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Abstract

This study investigated the effectivenesy of televised lectures in
teaching an introductory statistics course to first year commerce un-—
dergraduates, Certain constraints imposed themselves on this intro-
ductory course which dictated many of the teaching conditions. Some of
these conditions were that the lecture situation formed the major
teaching component in the course and that these lectures were adminis—
tered to large numbers of students (groups of between 70 and 120).

The primary aim of the investigation was to determine whether or
not the effectiveness of these lectures (when televised) could be
assessed. A secondary aim was to determine whether or not (once the
effectiveness of the lectures had been assessed) the areas in the lee-
tures which had been identified as ineffective, could be analysed and
changed, so as to become effective.

Tn order to conduct this investigation the method employed demanded
that three preliminary areas be fully expounded, The first was that
the meaning of 'instructional effectiveness' be fully defined in terms
of the prev:iling conditions. In order to achieve this a criterion
referenced approach to instruction was adapted to the television lec-
tures. Tecondly, the 'type' of televisicn lecture had to be disclosed.
The televised lectures were traditiomal in that they were similar to
che "live' lectures except for a few novel innovations. The study did
aot however set out to compare the effectiveness of the 'live' and
'T.V.' instruction — a point which is fully discussed in the second and
sixth chapters, The third preliminary area was the means employed to
collect the data which was needed for the evaluation of the lectures.
A recently developed educational computer system was used for this
purpose and .a 3ull deseription of this novel system is given in this
study.

The experimentation was based on two jmportant premises, First,
the evaluative means which were used to assess the lectures had to be
valid. 1In nther words they had to measure what they were supposed to
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seasure. The validation procedurs adopted is therefore fully dis—
cussed. Secondly the variables had to be identified and controlled
when improvements were attempted so as to ensure that the only vari-
abie which was allowed to change was the instruction. This procedure
is always a difficult one and is fully discussed in chapter six and
chapter eight.

The results of this investigation indicated that it was both
possible to assess and improve the effectiveness of a televised lec—
ture within the prevailing conditions. However this investigation is
seen only as a preliminary study into an area which requires scienti-
fically based analyses and conclusions inm order to achieve both effec—
tive and efficient instruction in this teaching area. Therefore there
is much which this study did not do and several criticisms are made in

the final chapter.
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L. INTRODUCTION

'There 4re a number of ways of thinking about
instruction. Some of them are condueive to in-
structional imprnavement. Others are not.'
(Popham 1973, p?9)

1.1  An Orientation

This study involved itself with evaluating the effectiveness of tele~
vision instruction. This statement vovers a vast field and a delimita~
tion of the actual field of study is necessary. The learners were first
year vniversity studants who were reading for a bachelor degree in com-
merce. An introductory statistics course was a compulsory requirement
of their curriculum. A large portion of the teaching of this ccurse was
done by lecturing to large classes, because of various constraints which
will be outlined. The lecture was presented to the students via the me-
dium of television.

The evaluation which took place in this study measured the effective~
ness of the television instruction ‘in achieving its stated goals during
the lecturing period. The teaching or learning which took place outside
of the lecture was not evaluated.

The orientation which was taken in this study was basad on the belief
that the effectiveness of televisien instruction could be authentically
determined and the results of the evaluation could be used to improve the
instructional effectiveness. The experimentarion ernducted in this study

was directed at testing hypotheses which were formulated from this

orientation,

e
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Any work which deals with the evaluation of imstruction must in-
volve three important aspects of teaching. The first deals with the
eriteris which are to be used to evaluate the instruction. One of the
most difficult parts of evaluation comes at the beginning of a programme
with the need to establish clear objectives; although this demands pre-
cigion on the payt of the course planners, unless such objectives are
defined and accepted,evaluation may well prove a worthless exercise
(Stephens and Roderick, 1971). Thus the criteria which were used are
first clearly established. The second aspect involves the means which
are used in the instruction.

The method used in the television instruction was based to a large
extent on traditional lecturing methods. Two factors were major influ-
ences in this decision. First, it was desirous to measure just how ef~
fective traditional lecturing methods were in tlis statistics course and
secondly, if the lecturing model developed in this study was to gain
general acceptance, then the less radical the change, the better.

The final aspect is the development which takes place once the in-
struction has been evaluated, If no action is taken once the evaluative
data is at hand, then the whole exercise is rather pointléss. The efforts
which were made in an attempt to improve the television instructiom are
fully described and the comparison of the initial and final instrugtion
forms a major area of the experimentation undertaken.

The motivation for this work initially arose from a directive which
requested that the effectiveness of the teaching in this introductory
statistics course be optimized. Similar types of directives are beconing
more common in higher education than ever befors. There is more conceru

that educators sho.ld be acvountable for thelr performance, and that edu-
cation systems should attain the trrgets which they have been sget

(Lomax, 1979 (1)).




1.2  The Structure
& The body of this werk ig dlvided into two parts. Part one deals with

all the background features which led up to the experimentation and part

Some concluding remarks are then

: two deals with the experiment itself.

made in the Einal chapter.

1.2.L . The Background

Part one comprises chapters two, three, four and five. Chapter two

nal televisicn and some conelusions which

T TR

gives a brief review of educatio

have been reached regarding its effectiveness. A case study of a typical

evision experiment concludes the chapter.

type of instructional tel

D A e

Chapter three deals with the systems approach to education. A cri-

enced instructional model is propounded which is based on

o the telsvision

terion-refex

the systems approach. The implementation of this model .t

lectures is discussed.

Chapter four outlines the development of the television instruction

in the statistics course up until the time of the experiment, Some COg™

nitive connotationg in the development of the instruction are considered

and the means which were used to evaluate the television lecturesg are

revealed.

: Chapter five concludes the background picture by outlining a mew com~

The use made of this sytem in oider ke
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puter based teaching system.

ate the instruction is then described.
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1,2.2 The Experiment

The second part of the study comprises three chapters whicn o ver the

experimentation that was conducted. Chapter six discusses the design

s the sampling procedure used, the identi-

of the experiment which include

£ication and control of the variables and the enunciation of the hypo~

thesaes which were tested.
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Chapter seven outlines the procedure which was used to validate the
questions; these questions were requirad to reveal the level which the
students had attained in regard to behaviourally stated objectives,
during the television lectures.

Chapter eight begins with the results obtained from the initial evalu~
ation., The analyses of and the changes made to the defective instrue-
tional sequences are discuused., The results of the final evaluation are
then stated and several statistical tests are performed which determined
the validity of the null hypotheses.

A final chapter, chapter 9, concludes the study with some inferences
which are drawn from the experimental results. Several appendices follow

this chapter.

1.3 The Appendixes

Six television lectures, which covered a clearly defined topic in the
statisties course, were used in the study. After the initial evaluation,
changes wete made to parts of the six lectures in an attempt to improve
their effectiveness. There were therefore twelve television lectures in
all and the relevant casgette video tapes form an apparatus addendum to
this work.

Appendix I gives the specific behavioural objectives fot each lecture,
in addition to the questions whiech were used to detérmine the attainment
of these objectives. Included in this appendix is the form which content-
specialists used to validate the questions.

Appent'ix II supplies a detailed description of the analysis which took
place for each instructional sequence which failed to reach the acceptance
level. The instructional changes which were made are stated in addition
to the initial and final results achieved by the students for each ques—

tion. Video tape reference points are also given so that these instruc-—
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tional sequences ¢an be pasily located and viewed.

Transcripts of the initial six lectures are given in appendix III.

