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Abstract 

 

Lexical Influence on Phonological Processing in Adults With and 

Without Stuttering 

 

Kirsten Elizabeth Moriarty, M.A. 

The University of Texas at Austin, 2011 

 

Supervisor:  Courtney Byrd 

 

Purpose:  The purpose of this study was to investigate how phonetic complexity influences the accuracy 
and rate of speech production in adults who do (AWS, N=15) and do not stutter (AWNS, N=15).  Target 
words were characterized according to high phonetic complexity (HIPC) and low phonetic complexity (LIPC), 
and were controlled for lexical influences such as word frequency and neighborhood density.  It was 
hypothesized that if phonetic complexity influenced speech production, there would be a difference in 
reaction time and accuracy for AWS during the HIPC condition.  Method:  Participants produced two rounds 
of 40 target words corresponding to specific line drawings, during a confrontational naming task.  Speech 
reaction time (SRT) was recorded from initial presentation of picture, and fluency and accuracy of production 
were coded for each target.  Results:  There was no significant difference in SRT according to HIPC and 
LIPC for either AWS or AWNS.  AWS participants had slower SRT recorded compared to AWNS for all 
conditions tested.  There was no relationship found between HIPC and increased moments of disfluency.  
Accuracy of target word production decreased during LIPC words.  Conclusion:  Phonetic complexity does 
not affect rate or fluency of speech production for either AWS or AWNS.  While there is no difference in 
phonetic complexity measures, AWS are consistently slower than AWNS across both groups of target 
productions.  Increased errors for both groups on LIPC target words may indicate a motor component to 
accuracy of speech production. 
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INTRODUCTION 

Stuttering is a disorder that can and often does impact the academic, emotional, 

social, and vocational achievements, development and potential of individuals who stutter 

(see Bloodstein & Bernstein Ratner, 2008; Conture, 1996, 2001). The lifetime incidence 

of stuttering is reportedly almost 5%. Although within those 5%, 30 to 80% may 

"spontaneously recover" (i.e., stop stuttering without the use of formal treatment), for the 

remaining individuals whose stuttering persists, stuttering will likely have a significant 

negative impact on their daily lives. Thus, there is a strong need to determine those 

variables that may initiate/cause, exacerbate or maintain stuttering in order to eventually 

develop more efficient, effective empirically-based approaches to the diagnosis and 

treatment of stuttering. 

According to the Lexical Restructuring Model (Walley, Metsala & Garlock, 2003) 

at around age two children experience a significant increase in vocabulary growth. As 

children acquire more words, the individual sound segments within these words begin to 

overlap and they have to shift their processing to allow for more fine grained 

discrimination. As a result, children begin to encode words incrementally as individual 

sound segments rather than holistically as global syllable shapes. In other words, as new 

words are added into the lexicon, children’s phonological representations (i.e., 

representation of the individual sound segments that comprise words) assume increasing 

amounts of segmental information, enabling the words to be differentiated more 
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efficiently among phonologically similar representations. Brooks and MacWhinney 

(2000) contend that this apparent growth in their ability to attend to segmental 

information in words allows children to speak more rapidly, accurately and, most relevant 

to this thesis, more fluently. To that end, Byrd et al. (2007) recently found that young 

children who stutter are delayed in their ability to shift from holistic encoding of words to 

incremental encoding. This delay in phonological encoding may in turn result in 

inefficient storage and access of words, or in other words, less robust phonological 

representations. 

The density of phonological representations is thought to be mediated by 

phonotactic probability.  Phonotactic probability is defined as the frequency with which 

sounds and sound sequences occur within words in a language (Storkel & Hoover, 2010; 

Storkel & Maekawa, 2005). Typically developing children produce words with sounds of 

high phonotactic probability (common sound sequences) more quickly and accurately 

than words with low phonotactic probability (uncommon sound sequences) during non-

word production tasks (Munson, Kurtz, & Windsor, 2005; Zamuner, 2009).  However, 

children with speech sound disorders do not demonstrate the expected accuracy 

differences between words of high and low phonotactic probability (Storkel, 2004). 

Storkel interpreted these findings to suggest that these children have reduced 

specification of their phonological representations.  

Anderson and Byrd (2008) recently compared the phonotactic probability of 

stuttered versus fluent productions in the spontaneous speech samples of preschool-aged 

children (N = 19, age range = 3 to 5 years). No significant differences were found in the 
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phonotactic probability of fluent versus disfluent words produced. Although speech 

sound errors and speech disfluency cannot be considered to be the same behavior, this 

apparent lack of distinction between high and low phonotactic probability in children 

who stutter further supports the notion that children have less robust phonological 

representations. That is, rather than low probability sequences being more prone to errors 

or disfluency, all sound sequences are similarly susceptible to disfluency. In other words, 

words that are typically easier to access (of higher phonotactic probability) will take as 

long to plan for production as words that are lower in phonotactic probability. However, 

difficulties establishing and/or maintaining fluent speech production cannot be solely 

attributed to reduced sensitivity to segmental detail.  

