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Abstract  
  
A common recommendation for communication partners of people with hearing loss is  

to speak clearly, but how effective is this simple instruction? Does everyone produce clear 

speech using the same strategies? Is clear speech produced when given minimal instruction the 

same as that produced when competing background noise is present? The present study 

examined the acoustic characteristics of passage level speech produced in four different 

conditions. Twelve talkers (8 female, 4 male) with a mean age of 21 years were audio recorded 

reading three paragraph length passages. In the first condition talkers read each passage 

conversationally as though speaking to a friend. In the three experimental conditions, talkers 

were instructed to speak as clearly as they could, speak as clearly as they could in the presence of 

multitalker babble, and speak as clearly as they could in the presence of speech-shaped noise. 

The babble and noise were presented over headphones at a level of 75 dB SPL. Acoustic 

measures examined changes in rate, frequency, and intensity across condition. Results of this 

study help clarify what changes talkers make in response to instructions to speak clearly 

compared to conditions with competing background noise.    
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Introduction  
  

The study of clear speech is relevant to populations and situations including individuals 

with hearing impairment, individuals with motor speech disorders, communication in degraded 

listening conditions, as well as speech recognition programs. Park et al. (2016) defined clear 

speech as referring “…to a speaking style where talkers spontaneously modify their habitual 

speech to enhance intelligibility for a listener” (p. 98). The injunction to speak clearly is often 

made by speech language pathologists, audiologists, and anyone who would like a talker to 

increase his or her intelligibility, without an understanding of what specific changes the talker 

needs to employ to make the speech easier to comprehend, if all talkers change their speech in 

the same way, or if talkers are even aware of what they do differently. The proposed study 

examines acoustic changes made by talkers based on instructions to speak clearly and conditions 

in which they speak in the presence of competing background noise.  

A common thread throughout the literature is that individuals employ different strategies 

during clear speech in different situations, however, several trends have been noted by separate 

researchers based on acoustic analyses. Sentence duration increases in clear speech compared to 

conversational speech through the addition of pauses and lengthening of speech sounds, 

especially vowels. Talkers spoke with greater intensity (loudness) in clear speech than in 

conversational speech. This increase in intensity has been reported based on both instructions to 

speak clearly in the absence of other stimuli (e.g., background noise) as well as with competing 

background noise. Fundamental frequency was also found to increase during clear speech tasks 

in both conditions. Vowel space was expanded, with formant frequencies more likely to reach 

target values during production of clear speech (Picheny, Durlach, & Braida, 1985, Ferguson et 

al., 2010, Ferguson & Kewley-Port, 2007, Smiljanić & Bradlow, 2009). Krause and Braida 
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(2004) found a variety of factors including increased energy in the 1-3kHz range of long term 

spectra, increased modulation depth of low frequency modulations of the intensity envelope, 

frequency of stop burst releases, voice onset time for word-initial voiceless stop consonants, and 

short-term vowel spectra all changed during clear speech compared to conversational speech. 

Even though differences have been documented in clear speech versus conversational speech, do 

all of these differences contribute to improved intelligibility or are only a few meaningful to 

listeners? Are the differences similar when speech is produced in adverse conditions (e.g., a 

noisy environment) compared to instructions to speak clearly to improve intelligibility (e.g., 

when speaking to an individual with a hearing impairment).  

The phenomenon of people speaking more loudly and with greater precision in noisy 

environments was first documented in 1911 by Etienne Lombard and is known as the Lombard 

effect. Many of the speech characteristics found to be altered when speech is produced in noise 

overlap with those described in clear speech literature where changes to speech production are 

the result of specific instruction. As an example of the Lombard effect, Van Summers et al. 

(1988) asked talkers to produce digits 0 to 9 in quiet and noise, finding that amplitude, duration 

and fundamental frequency all increased in noise, and that the spectral tilt of the utterances 

flattened out, meaning that in the presence of noise 80 dB or higher, a greater proportion of 

energy was present in higher frequencies. The formant frequencies were higher in the noise 

conditions for one talker but were not significant in the other. Listeners recognized the digits 

produced in noise more accurately than those in quiet and the authors suggest that as the signal-

to-noise ratio decreases in a listener’s environment, acoustic changes made to a talker’s speech 

become more important to speech recognition. These changes are made by the talker as a 

response to noise rather than specific instructions, but the major acoustic features of this speech 
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are similar those reported in the clear speech literature discussed above. While there are many 

studies published involving the Lombard effect, one limitation of the research is that it does not 

specifically address which changes made during production are beneficial to listeners or whether 

there are different patterns of clear speech used by talkers in varying environmental situations 

(e.g., a background of babble versus noise).  

