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CHAPTER I
INTRODUCTION AND PURPOSE OF THE STUDY

This study is a report of a field experiment
concerned with collegiate level independent learnin
with audic tape recordings as ths main vehicle of
instruction. The study'investigates the effect of
tape recordings at two different word rates upon
achievement. Word rate was manipulated by means of
time-compression equipment which givas the effect of
a higher word rate. The study assesses the efficiency
of time-compressed recordings in relation to normal
speed recordings. The study further investigates the

°

degree of relationsuip between ceriain personality

b3

characteristics and incdependent learaning via audio

tape recordings.

J.

Need for the Study
In 1961, a method of independent, self-paced
tape recorded instruction was introduced to augment a
collegiate freshman botany course at Puriue Uni#ersity.
(I, 7y ps iii) This method, develoved by Dr. 3. N.
FPostlethwzit, appropriately titled "Audio-Tutorial!" has

grown in accepbtance as eviden®% bty its widespread

1
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adoption throughout the nation. While the bulk of
applications of audio-~tutorial methodology has been
in the teaching of plant sciences, the methods em-
ployed have also been applied to & number of other
subject fields and at different levels. The audio-
tutorial method places reliance upon such conventional
technological teaching devices as tape recorders, 2x2
slide projectors and 8mm motion picture projectors.
This application of technology to the instructional
process is significant because of its zpparent success
and wide acceptance. An outspoken critic of educa-
tional technology, Anthony Oettinger, has stated:
The keystone is Postlethwait and his enthusiastic
crew. Where comparable talents can be mustered,
comparable results may be expected. Where not,
the results might well be inferior to those ob-
tainable through conscientious teachsr proofing.
In this respect, therefore, higher educatisn,
like militery or industrial training programs,
provides a better laboratory for educational
technology than lower schools. (I, 6, p. 155)
Achieving success in using audio--tutorial methodclegy
reqguires a significant commitment of instructional
pPlanning and a sustained financial commitment tc en-
sure an effective program. Fallure to secure either
commitment is almost surely to result in failure.
(II1, 14, p. 82; I, 7, p. 139)
The audio-tutorial instructiecnzl  concept,
although widely heralded, is not without its critics.

Most of the criticism attacks elements in the method-

ology which places the individual student in direct

.9'



3
contact with real objects with the instruction given
by a tepe recorded teacher. In his book, Postlethwaiv
and his colleagues {I, 7, p. 139) have oubtlined common
problems in applying audic~tutorial methods for the
first time. He suégests three proublem areas: (1) the
structuring of audio-tutorial method to the subject,
(2) psychological issues involving learning theory,
and (3) ‘technical deficiencies. These issues raise
numerous queétions relating to the application of the
audio~tutorial methodology. The present study will
focus attention upon certain aspects of the latter two
problem areas. .

"Postlethwait warns against the temptation for
teachers to base instructional tape recordings made

for independent instruction upon prior lecture notes.

He said that lectures are seldom planned to incorporate.

simultaneous direct experieances with study materials by
students during reccrded instruction. He also warns
that extended didactic presentation is often boring
when live, and when on audio tape, the lecture can have
a narcotic effect. (I, 7, p. 139)

Others have been critical of the length of the

lessons presented by tape recordings. A study of the

-application of the audio-tutorial method in a foods

and nutrition class in a college level home economics
course reports that a frequent criticism was the

length of time students must spend in the laboratory.

10
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4
(111, 14, p. 65) Sherman, reporting the application
of the audio-tutorial method college level teaching
of history, states that there was frequent student
criticism in regard to the length of the tape re-
cordings. (III, 12, p. 5) Likewise, Bell reports a
negative relationship existing between the length of
taped 1essoﬂs and student evaluatioms. (III, 2, p. 55)
Bell states that the shorter tapes, less than twenty
minutes, will usually exhibit higher evaluations than
longer tapes. None of the studies reported specific
reasons for the discontent with longer tapes.

With regard to these findings a legitimate area
for investigation would be the discovery of the most
efficient rate of delivery and its relationship to the
optimum length of an instructional tape used in audio-
tutorisl instruction. These two wvariables, tabe
length and rate of delivery, may be important when
reports of discontent with tapé length are considered.,
Nichols (II, 22, p. 301) suggests that the rate of
delivery by a speaker may be an important factor in
listening comprehension. Comprehension is of utmost
importance in audio-tutorial instruction for the tape
is the teacher and permits little opportunity for
immediate feedback. One of the purpcses df the
present study is to assess the 2ffect of different

rates of delivery upon comprehension.

11
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The audio-tutorial method is often referred %o
in the literature on individualized instruction. I%
permits adaptation to individual differences through
provision for student manipulation of the tape re-
corder, but it is not individualized instruction
through varying objectives and techniques of instruc-
tion to meet individual student needs. The fact that
the student learns by himself, without aid or distrac-
tion of other students raises the question as to the
effect of independent study upon the social needs of
the student. In a study of the personality character-
istic of sociability as a predictor of achievement in
lecture and small group teaching methods, Beach
(II, 3) reports that sbtudents with high social need
achieved csignificantly more than students with low
social need in thé smell group situation. The reverse
was reported true in the large group lectures. A re-
view of the literature does not reveal the sociability
variable as a predictor of achievement in audio-
tutorial or other independent instruction via sudio
tape recordings.

In his section, "Student Characteristics Related

‘to Effective Teaching," McKeachie cites numeious

studies which have indicated the need to find out more
information concerning teaching method variables and

the dimensions of individual differences.

12
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6
Most teachers are aware that differences beitween
students are not taken into account sufficiently
by our usual teaching methods. . . . One reason
for the host of experimental comparisons resuli--
ing in non-significant differences mzy be simply
that methods optimal for some students are detri-
mental to the achievement of others. Whau mean

scores are compared, one method thus seens to be
no different in its effect from any other.

(11, 19, p. 1157)
Tape recorded independent instruction, such as that
of audio-tutorial methodology, may, because of little
provision for spontaneous student inferaction and the
structure and pacing of the recording, influence the.
achievement of the student. This is especially true
for a student who needs étudent-teecher or student;
student interaction. One purpose of the present study
is to assess the effect of social need upon achieve-
ment in independent tape recorded instruction.

A personality characteristic often linked to
instructional method and its effects is that of student
creativity. In a discussion of Oettinger's Run, Com-
puter, Run, Glaser stresses the importance of providing
education which will provide society with people capa-
ble of doing new things, rather than repeating what
other generations have done. Fitzgerald (II, 7), in
an article highly critical of programed instruction,
points to tﬁe stifling effeet of highly structured
instruction which he suggests does not encourage
thought or foster student creativity. The personality

characteristic of creativity may have soume effect upon

13



achievement 1f the creative person is stifled by
structured instructicnal materizls. Perhaps the

more creative student is at a disadvantage in an in-
structional program where he feels he is unable to
have free expression. Another purpose of the present
study is to assess the effect of creativity upon
achievement in independent instruction taught by
means of audio tape recordings.

The student learning from audio tape record-
ings differs in one major respect from the student
who is learning by reading. The difference is that
the student who learns by reading is able to vary his
rate of input. The student may leisurely read or
read at a higher rate of speed contingent upon hisg
reading skills and his perceived nezds. The student
who learns from audio tape recordings, however, is
restricted to the speaking rate on the taps recording
to which he is listening. Nichols states:

On the average in America we talk at about 125
words per minute. But informative speakers--or
at any rate school classroom lecturers--average
only 100 words per minute. . . : By contrast, how
fast do we listen? . . . Our best estimate arfter
studying available objective reports would be
that an easy, average cruising speed of thought
for most college students would be at least 400
words per minute. (II, 22)

More recent research in perception is in general

agreement with Nichols' statement. Thus, if recorded

instruction was "speeded up" or increased in the

number of words per minute recorded instruction could

14

et eatar e 3 b T 4 e

R N ST

SER AN PRS PPN




8

be closely matched to the learner's ability to think.
Fortunately, there are technological devices which
will permit varying the playback of a tape recording
without the frequency distortion inherent from simply
speeding up the capstan of the playback machine.
Pioneered by Fairbanks (II, 5; V, 1) at the Univer-
sity of Illinois, a device which permitted expansion
or compression of recorded speech. was developed. The
machine varied the rate of playback without frequency
distortion. Development of Fairbanks' device en-
couraged investigation into auditery perception.
Most of the research in the application of "speeded"
or compressed speech has been in connection with the
education of the blind because of their depéndence
upon auditory stimuli. Even with extensive compressed
speech research since 1954, those who produce and
distribute recorded materials to the blind have been
slow to adopt the innovation. Dr. Ronald Brieland;
in the kejnote address to the American Association of
Instructors of the Blind, noted: "Even a useful,
effective technique takes a long time to ‘get accepted.
« « o Not much has happened in the twelve years since
it was presented.” (III, 3) ILikewise, the literature
makes frequent referehce to the potential application
of compressed recordings for the'instructioh of the
non-visually handicapped student. (IV, 5; IV, 3;

II, 25) While some utilization of compressed speech

15

T S S s
i AL T




recordings has been reported in the literature, only
one application of compressed speech was reported at
the Audio-Tutorial Systems Conference held at Purdue
University in October, 1969, Herrick (III, 5) re-
ported that compressed recordings were used for
review purposes; no enpirical research data were
presented. Since audio-tutorial methodology uses
audio tape recordings, apparently then, cohpressed
tape recordings have potential for providing recorded
materials at different rates of speed and for pfe-
seﬁtiﬁg“information at ‘a rate more nearly matching’
the thinking or information processing capacity of
the learner. The present study will assess the
effectiveness of compraesssed recordings as a communica-
tion medium in independent instruction.

The final area of interest for the present
study is directly concerned with the application and
effectiveness of compressed speech as a medium of
instructional communication. Independent instruction
utilizing auvdio tape recordings permits the student
to start, stop, and repeat portions of the recording
to which he is listening. The crucial questioﬁ is
whether the utilization of btime~compressed recordings
actually results in a saving of fime. This question
and the others previously mentioned form the major

areas of concern for the present study.

16
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Organization of Disseftation
This chapter has been concerned with the need
for the present study and the purpose and specific
aims of the study. Chapter II reviews related
literature and research. Chapter III presents the
procedure of the study. The results and analysis of
the data are contained in Chapter IV, and Chapter V

is concerned with a discussion of the results, cecn-

clusions, and a summary.
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CHAPTER II
RELATED LITERATURE AND RESEARCH

This chapter will review the literature and
research in the three méjor elements of the present
étudj; (i) the-audio—tutoriél and other tape re-
cprded instruqtion at the collegiate level, (2) conm-
pfessed speeéh, aﬁd (55lthe interactidn.betﬁéen
personality chafacteristicé and colieéiaté level
instruction. The chapter concludes with a summary of
the principle ideas drawn from the literature.

Applicable Literature on Recorded

Instruction at the Collegiate
Level .

The audio-tutorial me¢thod (I, 7) developed at
Purdue University in 1961 is perhaps the most widely
adopted method of instruction at the collegiate level
which makes systematic use of audio tape recordings.
The basis for the audio-tutorial method is the eu-
phasis on student 1ea:ning rather than cn the mecha-
nisms of teaching. The audio-tutorial method is in
accurdance with contempqrary behavicral learning
theory and its educational application. The methed

as described by Postisthwalt is composed of three

11
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12
major elements: (1) general assembly session, (2)
small assembly session, and (3) independent study
session. The general asseunbly session is similar in
nature to the lecture portion of the usval college
level lecture-laborstory science course. The main
nurpose of the general assembly session is that it
is -used to present those kinds of activities best
done in a large group. Usual activities include pre-

sentations by a guest lecturer, showing of long

H)
.

lne, review sessions, or for examinations. Attend-
ance iz often optional. The second element of the

dio-tutorial method is the small assembly session.

O]
c

The small assembly session is a small student group
that meets with an instructor to terminate a weelk's
work with oral and written quizes. Students are ex-
pected vo respond in some detail to gquestions pose
by the instructor. In the small assembly session,
the student acts as a teacher, explaining a concept
or a principle in sufficient detail that others in
the group are able to understand what he is saying.
The third element of the audio-tutorial method is the
independent study session. It is in this portiou
that tape recordings are used for instruction.
Postlethwait states:

In the audio--tutorial booth, the Taped presonba-

tion of the program is designed to direct the

activity of one studernt at & time; the senior

"instructor, in a sense, becomes the student's
private tutor. It is important to emphasize at

13
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this point that the tape represents only a pro-
graming device and that the student is involved
in many kinds of learning activities. Further,
it should be noted that those activities which
by their nature cannot be programed by the audio
tape are retained and presented in cother ways.
Flexibility- and independence, accompanied by
helpful guidance, when necessary, are the key
concepts of the approach. (I, 7, pP. 7)

In the independent study sessions, the student
uses a variety of objects in his immediate environ-
mént whichever most appropriately suits his own needs

for attaining the obJjectives of the instruction. The

‘learning environment is set up by the instructor prior

todthe student's participating in: the independent
study session aﬁd may include live specimens, plants,
models, mock-ups, or whatever materials are appro-
priate to the objectives of the lesson.. The student,

when listening to the tape recording, is instructed

"to participate in a variety of activities which will .

help him to attain the objectives. For example, he
may be directed to look at a slide on a prejector, to
feel the leaves of a plant to learn of the texture,
to test the hardness of a mineral, or to cut a speci-
men of tissue to examine under a microscope. The
student takes an active role in his learning experi-
ence aud therefore is responsible for his own learn-
ing. The student is alse given the responsibility
for making his own schedule and may decide to sit

through a lesson in its entirety or to pexrticipate in

20
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only a portion of the lesson and delay the remainder.
He also has the opporbtunity to repeat or skip ahead
.in. the lesson as he so pleases. ' _

Postlethwait (I, 7, pP. 97) commenting on the
effectiveness of the audio~tutorial method states
that there is a direct relationship between the
number of hours that the student spends in the inde-.

