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ABSTRACT 

The purpose of this study was to investigate the effect 

upon comprehension of practice at listening to speeded speech. 

The underlying hypothesis was: practice at a faster rate of 

presentation (compressed speech) would enhance comprehension of 

connected discourse presented at a slower, yet, still compressed 

rate. Hence, after practice, the slower rates of presentation 

during testing remained at a speed greater than the normal speak

ing rate of 180 words per minute. Eighty-one college students 

were randomly assigned to one of three practice conditions, 

either 50.0%, 37.5%, and 0.0% compression, and listened to two 

practice passages. All subjects received three test passages, 

one at 37.5%, one at 25.0%, and one at 12.5% compression. Pas

sages for both practice and testing were drawn from the STEP 

Listening - Form 1A test. The orders of testing form and test

ing rate were counterbalanced and included as precision factors 

in this study. Following the presentation of each passage, sub

jects answered five multiple-choice comprehension questions, via 

pencil and paper, based upon the selection presented. Comprehen

sion scores from the three test passages were analyzed by a four-

way analysis of variance, repeated measures on one factor 

(testing rate). In this way the effect due to the practice con

dition, testing rate, order of testing rate, order of testing 

vii 
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form, and their interactions were assessed. Results indicated no 

differences among the three practice conditions, hence, the 

practice procedures did not appear to enhance comprehension dur

ing testing. The results suggested that the greatest effect 

upon comprehension seemed to be due to the amount of exposure to 

compressed speech, rather than the actual rate of speech com

pression or the type of practice experience. 



CHAPTER 1 

INTRODUCTION 

Throughout a student's career in school he is bombarded 

with information via two primary methods, written and spoken 

communication. Learning to read and to listen are, therefore, 

essential for successful adjustment in the school environment. 

Until recently, however, only one of these avenues, reading, has 

occupied the investigative interests of the educational community. 

The traditional lack of interest and attention devoted to the in

vestigation of listening skills seems hard to explain when one 

considers the fact that in formal educational settings, students 

devote more than 50% of their time to listening (Markgraf 1966, 

Wilt 1966). 

Numerous studies have demonstrated that listening may be 

as effective or superior to reading for certain instructional 

purposes. Duker (1964) reviewed fifty-one studies which compared 

the efficiency of reading and listening as a means of gaining in

formation for both children and aduits. The general finding was 

that in the early grades, first through fourth, listening rather 

than reading was likely to be more effective, while for older 

children and adults, this trend was reversed. However, school 

curricula reflect little emphasis upon the development of 
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listening skills. The purpose of this study was to design and 

investigate a procedure that would enhance comprehension of in

formation presented via the auditory modality. 

One reason for the apparent superiority of reading over 

listening as a means of gaining information may be the differen

tial rates of presentation. Most individuals can read at a rate 

faster than the normal speaking rate. Thus, when the efficiency 

of reading and listening are compared, reading typically appears 

to be more effective. Recently, a procedure for increasing the 

presentation rate of spoken material has been developed. This 

procedure, called compressed speech, involves either the selec

tive deletion of recorded signals, or reducing the inter and 

intra word pauses found in orally recorded information, thus in

creasing the rate of presentation. 

In this study, the comprehension of connected discourse 

at several rates of word presentation following a listening 

training program was investigated. To date, the effect of prac

tice at listening to faster word rates upon the comprehension of 

narrative passages presented at a slower word rate has not been 

investigated. The hypothesis of this study was that practice at 

a faster rate of presentation (compressed speech) would enhance 

comprehension of connected discourse presented at a slower, yet, 

still compressed rate. Hence, after practice sessions, the 

slower rate of presentation remained at a speed equal to or 

greater than the normal speaking rate. 
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Need for Research in Listening 

Educators have devoted much of their time, and have con

sumed vast sums of money, investigating the reading needs of 

children, especially those who are unable to meet grade-level 

expectancies. Specialized materials and techniques have been 

developed to assist the remedial reading student, e.g., Sullivan 

Programmed Readers, Fernald's VftKT, and the language experience 

and individualized reading approaches, all of which demand some 

listening skills on the part of the learner. In fact, the lis

tening or hearing comprehension level of the student, which is 

assessed by most informal reading inventories is utilized as: 

. . .  a n  i n d i c a t i o n  o f  t h e  l e v e l  a t  w h i c h  t h e  c h i l d  
should be reading. The criteria in terms of comprehen
sion are the same for the instructional reading level 
and the listening level. One should not feel completely 
satisfied until the child can do as well with the mate
rial when he reads it himself as when it is read to him. 
Therefore, a goal to aim for is equivalence of the read
ing instructional and the hearing comprehension levels 
(Johnson and Kress 1965, p. 13). 

Yet, the acquisition of listening skills seems at best 

to maintain only a secondary function in efforts to teach reading 

skills. The possibility of using listening training as a means 

of complementing the remediation program, so that the student may 

develop better reading habits, has not been investigated to date. 

An additional and equally important question should be, how can 

listening skills be enhanced in and of themselves? Since a large 

part of the learner's time is devoted to listening, this is an 

important question having many potential practical applications. 



A considerable number of children, those having reading 

disabilities as well as the educable mentally handicapped, are 

limited in their ability to acquire knowledge through reading. 