Evidence of listener benefit from speech produced in a noisy situation compared to 

speech produced in a quiet environment comes from Hazan, Grynpas and Baker (2012). They 

suggest that talkers can also subconsciously alter their speech to counteract adverse noise 

conditions in ways that positively benefit a listener. The modifications talkers made to words 

produced in a background of multitalker babble were processed faster by listeners when the 

samples were presented with a background of multitalker babble compared to speech samples 

produced in quiet or vocoder-countering tokens that were presented to listeners in an 

environment with multi-talker babble present. These findings suggest that talkers may do 

something differently based on the speaking environment (i.e., background noise) compared to 

instructions to speak clearly in a quiet environment. In fact, talkers may be able to produce 

multiple kinds of clear speech that can be tailored to fit specific conditions. Krause and Braida 

(2004) have also suggested that there are many different patterns associated with production of 

clear speech. Similarly, Ferguson and Kewley-Port (2002) propose that different types of clear 

speech are appropriate for different populations and situations. Although talkers may consciously 

make certain efforts to alter their speech, the large number of features that make up running 

speech make it almost certain that modifications are also taking place subconsciously to 

counteract specific communication barriers.  
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Ferguson and Kewley-Port (2002, 2007) have reported that the speech of some talkers 

was naturally more intelligible than others when producing clear speech with a background of 

babble with a signal-to-noise ratio of -10 dB. These groups were designated as “Big Benefit” 

(BB) from clear speech and “No Benefit” (NB) from clear speech. Analyzing the vowels 

produced by talkers in their BB versus NB groups, the authors found that, “Although both groups 

made their vowels longer, expanded their vowel spaces, and raised F2 for front vowels on clear 

speech, these increases were significantly greater for the BB talkers than for the NB talkers. In 

addition, only the BB talkers expanded their vowel spaces on the F1 dimension” (p. 1253). These 

findings suggest there are specific changes that lead to better speech intelligibility in adverse 

conditions. “Given the large number of features that can vary during speech production, it seems 

likely that individual talkers might take very different approaches to speaking clearly. This 

scenario is particularly likely when talkers receive only very general clear speech instructions…” 

(p. 1248).  

Elicitation of clear speech from normal talkers to study acoustic changes in speech 

production is often based on instructions to the talker to speak clearly. To examine the possible 

effects of a variety of instructions on the same talkers, Lam and Tjaden (2013) recorded talkers 

under four conditions: conversation, clear speech, speaking as though to a hard of hearing 

person, and over articulating. Although the range of improvement in intelligibility was large, 2 - 

47% among individual talkers, the trend was for talkers to be rated most intelligible in the over 

articulation condition, followed by speaking to a hard of hearing person, then clear speech and 

conversation. While some talkers did not improve their speech intelligibility significantly, this 

study provides us with a tantalizing first step to giving more effective instruction to unimpaired 

talkers. If audiologists and speech language pathologists provide more specific instruction to 
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communication partners than to “remember that their spouse has a hearing loss” or to “speak 

clearly”, their clear speech production may be used more consistently with greater benefit by 

patients. These patients may then perceive more benefit from clear speech plus amplification 

and, therefore, enjoy better social interaction. Another clear speech instruction that has been used 

in several studies is to speak at a slower rate (Smiljanić & Bradlow, 2009, Picheny, Durlach, & 

Braida, 1985, Ferguson et al., 2010), however, when training was provided to talkers, Krause and 

Braida (2002) were able to elicit clear speech in experienced talkers at rates over 200 words per 

minute, which is a rate faster than previously reported in the literature. Although clear speech 

was achieved at faster speaking rates, they were still not faster than common rates of 

conversational speech (Krause & Braida, 2002). The authors hypothesized that with more 

training, rates of clear speech could get even faster and seem more natural to the talkers. The 

question remains, however, whether the slower rate used in clear speech is a key benefit for 

listeners.  

Caissie et al. (2005) studied the difference in speech recognition scores between a talker 

who was simply asked to speak clearly in comparison to a talker who received clear speech 

training (practice with feedback). The authors found that providing training to the 

communication partner of an individual with hearing loss produced more consistent and lasting 

change in a greater number of acoustic parameters. Even though untrained clear speech aided 

recognition performance in both impaired and unimpaired listeners, trained clear speech had the 

possibility of bringing the speech recognition of a hearing impaired listener using amplification 

up to the level of a normally hearing person, particularly when listening in noise. No research has 

specifically addressed the question of whether changes in production made in response to 

instruction are the same as those made in an environment with background noise, however.  
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To address questions of whether talkers are aware of changes associated with clear 

speech production, Ferguson et al. (2010) asked talkers with no reported speech, language or 

hearing impairments to read sentences in their typical conversational speech patterns and then 

again using clear speech “as they would if they were talking to a person with hearing loss” (p. 

48). Talkers were asked afterward what strategies they had used to make their speech clearer. 

The most commonly reported strategies included speaking more loudly and placing extra stress 

on content words. Acoustic analysis was then completed to determine whether strategies reported 

by talkers matched the changes in their speech. Regardless of whether talkers reported making 

specific changes, the noted changes used equally by both groups (those who reported specific 

changes and those who did not) based on the acoustic analysis included pitch change, slower rate 

and vowel space. Although not all talkers made the same changes to their speech production or 

reported all of the changes they did make, the authors concluded that that talkers could be trained 

to consciously alter the way they speak to make it clearer in specific ways.   

