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SUMMARY 

 This project examines the effects of an audio dilation technique to slow the speech rate of audio 

for English as a Second language individuals, using listening skill assessment tests from the Test of English 

as a Foreign Language practice exam textbook. The goal of this research experiment is to measure the 

effect of audio dilation on subject performance on listening skill tasks. 

These listening skill tests were loaded in to software designed to give the user the ability to dilate 

– or slow – the audio at the user’s preference, to measure if this dilation treatment ability would result in 

an increased ability to comprehend the listening skill tests being administered, and subsequently result in 

an increased listening skill test score. These scores would be compared to listening skill tests delivered at 

unaltered, or natural rate, of speed. 

 The experiments were carried out A.) to see if subjects choose to dilate when given the 

opportunity, and B.) To see if there is a difference in test performance between dilation and natural rate 

listening test scores. After the experiment, test subjects were presented a Likert test questionnaire, as 

well as interviewed on their thoughts and opinions about the experiment.  

 The majority of test subjects used the dilation technique when given the opportunity, as well as 

rated their experience positively in both the questionnaire and post-experiment interview. The results 

indicate that, for our population that slowed their audio during the listening skill tests, difference in score 

was statistically insignificant.  
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INTRODUCTION 

The ability to actively listen for meaning and context are critical aspects in linguistics, considered 

to be a cornerstone in language acquisition (Meskill, 1996). In the acquisition of a second language – in 

the case of this research, the English language, the listening skill is considered to be the most important 

aspect in helping an English as a Second Language (ESL) individual in learning the English language (Feyten, 

1991). This is also coupled with the belief that the listening skill is the most difficult skill to learn of the 

four language skills (reading, writing, and speaking being the other three) (Vandergrift, 2004). A common 

metric to measure a person’s English skill level is through their Test of English as a Foreign Language 

(TOEFL) score.  

TOEFL is a standardized test created by the Educational Testing Services (ETS) group to measure 

the English language ability of non-native speakers, most commonly used by individuals wishing to enroll 

in English-speaking universities. The common testing method for TOEFL exams is through the internet, via 

the TOEFL internet based test (iBT), which is administered in over 50 countries, according to the ETS 

website. According to U.S Weekly News, the average Test of English as a Foreign Language score for a 

student to enter a university in the United States is 78. To enter the University of Illinois at Chicago (UIC), 

the score is 80.  

This TOEFL requirement means that in many instances, regardless of intellectual or academic 

prowess in a field of study, a student’s ability to participate at any given university could hinge directly on 

their English language skills, specifically measured through the TOEFL scoring system. Therefore, the 

desire to have a TOEFL score meeting or exceeding the scores required by any given university would be 

highly sought after by the prospective student. Indeed, while tutoring students at UIC and teaching English 

abroad in South East Asia, stories were relayed by ESL individuals about their experiences with preparing 

for, and taking, the TOEFL exam with emphasis on the perceived importance of passing this exam, or 
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scoring high enough, to allow them to attend not just a specific university they may desire, but in some 

cases any university at all in the United States. 

According to the University of Illinois at Chicago’s Office of Diversity, UIC is one of the most diverse 

universities in the nation. This diversity includes their international population, which currently accounts 

for just over 15% of all enrolled students, according to UIC’s Office of International Services. It was because 

of this diverse population that initial exposure to this language acquisition problem was identified. While 

tutoring international students in English, a common request was made: “please slow down” rate of 

speech. Honoring this request and incorporating it into my tutoring seemed to be effective, from a strictly 

anecdotal perspective, but later became something worth exploring, scientifically.   

Coincidentally, while attending a presentation by UIC faculty who introduced their research work, 

looking for students to join them, professor Robert Kenyon introduced the audience to PhD candidate 

John Novak’s audio dilation technique (Novak et al, 2013) which was being used for a series of speech-in-

noise experiments.  The initial parameters of the experiment were laid out during the fall 2015 semester, 

where research was conducted through interviews with individuals from the School of Psychology, the 

Tutorium in Intensive English (TIE) program, a linguistics expert, and others in the field of computer 

science at UIC.  

It was during this time that the notion that the listening skill, a critical aspect of learning, 

particularly in language acquisition, could benefit from the creation of specialized software that would 

dynamically dilate audio as it is being delivered, in real time, to an individual. The premise is rather simple: 

if slowing down speech rate (such as the common practice of using clear speech, when giving directions) 

can help someone to comprehend what they are hearing, then allowing someone to self-control a device 

to allow them to slow the rate of speech of a second language, where they may be in a constant state of 

desiring accentuated comprehension assistance, could be of great benefit in their ability to adequately 
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take in audio information while giving them additional time to process that information, resulting in better 

performance of the task related to that audio input.  