. pendent study session booth and achievement as
measured by written examinations. While cautioning
against generalizing from his data, Postlethwait feels
fhat_the éudioétﬁforial method can.be.an efféctivé;
laboratory for observing the way studehtsvlearn by
varying instructional procedures. _

A détailed study by Meleca (II, 8) comparing
the traditional laboratory approach. with fhe audio;
tutorial method analyzed the relationship between
student abilities and level of achievement for each
group. Studying second semester biology students-at
-Syracuse University, Meleca reports that the section
employing the audio-tutorial method was significantly
more effective than the regular course in biology..
Using test instruments including the Scholasfic Apti-'
tude Test and Sequential Tests of Educational Progress
published by the Educational Testing Service, he
stated that these two tests were .effective predictors
of achievement in the aﬁdio-tutorial course. For

example, students showing high aptitude in mathematics

21
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and biology achieve at a higher level in the audio-

tutorial course than comparable students in the

regular course.. Students with.s%rong backgrounds in ...

science and biology, however, acuileve at a higher .
level in the regular group than students with com-

parable backgrounds in the audio-tutorial group. In

.an anéiysis’of‘the amount of time spent in the audio-

tutorial booths, Meleca states that students who
lacked the strong background variables compared to

thieir high ability peers were able to offset this

'appafent handidap by spending more -time in the booths.

to reach the same level of achievement. His conclu-

- sions in respect to time and achievement confirm.the.

findings of-?ostlethwait. Mgleca'fails to mention,
however, the most effective tape length or rate of de-
livery on the tape.

In a doctoral dissertation research study com-
paring audio-tutorial and traditional methods in an
introductory home economics food and nutrition course
at Purdue University, Tope (III, 14) planned audio-
-tutorial. and traditional methods based upon the same
behavioral objecti&es. The course was taught by -
three experienced instructors, with each instructor

having at least one section by each of the two

methods. Bhe compared the two grcups on the basis of

student grade-point average, Scholastic Aptitude Test

verbal and mathematices scores, nigh school rank,

22
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college chemistry grade, departmental pretest score,
and student reports of prior experience with food
.'preparatidnr Written examinations' given to.the stu-
dents were the criteria for évaluating the effec—~
tiveness of the two methods. The results of the
study revealed no significant difference (p .05) ..
-betweeﬁ'the.audio;futorial~and the conventiénal.
groups except that more (p .01) students in. the con-
ventional group had taken senior high school home
- economics than those in the audio-tutorial group.- A
review of the-correlafionSjamong the descriptive -
variables within the two groups-indicated a signifi-
cantly high (p .01) correlation between achievement -
and departmental pfetest.and relatively high“correlaé
" tions between achievement and the other student - -
measures listed above. She also kept time records
foxr each of the two groups, with the results indi-
- cating that there was no significant difference in
the amount of instructional time. between .the -two
" groups. Tope corncluded that success in the audio-
‘tutorial home economics course was related to
'-aéadéﬁic ability rather than prior experieﬁce with
fpods. She did not make any reference to optimum
tape length or rate of delivery.
Another comparative study betwesen audio-
tutorial and lecture methods of teaching as reported

by Stuck involwved the teaching of schocl law %o

23
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17
seniors at Iowa State University. A list of eighteen
.concepts was taught by‘lectupe_to_a control group end
the same concepts were taught by audio-tutorial
methode to an experimentel group. " The eudio—tutorial_'

 materials were designed in such a mannmer that it per-
m1tted the student to be placed in a simulated school
where he was expected to solve problems relat1n5 to
the concepts. -Stuck's study revealed that the audio-
tutorial method was significantly (p .01) more effec-
tive than the lecture method. -However, no significant
relationships.Were-found between achievement andz
student teaching, which about half ef tﬁe'studente had
taken previously. Inm addition,_there,was:no signifi-
cant relatlonshlp between achlevement and grade-point
average. Students kept records .of the amount of time
in studylng by each of the. two methods. Mean time
for the exper1menta1 group was 6.01 hours and for the
-. .. control it was 8.32 hours. Stuck.concluded:

It is evident that there was an economy of time

(38.44 per cent) by the use of these materials.

. The audio-tutorial. group .did. significantly better -

than did the lecture group, but had there been no

. learning differences, .the experimental treatment.

should be used for the t1me-sav1nv feature.

(I1, 31) . . .
He did not report anything in regardbto optimum tape
length or rate of delivery.

Other comparative studies between audio-

tutorial 2nd more conventional methods are -also re-

ported by Lamont (III, 6), Weaver (III, 15), and

ERIC | =4
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Sparks (III, 13). None of these studies, as in others
previously mentioned, make any reference to optimum or
even preferred tape lengths or rate of delivery...

Herrick (IIZ, 5) reported the use of audio- .
tutorial methods in a multi-disciplinary 1aboratory‘
instruction .in medicine. A variety of media was used .
in instruction including the use of compressed
- speech. Students have both regular and compressed.
tapes available to them. Tapes were compressed to
70 per cent -of the original production time; however,
no statistical results are .reported with respect .to
time saved or achievement.

While the present writer recognizes that com-
parative studies are subject to grave criticism by
serious researchers; their consistency in reporting-
the effectiveness of the audio-tutorial method .cannot
be overlooked. Lumsdaine cautiously-defends compara-
tive media research by stating:

Their. purpose.ma2y- be propagandistic, in the in-.
~terest of gaining support for more incisive
research and development, or may represent other
heuristic aims, such as testing the worth of a
general approach before proceedingj; or to provide
experiences or hypotheses about specific factors
that may be a useful background for planned .
future experiments; or to establish that a suffi-
cient range of effects can be achieved to insure
that a methodology can profitably be further
pursued along similar lines; etc. (II, 18, p. 598)
Commenting on research in audio-tutorial

methods, Novak (III, 9) emphasizes that the audio-

tutorial methodology presents a systemat.c way of
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monitoring student learning and permits the re-~
searcher to try two or more sequences of instruction
for the attainment of learning objectives. The com- -
parative studies as,descfibed 5y Nbvak,lhowever,
| contrast.shérply with the poor1y_§ontr6lléd compara-

- tive studies so widely criticized in research
literature. |

While there have been seversl studies. comparing
the audio-tutorial and conventional methods, there are..
=relatively few well designed studies 'assessing the
‘effectiveness of audio-tapes in ¢ollege'level-iﬁstrué-
tion. | |

A study at Antioch College (III, 1) reported
the results of a two year experiment in coﬁparing
traditional instruction with audio—tape instruction
whiéh.employed the language.laborétory.. Findings ..
-indicated a savings in instructional-tiﬁe without'any
consequent-loss in achievement.: Audio tapes also
permitted more supervised learning for each student.

Bell (III, 2), in a study analyzing audio
- tapes for direct instruction, stated that there was
no significant'difference with respect to achievement
by males or females and that students generally pre-
ferred tapes shorftier than twenty-one minutes in
length as compared to those‘longér than twenty-one
minutes. There was n¢ mention conceraing the most

effective rate of delivery in the instructional #zpes.
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Several other studies in the use of audio
tapes. in the elementary and secondary schools are
reported’ in the 1literature. 'These studies, however,
will not be reviewed in the présent"étudy:becéuse of
the inherent difficulty in trying to generalize to
the post high school level fhose_findings which are

researched on the K-12 level. In this regard, Dubin

.and Taveggia (I, 2, p. 7) emphasize that .the clien-
telle and teaching learning situation in higher
-education -have very different characteristics from . -
‘ those of the K-12 settings. Studenﬁ learning rates,,

ages, maturation level, working hours, and marital

status represent only a few of the differences that
héve been cited between K-12 and college students.
The relatively permissive atmosphére of. non-required
class. attendance, voluntary subject selection, and

instructor preparation have demonstrated several

. differences between the two.

Appllcable Literature on Time=-
Compressed Speech. -

Time compressed speech is recorded speech in .
which the word rate has been increased by means of
special recording equipment. Increasing the word
rate thereby reduces thzs time required for a given
message. On the other hand, time expanded speech is
that in which the word rate has been decreased,
thereby increasing the time required for a given
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message. Time-conmpressed or expanded speech is the
result of'specially processed audio tape recordings,
which when played on a standard tape recorder will be
reproduced at a rate which differs from the normal

rate of delivery. The present study and review of.

literature will concern itself only with time com-

pressed speech.
There is some variation in the literature con-

cerning measures of normal speaking rate ¢f the

- English language. Nichols and Stevens (I, 5, p. 78)-

have stated that the normal -rate is about 125 words
per minute. A slightly higher and variable rate was
reported by Taylor (I, 9, p. 14), who -speculated that
135-175 words per minutes is =& nérmal and preferred
rate. Foulke (IV, 1) states thaf the normal ofél

reading rate is approximately 175 words per minute.

. While a trained speaker can read at a higher rate

there is a 1limit when intelligibility becomes diffi~

cult. Then tco, there is the difficulty for the

rapid speaker to maintain his speed for any but short

lengths of -time.

The primary reason for interest in speeding
rate of speech is that there is some evidence that
listeners are able to comprehend at a much higher
rate of speed. FEstimates suggest that an average
speed of coamprehension is 400 words psr minute, with

the speed going as high as 800 words per minute.
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(II, 22) An early study utilizing trained, rapid
speakers is' reported by Goldstein. (I, 3) who experi-
mented with-'college students: at Columbia University.
Tiained speakers.réad paragraphs from several reading
comprehension tests at:various rates of speéd. He
stated thaf-522 words per minute resulted in some

couprehension, but that .the maximum rate of delivery

was .1limited by the rate at which eachxreader.was-able-

%o speak. Using modified recorded speech, Garvey
(IV, 4) stated that accelerations in delivery rate.

could .be made withoutjrequiring_the reader“to¢speak :

more rapidly. Further development. of Garvey's tech-. ..

nique by Fairbanks (II, 5; II, 6) has resulted in .-~
research suggesting that a two to. three time increase
in speech rate is within the capabilify of the . - -
average listener.  lMore recent research by Foulke

(II, 9) working with the blind and by Orr (IV, 5)

‘with the use of compressed speech as an educational

" medium has.resulted in increased.interest .in com-

pressed speech. ’

Interest, however, is not enough to make com-

pPressed speech an accepted educational medium. VWhile.

the research indicates that compressed speech has
great potential as an educavional tool, there is the
problem of the technology involved in processing

recordings resulting in an acceptable cocmpression.
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The simplest way of changing the word rate of

. recorded speech is by reproducing it at -a different

rate than- that used during the original recording.. .
If the playback sﬁéed is slower than thé re@ording.
speed, the word rate ié.decreased'and the'speech.is
expanded in time. If the playback -speed is faster

than the recording speed, the word rate. is.increased

.and the speech is compressed in time. An example.of

compressed spéech by the speed changing method would
be playing a tape recording at 7 1/2 inches per’--
second that Was.recorded at 3 3/4 inches per second. -

There are, however, some serious difficulties en-

- countered byfexpanding-or-cdmpressing'speech by such

a method. The main problem is that of the resultant
shift in the sound frequéncy due  to- the change of
speed. For example,. if the speed is doubled the
compoﬁenf frequencies -are alsc- doubled, -and the

overall vocal pitch will be raised one'odtave. I

-the speed is-halved- the opposite effect will occur.

' While the literature has several studies measuring.

the effect of speech manipulated by the speed
changing method:it'ﬁas only limited utilization be-
cause of the frequency distortion mentioned above.
At present, the most widely used method for
changing the word rate of recorded speech is by the
sampling method. The sampling method was first in-

vestigated by Garvey and Henneman (IV, 4) using what

30



24
they called the chop-splice method. The chop-splice

method involves cutting a tape recording every one-

‘quarter of .an inch from beginning to end, and dis-
'carQing'altepneﬁe_pieces, The remaining pieees are

" then spliced together to make a reconstituted tape

that is half the length of the tape as originally

“Técorded.. The playback of the tape processed by the

.chop—splige method will sound normal as far as the

pitch of the speaker's voice is concerned, although

it will be compressed 1n tlme by: 50 per cent. While

-xhls methoa results 1n compressed speech, it is of.

course extremely tedious and-without practical value
because of. the labor involved to make such & tape.
Garvey and Henneman humorously commented that they

never wanted to see another tape splicer after com-

' pleting their study.