In addition to differences in phonological encoding, research has also suggested 

that persons who stutter may have a lack of motor coordination that is particularly 

vulnerable to words that are comprised of complex sounds (Kleinow & Smith, 2001; 

Caruso, 1988). As the number of syllables and the complexity of the sounds of those 

syllables increase in words and utterances, the frequency of stuttering also increases. 

Through the development of the EXPLAN model, Dworzynski and Howell (2004) 

support the assumption that impairments in both the planning and execution of speech 

contribute to stuttering.  According to the EXPLAN model, the person who stutters has 

an insufficient amount of time to plan for speech and that the motor execution process is 

initiated prior to the completion of the plan. The result is an overt stalling or repeating of 

part of the word until the entire word is accessed. Howell and colleagues further argue 

that stuttering is likely to increase with increased phonetic complexity because the more 
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complex the motor movements, the longer it takes to access the plan and the more likely 

it will be that an incomplete plan is executed.  

The Index of Phonetic Complexity (IPC; Jakielski, 1998; Jakielski, 2000, 2002; 

Jakielski, Matyasse, & Doyle, 2006; Jakielski, Ward & Duncan, 2002) is the only 

complexity scale that has been used (to date) to analyze the speech output of persons who 

stutter. The IPC is an additive eight-factor index of phonological complexity based on 

analysis of spontaneous speech. A numerical value is assigned to types of sounds and 

structures produced by young children in the following areas: (1) consonant place, (2) 

consonant manner, (3) vowel types, (4) word shapes, (5) word length (6) consonant 

reduplication versus variegation (7) singletons versus clusters, and (8) cluster types (see 

Table 1 for an IPC scoring rubric).  Higher IPC scores (range 0 to 8) indicate relative age 

of acquisition norms within words.  Higher IPC scores per word with age would be 

expected given the similarity of the IPC to aforementioned phonetic constructs (late-

emerging sounds: factor 1 though 3; multisyllabic words: factor 5; consonant clusters: 

factor 6 and 7).  There are (unpublished) data that suggest children produce higher mean 

IPC scores per word across the period of 1 to 3 years of age (Jakielski, 2002; Jakielski et 

al., 2006), suggesting developmental advancements in the motor system during this time.   

        The significant influence of phonetic complexity as indicated by the IPC is 

limited to older children and adults who stutter (Dworzynski & Howell, 2004: beyond 6 

years of age; Howell & Au-Yeung, 2007: beyond 6 years of age; Howell, Au-Yeung, 

Yaruss, & Eldridge, 2006: 11 to 18 years of age).  However, the validity of these 

reportedly significant findings have been publicly questioned (Ratner, 2005), with the 
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key issues being as follows: (1) the basic constructs of the IPC were developed on pre-

linguistic babbling, suggesting  that the use of this scale  at any age beyond babbling may 

not be appropriate; (2) no grammatical factors were controlled for (length and complexity 

being the primary ones ignored); and (3) additional lack of control of lexical factors such 

as word frequency and neighborhood density.  

More recently, Coalson, Byrd and Davis (submitted) considered the influence of 

phonetic complexity in the context of the length and complexity of the utterance 

produced and also the lexical properties of the utterance, with results indicating that when 

these factors are controlled for, there are no significant differences in phonetic 

complexity, at least as measured by the IPC. Thus, as argued by Ratner (2005), it is 

indeed possible that previous findings of significance were compromised by the lack of 

control of these factors. However, the Coalson et al. study was limited to preschool 

children and the findings of significance reported by Howell and colleagues were 

demonstrated in older children and adults. Thus, the need for further exploration of 

phonetic complexity with older participants is still warranted.  

For the present study, we wanted to further examine the reported influence of 

phonetic complexity as measured by the IPC in adult speech production, but with the 

removal of any utterance level variables entirely. In addition, we wanted to control for the 

potential lexical influences suggested by Ratner (2005), particularly word frequency (i.e., 

how frequently an individual word occurs in a native language, Dell, 1990; Jescheniak & 

Levelt, 1994) and neighborhood density (i.e., the number of words that differ from the 

target word by the addition, substitution, or deletion of one phoneme; dense 
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neighborhood: many neighbors; sparse neighborhood: few neighbors), (Luce & Pisoni, 

1998) as research demonstrates that the rate, accuracy, and potentially fluency of speech 

production may be mitigated by these two factors (Maekawa & Storkel, 2006; Newman 

& German, 2005; Vitevitch, 2002), to allow for insight into whether or not at the single 

word production level the accuracy and speed of naming differed between adults who do 

versus adults who do not stutter relative to phonetic complexity. In sum, the purpose of 

this project is to investigate the effect of phonetic complexity on accuracy and reaction 

time during a single word picture naming task. Lexical properties as measured by 

neighborhood density and word frequency will be controlled for within two word groups 

of high and low motoric properties as measured by the IPC.  