Any additions or changes which were made to the instruction when producing

the final six television lectures are indicated in italiecs. This appen-

dix should be used in conjunction with the viewing of the television in-

struction as the lectures are tyangeribed verbatim and the appendix will

be difficult to follow if it is only read. Alternatively the appendix

can be used to locate specific instructional sequences; video tape Te-

verence points are given at regular intervals.

Appendix IV supplies the lesson programmes which were used by the

computer system in ordex to evaluate the television instruction. The

nature of a lesson programme is expounded in chapter 5, where the computer

system used in this study is desnribed. Examples of the reports which

this computer system generated are included after the lesson programmes

in this appendix.
Finally, a copy of the pre-test is given in Appendix V. This pre-test

was used to determine the level of attainment of certain mathematical

gkills which had been acquired by the students in the various samples,

prior to the experiwcntation,
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2. TEACHING WITH TELEVISION: A BRIEF REVIEW

In the past twenty five years or so, television has been making an in-
creasing appearance in education systems, both on a formal and informal
basis, possibly due to the irreversible thrust of technology (Gordonm,
1970). Although its basic form of presentation has essentially re-
mained unchanged in its relatively short history, some major technolo-
gical advances have occurred which have influencd and determined its
use and developing use in education. Large amounts of time and money
have been spent over the past two decades in order to evaluate its ef-
fectiveness as a teaching medium. It would seem appropriate then that
some of the highlights in its development should be mentioned in &n
attempt to trace a path to its present position. This chapter
will deal with some of the major uses and technical developments,
. ; followed by an examination of some of the evaluative research which
o has taken place. Finally a particular case study of the almost classi-
cal esperiment will be presented: television versus traditional

teaching.

2,1 'The Development of Educational Television

2.1.1 Early History

The early history of television is probably well known: Zworlkykin's

Rataate S A i e

experiments during the 1920's; RCA's early interest in the technology

=TS Tt T

of video and leadership by the BBC in Britain during the 1930's4. and,

finally, the first public television broadcasts of the opening of the
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New York World's Fair in 1939 over NBC's experimental station, W2XBS
(Gordon 1964).

It was in the 1950's that television made a significant appearance
in educaticn.  Educational programmes were broadcast by the BBC in
the UK and several educational television stations were founded %n the
USA. The growth of these educational stations continued into the
1960's until by 1965 there were 120 of these stations in the USA ser-
ving all levels of education (Carnegie 1967). Although television
broadcasting for schools in the UK dates from 1957, little educational
use was made of television in British universities at this time. How—
ever, rapid growth took place with the advent of the Brynmor-Jones re-
port in 1965 on 'Audio-visual aids in higher scientific education'
which recommended, amongst other things, the use of modern media and
technology in teaching in higher education (Whitaker 1979).

The USA and the UK were the pace setters in the jntroduction of
educational television, while other sountries followed at a compara-
bly slower pace. 0-e country which progressed at a remarkably slower
pace in this introduction was South Africa. Although technically
capable of broadcasting a television service by the late 1950's the
first velevision service was broadcast by the South African Broadcast-
ing Corporation (S.A.B,C.) in January 1976. Educational television
was introduced on a small scale in South Africa in the earlier part
of this decade by some schools and universities. The University of
the Witwatersrand was one nf the pioneers in this direction when a

closed-circuit television service was established om campus in 1970.

2,1.2  Progress and Development

In the middle 1960's, television equipment really suitable for

studio production work at the closed-circuit level still did not exist.

P G e N
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Most media centres either had to buy the big, bulky and expensive
broadcast equipment or else make some adaptation to industrial equip-
ment. Video-tape recording hrd to be done on the rather unreliable
helical-scan equipment or on the expensive broadcast quality machines
(Whitaker 1979). Tae result was that most educational television pro-
grammes (apart from those broadcast by the large broadcasting corpo-~
rations) tended to be as a live medium, which placed certain limita-
tions on their use.

As the equipmcnt~costs of reliable machines became more reasonable,
video-recording began to make a greater impact in educational tele~
vision. In the early 1970's Japanese manufacturers started to design
equipmett specifically for non-broadcast use. There gradually appeared
a wide range of cheaper purpose-built equipment for the small non-
broadcast studio. Another development which came later was that of
video-tape editing.

This meant that in the production of a programme, mistakes or
problematic areas could be edited, It was no longet necessary to make
an entire programme at one time, as the programme could be made in
sections. These remarks are particularly revelant to this study as the
experimentation could probably mot have taken place without the editing
facility in a non-broadcast standard studio.

Another important development in the middle 1970's was the advent
of the cassette and cartridge video-tape recorders. This greatly fa-
silitated the use of educational television programmes as not only did
it allew for greater portsbility and easier use by technically un-
skilled teachers and students, but video recordings could now be made
available in university libraries in such a way that students and staff
could view them at a time when it was most convenient to them. (Whitaker

1979) .
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One of the latest crechnical developments in educational television
ise that of colour. Broadcast television in colour has been transmitted
in many countries for quite some time but it is only recently that the
cost of colour equipment has decreased sufficiently to make it a viable
proposition for most media centres. The mass production of printed
circuits has meant that the cost of electronic equipment has tended to
fall in real torms. Extremely complex equipment can now be produced
quite cheaply and the cost of a well—eqdipped colour studio is no lounger

.

such a prohibitive factor.

2.1.3 = Various Uses

In a brief synopsis such as this on the development of educationai
television it would be an impossible task to describe the uses to which
television has been put in the educational sphere since the 1950's. It
would be fairer to point out that television has been used in most if
not all of the teaching situations as we know them today.

The earlier held fear that television would be capable of repla-
cing the teacher has proved to be largely unfounded. It has tended to be
used more as an aid, supplenent or convenience than a complete 'teaching
entity'. Some of the uses t:¢ which it has been put are however highly
questionable in terms of the n-cessity of its use. Has television been
used in some areas becauserof its effectiveness or simply because it was
there?  The relentness demand which was felt during the 1960's for edu-
cational innovation led to the conmon.tendency of equating innovation with
improvement withou- rigorously evaluating the effectivene: . of each new

education progrdmme or instructional procedure (Cohen, Rose and Trent, 1973).
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2,.% The Effectiveness of Television Instruction

2.2.1 Television and Face-to-Face Instruction

The advent of educational television heralded some unique situa-
tions which had not been possible with educational film. At any one
point in time a television programme could be shown in many areas si-

multanemisly either via a e¢losed circuit process (cables) or high

frequency transmisslon. In addition to this a programme could be video-

recorded and replayed at any time to a large number of groups or even
to an individual student., The appearance of video cassette players
made this process much easier. In addition the lecture theatre did not
have to be darkened or a projector set up, as is the case with f£ilm.

Could educational television do the job as well as the 'live'
teacher? If this was the case execiting possibilities existed:  every-
one could be taught by the 'expert';  teachers could be released from
repetitive lessons and their time used more efficiently in other areas;
the teacher could possibly be replaced!

It is nn wonder then that, with these ideas being entertained,
many otudies have been conducted since the 1950's in which tlie effec-
tiveness of television has been compared to that of the 'live' teacher,
The overall results obtained could be described ar disappointing. Far
too many studies reported that there was no significant difference
(N.8.D.) between the twe.. Gordon (1970) is severcly critical of this
fact, stating that it was like a new drug, N.§5.D., in the 1960's for
educational television researchers. He claims that between 1950 and
1970 oxganizations such as the Ford Foundation spent around a billion
dollars on educational television research and they have very little
to show for it. He quotes a report on the findings of eduecational

television researht '"To our initial surprise and later disappoint~
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ment, we found over and over again that there was no significant Jif-
ference between television and conventional instruction.' (Gordon
1970: 203). A similar attitude can also be detected in other reports.