An electro-mechanical system for automatically

. discarding segments of speech from a recorded tape is.
reported by Fairbanks, Everitt, and Jaeger. (II, 5;

- II, ) Their system uses four playback heads mounted.

on a rotating drum to scan a magnetlcally recorded
tape. The effectlve tlme lehoth of each sneech sample
scanned and retained is equivalent to the speech time
on each piece of tape spliced together in the chop;
splice method, and is called %he sampling iﬁterval.
The sampling interval is determined by the revolutions

per minute of the rotating head assembly. The time
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length of each speech sample eliminated is similar to
the speech time on each piece of tape discarded in
the chop-splice method, and is called the discard
interval. Thé discard interval is determined by the
speed of the magnetic‘recording tape around the head

assembly. The output is normally re-recorded onto

'another'tape for later use in its compressed.form. -

The resulting product of the Fairtanks system is thus

equivalent to the output produced by the chop-splice

method, -but is obviously less tedious. The electro- -
" mechanical sampling method currently is the most well

known and frequently employed method for changing the

word rate of recorded speech. = -

- More recent developments in equipment for

‘changing the wbrd rate of'recorded-speech-include

. methods which.incorporate the capabilities . of the

computer. Using the computer for compression. or ex-

pansion of speech is still under development and, no

" doubt, will be of significance in the future.’

The Harmonic Compressor, recently developed by

- the Bell Laboratories, permits making recordings of

“the human voice which can be played at twice normal-’

speed while retaining normal voice pitch. Roo%
(IITI, 11) describes the Harmonic Compressor by
stating that it divides in half the frequsancy com-
ponents (harmonics) in a voice recording while pre-

serving the original time duration. By doubling the
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speed of the resulting half frequency recording in
playback, the frequency components are restored to

' their original values. The result is a normal pitch
double speed recording. The chief limitation of the
Harmonic Cdmpressor, however, is that it limits -out-
put.to only speech compressed to double the normal
speed.

Changing the word rate of recorded speech
". raises the question of the measurement of the re-~
- sultant output. Foulke (V, 2, p. 6) states that for

" the purpose of a'ﬁeasure of iﬁtelligibility, single
words are compressed, and it is meaningless to speak
of the word rate of a single word. 1In these cases,
specification of reproduction output must be stated
in terms of compression or aéceleration. An exzmple
would be compressing a word 50 per cent; that is, it
is reproduced in half thé time. .A'wo:d compressed
40 per cent would be reproduced in 60 per cent of the

original production time, and so on. 'Foulke states

.that if cdmpressed.speech is to be specified in
terms of percentage of compression, the word rate of
the input recording should be defermined:and stated.
Since there isn't any "normal'" word rate that can be
safely assumed, the number of words per minute and
degree of compression should be adequately descrip-
tive. On the other hand, a strong case against word

per minute original and compressed rates has been
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marshalled by Miron and Brown (II, 21) who suggest
that measurement is much more complex and requires’
more precise measurement techniques. Théy suggest
that a spoken message may vary with respect to three
attributes: (1) rate in terms of syllables and
words and the associated variability of these meas-
urements, (2) distribution of pause and phonation
time, and (3) information measures of the message
content.

While there is some limitation to the word per
minute measure, the word per minute measure is
prevalent in the literature and is generally accepted.
The weakness of the word per minute measure is that |
there is a linear negative relationship between the
number of words in a given time period and word
length. That is to éay, as words become longer, s

in the case of technical or scientific speech, the

' number of words per minute will diminish. Miron and

Brown (II, 21) state that the syllable~to-word ratio
influences the rate a speaker is able to sustain.
They report that an analysis of the English language
has a mean syllable-to-word ratio of 1309 with an
associated standard deviation of .641 syllable. For
purposes that require a2 high degree of description,
the syllable-to-word ratio would appear to be a
practical measure when used along with the more con-

ventional measure of words per minute.
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Much of the research in the use of compressed
speech has been under controlled conditions where
subjects listen to spoken or rscorded reading selec-
tions. TFrequent reference to the Nelson-Denny read-
ing test is made in the literature. (II, 11; III, 10;
IV, 5) The reason for the use of reading tests is
these tests are well constructed in regard to vo~
cabulary.and have valid measurement instrurents
designed for each reading selection.

In the research using recorded selections from
prose or textual materials there is Irequent report-
ing of the reading difficulty of selections by the
use of the Dale-Chall formula for readability. (II,
27; IV, 2) Other researchers, including Golcéhaber
and Weaver (II, 13), utilize the Flesch rating scale
of reading difficulty. ZEither the Dale-Chall or the
Flesch rating scales of difficulty are generally
accepted by researchers as indicies of reading
difficulty and serve the purpose of indicating the.
complexity and difficulty of the material recorded.
Measures of reading difficulty, as well as the word
rate previously indicated, are important inlreporting
comprehension of compressed speech.

A nuaber of studies have been made to determine
the relationship of rate of speech with degree of
comprehension. Harwood (II, 15) discovered an insig-

nificant loss as word rate was incrzased. He reported

33



N
\O

speeds of 125, 150, 175, and 200 words per minute
resulted in no significant difference in comprehen-

sion. Fairbanks et al. (II, 6) found little differ-

. ence in the comprehension of messages presented at

141, 201, and 282 words per minute. Similar results
are reported by Parker (III, 10) who studied the
application of compressed speech to junior college
students and by Eckhardt (III, 4) who studied college
students learning by compressed spoeech in a programed
multi-media presentation. Eckhardt's study revealed
that compressed speech in a programed presentation
which was coupressed at two rates, 25 asnd 40 per cent
compressions, resulted in a time gain by the same
percentage without comprehension loss in excess of
2.per cent. When studies are considered collectively
their relationship indicates that listening compre--
hension declines zt a slow rate as word rate is

increased, until a rate of approximately 275 words

per minute is reached, and at a faster rate thereafter.

(v, 2, p. 19)
Compreher sion is aisova function of individual
differences. Parker (III, 10) demonstraﬁed-that

aptitude was not a significant factor in corpressions

'up to 3% per cent, but low aptitude students had a

significant loss in comprehension beyond 33 per cent
compression. High aptitude students, oxn the other

hand, were able to couprehend withcut significant
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loss with compressions up to 50 per cent. Studying
U.S. Army inductees, Sticht (II, 29) reported that
listening was as =ffective as rmeading in promoting
the recall of factual information frem simple and
complex passages for the average and low aptitude
grovns. The higher aptitude groups cowprehended to
a greater degree than their lower aptitude peers.
In a study of comprehension as a function of academic
grade level, Goldhabver and Weaver (II, 13) showed
that Jjunior high school listeners outscored college
underclassmen at normal and compressed versions of a
recorded selection. They admit, howevef, that these
differences may have bezn attributable to the infeorma-~
tion presented in the recorded materials. The sex of
the listener as a function"of comprehension is incon-
clusive at present. Goldhaber and Weaver (II, 13)
also presented time-compressed recorded materials to
college freshmen; statistical analysis showed that
males outscored females at four. rates of presentation
and each of three levels of difficulty (p .05).
Other studies comparlng male and female listeners
have revealed no sex related differences in 1*sten1ng
comprghension for word rates ranging from 174-475
words per minute. (II, 10; II, 25)

Listener acceptance of compressed speech,
when reported, has been favorable and although

definitive research is lacking, Foulke (II, 8), who
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studied acceptance attitudes of blind listeners, re-
ported favorable acceptance of compressed speech.
Foulke and Sticht (II, 10), studying preferred rates
of compressioﬁ,_found that coilege undergraduate
students prefer 204-212 words per minute with males-
preferring the faster rate. Another study by Foulke
(Ir, 8) reported inconclusive resvlts in attempting
to-méasure an interaction between word rate of the

listening selection and the voice quality and reading

style of the reader. He did state, however, that the

~male voice was generally preferred by blind students

listening to compressed speech.
A few studies have attempted to find means of
increasing listener comprehension and retention of

compressed speech. Orr and Friedman (II, 24), using

~ three matched groups of college students, adminis-

tered a passage at 375 words per minute. Results
indicated that the use of pre-stimulus list of key
words drawn from the passage did not result in any
significant difference (p .05) in comprehension.

Similar -results were obtained when subjects were

-allowed a short period to study a precis prier to

listening to the selection. Use of repeated lisven-
ing periods was the object of a study by Sticht

(11, 28), who administered rspeated compressed
recordings of literary material to groups of Army

inductees who were divided into groups according to
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aptitude. His results indicated that repeated
listening to the coupressed recordings did not result
in significantly increased comprehension regardless
of aptitude. He stated that slightiy.improved re~
sults, though not significant, were obtained, but
suggested. that the time saved by the compression
method might be profitably used to selecfively extend
or review important material. .

Rest breaks for those listening to compressed
tapes was the object of study by Orr and Friedman.
(IV, 5) The experiment, which provided frequent rest
breaks,'poncluded with finding that rest breaks do |
not result.in any advantage.

Conversely, practice in listening to very
rapid compressed speech does result in significant
improvement of comprehension. (II, 32; II, 25) Both
studies reported the positive effects of practice;
however, the period of practice time for optimum gain
is inconclusive. .

Studies of the instructional application of
compressed speech are few in number. Only one report
of compressed speech was given at the 1969. Audio-~
Tutorial Systems Conference at Purdue University.
(I1I, 5) The report indicated that compressed speech
recordings were enmployed for review purposes; no re-
search was indicated. XNo new reports of compressed

speech were given ai the 1970 conference.
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A study utilizing a tape-slide instructional
program designed to teach recognition of behavioral
objectives employed tapes at four different rates of
presentation is reported by Anderson. (II, 1) Using
tapes at 150, 200, 250 words per minuce, and 300
words per minute with the message repeated, Anderson's
results showved no effect of repeating at the higher
degrees of compression and that students of high
ability are able to comprehend at the high rates of
compression. He concluded by stating that the likes
and dislikes of tape-slide ipstructional'programs
probably should not be considered if performance alone
is the factor. Although he did not report the ad-
ministration of an attitude survey in his article, he
evidently felt there was some negative reaction to
compressed speech tape-slide instructional programs.

A later study of individualized compressed
speech audio-tape-slide presentation by Perry (II,
26) compared recall and application scores of college

students divided into compressed, regular, and no

- presentation groups. The analysis revealed no sig-

-nificant -difference between compressed and regular

groups, with a significant difference (p .05) between
the compressed-reguiar groups and the no treatment
group.

A review of the research reveals only one

study testing the effectiveness of compressed speech
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instruction where economy of time was mentioned.

. Eckhardt (III, 4) studied the application of two

rates of presentation with Air Force inductees who
received multi-media programed instruction as a group.
Within bounds of the study, the high aptitude subjects
were able to accept multi-~media programed instruction
with compressed tapes in 40 per cent less time with
no significant loss in learning (p .05). .He con-
cluded by stating:
Since the proposed technique of accelerated
multi-media programed instruction presentations
was not equally effective with all subjects, more
specific descriptions of subjects in aptitudinal
terms would permit the selection of an instruc-
tional rate better suited to the learning of a
specific group. No longer can educators and -
training specialists afford to operate with Jjust

one instructional design or approach geared %o
the average student. (III, 4)

Applicable Literature on the Interaction Between
Personality Characteristics and College
Level Instruction
Even the most casual observer of the educa- .
tional scene in our nation's colleges and universities
can see the trend toward the individualization of.in-
struction by observing the profusion of honors
programs, independent study programs, the expanded
library holdings, increased use of technology, and
the like. These are but a few examples which are

convincing evidence of a recognition that the college

curriculum is for the student rather than the student

" for the college curriculum.
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There is nearly universal acceptance that
individual differences ‘among students should be taken
into account in educational planning, but clear-cut
answers have not been forthcoming. Perhaps the most
important requirementifor the individualization of
instruction is the availability of a wide variety of
instructional materials.and media from which .to
select. An individualized learning system must in-
clude alternate modes, or 1earning procedures, by
- which any particular objective can be reached. (II,
. 2)
Writing on the research problems of individual
differences, Travers writes:
Individualized programs of instruction that
attempt to adapt to individual differences fall
into two broad categories: The one type of
progrzm adjusts the speed with which all pupils
pass. through the .same program of instruction with
the saume content; the second type adjusts the
content of the program to each individual stu-
dent. (I, 10)

He cecntinues by qtatlng that only the flrst of these
two types of programs have been studled to any exfent.
Programed 1nstruct10n is a COmmonly used
| method of 1nd1v1dua11zed 1nstruct10n. Programed in-

struction is of two magor types: (1) linear, where
the learner regardless of ability or other character-
istics proceeds through the entire program without

deviation, and (2) branching, where seversl alternate

routes through the program are provided to the
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learner depending upon his response. Stourow, in his

section "Programed Instruction" of the Encyclopedia

of ‘Educational Research (II, 30) states that linear

programs are more widely used than branching, and

studies relating to programed-instruction have con-

cerned themselves with approximately 40 per cent

college students, 20 per cent high school students,
- - . and the remainder with other groups.

