length words 

(AWS: p = .009; AWNS: p =.001 ) and, finally, the 4-syllable length words were 

produced significantly more accuracy than the 7-syllable (AWS: p = .039.; AWNS: p = 

.001).  
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Phoneme elision task 

A Repeated Measures ANOVA, with the between-subjects factor of Fluency 

Group (AWS, AWNS) and a within-subject factor of syllable length (2-syllables, 3-

syllables, 4-syllables, 7-syllables) with the number of words within each syllable length 

category that they successfully produced with one sound eliminated was completed to 

address the research question related to phoneme elision. Recall that unlike the non-word 

repetition task, participants were only provided one attempt to successfully complete the 

phoneme elision task. For this reason, we calculated the total number of accurate 

productions with the maximum number of 12 per category per participant and the 

dependent variable was the mean number of trials per syllable length category that were 

accurately completed. Results revealed a significant main effect for Syllable Length F(3, 

26) = 60.464, p < .0001, partial eta
2
 = .699, but there was not a between subjects for 

Fluency Group. There also was no significant interaction between Fluency Group and 

Syllable Length (See Figure 2).  

Disfluent speech production 

 The issue of disfluent production of the target non-words and also the phoneme 

elision target words was limited to the AWS group as none of the AWNS participants 

produced any of their trials disfluently. Thus, the analyses in this section will only focus 

AWS. Further, to explore if there was relationship between accuracy and fluency, we 

analyzed both the accurate and disfluent productions of AWS as well as their inaccurate 

and fluent productions. 
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NON-WORD REPETITION TASK 

Accurate disfluent productions 

A Repeated Measures ANOVA with the within-subject factor of syllable length 

(2-syllables, 3-syllables, 4-syllables, 7-syllables) and with the number of words within 

each syllable length category that they produced disfluently and accurately as the 

dependent variable was completed to determine if their disfluent accurate productions 

varied relative to the syllable length of the required production.  No main effect for 

syllable length was found for the accurate, disfluent productions (See Figure 3). 

Inaccurate disfluent productions 

A Repeated Measures ANOVA with the within-subject factor of syllable length 

(2-syllables, 3-syllables, 4-syllables, 7-syllables) and with the number of non-words 

within each syllable length category that they produced both inaccurately and disfluently 

as the dependent variable was completed to determine if their disfluent inaccurate 

productions varied relative to the syllable length of the required production.  In contrast 

to the accurate disfluent productions, there was a main effect of syllable length for the 

inaccurate disfluent productions with the mean number of inaccurate disfluent 

productions increasing with increases in syllable length F(3, 13) = 3.863, p = .016, partial 

eta
2
 = .229 (See Figure 3). 

PHONEME ELISION TASK 

Accurate disfluent productions 

A Repeated Measures ANOVA with the within-subject factor of syllable length 

(2-syllables, 3-syllables, 4-syllables, 7-syllables) and with the mean number of words 
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within each syllable length category that they accurately but disfluently produced with 

the designated phoneme eliminated as the dependent variable was completed to 

determine if their disfluent speech varied relative to the syllable length of the required 

production. Similar to the non-word repetition task there was no main effect for the 

accurate disfluent productions across the syllable length categories for the phoneme 

elision task (See Figure 4). 

Inaccurate disfluent productions 

A Repeated Measures ANOVA with the within-subjects factor of syllable length 

(2-syllables, 3-syllables, 4-syllables, 7-syllables) and with the number of words within 

each syllable length category that they were not able to accurately produce with the 

designated phoneme eliminate inaccurately and that they also produced disfluently as the 

dependent variable was completed to determine if their disfluent inaccurate productions 

varied relative to the syllable length of the required production.  Again, similar to the 

nonword repetition task, the mean number of inaccurate disfluent productions increased 

with the increases in syllable length target productions F(3, 13) = 4.550, p = .008, partial 

eta
2
 = .259 (See Figure 4). 
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DISCUSSION 

Non-word repetitions findings with children demonstrate that children who stutter 

perform significantly less accurately at the 2 and 3 syllable length words, with both 

groups of children performing increasing less accurately in words of 4 syllable and 5 

length (Anderson & Wagovich, 2010; Anderson et al., 2006; Hakim & Ratner, 2004). 