Overall, it appears that talkers do make changes to production in response to both 

instructions to speak clearly and in the presence of background noise. The changes made in the 

two conditions and across listeners appears to be quite variable. Knowing exactly what acoustic 

features of clear speech that would maximize intelligibility for hearing impaired listeners would 

be helpful for families and professionals alike, however the many possible configurations of 

hearing loss and auditory processing impairments, on top of the multitude of fine adjustments 

talkers can make during speech have made the task of defining beneficial clear speech a 

challenge. Specific features have been found to be helpful or unhelpful for some listeners. For 

example, Gordon-Salant (1987) found that increasing consonant to vowel ratio aided elderly 

hearing impaired listeners in the recognition of nonsense syllables. However, what may increase 
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intelligibility of an utterance for one population may decrease it for another. Ferguson and 

Kewley-Port (2007) cautioned against assuming that any and all clear speech modifications made 

that benefit normal listeners would benefit hearing impaired listeners. Some, such as raising the 

second formant, showed benefit for normal listeners but had the opposite effect for impaired 

listeners not using amplification (Ferguson & Kewley-Port, 2002). Although the results of 

studies into clear speech seem promising, there is a lack of research into the most effective way 

to implement clear speech as a potential therapy technique with talkers as well as their 

communication partners.  

One limitation of studies looking at clear speech is that the speech tasks used were very 

short samples, isolated syllables, words and sentences, which may not be representative of 

changes that occur in conversational speech or impact intelligibility at that level. It is not known 

whether the increased clarity of speech noted in the speech perception studies in particular can be 

sustained by talkers over longer periods of speech or more complicated utterances. The present 

study elicited longer sets of running speech (reading passages) to examine whether changes in 

speech production can be maintained over a longer time period. Acoustic measures were based 

on entire passages and therefore, may be more applicable to changes that occur in conversational 

speech. This study also directly compared changes made in response to instructions to speak 

clearly in quiet versus speaking clearly with competing background noise. It is not clear based on 

the literature whether authors of previously published studies on clear speech prompted through 

either the use of instructions or background noise believe they are eliciting the same changes in 

speech production or if they believe that the effects are different based on the paradigm used.  
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The goals of the present study were:  

1) To determine whether talkers change acoustic characteristics of their speech in response to the 

instruction to speak clearly and maintain these changes across paragraph length material.  

2) To determine whether talkers change acoustic characteristics of their speech when asked to 

produce clear speech in the presence of competing background noise, and whether this was 

maintained across paragraph length material.  

3) To compare changes in speech production made based on instruction only versus instructions 

plus noise.  

   
  
Method  

The method used in this study was approved by the Institutional Review Board at the University 

of Arizona.   

  

Talkers  

Talkers included 12 young adults (8 females, 4 males) with a mean age of 21 years (range 

= 19-23 years). Individual talker characteristics are shown in Table 1. Talkers reported English 

as their primary language. All talkers were judged informally by the investigator to have no 

speech or voice impairment. Talkers passed a hearing screening at 20 dB HL (0.5, 1, 2, 4, KHz). 

The QuickSIN (Etymotic Research, 2001) was administered to all talkers as a measure of SNR 

loss (signal-to-noise ratio loss). The SNR loss is relevant because speech understanding in noise 

cannot be reliably predicted from a pure tone audiogram (Killion & Niquette, 2000). Three lists 

were administered to each talker. The first was used as a training list and the other two were 

averaged to obtain an SNR loss score. Eleven of the 12 talkers had SNR loss levels that were 
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considered normal while one talker (talker 12) had a score indicating a mild SNR loss (4.5 dB). 

Scores from the QuickSIN were used as a covariate in the statistical analysis.  

  
  
Table 1: Age, Sex, and QuickSIN score for individual talkers  
  

Talker   Sex   Age 
(years)  

QuickSIN 
score  

1   Female   24   -0.5  

2   Female   20   2  

3   Female   20   1.5  

4   Female   20   2  

5   Female   23   1.5  

6   Female   19   2  

7   Female   20   0.5  

8   Female   22   0  

9   Male   23   0.5  

10   Male   21   0  

11   Male   21   0  

12   Male   20   4.5  

  
 

 

Speech Tasks  

Talkers were asked to read three short passages aloud. The passages included: The 

Caterpillar (Patel, et al., 2013), the Farm script (Crystal & House, 1982) and the Hunter script 

(Crystal & House, 1982). Details of the passages are shown in Table 2. The text for the passages 
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and sentences were printed on card stock in font size 20, Times New Roman font and placed on a 

music stand at a comfortable height for each talker. 

 

  

 Table 2: Descriptive characteristics of the passages read by each talker.   

  

Passage   No. 
words  

No. 
syllables  

Mean 
syllables per 

word  

Utterance Types  

Caterpillar   197   261   1.33   statement/interrogative/  
exclamation  

Hunter   279   312   1.12   statement  

Farm   313   313   1   statement  

   
  
  
  

Experimental procedures  

Speech tasks were recorded in a double-walled sound booth using a AKG CS1000S microphone 

and a digital recording system (ZOOM, H5 HandyRecorder). Talkers maintained a standing 

position during the recordings, where the mouth to microphone distance was maintained at 30 

cm. A calibration tone was recorded and measured prior to the start of each session. During all 

four conditions (see below), talkers wore a pair of closed, around-the-ear headphones 

(Sennheiser HD 280 Pro). Headphones were calibrated using a Larson Davis 824 sound level 

meter with a 1-inch microphone. The A scale was used so that noise was presented at 75 dBA.  