 

Table 1. Categories of Phonological Complexity and Scoring Criteria (Jakielski, 2000)  

 

  

 

Category  

 

One Point for  

Consonant by place class  Each dorsal  

Consonant by manner class  Each fricative, affricate, or liquid  

Singleton consonants by place variegation  

(if any two singleton consonants vary in place, 

consider variegated)  

Variegation  

Vowel by class  Each rhotic  

Word shape  Words ending with a consonant  

Word length in syllables  Words > 3 syllables  

Contiguous consonants (cluster)  Each consonant cluster  

Cluster by type (when place is different for any of the 

contiguous consonants, place is heterorganic)  

Each heterorganic cluster  
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METHOD 

PARTICIPANTS 

 Participants for this study were 15 AWS, and 15 AWNS who were matched for 

age (+/- 3 years) and gender.  Participants included 3 females and 12 males in each group, 

with ages ranging from 18;1 to 46;11 years old (mean age = 28;3 AWS, 28;6 AWNS).  

Previous research indicates that stuttering occurs more frequently in males than females, 

which may explain the uneven distribution of males to females in this study (Bloodstein, 

1995).  Participants were paid volunteers who were unfamiliar to the purpose and 

protocol of the study.  Approval for the study was attained through the University of 

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

of the 30 participants. Criteria for inclusion in the present study will first be discussed 

relative to both the AWS and AWNS participants, and will then be discussed specific to 

the AWS participants as there were a few key considerations that were unique to that 

group. 

All participants  

 Prior to experimental testing, a battery of standardized tests was administered to 

all participants.  The Peabody Picture Vocabulary Test: Third Edition and/or Fourth 

Edition (PPVT-III; Dunn & Dunn, 1997; PPVT-IV; Dunn & Dunn, 2007) and the 

Expressive Vocabulary Test-Revised (EVT; Williams, 1997; EVT-2; Williams, 2007) 

were used to assess receptive and expressive vocabulary.  Both editions were used 

throughout the testing process, and the differences between the editions are minor and no 

issues related were concurrent validity were addressed.  In addition, the Non-word 
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Repetition and Rapid Digit Naming subtests of the Comprehensive Test of Phonological 

Processing (CTOPP; Wagner, Torgesen & Rashotte, 1999) were administered to assess 

working memory capacity and phonological information retrieval.  Each participant and 

age/gender matched counter-participant’s also scored within 10.67 mean standard score 

points on the PPVT, 12.27 on the  EVT, 3.71 on the CTOPP Rapid Digit Naming,  2.93 

on  the CTOPP Nonword Repetition.  A summary of participants’ characteristics and 

performance on standardized measures is found in Tables 2a, 2b, 2c.  

 In addition to performing within normal (and comparable) limits on these 

standardized tests, participants were required to meet the following criteria:  (a) native 

English speaker (N = 12 for AWS group, N = 14 for AWNS group) or speak English with 

native competency (N = 3 for AWS group, N = 1 for AWNS group); (b) between the ages 

of 17 and 50 years; (c) no speech or language disorders (apart from stuttering in AWS 

group); and (d) no present or past history of psychiatric, social, or emotional 

disturbances.  
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Table 2a.  AWS:  Participant Number; Chronological Age (CA); Stuttering Percentage; 

Stuttering Scale; Stuttering Severity; Standardized Test Scores: PPVT, EVT, 

CTOPP Rapid Digit Naming (RD) & Nonword Repetition (NW); Previous 

Treatment: Yes/No  

Part. 

No. CA 

Stg 

% 

Stg 

Scale 

Stg. 

Severity  PPVT EVT 

CTOPP 

(RD) 

CTOPP 

(NR) Tmt 

1 20.5 0 2 VeryMild 114 120 11 8 Y 

2 38.1 0 3 Mild 101 100 7 8 N 

3 21.2 1.25 3 Mild 130 118 7 5 Y 

4 44.6 0 2 VeryMild 106 116 * * Y 

5 23.7 17.5 7 Severe 140 129 6 9 Y 

6 40.4 5 4 Mild/Mod 107 106 * * Y 

7 21.3 37.5 9 VerySevere 98 94 6 6 N 

8 23.11 16.3 7 Severe 106 97 9 5 Y 

9 28.7 11.3 6 Mod/Severe 115 97 10 6 Y 

10 24.1 2.5 3 Mild 122 116 16 7 N 

11 18.1 10 6 Mod/Severe 120 134 9 10 Y 

12 27.1 6.3 4 Mild/Mod 124 125 9 7 Y 

13 21.3 8.8 5 Moderate 107 111 12 9 N 

14 33.3 5 4 Mild/Mod 108 105 13 10 N 

15 39 0 2 VeryMild 112 118 14 10 Y 

Average 28.30 8.10 4.47 

 

114.00 112.40 9.92 7.69 Y=10  

SD 

  

2.13 

 

11.41 12.28 3.15 1.84 N=5  

* Scores unavailable 
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Table 2b.  AWNS:  Participant Number; AWS Age/Gender Match; Chronological Age (CA); 

Standardized Test Scores: PPVT, EVT, CTOPP Rapid Digit Naming (RD) & 

Nonword Repetition (NW) 

Part. 