Sasisekaran et al. (2010) found that typically developing adults are able to more 

accurately produce non-words of 4 syllables than typically developing children indicating 

that there are developmental advances in the phonological working memory. The data 

from the present study show that if adults who stutter were to complete a non-word 

repetition task that did not extend beyond 4-syllables, their accuracy would likely be 

comparable to that of AWNS. However, at the 7-syllable length level, AWS were 

significantly less accurate than AWNS. Data from the present study further indicate that 

the phoneme elision of non-words of differing syllable lengths is similarly challenging 

for both talker groups. These results will be discussed relative to accuracy for AWS and 

AWNS and also relative to speech disfluency for AWS. 

Non-word repetition task 

The non-words used in the present study were controlled at each syllable length 

for segmental phonotactic probability, biphone phonotactic probability, phonemic onset, 

and real word-likeness. Controlling for these variables insured that only the participant’s 

phonological working memory was tested, without influences from semantics or real 

word knowledge. The AWS showed improvement, as compared with past research with 

children who stutter, on the non-word repetition tasks at the 2, 3, and 4 syllable word 
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length. However, the AWS did not perform as well as the AWNS at the 7 syllable word 

length, which may indicate a continued difference from childhood in the phonological 

working memory of persons who stutter.  

Sasisekaran et al. (2010) found a relationship between the phonemic composition 

of non-words and the motor movement coordination of children and adults during non-

word repetition productions. They reported that high phonemic complexity of non-words 

caused reduced motor movements during the non-word repetition attempts in children 

and young adults. They also reported that adults showed developmental advances that 

reflected the predicted strengthening of the phonological working memory. In addition to 

the phonological implications discussed in the present study, future research should 

consider the role of speech motor output processes during a non-word repetition task with 

persons who stutter and whether the developmental differences in motoric execution 

noted in typically developing children and adults are also present in children versus 

adults who stutter. 

Finally, this study is preliminary in nature, however, the findings suggest that 

when analyzing adults of disordered populations (or, at least, when comparing non-word 

performance of adults who do versus adults who do not stutter), non-words of 7 syllables 

are critical in distinguishing clinical differences. Future research should also compare 

non-word repetition performance in words of 8 and perhaps even 9 syllables to determine 

if, similar to children, there is a syllable length for adults for which both talker groups 

will perform equally as poorly. 
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Phoneme elision task 

          To date, to this author’s knowledge, phoneme elision tasks have been used only 

with real words. The use of non-words in the current study may have contributed to the 

difficulty of the task for both talker groups across syllable lengths. In addition, in the 

current study, the participants were given one attempt to correctly complete the phoneme 

elision task with a given non-word. This single presentation is consistent with other 

phoneme elision tests, such as the CTOPP (Wagner, Torgesen & Rashotte, 1999), which 

only allow a single production attempt. It would be interesting to explore whether 

allowing additional attempts would have exposed a performance difference between the 

two talker groups.  

           However, increasing the number of attempts allowed during the phoneme elision 

task would increase the total administration length of the experiment. The current study 

was taxing for participants of both talker groups. Increasing the number of phoneme 

elision trails would have, in turn, increased the total test time and thus, the participants’ 

frustration levels. Additionally, adding multiple repetitions of the phoneme elision task 

would increase the time allowed for additional phonological encoding and may decrease 

the ability to test the phonological working memory of the participants. Further research 

should also consider the types of errors made on the phoneme elision productions. 

Comparing the inaccurate phoneme elision attempts of AWS and AWNS may reveal 

differences in their error patterns.  

