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Introduction
Stuttering is a speech disorder that is characterized by interruptions in the flow of speech. These interruptions can include the repetition of words or parts of words, the prolongation of word sounds, and blocks, which involve a period of silence and extreme effort to say a word. Stuttering occurs in around five percent of children and about one percent of adults (Bloodstein et al., 2021). There appears to be a genetic component to stuttering, and studies on the brain show anatomical and electrical differences.(Chang et al., 2008; Khedr et al., 2000). It is also unclear why some children who stutter spontaneously recover while others persist into adulthood. Despite years of research on stuttering, the etiology of the disorder is as yet unknown.
Earlier Research on Timing Differences
	Research has indicated that one contributing factor to stuttering could be a deficit in auditory processing. One of the first studies to test this hypothesis was a behavioral reaction time study (Rastatter & Dell, 1985). This study compared a group of people who stutter (PWS) to people who do not stutter on the speed at which they touched the picture of a word they heard through a headset. PWS were found to have slower reaction times, which laid the groundwork for the theory that they have timing delays in auditory processing. At this point, future research is needed to determine the mechanisms behind this delay in the reaction time of PWS.
One study compared the effects of delayed auditory feedback (DAF) on PWS with and without abnormalities in the planum temporale of the brain (Foundas et al., 2004). Delayed auditory feedback uses headphones to delay the perception of speech by the speaker. The planum temporale is an area in the brain located near Wernicke’s area that can be impaired in PWS. However, since stuttering is complex with many etiologies, not every PWS has abnormalities in the planum temporale. The Foundas et al. study found that PWS who did not have anatomical abnormalities of the planum temporale did not experience improved fluency with DAF. The conclusion was that planum temporale abnormalities could cause an interruption in the feedback of speech since it is an area of the brain that is located near the language center, and DAF may compensate for this disruption. It is likely that PWS who do not have planum temporale abnormalities instead have abnormalities in other structures that are important for speech. Following the study, it is still unclear why only PWS with planum temporale asymmetries experienced improved fluency with DAF. While this study raised questions about differences in the neuroanatomy of PWS, it also reiterated the idea that stuttering is a disorder that interrupts the timing processes of speech. 
 Hampton and Weber-Fox (2008) investigated whether auditory processing of simple stimuli differed between PWS and people who do not stutter (PWNS). This study presented participants with nonlinguistic tonal stimuli and used electroencephalography (EEG) to record event-related potentials. They specifically analyzed the N100 and P200 components. The study found no statistical differences in the latencies or amplitudes of the ERPs between groups, suggesting that despite the possible relationship between stuttering and deficits in auditory processing, early cortical processing of simple stimuli like tones or clicks is not affected in PWS. Another study that used nonlinguistic stimuli (Prestes et al., 2016), used random gap detection tests with pure tone stimuli and analyzed long latency auditory evoked potentials. Not only did they find that the PWS performed poorer on the behavioral gap detection test, but they also observed group electrophysiological differences. The stimuli used in EEG testing were tone bursts presented every 1.1 seconds for a total of 300 presentations. The latencies for the N2 and P3 components were significantly longer in PWS than in persons who do not stutter. The N2 and P3 components were later than the peaks (N100 and P200) used in the Hampton and Weber-Fox (2008) study, suggesting that processing deficits are more pronounced for later cognitive components. Nevertheless, because of this conflicting information regarding how PWS process nonlinguistic stimuli, research has sought to determine if using linguistic stimuli could provide a clearer picture of how temporal processing is affected in PWS. 
In addition to the unknowns of how linguistic information is processed in PWS, there are gaps in research on earlier cortical event-related potentials. Many existing studies choose to analyze the P300 peak or later peaks. For example, studies like Weber-Fox & Hampton in 2008 and Maxfield et al. in 2012 only looked at differences in the N400 and P600 peaks. These later peaks represent the stages of linguistic processing involved with semantics and grammar. However, examining earlier peaks like the P1 and N1 could reveal differences in the earliest stages of processing linguistic information, which includes attention and tuning to speech-related sounds in noise.  