No 

AWS 

Match CA PPVT EVT 

CTOPP 

(RD) 

CTOPP 

(NR) 

21 9 27.6 106 97 13 10 

22 3 20.8 117 114 17 8 

23 5 21.9 104 105 9 6 

24 7 22.9 124 114 13 9 

25 6 38.8 107 101 12 7 

26 2 37.5 105 115 7 8 

27 10 27.2 128 113 12 10 

28 1 20.5 117 118 9 8 

29 4 46.11 110 120 12 6 

30 12 27..9 101 116 10 10 

31 8 26.7 106 114 11 8 

32 11 21.1 117 114 12 15 

33 14 30.1 112 122 10 11 

34 13 19.8 97 96 8 6 

35 15 39.11 99 91 10 8 

Average 

 

28.58 110.00 110.00 11.00 8.67 

SD 

  

9.04 9.54 2.45 2.35 
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Table 2c.  Standardized test score comparison between AWS and AWNS 

Participant 

Number 

Age/Gender 

Match Difference In Scores 

AWS AWNS PPVT EVT RD NR 

1 28 3 2 2 0 

2 26 4 15 0 0 

3 22 13 4 10 3 

4 29 10 14 3 4 

5 23 36 24 3 3 

6 25 0 5 * * 

7 24 26 30 7 3 

8 31 0 17 2 10 

9 21 9 0 3 3 

10 27 6 3 4 3 

11 32 3 20 3 5 

12 30 23 9 3 1 

13 34 10 5 5 3 

14 33 4 17 3 1 

15 35 13 19 4 2 

 
Mean 10.67 12.27 3.71 2.93 

 
Median 9 14 3 3 

 
Range 0 to 36 0 to 30 0 to 10 0 to 10 

   *Scores unavailable 

 

AWS participants 

The AWS participants had to meet the following additional criteria to be included in the 

present study: (1) confirmed diagnosis of stuttering from a certified Speech-Language 

Pathologist specializing in stuttering (first author) through evaluation of conversational 

and narrative discourse with each sample type yielding percentages of stuttering (i.e., 

within word disfluencies such as sound repetitions, syllable repetitions, audible sound 
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prolongations, and inaudible sound prolongations) that were significantly higher than the 

standard 3% stuttering-like disfluencies guidelines suggested for children; (2) self report 

as a stutterer; (3) no history of traumatic brain injury and/or any form of cerebral insult 

could potentially impact speech fluency; and (4) no report of current medication use that 

could impact speech fluency. Further confirmation of the identified stuttering behavior 

was established by the second author during severity analysis.  Analysis of stuttering 

severity was completed using a modified version of a rating scale that was originally 

developed by O’Brian, Packman, Onslow, and O’Brian (2004). This scale has been 

effectively used in its modified form in two recent studies (Logan, Byrd, Mazzocchi & 

Gillam, 2011; Byrd, Logan, & Gillam, submitted). In specific, stuttering severity was 

measured using a 9-point scale (1 = no stuttering, 5 = moderate stuttering, 9 = extremely 

severe stuttering).  The mean rating for the total 15 participants was 4.47 (SD 2.13, 

Range 2 to 9), with six participants receiving a rating of 2 to 3 (40%), four participants 

receiving a rating of 4 to 5 (26.67%), four participants receiving a rating of 6 to 7 

(26.67%), and one participant receiving a rating of 8 to 9 (6.67%). 

 Of the AWS participants, 66% (N = 10) were receiving current speech therapy, or 

had received speech therapy in the past.  The remaining AWS participants (33%, N = 5), 

had not received speech therapy in the past.  Three AWS and one AWNS, who were 

recruited for participation were excluded from the final study for failing to meet one or 

more of the inclusion criteria.  One AWS participant did not meet the age range required, 

another AWS participant did not speak English with native competency, and two 
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participants, one AWS and one AWNS, did not meet the standardized testing score 

criteria.       

PHONOLOGICAL PRIMING STIMULI 

 A total of 40 pictures corresponding to words with differing lexical properties (N 

= 20 per grouping) were presented on a computer screen to each participant.  The words 

differed in word frequency, phonological neighborhood density, and phonetic complexity 

(See Appendix A).   

Target words 

 In order to isolate the effects of phonetic complexity on confrontation naming, 

word frequency and phonological neighborhood density were controlled between the two 

conditions.  The target words in Condition 1 contained lexical properties characterized by 

high phonetic complexity (HIPC) (N = 20). Of these 20 words, 10 were considered to 

have high word frequency and 10 were considered to have low word frequency. In 

addition, 10 of this same set of 20 words were consider to have high neighborhood 

density (N = 10) and 10 were considered to have low neighborhood density.  Unlike 

Condition 1, Condition 2 contained 20 words that were characterized by low phonetic 

complexity (LIPC) (N = 20). However, these words were again controlled for in the same 

manner as Condition 1 relative to high (N = 10) and low word frequency (N=10) and 

high (N = 10) and low neighborhood density (N = 10). 