Disfluent speech production 

            For the AWNS, there were no disfluent moments produced, thus, the exploration 
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of fluctuations in speech disfluency was limited to AWS. The production of stuttered 

utterances did not significantly vary across the syllable lengths for either the non-word or 

the phoneme elision task. This finding is similar to what has been reported with children 

who stutter (Anderson et al. 2006) and it not surprising given that this is a single word 

production task. If these productions had been placed within the context of sentences that 

varied in length and also complexity, differences in disfluent speech production may have 

been more like to occur. 

            Disfluent speech productions also did not significantly interact with accuracy of 

the production. Thus, there is no indication that the fluency of the production impacted 

whether or not it was produced accurately. These preliminary data suggest that the 

differences noted between the two groups are reflective of differences in encoding as 

opposed to simply being differences in the person being more likely to stutter on the 7
th

 

syllable and thus, as a result, more likely to produce an inaccurate production.  
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CONCLUSION 

            Disfluent speech production did not vary across the syllable length productions 

for either the non-word repetition or the phoneme elision task and also did not 

significantly interact with disfluency suggesting that the errors noted in the non-word 

repetition were reflective of encoding rather than behavioral differences. In addition, the 

phoneme elision failed to demonstrate accuracy differences between the two groups. This 

lack of distinction may be related to the use of non-words or possibly the result of not 

allowing enough attempts at production. However, non-word repetition accuracy did 

significantly differ across syllable length categories between the two fluency groups, with 

the 7-syllable words being produced less accurately by the AWS than the AWNS. These 

results are comparable to previous studies with children who do and do not stutter and 

further demonstrate the contribution of phonological encoding that has been documented 

in children who stutter may persist in adults who stutter. Further research is warranted to 

better understand the role of the phonological working memory in 

establishing/maintaining fluent speech production.
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Table 1. Participant characteristics for adults who do not stutter (AWNS) and adults who 

stutter (AWS). 

 

Participant Age Gender Severity PPVT EVT CTOPP (RD) CTOPP (NR) 

1 27;6 Male N/A 106 97 13 10 

2 20;8 Male N/A 117 114 17 8 

3 21;9 Female N/A 104 105 9 6 

4 38;8 Male N/A 107 101 12 7 

5 27;0 Male N/A 105 115 7 8 

6 27;2 Male N/A 128 113 12 10 

7 20;5 Male N/A 117 118 9 8 

8 46;11 Male N/A 110 120 12 6 

9 27;9 Male N/A 101 116 10 10 

10 26;7 Female N/A 106 114 11 8 

11 21;1 Male N/A 117 114 12 15 

12 30;1 Male N/A 112 122 10 11 

13 39;11 Male N/A 99 91 10 8 

14 23;2 Male N/A 117 113 12 11 

21 20;5 Male VML 114 120 11 8 

22 38;6 Male ML 101 100 7 8 

23 44;6 Male VML 106 116 * * 

24 23;7 Female SV 140 129 6 9 

25 40;4 Male ML-MOD 107 106 * * 

26 24;3 Female SV 106 97 9 5 

27 28;7 Male MOD-SV 115 97 10 6 

28 24;1 Male ML 122 116 16 7 

29 18;1 Male MOD-SV 120 134 9 10 

30 27;1 Male ML-MOD 124 125 7 9 

31 21;3 Male ML-MOD 107 111 12 9 

32 33;3 Male ML 108 105 13 10 

33 39 Male VML 112 118 14 10 

34 17;9 Male MOD-SV 111 77 8 6 

 

Note: Peabody Picture Vocabulary Test (PPVT): Standard score (M = 100, SD = 15). 

Expressive Vocabulary Test (EVT): Standard score (M= 100, SD = 15). Comprehensive 

Test of Phonological Processes (CTOPP) Rapid Digit Naming (RD) and Non-word 

Repetition (NR): Standard score: (M = 10, SD = 3). Severity: VM = very mild, ML = 

mild, MOD = moderate, SV = severe. * denotes those participant scores were not 

available. 
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Table 2. Non-word repetition task stimuli with the phoneme elision task in parentheses. 