Temporal Processing of Linguistic Stimuli 
Because of the higher prevalence of stuttering among children, many EEG studies sample children, so it is unclear whether their results apply as well to PWS whose stuttering persists into adulthood. One of the first studies investigating timing differences in adult PWS was from Tahaei et al. (2014). This study used the frequency-following response (FFR) to look at temporal processing and neural synchrony at the level of the brainstem. The stimulus used in this study was a 40 ms syllable /da/ delivered for 3000 sweeps at a rate of 10.9 per second. They also used multiple sweeps of a nonlinguistic click stimulus as a control. Consistent with Hampton & Weber-Fox’s findings, the click stimulus produced similar response latencies and amplitudes in PWS and persons who do not stutter (PWNS). For the linguistic stimuli, significantly longer latencies were found in onset peak and offset peaks in PWS compared to the latencies in PWNS. 
The study from Tahaei et al. was the first study that examined subcortical responses to linguistic stimuli in adults who stutter, and there is still much that is unknown about temporal processing deficits in adults who stutter. One limitation of the study was that it only investigated the subcortical response, so the effects of these subcortical timing delays on cortical responses are unknown. Another area of this study that could be expanded is the stimulus used. The syllable 40-ms /da/ is limited to the consonant-vowel transition and does not contain a steady-state vowel. In contrast, a naturally produced word contains different phonemes that can be used to differentially compare responses between groups of listeners. 
Many studies on temporal processing have been done in other domains of research with different populations, such as aging or language-based learning impairment. An example of a study that explicitly tested temporal processing in older adults compared to younger adults was Roque et al. (2019). This study discovered differences in temporal processing between younger and older adults using behavioral and EEG testing. The stimuli were the words DISH and DITCH, and the words only varied based on the duration of silence before the last affricate/fricative sound. They obtained perceptual identification functions to a seven-step DISH-DITCH continuum that differed in 10-ms increments from 0 ms (DISH) and 60 ms (DITCH).  FFR and cortical responses were recorded to the endpoints of the continuum. They found that older adults had lower stimulus-to-response correlations in the FFR and longer cortical latencies than young adults. The longer latencies were most apparent for the later cortical components, specifically the P2 and P1b peaks. During behavioral testing, older adults with normal hearing required a longer period of silence before the last affricate/fricative to choose DITCH than younger adults. This suggested that aging in the brain likely interrupts systems in the brain that encode timing. We expect that a temporal processing deficit would affect behavioral performance and neural processing in PWS in a similar manner to the way older listeners are affected.
Like Tahaei et al., we will use linguistic stimuli to record EEG data from adult PWS. However, to test temporal processing that requires the detection of a silent interval, we will use the DISH/DITCH continuum. In our study, we expect that PWS will require a longer duration of silence before the last affricate/fricative sound of DISH/DITCH to identify the word DITCH. For the FFR portion, we expect that PWS will have lower stimulus-to-response correlations and phase locking compared to persons who do not stutter (PWNS) in response to the DITCH stimuli. Finally, we expect that cortical EEG testing will reveal longer latencies in waves for PWS as compared to PWNS. 
[bookmark: _Hlk153566758]Methods
Participants
	The participants were younger to middle-aged adults aged 18-50 with normal hearing and native English proficiency. Hearing thresholds were obtained through pure tone audiometry and all participant thresholds were at or below 15 dB HL. All participants were free of neurological and middle ear disorders and had native English proficiency, determined by a participant history questionnaire. The participants included five individuals who did not stutter and five individuals who self-identified as PWS. Multiple methods of recruitment were used. Recruitment fliers were placed in buildings at the University of Maryland. The study was also advertised through Facebook and the National Stuttering Association newsletter. The procedures of this study were evaluated and approved by the Institutional Review Board of the University of Maryland. All participants gave informed consent and were compensated for their time. 