The focus of this research was to implement an audio dilation technique developed by John Novak 

at the University of Illinois at Chicago (Novak et al, 2013), which time-stretches, slowing down audio 

tempo in real-time, as a tool for an ESL individual to use in order to help mitigate listening skill deficiency 

with a self-selection functionality that can be adjusted accordingly. The purpose of this research was to 

examine the effects of audio dilation on comprehension in listening skill ability of ESL individuals 

compared to natural rate speech, with TOEFL listening skills assessment tests as the metric.   

The history of speech rate, whether it be speeding up speech rate or the slowing of speech rate, 

and the effect it has on non-native speakers (NNS) and comprehension has a rich history that is ever-

evolving with technology. Research related to this specific experiment dates back to the late 1960’s/early 

1970’s, where Foulke, Sticht, and Carver began trying to calculate words per minute (wpm) in relation to 

comprehension. According to Nichols and Stevens (as cited by Foulke and Sticht, 1969), the average words 

per minute in conversational speech was 125. Through increasing speech rate, it was discovered that 

listening skill comprehension declined after exposing the listener to speech rate at over 260 to 275 wpm 

(Foulke, 1968) (Foulke and Sticht, 1969) (Carver, 1973).  

On the subject of slowing audio, Friedman and Johnson (1971) proposed the use of slower speech 

rates in language teaching by introducing a technique of inserting pauses in to recorded audio samples in 

order to facilitate dilation (this being their best option to facilitate slowing speech rate, due to technology 

constraints at the time). This concept was in response to their experiment results showing that increasing 

speech rate had no significant effect on Russian and Vietnamese L2 students. By the end of the 1970’s, 

the concept of slowing speech rate iterated to attempting to match listener proficiency and optimal 

speech rates via dilation and compression (Pimsleur et al, 1977) with insertion of pauses in Spanish audio 
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clips. Pimsleur suggested that the average rate of speech for comprehension falls between 160 to 190 

words per minute.  

(Boyle, 1984) further elaborated on the adverse effects of fast speech rate relating to listening 

comprehension in a series of surveys of 30 Chinese teachers and 60 Chinese students, asking their 

opinions on native speakers speech rates and teaching methods related to speech rates. It was after 

analyzing these surveys that he postulated slower speech rates would be optimal in comprehension. In 

the 1990’s, Zhao’s study (1997) was instrumental in providing context for this experiment. Test subjects 

were presented with audio samples that were pre-treated by Zhao at various rates (again, this method 

was deemed the best at the time due to technology constraints), with the test subjects able to pick from 

the rates they preferred. Zhao found that using slowed speech rates resulted in improved comprehension. 

It should be noted that a similar experiment, conducted by Blau several years prior to Zhao, also using 

pre-modified speech rates, showed no statistical significance (Blau, 1990).  

More recent experiments in the effects of slower speech rates include Khatib and Khodabaksh 

(2010), who tested a population of Iranian students on American television shows Oprah and Dr. Phil with 

modified speech rates. The results of their experiment did not show evidence of improved 

comprehension.  The contradicting results in experiments, particularly in terms of finding optimal speech 

rates, may suggest that the speech rate should not be a static variable, and instead be able to be freely 

controlled by the user.  

Numerous works have been insightful in not only the immediate subject at hand of ESL and the 

implementation of techniques to bolster the listening skill, but there has also been a wealth of knowledge 

exposed in the linguistics and psychological aspects of learning a second language, both in the mechanics 

of listening and the derivation of context and meaning involved in listening (Rivers 1981). The importance 

of the listening skill is described best when given the context of its use in the daily life of an individual, 
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where it is measured to be used nearly twice as much as speaking and a staggering four to five times as 

much as reading and writing (Morley, 1999).  

Another aspect important to this research is the concept of pausology (Griffiths 1991), the silences 

added to communication, whether unintentional or for affect, and the role it can play in ESL listening skill. 

The pause, hesitation and the resulting affected speech rate may make comprehension difficult for 

someone unfamiliar with the intricacies involved in speaking the English language; coupled with the 

differences in what one demographic considers a “normal” speech rate compared to another (Zhao 1997) 

have shown to be important factors when considering protocols for experimentation within the realm of 

audio dilation related to listening skill tasks.  

Technology has opened up a wide range of software solutions aiming at assisting acquisition of a 

second language. From popular software suites such as Rosetta Stone (Nielson 2011), the myriad language 

learning apps for mobile devices, to more nuanced applications like speech recognition software to aid in 

pronunciation (Kim 2006), as well as audio manipulating software, or features built within audio software, 

like VLC Media Player, or Windows Media Player. The approach of this work is to suggest that technology 

has reached the point to allow a more comprehensive self-selection rate for the user, which would allow 

an individual to adjust the rate of speech that would be optimal for their ability to comprehend any given 

speech rate they may encounter.  

