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ABSTRACT- .~ ~J

ALiza Cohen ,' T

4

. ) AN
THE EFFECTS OF COMPRESSION RATES AND METHODS OF COMPRESSION
ON THE COMPREHENSION OF AUDIOTAPED MATERIAL - .

The purposo‘of this“study was to {nves;igate tne effects'Pf
%wo-rates of time compreséed speech‘anofiwo methods of time'compressﬁon
on the comprehens1on of audiotaped mater1a1 Fifty subjects were random]y
assigned to f1ve treatment groups, each rece1v1ng a 1580 word text on elec-
" tronic data processing controls. A control "group heard this information
- at the originally recorded speed of 135 wpm. Two groups heard this 1nform-
. ation°compfess;d by 39% (218 wpm), whiie two other groups heard it at a
compression }ate of 57% (31 wpm) One group in oaéﬁ of these two com-
pression cond1t1ons recelved mater1a1 which was compressed by the systema-
tic deletion techn1que, the other group in sach of these tonditions re-
ceived material compressed by the se]ectyve deletion technique. A four-
teen item multiple choice test covering fhe.contents of the listening selec-

r

tion was adm1n1stered : ;
Results of tne _Study 1nd1cate (1) a significantly Tower mean
comprehensson score i the contro] group as companéd to the group which
sreceived material compressed by 57% using the ;e1ective deletion method:
(p.<\.\(25) (2) no signifiéant effect of the method of compression (p<.05) -
' ~(3) no signifioant interactiontbetween the rate of compression and the
method of comoression (p <.05). Results are discussed in terms of their

implications on education Methodological drawbacks in the measurement of

comprehension are brief]y desrribed. L , o

\
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. . . L. INTRODUCTION . - - ..
“ THE STATE OF LIsTENING IN THE 1970’5 - § o e

S ' ‘ g .
. ) Within the past two decades, there hg; een a marked increase

linﬁthe"emphhsjs placed upon the importance of human communication; A

4

plethéra of material has been xritten on its significance td_the\indiv—l‘

idual, to marriage, fo family 1ife, tofcommunitxglife, to natibnq1 life = .

-

: - Vad
and to international affairs (Duker, 1971). In eath of these areas,

-

conhgmjcation must have as its prime requisite someone who either reads
. o p s . - .

or listens to thg message being transmitted. o

It is not -then surpriﬁing"that educators should show concern

about students' proficiencies in reading and listening'comprehension. -

what*?s surpgising, however, is that the majthembhas1s should. be on -

* .
' reading, the lesser used of the two receptﬁve commun1cation modes. o’

Rank1n (}928), for example, found that 7\out of 10 minutes of

the average person's working hours were spent in communicating verbally

in one of its forms; communication time was devoted 9% to writihg, 16% to - .

P

reading, 30% to speaking and‘45% to listening. ArraSJ1d (1973) notes

that ‘more recent research has found that e]ementary school students
‘.‘ -
spend fore than one half of their schoo1 day llstening, wh11e thé lis- .

teningtime of high school students ranges as high as 90%. _The under—,

«d

graduate spends about 42% of his time listening. Thus, the amount of

“u

oral communicat1pn, even in a so<ca]1ed "11terate" countny, far EXﬁ‘FdS
- . ,l, Lo - .




- .. e ~.
: . N .,
the amount of written communication. ' ’ D

¢ J
Desp1te these facts, the aural medium has traﬂ1t1ona11y rece1ved

P

P comparat1ve1y 1ess attent1on than the visual med1um. However, \s can be

- evidenged from the accelerat1ng pace at wh1ch,+tterature on~llsten1ng

-~

é1s being pub11shed, as well as from the appearance in educat1ona1 curric-'
PRy N

ula of programs a1med~at the deve1opment of listening sk111s, ‘this s1t-

uation has undergone -a substant1a1 degree.of change
o - The realization of the importance of listeninq and the develop-

- \ .- F

ment of Tistening ability, has led edycators and researehers to direct

L

‘the1r attention to various. aud1otechn1ques of transferr1ng’fhformat1on.
At‘present, 1t is apparent that auditory, educational metheds are agsum-

: : S ) . ..
ing a larger and-larger role in the educationa[/precess + The new educa- -

tiopal technologies such as computer ass1sq§d 1nstruct10n dial access

s

tage ]ectures, tele]ectures etc. . all 1nv01ve§aud1tony presentations

"(Orr:\TQQQz As well, audiotape approaches have found increasing use °

4 . -
in the presentation of review material and in the distribution of seminar

’ -~
IS

and’ conference materials. . y

oped by Post]ethwajt. In this system;)there is an aud1o—progranming

R

b

P

é T O Of particular s1gn1f1cance is the aud10-tutor1a1 system devel-
g

& )

g . of 1earn1ng experiences logically sequenced to produce effective student

L performance In other words, the taped presentation represents a prog/gm-
ming dev1qg§wh1ch d1rects the student in a wide var1ety 7 of, 1ntegrated
1earn1ng activities. In this approach: '

£

(1) emphasis is placed on learning rather than teaching method-
o]ogy

~‘$,~ ™ *  (3) study time can be arranged according to student preference -

.
. N - ’
" -
.
- v
.
.

\\\

(2) study pace‘is under student control _ . . v

rrey
r 4




(4) study conditions ifvolve a min{mum'of,di5££::tions ' o (:

*  (5) _the student feels more keen]y-respoﬁsib]e _his own learn-

"”) " ing " . * ' k\: a ™

(6) .each student is essent1a11y tutoreu bx a. senfor staf? member

Y (Postlethwa1t et al’, 1972). )
B \ o c

o

fhough this s§stem'has been'utiJﬁzed successfuliy (Posfiethwait 1965"
Mngéé, 1968; Tope,, 1969; Stuck and Manatt, '1970), one trauback fs that
the listener's listening rate Rust bd determ1ned by the oral reader~

4peech rate..‘For some ]1steners, a faster word rate may be preferab]e.

That‘fs aTecturer may de]wver a Jecture at 190 words per min e (wpm),

Y N

o> 3

wh11e a student S thought may pro?eed much faster Thus, as was the

\

e

" primary complaint of studénts:who part1p1pated in an evaiuatjongof an,

. audiotytorial course (ijby, 1972), despite all the advantages of this L é

v < R / . . , .
approach, it dif not Save time over the conventional classroom lecture

[ -

methog. i

-

Another consideration which Short (1975) has emphasized is’

v

that the discrepancy between the rate of presentation and the student's

thought may result*in inattehtionbasfggﬂj as other problems, which might 2

be alleviated if the student cou]d‘listen et faster speeas.

5

- L ) : .
Shortcomings such as these have #furred research into the utili=

.
* -
! \
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r

zation of compressed speech, that is, speech which is reproduced in -

&

> . - . 3 “‘ a -
less, time than was required for, its original production, as an educa-

ﬁpnal medium. '
L

¢ D . ! ’ f e

s o Lot
WHy CoMPRESS SPEECH? , .

.

To shed 1ight on the rationale b%j)nd the use of time compressed

speech ih educat1on, it'is useful to br1ef1y describe how continuous

o
+
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speech is processeg\bx\1ntroduc1ng M111er s ncept of "channe1 capac1ty"

’ (Miller, 1956) the 11stener 1s a conmun1cat1on

-

Accondlng to th1sozode1

system withpa finite capac1ty fod Jrocedsing 1nformat1on. W1th an,

B - " - AT ’ ‘
-1 s T N e
-
\ . v . R -
. ; By 1 v . .

[ ‘ . « » ; .

. .

Y .
- .

\\1ncrease inethe, amount. of 1nput 1nto the syst%m, there 15 a concom1tant

-

“capacity”

is’ reached.

increase in the amount of information transm1tted.(output) untiﬂ{"channe?

In Miller's' terms, 'the channel. capacity is the

3

‘? " ~ * . N N - il . - N . -
, ) .. upper limit on the extfnt’to which the observer can match his responses

(p., 82).

' maintained between input hnd'ontput.

to the stimu1i‘ye give him" At th1s point, ag‘equ111br1um 1s .

When the 1nput rate is’ 1ncreased
- beyond‘channel capacity and cannot be handled by the system, 1nformat1on

is lost. "Assuming" then, "that normal speech occurs at a rate below, -

- .
channel capacity, ingreasing the word -rate should have Tittle effect on “

s listening comprehension'unti1 channel.cqpaciﬁx is reached. 'Beyond this
. K , . -
point, further increases in the word rate shou]d result .in progressively

larger Tosses in listening"(Foulke, in Hortoﬁ'and'benking, 1971, p. 102)

In Tight of” the fact that most evidence ava119b1e suggests that

human be1ngs are, in fact, capable of ass1m11at1ng informat1on at a rate

v v b
,much higher than their vocal apparatus can produce (Duker, 1974), it wou]d ’
‘seem that cohpressed speech offers a fea51b1e methodipf achieving learn-.. -~ j'

>

OVEROIEW OF SPEEEH COMPRESSION TECHNIQUES L AR I

i oot -
rd v ¢ l

\ © While it is true that speech'can be Speeded up by having a - ?

ing economy.

spéaker speak faster, there are distinct, 11m1tat1ons on the rate at ‘ :_';

which a human speaker ¢an produce connected d1scourse with. acceptab]e ; o

»

enunciation. These 11m1tat1ons firevent this from be1ng a féa51b1e meth-

" v

od of aﬁhiev1ng compressed speech 2
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| ™ - s . The word fate of* a recorded message may also be altei'ed' simply

B o . by reproducmg it ata different speed from that used during recordmg,
ASEEEENIN - this normal speech rate fluctuates bpetween lOO and 180 wpm. If playback
o R speed is 1ncreased, word rate is increased ali!speech compression isﬂpro—
\,‘\;\ LN 'dt:ced.. However, this technique not only‘ effects a chande in sate, but
A . s 0

also an accompanying shift in the frequency of the voice signal which is
> ¥ -

proportional to the change in tape or record speed. This shift has been
. L

kY

Over the past 20 years, a number of alternate t\me compresswn

referred to as the “Donaid-Duck effect”.

<

\ dev1ce§ have been. developed whi ch eliminate ‘this effect and which are :
. not subje severe limitations of-‘requestmg a speaker toﬂ]ncreas‘e)/ )

his own speaking rate. (For a icomplete l'lsting and‘descciption of these
(\ dev1ces, the reader is referred to CRCR Newsletter, 1972, 6(5)) Thus, sucb\

AN
/ devices decrease the playback time of a fecorded comnun'lcation witho

A bR

alter'mg p1tch ‘characteristics or rhythm of t,‘he voice. )
< There are bas1cally two speech compression methods used tn
available speech compressorjs. One method 1s called the- sampl'lng method
_or‘,syst‘ematic deletion. In, this method. compression is accomplished
a by taking regularly spaced samples of the recorded communication and ‘ v e
.playmg them back, in proper-sequence, with no gaps between them. These
' sampTes are called "sapplmg intervals"\and the spaces between them are
called "discard m‘tervals" (Dum. l974. p. 446). The second method

\of compressmn is called selective deletion In this methéd, the. tempo-
ral charactenstws of components of the speech signal itself, e. g.
/ ﬁauses and vowel sounds, are altered and/or deleted In both techniques, |
pitch is normal and stress and 1ntonation are pteserved Audlo liﬂty

is quite good uQ to twice normal rates,‘but beglns to becone dlstorted“\
“ ~ . ° X ' . ’(\, ) AN




with increasingly higher degreés of compression.