Stimuli
	The stimuli used for testing were DISH and DITCH, which are contrasting speech tokens. These words differ only on one acoustic duration cue, which is the period of silence before the last affricate of DISH (0 ms) and the last fricative of DITCH (80ms). The words were recorded from an American adult male speaker. At one end of the continuum was DISH, which contained the final fricative /ʃ/ and a period of silence of 0 ms. The word on the opposite end of the continuum was DITCH, which is comprised of the initial stop, a vowel, closure, and the final fricative and an 80 ms period of silence. To ensure that the identification was based on solely the silence duration cue, the last fricative of DITCH was removed and with the /ʃ/ fricative from the word DISH. The silence duration before the final fricative was decreased in increments of 10 ms until 0 ms. During the perceptual portion of the study, participants were presented with seven steps of the DISH-DITCH continuum with a period of silence ranging from 0 ms to 80 ms. During electrophysiology (EEG) testing, participants were only presented with DITCH.
Procedure
Perceptual
	Participants were given an identification task that used the DISH-DITCH continuum, similar to the task used in Gordon-Salant et al. (2006) and Roque et al. (2019). To complete the task, the participant was seated in a sound-attenuated booth in front of a computer. Three boxes were displayed on the computer screen. One was labeled “Begin Trial” and two boxes below it read “DISH” and “DITCH”. The participants selected “Begin Trial” at their own pace to initiate each trial. Each stimulus was presented at 75 dB SPL monaurally to the right ear. Participants clicked either “DISH” or “DITCH” on the screen to identify which stimulus they heard. Before testing, a training session was completed in which participants were presented with either of the two extrema on the DISH-DITCH continuum. Participants were given feedback and had to achieve 90% accuracy before moving on to experimental trials. During testing, the participants were presented with stimuli that varied across the DISH-DITCH continuum, and each stimulus was presented 10 times. Participants were not given feedback after making their selections during the testing phase. The participants were encouraged to equally distribute their guesses between “DISH” and “DITCH” if they were unsure which they heard. MATLAB (MathWorks, Version 2021a) was used in another room to control experimental runs and record responses.
EEG
	Participants were seated in a sound-attenuated EEG recording booth and watched a silent movie with subtitles during EEG recording to promote a relaxed, wakeful state. Recordings were collected in one recording session which lasted around one hour.  
	The “DITCH” stimulus was presented monaurally to the right ear at 75 dB SPL using Presentation software (Neurobehavioral Systems, Inc.), and responses were recorded by the BioSemi ActiveTwo acquisition system (BioSemi B.V.). Responses were recorded via a 32-channel electrode cap and average earlobes (A1 and A1) as references. For the FFR, the stimulus was presented with alternating polarities at a rate of 1.74 Hz, and a minimum of 2000 artifact-free sweeps were collected from each participant. For the CAEP, the stimulus was presented with alternating polarities at a rate of 0.47 Hz to collect a minimum of 600 artifact-free sweeps.
Data Analysis
Perceptual
	For each step along the DISH-DITCH continuum presented to participants, the percentage of DISH responses was calculated. The slope and 50% crossover point, which is the boundary between the stimulus categories, were calculated from the responses. A linear regression was calculated on the whole response. The equation x = (50 – b)/a, where a and b correspond to the slope and y-intercept respectively, was used to calculate the 50% crossover point from DISH to DITCH (Wichmann & Hill, 2001).
EEG
	FFR data reduction. The FFR data were imported from BioSemi using custom MATLAB scripts. Only sweeps that had an amplitude of +/- 30 μV were factored into the analysis. The data were filtered through a 70-2000 Hz band pass zero-phase, fourth-order Butterworth filter. The sweeps of both polarities of the stimulus were averaged with a 363 ms time window. 