With technology continuing to evolve, it is not out of the realm of possibility that this work could 

be used in conjunction with the next evolution of listening aids, such as concepts similar to language-

translating earbuds currently available, where one could have easy self-selection of preferred speech rate 

of a physical earpiece through a user interface on their smartphone. This could be useful for those 

interested in language acquisition -instead of outright translation-, but still seeking the assistance of 

technology to aid in language acquisition.   
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METHODS 

Use of Test of English as a Foreign Language (TOEFL), a common standardized testing method to 

determine an individual’s skill as an English language user, was agreed to be the primary metric used to 

reach a target demographic for testing. TOEFL, developed by the Education Testing Service (ETS) non-

profit organization, is used by most United States universities in their selection process of international 

students. The TOEFL internet based test (iBT), is the most commonly used testing method to generate 

TOEFL scores, using four categories: listening, speaking, writing and reading, scored from 0 to 30, to create 

a composite score for the individual, for a maximum score of 120. In the case of University of Illinois at 

Chicago, according to the admissions office, a TOEFL iBT score of 80 is the minimum score required for a 

prospective student (these scores may be higher for other colleges or programs within UIC).  

A. Subject Population: 

The ideal pool for experimentation would consist of ESL individuals with a TOEFL score range 

between 75 and 85 to determine the usefulness of the dilation technique. This metric was refined to target 

individuals with no lower than a 60 TOEFL score, as any individual below this score may be too deficient 

at the English language to find the dilation tool as useful as those within the target score range. In 

compliance with university protocol for experimenting with human test subjects, Internal Review Board 

permission was attained.   

An additional restriction was to limit the target test subject demographic to include only people 

who had lived in the USA for less than one year in order to gather a test subject population that could be 

reasonably assumed to still be within their TOEFL test result score range. The reasoning for this stems 

from the fact that students are not required to continue to prove their English skills once they begin their 

studies in the USA, and so it cannot be determined that the test subject populace could reasonably be 

expected to progress (or regress) at the same rate. Increased duration rates in the USA could result in 
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more variability in language skill as compared to their established TOEFL score, so procurement of subjects 

with more recent TOEFL scores appeared optimal.    

B. Test Environment: 

The test subject is placed in front of a computer with audio files played for them through over-

the-ear headphones. After being presented with the listening test audio clip, the test subject answers five 

multiple choice questions related to the subject of the audio clip they just heard. These questions were 

taken directly from the book The Official TOEFL iBT Tests with Audio test preparation book. For this 

experiment, the blank sheet of paper and writing utensil provided to the user in a standard TOEFL listening 

skill test was removed. It was postulated that having this utility, coupled with the ability to slow the audio, 

could allow the user to slow the audio enough to allow the user to write a transcript of the audio while 

they were listening to it, thus giving an inaccurate test result on the subsequent comprehension test. 

The biggest difference between the TOEFL test and this experiment is the incorporation of the 

dilation software, which allows the user to dynamically manipulate the audio as they are listening to the 

audio clip being presented to them. This dilation is achieved by moving the “dilation slider” (Figure 1A), 

which allows the user to listen from a range of natural (default speed) of the audio clip, to a slowed down 

rate of their choosing. Starting at the right-most tick on the slider bar plays the audio at natural rate. Each 

tick to the left on the slider bar applies one unit of Novak’s dilation algorithm treatment to the audio, up 

to a maximum of 60 ticks/units of dilation. Each tick is 1% dilation, or slowing of audio speed. The further 

the dilation slider is moved to the left, the slower the audio becomes. For example, setting the slider to .5 

results in half speed. The dilation slider is manipulated by the test subject through the use of a standard 

PC mouse. The user can simply click and drag the slider to the desired position of preferred dilation. 
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C. Testing Format: 

The test subject would alternate from being allowed to dilate an audio clip and then having to 

listen to an audio clip in its natural, default speed during the experiment. This provides two benefits: 1.) 

to establish a control parameter and 2.) to compare results against that control parameter within the 

demographic of test subjects. On tests that incorporated dilation, the dilation slider position would be 

randomly placed on the slider bar via random number generator. This functionality was implemented to 

show the user’s intent to dilate, to strengthen the argument that that subject was purposely attempting 

to dilate the audio they were being exposed to.  

D. Complete Protocol: 

 The experimental protocol is as follows: an experiment group of 26 English as a Second Language 

individuals between the ages of 18 and 30, in good physical health (related to hearing), with a target range 

of Test of English as a Foreign Language skill between 75-85, will be presented with six audio tests, chosen 

at random from a pool of nine, from The Official TOEFL iBT Tests with Audio test preparation book. The 

test subjects would alternate between being able to dilate and having to listen to the audio clips in natural 

form. After each audio clip, a related quiz would be presented to the test subject (Figure 2). Following the 

six audio tests, a Likert scale survey and interview would be conducted. It was initially hypothesized that 

test subjects using audio dilation would score higher on dilated TOEFL listening skill tasks than compared 

to natural rate TOEFL listening skill tasks. 