Stickell (1963) analyzed 250 studi:s which compared talevision in=-
struction with face-to~face instruction and judged only 10 nf them to
be interpretable. In a summary of 100 studies of the effectiveness of
television reviewed by Schramm (1964) it was found that 84 of the in-
vestigations reported mo significant differences in achievement be—
tween televised and comventional instruction. Although many studies
have shown no significant differences between tlie 'televised' and 'live'
instruction, the overall result of all this research tends to show that
television is no worse than face~to-face instruction and in several
situations it is i fact more effective.

By the end of the 1960's the educational research had discovered
that television could 'teach' as well (or as poorly) as the professor
(Cohen and Trent, 1973). 1In a later review by Schramm {Chu and Schramm,
1967) it was found that sufficient experiments have shown the effacw
tiveness of television to dispel any doubts that chilarest «nd adults
learn a great amount from instructional television, just as they do
from any other experience that can be seen to be made relevant to them,
Any earlier notions that television could do everything single-handed
without the classroom teacher playing a vital role have largely dis-
dppeared and educational television ig mostly accepted as an aid to
supplement the teaching process., Many research studiss comparing co=
operative televigion teacher - classroom teacher with conventional in-
struction could be zited to show the resulting superiority of the 'team'

approach (Moldstat, 1974).
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2.2.2 Experimental Inadequacies

Although monumental amount of research has been conducted in order
to compare instructional television with more conventional teaching
methods, a disproportionately small vumber of meaningful or interpre=
table experiments have resulted. - One puusible reason for this is the
lack of controllof variables and the resulting poor experimental de-
sign in what is viewed by many as an area of extreme complexity and
interaction. Many of these studies sufker from a variety of theoreti-
cal and methodological inadequacies (Lumsdaine, 1963).

One of the explanations for these results is that no one is
quite sure exactly what it is that they are measuring (Gordon, 1.970).
Is one measuring powers of retention only or does T.V. have other
values? And #f so how does one set up an experiment that keeps other
variables constant (like the influence of télevision at home)? In
most of these studiesgpé/attempts were made to control certain vari-
ables such as type of instructional programme, type of conventional
instruction, instructor effect, or appropriateness of random - selection
procedures (Cohen, Rose and Trent, 1973).

As an illustration of the extrene complexity involved in a thorough
and overall examination of the effects of instructionrcl television,
consider the case of 'Sesame Street', the Anoricen nublic television
program directed towards pre~school childreﬁ. Direct evaluation of
the programme's goals indicated that children were malking excellent
progress toward the programme's objectives, such as the ability to
recognize letters, the ability to count, the ability to group objects
along similar dimensions etc. In a more recennt study of 'Sesame
gtyeet' on Israeli kindergarten and school children, similar cognitive
results were achieved once the children had mastered the mental skills

+

necessary to overcome the moddfieation cauged by the novel formats

o
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e overafl effect of 'Sesame

However no analysis of th

(Salomon, 1976) .

gereet! was made.

Attempts to answer gome of the following questions could and per—
1,aps should have been made. Did the s1link production tend to decrease
g instructional programmes in any

lerance for less excitin
ged confidence in thei

) have any

children's to

pid children develop inerea r ability to

medial

jearn? Dud the passivity (the child as viewer not doex
nible transfer to the child's mannexr of participﬂtion in ther in-

Did children display reluctance ¥
re, Like the

discer
o make re-

sturctional settings?
personal, responsive figu

es in the presence of a
o friendly but dis-

gpons

gince they had enjoyed the anonymity of th

ies? (Baker, 1973)»

teacher,
These and other ques=

cant television personalit
when they are all conside
ation of the effects

tions could be asked and red the extriwe dif-

ficulty involved in making a comprehensive evalu

ed programme becone apparent.

of a widely distribut
nalized scale can guffer

ed on a smaller more perso

gtudies conduct
{g aware that hig or her

from numerous other defects. If a teacher
instruction is to be compared with some other form of {nstruction by
d of the instruction, the teacher

assessing student achievemeut at the en
often tends to teach séecifically what the test dictates. (Bsson, 1972) s
There are wmany other variables which are often jnvolved when evalua~
ir identification and control re~

ting educational television and the
presents a major test in any such experiment. Experimental psyeholo-
gists have never been very enthusiastic about evalugtive experiments
rammes using the new media is compared with

in which learning from prog
n conventional {nstruction
in controlling

{earning results based upo (Allen, 1971) .
entres on the inexactness

Their primary objection ¢
yvariables agsociated with either the expeximnnfal (riew medio) approach

ot the control (conventional {nstruction) approach.
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2.2.3 Some Conclusions

The vast majority of studies on the effectiveness of television
instruction have reported no significant difference between this type
of instruction and traditional ine . asction. This appears to be the
situation involving most studies which compare a convencional teaching
method and a method which makes use of some 'mew media'. Most objec-
tives may be attained through instruction presented by any of a great
variety of media. A great number of studies have shown mo signi¥icant
difference between one medium and another in facilitating the attain-
ment of a wide range of objectives (Levie and Dickie, 1973),

Many of these studies have suffered from a lack of precision in
experimental design and control. The net result has been a famine of
well structured guidelines on the implementation, use and analysis of
educational television programmes, Some problems associated with the
introductiwn and continued use of instructional television have been
documented by Murphy and Gross (1966) which range from teacher anta=
ganism to improper use of the medium.

This has left instructional television and indeed the whole field
of instruccional technology in somewhat of a dilemma. Two points of
view are given by Moldstad (1974) where he describes some rrports as
stating that instructiomal technology is largely supplementary to the
two primary media of instruction, the textbook and the teacher, and
‘g gomething that the good teacher can quite easily manage without.
1f either the teacher or the textbook is eliminated, the whole educa-
tion system would w. transformed, but if all of technology is elimi-
nated, education would go on without a missed lesson.

He then goes on to deseribe some of ile distinet advantages that
educational technology has, as is shown by media research over the

past twenty years. The criticism of both points of view (for and
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against 'mew media') {s that they are both based on 'soft data’:

utilization statistics, teacher testimonials or questionnaires, edu-

cated guesses, undocumented research claims, media atritude responses

and student documentation of use and preferences
In today's world where there is a greater stre.r ‘v ssues such

as cost— effectiveness it is important that more "hard data' is pro-

duced in this research ~rea. Although the concept of instructional
television has gained prominence in many countxries in the past two

decades, there are only a few documented attempts to scientifically

evaluate its success (Cohen, 1979) (L)) .
Most of the points that have been made in this brief review of

educational television are pertiment to this study. The area of evalu-

ation must be clearly defined and there must be great precision in de-
1imiting what it ig about instructional television that is being iuves-

tigated. If this is achieved the interpretation of the result can be

made with greater certainty aad clarity, in rhe | owledge that if the

experiment is repeated under che same conditions with equal control

over all the variables, the same result will be obtained.
To conclude this veview a brief exposition will be given of an
experiment undertaken to measure television instruction against tra-

ditional teaching. The expeviment succumbed to many of the pitfalls

described in the preceeding pages.
2.3 A Cage Study

2.3,1 The Design

The Department of Applied Mathematics at the University of the

Witwatersrand, Johannesburg, ombarked on a project. in 1978 whereby

videotaped lectures were to replace tive' lecturers in one of its
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service courses, The year long service course is designed to give
undergraduate students in the Faculty of Cormerce an appreciation and
working knowledge of certain mathematical and gtatistical concepts and
applications which are of use in business, commerce and industry.