The experimenter was in the room with the talkers to deliver verbal instructions, monitor 

the recording equipment and be a token listener. The experimenter maintained a pleasant neutral 
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expression throughout and monitored the accuracy of the reading on a separate copy of the 

material read by the talkers.  

The talkers read the three passages one time each under four conditions (sparrow, 

phoenix, parrot, flock). In each condition, the talkers wore the same set of calibrated over the ear 

headphones. The talkers wore the headphones even for the conditions in which no sound was 

being played through them (sparrow and phoenix), to maintain a constant physical stimulation 

from the headphones throughout. In between recording each passage, the experimenter asked the 

talkers to remove the headphones to receive instructions, take a short break, and have a drink of 

water if desired.  

The sparrow condition was first for all talkers. Conditions phoenix, parrot, and flock 

were counterbalanced using a random number generator. Before each passage, the talkers 

announced their talker number, current condition and the passage name. Each condition was 

named after a bird so as not to bias the talkers. Instructions and details for each condition are 

listed below.  

  

Sparrow condition (control): headphones in place, no background noise, conversational 

speech  

“I would like you to read these passages and sentences using your normal voice as though 

speaking to a friend in conversation. I will be standing in as the friend.”  

   

Phoenix condition (instructions): headphones in place, no background noise, instructions 

to speak clearly  

“I would like you to read the passages and sentences again, but now imagine that we are 

in a noisy room and speak as clearly as you can.”  
19



  

Flock condition (babble): headphones in place, multitalker babble at 75dB, instructions 

to speak clearly   

“I would like you to read the passages and sentences to me again, speaking as clearly as 

you can.”  

  

Parrot condition (speech-shaped noise): headphones in place, speech-shaped noise at 

75dB, instructions to speak clearly   

“I would like you to read the passages and sentences to me again, speaking as clearly as 

you can.”  

   

Each recording session lasted approximately one hour.  
 
  
Data Analysis  

Praat software was used to divide the data by passage and condition. A total of three 

audio files (wav format) per talker and condition were compiled, one for each passage. There 

were a total of 12 audio files per talker.  

For each passage, acoustic analyses were performed automatically based on the following 

steps that were executed with custom analysis algorithms (Story, 2016) written in Matlab 

(Mathworks, 2016).  

1. An RMS amplitude trace was computed across each audio file. This was used to 

determine the exact duration of the passage (total speaking time) and time points that bracketed 

all pauses greater than 0.3 seconds in duration. These were used in subsequent calculations of 

speech rate and articulation rate.  
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2. A periodicity detector was used to find the time points bracketing all voiced segments 

in each audio file. These points were then used to limit subsequent analyses of fundamental 

frequency (fo
1), syllable detection, formant frequencies, and voiced segment duration to only the 

portions of each audio file where voicing was present.  

3. The temporal location of syllable nuclei were detected as peaks in the RMS amplitude 

calculated across each voiced segment. This provided a syllable count and intersyllable duration.  

4. Speech rate was calculated as the total number of syllables divided by total duration of 

the passage.  

5. Articulation rate was calculated as the total number of syllables divided by the 

difference of the total duration of the passage and the cumulative duration of pauses greater than 

0.3 seconds.  

6. Instantaneous fo was obtained with an algorithm that detected the length of each glottal 

cycle throughout every voiced segment. The mean fo was then calculated across all cycles.  

7. The recorded calibration signal was used to determine the time-varying sound pressure 

level (SPL dB) across each passage or set of sentences. The mean SPL was calculated across the 

duration of the passage.  

8. A voice range profile typically shows measured SPL values plotted against 

corresponding fo values. In this study, the time-varying SPL and fo quantities were used to plot 

the “normalized voice range density” (VRD). The SPL and fo values were first normalized to 

their mean values, and fo was converted semitones. In a grid spanning plus/minus 6 semitones in 

the x-dimension and plus/minus 6 dB in y-dimension, the number of [fo, SPL] pairs that were 

present within a unit radius of every point in the grid were counted. Thus, every grid point was 

assigned a density value that represented how often the talker was producing fo and SPL values 
                                                                                                 
1 The notation used in this thesis is based on Titze et al. (2015).  
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in particular region of the grid. These were then plotted with a jet color map for the density range 

was indicated on a scale of dark blue, for low density, to red for high density.   

9. The first two formant frequencies, F1 and F2, were estimated across every voiced 

segment with a standard LPC algorithm. The window size was set to 0.04 seconds and the 

number of coefficients was based on the mean fo determined in a previous step. The analysis was 

overlapped such that an [F1, F2] pair was generated every 0.01 seconds.  

10. The [F1, F2] pairs were used to generate a “vowel space density” (VSD) plot. The 

formant values were normalized by first subtracting from each [F1, F2] pair the mean values 

across a given passage and then dividing by the mean value. This generally limits the range of 

both F1 and F2 to values from [-1, 1]. Much like the VRD, a grid spanning [-1, 1] in both the x- 

and y-dimensions was used to assess the density of the normalized formant pairs. These were 

also plotted with a color map where blue corresponded to low density and red to high density. 