 

 

 

Fig. 2. Diagram of phases of the experiment, starting with the 

training phase and ending with the survey. 
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E. Experiment - User Logging and Training Phase: 

The experiment begins with the logging of the test subject, the researcher, and designating the 

test subject’s status as either a TOEFL (an ESL individual) or a non-TOEFL (native English speaker). After 

logging the users with a non-identifying string of characters, the next phase of the software introduces 

the test subject to the audio dilation process, where they are allowed to experiment with the dilation 

slider in what is known as the Training Phase (Figure 1B). The user is encouraged to move the slider to the 

left-most position (full dilation) and to the right-most position (unaltered audio file, or natural speech 

rate) as well as randomly in between to fully understand the dilation process. The test subject is presented 

with an audio clip of a re-telling of the Gettysburg Address, which gives the user several minutes to 

experiment with the dilation technique. After the training phase, the user is presented with the option to 

either repeat the Training Phase or move on to the Testing Phase.  

F. Experiment - Testing Phase: 

When the test subject is ready, the Testing Phase can begin (Figure 1C). The testing phase consists 

of playing an audio clip taken from The Official TOEFL iBT Tests with Audio test preparation book with 

material one would expect to encounter in the listening skill section of a TOEFL test. As the test subject 

manipulates the dilation slider, the movement is logged in to a text file, including time stamps in the 

milliseconds to later be used to help in creating graphs and determine the amount of time spent at any 

particular dilation setting. It should be noted, in order to determine intent to use the treatment, the 

dilation slider bar position is set at a random setting at the start of the dilation-enabled test phases.  
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Upon the completion of the audio clip presentation, the test subject clicks the Finish button and 

is taken to the associated quiz for the audio clip. The quiz consists of five multiple-choice questions that 

each have four answers to choose from. An example from one of the quizzes: 

What is the main purpose of the lecture? 

A: To introduce a method that can help students remember new information. 

Fig. 1A, 1B, 1C. (1A - top) The dilation slider, when positioned at 

the right-most position, will result in the audio file being played at 

the natural, default speed of the audio clip. Every tick movement to 

the left results in an additional 1% increase of Novak’s dilation 

algorithm being applied to the audio clip, up to a maximum of 60%. 

(1B - middle) The Training Phase displays the Play button and the 

Finish button (available to be clicked only after the Gettysburg 

Address audio clip finishes playing). The Training Phase allows the 

test subject to experiment with dilation. (1C – bottom) The Testing 

Phase, featuring an audio clip that can be dilated, as evidenced by 

the slider bar being present on the screen. The Testing Phase 

functions similarly to the Training Phase. 
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B: To introduce a way to study how information passes from one person to another. 

C: To explain the differences between biological information and cultural information. 

D: To explain the differences between stories, songs, and other pieces of information. 

Why does the professor tell the story about alligators? 

A: To explain the difference between true and false stories. 

B: To draw an analogy between alligator reproduction and cultural transmission. 

C: To give an example of a piece of information that functions as a meme. 

D: To show how a story can gradually change into a song.  

What example does the professor give of a meme's longevity? 

A: A story has been changing since it first appeared in the 1930s. 

B: A person remembers a story for many years. 

C: A gene is passed on through many generations without changing. 

D: A song quickly becomes popular all over the world. 

What does the professor compare to a housefly laying many eggs? 

A: A child learning many different ideas from his or her parents. 

B: Alligators reproducing in New York sewers. 

C: Different people remembering different versions of a story. 

D: A person singing the "Twinkle, twinkle" song many times. 
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According to the professor, which of the following are examples of meme transfer?  (Choose 

two answers.) 

A: Telling familiar stories. 

B: Sharing feelings.  

C: Composing original music. 

D: Learning scientific theory. 

After the listening test clip featuring the ability to dilate is played, the following test clip will not 

allow the test subject to dilate the clip, as evidenced by the entire slider bar being removed from the 

screen. The test subject listens to an audio clip at natural rate, answering the associated quiz accordingly. 

The test subject alternates between being able to use treatment to dilate their audio test and having to 

listen to an audio test in natural state. This is done three times for dilation and three times for control, for 

a total of six audio tests. The order of testing phases is as follows: dilation, natural, dilation, natural, 

dilation, natural (Figure 2). 