The project did not aim at removing the lecturer from the lecture
theatre entirely. The format was one where a video recorded programme
would pe shown for only part of a 45 minute lecture period. The pro-
grammes were between 15 and 30 minutes in duration and the content
coveraed the theoretical aspects of the course. As the lectures were
pre~recorded and directed to different parts of the campus at any one
time from a central transmission area, no control was exercised by
the lecturer or the students over the replay. There was no 'live'
interaction between the programme and the students. In the remaining

time, the lecturer would apply the theoretical ideas developed in the

television programme to the solution of practically orientatad problems.

Thus the format was not one of lecturer replacement but rather a team
teaching approach between the 'televised' and 'live' lecturer. Some
factors which influsnced this choice of approach will be discussed in
chapter 4.

This was the first time that a Department at the University had
opted for television instruction to such an extent. The major part of
every topic covered in the service course was to be taught by televi-
sion. As a safe-guard against failing students who might claim that
the instructional medium was the cause of their failure (amongst
gseveral other reasons) a study was to be conducted over the first tri-
mester of the year to determine the effectiveness of the televised ap~

proach against the conventional {(¢mtirely 'live' lecturer) approach.

ERRRETIn
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The evaluation was to be measured in terms of student achievement
in tests set at the beginning and end of the trimester. The difference
in the scores would serve to measure the gain of the individual student.

Six roughly equal groups (approximately 100 in each groun) and two
lecturers participated in the experiment. FEach lecturer was respon-
gible for two groups. The lecturer followed traditional teaching me-
thods with one group and the 'television lecture - follow up' approach
with the other. This formed a factori . part to the experiment. In
other words not only could two teaching techniques be compared but also
the differences beiween two lecturers and any interactions which could
have occurred (Winer, 1971). This ig more clearly illustrated by the

following table:

Treatment
A B
Lecturer Group ¢ | Group 8
i 2 Group Y | Group §
Table 1: Groups subjected to different

treatments and lecturers.

The factorial design of the experiment thus allowed for measure-
ments to be made between:
(a) treatment A and treatment B,
(b iecturer 1 and lecturer 2,
(¢) interaction between groups (a*$) and groups B+

The remaining two groups were given lecturers and methods which
could not be included in the experiment, but could provide an addi-
tional basis for error estimation and therefore would increase the
precision of the main comparisons., The lecturers were aware that the

experiment was taking place; the . .udents were not.
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2.3,2 The Results

A detailed mathematical analysis of the results will not be given

here (Young, 1978(1)). The y.nal summary revealed that:

(a) there was no significant difference between the felevision in-

struction and the traditional ingtruction.

(b)  there was no significant difference between the two lecturers.

(¢} there was no significant interaction between the groups.

A closer examination shows that the largest differences occurred

between the two lecturers but these were still so small that they were

not at all significant. The 957 confidence limits were used.

2.3.3 The Interpretation

The result could almost have been predicted: mno significant dif-

ference. Thus this experiment falls into the same category as 80 many

similar studies have done in the past;  there is no significant dif-

ference between television instruction and face-to-face instruction.

But does this tell us that the television lectures were as good as

(or as bad as) the 1ive' lectures? A result such as this tells us

very little that is worth knowing.
The Applied Mathematics Department was quite contented with the

result as it shows that students did no worse when they were subjected

to television lectures. However, as is typical with most of these

2 experiments as outlined in section 2,2.2, there are so iy variables

which were uot cemtrolled that it makes this experiment very difficult

: to interprer.
No cciutrol was exercised over the amount of independent study which

occurred during this period of ¢ime. Perhaps the television instruc-

tion was so bad that these groups wexre forced to do far more independent

x study than the groups who received the traditional teaching, and in so
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doing managed to achieve results which showed no difference between
the groups. Perhaps the television instruction was far superior and

a reverse of the preceding situation occurred, yielding results which

were still not significantly different. No measurement was made to

determine to what extent the students relied on the lectures them-
selves. Perhaps they performed a minor role and no matter what happened

in the lecture theatre, the results would not have differed. Perhaps

the lecturers, being aware that the experiment was taking place, put
far more preparation inte their 'live' teaching and almost sabotaged

the television lecture follow- up. These, and many more uncontrolled

variables could be identified to make the result almost impossible to
interpret in a meaningful way. This is probably a good example of

Moldstad's 'soft data' referred to in section 2.2.3.

This case study has been cited as an illustration of many of the

points raised in this chapter. It has also been reviewed because it

anted as a forerunner to the experimentation in this work in that it
revealed many inadequacies which can exist in an experimental design

or this nature,  There is a need for more precise, scientifically

based research in the -+ of television instruction in mathematics

and statistics., Television has been utilized in these subjects to a
limited degree but there is an extreme dearth of available research

pertaining to its effectiveness (Dessart and Frandsen, 1973).

>R R T
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3, Criterion Referenced Instruction

T Lecturing to large groups is the most prevalent form of teaching in
‘ higher vducation and is usually the most difficult to reconcile with

well established learning principles (University Teaching Methods Unit:

R

1978). The teachirs of the course in statistics under investigation
in this study consists by force of circumstances to a large degree of
lecturing to large groups of students. The numbers vary from group to

group between 60 and 120. The numbers in these groups might even grow

Tow o e ol Slobosn T e

substantially.

Thus having accepted that a large proportion of the teaching in this
course will be conducted in the lecture theatre to large groups of stu-—
dents some questions in regard to t.2 lecture itself must be asked.

How effectively (and perhaps efficiently) are the teaching staff per-
oo % forming in these situations? How much teaching is actually done in a
lecture and more importantly, how much does a student learn in a lee-

ture of this nature?

2L s ten e BN e eyt st S e TR et et s AT £ TS

As a starting point in order to answer some of these questions the

P

) teacher has to be more specific about what he hopes to achieve in the
! lecture. The introduction of television instruction to the lecture
made the specifying of aims and objectives almost imperative. The six

televised lectures which were constructed for this study adopted this

PR A PR

approach, or more specifically a cri’ m-referenced approach.
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This chapter will include a synopsis of criterion-referenced in-
struction and will then describe how this approachwas implemented in

the television lectures.,

3.1 The Systems Approach to Education

3.1.1 General Outline

The systems approach was originally developed within the physical
sciences because of the difficulty scientists had in conceptualising
and expressing the characteristics of complex entities (Coles, 1979).
Systems theory is thus concerned with the study of organised complexity
and it can be argued that any education system or learning situation
is such an entity. The basic argument rests on the propodition that a
variety of different systems can be analysed and made amenable to plan-
ning by the use of a general theory (Birley, 1972).

There have been certain developments in education and psychology
in the past two decades or more which have been dominant influences in
the development of the systems approach. The first of these was the
emergence of the concept of behavioural objectives. Tyler (1949) states
that the real purpose of education is to bring about significant changes
in the student's pat 2rm of behaviour. An attempt to produce a taxono-
my of behavioural objectives in the cognitive domain was made by Bloom
(1956) and a later taxonomy was attempted in the affective domain (Bloom,
1956; 1964). The same has been attempted for psychomotor objectives
by Simpson (1967). Mager's (1962) contribution was to indicate how to
define educational objectives. He felt that education without objec-
tives was rather like setting out on a journey without knowing where
you are going. The art of stating educational objectives in behavi-

oural terms has been gubject to much development, and two contributions
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which are worthy of note are those of Ebel (1965) and Nedelsky (1965).
Another influence was the findings that were emerging from experi-
mental psychologists in the area of Tearning. Most of this work was
spearheaded by Skinner (1953) who claimed that efficient learning was
possible and predictable if any piece of behaviour was appropriately
revarded; the main consideration being the scheduling of the rein-
forcement. One major application of this work can be seen in the de-
velopment of programmed instruction. These dev .lopments, the so called
technology of education, continued througl.out the 1960's and when
placed within a system theory, the result is a feedback-type systems
model of education: objectives, design of learning, evaluation and

improvement (Rowntree, 1974). The system expounded by Rowntree is

illustrated in figure 1.