Moreover, the relationship of reading skills to juvenile delin

quency and drop out rate is well established (Roman 1957, Silber-

berg and Silberberg 1971, Yule and Rutter 1968). If these 

children can learn fairly well in a non-reading program via lis

tening, educators should capitalize on this method for imparting 

information, making it an integral part of the school curriculum. 

Why should these children be penalized by traditional programs, 

and denied an education because of an inability to read? 

The possibility of providing better classroom experiences 

for this large group of children is suggested by Silberberg and 

Silberberg. They (1971, p. 302) stated that educators should 

critically evaluate the programs available for the reading handi

capped child: 

Since the school curriculum was developed utilizing 
the traditional approach of heavy emphasis on language, 
and especially reading, children with poor language 
skills will certainly have many unhappy and unsuccessful 
school experiences. 

. . . there has been no attempt made to assess the 
skills and talents available in the general population 
or to build a curriculum based on them. Rather, it has 
been, and continues to be a matter of telling the child, 
"If you read, you may learn." Attempting to guide 
youngsters into the mainstream of society by emphasizing 
remedial work in those very skills in which they are de
ficient seems self-contradictory, and is probably doomed 
to failure. 
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Fortunately, however, the increasing accessibility of 

tape recording and audio-visual equipment will allow interested 

educators to offer an option to those children who are unable to 

find success within the existing school curriculum. Silberberg 

and Silberberg (1969) have designed a bookless approach to edu

cation in which several media of communication are utilized for 

the transmission of information. Reading is taught as an iso

lated skill, while other modes of learning (e.g., listening, 

audio-visual, discussion, etc.) are used for the education 

process. 

With the advent of rate-controlled recordings, the read

ing disabled child may be afforded the opportunity to obtain 

successful school experiences. Training in listening techniques 

may permit learning progress at rates comparable to their peers. 

The time saved with time compression of recorded material might 

be used to preview, repeat, or extend materials to improve peak 

comprehension levels, especially with low aptitude children 

(Stieht 1968). Since many learning programs for disabled readers 

emphasize repetition (Robinson and Robinson 1965), curricula in

corporating rate-controlled recording techniques may be used to 

enhance the learning performance and efficiency for these chil

dren, as well as provide the classroom teacher with more time to 

devote to individual tutoring. The practice procedure described 

herein, if instituted in the elementary school, may provide the 

reading disabled child with listening skills which might allow 
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learning to occur at a faster pace. In this way, the discrepancy 

in performance between this group and their "normal" classmates 

should decrease and hopefully disappear. If the rate at which 

effective and efficient comprehension of aurally presented in

formation increases, then the disparity in the rate of knowledge 

acquisition between these two groups of children may disappear, 

thus enhancing educational opportunities for the disabled reader. 

Specialized techniques for listening skills development 

are conspicuously absent from regular classroom settings. Since 

students in such settings devote more than half their time to 

listening (Markgraf 1966, Wilt 1966), time-compressed instruc

tional techniques may be employed to utilize this time more ef

fectively. The interest in and need for the rapid transmission 

and assimilation of information is expressed at the higher educa

tional levels (high school and college) also. The prevalence of 

speed reading courses, such as the program developed by The 

Evelyn Woods Reading Dynamics Institute, are attempts to respond 

to such interests and demands. Now that present audio technology 

is capable of eliminating the distortions which were previously 

limiting the intelligibility of speeded speech, the rapid presen

tation of recorded information is possible. In this study an 

attempt was made to improve listening skills via the training 

procedure described herein. A logical extension of this research 

would be further investigations of listening skills training with 

elementary school children. 



Review of Literature 

One of the drawbacks to listening for the purpose of in

struction is that the process is relatively slow compared to 

reading. Nichols and Stevens (1957) theorized that the inef

ficiency of this mode of learning may be the result of the brain 

being more capable of processing information at rates much faster 

than it receives them aurally, and therefore, fills the interval 

between incoming bits of information with other thoughts, hence 

producing interference. Pragmatically though, the rate of lis

tening is limited by the speaker's rate. This limitation can be 

overcome by recording the material on a tape recorder having 

variable-speed playback capabilities. The recorded information 

can then be reproduced at faster rates resulting in what is 

called compressed speech. However, increasing or slowing the 

presentation time of auditory stimuli is hindered by many 

factors. 

Playing a record or tape at a faster or slower speed than 

the one used during recording will produce vocal pitch and qual

ity distortions which seriously inhibit the intelligibility of 

the words heard (Foulke 1966, Foulke and Sticht 1967, Garvey 

1953, Klumpp and Webster 1961, Kurtzrock 1957, and McLain 1962). 

There are several methods for controlling the word rate of re

corded speech which do not produce concomitant pitch distortions. 