SYSTEMATIC DELETION AND THE VARISPEECH |
% S

‘r

The me%hqp whicﬁ hd® been most widély used in siudiés pertaiﬁ- .
ing to 1eari¥Tng economy and inétruction.is systematic deletionﬁisampling
< metﬁod)., In this method, 'segments of recorded passages are pe;iodicale
s~ deleted and the retained portiégs brought togefhef: fhe discard intengpl
“is typically 20440‘milliseeonds énd the retained intervals are varied

to achieve the desired amount of compression. This can be accomplished

tphysicallx, by splicing tape, electromechanically or by means of a comput
,er. ' ‘ R
fhe Variépeech I, an electronic device developed at M.I.T.
which empioys this sampling iechnique. was one of two éompression devices
emp}oyed in~the presen£ study (See Appendix A). It includes a cassette .
transport on whigh a signal to~be.o£mpressed is reproduced, and a smafl,
. special purpose comphéér which obtains samples from the input signal

that are reproduced consecutively to yield the coﬁpressgd output (CRCR
Newsletter, 1972, 6(5),, p. 2). o ' ]

o

*

SeLecTIVE DELETION AND-THE Vocoma] -

Y T ¢ /a/‘

Initfal]y, the sole method of aéi?eving selective deletion was

-by physically splicing the tape or through the use of a computer, due

. . . _
to the necessity of identifying specific segments to be deleted. Because ]
) dfmhigh computer costs, little‘}ésearch utilizing this dpproach was con- .
. . L S ] -
dqugd. In 1972, however, an electromechanical device, the Vocom I, was

deve]oped;‘it allows selective deletion to be échieve& egsily and rela- |

«
-
"*“
)
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.and pauses are théreby detected and shortgeed. For additional compﬁes-

3
.
‘
A
.
%
Z.
g
‘
i
H

- v

. * v
tively inexpensively. This machine was the secdnd of two compressors
used in the present study(See Appendix B).
Orig1nal material is fed into this dev1ce and recorded.on & C

built-in audiocassette deck. "The actual speech wave form is observed

sion,vpwels are also sensed and shortened. Consonant sounds are left

unaltered. Th;)tapé drive motor of the Vocom [ thus turns off when a

e Wb vt - - I o g M 2 B oo e S e, gt ld
Rt g AL 4 e i il e e i L R Sty e

pause o vqye] sound is encountered and- is not reactivated until the
spegch sound following the pause or vowel commences (?ark, 1972).

I

OBJECTIVES

The objectives of this studyweretwofotd. An attempt was made '

to determine (1) the differential effect of two rates of compression

-
Y el et M oS SIS & T 1

on the comprehension of, audiotaped material  (2) the differential effect
of twp methods of compression (sysfématic deletion and selective dele-
tion) on the compFehension of this same audiotaped material. g
A numbef of Timitations were realized at the‘outset, As Carroll l’» B
(1964) has pointed out, therpompfehension ofgcohpressed speech may - .
de;end on a number of factors, among them the characteristics of the
speech itsﬁ?f, the complexity of Ehe gramar, the‘difficulty of the

vocabulary used, the abstractness or technicality of the content, anq‘

the competence of the listener. As well, he has noted that ohe must

follow accelerated presentation. Obviously, the measunement1pf all

these variables is beyond the cope of any one study. ~

5
3
:§
depend largely on the 1isten§f'$report concerning whether or not he can T %
#
)
£
-




REVIEW OF| LITERATURE ° .

. -

There are 3 fundamental types of variables which can be inves-
tigated—in compressed speech reséﬁrch: variablés in the material com~
pressed; variables in the ﬁrocess of compression; énd listener variables
(Duker, 1974, p. 506&. This study was primarily concerned with 2 aspects
of the process of comp;ession: (1) compression rate as it affects com-
prehensionand (2) systems of compreséion as they af;;ct com?rehension.

In the review‘of the iitérature to follow, studies pertinént to each

of these two areas will first be discussed independently and subsequently

be related to the research‘questibns posed in the present study.

N

CoMPREHENSION AND COMPRESSION RATE = . <

An early study by Nelson (1948) in which 25q col]ége students
listened to recorded simufateg newscast§ presented at vanjing rates from
‘125-250 wpm, revealed no significant differences in comprehension in
the: range bounded by 125~andﬁ225 wpm. Harwood (1955) assigned 487Gtenth,
grade students to four groups, each receiving the same message at
either 125, 150, 125 or 200 wpm. He found that comprehepsion scores

at each of the four rates of presentation did not differ‘significantly.

However, both Harwood and Nelson reportéd slight, though statistically non-

L J
significant losses in comprehension as word rate increased.

In a study conducted by Diehl et a1 (1959), college freshmen
listéned to records presented at 126, 135 160 or 175 wpm. No signifi-
cant differences-in comprehension were found between any of these 4

groups or between these groups and a control group listening at the

—y S
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*-14% in the range bounded by 325 and 4Z5 wpm.

" increments of 25 wpm. Findings were in close agreepent with those report- :

i

originally recorded rate of 145 wpm,
\ Fairbanks et al (1957) reported a study in which a group of air

force trainees were assigned to 5 message test conditions and to a no-

message condition. Results showed 1#f1e difference in the comprehension 1
Ay

i

of selections presented at compression rates of 0%, 30% or 50% or at 141,

201 and 282 wpm respectively, Compreﬁension scores did, however, decline i

from ah average of 58% at 282 wpm to 45% at 353 wpm and then to 26% at 470 -

wpml

I

In usinq both literary and techn1ca1 1lsten1ng se]ectvons,
Foulke et al (1962) found that 11sten1ng comprehen51on was on]y s]ightly
affected by increasing.word rate in the range -between 175 -and 275 wpm. N %
Beyond .this range, they found an accelerating loss as word rate increased.
A later study conducted by .Foulke and Sticht (in Fou]ke and St1cht 1969),
revealed a 6% Toss in comprehension between 225 and 325 wpm and a loss‘of
.. A much,wider range of word rates than had prev1ously .been inves~
tigated, was subsequently looked at by Foulke (1n Horton and Jenkins, pp. -
§1 92). Three‘hundred-s1xty co1leqe students were assigned to 12 qroups | J ;

Each group heard a Tistening se1ect1on which differed with respect to rate

‘of presentation. These rates were,between,125 and 400 wpm, and varied in

ed ear]ier, a rapid decline in comprehension occurred beyond 250 wpm. .

Adelson (1972) found that co11eqe students who 11stened to a’ B

one hour Jecture at the normal rate of 175 wpm comprehended Sanificantly

“more than when they listened to a matched t1me-compressed lecture at 275 ~.

wpm for a durat1on of 40 minutes. The length of the material .in this -

"study was a critical factor, Though the 1engxh,of required 1istening

o

T P it ez S
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time was more rea]isticalfy representative of college students' listening
situations, it was nevertheless, considerably beyond the initial exposure

time used in other studies and was an extremely intense introduction to

O .
-

compressed speech.

-
- - ~ N

o U Skinner (1972) assigned a group of 290 randomly selected college ‘é
: students to 5 experimental groups, each receiving the same audio-taped-
materié] at a different compression rate within the range of 175 and 375 : o

wpm. Results indicated that compfehension declined as a function of word

rate, but only at 375 wpm as compared to 175 and 225 wpm.

In a study conducted by Langford (1968), a listening sefection
"+ at one of 5 rates ranging between 175 and 375 wpm'was presented to groups

of high school students from four educational tracks (ability-achievement

i

groupings). A drop in listening comprehension was found for students from o
all tracks when.rate exceeded 275 wpm.

A pilot study by Cohen and Rich (1975) indicated no difference

.
T e ML SO (- O e L
) ¢

in comprehension scores of education technology students within the range

0fi193-253 wpm. Similar results were found by Bohlmeyer (1973) in a study

with psychology and nursing students.- Findings indicated no significant

differ%pces on the test scores 'of students who listened to the same record-

~ing at i30, 173, or 260 wpm.
| When the results of the cited research are'con§idered collectively,

- §~genergl'pattern emerges. That is, beyond a norﬁal word rate, there is a
i]ow.but definite decline in comprehension Wh{ch is followed by an accelerat-
ed decline. More accurately, "1igten1ng comprehension declines at a slow

£ ‘ rate as word rate_is.iﬁcreaSed, until a_ rate of approximately 275 wpm is

reached, and at a .faster rate théreafter"‘(Foulke & Sticht, 1969, p. 60). This

— ~ isnotto say that 275 wpm is tﬁefin‘ite ‘channel (:apﬁcity' of most human beings, but
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. COMPREHENSLON AND MeTHOD OF COMPRESSION .

- ing speed changing and samp11ng techn1ques, COhbarattve1y little research -

which shall be succintly described. , . a

. light of this, it seemed a reasonable assumption that pauses inserted i )

rather, that it i§ generally the capacity of most untraineg Iiéfeners

on their initial exposure to compressed recordings. \\
. Py '\‘;

“

Although seVeralstudieS\cdmparing methods of compression appear

.

/ .
in the literature, for the mos t part the have been concefned with compags >

1

o R i i s+ S+ s

has been con%ycted using select1ve deletton, and there appear to be no

A\]

published studies to date wh1ch have compared this method, as used in the
Vocom I compres;or, with that used in any systematic deletion deviqg.
Therehhas,'hdwever, been a good deal of inve;tigation into the value of
paugé\tfme in the decodihg of speech, and into other areas which relate

to the Vocom I technique of selective deletion. It is these studies,

\ v

e i 2 S L i B

Go?dman-Eis]er (1968) maintaihed that in speaking, pauses
appear to reflect internal decision"meking‘processes. > Her data also in-
dicate the importance of padses in providing time for the decoding of
spoken. information, as well as for the encoding of such messages. In

. LY
into time compressed recogdﬁﬁﬁE\might increase their comg?ehensibilﬁty;’

A study conducted hy Friedman and Johnson ehd reviewed by Sticht (in

Carroll, J.B. and Freedle, 1972) supported this assumption. Pauses of o

2 seconds duration were inserted into 3 categories of lexical strings

(grammat1ca1, ungrammat1cal or anomalous) which were presented at ]75, '
200, 235 and 400/wpm " They were inserted either at structural or non-

sterera] loci within each;string, and were inserted into-ungrammatical

" strings so as to produce arbitrary segments of approximately equal Tlength.
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Results indicated a fac111tat1ve effect of spacing at structura1 bound-
aries in grammatical strings. ‘This spacﬁné resuTted in the same Tevel
of recall for these strihgs'across all 4 speech rates. In contrast,
recall for non-structurally spaced and nonspaced grammatical striqgs de;
clined at the 450 wpm rate. Ehis same faéi1itative effech, though no;

as marked, was also obtained with ungrammatical and anomalous strings.