Constraints

Start

——m Objectives

Inprovement Design of

Learning

e e e = Y

3

Evaluation K

*

Figure 1: A Systems Approach to Education
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Many see the systems approach as the development of the science of
learning which is a very necessary development in today's world. Pro-

pouents of this approach claim that it has many advantages, some of

which are increased learning effectiveness and 2fficiency and a system

which is easily accomtable for its success wr failure. The entire

*

process must Le described in an orderly series of steps which are found-

ed upon psychological theory and educational research. The instruc-

4

ticnal materials which are produced are empirically‘teStEd and revised
when necessai . When the rrogramme is put into operation its outcomes

x

are predictable. The publie therefore has an accountability system by
which the degree of success achieved by educators in pursuit of the de-

sign objectives may be measured (Lomax, 1979()).

3.1.2 Some Criticisms

There Las been some criticism and a rather large degree of appre-

hension as to how successful the systems approach can be in education.

The main area of contention centres around the fact that many regard

education as a human activity; an interaction batween student and

teacher which can often not be planned for in the systems approach.
This interaction often involves exploration where the objective is un-
known and a systematic, well defined approach precludes this sort of
activity. Coles (1979) claims that tedycation is a more or less
unique iateraction between teachers and learners, whatever its objec-
tives.! He goes on to claim that in the systems model the means and
the ends are prescribed by the teacher and the learner has Lo follow
the teacher's route which prevents this unique interaction.
‘Macdonald-Ross (1975) states that the systematic approach is a way

of learning which has been going on as long as recorded history with
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regard to training. The rigidity of pre-set goals appears however to
contrast with the teaching process when seen as an act of exploration
by the teacher,

A number of the objections to systematic planning in general, and
to the writing of objectives in particular, which are commonly cited
can be easily digmissed, but the most substantial objection is the
value system which they seem to imply (University Teaching Methods
Unit, 1978), The taxonomy might be deécribed as being predi.posed to
fit a pragmatic, materialistie, meritocratic view of society, in w' ich
few profound questions of value arise and in which explicit evaluation
is always expected and preferred (Ormell, 1974) .

Even though the systems approach has not met with universsl accep-
tance as a means of attacking the education of the future, there is
still much to be derived from adopting this approach and stating ob-
jectives. Piper (1976) states that he writes educational objectives

to the extent that he believes learning oughtnot tobeleft to chance and

because the organisation of learning experience ig so complex that some

form of systematised notation might impruve the teacher's capacity to
act rationally, This analysis could make the attainment of those ob~-
jectives which we recognise and describe earier, and in so doing more
time could be released for educationmal concerns of which we are less
sure and legs able to articulate.

One advantage of a systematised approach is that it facilitates the

evaluation of teaching effectivemess. If it has been possible to de-

fine the objectives for a particular teaching sequence and eriteria have

been set which will indicate the relative attainnent of these objec~
tives, then the effectiveness of t.e teaching can be judged against the

student's achievement or non-achievement of the criteria. One guch
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system will be described which was used in the construction and evalu-

ation of the televised lectures.

3.2 A Criterion Referenced Approach

There is a broad spectrum of attitudes towards teaching. At the

one end is the belief that the good teacher is quite literally “orm,

not made, and there is very 1ittle that can be done to improve a taa-

cher's proficiency. At the other en? of the spectrum is the view that

a good teacher is mever borm, but always made. All the views on this

spectrum, with the exception of the extreme ome first mentioned, must

then ‘gree that to some extent, a good teacher is made, Therefore there

must be identifiable portions of the ingtructional act that are amen=

able o rigorous analysis and subsequent improvement. If this analysis

-

iz made by an individual teacher and decisions regarding a particular

instructional sequence are made, tW” resulting quality of the teacher' ®

instruction and the learner's achicvements will be augmented if these

decisior are made wisely.

A large body of research work exists which describes methods and
procedures which can be adopted in order to analyse, pvaluate and im-

prove the teaching act (Baker, 1973). One of these instructional pa-

radigms which has features which are common to many others will be de=

seribed here. The approach to instruction is based ou the crutral

premise that the reason for a teacher's being in the classroom or lec~

ture theatre is to bring about a change in the learners.

modifications can be considered the criterion by which instruction is

judged.

Thus behavipural
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3.2.1 The Ends

As the criterion of this instructional model is the behaviour of
the learnmer, it is crucial to identify the intended behavioural changes
at the outset of instruction. This will entail the stating of be-
havioural objectives which will become the ends of the instructional
sequence. It is important to state these objectives in terms of
observable student behaviour. In erder to measure the quality of the
instruction the attainment of these objectives will be measured. If
there is no certaiaty as to what is being observed, no measurements can
be made. Course aims are often confused with objectives. Aims are
usually taken to be very broad statements of what a teacher intends to
do and hopes his course will achieve; objectives are statements of what
a student should be able to do (Unive.sity Teaching Methods Unit, 1978).

Mager (1962) outlines very clearly how to write objectives in se-
havioural terms and lists several verbs, some of which are specific

and some which are open to several interpretations:

non~specific specific

to know to writa

to understand to identify
to appreciate to solve

to grasp to compare

One of the difficulties encountered in writing specific objectives
in terms of observable student behaviour is that the result is a list
of test items. At least this is achievirg r . goal of defining what
it is that the student must be able to do, but it will also mean that
the task will begin to talke on mamnoth proportions. It is better to aim at
writing objectives where the student behoviour is clearly specified but

a generalization is made across a range of content. An example of this
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-muld be: the students must be able to compute the correlation co-
efficient for any set of bivariate data for a maximum of 100 cases, the
data being stated to a maximum of six significant figures.

Another important feature of a well-statrd objective is that the
criterion of acceptable performance must be stated, This is to faci~
litate a comparison between the actual attainment of che students and
the required level. If all the students manage to attain the critrz’un
then that instructional sequence can be considered to be satisfactory.
This could be done in the form of a certain percentage of correctness
or perhaps a certain time limit. When stating these minimally accept-
able standards for the performance of the student, a student and/or
class minimal level can also be stated, depending on the conditions of
evaluation to be employed.

Finally, a we'l stated objective should also state under what con~
ditions the behaviour is to be performed. This would include remarks
wonceruing the students use of equipment (references, calculators ete)
and any other facilities which are to be employed by the student.

Once these vbjectives have been defined they become the 2nds of the
instruction. The question now arises as to which ends should be pursued.
One of the greatest dangers uf behaviourizing desired instructional
outcomes is that those goals most amenable to meastirement are usually
the mogt trivial. There are several methods that can be adopted in order
to avoid unimportant goals., One would be to consider the objectives in
terms of the taxonomies of educational objectives.

Bloom (1956, 1964) has classified the cognitive and affective do~
mains in terms of a hierarchy of behavioural objectives., A similar
hierarchy exists for the psychomotor domain (Sispson, 1967). In the
cognitive domain a hierarchy of intellectual behaviour is developed that

ranges from knowledge at the bottom to evaluation at the top.
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Similarly the affective domain ranges from receiving to characteri-
zation.

Once a set of behavioural objectives have been stated they can be
classified according to this hierarchy. If the objectives always fall
into the lowest category, it might suggest trivial objectives.