Studying the effect of autonomy need upon
achievement in -a programed psychology course at.the
college level, Iublin (II, 17) found that low autonomy
need.subjects scored significantly higher than the
high autonomy need subjects. Students who preferred
solitary study aéhieved more than those students who
preferred group learning.

. ..Doty and Doty (II, 4) found.thet significant
correlations were observed between achievement in |
.programéd instruction and the characteristics
grade-point average, social need, and-creativity.
When the effects of grade-point average wére analyzed,
they found that social need is an important variable
'in the programed learning situation.: One highly re-
puted aspect of programed learning is that the
learning situation is essentially an independent one
in which each student's pace is self-regulated. A

common assumption is that learning is facilitated by
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the elimination of interference from individual dif-
ferences in students in respect to $peed, competition
wiﬁh other students, and from other social factors.
Doty and Doty state that these characteristics of
programed instruction may be deterents for students
chgracterized with high sociability needs. They also

state that there is some evidence that programed.in-

' structional methods restrict originality or creativity

of thinking on the part of the learner.

The mainstay of college level instruction has -
been the more traditional lecture method, group dis- .
cussion, and tutorial study. An experiment comparing
the effectiveness of these three methods showad that
there was no significant difference in achievement
and no significant relationship between teaching
method and stu&ent characteristics. (II, 14)

In an experiment employing twenty-four measures

of personality characteristics of students in an sle-

‘mentary psychology course, an analysis of the data

obtained revealed little conélusive results except
in the realm of achievement. High achieviﬁg‘females
preferred small grouﬁ-and indepéndent study sessions
to lecturses. (II, 16)

Beach (II, 3) studied the relationship of
sociability to academic achievement in an advanced
educational psychology course. He established four

experimental groups; these groups, characterized by
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varying degrees of student interaction and student-~
‘teanher contact, included lecture, interactive dis-
éussion,'small instructorless .groups,. and independent
study groups. A significant degree of relationship
was found between sociability and achievement in the
lecture and small instructorless groups. That is,
the less sociable student had greater achievement.
than the more sociable .student in the lecture and the -
more sociable student in the small group sections.

" Somewhat different results . are .reported by
McCullough and VanAtta (III, 7) studying the inter-
action between certain student characteristics and
independent study. - They found that students whc .are
less rigid and less in need of social support are
likely to profit more from independent study than
students scoring high in these characteristics..

Concluding a review of research in teaching

methods in higher education, McKeachie states:

It is clear that there is no one best method for

all goals, svudents, or teachers. Rather: the

best method is a function of each .of these

variables. (II, 19)
He conéludes.by undérscoriﬁg-the ﬁecéssity:for fuffhef
comparative research in teaching méthods in reiatién
to educational objectives and measures of relevant

student characteristicse.
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Summary

A review of the literature related to tape
recorded:instruction at the college level, compressed
speech, and the interaction between student persoﬁ-
ality chgracteristics and instruction has been pre-
sented with studies that bear upon the. preseant study.

Comparative research, because of inherent
difficulties in controlling the necessary variables,
has not been consistent in supporting any one method,
but in light of the mostznecentﬁresearch, audio-.
tutorial methodology appears‘to_be superior or at
least as good as traditional methods. Research,
however, has been lacking in describing the most
effective characteristics of the tape recorded .
-stimulus, and steps need to be taken to more ac-
curately describe the more effective tape recordings
used in the audio-~tutorial instruction.

The studies in regard to compressed speech
point to.great potential as a. communications device“m.
‘or medium for speeding up thé transmission of in~
formation. There is strong support for the use of
;compresSed‘speech as a highly efficient and effective
medium for high aptitude learners éf either sexa.
While much of the research has been basic in nature,
research of the basic type has establishasd a sub-

stantial foundation for further applied research in
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the application of coipressed speech in an educa-
tional setting. _ )

The research on the possible effects of per-
sonality characteristics upon instructional method at
the collegiate level has been meager and inconclusive..
There is some evidence that there is a relationship
between socisbility, creativity, and instructional
methods. There are also.encouraging factors that
audio-tutorial instructiorn, which has some}of the
characteristics of programed instruction, is better
suited to certain kinds of student personality
characteristics..

There are presently.no studies available in
which coupressed speech is appiied to. audio-tutorial
methodology where student personality characteristics.

were assessed. .
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CHAPTER IIT
DESIGN AND PROCEDURE

The geneial purpose ef this study is to aésess
the effectiveneés of recorded compreesed speech as an
instructiohal ﬁedium end to_find'any degree of rela-
tionship between achievement and the personality
characteristics of creat1v1ty and 3001ab111ty. The.
1nstruments employed were the Remote A33001ates Test
used to measure creativity and the Thorndiﬁe
.Dimen31on of iemperament test used 0 measure

sociability.

The Population and the Sample

This study was condueted during the fall
-quarter of 1970 at Mankato State College, Mankato,
-Minnesota.  The student pariicipants- were enrelled in .
. the course Plant Biology, numbered 1404, in the de~
partment of Biology. The course,vnormally-for‘fresh-
men, is-one that students may elect to meet their
general education requirement in science. The
enrollment of sixty-four students was randomly
divided into twc groups by means of a random number

table. The control group numbered thirty-three.
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They were instructed with normal speed tapes, and
the  experimental group of thirty-one was instrucited
with time-compresSedatapes. . Table 1 summarizes
. information regarding the characteristics of each

- group.

Pilot Study

A two part pllot study was made durlng the
w1nter and spring quarters of l970. Phase I, held
during the w1nter quarter, was 1ntended to assess the
acceptaolllty of compressed speech by the ,udents. |
within Biology 1404 and to devise a system.By which
accurate time records could be attalned. A tine card
was deslvned and pr1nted for suudent use in an elec-
tr1c t1me clock. (See Fig. l ) The time card was |
used to record the beglnnlng and completlon of the
student s 1ndependent stqu session. Each tvme card
was used only once. The student was requi red to
write the exercise number and his name on the time
-dcard and place uhe vard in a collecf;on box adaacent
to the time clock. 'The t1me cards were perlodlcally
collected and tallled on a master tlme sheet on which
records were kept for each student for each of the
exercises. Since one of the primary purrposes of
Phase I of the pilot project was to dev. & systenm
by which accurate time records were attained, nothing

was done with the time records except to observe



‘TABLE 1 .

DESCRIPTIVE INFORMATION, CONTROL AND
i EXPERIMENTAL GROUPS

: Control : Experimegtal
Descriptor . Groupa Group
Age in Years N o o

Range 19-24 . 18-32
Mean 19.6 o 20,5
Sex
Males .18 15
Females , 11 ' 13
Grade-Point'Averagé - '
Mean 2.56 2.66
Variance 488 ' T .290
Standard ,
Deviation : .70 : « 54
ACT Test Scores
Mean - 22.11 21.83
Variance 20.70 12.00
Standard
Deviation 4,55 4 3.47
. Creativity Test
Scores
Mean 14,42 13.73
Variance 19.57 12.07
Stardard _ . .
Deviation - o 4.42 . . . 3.47
Sociability Test
Scores
Mean 0.0 -1.,04
Variance 61.90 45.75
Standard
Deviation 7.87 6.76
8y = 29 Py = 28
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student behavior pgtierns in regard tc time and to
help determine the feasibility of the present study.
Revisions c¢f the tim= card and distriobution and

areful maintenance

[e]

collection procadurss showed that
of the system would vroduce. fime records. with a high
Vi

degree of accuracy. -

com“rnmsad vapes. Accordingly, Hhe cpbimum degree of
COIPT on for the reading styls and voies charac-

speed. - The Nelson-Denny Reading test is fregquently

mentioned in Sae literature as being smployed as a

listening comprshensicn test wnen &ssessing the
effectivensss of compressed speech. - The -test con-

sists of a resding selection of approximatzly 150-250
) -

words and is followed with an sxamination éonsisting
of multiple-choice items. The recordings were sent
to the Perceptual Alternatives Laboratory at the
University of ILouisville whsre they were compressed
to 80 rer cent, 70 per cent, €0 per cent, and 50 per

cent of the origiral production times.

4]
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After instructions were given, each reading
selection of the test was played to a group of
approximately twenty students, who then answered the
test items relating to the reading selection that
they had just heard. In total, the four reading
selections, at each of the four rates of compression,
and the normal recordings were played to separate
groups of students. ZEach group of students listened
to the four selections of the tests at one rate of
speed. All five groups were given the tests at the
same time but in separate fooms; ‘The answer sheets
were scored, using electronic test scoring equipment,
and the results were analyzed to determine the stu-
dent achievement at the different rates of speed.
The testv scores were consistent for the groups who
listened to tapes at the following rates of spced:
the normal tapes, 80 per cent, Y0 per cent, and 60
per cent compressions. The 50 per cent compression
resulted in a substantially higher error rate, indi-
cating a low comprehension level, and was Judged
unacceptab}e. Since the €0 per cent conmpression rate
resulted in the highest rate of compression without a
significant loss of combrehension, it was chosen as
the most desiravle degree of compression for record-
ing the instructionzl tapes for the course. The
results of the experiment were consistent with othsr

studies reported in the literature. (III, 10; III, &)

91
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The audio-tutorial instructional tapes used
were twenty-two in number, with a mean time of
approximately twenty-one minutes at the uormal rate
and fourteen minutes at the compressed rate. The
tapes were identical in regard to:content_and
differed only in the amount of time forvlistening
“from beginning to end. For further information about
.tape tines, see Tables 2 and 3.
After recording and processing, the instruc-
_tional tapes were then used in independent study.
'sessibng.- The second ‘Phase I objective was to de- .
termine student acceptance of compressed recordings. .
The procedure followed was to randomly divide the
. class of seventy—three students into. two BTOUPS,. vlth
one group belng assigned to compressed tapes and the
.second group assigned to normal tapes. Each group
was required to remain with its assigned tape tyre
for the first third of the querter; -the second third
of the quarter.the groups were. then changed. .That .
is, the group that had the normal tapes for the first
third of the quarter were changed to compressed tapes
- the second third of the quafter; The students were
not permitted to change from one type of instructional
tape to the other during either of the first two-
thirds of the quarter.
The_}ast thigd of the quarter was used to pef-
mit the students to choose either tyre of tape. The




TABLE 2
TAPE TIMES

48

58 minutes

Mean Time
Per Lesson : 21.7

Regular Compressed
Exercise _ Min. Sec. Mine . . Secs
1 20 7 11 3
2 15 29 8 23
3,5,10 -15 30 8 . 31.5
11 19 3 11 13
12 o 8 - 28 S. . 55
13 16 49 13 9.5
14 . 17 20 10 : 31
15-16 24 21 1= 6.5
17 12 - .47 7 17
18-19 25 - 15 26
.27 ; . 23 - 10 14 .. 2
28 29 2 3t 32
29 21~ &7 13 &2,5
30 24 27.5 15 11.5
35--24 .2 ' 17 13 7
35~36 13 37 11 15
3 23 25 14 19
38 25 50 15 21
39 25 43 ik =
40-41 34 34 16 20
42 . 16 32 10 50
24-25 %6 55.5 22 12
TABLE 3.
SUMIMARY OF TAPE TIMES
- Descriptor - Regular Compressed
" Totzl Time 7 hours 5 hours

14 minutes

14.3
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check out procedure used with the system indicated
that approximately 80-85.per cent of the students
chose compressed tapeé when-gi#en free choice. Some -
students chose to. listen to the normal tapes when
going through a lesson the first time and then
listened to a time-compressed tape when reviewing.
Other students would choose one of the two-tyﬁes and
stay with it for the remainder of-the- quarter.-
Although thé experimental-procedure was ﬁoturigidiy
defined or maintained, the main purpose at this point
was -to demonstrate to Dr. -Burton that comprQSSed
tapes were useful for independent study and would not
jeopardize the quality of instruction.

.Phase II of the pilot study'was done during
spring quarter, 1970. The main objective was to
assess ‘the efficiency and effectiveness of time~
compressed tapes during élquafter iong period of timé.