W. D. Garvey's (1953) "chop-slice" technique, in which portions 



of the speech record were cut out of a plastic base recording 

tape and the remaining segments spliced together was the fore

runner of the sampling procedures used today. The sampling tech

niques most often used to effect increases in the rate of 

presentation are: (1) an electromechanical device, developed by 

Fairbanks, Everitt, and Jaeger in 1954 (in Foulke 1969), that 

reproduces consecutive samples of a recorded tape; (2) consecu

tive sampling accomplished by a computer, developed by Scott 

(1967) in 1965; and (3) selective elimination of the intra and 

inter word pauses (i.e., the pauses between syllables and between 

words), produced by PKM's Vocom-I Varispeech Recorder. Such 

equipment will allow rate-controlled recordings of information 

without audio-pitch distortion. One may then time compress 

speech (i.e., recorded speech which has been re-recorded so that 

the playback time is faster than the original recording time) or 

time expand speech (i.e., re-recorded speech so that the playback 

time is slower than the original recording time). 

The amount of speech compression or expansion may be 

specified in several ways. The specification most likely to be 

interpreted correctly is in terms of the percent of compression 

or expansion, based upon the amount of time subtracted from or 

added to the original recording time. In other words, it may be 

said that a recording has been compressed 25% which in a time 

reference is tantamount to saying that it has been compressed to 

75% of the original recording time. 



A common findings of several studies is that while there 

is a loss in comprehension when the rate of presentation is in

creased, the loss is not significant unless the rate exceeds 
r 

280 words per minute (wpm) or about 40% compression (Eckhardt 

1970, Fairbanks, Guttman, and Miron 1957c, Harwood 1955, and 

Sticht 1968).* Listening to narrative passages that were ex

panded in time to 78 and 128 wpm resulted in the highest scores 

on a comprehension test in a sample of elementary school chil

dren (Woodcock 1971). However, when a learning efficiency index 

(the amount of learning per unit time) was calculated, the com

pressed rates of 278 and 328 wpm were the most efficient rates 

for learning (Woodcock and Clark 1968). These findings support 

the conclusion that high-speed listening can be an efficient and 

effective means of learning. 

The previous research on practice effects with compressed 

speech has been restricted to investigations of message repeti

tion at a constant rate of presentation. Most of the evidence 

demonstrates that repeating a time compressed message yields only 

slight increases in comprehension (Fairbanks, Guttman, and Miron 

1957a, and Woodcock 1971). With eight to ten hours of training, 

Orr, Friedman, and Williams (1965) found less than a 20% loss in 

comprehension at speeds greater than twice the normal presenta

tion rate. Several studies have investigated the utilization of 

*In most studies "normal" speaking rate is operationally 
defined as 150 words per minute. 



the time saved by time compression for repeating or reviewing 

messages (Fairbanks, Guttman, and Miron 1957b, Friedman, Grace, 

and Orr 1967, Hopkins 1969, and Sticht 1971), for the selective 

elaboration of parts of messages (Fairbanks, Guttman, and Miron 

1957a) or for presentation of additional new, but related, ma

terial (Sticht 1971). However, none of these methods have 

yielded significant increases in the amount of learning when 

compared to the results obtained from a single presentation of 

the same material presented at uncompressed speech rates between 

140 and 178 wpm. Summarizing the above results, it would appear 

that considerable training in compressed speech listening may be 

the only effective method for enhancing the comprehension of 

speeded speech. Nearly all this research, except for that of 

Orr and his associates, involved listeners who were untrained in 

compressed speech listening. However, the compressed speech 

training procedures investigated to date have generally been 

quite time consuming, and relatively small gains in comprehension 

have been realized. The short practice trials utilized in the 

procedure described herein may justify the use of compressed 

speech as a means of transmitting information. Should comprehen

sion remain relatively stable as the rate of presentation is in

creases, this procedure becomes a feasible means of developing 

skills for rapid learning. 

Positive reactions of individuals to compressed speech 

as a means of relaying information have been demonstrated 
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(Hass 1973, Holmen 1973, and Libby 1972). The subjects in these 

studies (college students) were asked to list their impressions 

of this mode of presentation, and in all studies, the majority 

preferred compressed speech to normal rate listening. Recent 

research by Hauf (1973) tended to substantiate the results of 

Orr, Friedman, and Williams (1965) in that there was evidence of 

a positive correlation between the amount of prior listening to 

compressed speech at 400 wpm and subsequent comprehension at that 

same rate. However, in this study, as in many compressed speech 

investigations, the measure of comprehension utilized is either 

poorly defined or not stated. Since comprehension is one of the 

two primary dependent measures employed in assessing the effects 

of compressed speech' (the other being intelligibility), it is 

essential that the measurement instrument be carefully selected. 

Skinner (1972) investigated the relationship between listening 

comprehension and rate of presentation by means of three types of 

comprehension tests—multiple choice, systematic deletion close, 

and random deletion cloze. The three rates of presentation em

ployed were 175, 225, and 375 wpm, with the result that beyond 

225 wpm, comprehension declined as a function of word rate. 

The effects of training in listening to passages (se

lected from a standardized reading test) played at faster rates 

of presentation, upon the comprehension of comparable information 

presented during testing, at slower presentation rates, were in

vestigated in this study. The assumption was that this training 
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procedure would yield minimal comprehension losses when compared 

to the above mentioned techniques, and that the percentage in

formation gain over that learned at the base rate of presentation 

would more than compensate for the decrease in comprehension. 

Defining comprehension as the dependent variable as well as se

lecting both practice and test materials from a widely used 

standardized aptitude test, should improve upon previous studies 

in that more reliable and valid measures of comprehension were 

used. 