The end product is a representation showing where in the vowel space a talker spent most of 

their time over the duration of a given passage. The vowel space density plot can be used to 

demonstrate whether the vowels are distinct (widely spaced) or centralized (narrowly spaced) 

during speech production.   

In summary, the quantities measured for each passage and set of sentences were the 

following:  

Timing measures: Total speaking time (sec), articulation time (sec), voiced time (sec), pause 

time (sec), number of pauses (pause was defined as > 0.3 sec), articulatory rate (syll/sec) [pauses 

removed], and speech rate (syll/sec) [pauses included]  

Frequency measures: mean fo (Hz) and fo coefficient of variation  

Intensity measures: mean SPL (dB)  

22



In addition, plots of normalized voice range profile density (VRD) and vowel space 

density (VSD) were generated for each talker, task, and condition. Both were analyzed 

qualitatively with regard to the shapes and sizes of density clouds present in each plot.  

  

Statistical Analysis  

The effect of condition on the acoustic measures was examined using a mixed model analysis 

with the QuickSIN score used as a covariate. Ten acoustic measures were tested statistically with 

Bonferroni correction used to control the alpha level.   

  

Results  

No statistically significant differences between passages were found, therefore, all results 

presented below are based only on “The Caterpillar” passage. This passage was selected as it 

included multiple types of utterances: statement, interrogative, and exclamation. In all of the 

figures shown, talkers 1-8 are female and talkers 9-12 are male.  

  

Timing Measures  

Plots showing total speaking time, articulation time, ratio of voiced time to total time, 

pause time, number of pauses, articulatory rate, and speech rate are shown in Figures 1-7.   

Total speaking time (Figure 1) was shortest in the sparrow condition (control) for seven 

of 12 talkers. For these talkers (#1, #2, #3, #6, #7, #9, #11) all three clear speech conditions were 

longer in duration with phoenix (instructions) and flock (babble) having longer total speaking 

times than the parrot (speech-shaped noise) condition. Four additional talkers (#4, #5, #10, #12) 

had increased speaking time in some of the conditions compared to the sparrow condition 

(control) but the pattern was not consistent. For three of these talkers, total speaking time was  
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Figure 1: Total speaking time (sec) for individual talkers based on “The Caterpillar” passage 
across conditions. 
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longest in the parrot (speech-shaped noise) condition compared to either phoenix (instructions) 

or flock (babble). One talker (#8) had shorter speaking times for the three experimental 

conditions compared to the control condition (sparrow). The pattern of total articulation time 

(Figure 2) was similar to that seen for total speaking time with most talkers increasing their 

articulation time in response to instructions to produce clear speech with or without background 

noise. One talker (#8) decreased articulation time similarly to the decrease seen in total speaking 

time. The ratio of voiced time to total time did not differ across conditions (Figure 3). Based on 

the descriptive findings, these two variables (total articulation time and ratio of voiced time to 

total time) were not included in the statistical analysis.  

The total pause time (Figure 4) increased in the experimental conditions compared to the 

control condition for nine of 12 talkers. Among these talkers, there was some variability in which 

experimental condition was associated with the longest pause time. For six talkers (#2, #3, #4, 

#6, #9, #10) the phoenix condition (instructions) resulted in the longest pause time compared to 

the background noise conditions (flock and parrot). For two talkers (#5, #7) , the babble (flock) 

led to the longest pause time. For one talker (#4) pause time increased when presented with 

instructions to produce clear speech (phoenix) or in the presence of babble (flock), however, 

pause time decreased when speech-shaped noise (parrot) was presented. For the remaining two 

talkers (#8, #12) pause time decreased in the experimental conditions compared to control speech 

(sparrow).   

The number of pauses (Figure 5) ranged from 9 to 30 across conditions, with eight talkers 

(#1, #2, #3, #5, #6, #7, #9, #11) pausing the least number of times for the sparrow (control) 

condition and six talkers (#2, #4, #5, #6, #10, #12) pausing the most number of times in the  
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Figure 2: Total articulation time (sec) for individual talkers based on “The Caterpillar” passage 
across conditions. 
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Figure 3: Ratio of voiced time to total time for individual talkers based on “The Caterpillar” 
passage across conditions. 
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Figure 4: Total pause time (sec) for individual talkers based on “The Caterpillar” passage across 
conditions.  A pause was defined as being longer than 0.3 sec. 
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Figure 5: Number of pauses for individual talkers based on “The Caterpillar” passage across 
conditions.  A pause was defined as longer than 0.3 sec. 
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phoenix condition (instructions), followed by parrot (speech-shaped noise). The increased 

number of pauses was highly correlated with total pause time (r2 = .97).  

Articulation rate (Figure 6) and speech rate (Figure 7) were highly correlated for all 

talkers (r2 = .94) even though differences were seen in total pause time and number of pauses as 

described previously. Because of the high correlation, only articulation rate was included in the 

statistical analysis. Both rate measures varied across condition, with half of the talkers increasing 

their articulation and speaking rates in the experimental conditions compared to control 

condition. The other half of the talkers, however, decreased or maintained constant articulation 

and speaking rates across conditions. These findings suggest that talkers made changes to both 

rate and pause time in the experimental conditions. For three talkers, #5, #8, and #9, who had 

larger differences in articulation rate across condition compared to other talkers (Figure 6), it 

appears they relied more on rate changes than changes in pause structure in the experimental 

conditions.   