""Efficiency was. assessed by an ‘analysis of time records

- o kept -for each-student in the experimental end control:

"gfoup;; effectivenesé was determiﬁed by thfeé ﬁewly
written and validatéd objective ekaminations given
during the length of the quarter. Results of Phase
IT of the pilot study are shown in Tables 4 and 5.
A major conclusion was that Phase II of the pilot
study had successfully demonstrated the afficiency
and effectiveness of time-compressed tape recordings

and that a more comprehensive analysis was feasible,

of
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TABLE 4
SUMMARY OF PILOT STUDY TEST SCORES

Tést . _ Régularg . Cdmpressedb

1 (50 Points)

Mean Score 38,3 © 38.4

Variance : 47,61 - : . 45.25

Standard: : ' C
Deviation - 6.9 6.5

2 (50 Points)

Mean Score 35.2 %6.6
-Variance 50.47 » 67.24
Standard

Deviation 7.1 _ . 8.2

3 (100 Points)

Mean Score 66.7 70.9
Variance 127.69 - ©o.1l4l.61)
Standard . : _
Deviation 11.3% - T11.9
N = 42
°y = 37

57




SUMMARY. OF PILOT.STUDY.TIME

TABLE 5 -
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Compressed

Unit Regular
Pirst Third
of Quarter
Mean (hrs.) 9.56 10.39
Variance 9.73% 9.24
Standard - - e o
Deviation: ' 3,12;, 3.04
Second Third
of Quarter
 Mean (hrs.) 8.41 2.2
Variance 2 99 8.07
Standard :
Deviation 1.73 2.84
Final Third
of Quarter
Mean (hrs.) 3,92 3.25
Variance: : 4433 275
Standard-
Deviation - 2.08 -1.66
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The Experimental Procedure

Due to the difficulty of conducting long term
laboratory-experimental research where instructional
variables may be adequately controlled, the present
study was a field experiment. This -approach was
desirable for assessing fthe effectivemess and effi-.
ciency of time-éoﬁpressed-tapes; comparing-them to’
normal tapes; and determining.the relationships be-
tween personality characteristics and audio-tutorial
instruction over an eleven week perivod. The instruc-
tional vasriables were held constant for each group.‘
The teacher variable Qas-controlled.by having
Dr. Burton, the course professor, record all the -
audio-tutorial instructional tapes. These tapes were
then administered to the control and experimental -
groups in their normal and time-compressed versions.
The tapés were identical except for fate; the.normal'
tapes reproduced in 100 per cent of the original pro-
duction time and. the compressed tapes-reproduced in

60 per cant of the original production time.

'Desi;gn '

Iong term field experiments such as this one
are burdened with the difficulty of controlling unex-
pected variables during the course of the experiment.
For example, students were expected to participate in

all twenty-two exercises during the quarter and to

55
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pay close attention to keeping time records for each
exercise. There were some. who did not complete all
exercises. Five students dropped out.of the course
or out of college during the quarter; some studentis
fajled to turn in complete time cards. While these
varizbles were not under the control of the experi-.
menter, students were reminded by their professor
that they were to complete all exercises and to pay

-close attention. to time .cards. The students who
dropped out or missed 1eésons w2re beyond the control
of:the experimenter. DMost time cards, howevefz were
corrected after the student was seen by Dr. Burton.

The registrants in the course during fall-
quarter, 1970, numbered sixty~four. At the first
meeting of the course the class was given three
examinations. The first examination was a pre-entry
written objectiﬁe examination designed to measure
cognitive knowledge of the course material. The
students were- also given-the Remote Associates Test
ard the Thorndike Dimensions of Temperament test.

Students were instructed in the operation of

"the equipment for use in the leafniné carrel coh—
sisting of a Kodak Carousel slide projector, a
Norelco cassette tape player, and a microscope. They
were informed of the purposes of the Educational

Resource Center and what carrels and srace within

o)
o
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the Center they would find assigned to the course.
They were instructed in the procedures to follow in
checking out the cassette tape recording and the key

for the carrel.

Fig. 2.--Attendant Checking out Materials
and Equipment to Student

In operation, an attendant at the service
counter checked out a tape player, the appropriate
tape, and gave a time card to the situdent. (See
Fig. 2.) The attendant was directed to check a lis%

of students assigned to each of the two groups to

o | 4
E MC 8 JA

Aruitoxt provided by Eic:
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make sure that he was given the correct tape. Time
cards ware ccler codsd and tapes were color coded by
colored label to eliminate errors.

Exercises were changed on Wednesday afternoons,
.a procedure which %ook about. two hours for the set
up of the ten carrels. Students had access to the
‘carrels and live .plant area for approximately eighty .
hours each week except during the Thanksgiving break
and during bomb scares when. the building had to be
evacuated. (See Figs. 3 .and 4.,)

At the end of the guarter, the students were
given an .alternate fbrmnof the examiration which they
took the first day of the class.

As already mentioned, the difficulty in con-
trolling the student and student-related variables is .
an expected hazard during.lbng term studies. Finding
an efficient, yet sufficiently powerful, statistical
test to assess the effectiveness of the instructional
tapes presented at two different rates of speed and
to determine the relationship between the personzlity
factors measured and achilevemeni was important. The
use of fhe.stgndard paréﬁetric“ﬁests, such as the
familiar %, F, and Pearson Product-Moment Correlation,
was ruled out due to the influence O0f uncontrolled
variables. The parasietric tests reguire a noraal
distribution, an impossibiliiy in the present study

because of the uncontrolled variahles.
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The Mann Whitney U test was chosen because 1t
is regarded as the most powerful non—pafametric'test
and because it avoided the t test's assumptions.
(I, 4, p. 635) With a sample size of twenty-eight or
twenty-nine as in the present study; the Mana-Whitney
U test approaches the power of the t test. (I, 2,
p. 116) The relationship between the personality
variables and achievement was determined by use of
the non-parametric Spearman Rank Correlation
Coefficient Tge Siegel states:
The efficiency of the Spearman Rank Correlation
rg when compared with the most powerful para-
metric correlation, the Pearson r, is aboub 91
per cent. That is, when rg is used with a sample
to test for the existence of @n association in
the population, and when the assumptions and re-
quirements underlying the proper use of the
Pearson r are met . . . then rg is 91 per cent as
efficient as r in rejecting H,. (¥, 8, p. 213)
When N is equal to or larger than eight, the sanpling
distrivution is practicallv indistinguishable -from
the normal distribution; therefore, with N sizes of
twenty-eight and twenty-nine, the tables for the
normal curve may be used for determining probability.
(I, 8, p. 220)
Achievement, as aecasured . by the.prevtéét and -
the post-test, was assessed by determining {the modi-~
fied gain score. As defired by Mager (II, 20, p. 42),

the modified gain score is & more sensit

W
<
o
B
o]
0
n
b
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of behavioral change than the simple gain score.
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Whereas the simple gain score ratvtes a gain from zero
to 10 per cent as equal to a gein from 90 to 100 per
cent, the modified gain score tells us how much of
thé possible improvement was actually realized,
thereby compensating to some extent for the problen

of unequal difficulty along the gain continuum.

Meterials and Tests
Two psychological tests were chosen for use

within the present study. The Remote Assoclates
Teét was séiectéd béCauée it was one of the few
_tests;wﬁich neasures the ability to.think ?reatively.
It is an instrument designed to measure individual
differences in an ability considered to be fundamental
to the creative thinking process.” Creative thinking
is defined by the.test author as:

The forming of associative elements 1nto new

combinations which either meet specified requ1re~

ments or are in some way useful. The. mor

mutually remote the elements of the new oomblna—
tion, the more creatlve the process or solution.

W, 5)

.The test was g’ven to the vroup and was tlde for the
required forty minutes. Although 1t is not a speed
test, most 1nd1v1duals were able to finish the test
within the forty minute period, and were able to
attempt each of the thirty items at least once. The
test results are determined by counting the number of
correct item responses ané can range from zero %o

thirty.
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The Thorndike Dimensions of Temperament test
was selected on the recommendation of Dr. Fred Knauer
of the Mankato State College Counseling Center. The
test is a self-report personality inventory tvhrough
which the individual describes himself with respect
to ter dimensicns of temperament. The Thorndike
Dimensions of Temperament test portrays the individ-
ual both as he sees himself and as others see him.
Although the test manual states that it does not
pretend to delve into deep layers of inner personality .

dynamics, the inventory appears quite successful in

‘providing. a differentiated picture of the individual's-

personality. (V, 6) While the test provides ten

scales of personality, only the sociability scale was

-scored and used within the present study. Socia-

bility, as described hy the test auther, is character-
ized by behaviors in which the individual may want to
be with people or by himself, to be in the middle of

things or by engaging in solitary activities. The .

“'score from each individual is given as a number,

ranging -from a minus twenty to a plus twenty.

The tést used to measure cognitive knowledge
in plant biology was developed by Dr. Burton. The
test had undergone several revisions and was given
to the students in two different forus, with one form
used as a pre-test and the other as a post-test. The

test, one hundred items in length, was multiple
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choice in nature, with each item having no fewer than
five distractors. - The.internal coefficient of relia-
bility as measured by the Kuder-Richardson Formula 20
was .896.

" The instructional materials for the course
were developed or collected by Dr. Burton and con-
sisted of & wide range of materials including live
plants, charts, models, microscope slidcs, 2x2
slides, and audio tapes.' The audio tepes, the de-
pendent variable in the -study, had been in use for

two quarters prior to the quarter in which the

"present study took place. The scripts for the tapes

were in their third revision and had reached a high
degree cf validity. A sample scrip® is‘reproduced in
the apperdix. ZEach of the twenty-two lessons were
corralated with a laboratory marual (I, 1) and make
frequent reference to the manual during the time of

instruction. Each tape recording was prefaced with a

“verbal statement of the behavioral objectives for the

exercise and concluded with a sunmary statement. A

- random sample of 'six normal speed tapes indicated a

range of 113-138 words per minute with a mean of 128
words per minute. The compressed tapes, compressed
to 60 per cent of the original produciion time,

ranged from 193 to 238 words per minuse with a mean
of 211 words per minute. Difficulty as measured by

the Dale~Chall reading formula indicated a range of
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8.03% to 9.83 with a mean of 8.98 or at the gracde 13
level. The mean syllable to word ratio (II, 21) was
1.8%, somewhat higher than the 1.309 mean for the
English language. The rate of speech used by Dr. .
Burton was within the preferred range as.suggested
by Foulke and Sticht (II, 10) and the vocsbulary was
somewhat more diffieult, but right at the colliege '
freshman level of difficulty. dJudging by these
measures, the.instructional tepes were well suited to
the educatinnal level of the subjects who participated

within the experimept.’

Method ef'AhaIysis

The modified gain scores and the mean time per
lesson for each individual were totaled for the con—
trol and experimental groups and the level cf si gnlfI"
cance was determined by use of'the appropriate test.

A correlation was computed on each of the
personallty measures and the modlfled gain scores,
with the level o‘ 31gn1f1cance determlneé by use of
the appropriate test. Correlations were run on
eehievement es measured by the modified gain score
and avefége'time per lesson for students it'each
group.

Specifically, the purpose of this study was

to seek answers to the following questions:
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1. Is there a difference in achievement
between those students learning from time-
compressed recordings and those learning

- from normal recordings?

2 Is there a time saving advantage for those
students learning from time-compressed
recordings as compared to those learning
from normal recordings?

3. Is there a significant relationship be~
tween the personality characteristics of
creativity and scciability and students
who learn via audio tapes at the two
different rates of speed?

These questions were explored by testing the

following null hypotheses:

1. There is no significant difference in
achievement as measured by an instructor
made paper and pencil test between stu-
dents who lzarn from time-compressed re-
cordings and those who lea*n from normal
recordlngu.

2. There is no significant difference in time
spent in independent instruction between
students who learn from time-compressed
recordings and those who learn from normal
recordings.

Z, There is no significant relationship be-
tween creativity as measured by the Remote
Associates Test, sociability as measured
by the Dlmen31ons of Temperament test -and
achievement by students who learn from N
either -‘time-compressed audio recordlngs .or
normal recc“dlngs.

The .05 level of s:.gn:.f:.cancn was opec1f1ed as

the region of rejection for the null nypotheses.

Summary
Sixty-four subjects, registrants in Biology

1404, at Mankato State College, Mankato, Minnesota,

ERIC 69




participated in this study. All subjects were ad-
ministered a biclogy pre-test, the Remote Associates
Test and the Dimensions of Temperament test. The
subjects were randomly-assigﬁed to two groups, the
control group vho were instructed via normal speed
audio tape recordings and the experimental group who
were instructed by audio tapes compressed tc 60 per
cent of the normal production time.

'~Time records for eacﬁ student were maiﬁtained
on all of the twenty-two exercises during the quarter
‘lasting eleven weeks. All'students received the same
instruction with the dependént variable  being the
rate of presentation on the tape recordings. A post--.
test was adminisﬁered_at the end of tne quarter and a
gain score determined for each individual.

The hypotheses to be tested were listed.
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CHAPTER IV
- ANALYSIS OF THE DATA-

This cﬁapter presents the statistical analysis
of the data and the results obtained. The first part
of tﬁe cﬁaptér déscribés.the subjects.és noté& in“ '
Chapter III. The second part of the chapter presents
the data and applies the appropriate statistical
tests of the three null hypotheses'sfated in this

study.

Description of the Subjects and Daua

Table 1, page 43, presents information of the
subjects after they were randomly assigned to either .
the control or experimental .groups. Note that the

number of subjects are four fewer in the conitrol

-~ group and three fewer in the experimental group than

at the beginning of the quarter in which the experi-
ment began. ' The decliﬁe in the numberfof.subjects in
both groups is due to the uncontrglyed variables as - .
described in Chapter III.