	Stimulus-to-response correlations. The stimulus-to-response (STR) correlation was calculated to measure how well the response waveform matched the waveform of the stimulus “DITCH”. The stimulus was filtered with the same bandpass filter as used for the response. The STR correlation is an r value calculated by the cross-correlation function in MATLAB. The waveform of the stimulus was shifted by changing the time value between 10 to 300 ms to find the maximum correlation to the response. 
	Phase-Locking Factor. The phase-locking factor (PLF) is determined by evaluating how well the response phase is consistent from trial to trial. Better encoding of the speech envelope has been linked to better speech intelligibility (Giraud & Poeppel, 2012; Luo & Poeppel, 2007). Given that other studies have found temporal delays in people who stutter, it is worth investigating whether phase locking is also a factor. Procedures similar to previous studies (Jenkins, Fodor, Presacco, & Anderson, 2017; Tallon-Baudry, Bertrand, Delpuech, & Pernier, 1996) were used to calculate a phase-locking factor. To improve the frequency resolution at the different tested frequencies, complex Morlet wavelets were used. At each time x frequency point, the wavelet was combined with the response, which produced a phase value in radians and an amplitude in arbitrary units. For each sweep, the amplitude was normalized to 1. The normalized values were then averaged across all trials. The Morlet wavelets allowed the signal to be converted from 80 to 800 Hz. This signal was used to calculate the PLF respective to the temporal envelope (PLFENV) The PLFENV values for the fundamental frequency of the vowel /ɪ/ of the stimulus were calculated and averaged. To calculate the PLF to the temporal fine structure (PLFTFS), Morlet wavelets were used to convert the signal from 300 to 2000 Hz. The PLFTFS values for the first formant (420 Hz) and second formant (1800 Hz) of /ɪ/ of the DITCH stimulus were calculated and averaged. 
	Cortical. The cortical EEG recordings were first filtered through a 1-30 Hz, zero-phase, fourth-order Butterworth bandpass filter. Eye movements were removed from this data using regression-based electrooculography. (Romero, Mañanas, & Barbanj, 2006; Schlögl et al., 2007) Each sweep was counted from the time window of -500 to 1000 ms from the onset of the stimulus. The data was recorded using a 32-channel electrode cap, from which a minimum of 500 artifact-free sweeps were collected. The 500 sweeps were averaged to create the final response. A denoising source separation algorithm was used to ensure that only artifact-free sweeps were accepted. MATLAB was used to automatically pick prominent cortical peaks within the final response that fell within certain expected time regions. MATLAB picked and calculated the amplitudes of the prominent peaks: P1 (40-90 ms), N1 (100-150 ms), P2 (150-210 ms), and Pb (210-270 ms). 
Statistical Analysis
	Because the data were not normally distributed, the Mann-Whitney U test was calculated to test for group differences (AWS vs. AWNS) were calculated for FFR variables (STR, PLFENV, and PLFTFS). Fisher transformation was conducted on the r-value of the STR correlation before analysis. This method was also used to evaluate differences in peak latencies and amplitudes of the CAEPs between groups and in the slopes and 50% crossover points between groups. For the perceptual portion of testing, univariate one-way analyses of variance were used to evaluate group differences in the slope and 50% crossover points. Spearman’s correlations were used to investigate any associations among perceptual, peripheral, cortical, and midbrain results. Since multiple comparisons were made, the false discovery rate was used to reduce type I errors. Version 23.0 of SPSS was used to conduct all statistical analyses.
Results
Perceptual
	The average identification functions which are based on the percent identification of “Dish” of the AWS and AWNS are shown in Figure 1. This depicts the perceptual judgments of silence duration when presented with the DISH-DITCH continuum. The slope and 50% crossover points were calculated for both groups. Mean crossover points and standard errors were 43.20 ± 4.68 and 40.93 ± 2.07 for AWS and AWNS respectively. Mean slopes and standard errors were -1.71 ± 0.64 and -2.57 ± 0.38 for AWS and AWNS respectively. AWS showed a shallower slope in their identification function, but similar crossover points. It is also worth noting that an outlier was present in the AWS group, shifting the apparent crossover point to the left in the figure. However, no group effects were found for either measurement (all ps > .05).