G. Experiment – Likert Scale Phase: 

A Likert Scale questionnaire (Likert 1932) was also added to the end of the experiment to survey 

the opinions of the test subjects on the usefulness of the dilation technique. A Likert Scale is a five to 

seven-point scale (in this case five) which is used to allow the individual to express how much they agree 

or disagree with a particular statement. The subject answers a question with the options of Strongly 

Agree, Agree, Neutral, Disagree, and Strongly Disagree. The three questions are as follows: 

• "In general, audio dilation for listening skill was useful" 

• "Slowing speech for the audio files I listened to was useful" 

• "The ability to control audio dilation was easy to use"  
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The reasoning behind these questions was to differentiate between the user feeling that dilation 

technique, as a whole, was useful for listening skill rather than focusing specifically on just acquiring an 

opinion on dilation of the specific audio files, as the latter option leaves possible bias if the user feels they 

did poorly, or didn’t understand, the audio files they just experienced. The third question, on the ability 

to control audio dilation being easy to use, was more trivial, with implications on possible future user 

interface design changes.   

H. Experiment – Post Interview: 

An interview was then conducted after the experiment concluded to gather opinions of the test 

subjects in order to better understand their experience of the material, the test environment, and the 

software. While there was initial structure to the questions, user responses and attitudes were heavily 

factored in the follow-up questions, or the continuation of the interview at all. Sensitivity to the test 

subjects comfort and feelings was of paramount importance throughout the entire experiment phase, 

from recruitment, testing, and posttest interviews.  

Questions such as “what were you thoughts on the experiment?”; “Did you notice a difference in 

difficulty when comparing natural rate to slowed rate?”; “Do you think dilation is useful?” were asked. 

Depending on the subject’s answers, follow up questions were asked accordingly. Test subjects were 

encouraged to speak freely about their experiences with the experiment, as well as provide any 

suggestions or insights they may have to the topic of ESL and living in America (these comments generally 

came about organically over the course of the interview, and could be considered small talk). Sensitivity 

to any discomfort or unwillingness to talk during the interview phase were given priority, as to prevent 

any stress or discomfort to the test subject.  
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Results 

A Shapiro-Wilk test was applied and confirmed that the listening skill test scores were normally 

distributed. A paired-samples T-test was conducted to compare listening skill test results between 

treatment and control conditions. There was no significant difference in the listening skill scores for 

treatment (M = .56, SD =.17) compared to control (M =.61, SD =.18) conditions; t (.98) = 25, P = 0.34. 

On average, 88% of candidates dilated, suggesting that members of the subject population will 

slow speech when given the chance. There was no significant difference in scores between the test and 

control conditions, however, the dilation scores were lower than scores at natural rate, with average 

dilation quiz scores of 56% (SD 17%), while natural-rate scores were at 61% (SD 18%) (Figure 3); the 

percentage change being an 8.19% decrease in score with treatment, for a percentage difference of 

8.54%. 

 

 

 

Fig. 3. Average quiz scores: test subject’s listening skill assessment with control 

tests vs treatment (using dilation) tests. Results show that control scores 

averaged 61% (SD 18%) compared to dilation scores of 56% (SD 17%) There 

was no significant difference in the listening skill scores for treatment (M = .56, 

SD =.17) compared to control (M =.61, SD =.18) conditions; t (.98) = 25, P = .34. 
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The experiment had two different types of audio tests: Conversation style, where a student talks 

to an advisor in a “real world” setting about problems they are having within the academic environment; 

and lecture style, where a professor is giving a lecture to students about various topics, replicating a “real 

world” lecture. 57% of experiment participants said that they felt they understood conversation better 

(or that conversation was easier), but, on average they scored lower using dilation on conversation style 

tests, with an average score of 57% (SD 30%) with dilation, compared to 63% (SD 24%) at natural rate 

(Figure 4).  

 

 

 

On Lecture style tests, subjects had an average score of 56% (SD 17%) with dilation compared to 

a similar average score of 59% (SD 22%) at natural rate (Figure 5).  

Fig. 4. Average quiz scores of listening skill assessment tests in 

conversation style. Results show that control scores averaged 63% (SD 

24%) compared to dilation scores of 57% (SD 30%) 
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Overall, combining both control condition scores and treatment condition scores were virtually 

the same. The average scores of lecture style compared to conversation style showed a difference of one 

percent, 59% (SD 27%) average score on conversation compared to 58% (SD 19%) for lecture (Figure 6).  

  

 

Fig. 5.  Average quiz scores of listening skill assessment tests in 

lecture style.  Results show that control scores averaged 59% (SD 

22%) compared to dilation scores of 56% (SD 17%) 

 

Fig. 6 Overall scores of lecture style versus conversation style audio, 

combined scores of treatment and control. The average scores of 

lecture style compared to conversation style showed a difference of 

one percent: lecture score average of 58% (SD 19%) compared to 

conversation score of 59% (SD 27%). 
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The post-experiment interview statistic of 57% of participants stating that conversation style 

audio was easier, or preferred over, lecture style audio inspired the exploration in to seeing if subjects 

would dilate more for lecture style than conversation style. Analysis of the data shows that dilation rates 

of conversation style audio were the same as lecture style audio, a rate of 10% dilation, or slowdown in 

speech rate.  