Friedman and Johnson suggested tha;'“the benefit of spacing between major

constituents observed at extremely rapid werd rates most likely occurs
because such pauses aid ﬁn the identification of syntactic-units" (in
Carroll and Freedle, p. 304). |

Results of this study‘ihdicate the dissimitarity in-the two
_cognitive processes oﬁ.reca11 and pbmprehension. Since recal]flf gram-
matical lexical strings was unaffected at the high word rates of 325 and

400 wpm, it can be assumed that the recall task is of a much different

nature than tests of listening comprehension on which, as djscussed\Pre-

viqusly, scores decline rahid]y beyond a rate of 275 wpm. It should a]so<

be noted that the results Friedman and Johnson obtained<3§ihg lexical
strings are not \generalizable to the cohnected discourse typically used

& ‘ .
- in studies measuring comprehens1on . .C

Rocco (1969) sought to determine if it was the lack of informa-—

.tion processing time in compressed speech discourse wh1ch caused 1oss in

. comprehensiOn at word rates eiceeding 275 wpm, He'formuleted two major
hypotheses' a) the effect of pause tlme would be stat1st1cal]y signifi-
cant; that is, comprehenswon yeu%f be pos1t1ve]y affected by the pres-
ence and magn1tude of pauses b) the interaction e:::ét of pause time

and compression rate would be stat1st1ca]1y signifi s greater compre-

4

) hensidn“being associated wf;h'longer pause times at higher hates\of com- -

- -

.
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“wpm), 2 grammatical placement strategies and 2 Te

pressigg. A 1319 word_fictioh$1 story was systematica]ly'compressed to yord
rates of 250, 300 and 359 wpm. A&ditiona1 tapes Qere made in wh%ch pause
times 6f 1; 2 and'3 seconds auratiqn were added at 30 fixed iqterva?s‘with-'
in the story:’(Thi§ resg}ted in 4 tapes at each of the 3 cémpfession rates,
or 12‘§apes in all. Three hun@npd.forty eight college students were assigned
to the 12 treatment COnditiong. Upon completion of the listening éask, they”
were requested to complete a 38 item multiple choice coﬁpreheng{on exam. An
analysis of variance was'ﬁonducted to determine if pause addition was bene?f—

cial to°comprehénsiona Although results of the Anova did show agsignificant

main effect of compre§s1on (comprehension scores of 2504and 350 wpm were

]

s1gn1f1cant1y d1fferent as were the 300 and 350 wpm scores), no significant

; d1fference was found«for either the main effect of pausé addition or the .

interaction of cohpression and pause addition. Thusy results proved contrary
.to the expectations of the experimenter.%

-Siauson (1973), >concerned with the effects of strategic placement

- of pauses upon the comprehension of cempressed speech, conducted a study in

"which the experimental variables included 2 compression-rates (260 and 360

7

s of “pause durations.
A 1530 word technical message was record chanica11yla1téred to fit
the experimental conditions. One hundredfeﬂ psychology studen{é were
assigned on a random Basfs io the 8 experimental treatment condition groups
and to a pinth group which heard the untreated version of fﬁe discourse ét
the original rate of presentation Following presentation of the record1ng,
subjects were g1ven a 55 item mu]tlple choice comprehens1on test. Ana?yses
of variance revealed a negligible decJ1ne in performance between subjects

who _heard the material at the normal rate, 180 wpm, and the sTower experimental
D ,

rate, 260 wpm. There was, however, a sharp decline in test scores from sub-

o
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jects who heard the material at 260 wpm to those who heard it at 30 wpm.
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When -overall presentation tjme was considered, ‘it was found that pause in-

[

e

. ‘sertion at grammatical boundaties did not increase the efficiency of message

£ “\

transmission. . Voo !

o
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"i - If one accepts the possibility of the comprehens1on of compressed

t

speech one must also accept the presence .of redundancy in the griginal mes-
sage (Duker, 1974 p. 554). An early study by D1eh1 et al (1959) was based
on thenpremise that pause time might well be, to a great extent, the source
of this reddndancy. In this study, pause time was altered manually b; the-

-

removal or addition of tape segments. ' Five reproductiens of the original o

P .
S R

© tape were made. In tape A, 75% of pause time was removed. In-tape B, 50%

of pause time was renoved In tape C, pause time was increased by 75%. In
t . .
tape D, pause time was 1ncreased by 50%. Tape E was left unaltered. Rates

FBFS

were thus 172, 160, 135, 126 and 145 wpm respective]y. anee hundred seventy

one college students were divided 1nto & exper1menta1 and one contro1 group.
They listened to a brief aud1otape presentat1on and were adm1n1stered a test
of comprehens1on immediately thereafter. An analysis 9f'var1ance of mean, -
; comprehension scores among the 5 groups showed no 51%Asf1cant differences.
The investigators therefore concluded that speech could be accelerated by ™

g ) 3 '
reducing pause-time with no detrimental effecz on comprehension. It is

3

i
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important to note, however, that the study had twosevere Timitations which

%’ . would seem fo vitiate the'conclusions“reached by the experimenters. ’Compres; '?
.Eé . _ sion was obtained by manual methods achieved through 1inear Measurement of .
%f N "the tape. Second, and even more significant, is the fact that no substan- é
tial change in rate was obtained in any of the experimental conditions ", i

 In a more elegant study reported by Miron and Brown (1968), f

° ~~ 36 st1mulus tapes representing a range of rates extending from approx— b i'
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“imately 100 = 900 wpm were prepared, according to 3 pardmeters, poten-

tially critica] in their control 6f compression effects: (1) speaking
manipulated %hrougﬁ‘ﬁ'range attainable by mk’yofessdonal speaker
(2) selective pause compresS1on at 3 va]ues 100, 50 and 0% deletion’ and
(3) random de1etions at 4 values: 99 30, 50 and 70%. Each of these ",
tapes was analyzed with respect to the distribution of pause and phona-
tion time ip the 1540 word passage« which was read. V4
\Ana1ysis revealed that qt the slowest speaking rate, as-'much as
35% of the total message duration wﬁé‘deyoted to pause time. At ‘the
fastest speaking rate, only 21% of the message time was devoted to pause.

In short, the values found for pause and phonation time clearly indicated

. that the trained speaker diSproportionately decreased the length of his

pauses in relation to‘the 1éﬁg;h of fiis articulation. More speciftcally,

i

“Tt-was found that pausé-to-phonatioﬁ’?atips% in normally accelerated

speech decrease logarithmically as speeéh rate increases. . ."(p. 219).

Resulfg also showed that the distribution of pause -to phonation time in
a connected message bore a non-linear relationship to comprehens1on
D1sparate1y favourable comprehen51on scoreg\qgre achieved by subaects i
faster rate conditions produced by pause excision than by_subaects unqer
sfdﬁer rate conditions with more normal pause-to-phonation.ratios.

¢

Miron and Brown's findings peftaining‘to,pausé-phonation dis-

4

tribution bear out the results of rlier psychophysical study of
speech rate conducted by Hutton (fin Duker, 1974, pp.\€68-290). He had’
documented the non-lineafity of ,honation-to-pause ratjos in talkers who
were instructed to accelerate their speaking rates. That is, when

the speaker went from the slowest rate to_the fastest rate, pause time

was decreased by 85%, while the phonation time was decreased by only 50%.
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/-§ several studies¢pertaining to phonation time shed 1ight on this approach.
In an investigation by'Hoose (196f), durational characterfotics of Eng]iﬁh
di vowels were ee mated fxom time—samp1ing¢pu1ses‘gn sound spegéognams./
y ‘ The investigator repor;e the durations of vowels in various phonetic con- - i?
v texts as ranging from 70 - 410 milliseconds. IIn contraﬁt, tn; duration _%
' - of asp1rated portions of stop consonants were repor;ed to range from ;%
: 5-20 m1111seconds for vo1e?d @;ops, and from 50 -.80 m111iseconds for ‘ g y
voiceless sogas. . | / . . §
o In a study of vowel recognition thresholds by Powell and % |
} ? ) Tosi (1970), a series'of\yoweis were segmenéed into 15 different temporal é-i
| ;%'a segments ranéing from 4 - 60 milliseconds and presented to subjects: To , n .J
; o estimate recogn1t1on thresho]ds, subJects man1pu]ated the de1ay control ’ §
f < on a pulse generator‘to produce segments rang1ng from a Z\QJ11seconds up to ( §~
;f ’ a po1nt where they could recognize the vowel correctly. The length ' g
? of time'was read from an osci]]osoope and tabulated: Results showed , S g
g the mean temporal segmentat1on thresho]d to be 15 m11liseconds w1th é
Agj a range from 9.3 m1l11seconds to 27 .2 milliseconds. ‘Such results sug- f;
,% o7 \ gest that vowel sounds can be considerdb1y §hortened with no dé]eter- ’
g g ious effect on word 1dgnt1f1ca1i;onj L - > : . : . f'
. gl ~rw ,‘ The data reported in these two studies 1mp11es that speech ~- .. 2
g\ N m&y best be accelerated by decreasing the ddrat1on of vowels and leaving f
é . consonants ‘unaltered. ' / | o - . h#
© "+ SUMMARY ] ;
\ ) ; The aforementioned studies were general]yaconsi§tent in their - b

.- findings that within tne range bounded by 175 * Eiﬁ wpm, comprehension .\
f "4\, . 4 - . )
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. is“not seriously affected b¥ speech compression.’ This remains true under
the gumenous Somb;éssion,fgthniques employed "in xﬁé/cited re§earch.
Research findind§~révea1 an inverse relation between the pﬁg:
portionsﬁqf phonation Fime and pause time inf§g§éded spgeéh (Miron and
Brown, 1355% Hutton,in-BEkEr, 1974). Evid%z;e‘élso‘suggests that pauses
are not essential to the decoding process (Rocgy; 1969; Slauson, 1973;

!; BrGwn, 1973; Cohen and Rich, 1975) and that vowel sounds, being of much =

»longer duration than consonant soynds, can be"zonsiderably shortened
- without saerificing word identification (Hou§@, 1963 Powell.and Tosi,
1970). \ ’ |
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PROBLEM STATEMENT . /)‘ A ’}

o . - R 23
_ The research question which then arises is whether two methods

of deleti::eiyarispeech I and Vocom I) will differentially afféct com-

prekgnsion
u

Ll

) .. . oy
specially at levels beyond thbse previously shown to be B

Vi .
na ed by compression. —
. B ¢

L3

tIt was,the intent of tRis study to ipveEtigate this question

and-also t&treblicate findings of previous studies pertaining to the

cbmprehensibi]ity of materials presented within the :55 to 275 wpm range,
<,

'

: . o .
HYPOTHESES .
- —— ' - '
" Four hypotheses were formulated: .
e
(1) Subjects pnesentgd with audiotaped material compressed by 39% (218

wpm) will achiedg)the same comprehension scores as subjects(;Yes-

ented with this material at the originally recorded speed of 135 wpm.

(2) Subjects presented with audiotaped material compressed by 57% *

P
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(311 wom) will achieve significantly lower COmprehensiOn scores

chan subjects presented with efther uncompressed material or

material compressed by 39% (218 wpm).