The variables of total speaking time, articulation rate, speech rate, number of pauses, and 

pause time were tested statistically. There was a main effect of articulation rate (F(3) = 3.407, p 

= .02), but no no main effect for total speaking time, number of pauses, or pause time. Pairwise 

comparison for articulation rate was significant between sparrow and flock (p = .004) and 

sparrow and parrot (p = .004).   

  

Frequency Measures  

Plots showing the frequency related measures can be seen in Figures 8-10. These plots 

show mean fo, coefficient of variation (in percent), and percent change in fo across condition, 

respectively. Based on the plots showing mean fo as well as the coefficient of variation, it is 

difficult to discern a pattern across talkers or condition. However, when we plot the percent  
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Figure 6: Articulatory rate (syllables/second) for individual talkers based on “The Caterpillar” 
passage across conditions. Articulatory rate is calculated with pauses time removed.  
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Figure 7: Speech rate (syllables/second) for individual talkers based on “The Caterpillar” 
passage across conditions. Speech rate is calculated with pause time included.  
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Figure 8: Mean fundamental frequency measured in Hertz for individual talkers based on “The 
Caterpillar” passage across conditions.   
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Figure 9: Coefficient of variation (in percent) for fundamental frequency produce by individual 
talkers based on “The Caterpillar” passage across conditions.   
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Figure 10: Percent change in fundamental frequency of each condition relative to the control 
condition (sparrow).  
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change in fo across condition (Figure 10) two patterns emerge. Six talkers (#1, #2, #4, #5, #6, 

#11) increased their fo relative to the sparrow (control) condition when they were instructed to 

produce clear speech in the absence of background noise (phoenix condition) but increased their 

fo when background noise was present (flock and parrot conditions). Three talkers (#8, #9, #12) 

did the opposite; they decreased their mean fo in the experimental conditions relative to the 

control condition (sparrow). The remaining three talkers (#3, #7, #10) decreased their fo when 

instructed to use clear speech (phoenix condition) but increased fo in the background noise 

conditions (flock and parrot). Change in mean fo and variance in fo were tested statistically 

across condition. The main effect was significant for both variables, mean fo (F(3) = 7.827, p = 

.000) and coefficient of variation for fo (F(3) = 7.968, p = .000). Pairwise comparisons between 

sparrow-flock (p = .000), sparrow-parrot (p = .000), and sparrow-phoenix (p = .017) were 

significant for both variables.   

  

Intensity Measures  

Mean SPL across condition can be seen in Figure 11 for all talkers. SPL ranged from 

approximately 78 to 90 dB depending on the condition. The change in SPL across condition is 

also shown in Figure 12 relative to the sparrow condition (control). As seen in Figure 12, seven 

of 12 talkers (#1, #2, #3, #4, #5, #6, #11) increased their mean SPL in the three experimental 

conditions compared to the control condition (sparrow). The mean increase in SPL was 5 dB 

across talkers and conditions. Four talkers (#7, #8, #9, #10) decreased their SPL when they were 

instructed to produce clear speech without the presence of noise (phoenix). These same talkers 

did not change their SPL relative to the sparrow condition (control) when noise was present. 

There was a significant main effect for mean SPL across condition (F(3) = 7.762, p = .000).  
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Figure 11: Mean sound pressure level measured in decibels for individual talkers based on “The 
Caterpillar” passage across conditions.   
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Figure 12: Change in sound pressure level of each condition relative to the control condition 
(sparrow).  
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Pairwise comparisons between sparrow-flock (p = .000), sparrow-parrot (p = .000), and 

sparrow-phoenix (p = .025) were statistically significant.  

   
Voice Range Density  

  The voice range density (VRD) plots are shown in Appendix A. These plots show the 

range of intensity used by the talker versus the range of fo. In order to normalize each plot across 

talkers (especially male versus female), the SPL values are shown in dB relative to the talker’s 

mean intensity, and the fo range is indicated in semitones above and below the mean. The VRD 

plots were examined visually. Three talkers (#2, #3, #10) did not show differences in their VRD 

profile across condition. The remaining nine talkers produced changes in SPL and fo with three 

distinct patterns emerging. Three talkers (#1, #4, #5) increased their VRD profiles in all 

experimental conditions. Increased area was seen on both axes, indicating increased use of both 

frequency and intensity. Three talkers (#7, #8, #11) increased their use of intensity (shown on the 

y-axis) for the two noise conditions (flock and parrot). No change was noted for the phoenix 

condition (instructions). Talker #6 also produced changes mainly in use of SPL for the noise 

conditions, however, this talker also increased their use of both SPL and fo range during the 

phoenix condition (instructions to produce clear speech). Talkers #9 and #12 had changes in 

primarily their use of intensity in the phoenix (instructions) and flock (babble) conditions.   

  
Vowel Space Density  

The vowel space density (VSD) plots for individual talkers are shown in Appendix B. 