Graphing average dilation rate by users shows that while as TOEFL score increases (the test 

subject population contained a maximum TOEFL score of 110), the user tends to listen to audio closer to 

the natural rate of speed (Figure 7).  

 

 

 

Figure 8 shows test subject’s TOEFL scores on the X axis, with that test subject’s results on the Y axis. 

The square denotes control score, while the circle represents dilation score, conditions: t (.98) = 25, P = 

0.34.   

Fig. 7. Graph showing overall TOEFL scores on the X axis, ranging 

from TOEFL scores of 60 through 110, and their related dilation rate 

average. Trend line shows as TOEFL score increases, dilation rate 

decreases, meaning suggesting that the higher the person’s TOEFL 

score, the more likely they are to listen to audio at a natural rate.   
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Of the 26 subjects, six (23%) were below a TOEFL score of 80. Five of those six (83%) dilated the 

audio, when given the opportunity, at an average dilation rate of 15% (dilation point of .85 on the slider). 

The average score of those who dilated was 56% (SD 10%), compared with their natural rate score of 46% 

(SD 16%) with no statistical significance of condition t(-1.7) = 5, P = 0.16. The population average quiz 

score was 57% (SD 18%) when dilation was used and 64% (SD 15%) with the natural rate (Figure 9).  

Fig. 8. Graph showing overall TOEFL scores on the X axis, ranging 

from TOEFL scores of 60 through 110, and their related test score 

average: treatment vs control. The graph illustrates high variability 

of score ranges, regardless of TOEFL score, illustrating the lack of 

statistical significance between treatment and control scores;  

conditions: t (.98) = 25, P = 0.34. 



19 
 

 

 

 

 

A. Likert Scale Questionnaire and Interview Responses: 

Results of the Likert scale questionnaire shows favorable opinions of the dilation technique from 

the test subject population, with 80.7% of respondents giving a positive response to the question “In 

general, audio dilation for listening skill was useful (Figure 10).” Negative opinions by respondents was at 

11.5%, with 7.7% having a neutral opinion; with a median 4, IQR of 1, suggesting consensus. 

 

 

Fig. 9. Graph comparing test subjects with a TOEFL score below 80 

against test subjects with a TOEFL score 81 and higher. Results show 

that the sub 80 TOEFL score group had a higher average score using 

dilation, 56% (SD 10%), than at natural rate, .46% (SD 16%). By 

contrast, the 81 and higher TOEFL score group scored higher with 

natural rate 65% (SD 15%) than with dilation, 57% (SD 18%). 
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Results for the question “Slowing speech for the audio files I listened to was useful” resulted in in 

61.6% of respondents selecting a favorable opinion, 19.2% with a negative opinion, and 7.7% with a 

neutral opinion (Figure 11). Median 4; IQR of 1.25, suggesting consensus. 

 

 

 

Fig. 10. Showing 80.7% of respondents had a favorable opinion to the 

question “In general, audio dilation for listening skill was useful.” 11.5% 

had a negative opinion to the question, with 7.7% of respondents having 

a neutral opinion to the question. Median 4; IQR of 1, suggesting 

consensus 

Fig. 11. Showing 61.6% of respondents had a favorable opinion to the 

question “Slowing speech for the audio files I listened to was useful.” 

19.2% had a negative opinion to the question, with 7.7% of respondents 

having a neutral opinion to the question. Median 4; IQR of 1.25, 

suggesting consensus 
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 Results for the question “The ability to control audio dilation was easy to use” resulted in in 92.3% 

of respondents selecting a favorable opinion, 3.8% with a negative opinion, and 3.8% with a neutral 

opinion (Figure 12). Median 5; IQR of 1, suggesting consensus. 

 

 

When asked their opinion of the experiment, 15 respondents stated that they felt conversation 

style audio tests were easier, or preferred over, lecture style audio tests. Those who chose to elaborate 

on the response typically relayed the opinion that the vocabulary used in lecture style audio tests was 

more difficult than the vocabulary used in conversation style audio tests.  

 

 

 

 

 

Fig. 12. Showing 92.3% of respondents had a favorable opinion to the 

question “The ability to control audio dilation was easy to use.” 3.8% had 

a negative opinion to the question, with 3.8% of respondents having a 

neutral opinion to the question. Median 5; IQR of 1, suggesting consensus 
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Discussion 

The intent of this work was to find an ideal speech rate for a demographic of ESL individuals in 

order to improve comprehension of listening skill-related tasks. The target demographic for this research 

was ESL individuals with a TOEFL score between 75-85. While the results of the experiment showed no 

statistical significance, this study has shown a scientific contribution to the body of L2 listening 

comprehension with the aid of computer science. These results illustrate several observations and 

questions to consider, as well as areas to explore for future work.  