As has been discussed, when the results of "studies on the inter-

@  action between word rate and comprehensionlare viewed collectively, a
. geﬁeral pattern emerges; comprenens%on shows no significant decliﬁé‘:\
'up to the rate of 275 wpm: Beyond this rate, comprehension scores drop‘
a;fan acce1erat1ng pace. “Since 218 wpm is well within the 'safe’. -range,
it was expected that comprehension scores would not bé s1gn1f1cant1y 1 )
affected On the other hand, since 311 wpm ‘is well be;dnd this range,

comprehension scores were expected to declife s1gn1f1cant1y
8 . 4
. - AN °
qgl SubJects presented ‘with audiotaped mauér1a] comnressed by 39% (2]8
wpm) us1ng the selective deletion techn1que of the Vocom\l w111

ach1exe the same comprehension scores as subJects presented with
a3 ‘\

this mater1a1 compressed at the same rate using the systema‘}c

it 5 DN 2 2 5 oo S A

del?t1on\;echn1hue of the Varispeech I

N

L

Studies pertaining to the 1nteract1on between word rate and
comprehension emp[oyed a number of techn1ques to achieve compression, and
yet obtained similar results. It was thuslassumed that if a level of compres-

Al

sionwas within the range found by research to affect comprehension only
. e ‘

R Y i o VT W SRR S

‘ slightly, the method of compression*wou1d probably be'insignificant. That

e

is, due to a certain amount of redundancy in the English language, those

who are fluent in it can deal with some degree of deletion whether it is
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accomp1ished randomly as in the Varispeech I, or according to contents
of the speech sample as in the Vocom I. Aé Foulke notes:

There is ‘apparently €nough redundancy in spoken langyage >
that many words can, be transmitted ‘imperfectly or not at all '
without 1nterfer1na seriously with Tistening comprehension.

The 1istener is able to use his informatiqn about the occurrence
of words, phrases, and sentences in reconstructing imperfectly
transmitted speech. (in Hortoh & Jenrkins, 1971, pp. 98-99).

P
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(4) Subjects presented with audiotaped material compressed by 57%

< a2t Wl :

(317 wpm) using the.seIectiGe deletion technique of the Vocom I
will achieve significantly higher comprehension scores than sub-
" jects presented with this material at the same compression rate,

Jdging the systematic deletion technique of the Varispeech I.

i

{
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Orr (in\Horton and Jenkins, 1971, p. 113) points out that in
systematic de]etign, the retained sampling 1q£9rva1‘must of necessity
vary with.variations in compression, growing smaller as compression ~
increases. That is, as compression increases, the discard interval is .'-' 3

removed more frequently, so that'the sampling intervals must become

e L 5

progressively smaller as compared to the discard ynterval. Because of
the loss qf_speech sounds inherent‘in thingethdé{hand in Tight of the i
previously discussed research findidés of Hutton (in Duker, 1974), Miron ' §
and Brown (1968), House (1961), and Powell and Tosi (1970), it was )
assumed that compression accomp]ished’by deletion of pauses and shorq= f

.ening of vowel sounds preserved a more natural pattern of speech and,

hence, one that would be more compreﬁensible at higher word rates.

~
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-5 . SIGNIFICANCE OF THE STUDY o ;

Il

« On a general level, this study is of sjgnificaﬁte {n that it
'investigaées a technique which may have widespfegd practiéa]educétional
applications, such as the improvement of ;duca;iona1 efficiency, the
improvement of reading and listening skil]s,f;nd the proy}§ion of an 'aural
_mneadingf form for the bliﬁa; visually handicapped, and dyslexic. Properly
| applied, time compression fits well with the current 'educational ;evqlu-
- - tion', which i§ primarily directed at raising the efficiency of time sperit
in educational activitigs for'the attainment of goa]s,Aski1ls, etc, and
as Duker (1974, p. 40) states, "{t.should continue to fit well as we move
intb the era of improved audio technology, long-line transmis§ion, inter-
" library networks and home information consoles".
~ . On a more specific level, it was one contention of the present
study to-clarify some of the uncertainties regarding different compres-
sion devices The importance of the study thus lies in 1ts potential
utilltar1an'funct1on of providing educators w1th exper1menta1 ev1dencg\‘_‘
on comprehension as it is affected by a sampling device as compared to
,comprehension as it is affected by a séﬁective'de1et10n device. \Lg_wgs /
hoped that such ;i;zence would aid the educator interested in incorporat-
ing compressed recordings into an academic program and who is éonfronted

P
with the task of choosing which of a number of avgilable compressors to

purchase. S
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I1. METHODOLOGY

SUBJUECTS

“ - »
]

o=y
Subjects were 27 male and 23 femalastudents from Concordia

©

University who vo]u#%eered to participate in this inbestigation; they .

. Were told it was a st#ly in listening comprehensi#n. Thirty-six sub-

jectsﬁere graduate students:§n educational techqology; 14 subjects were

undergraduate students in the faculty of education. No subject had any -

known hearing deficit. A1l subjects were fluent in Engligh. Subjects
‘ L3
were asked whether they had knowledge of the areas covered; those who.’

answered posfitively were eliminated from the study.

MATERIALS R ' \(

Material presented to the subjects was a 1580 word text on
-4

processing controls for, use during electronic data processing (see

“Appendix C), This material was one of eight modules on controls in elec-

. tronic data processing utilized in a course designed by the Canadian

Institute of Chartered Accountants. The maieria] was written for pres-

g ‘en%ﬁtion by audiotabe and slide. The module which was used contained

-no direct refg-ences to materf?a'l contained on the slides. All material

~

“in the_.associated -s1ides was covered in the text. Since the s11de§ were

~ . )

used oniy.to reinforce material in the text, the audio portion alone con-

stituted a complete presentation of the subject matter.

o
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This material was selected.in an attempt to present content in
1
which pre-know]edge of students in education technology and education would "
be smaH dependence on background information minimal, anc/ levels of

’

abstract1on extremely Tow. Because the material consisted of straight-
forward exposjtions of factual information, including explanations of
procedures and definitions of concepts, it was easily amenable to objective:

testing.
Five versions of the text were prepared. The first version was

unaltered from the way it was originally recorded. It was read by a pro- -
fessional narrator and was recorded on an Ampex 440C tape recorder. It
was presented at a rate of 135 wpm and‘w;s 11 minutes, 28 seconds in dura-
kion. 'The second version,'cgmpressed by 39% via the Vocom I, was recorded
at a rate of 218 wpm and was, 7 mindtes in duration. The third version, )
compressed by 39% vid the Varispeech I was of approximate]y the same dura-
ﬁ{gn.‘ The fourth version, compressed by 57% via the Vocom I, was record-
ed at a rate of 3f1 wpm and was 5 minutes in duraéion The f1fth vers1on,
a]so compressed by 57% via the Varispeech I, was of approx1mate1y the same
duration. Word per m1nute rates were se]ected on the ba51s _that they were
within the ranges shown by the literature to be of 1mportance to compre-
.hension. g N 2 ' ‘
A1l versions were preceded by a 686 word introductory module
on data processing controls (see Appendix D). The in%k%al rate of present-.
ation of this module was 135 wpm. It was gradually increased to the point g
at which the percentage of ébmpression was equal to that contained in the . «
particular version to follow. The purpese o'f this introductory
1Though.control knobs on both compressors were. set at the same

levels of compression, the Varispeech 1 recordings proved to be approx-
imately 1% faster than the Vocom I recordings.

R <o gt




o ey

R .

I wﬂ.w\wmmm*tz‘w”m-r.w7 < -

.

material was to familiarize subjects ;n'fh the subject matter, as well
as .to attune them t<; the rapid rate of presentation.

Reco.rding,s en@_loying the Vocom I compressor were made at
the sound studio of McGill Ullﬁrversity, as was the original recording. ~ L

- Recordings employing the Varispeech I were made at the sound studio "

¢

of Lexicon, Inc@rporated (Waltham, Massachusetts), manufacturers of this O
machine. . . o | | i

: " Consideration was given’'to the determination of the difficulty

v - level of this material. However, in.1ight of previous research in

A

this area, it was decided that such a procedure woul’d nat, in essence,
enhance the v‘a'Hdity of the study land'- hence" should not be undertaken.

For a detailed discussion of this topic, refer to Appendix E. -
’ ¢ .o

PROCEDURE

‘Subjects'here assigned to one of 4 experirgnteﬂ groups or a *
b

o iy . . hd R ALY
ar;ru%‘&{é;' Bt a AT St P

- control group on the basis of a table of random numbérs. Each subject

* B R . N I

was tested individually in a small room equippéd witlhtdesk, Tamp» and . L

LI

an Ampgx Micro 9 tape retorder. ‘-Theh'foHowing instruct{"ons" were
L% . ,'

9 . .
given by the experimenter to subjeets in the four experimental, groups:

¥
N
o e i loobiab i taset, WM Mt ot
.

\Yqu will be hearing a k&rding which is presented
at a rate faster than:normal speech. The firét section of
. this recording is just to acquaint you with the' topic and— | C
' ) get you acéustomba te,t:;he new rate of presentation. When ‘
- this is over, t_here will be a blank space or; Jhe tape 1a'st-
Ying several mi.r;utesa. at which time you can- relax. Fo]low-‘ : ¢ ’ D

7~ : ing this blank space, the second section of the_v recording

will be presented at the rapid rate. Listen to this section

o




. s
A s
-~ L,.g

carefully, When it is over, p1eas§ turn off' the tape recorder
A ' '

and complete this test of,compreliension on the second section.

——

(test was wrong side up beside tape recorder).

*

Subjects in the control gr;oup were given basically the same
instructions. Sifce their recording wgs_not at a rapid rate, however, : .
they were todd that the first section was mainly to acqaaint theril with . . 3

the top{g and get them accustomed to 'l‘istenivng‘to audiotaped material..

. xn '
Each subject adjusted the volume on th,e headsgt for maximum__ -

I DR =
Foten g g4

comfort and auditory sapisfaction. No time limit was placed on the com-

o,

3,

' pletion of the cop\preh'ension‘test. Upon its completion, the experimenter

informally discussed with each subject his/her reactions to this exp&r-
[ 4

ience.

e et

. IR o - : : . Coa
- INSTRUMENTATION. ’ ]
\ . :Comprehensi'on was measured,by-a‘ 1\*4-1‘ tem multiple choice -examina- ?
ti‘on~, . Eﬁ}‘item hay{ing only one égcc’eptab]e ans'wer (Appendix F). AN tests' ) i
were_hjd scored by the investigator. Each correct answer was awarded \
- poini. Incorrect responses'\and uﬁanswered questions were scored as . é
zero. ’ _ : ‘ ) ‘
The Kuder-Rithardson 20 method was ywsiabﬁsh internal _ J‘

_consistency (Brown, 1970). Measures based on data from thirty gbmp]egéd
tests selected-at random from the experiment revealed a reliability of

.61. KR-20 procedures are provided in Appendix G.

Cantent validity was verified by taking all test questions

\ ‘_11_ rectly from the terminology and basic ideas bovergd in the-text:.

v
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 ReseaArcH DEsioN . ‘ .

v

A factorial design (3x2) with a‘sing]e‘contrb1‘groﬁp was used
+ (Winer, 1962)."There were three levels of the independent variable
(percentage of cpmpnession) and two'levels of the moderator variable

. (method of compression). This design is illustrated in Figure 1.

. 4
Variables.