EEG
FFR
	STR. The stimulus-to-response correlation (STR) measures how accurately the neural activity of the brainstem correlates with the waveform of the stimulus presented. The stimulus waveform and average waveform for both groups are displayed in Figure 2. For the stimulus DITCH, there were no group differences found. (p >.05) Despite the lack of significant findings, AWS demonstrated a poorer correlation of the response waveform to the stimulus waveform (0.328 ± 0.047) compared to the AWNS group (0.406 ± 0.11). 
	Envelope PLF. Figure 3 displays envelope phase locking to the stimulus DITCH in the AWS and AWNS groups. The phase locking to the 90-Hz fundamental frequency was similar between groups with no observable differences. (p >.05) The AWS group had a mean envelope PLF of 0.072 ± 0.02 and the AWNS group had a mean envelope PLF of 0.062 ± 0.02. 
	Fine Structure PLF. Figure 4 displays phase locking to the quickly modulating fine structure of the stimulus DITCH in the AWS and AWNS groups. Statistical analysis showed no significant differences between the groups. (p >.05) However, upon observation, AWS demonstrated on average a smaller phase locking factor to the fine structure (0.037 ± 0.004) compared to AWNS (0.063 ± 0.020). 
Cortical
	Amplitude. Cortical auditory evoked potential (CAEP) waveforms were obtained from DSS analysis and are displayed in Figure 5. The amplitudes of the major components of the waveforms (P1, N1, P2) were quantified and compared between the two groups No statistical differences were found between groups in amplitudes (p >.05). However, mean amplitudes for the earlier peaks were slightly greater in AWS (P1 = 2.10 ± 0.406, N1 = 2.15 ± 0.420) compared to AWNS (P1 = 1.61± 0.201, N1 = 2.14 ± 0.28). Contrarily, the mean amplitude of the later peak was slightly smaller in AWS (P2 = 2.12 ± 0.43) compared to AWNS (P2 = 2.32 ± 0.21).
	Latency. Latencies were identified from the prominent peaks of denoised CAEPs of both groups. Similar to the amplitudes of the peaks, there were no statistical differences between groups (all p values >.05). However, visual inspection of the waveforms shows apparent latency differences. Waves P1 and N1 appeared to have greater latencies in AWS (P1 = 90.21 ± 6.29, N1 = 108.77 ± 9.01) compared to AWNS (P1 = 66.41 ± 5.29, N1 = 101.17 ± 7.45). There appeared to be no differences in the latency of P2 between groups. (AWS = 175.17 ± 3.99, AWNS = 173.15 ± 8.16)
Perceptual and Neural Relationships 
	Longer 50% crossover points on the perceptual task were related to higher cortical P1 amplitudes (ρ = 0.83, p < 0.01).  
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Figure 1. Average identification functions for AWS and AWNS of the percentage of identifications of DISH as a function of silence duration in milliseconds. No significant differences were found, but AWS had a slightly shallower slope.
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Figure 2. Top panel: DITCH stimulus waveform. Bottom panel: average response waveforms for adults who stutter (AWS; red) and adults who do not stutter (AWNS; blue) No group differences were found, but AWS had a lower mean stimulus-to-response (STR) correlation than AWNS. 
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Figure 3. Average phase-locking factor (PLF) to the temporal envelope of the DITCH stimulus according to time and frequency. Warmer colors indicate stronger PLF. There were no statistical or visually observable differences between groups. 
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Figure 4. Average phase-locking factor (PLF) to the temporal fine structure (TFS) of the DITCH stimulus according to time and frequency. Warmer colors indicate stronger PLF. No statistical differences were observed. However, AWS had a lower mean PLF TFS compared to AWNS.