Pictures  

The black on white pictures that represented the target words were selected from a 

list of picture stimuli compiled by the International Picture Naming Project (Szekly et al. 
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2004) (See Appendix B).  In addition to the 40 experimental pictures, participants were 

shown four practice pictures; two controlled for in the same manner as Condition 1, and 

two controlled for in the same manner as Condition 2 in two rounds to familiarize the 

participant to the structure of the experiment (See Appendix C).  Picture stimuli were 

presented to participants on a computer screen via the assessment program E-Prime®, 

created by Psychology Software Tools, Inc. 

PILOT STUDY 

 Prior to experimental testing, seven AWS and three AWNS were recruited to test 

the experimental task to ensure optimal results.  During this pilot study, it was found that 

the program advanced too quickly through pictures if the participant produced a speech 

disfluency when attempting to name the picture.   Therefore, in order to eliminate the risk 

of losing more potential trials than the one(s) that is/are produced disfluently, a key 

stroke action after the participant’s response was implemented to signal the program to 

advance to the next picture. 

EXPERIMENTAL TASK 

 Participants were asked to sit in front of a Dell Intel Pentium Processor with a 

Dell 12-inch Flat Panel Monitor located in a sound treated room.  A microphone was 

placed approximately two to five inches from the participant’s face.  A scripted protocol 

was read to each participant, stating that one by one, pictures will appear on the screen 

and the participant is to say the word that corresponds to the picture as quickly as 

possible.  The participants were also instructed to press any key on the keyboard after 

speaking the target word, to advance the program to the next picture.  Two series of four 
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pictures that equally differed relative to the unique properties of the experimental stimuli 

(i.e., word frequency, phonological neighborhood density and phonetic complexity) were 

used as a training session to familiarize the participant to the protocol prior to the 

experimental testing.  The second author was present in the room to code for disfluent 

moments and production of a word other than the target word.  A portable Olympus 

digital recording device was also used to record each participant during the task for later 

analysis and confirmation of the on-line recordings by the researcher. 

 Participants were presented with 80 black-and-white line drawings in total; two 

rounds of 40 target words.  This gave the participants two opportunities to say the correct 

word, increasing the likelihood for usable target productions.  The picture order was 

randomized by the E-Prime® program for both the first and second round of target words 

for each participant.  The E-Prime® program calculated the speech reaction time (SRT) 

for each word produced by the participant and the data was automatically saved in a 

separate e-data file.  The experimental task took approximately six to ten minutes. 

Excluded data  

The SRT of a picture-naming response was excluded from the final analysis if 

there was any deviation from the target word.  Deviations included a disfluent moment 

(e.g. “h-h-hat”), wrong word production (e.g. “bath tub” for “tub”), and/or adding an 

interjection (e.g. “um, goat”).  In certain cases, a participant added a word or part of a 

word to the end of the target response (e.g. “stroller, right?”).  In these cases, the SRT 

was included in the final data set, as the target word was the initial response.  For final 
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data analysis, errors were coded similar to other priming studies (Anderson, 2008; 

Newman & Bernstein Ratner, 2007; Byrd, Conture, & Ohde, 2007) as follows: 

a) Fluency Error:  participant had a moment of a stuttering-like disfluency 

during attempted production of target word 

b) Target Error:  participant responded with a word that was not the desired 

target word (i.e. produced “ram” for the target word “goat”) 

c) Interjection Error:  participant added an interjection prior to production of 

the target word (i.e. “um, giraffe”) 

d) Intelligibility Error:  either participant’s response was unintelligible to 

researchers, or participant did not arrive at any response corresponding to 

the picture presented (i.e. “I don’t know”) 

e) Program Error:  the recorded SRT of a production was not a reliable time 

(i.e. recorded as 0 or -5) with no previous error coding for response, or 

participant’s response was not detected by the program and had to repeat 

target 

Refer to Table 3a and 3b for a complete summary of error analysis.  For the purpose of 

final analysis, two target words were excluded from both the high IPC group and low IPC 

group (HIPC = rug, tub; LIPC = goat, dresser).  These words were chosen based on 

increased errors in production, and were excluded to avoid outlying effects on results.  
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Table 3a. Error analysis for AWS: Number of errors in words with LIPC; Percent out of total 

productions; Number of errors in words with HIPC; Percent out of total 

productions 

AWS LIPC % Prod HIPC % Prod 

Target Errors  59 36.88% 48 30.00% 

Interjection Errors 10 6.25% 19 11.88% 

Fluency Errors 50 31.25% 47 29.38% 

Intelligibility Errors 3 1.88% 1 0.63% 

Program Errors 39 0.24375 27 0.16875 

 

Table 3b. Error analysis for AWNS: Number of errors in words with LIPC; Percent out of 

total productions; Number of errors in words with HIPC; Percent out of total 

productions  

AWNS LIPC % Prod HIPC % Prod 

Target Errors  51 31.88% 36 22.50% 

Interjection Errors 2 1.25% 4 2.50% 

Program Errors 8 5.00% 5 3.13% 

Fluency Errors 0 0.00% 0 0.00% 

Repetition Errors 1 0.63% 1 0.63% 

Intelligibility Errors 0 0.00% 0 0.00% 

  

 

 

RELIABILITY 

Stuttering severity  

The second author and a graduate student who was trained in disfluency count 

analysis independently rated the unstructured conversational samples and the picture 
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naming output for 30% of the total AWS  (N = 5 of 15) .  The interjudge ratings were 

exact for 80% (N = 4) of the participants, and within one scale point for the remaining 

20% (N = 1).   