¥ ‘Independept - (1) 0% gémpression (Xo) - Learning material was

b
- ~ presented at the normal rate of 135 wpm. It
L8 - o o wa§ 11 minutes, 2? secgnds in duration.

,‘(2) 39% cqmpressibn (X]) - Learning material
compressed by 39% was presented at 218 wpm

and was 7 minutes in duration.w..

B & Loyetn g TRLE IO e
i T P caisd T . w S

(3) 57% compression (Xz) - Learning material comp-

ressed by 57% was presented 5f 311 wpm and

N, e PR T
~

was 5 minutes in duration.

B 9
23
-

Moderator - The moderator variable was the method of compression.

r
3 1

Two speech compression devices, each achieving com-

B R e P

pression through different deletion iechniques, were

‘ . . used to compress learning material at fhe two compres-

S SRy

Y sion levels, The Vocom I compressor (Y;) utilizes

1 compressorr(Yz) employs the systematic deletion

technique.

N

the selective deletion technique, while the Vafispeech'

P Y
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.
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~ <r' Dependent - The dependent  variable, 1eve1 of, comprehens1on
attained as a result of 11sten1ng to aud1otaped

material, qu measured by scores (0) of the sub- ”’/////

Jjects on an untimed written multiple choice test. !

>

STATISTICAL PROCEDURES .

‘Means and standard deyiations were determined for each of the
five experimental groups. A two-way analysis of variance was used to
analyze results. This was computeﬁ in accordance with the procedure
presented by Winer (1962, p. 265) for analyzing the results.of a faétér-'f

151 experiment with a siné]e control group. This analysis indicated: .
‘ ’ . .

r— : (1) the effect of the independent variable (percentage of .

I

R compress1on) on the dependent variable (learning)
(2) the effect of the moderator variable (method of compres-
sion) on.the dependent variable (learning)
‘(3) the interaction between percentage of compreesion and

L4

method of compression.

The Scheffée multiple comparison test (Ferguson, 1966) was used to compare

»

the Tevels within significant factors.

»
S
] . .
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Figure 1
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: where
R = random assignment of .
S's to treatments -,
X = treatment * ¢

0 = observation

X]= 39% compression (218 wpm)
X" 57% compression (311 wpm)

X,= 0% compression—common °
control group receiving
uncompressed message
(135 wpm)

!

Yy= VocBin I (selective o
’ deletion)

Y2= Varispeech I (sys'tematic
deletion)




[T1. PFSULTS

T ¢

Data wés gathered for the fifty subjects in four exﬁerimenta]

- _groups and one control group. A two-way analysis of variance was used to - %

test the significance of effects. A critical region for rejecting the null

\E 2

- hypotheses eorresponding to the 5% level of significance was used. “z

D

RATE oF COMPRESSION

Mean comprehension scores of the five groups are presented inl - 4
Table 1. In general, students presented with fgcgmpressed audiotaped mater-’
ial (135 wpm) achieved higher comprehension scores than q;g students pre-
sented with material compressed by 39% (218 wpm). Similarly, students
o preseneed with material compressed by 39% received generally higher compre-
hension scores than did students presented with matefia] compressed by

57% (311 wpm).

A two way analysis of variance summary preseﬁted in Tab]e 2
, ‘ 1nd1cates significant overall effecgg of the compression, F (2,54) =

& . 8. 756 The means for each of the five treatment conditions were submitted

to multiple comparison tests using the method described by Scheffé (Fer- )
guson, 1966, p. 296) A significaht difference was found only betwedyg

the control groub and the group receiving material compressed by 57% via

G, PN %

the Vocom I, F(4,45) = 14.48, p <.05 (See Table 3)

MeTHoD oF COMPRESSION - ?

[ R T

As “indicated in Table 2, no sigqifieant machine effect was found.

I'd
2
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Percentage of Standard
Compression Mean Deviation
0% 9.8 ©1.549
) 39% .
Vocom 1 8.5 2.593
, 39%
Varispeech 1 8.4 2.221
? _ .
57%
'S Vocom I 6.0 S 1.886
. )
57% | ‘ \ ' ’
Varispeech I - 7.7 2.263
v
ks 4
Table 1

Mean Number of Correct Respon’;es on Test of Comprehension
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X

H
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[ 4
{/ A
w i\\ ’ -
Source " Sum Degrees )
of | of of . Mean ' -
Variation Squares Freedom Square F-Ratio
A ' 5
(Method) 4,33 1 - ‘ 4,33 © .868
B J , ‘ L
(Percent) 87.3 2 43.65 . 8.756*%
AB © 1037 2 5.185 " 1.040
Y ' . N ,‘
’
(’
, . .
Within
Cells 269.2 54 4,985 '
’ !
*» <.05
o/
- ‘ IS
R Table 2

~
Analysis of Variance Summary Table

&

.

L B R aGes

u.

" e
*

'




K]

P g et kAl s et R i T ‘n. B e «v'\f-'kr‘""W’-‘Q“’i'"&w’“ﬁﬂ\":’:“-W’lqé:ﬁ: *:“"!f‘: ”
“ | » B 32
| ‘ . - 'ﬁ)egrees Q ‘ : -
{ R o , of - , , o

A Variance - Freedom - N FFo .
rg - —————— e —— ) —“"‘ " v “ oL

- ‘ 4,985 4,45 y50 *10.30 T .

- ‘ X ,
” -~ o
e . - Comparison between Groups . F , ! L, f
' S 1-2 - \ 1.695 " oy
: L » ) ‘ o ) %
] : 1.3 T 1.965 “
-4 s a o , o
y , . e " . ) :g
i . Jd -4 14,48* W
|2 N
f 1 . . B - ;
Jé?f . 1-5 4.423 . ‘
. | ' . ,
' - - 2 -.4 6.268 ° ¢
' i
. 2-~5 .641 : . i
: o :
& ! R 3-14 5.777 g
F . 3-5 ST §
E , s
- 4 -5 T 2.898
¥ '
. * . - "
¢ R $ .05 _

- 3{ ’ i / ‘ . .
3 AN B : Table 3 , , :
5. S : ) . N ) : )

; ) Multiple Comparison Between Rates of Presentation (Scheffé) ‘.

I . N ' . .

%‘ Lo : < »” )/

] B ~ | SR "

B . . ' 4

¢ : 4 - ?

& 2 o ., t

%‘ Fr= ‘(Xl — Xz) —_— m '

k - . + g .

g g sSw”(m, le)/nmz . . 1 = control

g' dfy = k'=1=4 dfy= N-k= 45 2 = 397 compression:Vocom I

~ ' 3 = 397 compression: §
: F/ = (k-1)F = 4(2.575)= 10.30 ; Varispeech I ‘ ]

| ' - -
| 4 = 577 compression: )

Vocom I

57% compression:
Varispeech I

w
]
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" . between the rate of comptession and, the method of conipression.
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As can be seen from Figure 2, however, at the higher rate of compression, -

the mean comprehension score for subjects assigned to the Varispeech I
(X = 7.7) condition was slightly higher than that obtained by subjects
assigned to the Vocom I condition (X = 6.0).

»

RaTE oF CoMPRESSION BY METHOD OF COMPRESSION. INTERACTION

a

As indicated in Table 2, no significagt interaction was iound.

[

That is,

N

the effect of rates of compfess}onfwas\ﬂot different [for the two differ-

ent speech compressors.

This lack of interaction js illustrated in Figure
& ? : '
3.

1
.
»
. l O -
4 . . -
- - R . -

ANECDOTAL COMMENTS | o : -

N i - . i
A substantial body of anecdotal data was obtaineﬁ the course

& ‘ ‘ *
of this_study. At-the end of the comprehension test, subjec?® were pro-

vided with spacé i‘;1 which‘to write any comments on the' experim?ni:. A
s‘umniar:_y of these comments appears in Appendix H. L

For the most -part, subjec'ts complained “about the mater;ial being
unf:ami'liar. * Several of thc;se 'ero\Hs'tened to uncompressed material stated
that; tﬁeir concentration levels-dwindled gué to the slow pace of the‘ pres-

entation. On the oth®® hand, several subjects in the experimental condi-

tions stated .that their commhengion was hindered because the presenta-

‘tion was too fast, fhereby negatively affecting their abilities to con-

centrate. '

Y

O N N
.
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IV DISCUSSION, CONCLUSIQMS - RECOMMENDATIONS FOR FURTHER
- .. RFSEARCH

& N \

(

¥ DiscussIon

-

This study was conducted in order to determine the effect of
three rates of presentation on the comprehension ‘of audiotaped material,
as well as to determine the effect of two compression techniques on the
comprehension of this same material. In the d15cussion which fo]lo&s, the
experimental resuIts are re-examined in light of the four hypotheses which

were formulated
o

-

o

-

Hypothesis 1
Subjects presented with audiotaped material compressed by
39% (218 wpm) will achieve the same comprehension scores as

subjects presented with this material at the originally recorded
speed of 135 wpm.

Results indicated that there was no significant difference be-
tween the mean comprehension scores of the control group and those of the
two groups in the 39% compression conditioq% Statistically, therefore,
hypothesis 1 was supported; results were consistent with most other
Eeported findings (Nelson, “1948; Harwood, 1955; Diehl et al, 1955; Fair-
banks et al, 1957; Adelson, 1972; Slauson, 1973; Cohen End Ricﬁ. 1975). ’

It should be noted, however, that the ‘score trend was not in a direction

AW favoring this hypothesis. ' ‘ »

36
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sion condition. This finding,js consistent with studies which colleg-

Hypothesis 2

& Subjects presented with audiotaped material compressed bi
57% (311 wpm) will achieve significantly lower comprehension

scores than subjects presented with either uncompressed material _
or material compressed by 39%. '

lod *

2
5

In that subjecfs who listened to material compressedsby 57% via
the Vocom I received a significantly lower mean score than subjeets in
the control group, this hypothesis was partially agpported. In that sub-

jects receiving 57% compression via the Varispeech I compressor did not

_attain significantly lower scores than the control group, and 'in that sub-

jects in both 57% compression conditions did not receive signif%cant]y
lower scores than subjects in the two 39% compression CQnditions,’this
hypothesis was not supported. The general trend of seores did, neverthe- .
less, support the hypothesis; the accelérated dec11ne in comprehension

scores beyond a presentation rate of 275 wpm which ‘has bee&»reported in -

Studies cited earlier, is particularly. evident in the 57% Vocom 1 condi-

tion.

Hypothesis_3 » § T
Subjects presented with audiotaped material compressed by
39% (218 wpm) using the selective deletion technique of the Vocom I

will achieve the same comprehension scores as subjects presented -

with this material compressed at the same rate-using the system—
atic deletion technique.

Results support hypothesis 3, revealing no difference between

mean comprehension scores of the two groups assigned to the 39% compres-

tively have employed-a wide range of compression teéhniques and yet have =

reported similar findings regarding compression as it affects comprehen-
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sion (Nelson, 1948; Harwood, 1955;, Diehl et al, ,1959; Fairbanks et al,
1957, Adelson, 1972; Langford, 1968; Cohen and Rich, 1975, Rocco, 1969,

Slauson, 1973). Sjnce the present study specifically‘exp]ored the com-

parative effects of two methods of compression on the same material, its

T——
*findings add another dimension of support to the supposition that, due

to the redundancy in language, fluent speakers can handle some degree
of .deletion regardless of whether it is accomplished on a time sampling

basis or on the basis of the contents bf the speech sample itself.