Summary 

Increasing the rate of comprehension by training students 

to listen and understand information presented at speeds faster 

than that at which it was recorded (compressed speech or informa

tion compressed in time) was the purpose of this study. Subjects 

were given practice experiences in listening to speeded orally 

presented information (compressed speech) and then responded to 

comprehension tests over new information which were presented at 

a slower, yet, still compressed rate. The expectation was that 

comprehension of time compressed speech would be improved by the 

practice procedures. 



CHAPTER 2 

METHOD 

Subjects 

All participants were selected from University of Arizona 

students enrolled in educational psychology classes during the 

spring semester, 1974. Subjects were undergraduates at the jun

ior or senior levels who were enrolled in a course required for 

teacher certification. Volunteers were drawn from nine classes. 

The instructor of each class read a prepared speech, see Appendix 

A, following which he circulated a sign-up sheet. 

Potential subjects were asked if they had any problems 

with hearing acuity and those individuals having listening defi

ciencies that might influence the tests were eliminated from the 

subject pool. 

Treatment 

All screening and experimental procedures were conducted 

during one session of approximately thirty minutes in length. 

Participants entered the testing room and were seated at a desk 

upon which headphones had been placed. All subjects were given 

a brief description of the apparatus and its function. A stan

dard set of directions, see Appendix B, was then read to each 

13 
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subject. Sessions were scheduled far enough apart so that the 

subjects would not feel rushed. The participants were randomly 

assigned to one of three treatment groups, and received practice 

at listening to two recorded passages and performing on appro

priate comprehension tests. Groups I and II received practice 

at 50% and 37.5% compression respectively, while Group III was 

given practice at listening to passages at the non-compressed 

(normal) rate, in this study 180 words per minute (wpm). ft com

prehension test was administered subsequent to the presentation 

of each passage. 

Immediately following the two practice trials each sub

ject was randomly assigned to one of nine possible testing condi

tions, and listened to a passage at each of three rates of 

compression that were either slower than (Group I), the same as 

and slower than (Group II), or faster than (Group III) the rate 

of presentation during practice. During the test phase, the 

order of testing and the test forms were counterbalanced so that 

every testing order and every test form, within every practice 

group, both preceded and followed every other order and form. 

For example, subject 1 in Group I was given two practice sessions 

at a presentation rate of 50% compression (360 wpm), followed by 

the test order 37.5% (315 wpm), 25% (260 wpm), and 12.5% (225 wpm) 

compression and test form ft, B, C. Subject 2 of Group I was 

given the same practice, but the test order was 25%, 12.5%, and 

37.5% compression and test form ft, B, C. Subject 3 of Group I 



received test order 12.5%, 37.5%, and 25% compression also with 

test form A, B, C. Subject 4 of Group I received test order 

37.5%, 25%, and 12.5% compression, but with test form B, C, A. 

This counterbalancing procedure was followed for all nine cells 

of practice Group I. Therefore, multiples of nine subjects for 

each of the three training groups were needed to accommodate the 

counterbalancing of both the order of testing rate and order of 

testing form. This resulted in a design with four dimensions and 

twenty-seven cells having three subjects per cell. 

The research design is summarized in Figure 1. All test 

forms and test orders were counterbalanced according to the 

Graeco-Latin Square design, where A = 37.5%, B = 25%, C = 12.5% 

compression, in the following manner: 

A B C 

B C A 

C A B  

Due to time and cost limitations these orders of testing rate and 

forms were chosen instead of all the thirty-six available combi

nations so as to control for a possible order and form effects. 

Hence, this strategy provided two precision factors (order of 

testing rate and order of testing form) for the study of the two 

main effects—practice and testing. Comprehension scores among 

testing conditions was the dependent measure. Comprehension of 

the narrative passages was assessed by a series of five 
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multiple-choice questions following each test condition. Each 

multiple-choice question provided five choices. 

Apparatus 

The apparatus was designed to present subjects with stim

uli (narrative passages) that were specific to the listening 

medium. Distracting visual stimuli and extraneous auditory 

stimuli were minimized by performing the experiment in a visually 

bland and sound dampened room. 

The five narrative passages selected for practice and 

testing and their respective sets of five multiple-choice ques

tions were drawn from the Sequential Tests of Educational Prog

ress (STEP)—Listening, Form 1A battery (Educational Testing 

Service 1957). All passages and test items utilized were piloted 

on students enrolled in the fall semester, 1973, classes of Edu

cational Psychology 110, so as to determine their appropriateness 

in terms of difficulty. 

The STEP Listening, Form 1A is a standardized test normed 

on college freshmen and sophomores. The listening passages and 

the corresponding multiple-choice questions were designed to 

measure the listener's skill in comprehending, interpreting, 

evaluating, and applying what is presented to him via the listen

ing medium. The STEP passages were based upon college lectures 

and speeches, and are described in Appendix C. 