Participant responses 

 Researchers confirmed correct coding for 93% (N = 28) of participants’ responses 

by listening to the audio digital recording against the coded spreadsheet.  Two graduate 

students in speech-language pathology listened to 20% of the digitally recorded audio 

responses.  The students’ coding of disfluent productions matched the researcher’s coding 

86% of the time, and matched for accurate/inaccurate word production 93% of the time.  

Interjudge reliability for assessing the severity of participants who stuttered was 87%.  

Lower reliability measures for moments of disfluency may be due to factors like 

inaudible sound prolongation, which are difficult to detect when listening to a recording. 
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RESULTS 

To review, the purpose of the present study was to explore whether phonetic 

complexity, as measured by the IPC significantly influences the speed and/or accuracy of 

naming pictures of two sets of target words. The two sets differed in that one set included 

only words with high IPC scores and the other set included words with low IPC scores. 

However, the two sets were similar in that the words within each set contained equal 

numbers of words with high and low word frequency and also neighborhood density as 

these two factors have been shown to influence the accuracy and speed of production.  

Speed of production 

A repeated measures ANOVA was completed with the dependent variable of 

speech reaction time, a within subjects factor of condition (i.e., words of high phonetic 

complexity versus words of low phonetic complexity), and a between subjects factor of 

talker group (i.e., AWS versus AWNS). Results revealed that there was no main effect 

for condition and that there was also no significant interaction between talker group and 

condition. In other words, the reaction time did not differ between the two conditions and 

neither talker group named pictures uniquely faster or slower relative to the condition 

(See Figure 1).  

Results did reveal, however, that there was a significance between subjects effect 

of talker group, F (1,28) =7.178, p = .012, partial eta squared =  .204. As is also 

illustrated in Figure 1, the speech reaction time of AWNS was significantly faster in both 

conditions than AWS.   

Accuracy of production  
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A repeated measures ANOVA was completed with the mean number of error (i.e., 

non-target) productions as the dependent variable, a within subjects factor of condition 

(i.e., words of high phonetic complexity versus words of low phonetic complexity), and a 

between subjects factor of talker group (i.e., AWS versus AWNS). There was a 

significant main effect for condition F (1.28) =11.242, p = .002, partial eta squared =  

.286. However, there was not a significant interaction between condition and talker group 

and there also was not a significant difference in non-target productions between the 

AWS and AWNS (See Figure 2).  

Fluency of production 

The AWNS did not produce any within word speech disfluencies during either the 

high or low phonetic complexity tasks. As a group they also only produced a total of 6 

interjections with 4 produced during the high phonetic complexity task and 2 produced 

during the low phonetic complexity task. These numbers are too low to allow for 

meaningful exploration. In contrast, the AWS produced within word speech disfluencies 

(N = 97) during each of the two phonetic complexity conditions and also produced a total 

of 29 non-stuttering-like (between word) disfluencies across these two conditions. 

Therefore, the analysis of production of speech disfluencies is limited to AWS.  

First, a paired samples t-test yielded no significant difference relative to the 

stuttering-like or within-word disfluencies produced. Similarly, no differences were noted 

for the between-word disfluencies produced (See Figure 3).  
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Figure 1. Mean speech reaction time for the adults who stutter (AWS) and adults who do 

not stutter (AWNS) when naming the picture set comprised of words that 

had high ratings on the Index of Phonetic Complexity (IPC) as compared to 

the set that had low ratings  
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Figure 2. Mean number of error productions (i.e., non-target) for adults who stutter (AWS) 

and adults who do not stutter (AWNS) when naming the picture set comprised 

of words that had high ratings on the Index of Phonetic Complexity (IPC) as 

compared to the set that had low IPC ratings. 
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Figure 3. Mean number of stuttering-like disfluencies for adults who stutter when naming the 

picture set comprised of words that had high ratings on the Index of Phonetic 

Complexity (IPC) as compared to the set that had low IPC ratings. 

 
  

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Low IPC High IPC Low IPC High IPC

SLD Non-SLD

M
e
a

n
 n

u
m

b
e
r
 o

f 
d

is
fl

u
e
n

c
ie

s



 24 

 

DISCUSSION 

 The present study was designed to evaluate whether or not the phonetic 

complexity of a word differentially influences the speed, accuracy, and fluency of the 

production of that word for AWS and AWNS.  Results yielded no significant differences 

in speech reaction time when naming words of high versus low phonetic complexity for 

either AWS or the AWNS control group.  However, there was a significant difference in 

reaction time between the two fluency groups with AWS naming all pictures significantly 

more slowly than AWNS. No significant differences were found in the number of errors 

(non-target productions) between the AWS and AWNS, but both fluency groups 

produced significantly more target production errors when naming pictures in the low 

phonetic complexity condition than in the high phonetic complexity condition. Disfluent 

speech production between the two conditions could only be analyzed for the AWS. 