- /
RN : x o
Hypothegis_4 T
SdEBects presented with audiotaped material compressed by
57¢ (311 wpm) using the selective deletion techfiique of the
Vocom I, will achieve significantly higher comprehension scores
than subJects presented with this material at the same compres-
"sion rate, using the systematic deletion technique of the -
Var15peech I.

Although the analysis of variance revealed no siaﬁificant ma -
chine effect, mean comprehens.'ion scores at the 57% level of compression
did, in fact, favor the Varisbeecn I compressor (sampling technidue)z
These resuIt; did not support hypothesis 4. Tney did not support the
aefggption that selective deletion might be better at higher word,rafes
because of the greater.loss of speech sounds inherent in the systematic
method, nor did they substantiate the findings of the studies conducted
by House (1961), Powell and Tosi (1970), or Miron and Brown (1968).

Such results are interesting in that they c1ose1y paralle] find-
ings of earlier stud1es which were concerned with the speed changing v
technique vis a vis the sampling (systematic deletion) techn1que McLain

»

(1962) presented a 2100 word passage to 58 students who were naive with

§ ) Fs
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respect to compressed speech and unaccustomed to’ learning through listen-
'ing to audiotapes. One half of the group heard the audiotaped material
compressed to 46% of its original time, while the other half heard the

same passage played faster thap it was originally recorded, at the same

“speed as the compressed recording. A slight, though significant advan-

tage was found for fhe “s\a”lqpling method. Similar results were found in a

i)
4%

N
e
F
0
X
3
g

comparable experiment conducted by Foulké et al- (1962). However; another .

by

stutly in which subjects were blind studenis, accustomed to reading by CL
listening, revealed no significant di%f;fence in favor of either method,1
' (Foulke, 1966). N 1
From the point of view of :auditory aesthetics', such resu]tﬁ .

~

are antithetical to what one might expect. Considering the fact that g

°
’
1 el g R e e

the speed changihg method results in serious distortions of vocal quality
. which render the speaker unrecognizable, and ‘turn all listening situations
into-encounters with a voice resembling that of Donald Dugk, it is sur-

prising that this technique does not have a more severe effect on com-

WL ALY P e
RS

prehension. Since.neither of the tompressors under investigation®in this
study produced distortions as prondunced as the "Donald-Duck effect", it
is much less surprising that no‘fignificant difference was found. 3

It is worthwhile to view these results in light of the motiva-

tional- levels of subjects. In Foulke's study (1962), sq{jects were

blind students. Considering that normal audio recording offers reading

rates roughly two to three times the average Braille rate, compressed
recordings, indeed, off;r incredible advantages and opportunities to the

blind: This factor, in itself, may produce motivationa] levels which

‘are far greater than“those of sighted students who may have any number,

of learning options.' It is conceivable that such high motivation levels




~ It should be noted that subjects who are naive to the method of
i . presentation are used in studies of this nature in order to control for

the variable of prior 1istening experience. However, in doing this, a sit-

uation is created which, perhaps, is analagous to conducting a study wgﬁch
investigates a p@rtjcu]ar visual medium on a population wh{ch has never -
receivéd instruction in" reading .skiﬂs or has had h’ttle‘e)iperience '!n_
reading. While it is an accepted fact that the ability to read and to devel-
. op reading skills does not simply happen by virtue of the fact that peoﬁ]e
possess eyes, it is generally agsumed that becaﬁse people can hear, they
. know how to listen. What is, in effect, being suggested is that the re-
sults of this experiment, as well as those of the studies cited in the lit-
o erature review, should be viewed not as results of the‘effecp of compres-
' sion on comprehension, but as the results of the effect of compreision oﬁ
the comprehension of subjects -who are unaccustomed to Iearninj via audio- |
tape and untrained in Tistening ski11s; Though the great capacity of the

audﬁtory mechanism is evident,”and though hntrained 1isteners can handle

an accelerated presentatiﬁn of information, it would seem that compressed
speech harbors far greater potentjal for a student body which has experience
in listening and/or which has been trained in listening skills.

0f course, behind this conjecthre is the hypothesis that train-

}

ing will improve listening comprehension. In terms of Miller's model,

training may assist in teaching people how to make the most of their innate

i

\
‘ B

‘Much of the research conducted by Orr et al (Orr and

channel capacities.

VTG %, ot W T, st R OEEN e o VA

Williams, 1965; Orr and Friedman, 1968;#E;ﬁedman\and Orr, 1967) has been

devoted to the proposition that comprehension of compressed speech can
- L |
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§ _ be improved. Their results have shown that a variety of practice routines
C _can signif?cant]y'improve comprehension af'high speeds. For the host

o .
part, however, studies which have tested actual training Procedures are
, A,

meager and results inconsistent.

e PR 7 < S = S

' JIt is important. to note ‘that in any study which 1nvest1gates the

o RO ey, ma e, .

efficiency of this type of instructional presentation, several problems_

arise which, to some extent, interfere with the accurate measurement of

the treatment effect per se. One such problem invejves difficulties which:
iTz;;r one's ability to draw dependable conclusions about comprehension. / *
The major concern here is the extent to which performance on tests actuélly
measures accurately the acquisition of infoémation in Tistening selections.

If this assumption is to be supported, Orr (in Horton and Jenkins, 1971,

R i

p. 112) specifies two conditions which must be true:

1. Te*t questions must cover and represent material contained
in the selection.

2. Differential prior knowledge and exber1ences of various
listeners must be entirely uncorre]ated with test
performance.

T K ST,

s A

Orr's first condition appears to be related to content validity, which was . ;

g assured in the present study. His Eggond criterion, however, requtres a

N . . \ ’ / ‘
more rigorous screening procedure than admittedly was.undertaken. '

y Nevertheless, it Should be pointed out that in meeting the second
/ +

. _condition, the experimgater may engender yet another problem. Choosing §

s

S L
e v P e AT

£ a subjectmatter which is unknown to the population being tested in ' %

. ¢« s e « e 4. . . - - ¥
order to minimize contaminat¥on of listening comprehension scores, en- |

tails also increasing the Pisk of presenting material which subjects R
LY — N

are either uninterested in, indifferent to, or 'turned-off' by -~ all of

wbich may also distort the measurement of comprehension. ‘Yhe anecdotal
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comments received from subjects in the present study indicate that this may

—_—

[}

have occurred, ’ ‘ N
' A number of ‘comments were received by those in all groups indi-
cating that they felt that their comprehension.scores were not as affected
by’the medium as they Wer:\ﬁy,a.subjectvmatter which they‘gnew nothing about
and Which consequently elevated their anxiety levels. Even in the 57% compres-
sion conditions, several subjects stated that if the subject matter had been
‘@t all familiar, they could have haéd]ed the situation with greéter facility.
\\\\\ What this information would seem to suggest is that the researcher
is p]acéd in a double bind situation—the closer the study comes to being e
experimentally ‘pure', the more éitificia]'it becomes, or in other wérds, the
less. it approximates what generally occurs #n an educational milieu in which

students have a certain degree‘bf background knowledge plus interest in what

they are learning, and where the stimuli and motivation are imbedded in a

.. normal pattern of learning activities.

Arother point to consider is"that if {mposed without preparation,
as it was in the present study,ﬂspeech compression could cause problems.
Results of a study conducted by Orr et -al (1969) suggest that if students
are not antagonized by being forced into compression too rapidly, they will
grgdual1y"bome to fiﬁdl?fgbéth useful and desirable. ‘

IWhile such factor%;testify to the limitations of the present
study, they g]so intimate the potential for ﬁti]izing compressed speech
in a setting in which students are deaMing with material withﬁ which they
are familiar and in which théy are interested. If gains in time and effi-
éiency can be optained in operational settiﬁgs where the subject matgter is

'real’ and where students are engaged in a normal flow of curn&pu]ar aitivi-

ties, then serious comsideration should be given to compressed speech as

N

a Jiable té&ching strategy. : .
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Finally, any judgement of the usefulness of compressed speech
in education should consider information pertaining to its "attention
holding power".'ln a study which investigated the effects of compression
on comprehension and student attitudes, é]eason et al (in Duker, 1974,
pp. 954-959) observed that the behaviour of a group provided with com-
pressed reeordings and that of a group provided with uncompressed record-
ings was markedly different. In the former group, there was little fid-
geting, talking, etc. "Students were attentive, almost intense"(p. 958).
In the 1atter/group,”there was much talking, smoking, }eaction to the
humor, etc. Since results showed that the compressed approach was just
as efféctive and more efficient, the experiment®rs concluded that its °
attention holding power shoq]d be a prime consideration in evaluating

its use in fnstructional materials or procedures.

¥

In sum, it is not sugges;gd that compressed speech is approp-
riate either for all kinds of material or for all educational situations.
As Orr maintains (in Duker, 1974, p. 39), "“There are many things which
probably should not be compressed, both for esthetic and intrinsic

reasons. . . And that which is to be compressed for popular consumption
| probably should be compressed only moderately to take advantage of
the effjcienéies of the process without creating comprehension difficul-
ties." It remains the task of further research to ultimately define
the precise conditions under which this technique may be applied to educa-
tion. The present research has indicated but a few of the numer- |
ous aspects of this technique which should be investigated and a number
of h_ypothes'eswit‘h obvious implications for education. For example, it
could be hypothesized that training might significantly improve auditory

. .
comprehension. It could a]so be hypothesized that interest in conteht
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and motivation levels affect comprehension outcomes to a, greater extent

than do accelerated rates’ themselves. The. interaction patterns be-

)

tween such variables have yet to be described. Similarly, no definitive

concl@sions can be drawn regarding differential effects of the two
- e a— :’

compress?én techniques employed in this study--a topic of academic, as

well as practical importance. _ . oy
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FLATURES OF THE vocom I *
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| PPPENDIX C
. PROCESSING CONTROLS
13

£

_ Processing controls cover more than just the activities of the
electronic data brc;cessing department. They cover all the activities in t
the EDP and user departments which are rgquired to process transactions

from their initiation to their appearance on the daily, weekly or monthly

~ reports which are used to run the organization. For example, the prepara-

tion of sales orders, shippingﬂfocuments,'1nvo1ces,'en;ries iq the
accounts receivaﬁle ledger and the’aged receivable trial balance are all
activities or components which should be subject to processing controls.
There are four control objectives which must be satisfied in the area of
processing controls: '
“(1) To ensure the completeness of data proéessed by the computer\
‘ {2) To ensure the accuracy of data processed by the computer

(3) To ensure that all data processed by the computer is auth-
orized and

i

(4) To ensure the adequacy of management trails.

Data'becomes incomplete when parts of it become lost at some point in

" the transaction stream. ,Documents can be physically lost in source dep-
- artments, in transmission to fhe EDP department, or during the computer
_ proceésing phases. ' .