Bloom's work has been subject to frequent criticism, mainly on the
grounds of lack of conzeptual clarity (Ormell, 1974). The divisions
between the levels in the hierarchies and indeed betwzen the domains
themselves are often regarded as artificial. Nevertheless they cai be
a useful means of deciding upon which objectives should be chosen. Other
ways of classifying objectives have been suggested and Rowntree (1974)
gives a summary of some of these.

A second method that can be used is the approach advo. :ed by
Tyler (1949). According to this approach a teacher would formulate a
set of general objectives by consulting three sources: the student,
‘the society and the subject matter. These sources are sometimes de-
scribed as the social service view, the functional view and the culcu-
ral view (University Teaching Methods Unit, 1978). Once these general
obiectives have been formulated, they are then scrutinized in terms of
tw~ screens, the psychology uf learning and the philosophy of educution.
The objectives that pass these screens are then behaviourized and used
as the ends to which the instruction is geared.

A prerequisite before instruction is embarked upon once the be-
havioural objectives have been defined is that the pre-entry behaviour
of the students is established in relation to these objectives. Thus
some form of preassessment must take place. Any behavioural changes
which are subsequently detected mdy then be attributed to the instruc—

tiom, 1if these changes are detected during the instruction.
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3.2.2  The Means

The next step in this criterion-referenced instructional paradigm
is to decide on what instructional strategies are to be adopted. The
actual strategy which is chosen is dependent on many variables and many
learning principles have been enunciated as a result of experimentation
in the psycliology laboratery. It is nnt intended to discuss these here
but merely to mention a few which suen found rather useful in the
construction and development of the television lectures.

Pophaz (1973) puts forward the following four learning priuciples
which he feels are of particular relevance in a criterion-referenced
approach:

1. Revelation of Objectives. The students should be informed of the
behaviours they will be expected to perform at the end of the imstrue-
tional sequence.

2. Perceived Purpose. The student's perception of the purpese or
value of the learning activity should be promoted. This would mean that
the student is motivated towards learning.

3. Appropriate Practice. The student must have an opportunity to
practice the kind of behaviour implied by the objective.

4. ¥Knowledge of Results, The student should be given an indication of
whether his responses are correct as soon as pc 'Ble after he has made
the response.

The concept of learning hierarchies has also been found to be use-
ful, particularly *a the analysis of the television lectures which is
deseribed in section 8.2. A hierarchy of component learning tasks is
developed by beginning with a desired jnstructional objective and then
asking in effect, 'To perform this behaviour, what preraquisite or com-
ponent behaviours must a learner be able to perform?' TFor each be-

haviour so identified, the same question is asked, thus generating a
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hierarchy of objectives based on observable prerequisities (Gagné, 1968).
It was found that once the objectives had been behaviourally stated,
this hierarchy was relatively easy to establish.

Finally, a taxonomy of learning conditions was used in some arcas
of the initial construction of the television lectures. A major effort
L6 categorize tasks according to learning requirements or the conditions
under which tasks are learned has been accomplished by Gagné (1977).
He describes eight categories of learning: conditioned responses, the
chaining of responses, verbal associations, sets of discriminations,
concept formation, rule learning, the ability to use discriminations and
rules and concepts to solve problems. These categories were however
only used to a limited degree as their structure and implementation in
the field of teaching statistics is still in the developmental stages

(Chervany, 1977).

3.2.3 Evaluation Considerations

The final component of this criterion-referenced instructional para-
digm is evaluation. Evaluation, as it is referred to here, is the
assessment of the quality of the instruction. It is focused primarily
on whether or not a pre-specified criterion has been achieved.

If the objuctives are not achieved at the close of a particular in-
structional sequence, then there can he two principal explanatiivus,
Firsc, the instruction night have been deficient. Secondly, the cbjec~
tives might have been beyond the reach of the learners. Although both
reasons should be carefully vonsidered, in most cases it is the in-
struction which has been deficient, If this is the case, further analy~-
sis and revision of the instruction should take place; if the objec-

tives are at fault, they should be cha-jed accordingly.
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This completes the general description of the instructional para-
digm which was used in the construction of the television lectures.

It could be represented diagrammatically as follows:

Curricular

Decisions

Instructional

’ Decisions

Evaluation

Figure 2: A Criterion-Referenced “nstructional Paradigm.
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The means of evaluation must also be given careful consideration.
If a test is to be administered in order to assess the student's
' achievement, it must be a valid test. In other words the test must
meusure what it is supposed to be measuring if it is to pive reliable

feedback. Thus at this point the concepts norm-referenced test and

criteiion-referenced test will be introduced and discussed.

Glaser (1963) introduced the expressions norm-referenced measure~
ment and eriterion-referenced measurement when questioning traditional
measurement practices. The essential difference between the twoc is
that the one measures aptitude and the other achievement. A norm-re-

A ferenced test is designed to ascertain a student's status in relation to
the performance of a group of other students (the norm) who have com-
pleted that test, A criterion~referenced test attempts to measure what
a person hnows or what intellectual competencies an individual hag ac-
quired. Although it is convenient to think of these two types of teating

; purposes as totally distinctive, there is little doubt that they often

overlap substantially in a given test.

It is precisely this overlapping, or rather the difficulty experience.
in identifying, with any clarity, the two from each other that has caused
the misuse « £ tests. A specific test should be used for a specific pur-
j pose. If the idea is to spread students out so that the best or worst
| can be identified, then a norm-referenced test should be uged, If the
idea is rather to determine how well students have mastered a particular
behavioural objective, then a criterion-referenced test should be used.
1f a test is used for a purpose for which it was not designed, then
difficulties in its interpretation will be encountered.

when instruction is to be evaluated, it is egsential that a eriterion

test be used. TIf an instructional sequence has been designed to-teach

a well defined behavioural objective which is within the students'grasp,

Ve Y
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then a criterion-referenced test will reveal how eiffective the instruc-
tion was in facilitating the attairment of that objective. A norm-re-
ferenced test will simply tell you where the students stand in relation
to one another, and very little about the quality of the instruction.
Although most tests have elements of both these concepts built into them,
the following graph wouid illustrate their essential differences, even

though these differences are somewhat exaggerated.

Crirerion-Raferenced Tast after Effective Instructien,

Norm-Raferenced Test

Low Scores High Scores

+

! Figure 3: Oriterion and Norm  Referenced Tests

An instance where it has been claimed that inappropriate tests were
used is that of the Coleman Repott in the USA where it was revealed that
money spent on schools did not secem to make any difference to their
educational achievements (Carver, 1975). The result was that many le=

gislators pushed for reduced expenditures in education as they reasoned
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that more money spent on education did not appear to make any difference.

Coleman, however, based his conclusions upon norm-referenced achieve-
ment tests which by treir very nature, were ingensitive to detecting
the impact of effective instruction, even if it was present.

'...there are scores of instances in which hard-working faculty
menbers have put'together a really effective instructional program, only
to be told that test results indicate the mew program is not better than
; the old one. It is no better, of coursé, because its results were as-—
sesged by a norm-referenced achievement test— a test that tends to measure
students' entry skills, not what they learn.' (Popham, 1978: 85).

How then is this pitfall avoided when assessing instruction? How
? is a valid and reliable criterion-referenced test constructed which is
distinct From a norm-referenced test for a particular instructional se-
quence? The answers to most of these questions are still larpely un-
known. The tachnology of eriterion-referenced test writing is still
; rather limited. The resolution of the assumed conflict in methodolo-

gies between criterion-referenced and more traditional tests has not
yet emerge 1 (Baker, 1972). More recently, a work has been published
? (Popham, 1978) which the author claims to be an attempt to write an in-
% troductory criterion-ic.ferenced measurement text, now that there is a
sufficient  body of relevant technology to share.