All listening materials were recorded and processed by 

the Center for Rate Controlled Recordings, University of 
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Louisville, on one mil Mylar magnetic Audiotape. The listening 

passages were played through Koss Pro - 4AA, two-way, stereo 

headphones which have an 8 ohm impedence and a frequency range 

of 20-20,000 Hz. All listening materials were full track record

ings on one track of tape. The tape deck (Teac 6010 GSL, having 

a frequency response of 30-20,000 Hz + 3db at 7% ips, and a 

signal/noise ratio of 58db) and the amplifier through which the 

recorded signal was boosted (Sansui Eight Delux, stereo tuner 

amplifier having a continuous power output of 60 watts per chan

nel at 8 ohms, and a frequency response range of 5-50,000 Hz) 

remained outside the testing room. The audio signal was jacked 

into the testing room and split at the level of the headset for 

binaural stimulation. The passages were recorded by a male voice 

at a normal word rate of 180 wpm. The tape was processed via the 

electromechnical sampling method using a Graham compressor/ 

expander. A more detailed description of the recording and 

speech compression equipment has been included in Appendix D. A 

description of the sampling method used in compressing the mate

rial for this study may be found in Appendix E. 

Statistical Analysis 

The dependent variable in this study was the comprehen

sion score obtained on the objective tests administered after 

each test form. Therefore, every subject had three sets of 

scores, one for each test form presented at one of the three 

possible rates of presentation. The statistical design employed 



was a four-way analysis of variance, repeated measures on one 

factor (testing rate), as summarized in Figure 1. In this way 

the effect due to the practice condition, testing rate, order of 

testing rate, order of testing form, and their interactions were 

assessed. 



CHAPTER 3 

RESULTS 

Increasing the rate of comprehension by training students 

to listen to information presented at speeds faster than that at 

which it was recorded was the purpose of this study. Experimen

tal subjects (Groups I and II) were given two practice experi

ences in listening to speeded orally presented information 

(compressed speech) and then responded to comprehension tests 

over new information which was presented at a slower, yet, still 

compressed rate. Control subjects (Group III) heard two practice 

passages at the normal (uncompressed) word rate and then re

sponded to comprehension tests over new information presented at 

faster, compressed rates. The expectation was that comprehension 

of time compressed speech would be improved by the practice 

procedures. 

The two main variables under investigation were practice 

condition (A) and testing rate (C). Factor A was divided into 

three levels, Groups I, II, and III with subjects in each group 

hearing two practice passages either at 50%, 37.5%, or 0% com

pression. Following practice all subjects heard three test pas

sages, one selection at each of the three levels of factor C, 

37.5%, 25%, and 12.5% compression. The dependent variable was 

20 
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the comprehension measure administered via paper and pencil, 

after listening to each test passage. Hence, the hypothesis of 

this study was that comprehension during testing would be en

hanced as a result of the practice procedures. 

The remaining two variables, order of testing form (B) 

and order of testing rate (D), were included as precision fac

tors . The testing form variable was used to control for the 

possible effects of differences in difficulty of the passages 

and/or the comprehension questions over the passages. Variable 

(D), order of testing rate, was introduced in the overall design 

to control for the possible effect of the sequence of testing 

rate. 

The major results of this study are summarized in Figure 

2. The average performance of all subjects, on the comprehension 

tests, is shown on the y-axis; practice passages and presentation 

speeds during testing are plotted along the x-axis. All results 

reported are based on eighty-one subjects. It should be remem

bered that and P2 are results based on practice conditions, 

and were included in the study so as to familiarize and train 

subjects in listening at various speeds of presentation. 

A four-factor, repeated measures on one factor (testing 

rate) analysis of variance was performed on the data from test

ing passages. A summary of this analysis is presented in Table 1. 

This technique combines all the residual variance into two error 

terms. Error S contains that variance which was not accounted by 
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Table 1. Analysis of Variance 

Source df MS F 

Practice Condition (A) 2 2.68 1.66 

Order of Testing Form (B) 2 3.66 2 .26 

Order of Testing Rate (D) 2 2.42 1.50 

A x B 4 0.91 0.56 

A x D 4 1.10 0.68 

B x D 4 2 .74 1.70 

A x B x D 8 2.04 1.26 

Error S 54 1.62 

Testing Rate (C) 2 1.02 1.31 

A x C 4 0.31 0.39 

B x C 4 0.69 0.89 

D x C 4 6.45 8.30* 

A x B x C 8 1.31 1.69 

A x D x C 8 0.34 0.43 

B x D x C 8 0.47 0.60 

A x B x C x D 16 0.45 0.58 

Error R 108 0.78 

*p<.01 
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the variances due to the factors of practice conditions (A), 

order of testing form (B), order of testing rate (D), and their 

interaction combinations. Error R contains the residual variance 

from the factor of testing rate (C) and its interactions with 

factors A, B, and D. The effects due to practice conditions 

(F = 1.66, df = 2,54, p>.05); testing rate (F = 1.31, df = 2,108, 

p>.05); order of testing form (F = 2.26, df = 2,54, p>.05); and 

order of testing rate (F = 1.50, df = 2,54, p̂ .05) were all found 

to be non-significant. A summary of the means and standard de

viations for the main effects, and the interactions of C x A and 

C x D is presented in Table 2. The major hypothesis of the 

study, i.e., that the practice at listening to compressed speech 

would enhance comprehension of compressed speech, was not sup

ported by the data. 