The loss of transactions from the processing stream results -

in misleading reports, whether they are of a financial or an bperationa1

-
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application. Having estabiished th1s we will apply controls to ensure

nature. Decisions gased on these reports will bé in error if they assume

that all transactions are reflected in the figures. ' As with completeness,
the accuracy of data can be compromised at varioﬁs points 1ﬁﬁzﬁ? transac-
tion stream. Data can be 1ncorrecply coded or incorrectly processed by
‘Ehe computer.- Inaccuracies whicﬁ cause a‘customer's account to be
~charged‘with purchases made by another person; or thch cause the incorrect

calculation of voluﬁg discounts, Tax\]ead to custdmtr alienation and the
exposure of competitive disadvantage. )

Data esw be complete and accurate but still represent invalid
or unauthorized transactions. We must ensure that a]i t}ansactions comply
with the policies laid down b& management.

In the absence 6f controls to ensure that data is authorized,"
the way is opened for iﬁdividuals who seek to use the system for their
own gain; hence, the exposure to fraud.

Data may satisfy all other .control objectives described here
but may bé&*inaccessible to management once it has been processed. This
infamous 'loss of trail' occurs-when transactions enter a system individ- *
ually but lose their identify at some point during prqceséing. They /
appear subsequently as one among many items included in a summary or

A !

total figure, .

. Requests from customers for detaiis‘af individual items in
their accounts occur frequently in most qrganizations. If ;his informa-
tion is not available as a normal output from the app1icat19n, much time
and effort will be required to safisfy the request, leading to the |
exposure of Excessive Costs. '

We will now examine some examples of what can go wrong in an
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that these errors do not occur or that, if they do occur, they will be . %
detected and\subsequent1y corrected. Qur example is an accounts'réceiv-
able application. It may not have all the charaEfzristics of an accounts kg
receivable application in your experience nor will it have all the
controls you may think necessary. The example is used as a vehicle for ®
describing certain controls and the. reasons for their use. . \ e

-

; ¢ , .
In our accounts receivable application, 4nvoices are prepared

PR

daily by the user department and sent to EDP for keypunching. The master -

/file is updated daily with invoice transactions and at the end of each

mo”p/an accounts rece1vab1e trial balance is printed. We will examine

what can go wrong and the,accompany1ng controls separately under each

- control objective.

The first control objective is to ensure the completeness of |
data. Therefore, we must firéf.determipe.where'datq can be lost. Single: SRS
invoices can be lost in the user department or during ge1ivery to the
EDP department. Once in EDP, transactions may be lost when t@gy fail
to be ké?ggnched. ;

In ‘the daily update} the invoice transaction; are used to up-
datg the old accounts receivable master and create the new master fi]g,
Certain tr§nsaction§ are rejected if, for example, fhey find no matching
record in thé old master file. These rejects are printed out on a reject
report._ What can go wrong? first, transaction cards cénlbe lqst betweén
the time they are keypunched and when they are entered into thezupdate
program. If rejects are not corrected and re»submitted they are in
effect Tost to the applicat1on. The use of an incorrect master file as
1nput can'mean the loss of’one or more day s transactiqons. For example,

if the master file created on Monday is used as input to Wednesday's up-

N ]
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o

 date all the transactions for Tues&a:y will be lost. Again, if the in- ***

-
» -

correct master file is used to print _theltrival balance at the end of the
month, one or more dayé transactions may be lost. What controls can we
inséitute to prevent or detect this loss of data? .

The anchor of our géntrol system must be establcished in the
user departmént. Invoices should be brought together into small groups
or batches and an adding machine tape made of th;e invoice amounts, creat-
ing a batch control total.

"This batch control is en{:ere/d on a transmittal slip which
*will accompany the be;tch as it moves on for further processing.

The value on the transmittal slip is entered .in a control 1ogn.

The figures in the control log will be used in subsequent control- proced-

ures. -~

Since one could argue that a batch could be lost between tﬁe
user department and EDP in thé same way as a single invoice, we would
_serially number each batch pefore we sent {t.
' When the batch reaches keypunch, the ;eq‘uence number will be
chécked to detect whether any ba'tché's hﬂ/q been lost.

Once the invoices have been keypunched, a batch control card
will be prepared. This will cont:ain' the batch control total from the
transmittal slip. . ‘ , ‘ |

In order to check that all th;e individual invoice transactions
sti11 Femain in a batch, we will institute the use of a new program
before the update. The program will add up all the keypunched invoice
amounts and compare. that figure to the amount on the batcl control card.

Batches which do not balance will bo so indicated on the balance®™. -

report.
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. Since many batches Wil he balanced in one run, we must create
Qi,,»/} a control total of all trans«';\ct*ions which are contained on the invoice
| transaction fi]e; Tﬁ?s control. total which is printed on the balance
repgrt; will be used in'subsequé;t control procedures.

-~ \\ 4 The update program will add up the old master file as it tead§
ft. As it writes the nZ:Tu master tﬂe after updatinkg the pertinent m&;t\er
record, the program will add up the total value-of the oytstanding receiv-
ables. Thus, by adding the invoice transaction control total minus rejects

to the old master file total, we can balance the resulting figure to the

total value of tﬁe new master file., This procedure can, of course, be

| f‘ carfied out‘manua11y or by the machine.

& ?é . ‘ So much for the accepted tramsactions, but how are we to ensure
that all rejects are reprocessed? We could print two copies of the reject
E reportm one to be sent. to the user department for correction and the
other to be used as a contro] log by EDP. As corrections are received

by EDP, they are merely marked off on the contr&i log.

¥ Another technique would be to have the comeuter maintain the

E control Tog. It would do so in the form of a suspenée?fi1e and be identi-

- Y

fied with'a unique number. When the corrected transaction had been pro-

cessed, the reject number would be punched on the transaction card and

be copied along with the rest of the transaction data onto the invoice trans-

'abtion tape. When the update program detected a transaction with a reJect
. number, it would.remove the appropr1ate reJect record from the suspence

file.

N . The suspense file should, of course, be aged periodically to

4 . high]ight any rejects which mighg remain uncorrected for an undue length - "
",A - b
of time,.
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-~ To ensure that the appropriateﬁfﬂe is used to prepare Phe
monthly 'trial balance, we would check them total on the trial balance l

against the balance ggport from the most recent update of the month.

A final procedure should be instituted back in the user depart-

ment in order that they can maintain overall control over the data for

e o

» which'they are responsible. When the accounts receivabﬁ‘\tria] balance
1s received 1t should be balanced to the control log in which all batches
have been recorded. The total batches submitted less rejected transactions

” » should equal the tptal on the trial balance. It is important to note that

—

no financial reports based on receivable figures should be prepared before '

"a thorough review of outstanding suspense file items is completed. If

- any material transactions remain uncorrected they should be manually
adjusted for in the books of account. , ' .
[ 3
™ In our example, we have identifiedthe following elements subject .
. , .

to control. The invoice and invoice transactions are controlied on a

daily basis through batching and balancing procedures. The use of correct

mast;r files from day to day is controlled by balancing. The re-submission

ELLS

of rejected transactions is controlled by the use of a control log of some
o v\

typé whether maintained manually or by the machine. g Lastly; t0 ensure

@ eeces

that monthly reports include all the month's transactions, we balance

the total amounts entered into the transaction stream to the total on the T

monthly reports. We must keep in mind, of course, that\‘eutstanding rejects

ATE e VG w2 TR e e

may require manual adjustment of material.. -~ ‘
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APPENDIX D W
INTPODUCTION TO CONTROLS

\

- 1

The introduction of the computer within an org£n1zation involves
change. To better illustrate what changes take place, we can relate
v N - ’i

the nature of computer systems back to variqus aspects of manual sys-
9 .

tems. . ’

. It is more expensive to design, implement and Agintain a com-

~

putersystem, since doing so requires the hiring of computer systems " )
analysts, programmers and operators. We must also purchase computer ser-
vices. Computer systems shqp1d be tost justifiab]e but they are still
more expensive to design and operate than manual systems. v
Manuél systems are more flexible than computer systems. One
can instruct a clerk how to handle twd but of the four types of trans-’ '
actions he is expected té proceésﬁﬂﬁrthen say "come back to me when
either of. the two other transaction types cqme up and I'11 show,you how
to do them." But the computer must be instructed on all aspects of
itstwork in advance. As we{l, changes to the manual system can be given .
verbally while changes in the computer system require programming, re-
compiling and retesting.
+ Errors occu;ring in a manual system tend to occur at ‘random,

that is, without a determinable pattern. Onéqg% the sirengths géﬁ;hg

computer is_its ability to do things in the same way every time. However,

v
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therein also lies a weakness. Errors occurring in computer systems will

q

recur continually each time the paréicu]ar circumgtgzces are encountered.
When several people are involved in procesging a transaction,
the contfo] technique of division of duties takes ¢:§ect. The computer
¢an carry out many‘tasks in a short space of time. To make most effec-'
tive use of the co;puter resources, we transfer to it many taskﬁ}previous]y

carried out by separate individuals, thus reducing the effectiveness of

?

. the division of duties as a control technique.

°

\ If a posting clerk is off sick for a‘week, it is welatively

efly to find a temgorary replacement and give.appropriate instructions

for the task.. Backing up a computer is not so easy, ' Even if the name

on the fronj of the CPU ig the same, there can be signifieant differences .

behjnd‘the front panel. Not only must the haFdware and software be iden-

tical, time must be avaiiaﬁ]e on the back up computer when the emergency

occurs. b '
The objectives of internal control in a business are to saﬁg—

gugrd its assets, check the accuracy and re]iabi]ity of its accounting

data, promote operatipna] e%ficiency and encourage adherence to prescribea

management policieg. These objecEjVes do not change with the introduc-

tion of a .computer. | ] 0

\ It is the control techn%ques which change. Some téézi;;ueg
are é]tered~and new ones are added to cope with the different nature of
comﬁuter systems. Thusldiffeﬁent techniques ‘are‘used to achieve the same

objectives. . -
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J,- APPENDIX E \

MEASUREMENT OF nr“FEIcULTY LEVEL
® . . ‘ . ™~

7\ . -

Since much of the confusion regarding the generath of speech

. compreshon effects can be attributed to the 'lack ofospec1ficat1Qn of.

stimu]us attr1butes of compressed materlal it would seem that the deter-
miration g0f the difficulty 'Ievel ,of this material should be incorporated
. o ' > . , e
", ~winto the methodo]ogies of compressed speech studies. For the most part,

however, this has not been done. It is the purpose of this discussion ¢

£ St

to-shdd 11ght on this supposed frony. In dofng so, two areas of research
are 'cons]dered: 4) research on formulas used to measure' difficulty and
(2) research in which,dif.ficul ty levelf of the message presented has been
an, 1ndependent variable. . -~ ‘ ‘

- Invthe absence of any established measures of "listenabﬂity

T ————

s
res‘earchers« use readabthy measures to evaluate orally presented

o et \‘ e frirR TSP,
" H

\
“texts. Since this measure concerns the ease witlw;hi ch a. text is ready
it s, generaﬂy conSIdered to be a measure of the dffficulty level of 2
‘outext. HoweVer, a wide range of defin‘ltions for this term have been -

offepred Dale and Chall (in Gi11iland, pp. 12-13) have proposed that

)
POV Sl gy s AN
A

In, the broadest sense, readabﬂity is the Sum (1ncluding .