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Figure 5. Average cortical auditory evoked potentials obtained through the denoising source separation algorithm (DSS) for the stimulus DITCH. The waveform for adults who stutter (AWS) is displayed in red and the waveform for adults who do not stutter (AWNS) is displayed in blue. 
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Figure 6. Individual 50% crossover point for each participant on the perceptual task plotted as a function of cortical P1 amplitude. The shaded area = the confidence interval.

Discussion
	Stuttering is a speech disorder that is poorly understood. Despite previous research, the etiology and mechanisms involved in stuttering remain relatively unknown. Early research done by Rastatter & Dell (1985) and Foundas et al. (2004) has suggested that stuttering involves impaired speech processing rather than simply impaired speech production. However, the cortical and subcortical correlates of this impairment in speech processing have not yet been analyzed. This study aimed to investigate both subcortical and cortical levels of processing by analyzing participants’ abilities to use temporal cues for phoneme identification. Existing research has already established cortical delays in temporal processing at higher levels of auditory processing, so this study was an important step in determining where the delays emerge from. On the perceptual task, adults who stutter required a longer period of silence before the final affricate to perceive the word DITCH instead of DISH than the adults who do not stutter. Though not statistically significant, AWS showed poorer neural representations of the word DITCH. This was characterized by poorer mean STR correlations and poorer mean phase locking to the temporal fine structure of the stimulus. There were no statistical or observable differences in AWS for phase locking to the envelope of the waveform. Though also not significant, AWS showed larger cortical amplitudes in the earlier occurring peaks, and smaller mean amplitudes for later peaks, consistent with what is found with age-related temporal processing deficits  (Roque et al., 2019). AWS also showed slightly longer latencies for earlier peaks. 
Perceptual
	The goal of perceptual testing was to determine if neural delays in temporal processing translated into differences in word and phoneme perception. While not significant, the shallower slope in AWS could suggest that neural delays translate into comprehension difficulties. The inability to properly code duration cues could lead AWS to mishear what is said in challenging listening situations. Our results are consistent with the results in the study by Roque et al., (2019) which examined temporal processing in older compared to younger participants. This indicates that AWS, like older adults, likely have worse temporal processing compared to young AWNS.
EEG
FFR
	Previous subcortical research on AWS has revealed that a poorer brainstem response is only observed with linguistic stimuli. Research on the speech-evoked auditory brainstem response (sABR) in AWS done by Tahaei et al, 2014 revealed no differences in click-ABR but found delays in the sABR for the linguistic stimulus /da/. This suggested that rather than global delays, AWS might only have impairments in speech-related pathways. To further investigate this subcortical delay and expand upon the speech-ABR results, we analyzed STR and PLF in the FFR of adults who stutter.
	When encoding speech stimuli, the brainstem creates neural representations of both the temporal fine structure (TFS) and the envelope of the speech waveform. Our research determined that though not significant, AWS had a poorer representation of the TFS compared to AWNS, but there were no observable differences in the encoding of the envelope. This is characteristic of those with temporal processing deficits, as described in the study by Roque et al., 2019.  The envelope is used to construct the foundation of speech and modulates slowly at a frequency of 2-8 Hz. (Poeppel & Assaneo, 2020) Based on prior studies on temporal processing and this current study, it is reasonable that envelope modulations are slow enough that even populations with temporal processing deficits can encode it properly. Depending on if the stimulus is presented monaurally or binaurally, the brainstem can phase lock to the TFS up to 1500-10,000 Hz (Verschooten et al., 2019). These modulations, which fluctuate much more rapidly than the envelope, contribute to speech perception, especially in noisy environments (Moore, 2008). The lower mean PLF to the temporal fine structure in AWS was likely a result of the brainstem’s inability to phase lock to these fast signals. 