There were no differences in the production of either stuttering-like or non-stuttering-like 

disfluencies between the low versus the high phonetic complexity words.  

Speed of Production 

 Phonetic complexity did not differentially influence the speed of production for 

either fluency group.    This suggests that adults can produce words that differ in terms of 

complexity of motor movements equally as quickly. However, these findings may be 

compromised by the use of the IPC as our measure of phonetic complexity.  As 

previously stated, the IPC may not be able to adequately distinguish between single-word 

productions of high and low phonetic complexity in individuals past the pre-linguistic 
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babbling stage (Ratner, 2005).  Nevertheless, the research completed thus far examining 

the influence of phonetic complexity has only used this particular measure. Thus, it was 

important to explore the application of this measure in a task that would control for the 

variables that were not controlled in previous studies.  Future investigations with 

phonetic complexity using a measure that is based on adult speech are warranted, but, to 

this author’s knowledge, no such measure currently exists. Thus, a first step would be the 

development of this type of measurement based on adult speech.   

 Although there was no difference for either the AWS group or the AWNS in the 

speed of their naming of the words of high versus low phonetic complexity,  the AWS 

group named all pictures across both conditions consistently more slowly than AWNS.  

Smits-Bandstra (2010) reported, after reviewing various studies that used reaction time 

tasks with persons who stutter, that when the stimuli is relatively “simple” (e.g. one-word 

tasks [such as in the present study]) persons who stutter  are consistently slower than 

persons with no stutter (PWNS).  Therefore, the difference between groups in their speed 

of picture naming in the present study was not surprising, and simply suggests that adults 

who stutter are slower to name pictures than adults who do not regardless of the 

complexity of those words.  

Accuracy of Production 

 There were no significant differences between groups relative to the accuracy of 

production in either the low or the high phonetic complexity condition, but both fluency 

groups produced significantly more error productions (i.e., non-target) in the low than in 

the high phonetic complexity condition. This seems to support the notion that motor 
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complexity influences accuracy. However, it is also possible that factors other than 

phonetic complexity may have contributed to these results.  

For example, one could argue that the words within the low phonetic complexity 

may have differed in terms of lexical variables such as neighborhood density or word 

frequency. However, that argument would not apply to the present study as the words in 

both complexity conditions were equally distributed relative to high and low word 

frequency and neighborhood density. Perhaps, it was not the words, but rather it was the 

picture that depicted the words that contributed to the differences found in accuracy 

between the high and low phonetic complexities.   

Upon closer look at the pictures, it does appear that a few of the low IPC picture 

items may have been uniquely more ambiguous or could have another potential name 

than the high IPC pictures. For example, rain was one of the low IPC pictures and some 

participants in both groups referred to it as puddle, as the picture had rain droplets 

forming a puddle. Dinosaur was another low IPC picture target word and there were 

participants in both groups who provided a specific name for it such as “Brontosaurus,” 

rather than simply saying dinosaur. Goat and dresser were additional low IPC words that 

again resulted in different target productions, but the errors were so frequent that, unlike 

rain and dinosaur, these two words were excluded from the final data corpus. The only 

high IPC words that were either ambiguously pictured or had another potential name 

were rug and tub and given the significantly high number of errors on these two words, 

they were excluded from the data corpus. Therefore, although the results seem to suggest 
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an accuracy and complexity relationship, such a conclusion should be interpreted with 

caution given to the variability of the pictures presented.  

Fluency of Production 

 Results indicate that phonetic complexity does not have an effect on whether or 

not the word will be produced disfluently.  Although these findings are contradictory to 

the findings of Howell and colleagues (Dworzynski & Howell, 2004; Howell & Au-

Yeung, 2007; Howell, Au-Yeung, Yaruss, & Eldridge, 2006), the methodological 

difference between the present study and previous ones may account for the conflicting 

results. Past research has not controlled for the influence of utterance level variables on 

speech fluency. Thus, any potential impact, for example, the length and/or complexity of 

the utterance produced, may have compromised their interpretation of the influence of 

phonetic complexity on the stuttered/fluent word. For the present study, any contribution 

at the utterance level was removed by having the adults produce only a single word. 

Further, these experimental findings for adult participants mirror the descriptive findings 

of Coalson, Byrd, and Davis (submitted) with child participants, which indicate that the 

complexity of a word, as measured by the IPC does not affect the fluency of production 

in persons who stutter (PWS) from a young age.  

On the other hand, it is also possible that the results regarding phonetic 

complexity and fluency may have been countermanded by the fact that the present study 

only required single word production.  Past research has shown that single words are 

easier to produce fluently than utterances (see Bloodstein & Bernstein Ratner, 2008).  