While significant differences were not found among the 

main effects in this study, the results indicated a significant 

interaction between the testing rate (Variable C) and the order 

of testing rate (Variable D) (F = 8.30, df = 4, 108, p<.01). In 

Figure 3 a graphical presentation of the C x D interaction is 

shown. The mean number of correct responses from the comprehen

sion tests is shown on the ordinate; the position that a testing 

rate occupied within the precision factor (D) is plotted along 

the abscissa. The results suggest that as subjects gained addi

tional experience in listening to compressed speech, performance 

on the comprehension task was enhanced. This effect was most 
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Table 2. Means and Standard Deviations 

Source Mean 
Standard 
Deviation 

Practice Condition (A) 1 11.04 2.01 
2 10.82 2.54 
3 11.85 2.25 

Order of Testing Form (B) 1 11.74 1.77 
2 10.52 2.81 
3 11.44 2.08 

Testing Rate (C) 1 3.86 1.07 
2 3.64 1.09 
3 3.73 1.07 

Order of Testing Rate (D) 1 11.26 2.35 
2 11.74 1.61 
3 10.70 2.74 

Cell Means for Variables C and A* 

cl> A1 1 3.85 0.99 
C2> &1 2 3.44 1.05 
C3, Ax 3 3.74 0.90 
cl> a2 4 3.67 1.27 
C2, A2 5 3.56 1.05 
C3, A2 6 3.59 1.12 
cl» a3 7 4.07 0.92 
2̂» A3 8 3.93 1.14 

C3> A3 9 3.85 1.20 

Cell Means for Variables C and D 

Ci, Di 1 3.30 1.07 
C2, Dx 2 4.00 0.96 
c3» D1 3 3.96 1.06 
C]l, D2 4 4.33 0.73 
c2> d2 5 3.41 1.01 
c3 » d2 6 4.00 0.68 
Ci, D3 7 3.96 1.13 
C2» D3 8 3.52 1.22 
C3» I>3 9 3.22 1.25 

*The remaining cell means were not included in this 
table because they were neither of primary interest nor related 
to statistically significant effects in this study. 
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readily demonstrated by the fact that comprehension at the 37.5% 

compression rate was relatively high when this rate appeared 

after subjects were exposed to other, slower compression rates. 

When subjects were exposed to the 37.5% compression rate before 

being exposed to the slower rates, comprehension was relatively 

low. Thus, it appears that the greatest effect on comprehension 

was the amount of exposure to compressed speech rather than the 

actual rate of speech compression (within the limits of the rates 

studied here) or the type of practice experience with compressed 

speech. 



CHAPTER 4 

DISCUSSION 

The findings of the present study indicated that there 

were no apparent effects on comprehension as a result of hearing 

practice passages at faster presentation rates than those pas

sages heard during testing. Thus, the hypothesis that the prac

tice conditions would enhance comprehension of time compressed 

speech was not supported by these data. The remainder of this 

chapter will be devoted to interpretation of these results and 

suggestions for further research in the area of compressed 

speech. 

Interpretation 

The interpretation of the negative results found in any 

study is always a difficult matter. As Cronbach and Meehl (1955) 

pointed out in their discussion of construct validity, positive 

results are generally easily interpretable, while interpretations 

of negative results are much more complex. Explanations for neg

ative results usually involve questioning such things as the 

theoretical basis of the study, the appropriateness of the hy

potheses generated from the underlying theory, and the experimen

tal methods adopted including controls used, samples selected, 
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and appropriateness of the measures applied. In the case of this 

study there are a large number of possible explanations for the 

obtained negative results. The more salient of these possible 

explanations will be discussed in this section. 

Practice Conditions 

There was some evidence to suggest that experience in 

listening to compressed speech contributed to a general improve

ment, i.e., across all subjects regardless of practice condition, 

in listening skills. The amount of experience at listening 

seemed to be a more important influence on the results rather 

than the type of practice condition experienced during training. 

The data presented in Figure 2 in the previous chapter appeared 

to support this explanation. Subjects tended to obtain higher 

comprehension scores after having had opportunities to listen to 

recorded speech regardless of presentation rate during testing 

or rate of presentation during practice. These results are con

trary to the findings of Orr, Friedman, and Williams (1965) where 

considerable training in compressed speech listening (8 to 10 

hours) was needed in order to eliminate significant differences 

in comprehension between normal listening rates and presentation 

rates exceeding 280 words per minute (wpm). 

The significant interaction effect of testing rates 

(Variable C) by order of testing rates (Variable D) may suggest 

that comprehension was improved as a result of additional ex

periences in listening to compressed speech, rather than from 
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the differential rate of presentation between two adjacent pas

sages . The effect was most apparent at the fastest rate of pre

sentation in this study, 315 wpm. This finding appears to 

provide further support for the effect of practice experiences 

on the comprehension of compressed speech. The enhanced compre

hension was obtained after only approximately seven to ten min

utes of experience in listening to time compressed speech in this 

study. 