VSD plots were examined visually to look for changes in area that would be representative of 

increased vowel dispersion. Seven talkers (#2, #3, #4, #8, #9, #10, #11) did not appear to change 

their vowel production in any of the experimental conditions compared to the control condition 
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(sparrow). Three talkers (#6, #7, #12) increased vowel dispersion in the phoenix (instructions) 

and parrot (speech-shaped noise) conditions but not in the flock condition (babble). One talker 

(#5) appeared to increase vowel dispersion in all three experimental conditions compared to the 

control condition (sparrow). The final talker (#1) increased vowel dispersion in the phoenix 

condition (instructions) but appeared to centralize their vowels in both of the background noise 

conditions (flock and parrot).   

   
Discussion  

The present study examined production of paragraph length passages to document 

changes in the acoustic characteristics in response to instructions to speak clearly in a quiet 

environment as well as with competing background noise. The variability across talkers in the 

present study is consistent with that reported in the literature, indicating that not all people 

produce clear speech the same way, even when given the same instructions to speak clearly or in 

the presence of the same noise conditions. Statistically significant differences found for the three 

experimental conditions compared to the control condition included changes in mean articulation 

rate, an increase in mean fo and the coefficient of variation, and an increase in mean SPL. There 

was no consistent pattern noted when comparing production of clear speech in quiet compared to 

either clear speech produced with a background of speech-shaped noise or babble, however.   

Statistically significant differences in acoustic measures, with one exception, were based 

on comparison of the control condition (sparrow) with one of the experimental conditions 

(phoenix, flock, parrot). The only exception was the comparison of phoenix (instructions) versus 

parrot (speech-shaped noise) for the measure of articulation rate. For all talkers, the control 

condition (sparrow) was recorded first in the experimental protocol. This was done so as not to 

bias a talker’s typical production, however, the order may have inadvertently affected acoustic 
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measures of typical speech production. While the talkers had the opportunity to look through the 

passages before recording, this condition represented the first time they read each passage aloud. 

It was possible that they read more slowly because of this. Some of the phrasing and vocabulary 

may also not have been typical for the individual talkers, leading them to need to repeat some 

sentences. We did not examine repetitions, specifically, however, it is possible that the use of a 

slow rate, inclusion or lengthening of pauses, or repeating words/phrases/sentences may be a 

product of the task or experiment order used in the present experiment and not be representative 

of a talker's typical speech production. Despite this concern, for 7 of the 12 talkers, the total 

speaking time was shortest in the sparrow condition (control). For nine talkers, pause time and 

number of pauses was lowest in this condition as well. These findings were consistent with 

expectations. One puzzling finding, however, was that articulation rate (calculated with pauses 

removed) was lowest in the sparrow condition for six talkers. This would suggest some effect of 

the novel reading task on production. The hypothesis based on the literature, was that rate should 

be faster for conversational speech compared to clear speech (Krause & Braida, 2002). This 

finding highlights the need to include a spontaneous or conversational clear speech task in future 

protocols examining clear speech. Regardless, the findings in the present study demonstrate that 

talkers produced speech differently in the clear speech conditions compared to the control 

condition.  

 Main effects were found for a number of variables, however, it was surprising that no 

consistent patterns of change were seen across conditions. Comparison of results reported in the 

literature suggested that the amount of change expected for specific acoustic variables was larger 

in conditions where noise was used to elicit clear speech (Van Summers, et al., 1988) compared 

to instructions only (Lam & Tjaden, 2013). This comparison of values reported in the literature 

41



was done post hoc and was based on different groups of talkers as well as different protocols. 

Therefore, it may not have been an appropriate comparison. On the other hand, data in the 

present study support Ferguson and Kewley-Port (2002, 2007) finding that some talkers are 

naturally more intelligible than others and that use of clear speech may be different across 

groups.   

Direct comparison of the change in fo and SPL for the experimental conditions compared 

to sparrow can be seen in Figures 10 and 12, respectively. The majority of talkers increased their 

fo in response to instructions for clear speech, however only four talkers had an additional 

increase when a competing background noise was added. A similar pattern is seen for SPL. Only 

three talkers (#3, #4, #6), increased SPL more when noise was present compared to the 

instructions to produce clear speech in quiet. The combination of change in fo and SPL can be 

seen in the VRD plots (Appendix A). Qualitative analysis of the VRD shows that three talkers 

produced primarily on changes in SPL during the experimental conditions (#7, #8, #11), others 

(#9, #12) relied primarily on frequency changes, while a third group of talkers (#1, #4, #5) 

utilized both variables in combination. Similarly, qualitative analysis of the VSD plots suggest 

that five talkers increased vowel dispersion (distinctiveness) in some of the experimental 

conditions but not others. Talker #5 increased vowel dispersion in all three experimental 

conditions compared to the control (sparrow) condition. Four additional talkers (#1, #6, #7, #12) 

increased dispersion in some but not all experimental conditions. Talker #1, surprisingly, 

appeared to centralize her vowels in the two noise conditions. It is interesting that this group of 

talkers produced changes in frequency (fo as well as F1, F2) as well as changes in SPL in some 

varying combinations. There is another set of talkers, however, who did not respond consistently 

to instructions to produce clear speech and noise based on any of the acoustic measures used.  
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 All of the talkers used in the present study were naive to the purpose of the study and the 

reading passages represented a novel task that had not been studied previously in the clear 

speech literature. Based on these two things, and failure of some talkers to respond in the 

experimental conditions, the authors decided to complete the protocol and analyses for two 

talkers (1 female, 1 male) with experience in public speaking and knowledge of the study (AB 

and BHS). Results show large changes in the expected direction for the acoustic measures 

completed. Both talkers increased their total speaking time, articulation time, pause time, and 

number of pauses. Speaking rate and articulation rate decreased for BHS but did not change for 