Difficult as the distinction may ve between the two testing con~

cepts, the criterion-refercnced approach was borne in mind throughnut

the evaluation of the television instruction. This application is dis-

cussed more fully in chapter 7.
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3.3 The Criterion Referenced Approach to Television Instruction

3.3.1 A Delimitation

The criterion-referenced instructional model which has been de~
scribed is not the source or focus of this investigation. It was the
most convenient model available which could be used as an aid in the
evaluation of the teaching effectiveness of the television lectures.
Its full application to the whole structure of the introductory statis-
tics course is doubtful.

It is recognised that an evaluation model based on predetermined
aspects of teaching and learning, especially those that specifically
depend upon personal relaticnships «ad interaction (which is not usually
the case éhen lecturing to large numbers of students), could ignore
many of the most valuable and unpredictable aspects of teaching and
learning. It is, however, also recognised that systematic analysis of
the teaching act does not always mean that explicit evaluation will re-
sult, and often this analysis brings the teacher more quickly up against
questions of profound value, than would have been the case if this
analysis had not taken place.

A standard complaint about the systems approach is that, although
it is not a bad idea, many proponents of the system do not usually re-
cognise that a vast area must still be left open to the native judge-
ment and intuition of the individual teacher (Macdonald-Ross, 1975).

It is precisely for this reason that the criterion referenced approach
was applied falrly rigorously only to the television lecttre aspect of
the course. The paradigm was very useful in other ateas but they were
far too complex to be sukjected to the precise analysis which oceurred
in the television lectures. Besides attending .ie television instruc—

tion students can attend tutorial groups for the discussion of various
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they ‘can (and do) consult lecturers privately; they are

problems;

expe:ted to complete a weekly assignment ~nd they are also subjected to

aggessment type tests which could be classed as complete mixtures of

the norm and criterion-referenced tcsts. The complete description and

evaluation of the entire teaching system in this introductory statistics

courge would form an extremely intricate task. All intecractions and

learning tasks would have to be clearly defined and assessed. There are

gn mary interacting variables that it is doubtful whether a study of

this magnitude could be conductea with any meaningful results.
Thus the criterion-referenced approach was applied specifically to

one teaching area of the course only: the televised instruction. The

basic question which was then asked was: ILf televised lectures are

taking place, -are they respensible for bringing about any “ehavieoral

changes with respect to the learnmer? If they arc vot, then the whole

exercise is simply wasted time and could be more yiofitably spent by both

teacher and learmer in pursuing other activitiee¢. However, if they are

vesponsible for some behavioural changes, tc what degree are these changes

osceurring?  Can the teleyised instruction be optimized so as to be more

effective in bringing about desired behavioural changes in the learner?

The evaluation of teaching in higher education has at least three

aveas of major concern: the assessment of lecturers; research into

different teachiny methods; —and the evaluation of courses Or educational

gystems (University Peaching Methods Units, 1978). ‘The criterion-re=

fererced instructional model is applied here to the first of these three

areas: the evaluation of a lecturer's effectiveness in facilitating the

achievement of desired behavioural objectives in the learner, via the

medium of a televised lecture.
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3.3.2 The Otjectives of the Television Instruction

Although the entire introductory statistics course was not sub-
jected to the instructional model described in tﬁis chapter, it did
have certain influences in most areas of the course. One of these areas
was the formulatinn of the gercral objectives or aims of the course.

It is worth outlining some of the considerations which were taken into
account in the formulation of the course aims.

The students that take this year-long course ave all reading for a
degree in commerce. The course igs terminal in that the students are not
required to proceed to a second course in stasisties. The course con—
tert is orientated towards practical applications of statistical pxo-
cesses in business, commerce and industry. The entrance requirement is
that the student must have passed the secondary school mathematics course
at the matriculation level. The majority of these students can however
be considered to be the more mathematically deprived from the group
achieving a pass in mathematics at this leve’.

The c¢ irse in general was designed around aims which were generated
from these considerations. The aims of the television lectures were
then generated in particular. A fuller enunciation of some of these aims
will be given in Chapter 7. The vbjectives of each individual tele-
vision lecture were then stated in terms of observable student behaviour.

It became evident that each lecture emeompagsed the mastery of
several behaviours. Each individual lecture was therefore broken down
into segments or separate instructional sequences, where each sequence
was linked to a specific objective. A list of these objectives for each
of the six lectures can be found .n Appendix I.

A minimal level of performance was then decided upon by mutual

agreement of a ‘eam of lecturers responsible for lecturing the course.

A desirable standard wa: considered to be at the 807 level. Thus for
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the lecturing to be considered effective in any instructional sequence,
807 of the students must have achieved the desired behavioural objec—
tive, However, once all the circumstances were considered, an absolute
minimum level of 70% would be the cut off point for an instructional
nequence to be considered in any way 'effective', This level (70%) was
d .ided upon in the first instance, with the vier that rt should be in-
creased once any deficiencies in the instructicn were detected and ree—
tified.

The subject matter covered in these six lectures was an ares that
had not been sncountered before by the students. Thus their pre—entry
behaviour was not established with respect to the objectives of the
lectures. A pre-~test to determine he students' mathematical ability
was administered, but this was not essential to the experimental design
as is indicated when discussing the statistical analysis in sectiom 8.3.

The instructional strategy to be employed was decided upon by the
lecturer, according to what he considered to be the most suitable to
his style, personality and capabilities. The learning prineiples as
outlined in this chapter were also considered when the instructional
strategies were chosen., These will be amplified in Chapter 6.

The evaluation of tne television instruction forms a main area of

the results of this experiment and is discussed in section 8.2,
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4. THE STRUCTURE OF THE TELEVISICY PROGRAMMES

When the 'live', traditional lecture was to be transpt.sed onto video=
tape reveral decisions had to be made with regard to how this trans-
position was to take place. '

In the first instance, was television the best medium to use in
order ta replace the live lecturer? Would not a tape~slide sequence
he just as, if not moré,effective in this subject. - Another decision
which had to be made was one regarding the form of the lecture. Should
the lecturer be recorded in his usual environment, holding forth from
the lecturing platform in between scribbling notes on the chalkboard?
01 should this 'natural' format be changed?

These and other questions are discussed in this chapter while out-
liniug the structure which was developed and used in t e television
lectures produced for this study. Many of these decisions have strong
cognitive overtones. These areas are id mliified and relevant research
is acknowledged. These areas are not hovever being researched in tiis
study. The feature of the television lectuics whichwas essential to

the resvarch is then outlined and its intended use is specified.

4,1  The Development of the Television Programmes

4,0.3  Initial Philosophy

Some research bas been done related to media selection which spe=
eifies the relevant variables in terms of the a*  sutes of the media

vather than in terms of the media themselves. sattributes of a wedium
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are the capshilities of that medium to show objects in motion, ob-
jects in colour, objects in three Gimensions; to provide printed
words, spoken words, simultaneous visual and auditory stimuli; to
allow for overt learnzar responses OT random access to information
(Levie and Dickie, 1973). The rate of develorment of educational tech-
nology would maﬁe it difficult to compile a comprehensive and detailed
z taxonomy of media attributes which are eritical in media selection but
l Tosti and Ball (1969) have made 1n admi;able attenpt and offer six

i : 1dimensions of presentation'. If it is decided (once media attributes
have been considered) that more than oue medium is capable of providing
the required attributes, the choice could then ’.. made on the basis of
pragmatic determinants such as cost.