Two syllable words Three syllable words  

1.    KEN.TAID (without the /k/) 1.    KAF.TOG.ROP (without the /k/) 

2.    SUP.WIG (without the /w/) 2.    SIK.AN.THOD (without the “th”) 

3.    AF.TYSS (without the /s/) 3.    AM.BER.ILL (without the /b/) 

4.    FACK.TON (without the /f/) 4.    FO.VIL.AN (without the /n/) 

5.    GEIN.CHER (without the “ch”) 5.    GINS.TA.BUL (without the /g/) 

6.    HEEL.ON (without the /n/) 6.    HES.TO.MEE (without the /t/) 

7.    JOM.BINN (without the “j”) 7.    INK.IS.TA (without the /t/) 

8.    IS.TUM (without the /t/) 8.    JELL.AN.TIF (without the /f/) 

9.    TAY.VAUK (without the /k/) 9.    CHEE.NOY.TOWB (without the “ch”) 

10.  NOI.TOWF (without the /n/) 10.  NY.CHO.VAYB (without the “ch”) 

11.  CHO.VAG (without the /v/) 11.  DOY.TOW.VAB (without the /v/) 

12.  VA.CHAYP (without the /p/) 12.  TAY.VOI.CHYG (without the /g/) 

     

Four syllable words Seven syllable words  

1. JIG.VEN.TO.XILE (without the “j”) 1. ZOO.BEN.IF.FER.AL.TO.PINE (without the /z/) 

2. CAS.TI.PAIL.TY (without the /p/) 2. VAM.PON.TIG.EEZ.I.TRI.CAY (without the /k/) 

3. AN.TIS.KOL.DATE (without the /k/) 3. AS.KEN.I.DO.BIS.KU.LATE (without the /d/) 

4. DIG.AN.TUL.IN (without the /d/) 4. DAY.BISH.OCK.SIN.ALL.O.BIT (without the “sh”) 

5. FIN.RAP.TO.KING (without the /k/) 5. FO.MMI.GA.VE.LON.TI.PAN (without the /l/) 

6. GUN.DOC.TIP.EEL (without the /d/) 6. GIS.TOR.AK.I.DO.PU.LIN (without the /n/) 

7. HISS.Y.DO.GENE (without the /h/) 7. HUN.DI.NO.TER.AL.I.TY (without the /h/) 

8. IM.LAC.SO.DOCK (without the /s/) 8. IN.FAS.KO.VI.JI.DE.ENT (without the /t/) 

9. VAY.TAW.CHI.DOYP (without the /d/) 9. JED.A.BUL.OS.KER.A.MIC (without the /b/) 

10. DA.VON.OY.CHIG (without the /g/) 10. KA.DDEN.I.SO.NO.MA.CY (without the /d/) 

11. NY.CHOY.TOW.VUB (without the “ch”) 11. SA.CON.IM.BEN.A.LO.PY (without the /l/) 

12. TAV.A.CHEE.NYG (without the /g/) 12. UM.PICK.ERR.ANN.I.TI.ZER (without the /z/) 
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Figure 1. The mean number of attempts needed to accurately produce the non-words 

across the syllable length categories for adults who do not stutter (AWNS) versus the 

adults who stutter (AWS). 
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Figure 2. The mean number of accurate productions of the non-word with the designated 

phoneme eliminated across the syllable length categories for adults who do not stutter 

(AWNS) versus the adults who stutter (AWS).  
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Figure 3. The mean number of accurate versus inaccurate disfluent productions across the 

syllable-length categories for the non-word repetition task.  
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Figure 4. The mean number of accurate versus inaccurate disfluent productions across the 

syllable length categories for the phoneme elision task.  
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