Another explanation for the obtained results may be that 

during practice subjects in the experimental groups became ac

customed to hearing compressed speech. Their improved perfor

mance from practice one to practice two suggested that subjects 

in Groups I and II may have been capable of processing the in

formation during testing at rates faster than those presented, 

and hence, filled the interval between incoming bits of informa

tion with other thoughts which produced interference. Nichols 

and Stevens (1957) proposed an interference theory to explain 

the inefficiency of the listening mode of learning. They sug

gested that the brain was capable of decoding and analyzing in

formation at rates faster than it received them aurally, and as 

a result attention was re-directed to other thoughts which may 

interfere with the aurally presented messages. 

In retrospect, one way to improve the present study may 

be to select listening rates that offer greater differences be

tween practice and testing phases of the study. For example, 



rather than studying fairly small differences, e .g., 50% com

pression to 37.5%, 25%, and 12.5%, one might study larger dif

ferences such as 40, 50, or even 60% difference between practice 

and testing. If the discrepancy is greater, the hypothesized 

effects of practice may be supported by the data. Further stud

ies of this nature may yield information on the optimal amount 

of practice and optimal compression rates necessary to enhance 

comprehension of compressed speech. 

Dependent Measure 

Another explanation for the results of this experiment 

may have been that comprehension items were not sufficiently 

difficult to discriminate differences during testing. If the 

difficulty level of test items was too low, or required little 

information from the passages in order to be correctly answered, 

high comprehension scores may result across all groups thereby 

not differentiating practice conditions as hypothesized. During 

testing subjects from all three practice conditions answered be

tween 69 and 81% of the items. Thus, it appears that the item 

difficulty may have been insufficient to yield any differences 

among groups . 

A different type of dependent measure for assessing the 

effects of compressed speech was used by Fairbanks, Guttman, and 

Miron (1957a). These authors calculated a learning efficiency 

index based upon the amount of learning per unit of time. The 

index was derived by dividing the comprehension score by the 
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time required to present the listening material. Within the 

context of this experiment, as shown in Figure 2, the learning 

efficiency of Group I was superior to that of Groups II or III 

during practice. This effect becomes readily apparent when it is 

recalled that Group I listened to practice passages in three-

quarters and one-half the amount of time that subjects in Group 

II and Group III respectively, listened to the same selections. 

Sampling Procedure 

The findings of the present study, that practice condi

tions did not enhance comprehension of time compressed speech, 

may be the result of limitations inherent in the sampling proce

dures utilized in this experiment. Although subjects were ran

domly assigned to one of the three practice conditions, subjects 

who were placed into the control group may have initially had a 

greater facility to comprehend material presented via the lis

tening modality. Hence, while no significant differences were 

found among groups during testing, the reverse trend of the data 

(see Figure 2) suggest that subject differences may not have been 

equally distributed across all practice conditions. 

Implications for Further Research 

Despite the overall negative results of this study, a 

number of potentially useful studies on compressed speech can be 

recommended. This study revealed that college students can com

prehend compressed speech material at a fairly high level of 
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compression. Moreover, most subjects reported that the tech

nique was novel and interesting. 

A more industrious undertaking would be to investigate 

the effects of simultaneous reading and listening on the compre

hension of connected discourse. In a study by Jester and Travers 

(1965), it was found that simultaneous reading and listening at 

350 wpm resulted in better comprehension than either mode of 

presentation alone. 

The findings of the present study would appear to be of 

some significance in the area of education. Lectures could be 

recorded, compressed, and presented in almost half the amount of 

time required for normal speaking, without affecting the effi

ciency of̂ comprehension or learning. Comprehensive outlines 

would facilitate note taking. Time saved in this manner may be 

used in increasing the number of students taught by an individual 

professor; increasing the amount of material presented during a 

class period; or providing additional time for demonstrations, 

discussions, or review. 

It is hoped that attention to the above research prob

lems, and to the investigation of simultaneous multi-media stim

ulus input, might draw increased interest by the research 

community to the area of compressed speech. 



APPENDIX A 

SPEECH USED FOR SUBJECT DRAW 

Several members of the Educational Psychology Department 

and I are currently involved in an educational research project 

for which we are requesting the participation of all junior and 

senior students now enrolled in the 110 classes. The study will 

take place in Room 109 of the Education Building, and will re

quire between fifteen and twenty minutes of your time. 

The research will involve a listening comprehension task 

which you should find both novel and interesting. 

Please print your name in a time block that will be con

venient for you to participate (don't forget to record this ap

pointment time on your personal calendar). 

Your cooperation in this research will be greatly 

appreciated. 

34 



APPENDIX B 

INSTRUCTIONS TO SUBJECTS 

This is a listening comprehension task during which time 

you will hear passages that were recorded at several different 

rates of speaking, some very fast, others slow. Please listen 

carefully and do not turn a page in the booklet until the speaker 

has stopped talking. There are five multiple-choice questions 

based upon each passage—circle the best answer. When you have 

completed each set of questions say, "O.K." or "Ready" and I will 

then present the next selection. 

Do you have any questions? 
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APPENDIX C 

DESCRIPTION OF LISTENING PASSAGES 

The passages selected from STEP Listening - Form 1A3* 

their corresponding notation in this study, and the number of 

words per selection are presented below. 