This experiment didn’t show a statistical significance with this particular test group (N = 26) on 

this particular set of testing materials. It is in my opinion that this could suggest that the test subject group 

could be expanded to a larger number of subjects, over a wider range of TOEFL scores (with emphasis on 

gathering more subjects below a TOEFL score of 80), and by possibly altering the subject material they are 

tested on. In terms of sample size for future work, for an effect size 0.5, alpha 0.05, and power of 0.80, a 

sample size of at least 34 should be used (Faul, et al, 2007).  

While the TOEFL testing material comes directly from retired material used in previous TOEFL iBT 

tests, the pool of materials used for testing could be expanded to include International English Language 

Testing System material (IELTS being another international standardized test of English language 

proficiency for non-native English language speakers, as well as another metric used by universities) as 

well as television shows, or similar “natural conversation” media considered to be examples of common 

English conversation topics and speech patterns, similar to the experiments of Khatib and Khodabaksh 

(2010), who tested a population of Iranian students on American television shows Oprah and Dr. Phil with 

modified speech rates. This method of incorporating several different testing materials could deliver more 

insights into similarities and differences in results, possibly providing more clarity into the effects of 

dilation.  
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From a linguistics perspective, it is advised that future work attempts to take into consideration 

the effects of pausology when altering speech rate, particularly with dilation/slowing of speech rate. 

Pausology is best defined by O’Connell and Kowal as “the behavioral investigation of temporal dimensions 

of human speech” (1980). The critical importance of processing and deriving meaning through the 

listening skill lies in the ability to recognize words in connected speech (Matthews and O’Toole, 2013). 

Because of the difficulty early-stage L2 learners exhibit in language acquisition (Goh, 2000), explorations 

of methods to compensate for this deficiency arise, such as in the case of this thesis experiment: audio 

dilation. Something that should be considered is the role pausology plays in comprehension and the 

possible adverse effects that dilating these temporal variables may have on ESL comprehension.  

For example, the role of pauses, particularly deliberate pauses for effect, might be best left intact 

over the course of listening to an audio clip. It would also be worth exploring the possibility of leaving the 

filler “ah” and “um” sounds intact, as well. This is merely speculative, coming from the perspective of 

someone who has only briefly been exposed to the field of linguistics. But the fact that so much work has 

been put in to understanding the role pauses play in the topic of pausology, the possibility that pauses 

might be a separate entity from typical delivery of messages in the context of speech, it could be a 

worthwhile endeavor to attempt to isolate these phenomena and preserve them. 

It could be worth considering the exploration of the effects of workload on ESL individuals during 

participation of skill assessments like those in this experiment. Specifically, workload measurements to 

test for a change in physical state which could be associated with increased workload, such as by the use 

of heart rate monitors. There could be insights attained from attempting to measure workload of the test 

subjects and postulating that if there are workload changes in test subjects, what those workload changes 

might mean. 
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The workload theory is inspired by experiments conducted by Roscoe in 1987 on pilots in various 

flight conditions. His work showed that depending on the flight conditions, the pilots heart rate would 

increase, and that this increase could suggest that the pilots were becoming neurologically aroused, 

resulting in increased performance in order to compensate for the demands of piloting the plane (Roscoe 

1987). It could be theorized that if one showed higher heart rate/higher workload during the natural rate 

listening skill tasks while showing a decreased heart rate/workload of treatment listening skill tasks, that 

the subject may exhibit less workload to process listening skill tasks, which may be the result of less 

arousal of the subject and possibly a reason for a lower test score. If Roscoe’s theory of arousal playing a 

role in increased ability can be seen in ESL subjects during listening skill tasks, measuring arousal during 

control and treatment tests could be worth exploring. 

It would also be interesting to compare how a group of native English speakers score compared 

to a group of ESL subjects. By including a native English-speaking population considered to be similar – 

that is, a UIC student between the ages of 18 and 30 without hearing impairment – it may be possible to 

use the native speakers to establish a metric, in terms of average test score, with which to compare the 

ESL subject group against, possibly providing more insight into expected outcomes of treatment and 

control test scores. This was initially part of our early concepts for this experiment, but logistics and time 

constraints made the incorporation of native speakers infeasible.   

 Allowing the test subject to self-select dilation rates could also pose an issue worth exploring. 