+ interactions) of al} these elements within a given piece of

. - printed material that ai;fects the success which a group of
) a4 -

readers have with it. The success is theﬁexteht to which they

underStand'it. ‘read it at optimum speed and find 1t fnteresting.
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s
~ ;;;bﬁed together under the heading of readability as‘1f they ‘were all
j ‘ deal%ng with the same issues, . , The criteria qséd in defining reada-
bility.then are, regrettably, not comparable and . . . neither arg the
methods of nueasurer_ﬁent" (p. 84). MWhat is then evident is that, ‘in gen- ‘
¥ eral, results of a study in which one assessment method has established
i ‘a 9qrtain difficulty levéﬁ cannot be freely compared with a study in
which thig Tevel has been determined by an alternative method.
: ; What these methods all®have in common, however, is that they
, have been developed for use with visual rather than auditory material.
To uép them 1qtercﬁangﬁb1y1n the assessment of reading and listening
‘ selections, as has been done in several studies of compressed speech,
C‘ﬁ | is to assume Fhét the ‘listening difficulty of a selection is the,saqéﬁ
as the reading difficulty of the same selection. A number of studigf

e

have 11lustrated that this is not a tenable assumption.

‘ln a study conducted by Foulke et al (1962), a scientific and .
a2 literary selection which were—ggtimated to be of equal difficulty
accdrding to the Dale-Chall formula for readability yielded 1istening

~ compre&ension scores which suggested \that the scientific selection was
Yelatively more difficult. A Study by Enc and Stolurow (1960)‘revea1ed
considerable variability in the mean comprehension test scores of ¢

.

¢ . listening selections, despite the fact that they were rated as equal §
“ in difficulty by the Dale-Chall formula. . o -
L The exp]anation as to why the difficulty of an aural]y received ‘

’ selection is not the same as the difficulty of that selection when vis- ) :
ually received, 1ies in the differing nature of the two processes required.

Because the printed page is a spatial display, it permits the pErfonm-

ance bf the operation which Miller (1956) refers to as "chunking". rThat >

ws?







" 1important to note thaf. Sticht's .subjects consisted of L(.S. Army per?oi\.
half of whom were men with AFQT! (Armed Forces Quaiificatiohs Test) scofes |
at the 30th percentile or below (low mental aptitude), while the other half
were men with AFQT scores at the 80th pgrcentiTe or above (high mental apti-
tude). In light of the wi@e variety of abilities and aptitudes found in any
college population, it cahhot bé saidwunequivocally that such a’populatioh
4does not include some students with comparatively lower aptitudes; it -does,
jhowever. appear to be a reasonab]e assumption that the college population in
- - *generaJ is more closely akin to Sticht's high mental aptitude population. |
A study by Fairbanks et al (1957) explored the 1nteract1on of ) |
timé compression and message units varying in difficulty. 51xty multiple
chbice items on a test of listening comprehension weré distributed equally |
, among five categories of item difficulty. The listening se]éction was admin-
~ ' istered to five groups of subjects, each experiencing a different word rate
(the range of word rates extended from 141-470 wpm). Each subject rece1ved

five scores which were determined by his responses to the items in each

of the five test-item categories. Results indicated that, assahing item -

N

difficulty to be a reflaction of the difficu]ty of the message unit to which
it pertained, the effe®t of time compression on listening comprehension.did

not depend upon the difficulty of the listening material within the range of
[
word rates explored. :

T TR VAT IR gt T TR

In order-to investigate the effect qf rate of presentation on

7 the comprehension of materials which differed in grammatical complexity, y
g Reid‘(lgﬁB) designed an experiment in which the comprehension-test portions s \?>
‘ . A\l

of two equivalent forms of the Nelson-Denny Reading Test were rewritten.
) ) . ‘ ) t . ' |
- lAFQ’I‘ - This test consists of 4 parts: (1) vocabulary (2) arith-

~ metic test using word thoblems (3) tool recognition test (4) spatial
’ relations test.

.
9 . .
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This was done in an attempt to reduce grammatical complexify so as to make
‘two different levels available. Four rates of présen}ation were used -
175, 275, 325, and 375 wpm. ‘Results showed that comprehension varied as a
function of grammatical complexity when one form of the feading test was .
used, but did not vary when the alternate equivalent form was used. A lack
of iﬁteractioh was also found between rate and grammatical complexity, sug-

. gesting that ihe decfease of ctomprehension was invariant with the level of
grammatical comp1exitx;, This pattern did not, however, occur at the rates
of»325 and 375 wpm. At these rates, comprehension dropped off consideréb1y
more when grammatical complexity was high, thus indicating that an inter-
action of these variables ;Eyﬁoccur only at very high rates of presentation. .

It was in 1ight of the cited:observations and studies that the
present investiéator did not determine the djfficu]ty of the presented listen-
ing selection. ' This dec::;}h was not based solely on evidenc0rind%catipg
that difficulty does not ect comprehension, for thi§ evidence is not con-

c]ugiVe. Consideratian was also given to the f&ct_that formulas often pfo-

duce different estima?es and as Foulke and Sticht maintain (in Duker, 1974,

p. 493), “the findings of a systematic interaction between difficu!ty and

word rate for listening selections rated di%ferent in difficulty by a ﬁarti- /
cular formula wauldéprovide a kind of natural va{idity for that formu]a."v

In sum, difficulty is but one of thé myriad of variables which -

" may affeci comprehension of compressed materials, and is thus a distinct ’
area in whiich much research must yet be conducted: Until many of .the JnJ
knowns are deterafped, the calibration of difficulty level of compressed |
materials accord{;g to a randomly chosen formula will not enhance tﬁe gener-

( .
* alizability of compressed speech studies.

€
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5 “APPENPIX F ‘
CONPRFHENSION\IFSTON PROCESSING CONTROLS
Rate : Method of Compression
Subject # Faculty - " Sex
. . ' , ) \i
¢ 1. Which one of the following statement is true? )
a. Processing controls concern mainly the activities of the -
; , - electronic data processing (EDP) department.
- b. Processing controls cover all the activities in the EDP-and
5 - user departments which are required to process transactions.
B ~ .
3 , ¢. Processing controls are concerned pr1marily with accounts _—
E receivable and applications.
- ’
& 2. MWhich of the following. is not one of the 4 control objeet1ves'
i which must be satisfied-in the area of processing
& “controls?
ti' a. To ensure the effectlveness of data procegbed by the
- computer.
W e S '
g; b.. ~To ensure the accuracy of data processed by the computer.
%; c. To ensure comp1é£€ﬁ;;; of data processed by the computer.
L + d. To ensure that all data processed by the computer is- —_
3 © authorized.
?’ : - '
g}- 3. "Which one of .these statements is true? ' oo s
? “a. A master file assures that data cannot become lost during
j N : . the computer processing phases. .
'3 ' i b. Data becomes incomplete when parts of it become lost

at some point in the transaction stream.
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€. , the way is opened for individuals who seek to use the

c. It is impossible for documents to be 1osf in'trahsmis-
sion to the EDP department,

- " . —7‘ ) > ‘
The loss of transactions from the pracessing stream results
in ..., -

a. faulty batch control

b. incorrect balancing

c. misleading reports - é/////" ‘ -
d. a larger suspence fil . :

g

Errors in coded data result in inaccuracies which. . . .

a. afe automatically recorded on the upQﬁte program.

b. are immediately corrected by the EDP department. h

C. can'cause a customer's accoynt to be charged with
purchases he has not made.

-

d. ‘interfere with the number sequencing control system.

-

In the absence of controls to ensure that data is authorized...

a. computer costs will double, thus increasing user
charges
-
b. the computer will reject invoice_transactions

A

system for their own gain

: )
d. employees will be unable to spend the necessary time
on the more important activities of the user department

“Loss of trail” occurs when'transactions maintain their indiv-
¢ idual identIty, but fail to become incorporated into the
larger proces‘g system. (True or Fa1se)

o A - e st ol

N b
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~ . 8. If is the function:of the user department to ‘keypunch all data which

] L it receives from the EDP department. (True or false)
| ' o

N

bty

. , ) T w |

L e Co i

; 9. The anchor of the control system must be established in the -5 ’
of y - EDP department. (True or False). '

p . L :

\ |

10. ‘In order to control for loss of data. . . . & . !

a. applications are carefully checked by personnel or by
compusers in the user department.

b.” invoice transactions are controlled on a daily basis . j
through batching and balancing procedures. ‘ ’ . g

¢. reject reports are always immediately corrected and

. resubmitted.
\ ' . ~ ~ N %
™ 11. The use of correct master files from day to day is controlled !
by . . . . ) i
E:
" a. transmittal slips o °
b. -balancing o .

b . c. a control log

. 12. The re-submission of rejectéd transactions is controlled by
the use of a . . . . ) @

a. ‘master file

b. serial number sequencing system

c. control log , . .
* .
13. Which one of the following best describes "suspense file"? .
a. a techniqué in which the computer maintains the Egntroi log
~ / b. a file kept on fhose who have attempted faulty or illegal ’
- ' ™ computer transactions \ . ..
< " ¢. a technique-in which all invoice transaction tapes aré -

properly coded.
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14, Which one of the following statements is trﬁe?

a, MWith the use of a control log, no manual adjustinents of

outstanding rejects is ever necessary.
b. Due to the use of transaction tapes, a thorough review
of outstanding suspense file items is unnecessary. ]
¢. To ensure that monthly reports include all the months' ‘§
. transactions, total amounts entered into ‘the trans- - R
' action stream are balanced with the total monthly #
reports. . ' . . A é;
| : ]
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APPENDIX H -
| SIMMARY OF ANECDOTAL COMMENTS :

. / )
GROUP I: . Uncompressed Recording_(135 wpm) T ~

T ———a—— —— s e

- "It's much too slow and boring".

: "I found my mind wandering becduse it was so “slow and
| ? . ) - 'draggy' ". .

v

GROUPS II and III: Vocom I and Varispeech I, 39% compression (218 wpm).

- "The speed didn't bother me half as much as the material -
itself". . ‘

- "I could have done much better at this high speed if .
—~ \ ' I was more familiar with the material”.
“ - "I think'I would like it much better if I had time to .
get accustomed to it."

A

o

1 4
- "I was fascinated by the sound".

. GROUPS IV and V: Vocom I and Varispeech 1, 57% comgrgﬁgipg_j}lj_yqul.

— e e e e —— — — . cl—" o — — —

i oad o o vk

"The speed made me nervous and anxious. I couldn't relax
at all".

"It was so fast that I couldn't digest anything."

"I found I was so 'caught up' on the technique that-
I wasn't really listening to the content". ’

i
v
,).{
"éf
%~ \ .
g E
2
.
B
2

"The material was completely unfaﬁiliar, S0 it was
very difficule."
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BPPENDIX T

~ NUMBER OF CORRECT REﬁPONSES BY TEST ITEM ﬁv GROUP .

J%

— 39% Compression —
Vocom I Var. I

— 57% Compre8sion —

Vocom I Var, I

(n=10) (n=10)
10

7

(n = 10) (n =10)

Samp
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APPENDIX J
RAW SCORE BY GROUP . -

r

e

—— 39% Compression — |— 573 Compression ———
—Vocom I - | —Var, I - '{-Vocom I— |~ Var., I ~
M F M F F M

.

7 8 10 11

Mean
Scores
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