Passage Notation Number of Words 

Selection I P̂  516 

Selection V P2 352 

Selection II A 395 

Selection X B 460 

Selection VI C 696 

*Permission to reproduce five selections from the STEP 
test was granted by the copyright holder, the Educational Test
ing Service, January 3, 1974. 
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APPENDIX D 

EQUIPMENT USED FOR RECORDING 
AND COMPRESSING SPEECH 

In order to provide isolation from outside noise, the 

oral reader or other speaker works in a soundproof room manu

factured by the Industrial Acoustics Company. This room is of 

single-wall construction and its internal dimensions are 

6' x 6'4" x S'G". His speech is sensed by a Neumann condenser 

microphone, model KM84i. The microphone signal is fed through 

a preamplifier, Altec amplifier, model 9470A, an Altec compressor-

amplifier, model 1591A, and a Pultec filter, model HLF-3C, to the 

input of a Scully tape recorder-reproducer, series 280. The tape 

recorder's signal is monitored by an Altec monitor amplifier, 

model 9471A, driving an acoustical research speaker system, model 

AR2ax. 

A tape to be compressed is reproduced on a Crown tape re

corder, the capstan of which is driven by a Motomatic drive sys

tem, consisting of a DC motor, model E6500, and a power supply, 

model E650M. The Motomatic drive system is a product of the 

Electro-Craft Corporation. When operated from this power supply, 

the motor can be varied in rpm from 3 to 3,000. The signal from 

the Crown tape recorder is fed through a CBS Audimax III automa

tic level control, model 444, to the input of the speech 
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compressor. The Audimax is used to correct for variations in the 

level of the signal applied to the speech compressor. The speech 

compressor is manufactured by Wayne Graham, Discerned Sound, 

4459 Kraft Avenue, North Hollywood, California 91602. The.output 

of the speech compressor is fed through a Langevin program equal

izer, model EQ-258-A, to the input of another Crown tape recorder. 

The output of this tape recorder is monitored by an Altec 

monitor-amplifier, model 1591A, driving an acoustic research 

speaker system, model AR2ax. One of the Crown tape recorders is 

a model 700, and the other is a model 800. By using the appro

priate head assembly, the model 700 can be set up to record and 

play back either half- or quarter-track tape. It operates at 

1-7/8, 3-3/4, and 3-1/2 inches per second. The model 800 is a 

full-track machine, operating at 3-3/4, 7-1/2, and 15 inches per 

second. The two tape recorders can be used interchangeably in 

the system just described, depending upon the requirements of 

particular jobs. On some occasions, the output of the compressor 

is recorded on a Revox tape recorder, model G36-III. 

Tapes may be recorded and compressed at the Center for 

Rate Controlled Recordings, University of Louisville, Louisville, 

Kentucky 40208. . 



APPENDIX E 

SAMPLING METHOD FOR CONTROLLING 
THE WORD RATE* 

The Graham compressor used to process the audio stimulus 

lists is based upon the Fairbanks speech compressor design. In 

both apparatus, a continuous tape loop passes over a record head, 

and on which is placed the signal that is to be compressed. The 

tape then passes over the sampling wheel which reproduces samples 

of the recorded signal. Finally, the tape passes over an erase 

head that removes the signal from the storage loop so that it can 

be re-recorded on the next cycle . The sampling wheel is a cylin

der containing four embedded playback heads, flush with and 

equally spaced around the curved surface. As the tape passes 

over the sampling wheel, it makes contact with approximately one-

quarter of its curved surface. When the sampling wheel is sta

tionary, and one of its heads is contacted by the moving tape, 

the tape signal is reproduced as recorded. When the apparatus 

is adjusted for some amount of compression, the sampling wheel 

begins to rotate in the direction of tape motion. In this case 

each of the four heads, in turn, makes and then loses contact 

*Foulke 1969. 
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with the tape. Each head reproduces the signal on the portion of 

tape contacted. When the rotating sampling wheel has arrived at 

a position where one head is just losing contact with the tape, 

while the preceding tape is just making contact, the tape segment 

wrapped around the sampling wheel between these two heads never 

contacts a reproducing head, and hence is not reproduced. This 

eliminated tape segment is always the same length, one-quarter 

the circumference of the sampling wheel. The amount of speech 

compression is dependent upon the frequency of tape segment 

elimination which in turn is dependent upon the rotational speed 

of the sampling wheel. The temporal value of the discarded (not 

reproduced) samples during compression can be varied by changing 

the speed of the storage loop, since this determines the amount 

of tape that will pass over a tape head during a given time in

terval. The sampling wheel rotates in the direction of tape 

motion; therefore, the speed of the storage loop, relative to 

the surface of the sampling wheel, is reduced yielding lower 

frequencies in the retained samples of the original signal. The 

compressor output is recorded on a tape which is then reproduced 

at a speed that is sufficiently faster than the recording speed 

to restore the lowered frequencies to their original values. 

The increase in playback speed results in a tape reproduction 

which is less than the original production time, yielding time 

compressed speech that is not altered in respect to vocal pitch. 

The tape supplying the signal to the record head that transfers 
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it to the compressor's storage loop may be speeded enough to 

produce an elevation in the frequencies constituting the signal 

that is exactly compensated for by the lowering of frequencies 

which takes place during the sampling process . Hence the com

pressor output signal is compressed in time without frequency 

distortion. 
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