The data collected by the experimental pro-
cedure are presented in Tables 6 through lé. Table 6

presents the pre-test, post-test, and modified gain

64
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scorcs for the control grouvp; Table 7 does likewise
for the experimental group, and Table 8 presents a
comparative summsry of the test data for the two
groups. Table § presents mean time per lesson for
the control group; Table 10 does likewise for the
experimental group, and Table 11 presents a compara-
tive sumnary of the mean time per lesson for the two
groups. Table 12 presents the creativity scorss as
neasured by the Remote Associates Test and the modi-
fied gain scores for the control group; Table 13 does
likewise for the experimental group. Table 14 pre-
sents the sociability scores as measuvred by the
Dimensiong of Temperament test and modified gain
scores for the control group; Teble 15 does likewise
for the experimental group. Table 16 summarizes the
creativity and sociability measures in relation to

\5{11[] .

Tests of the Null Hypotheses

Hypothesis 1:

™ere is no significant difference in achieve-
ment ss measured by an instructor made paper
and pencil test between students who learn
frem time-coumpressed recordings and those who
learn from normel recordings.

As can te noted from Table &, the simple
differencs in modified galn scorss between the

control and sxperimenbal groups wag .0203. Ixpressed

ERIC &
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as a percentvage there is a 3.8 per cent difference
with a corresponding z score of .359. Probability,
therefore, is .640 as observed from a normal distribu-
tion table. Tne control group scored slighfly lower
than the experimental group on both the pre-test and
the post-test. Simple gain expressed in test score
points for each of the two groups is'very similér,
but the modified gain score compensates to some ex-
tent Lfor unequal difficulty along the gain continuum
thereby explaining.the difference in mbdified gain
scores;

The fact that the experimental group who used
time~compreéééd.recordings achieved slightly more
than the control group ﬁho used the normal recordings
cannot be considered statistically significant based
upon the data derived from the experiment. Hypothesis
numnber one must be accepted after consideration of ths

data.

Hypothesis 2:
There is no significant difference in time
spent irn independent instruction between ,
students who learn from time-compressed re-
cordings and those who lesarn from noxrmal
reccerdings.
As can be notsd from Table 11, the simple dif-
ference in mean time per lesson between the control
and experimental groups is .129 hours, that is, the

students learning Ifrom tinme-compressed tapes took

73



O

ERIC

Aruitoxt provided by Eic:

67
less time than those learning from normal tape re-
cordings. Expressed as a percentage difference,
there was an average time savings of 12.3 per cent
for cach lesson., The Mann-Whitney U test score of
460 resuited in a z score of .86 with a probability
of .805 zs observed from & normal distribubticn bGable.

This study indicates that students who learn
from time-compressed tapes on a self-paced schedule
do save some time over their regular or normal tape

recording counterparts; however, the diffe  .nce be-

. tween the twe groups in respect to time cannot be

considered statistically significant. Based upon an
analysis of the data from this experiment, hypothszis

number two is accepted.

Hypothesis 3%:
There is no significant relationship between
creativity as measured by the Remote Asso-
ciates Test, sociability as measured by the
Dimensions of Temperament test and achievement
by studen®ts who learn from either time-con-~
pressed audio recordings or from normal
reccrdings.

After treatment of the data by the Spearman

Rank Correlation Coefficient and after applying the

appropriate statistical test (Table 16), there is no

gignificant relationship between the personality
measures stated in the hypothesis and achievement

shown by gain. The slight differencss in »_ for the

two groups can be attributad to chance and is not
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statistically significant in either case. 2 scores
and probability are low in each measure.

Based upon the data derived from this experi-

ment, hypothesis number three must be accepted.

Discussion

The factors of time and achievement were
statistically treated by use of the Mann-Whitney U
test and the appropriaté test of significance was
applied to each. 4An analysis of the data indicated
ro significant difference between the control and the
experimental group in respect to the variables of
time or achievement. The number of subjects partici-
pating in the study declined during the course of the
eleven week quarter. That any significant changes
would have occurred had they participated for the
full term is doubtful.

The relative consistency of statistical results
in the analysis of the relationship between the per-
sonality characteristics measured and achievement
indicates that no significant relaticnship exists.
The uncontrolled variables due to the decline of
nuwber of subjects would have little effect upon the
analysis of the relationship between personality

characteristics and achievement.

®. 7
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TABLE ©

PRE-TEST SCORES, POST-TEST SCORES, AND GAIN
CONTROL GROUP

Pre~Test Post-Test

Subject Number Scores Scores Gain®
c-1 42 77 729
Cc- 2 41 , 79 NSU
C- 3 33 50 «253%
C- 4 35 84 .753
C- 5 35 .42 ) 119
C- 6 28 62 472
Cc- 7 34 56 : 333
C- 8 56 Gl . 048
c- 9 %5 72 +569
c-10 : 51 - 59 « 405
Cc-11 24 . 56 « 333
c-12 36 5% 328
Cc-13% 52 77 «520
C-14 v 38 65 <435
c-15 28 60 PRviv.
C-16 45 83 .72
C-17 32 65 500
Cc-18 36 62 406
c-19 43 74 « 243
c-20 41 66 423
c-21 34 63 <439
c-22 43 92 . 859
c-23 . 48 85- «711
c-24 33 48 «22%
c-25 : 20 . 65 562
C~26 41 ) 54 « 220
c=-27 42 70 <482
c-28 26 53 C 554

c-29 35 ?6 «630

8Modified Gain Score

s
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TABLE

7

EXPERIMENTAL. GROUF
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Pre-Test Post-Test a
Subject Nuwmber - Scores Scores Gain
-1 48 656 « 346
X- 2 28 75 . 652
X- 3 29 92 . 887
X- 4 34 56 «333
X~ 5 38 . 58. 3522
X- 6 35 65 476
X- 7 49 ol . « 555
X- 8 37 25 .285
X- 9 39 60 « 344
X-10 39 60 « 344
X-~-11 34 43 166
X-12 52 80 .583
X-13 58 &3 «595
X-14 37 70 .523
X-15 42 77 . 603
X-16 36 46 ° 343
X-17 40 63 . 383
X-18 39 61 « 360
X-19 4y 74 . 535
X-20 45 o 400
X-21 46 88 777
X-22 51 92 - . 836
X-23 40 656 433
X-24 41 a2 . 694
X-25 30 53 «3528
X-26 45 s « 745
X-27 31 72 «637
X-28 42 78 «620

8Modified Gain Score
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TABLE &

SUMMARY OF PRE-TEST SCORES, POST-TEST SCCRES,
AND GAIN FOR CONTROL AND EXPERIMENTAL

GROUPS
Group N Variance Sigmaa Mean
Pre-Test
Control 29 56.6 7.51 37.14
Experimental 28 03.% 7.95 39.25
Post-Test
Control 29 163.7 12.80 67.03
Experimental 28 167.¢ 12.93 69.14
Gain
Control 29 0301 1735 L4834
Evperimental 28 « 0227 .18l . 5037

Analysis of Differences in Mean CGain

Simple Difference .0203
Percentage 3.8
Mann-Whitney U Test 383.,5
7 Score +359
Probability o4O

84tandard Deviation
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TABLE 9

TIME TOTALS PER INDIVIDUAL
CONTROL .GROUP

a Lessons b
Subject Number Total Time Completed Mean
C-1 29.46 20 1.47
c- 2 52.0 22 2.36
C- 3 10.67 15 .71
C~ 4 16.21 20 .81
cC- 5 16.71 21 ' 79
C- 6 18.99 22 .86
C- 7 16.33 21 77
C- 8 2%.02 22 1.04
C-10 17.17 22 .78
C-14 10.87 19 .57
C-15 13.22 20 .56
C-16 26.54 22 1.19
C-17 _ 11.18 17 .65
C-18 22.%2 21 1.06
C-19 14,47 19 .76
C-20 9.69 12 .80
c-21 14,31 22 .65
c-22 25.17 . 22 1.14
C-25 ‘ 20.33 21 .95
C-24 o 16.89 22 .76
C-25 29.69 22 1.34
c-27 23.45 20 1.17
c-28 23.79 20 1.18
c-29 14.69 18 .81

aReported in hours and hundreths of hours

bReported in nundreths of hours
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TABLE 10

TIME TOTALS PER INDIVIDUAL
EXPERINENTAL GROUP

a Tessons b

Subject Number Total Time Completed Mean
X- 1 15.42 22 «70
X- 2 13.44 20 .57
X~ 3 13.62 22 .61
X- 4 12.83 15 . " 85
X- 5 15.19 20 «75
X- 6 24.5% 21 1.16
.X=- 7 15.29 20 + 76
an 8 9. 90 15 ' . 66
X- 9 9.05 16 +56
X-10 i7.40 19- .91
X-11 16.59 17 .97
X-12 11.11 22 «50
X-13 - 19.71 20 " .98
X-14 15.95 15 .93
X-15 ' 35.21 22 1.60
X-16 19.08 21 .90
X-17 1l.26 17 « 60
X-18 25.57 21 1.21
- X-19 15.C3 21 1.71
X--20 15.03 14 1.07
X—2l 1"‘5 . 71 ' 22 1 ° 98
X-22 16.29 21 77
X-23 7 . 04 17 o 44
X-24 16.02 21 .76
X-25 23.92 20 1.19
X-26 27.62 22 1.25
X-27 28,98 21 . 1.38
X-28 : 9.47 20 A7

aRepor'bed in hours and hundreths of hours

bReported in hours and hundreths of hours.
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TABLE 11

SUMIMARY OF TIME, EXPERIMENTAL AND
CONTROL GROUPS

Sum of
Group N Means Variance  Sigma® Mean
Control 29 30.04 . 299 « 547 1.036
Experimental 28 25.40 121 o 347 . 907

Analysis of Differences in Mean Time

Real Time in hours .129
Percentage 12.3
Mann-Whitney U Test 460

% Score ' .86

»>

Probability + 805

8, . .
Standard Deviation
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TABLE

GAIN AND CREATIVITY SCORES
. RANK CORRELATION COEFFICIENT Ty

CONTROL GROUP

12

. RANKED FOR oPEARMAN

o *Gain Creativity : :
Subject Score Rank Score Rank Difference

c-1 . 729 26 11 7 +19
C- 2 s 22 6 2 +20
C- 3 .25% 4 2 1 + 3
c- 4' .753 27 20 2‘7.5 - ]
C~ 5 .119 1 17 21 ~20
C- 6 472 14 16 18 - 4
C- 7 .3353% . 6.5 14 11.5 -5
C- 8 .o048 23 14 11.5 +11.5
C~- 9 .569 20 16 18 + 2
C-10 <405 8 17 - 21 =13
C-11 «33% 6.5 10 5 + 1.5
Cc-12 .328 5 17 21 ~-16
C-13 «520 17 15 15 + 2
C-14 <435 11 15 9 + 2
C~15 444 13 8 % +10
C-16 672 24 21 29 -5
Cc-17 . 500 16 19 24.5 - 8.5
Cc-18 406 9 15 15 - 6
Cc-19 <543 18 19 24,5 - 6.5
Cc-20 JH423 10 16 18 -9
c-21 439 12 9 4 + 8
c-22 - .859 28 14 - 11.5 +16.5
C-23 .711 25 20 27.5 - 2.5
c-24 .223 3 14 11.5 - 8.5
Cc-25 .562 19 19 24.5 - 5.5
C-26 . 220 2 19 4.5 -22.5
c-27 482 15 11 7 + 8
Cc-28 . 364 . 8 15 15 -7
Cc-29 .630 21 11 7 +14
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TABLE 13

GAIN AND CPDATIVITY SCORES, RANKED FOR SPEARMAN
"RANK CORRELATION COEFFICIENT T
EXPERIMENTAL GROUP

Gain : Creativity : ‘-
Subject Score Rank Score Rank Difference
X~ 1 « 346 9 - 17 22 -13
X- 2 «652 23 8 75 +15.5
X- 3. .887 28 12 11.5 +16.5
X~ 4 «333% 5 16 . 18 . =13
X~ 5 322 - 3 3 1.5 + 1.5
X- 6 L4976 14 -5 . 4 .. +10
X~ 7 .555 17 15 14+ 3
"X- 8 . 285 2 ’ 17 - a2 . -20
X~ 9 . 344 75 16 18 - ~10.5
X~10 i L 7.5 - 16 18 ~10.5
X~-1l .166 1 17 .22 : -21
X-~-12 .583 18 21 27 -9
X~-13 . .595 19 15 4 + 5
X-14 523 15 5 o4 +11
X-15 «603 20 : 11 9.5 +10.5
X~16 . 343 6 18 24 ~-18
X-17 .383% 11 3 1.5 - +-9:5
- X~18 . 360 10 - 6 -6 . +04
X-19 . .535. 16 11 9.5 + 6.5
X~-20  .400 12 16 18 - 6.
X-21 777 26 20 26 - 0
o X=22 836 - 27 15 14 +15°
-X~23 o433 13 - .16 ... .18 -5
X-24 684 24 . 22 28 -4
X-25 +528 4 8 75 - - 3.5
X-26 S5 25 19 25 0
X-27 . 637 22 .5 4 +18
X-28 «620. 21, - - 12 11.5 o+ 9.5
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GAIN AND SOCIABILITY SCORES, RANKED FOR SPEARMAN
RANK CORRELATION.COEFFICIENT'rs .
CONTROL GROUP