However, as was previously discussed, it is also possible that any previous difference in 
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the phonetic complexity of words produced disfluently  at the utterance level may have 

been  compromised by the complexity and length of utterance within which the words 

were produced.  Additional research examining the conversational speech of adults while 

controlling for length and complexity at the utterance level is needed to better understand 

whether the differences between the present study and the findings reported by Howell 

and colleagues are related to the task difference itself or perhaps to previous lack of 

control for confounding variables 

CONCLUSION 

 It is not yet known if it is the combined contribution of phonological and motoric 

instability that contributes to stuttered speech, or if perhaps one variable plays a more 

significant role than the other. However, if it takes the adult who stutters longer to access 

the phonological spell out and he/she is particularly vulnerable to speech breakdown 

when producing motor movements that are more complex, this combined instability of 

processing and production would seemingly present the ideal environment for stuttered 

speech. That being said, present results do not support this hypothesis at least not when 

the IPC is used as the measure of phonetic complexity.  Instead, present findings indicate 

that phonetic complexity does not affect reaction time, nor does it appear to increase 

moments of disfluency in AWS.  While certain limitations of the present study exist, 

these findings are a valuable contribution towards the continued search for answers to 

what may cause and/or intensify stuttering in adults. 

 

  



 29 

Appendices 

Appendix A  

High IPC Lexical Properties 

Word Sound Freq Nbors IPC 

bread brEd 3.05 9.00 4.00 

fox faks 2.85 8.00 6.00 

corn korn 2.97 13.00 4.00 

hat h@t 3.65 25.00 4.00 

leg lEg 2.93 9.00 4.00 

ring rIG 3.22 18.00 4.00 

rug r^g 3.26 12.00 4.00 

shirt SRt 2.81 8.00 5.00 

sink sIGk 2.78 11.00 5.00 

swing swIG 3.11 9.00 5.00 

bathtub b@Tt^b 2.52 0.00 4.00 

camel k@mL 1.95 3.00 5.00 

desk dEsk 2.56 1.00 5.00 

giraffe JX@f 2.04 0.00 5.00 

helmet hElmxt 2.04 0.00 5.00 

mushroom m^Srumz 1.60 0.00 4.00 

penguin pEGgwxn 2.11 0.00 5.00 

snowman snom@n 2.57 0.00 4.00 

umbrella ^mbrElx 2.00 0.00 5.00 

zebra zibrx 1.48 0.00 4.00 

 
Mean 2.58 6.30 4.50 

 
Max 3.65 25.00 6.00 

 
Min 1.48 0.00 4.00 

 
SD 0.59 7.15 0.60 

 
Range 1.48 to 3.65 0 to 25 4 to 6 

 

 

 

 



 30 

 

Low IPC Lexical Properties 

Word Sound Freq Nbors IPC 

belt bElt 2.72 8.00 3.00 

cow kW 3.23 9.00 1.00 

goat got 2.79 12.00 3.00 

moon mun 3.15 13.00 2.00 

pen pEn 2.88 16.00 2.00 

rain ren 3.59 23.00 3.00 

shoe Su 3.31 19.00 2.00 

sun s^n 3.01 18.00 2.00 

tie tY 3.37 22.00 0.00 

tree tri 3.71 9.00 2.00 

banana b|n@nx 2.40 1.00 2.00 

dresser drEsX 2.54 1.00 2.00 

guitar g|tar 1.60 0.00 3.00 

hanger h@GX 1.00 0.00 3.00 

dinosaur mIrX 2.36 0.00 3.00 

onion ^nyxn 1.90 0.00 1.00 

panda p@ndx 1.00 1.00 1.00 

stroller strolX 1.00 0.00 3.00 

teapot tipat 1.30 0.00 3.00 

waffle wafL 2.32 0.00 2.00 

 
Mean 2.46 7.60 2.00 

 
Max 3.71 23.00 3.00 

 
Min 1.00 8.00 0.00 

 
SD 0.89 8.40 0.88 

 Range 1 to 3.71 0 to 23 0 to 3 
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Appendix B 

Line Drawings corresponding to target words 

 

1. bread 

 
2.  corn 
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3. fox 

 
 

 

 

 

 

 

4. hat 
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5. leg  

 
 

 

 

6. ring  
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7. rug 

 
  

 

8. shirt 
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9. sink 

 
 

 

 

 

 

10. swing 
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11. belt 

 
12.  cow 
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13. goat 

 
 

 

14. moon 
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15. pen  

 
 

16. rain  
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17. shoe 

 
  

 

18. sun 
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19. tie 

 
 

 

20. tree 
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21. bathtub 

 
22.  camel 
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23. desk 

 
 

 

24. giraffe 
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25. helmet  

 
 

 

 

 

 

26. mushroom 
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27. penguin 

 
  

 

28. snowman 
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29. unbrella 

 
 

 

30. zebra 

 

 
 

 

 



 46 

31. banana 

 
 

 

32.  dresser 
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33. dinosaur 

 
 

 

 

 

34. guitar 
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35. hanger 

 
 

 

36. oinon 
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37. panda 

 
  

 

 

 

38. stroller 
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39. teapot 

 
 

 

 

 

40. waffle 
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Appendix C 

Pictures corresponding to training words 

 

 

1. pineapple 

 

 
 

 

2.  apple 

 

 

 



 52 

3.  bird 

 

 

 
 

4.  heart 
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