While providing self-selection is a desired element to this experiment, it is worth considering if the rate 

chosen by the test subject is accurate. Simply put, the test subject may not know exactly how deficient (if 

they are deficient at all) they truly are. Self-selecting a rate may be a first step of fine tuning to find their 

optimal dilation setting or speech rate. I propose that during the training phase, the test subject attempts 

to find their ideal dilation rate, and then the ensuing tests could automatically add a range of additional 
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dilation settings per each test, to see if perhaps the test subject over -or under- estimated their optimal 

dilation rate.  

The logistics of executing this experiment resulted in a sample size that ran a broad TOEFL 

spectrum, from scores of 66 through 110. The preferred range of people with a TOEFL score between 75-

85 was limited to merely 8 people. Our initial assumption, when creating a target TOEFL score range, was 

that it would be rare to find people with a score lower than 80, because the UIC cut rate for admittance 

is 80. Through a sort of blind luck, the bulk of volunteers for this experiment came from a special Electrical 

and Computer Engineering program within UIC that had a relaxed TOEFL score requirement compared to 

the normal university requirements. And so, while many participants from the class fell within the target 

range, four did not. This presented us with a group of six people with sub 80 TOEFL scores, allowing us to 

explore the possibility that our target range could be adjusted to a sub 80 TOEFL score range.  

Looking at the results from the sub 80 TOEFL group, though a small sample size, could be 

promising. Compared to the rest of the pool’s TOEFL range (81 through 110), the sub 80 group was the 

only group to score higher with dilation than with control; those who dilated averaged a score of 56%, 

compared with their natural rate score of 45%. Focusing on TOEFL scores below 80, or at the very least, 

actively pursuing them in an experiment’s protocol, could be insightful. This also includes more rigorous 

research of all international-focused student programs on campus, to uncover those that may have 

relaxed English language proficiency scores required for participation with which to recruit participants.  

There is a possible bias in data analysis related to this experiment, and possibly any experiment, 

that evaluates listening skill through questions administered via text. Text based questions then become 

reliant on the reading skill of the test subject, and in the scenario of the subject having a low reading score, 

there may be the possibility of the subject having difficulty answering the questions. This situation 
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appeared in a post interview with one of the test subjects, who commented that while they felt they 

understood what they were listening to, they could not understand the questions on the test.  

It should also be noted that a single metric for average words per minute was not established in 

this paper. This was primarily due to time constraints, as this experiment was focused on whether dilation 

was being used and if dilation proved beneficial. Interpreting results in the context of words per minute 

may appear as an attractive metric for evaluation, but the average words per minute can be highly varied 

depending on region and topic (i.e. formal or informal), and so I was uncomfortable to attempt to quantify 

this data into a standard word per minute format. 
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Conclusion 

An experiment testing the use of an audio dilation technique for speech rate manipulation on a 

population of ESL test subjects was shown to have no statistical significance compared to natural rate 

speech. The results of lack of statistical significance suggested that while there was no measured benefit 

to the technique, there was no detrimental effects from the use of the technique, either. It is my belief 

that slowing of speech rate can provide benefit to those trying to learn a second language, in this case 

English. I believe further research must still be conducted to find the optimal speech rate to provide 

benefit.  

 While my initial exposure to teaching English at UIC consisted of a small demographic of ESL 

individuals, during the course of this experiment I was able to participate in a Fulbright English Teaching 

Assistant program to teach English in Laos People Democratic Republic, where I was able to teach for 12 

months, in two different locations across the country, as well as participate in a national conference on 

Teaching English to Speakers of Other Languages (TESOL). On numerous occasions, either my trainers or 

students would request that I slow my rate of speech. It was observed during conversations that slowing 

my rate of speech had a positive effect on the conversation. 

 During these events in Laos, and at the conference, I was able discuss the topic of audio dilation 

and the slowing of speech rate with professionals from across Asia. The countries these English teachers 

represented range from Cambodia, Vietnam, Thailand, Laos, China, Korea, Malaysia, Singapore, and 

Japan. Of the approximately twenty individuals I spoke with, every one of them affirmed the importance 

of slowing speech rate to help adequately address the deficiencies of their pupils. This doesn’t suggest 

that slowing of speech is actually better than normal speech rate, but it further reinforces that slowing of 

speech rate is worth exploring, whether it be to find the optimal range of speech rate best for 

comprehension, or to dispel the notion the slowed speech rate is beneficial.  
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While explaining the process of the experiment to the test subjects for this experiment, there 

were several occasions where I was asked to slow down so the test subject could better understand the 

directions. Test subjects also stated their preference and perceived benefit of slowing speech rate during 

post experiment interviews. It is clear that there exists a population of people who prefer a slowed rate 

of speech from natural rate and exhibit an increased ability to participate in a conversation when 

presented with speech at a reduced speed. This could be seen as another example of need to further 

explore the topic of speech rate and comprehension.  
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APPENDIX 

Example transcript of audio test used in experiment: 
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