Sociability

Gain

Subject  Score Rank Score Rank Difference
Cc~-1 729 26 -2 12 +14
C- 2 Souy - 22 -6 5 +16
C- 3 «253 4 + 6 o4 -2
C- 4  .753 27 0 15 412
C- 5 »119 1 + 1 17 - -16
C- 6 472 14 + 7 26 =12
C- 8° 648 - 23 -9 4.5 +18.5
C-10 . 405 8 +16 24 -16
C—ll -353 6-5 - 2 12 - .5.
C-12° 328 5 +19 27.5 =22.,5
C-15 .520 17 -14 1l +16
C-14 435 11 + 3 20 -9
Cc-15  .4kh 13 -3 9.5  + 3.5
C-16 672 24 0 157 + 9 '
C“18 a406 9 +10 27.5 -J.8a5
c-19  .543 18 -5 7 +11
c-20 - .&23 10 -9 4.5 4+ 5.5
C-21 439 - 12 + 6 o4 -12
C-22 .859 28 + 4 21.5 + 6.5
C-23 . 711 25 =135 . 2.5 +22.5
c-2hk .23 3 - 4 8 -5
Cc-27 482 15 -13 2.5 +12.5

- C-28 . 364 8 0 5 - -7
Cc-29 « 630 21 +14 29 -8
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TABLE 15

GAIN AND SOCIABILITY SCORES , RANKED FOR SPEARMAN
' - RANK CORRELATION - COEFFICILNT Ty
EXPERIMENTAL GROUP

' Gain Sociability ' ‘
Subject Score Rank Score Rank Difference
X- 1 w346 0 9 - 6 8.5 + 5
X- 2 .652 23 T+ 9 26.5 - 2.5
X- 3 887 28 + 8 25 + 3
X-4  .333 5 - 6. 8.5 - 3.5
X- 5 TW322 - 3 + 2 19 -16
X~ 6 476 14 -13 1.5 +12.5
X- 7 «555 17 + 1 17 0
X- 8 .285 2 + 7 22.5 -20.5
X-9 .3k 7.5 -3 13.5 -6
"X~10 = 344 7.5 -7 5 + 2.5
X-11 .166 1 +.1 17 -16

X~12 | .583 18 -2 15 + 3
X-13 - ,595 19 -7 5 +14
X-14 .525 15 - 6 8.5 + 6.5
X-15 .60%5 20 =11 3. +17
X-16 . 343 6 -3 13.5 - 7.5
X-17 . 583 11 + 6 22.5 =11.5
X-18 «360 -10 +11 - 28 =18
X-19  .535 16 -7 5 411
X-20 400 12 + 4 20.5 - 8.5
X=21 - 777 26 -4 11.5 +14.5
X-22 " 836 27 + 6 22.5 + 4.5
X=23 = 433 13. - 6 - 845 + 4.5
X-24 694 - 24 -13 1.5 +22.5
X-25 2328 4 -4 11.5 - 7.5
- X=26 o745 25 o+ 1 17 - 8

- X=27 .637 22 + 9 - 26.5 - 4,5
X-28 " 620 21 + 4 20.5 + 5

B



TABLE 16

SUMMARY, CREATIVITY AND SOCIABILITY MEASURES
IN RELATION TO GAIN :

Creativity  Sociability
Group T Z D Ty Z P
Control <153 .80 .79 126 06 W75
IExperimental . 04 .21 .58 .099 .51 .69
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Aruitoxt provided by Eic:

CHAPTER V
SUMMARY AND CONCLUSIONS

There were two main purpcses of this study.
The first purpose.was to measure the effectiveness
and efficiency of time-compressed speech compared <o
normally recorded audio tape recordings as an educa-
tional medium in an audio-tutorial system. The second
purpose was to determine the degree of relationship
btetween the personality characteristics of creativity
and sociability as to achievemcnt.

Creativity was definzd as that characteristic
of an individuzl measured by the Remote Associates

Test and sociability as that measured by the socia-

bility scale of the Thorndike Dimensions of Tempera-

" ment test. The experiment was conducted in the fall

of 1970 in the facilities of the Educational Rescurce

‘Center at Mankato State College, Mankato, Minnesota.

Subjects participating in the}experiment were
those students who enrolled in Biology 1404, a
freshman level course which is one of the courses
students mey take to satisfy their general science
requirement. The subjects, numbering sixty-four,

. 3 | 3 3
were randonly divided into two groups, with

80
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thirty~three in the control grcup and thirty-one in
the experimental group. The control group was in-
structed via normally recorded audio tape and the
experimental group via time-compressed audio tape
recordings. By the end of the quarter there remained
twenty-nine subjects in the control group and twenty-
eight in the experimental group due to dropouts and.
other uncontrolled factors.

The subjects were given three examinatvions
during the first two class meetings. They were given
a pré—test designed to measure cognitive knowledge in
plant biology. They were also given two stiandardized
tests, the Remote Associates Test and the Tnorndike
Dimensions of Temperament -test, which were used %o
measure the two personality characteristics analyzed
in the study. At the end of the eleven week gquarter
the subjects were given an alternate form of the pre-
test used for measuring knowledge of course content.

VThe audio tépes employed by the control and
the experimental éroups were identical except that
the tapes uéed by the experimental group ﬁere'com-
pressed to 60 per cent of the original production
time. The degree of compression was determined by
empirical means and agreed with the findings of
research provicusly mentioned. Scripts for the tapes
were all written by Dr. Burton, the course professor.

The twenty-two lessons averaging atout twenty minutes

83
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in length were all recorded by Dr. Burton. The
master recordings were sent to the University of
Iouisville where a compressed duplicate was made.
Duplicates of the normal and compressed recordings
were then made on tape cassettes for use by the
students on an individual basis. The students
attended two lectures per week and met their labora-
tory requirements ty participating in the individual
study sessions in closed study carrels within the
Educational Resource Center. The individual student
picked up a cassette for the week's exercise, a tape
recorder, and a key to a carrel at the Center service
counter. He kept a record of his time on a card,
using an electric time clock used exclusively for the
experiment. Students were avle to meet their labora-
tory requirements by attending the individual study
sessions at any time during the approximately eighty
hours that the Center was open each week.

Records of test scores and time were maintained
for all subjects participating within the experiment.
The records forred the .basis of the data for sta-
'tistical analysié. The average time per lesson for
eéch student was computed. fhe gain score for each
student was determined. The appropriate statistical
tests were performed upon the data and test scores to
determine significance and procvide information with

wnich to make a decision in regard to the hypotheses.

ERIC 89
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Limitations of the Study

This_study was conducted at Mankato State
College, Mankato, Minnesota, a college of approxi-
mately 14,000 students, located in a city with‘a
population of about 37,000 in north central United
States. Students at Mgnkato State Ccllege compare
favorably with students throughout the United States
with a composite ACT score of 21.5 compared to a
state composite of 2117 and a national composite of
20.3. Should the study be repiicated with students
differing markedly there may be differeﬁt results.
The use of compressed speech with its high rate of
speed in arcas of the nation where normal speaking
rate is slower may result in differeht findings.

The extent to thch the resuits of this ex-
perirent cduld be generalized to audio-tutorial or
other self-paced independent insftruction via audio
tape recordings would very likely be dependentbupon
the following factors: ' '

1. The rate of speech of the teacher being

recorded-for the instructional tapes. ‘

2. The charaéteristics of the material being

:ecorded for the instructional tapes.
These characteristics would include such
factors as vocabulary, difficulty, and

syntaxe.
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The characteristics of the voice being
recorded. These characteristics wouléd
include such factors as sex, frequency,
and intelligibility.
The pedagogic characteristics of ths re-

corded lessons.

. The degree of freedon by which students

may set their own schedules and regulate
the amount of time they wish to spend with
the recorded lessons.

The éxtent to which the two personality

tests used are accurate indicators of the

The

characteristics measured.

Results

experiment was designed to answer three

specific questions:

1.

Is there a difference in achievement® be-
tween those students learning from time-~
compressed recordings and those learning
from normal recordings?

From the results of this study it appears that

there is no significant difference ir achievement be-

tween students learning from normal or from compressed

recordings.

2.

Is there a time saving advantage for those
students learning from time-compressed
recordings as compared to those learning
from normal recordings?

31
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The results of_this study indicate that thefe
is a 12.3 per cent savings of time for the time-
compressed recording group; however, the savings in
time is not shtatistically significant.

-

3. Is there a significant relationship be-
tween the personality characteristics of
creativity and 3001ab111ty and achievement
by students who learn via audio tape at
the two different rates of speed?

The results of the study indicate that there
is very little relationship between the personality
characteristics measured and achievement.

Incidental to the major findings of the study
and in agreement with studies previously discussed,

a finding was that zchievement is in direct proportion
to the amount of time spernt with significance bayond
the .Cl1 level. Furthermore, most students are
enthusiastic about the audio~tutcrial method of in-~

Astructipn and state its méin strenzth is that it

permits them to regulate their own schedules and pace
themselves independently. (See the appendix for the
results of an attitude questionnaire.) In observing
student behavior in using time-compressed recordings
there appsars to be an gdjustment period for stﬁdents
to btecome accustomed to listening to the high rates of
delivery. After about two or three houis of use,
students generally state a preference for the com=-
pressed tapes. In studying the data, at the beginning

of the quarter there is little difference in time

ERIC 92
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between students learning from compressed tapes and
thoce learning from normal tapes. As the adjustment
period passes the difference ig t%ge for each group

grew markedly different.

Educational Implications

The major findings of this study indicate that
there is no.important advantage or disadvantage for
employing btime-compreszed avdio recordings in a
learning situation where students learn independently
on a self-paced basis. Although, as previously
stated, there is a 12.% per cent efficiency advantage
for the cowpressed group and while this figure is not
statistically significant the advantage may be ccn-
sidered by some as important enough fér adopting the
use of compressed recordings for audio-tutorial in-

struction. With more efficient use of equipment and

.space, costs of instruction may likely decline.

The results strongly indicate that high rates.
of speech delivery should te employed when producing
recordings for audio-tutorial or other self-paced
independent instruction using tape recordings. Rates
approaching 210 words per minute should result in
equal results assuming intelligivility is not

affected.
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Suggestions for Further Research

‘Due to the difficulty caused by uncontrolled
student variables incurred during the course of an
eleven week study, replicating this study using a more
stable group of subjects wou}d be highly desirable.
If such a study was to be made the research design
and statistical analysis could be performed using the
more powerful parametric statistical methods.

It may also be desirable to replicaté this
study with higher aptitude students. As mentioned in
Chapter II, subjects with higher aptitude are.more
capable of learning from time-compressed recordings
"than their lower aptitude peers. If such a study
were to be nmade, a ﬁore significant timé~saving
advantage may be shown.

Thié study employed tape recordings at two
different rates. 'RepliCafing the experiment using
tapes at sevéral rates of compression including more
highly dompressed recordings may be significant.

Since there is suggestion incidental to the
_study that there is a period of adjustm@nt.to-com-
pressed recordings the experiment should be replicated
employing a training period for the purpose of per-
mitting students to become accustomed to the higher
rates of presentation. Another possibility would be

to slowly incrzase the degree of compression during
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the course of the experiment to assess efficiency and
effeétivenasse

In the present study, the instructor's rate of
speech delivery was relatively slow. The study nay
be replicatad employing tapes which are recorded at
several rates of speaking without using compression
techniques., Such a2 study would obtain information
suggesting an optimum rate of delivery for audio-
tutorial instruction.

The study might have been replicated by en-
ploying some of the different personality ueasures.
Some personality factors may be significant in
determining the effectiveness of sudio-tutorial

ruction for some individuals.

o

ins:
The effect of aptitude upon efficiency and
effectiveness might have been assessed by more
sophisticated research design and statistical enalysis.
Retention after a period of time has elapsed
rnight have been assessed by a follow-up study. Such a
study would be valuzble to detoermine if the rate of
delivery has any effect upon long term retention of

the ccurse content.
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APPENDIX
STUDENT ATTITUDE QUESTIONNAIRE

A guestionnaire designed to measure student
attitudes towards the audio-tutorial teaching method
and the recordings employed wasvadmihistéred anony-
mously to the students enrolled in Biology 1404
during the.last class meeting. The students were
instructed to indicate whether they had useéd the
ébmpressed or regular audio-tapes. The guestionnaire
was in two parts: (1) seven items in which the stu-
‘dent was to indicate his attitude by choosing one of
the three or five statements best describing his
feelings, and (2) three questions intended %to assess
his attitude through written comments. The results
of the questionnaire are listed below.

1. Did you feel you have learnead__ __ than you would

have had this course been taught in the tradi-
tienal manner?