AB. Mean fo and SPL also increased for both talkers. Similar to the naive talkers used in the 

present study, however, the only differences existed between the conversational task (sparrow) 

and the experimental conditions. No systematic differences were seen within the experimental 

conditions. This can be seen clearly in the VRD and VSD plots shown in Figures 13 and 14 for 

AB and Figures 15 and 16 for BHS. For AB, VRD increased primarily in the frequency 

dimension (x-axis) in the experimental conditions. Change in SPL was also noted for the flock 

(babble) condition. For BHS, in contrast, VRD increased in both the frequency and intensity 

dimensions. This dispersion also seen in the VSD plot for BHS was also dramatic, particularly 

for the phoenix (instructions) and parrot (speech-shaped noise) conditions. The VSD plots for 

AB showed more dispersion in the F1 dimension for the two background noise conditions (flock 

and parrot). Results from these talkers clearly demonstrate differences in production across the 

experimental condition, but again fail to show any differences between the instructions only 

versus instructions plus noise conditions.   

One acoustic measure reported in the literature having benefit for listeners, but not 

completed in the present study was amplitude of the long term average spectrum (LTAS). Krause  
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Figure 13: Voice range density plot for talker AB. 
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Figure 14: Vowel space area for talker AB. 
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Figure 15: Voice range density plot for talker BHS. 
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Figure 16: Vowel space area for talker BHS. 
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and Braida (2004) reported that the amplitude of the spectrum was greater in clear speech 

compared to control conditions within the range of 1-3kHz. LTAS were computed for the two 

experienced listeners to look at energy for the control condition compared to the experimental 

conditions (Figure 17). For AB, only the parrot condition (speech-shaped noise) resulted in a 

greater amplitude compared to the other three conditions. For BHS, however, all three 

experimental conditions had a greater amplitude than the control condition. This finding is 

consistent with what has been reported previously and supports use of this measure in future 

studies.  

   

Limitations of the present study  

One limitation of the present study was that reading unfamiliar passages aloud, while 

closer in length to running speech, is not the same as spontaneous/conversational speech. The 

talkers were focused on accurately reading the unexpected words and phrasing of the passages, 

while in running speech, they would have been choosing vocabulary and phrasing comfortable 

and familiar to themselves. Use of a different task could lead to findings related to articulation 

rate that were in the expected direction, in other words, articulation rates faster for conversational 

speech compared to the clear speech conditions. With an established methodology to examine 

acoustic features based on longer passages, we can now move in this direction.  

A second limitation was that all of the talkers in the present study were young adults, 

with a narrow age range (range = 19-23 years). It is possible that findings would be different for 

other age groups, particularly given that older talkers may have more experience communicating 

with individuals with speech or hearing impairments. This may also be reflected in the larger 

differences seen for the experienced talkers who were older than the talkers used in the present 

study.  
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Figure 17: Long term average spectrum (1-3 kHz) for talkers AB and BHS. 
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A final limitation of the present study was created by the need to record a good acoustic 

signal used for analysis. To do this, talkers wore headphones for every condition, even when no 

sound was presented. Wearing headphones would have altered the aural feedback normally 

available to a talker. Thus, the presence of the headphones could have changed their speech 

production in unknown ways. The alternative would have been to present the noise in a freefield 

using a loudspeaker. Such a methodology has been reported by Dykstra, Adams, and Jog (2012) 

where they presented noise using a loudspeaker located at a 45 degree angle and 150 cm to the 

left of the talker and recorded a signal using a cardioid microphone (AKG C420). Repeating this 

experiment in this condition would provide an interesting comparison.   

  

Future directions  

In addition to directly addressing the limitations described above, a logical next step 

would include a perceptual experiment to examine the benefits of changes in speech production 

related to instructions to speak more clearly versus inclusion of background noise. This could 

involve presenting samples recorded in different conditions to listeners with a low signal to noise 

ratio to determine whether changes made in one recording condition were more beneficial than 

changes made in a different condition. Results of these experiments would enable experimenters 

to determine which changes may be clinically relevant.   

  

Clinical Implications  

The results of the current study support the notion that it is difficult to predict how 

someone will change their speech when asked to speak clearly. This has also been suggested 

previously in the literature. For populations where clear speech has been suggested to be 

beneficial, for example, hearing-impaired listeners or talkers with dysarthria, it is important that 
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clinicians provide specific instructions to clients and communication partners on how to change 

their speech production in an attempt to maximize speech intelligibility and to hopefully promote 

generalization outside the clinic room. 
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Appendix A: Voice range density plots for individual talkers  
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Appendix B: Vowel space density plots for individual talkers  
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