	 The stimulus-to-response correlation (STR) measures how accurately the waveform of the stimulus is represented by the brainstem. Accurate stimulus representations are important because they are what the cortex uses to identify and comprehend the stimulus. Poorer mean STR in AWS could have consequences for identifying a stimulus or result if cortical maladaptive compensation due to a lack of afferent input. (Anderson et al., 2020; Roque et al., 2019) 
Cortical
	In this study, we analyzed prominent CAEP peaks that come from the cerebral cortex during the process of sound perception. Each prominent peak refers to different stages of processing at the cortical level. These peaks in activity represent processing that occurs before the participant consciously perceives the sound. Peaks P1 and N1, which occur earlier, correspond to the initiation of perception and the triggering of attention to a sound, respectively (Näätänen and Winkler, 1999). Our study found greater mean amplitudes for P1 and N1 in AWS, which indicate greater energy used during these stages of processing. Additionally, we were able to link greater P1 amplitudes to later 50% crossovers. This indicates that the cortex is expending more energy than normal to initiate the perception of the stimulus. Because of the link to the perceptual results, this might indicate that worse speech perception is a consequence of this increased expenditure. 
As discussed above, reduced phase locking to the TFS can lead to poorer speech perception, particularly in noise. One explanation for the increased amplitude of P1 and N1 is that AWS might need to compensate for the brainstem in the early stages of cortical processing. A poorer representation of the sound by the brainstem might cause the cortex to work harder to orient towards it. The N1 wave in particular is sensitive to fine temporal events like stop onsets in speech (Elangovan & Stuart, 2011). This could be another reason that reduced phase locking to the TFS could lead to increased early cortical peaks. Peak P2, which is a later CAEP, is hypothesized to represent the identification of the auditory object (Ross et al., 2013). Our study found a slightly reduced P2 amplitude in AWS. Reduced processing during object identification could lead to impaired word processing. 
Increased mean latencies were identified particularly in P1 and N1 for AWS, which could indicate that processing time is increased for this population. Delays as small as a few milliseconds could impact phoneme perception and therefore the perception of entire words, as shown by perceptual results above.  
Limitations
	Time constraints created limitations for this study. Within the limited time window of testing, only five AWS responded to our recruitment ads and were tested. In other significant EEG studies with PWS (Mock et al., 2016; Tahaei et al., 2014), sample sizes were commonly ten participants or more. Our small sample size required us to use nonparametric tests to analyze data. Based on visual inspection of data means, it is likely that a larger sample size would have decreased some of the p-values to levels of significance. Additionally, time constraints prevented the analysis of the impact of stuttering severity on different conditions in the study. In the future, stuttering severity will be determined from speech samples and analyzed.
Conclusions
	No statistical differences were found between groups for all measurements. However, poorer mean FFR components and delayed cortical processing were observed in AWS. Perceptual data also showed poorer performance in determining silence durations in words. Poorer brainstem encoding and delayed cortical processing likely have negative consequences on speech perception in adults who stutter. These results contribute information about the etiology of stuttering. Of the many causal theories of stuttering, our results show particularly strong support for the ‘internal models and feedback-biased motor control’  proposed by Max et al. (2004) This theory states that stuttering arises from a mismatch of the motor speech plan and the auditory feedback during speech. This mismatch is said to arise from delays during speech perception, as supported by our results. Individual disfluencies are attempts to make up for the delays and match speech output to the motor plan. The amount of dependence on auditory feedback each AWS inherently has for monitoring their speech could be a factor that contributes to stuttering severity. 
These findings could also have implications for speech therapy techniques, possibly including components that address temporal processing deficits. It is not yet known if other temporal components of speech processing are impacted. Future studies should investigate other temporal contrasts and whether auditory training could improve word perception or decrease mental load.
	Future directions of this study will likely involve testing on an additional population of adults who recovered from childhood stuttering. Other more recent research on stuttering involves tracking children from stuttering onset to persistence or recovery. One longitudinal study by Chow et al. in 2023 found that children who persisted in stuttering showed anatomical differences in gray and white matter at the cortical and subcortical levels. It is likely that testing a group of adults who recovered from stuttering would reveal electrical differences at both the cortical and subcortical levels compared to AWS. 
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