Regular Compressed
. Per Cent Per Cent
A. nmore , 58.8 60.6
B. about the same 41.1 : 30.3
C. less -0~ 9.0

90
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' Would you say that your opportunity for further

in~depth investigation into subject areas that
interested you personally were by the audio-
tutorial system as compared to the traditional
approach? :

Regular Compressed
Pgr Cent Per Cent
A, hampered 8.8 | 2.0
B. about the sane . 35.2. 48.4
C. enhanced 55.8 48,4

To what degree was this course instrumental in
positively influencing your study habits?

Regular Compressed
Per Cent Per Cent
A. very much ' 14.7 20.0
B. guch 55.8 527.1
C. average 20.5 25.9
D. 1little 8.8 8.5
E. very little -O- 8.5

Laboratory courses in biology have earned a repu-
tation through the years, as have most other
courses. - Your personal anticipation of what %his
course was going to be like was:

Regular Compressed
Per Cenw Per Cent
A. dreaded to the
point of avoidance 2.9 ~0-
B. - bad e 8.8 19.3
C. average 41,1 29.0
D. above average 32.3 22.5
F. I iooked forward to
taking the course 14.7 29.0
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5. Your final overall opinion of this course is:

Regular Compressed.
Per Cent Per Cent
A. excellent - A 23;5 12.1
‘'B. above average 52.9 54,5
C. average ' 20.5 21.2
D.. below average 2.9 12.1
E. poor -0- | ;O-

6. If you had a choice of taking another course em-
ploying the same instructional methods would ycu:

Regular 'Compressed
. Per Cent .. Per Cent

A. ‘avoid it at all
: costs. _ -0~ - - . 3.0
B. try to avoid it 2.9 . . 9.0 .
C. don't care 1407 15.1
D. take it 764 54.5
E. take the course at _

my earliest .

opportunity 5.8 18.1

7. Your opinion in regard to the amount of time
spent in study within the carrel was:

‘Regular  Compressed
Per Cent - Per Cent
A, it could have . ' '
been longer . - 17.6 "3,.,0
B. about the right o
anount of time 32.3 36.3
C. I hawve mixed .
feelings 23.5 30.3
D; somewhat long 26.4 4.2
E. it toox far too
much time -0~ 6.0

o3
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What did you like best about the audio-tutorial
study system?

Regular: (sample comments)

"No set labs." A

"Private lab session on my. own time."

"Having slides on proaector with tape mov1ng at
my own pace."

"Being able to go back over the material 1f I
didn't understand it."

"You could do the work when you felt like it and
take as much time as you liked."

"T could do it at my own convenience and when I
was in the mood. I was by myself.":

"Ease of working in lab, easy access to
material.

"You could shut off the tape and go back over the
material again." .
"It made me work harder to get the job done. "

"I liked the method of individualized study. I
dislike large classes." '
"No special assigned time to go to lab--=also .
everything was there to study and not having to
look for it." .

Compressed: (sample comments)

"Working on your own and at your own rate."
"You could go over and over the material until
you comprehended it."

"Personal contact.with instructors."

"The ability to do labs anytime and Lelng able-
-to go back and review."

"You're on your cwn to make it."

"After becoming used to the compressed tape I
was able to learn more in less time.

"Do it at your own time and able to shut off Tape

and get a certain point."

"The privacy in learning." .

"Tapes help me get basic materﬂal out of the way
fast so I could have more time for slides.and
outside class study."

"It made me think. Maybe a2 little too much
sometimes."

"Independence."

Yhat did you like least about the audio-tuforial
study system?

100
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Regular: (sample comments)

"Questions had to be asked later if one did not
catch it."

"The tapes went too fast for the amount of
material covered.”

"Time consuming. I don't think I could hav
handled two courses employing same method of
presentation.”

- "No help if the instructor wasn't around."

"Sometines I get confused."

M'Nothing special I dislike."

"The checking in and out."

"It was sometimes too long and borlng so I lost
interest.” ) _ ,

"It got pretty monotonous toward the end."
"Because I was not forced to go, I sometimes let
it go till the last minute and then I had to
rush."

Compressed: (samplequmments)

"Nothing really was all that bad about it."

“"At certain times of ‘the day the carrels were -

always filled."

"Problems arising from faulty -equipment."”

“Tiwe consuming.”

"No instructors there wben you needed them."
"The compressed tapes."’

"I could not budget my time well enough."

"The compressed tapes. They would have been

OK for a true science major with great aptitude
for the course, but for me they hindered what I
could have learned.'

"Only when the slides were mixed up or somethlng
wasn'c there."

What did you l1like or dislike about the tape re-~
cordings used for this course?

Regular: (sample comments)

"I thought for my background the tapes tried to:
cover.way too much ground. I would have pre-
ferred going much slower." '

"Sometimes it went slowly and I felt I was wasting
time. I liked it because I could have things
repeated at any time and note taking was easy."
"Some of the tape had words which were hard to
understand,"”

"Nothing."

"Easy to use."
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"A11l had good quality sound, were easy tc under-
stand."

. "A. few were muffled but most were all right."

"I liked them quite well."

. "Too much useless information to consume time."

"Easy to understand, well put together.”
"I liked .the tapes, coincided with rest of.
-material.”

"Easy way to learn and Jnteregtlng

Compressed: (sample comments)

"There was nothing I disliked, completely satis~
factory."

"I didn't think I would like compressed -tapes,
but once I got used to them, the regular seemed
- too slow.

"I didn't llke the speed of the compresned tapes."”
"I'm sure glad I was on coupressed tapes—-lt

saved so nuch time."
"Compressed tapes were too hard to follow and I

always had to stop and rewind them."

" "Had to repeat them so often.”
"I 1liked the speed-—prOV1des for more concentra-

tion. ™

"Compressed tapes helped to reduce time in the
carrel,"

"I liked the music at the beginning."

"There wasn't enough amusic at the teginning."
"Except for the poor tapes, 1 thought it was
great."
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SAIMPLE SCRIPT

The following is a sample script used by the
instructor in recording the tapes used in the zudio-
tutorial laboratory. The reading time for this

script was nineteen minutes, three seconds.

Fxercise 11

This tape is prepared for General Botany--The
Study of the dicot stem, Exercise 11. Ve will learn:

1) to recognize the different kinds of tissues

in stems;

2) attempt to trace the origin of These tissues

from the terminal meristem;

3) relate the development of dicot woody

tissues from the dicot herbaseous stem.

We will look at the stem not only as an organ
as we see it today, but as an organ which had its
origin in the cells of yesterday, and an organ which
probably will be different tomorrow. Ve are, there-~
fore, adding time to our understanding and interpreta-~
tion of the stem. VWaen we study structure in relabilon
to time, we call this developmental anatomy.

Turn to exercise 11, page 67 of the manual,
and read Dr. Dean's introduction to the study of the

sbem. Turn off the tape player and read Section A.

Ve will use the geranium as an exenple of a dicot
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herbaceous stem instead of sunflower. Note the color

of the sztem. _ -

Read Section B--Cross Sections of an Hexrbaceion
Steﬁ--

Use the razor blade to cut a thin cross section
of a petunia stem, mount the section in water, cover
with a cover glass. Your section is thin enough if
the epidermal cells do not look green. Which. part of
the cross section has cells with chloreoplasts? Study
the slide using the low power magnification-of the
.microscqpé.: | o

The first illustration should be a diagram.

We can use this to build vocabulary, learn tissue
characteristics, and- locations within the stem.

No. 1. is pith

2. annular vessel
3. spiral vessel
4, xylem or wood fiber
5. reticulated vessel
6. pitted vessel
7. cambium
8. companion cell

. 9. siere. plate

10. siere tube element
11, bast fibers o
1l2. starch sheath

13. cortical parenchyma
14. collenchyma

15. epidernis with cutisle
16. sclerenchyma

i7. phloem

18. xylem

Now look at the next illustration, a photo-
micrograph of a cross section of a sunflower stem.

The layer of cells around the outside of the stem is
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referred to as epidermis, the same term we used for
the outer léyer-of cells in the leaf., Just as you
found occasional plant hairs and guard cells in the
epidermis of the leaf, so you will find some occa-
sionall& in the epidermié of the stem. You have &
prepared slide of sunflower in your slide box. Iook
at it and locate the epidefmis, - Any plant hairé?
Don't look too long for guard cells. They aren't
véfy common. Just inside the épidermis are a numbef
of layers of cells. In the photomicrograph it looks
like about a half a dozén layers of cells. The cellé

toward the outside have darker outline.than‘the cells

-toward the middle of the stem. This area of the stem

is called the cortex.

There are two kinds of cells in- the cortex.
Those toward the outside with the thicker walls are
collenchloyma cells. These are the same kind of cells
we found in the vein area of the leaf. Thesé cell
walls have deposits of hemircellulose. The thin
walled cells ére‘parenchyma. Parenchymra show little
differehtiatipn and under certain conditions can bé
stimulated to undergo cell divisioms. The outer
cells are often referred to cortical collenchloyma.
Cortex tells you the location in the stem. Porenclyma
tellé you the kind of cell. In the very center of the
stem in the scresn, you can see some large cells which

look empty but are not. They have a very large

105



99
vacuolé. These are also parencylma cells but here
these parenclyma cells. are in the pith. On your
prepared slide, you might occasionally find a
. crystal in one of these cells. .In between the pith
and cortex, thefe-is a ring of vascular bundles. On -
the screen you can see three distinct areas in each
bundlé. You ﬁay‘not seé”ceils with as thick walls
toward the outside of the vascular bundle in your
slide. The cells in your slide are younger. These
cells:will be sclerenclyma or fiber cells. The cells
with the distinct holes. or lacuna in the part of the
bundle toward the pifh are the xylem cells. They-
will appear red on your prepared slide. In between
the sclerenchrgma and xyiem ybu will find the phloem.
These are the cells with the walls stained green be-
tween xylem and sclerenclyma. ILeave your stem slide
on yovur microscope and .look at the next photomicxro-
grarh. As we'locate the different tissues in this
longitudinal view, try to watch them with the same
tissueé in the cross section of ydur prepared slide.
The outside layer of cells is the epidermis. Im-
mediétely inside the epiderﬁis begins the cortex and
its cortex until you see the red stained cells.
Notice that outer cells of the cortex are longer and
with thicker walls and protoplasm. These are the
collenchyma. The inner ceils of the cortex have thin

walls, are chorter, more nearly square and have
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protoplasm. These are the parenclyma cells. The
red stained cells, some with red stained spiral
markings on the wall, belong to the vascular bundle.
These are'xylém_celis in the bundle. The cells on
the far side of the vescular bundle which look like
the cortical parenchyna are the parenchyna cells o7,
the pith. You can see a part of a bundle at th@
edge of the'pictufe.

The next illustration you have a photograph
under higher magnification of a single vascular
bundle. The reference in'youf manual is in secfion
C.  You see the epidermis and 5eldw is the cortex
but most of the screen is filled with vascular
bundle. The dark red stained cells toward the inside
of the atem are the éclerenclyma cells. I velieve
you'll find the photograph better than your siide
for scherenclyma. The red stained cells. toward: the
center of'the Stemg'the sylem, and'the'green stained
cells with protoplasm in between the sclerennyma
and the xylem, thesé are fhe cells to the phloem.

Put the classificétion inforﬁation'on your paper -in
the upper left.hand corner. This is an examﬁle of an

Emhyofhyte, Tracheophyte, the xylem is a critical

‘aspect of this part of the classification, and

Angiospernm, and finally a dicov. It is not important
to remember that this is a suanflower stem but it is

very important to remember that these features which
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we have just examined are characteristics of dicot
herbaceous stems.

Now let's turn our attention to where their
tissues came.frpm. In this we will use the last
photomicrograph for.ﬁhis‘exercise; a longitudinal
section of a stém tip. The prepared slide is a
longitudinal section of a coleus stem tip. In this
case -the prepared slide is superior to the phdto~
micrograph. The bumps of cells along the side of the
tip occur in pairs. The upper round one is'the bud

primordium, and the longer are in.the leaf primordium..

In some of the older leaf primordia on the screen,

you can tell which cells will become vascular tissue,

which will become epidermis and in between the cells

which will give rise to polisode and spongy mesophyll.

In the stem'porfion look for some long thin

. cells, These long thin cells forming & strand in.
o o

the stem are the cells which will become the vascular

- bundle. . Most of the stem area on the scrsen consists

of cells of the pith. The cells betwesn the strand
and the epidermis are the cells of the cortex. On
your prepared slide you should be able to find: (1)
oud primordism, leaf primordism, epidermis, pro-
vascular bundie, cells which will be potissde, and
spongy mesophyll, o»ith, and cortex. Some of the

rith cells on the scresn have dark masses of dye in
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the cells because they happen to be cells which
contain tannins. This is not common.

In this exercise we have (1) learned to
recognize the mény kxinds of cells that go into the
organ we call a stem; (2)'examined the relationship
of these cells to each.other. The organization of
'cell>Witﬁin the stem which we have looked at is
typiéal of dicot.ﬁerbaceous stem; (3) attempted to
trace the origin of these tissues to the terminal

meristem.
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