These media attributes were considered when the original choices
with regard to the medium and format of the lectures were made, although
; it must be stated that pragmatic considerations such as available re~-

E sovices and cost played major roles in these decisions.
* ‘ 1t , decided to televise the lectures and the format would re-
flect a slight change from that of a direct recording of a traditional
'talk and chalk' lecture. The lecturer would be seated at a desk in his
office for the major part of the presentation. Oceasional use could be
made of a chalk board on the wall of the office if so desired. The majoxn
portion of the information which is usually placed cn the chalkboard/

overhead projector during a lecture would be prepared in graphic form

beforehand and revealed on the monitors as and when raquired.

: These initial decisions were not seen as attempts Lo generate

E something 'extra' from the new medium, but simply to ensure that the
lecture was on an equal footing with that ox the live prec-atziuon, at
least as far as the supply of information was concerned. Ksobiech (1976),

vhile admitting that there are some opponents to the view, claims that
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there 1s no conclusive evidence to indicate that dynamic production
techniques (such as animation, colour, special effects, etcetera) in-
crease e amount of information gained by students. This was the view
adopted when secondary decisions were made afier the medium and format
had been finalised, 1

The programmes were produced im colour as this facility was avail~
able and the live lectures are performed in colour, This decision was
also based on research which has compared colour with black and white
pictures and has usually found no significant differences iun learning;
when results did favour ome or the other, this occurred with about equal
frequency (Levie and Dickie, 1%73).

Some animation and special effects were occasionally used in con~
junction with the graphies, but these were eguated to the "live' lec~
tuter developing or highligating points on the chalkboard, The transi-
tion was therefore an attempt at replacing the 'live' lecturer with an
equivalent form of a lecture. This attempt, in terms of these limited
aims, could be said to have been 'successful' as has been outlined in
section 2.3,

There was however one important distinction made between the 'live'
and 'televised' lecturer. The television pergonnel insisted that their
most successful programmes had an optimum length of approximately fif-
teen minutes and therefore the introductory statistics programmes should
have a maximum length of twenty minutes. This point was taken and the
strategy was that the theoretical content of the coursa would be pre-
sented by the subject 'expert' fer part of a f..*y five minute lecture
period. The remainer of the time would invelve practical applications
of the theory and further clarification on some areas of the television
lecture., Other lecturers or serlor tutnrs would be used for this se~

cond task.
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However, when the first of these lectures was veplayed, it soon
became apparent that the attention period of the students was not fifteen
minutes. Attention, as it is referred to here, is generally conceived
of as an activity which must occur before a stimulus will be associated
with a response (Glaser and Cooley, 1973). This 'attention', altbough
present at the beginning of each televised lecture, lasted for a maxi-
mum of about five minutes (varying from student to student) before a
"failure of attention' occurred. This was determined by lecturers ob-
servations from the front of the lecture theatre during the replays and
was loosely interpreted as an obvious action by the student, such as
gazing for a period of time at areas in the room, other than the moni-
tors, without any response to the information being transmitted by the
monitors. This was further evidenced by student's complaints ~f 'getting
lost!. Once attention was re—established the student often found that
he was confronted by a unique mathematical expression which was meaning-
less. Once this occurred the student invariably failed to derive dny
further benefit from the lecture and the frequency with which 'failures
of attention' oceurred increased,

Thus the folloving dilemma arose: either the televised lecture
had to be decreased from twenty to about five minutes in length or some
means of holding the students 'attention' for a longer period of time
had to be found., The first alternate was rejascted as totally imprac-

tical and the second was pursued.

4,1.2 The Optimum Length

One of the major complaints received from the students was thar
they experienced difficulty when viewing muthematical expressions on

the monitor. In Some instances the evpression warranted their total

attention while some explanation with regard to it was being propounded,

.
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while in other cases some note of the expression was needed for 1le
reference, before it disappeared from the video monitor. Thus inde-
eision often resulted as to whether to take notes or to direct full
attention at an ¥planation taking place. This appears to agree with
resaatrch which claims that learning discrimination involves two pro-
cesses: Zfirst, an attentional response to the relevant features of
the stimulus display and secondly, the correct response to the rele-
vant feature (Zeaman and House, 1963). It is cloimed that an important
aspect in instructional design is the development of materials that
facilitate attentional learning on the part of the learner (Glaser and
Cooley, 1973).

In an attempt to overcome this difficulty experienced by the stu-
dents it was decided to change the background colour of the graphics.
One colour was used when the students were expected to direct their
full attention at the monitor. This background colour was changed when
they were expected to make some note of the graphics appearing on the
monitor.

This procedure had an unexpected result. Not only did it appear to
solve the 'attention' problem but it meant that at certain r~" .s through-
out the lecture (which ecould be controlled) the students were responding
actively to the lectute. These 'response points' acted as 'attention
getters' and the frequency with which complete 'failures of attention’
occurred, dropped dramatically, It became possible to produce a tele-
vised lecture of forty five minutes duration, using this technique, with~
out any complaints from the students or noticeable 'failures of attention',

Thus no optimum lecture length was stated. It could be varied to

suit the circumstances without an observable change in effect.

I
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4,1.3  Coloured Backgrounds

Packground colour refers to the colour transmitted by the monitor
when graphics are used in the television lectures. Any lettering or
mathematical expressions on the grapkic are superimposed on this colourx.
Research has been conducted on backgl sund colours in an attempt to
establish the effect these colours have om visual acuity (Snowberg,
1973). Snowberg's study revealed no simple conclusions as visual acuity
appears to be related to the luminance and transmission of the colour
concerned. Some small differences were detected with white being re-
commended as a background colour (black lettering was used in this ex-
periment) and blue backgrouads were not recommended when critical legi-
bility was required.

Snowberg's study was conducted using colour slides and as the find-
ings were not sufficiently conclusive the recommendations were not ad-
hered tn for the selection of background colours for the television
lectures, A far more pragmatic standpoint was adoptsd, When reproducing
copies of video-tapes, there is a resultant loss of quality with each
generation. Certain colours deteriorate in quality more rapidly than
others. Fer example, tfed becomes very 'scratchy' as one goes from a
second to a third generation tape with the equipment which was used in
this experiment. Therefore background colours were chosen for the tele~
vision lectures which gave a lower 'deterioration of quality' rate when
copies were made from the master tape.

When the student's full attentionwas required, a blue background was
used. If he should have made a note of whatever appeared on the monitor, a
green background was used. White lettering appeared with both the above

background colours.

¢
‘

\
:
;
¥
3




46,

Brown was used as a third background colour to elicit another type
of response from the students. This development was introduced when
producing the six television lectures for this study and is discussed

in section 4.3.

4.2 Some Cognitive Considerations

Ksobiech (1976) has stated that one of the major conclusions which
research in the area of imstructional television has yielded is that there
is no significant difference in learning between instructional televi-
sion and conventional classroom inst:uctionm. Moldstad (1974) has indi-
cated that this conclusion has positive value for school administraiors
who can thus justify the use of instructional television to solve problems
in the areas of persomnel, scheduling and, to some degree, finance.

This is the bland attitude mainly adopted in this gstudy. The subject
of the investigation is not the comparison of televigsion instruction
with some other medium. It is rather a measurement of the instructor's
effectiveness which is manifested in student behaviour and an ipvestiga-
tion into the optimization of this effectiveness. This is all accomplished
through the medium of television. The type of medium is not in question;
that has already been accepted.

This does not mean, however, that the cognitive considerations of how
learning from television occurs are considered unimportant. On the con~
trary, this area requires far more regearch in the future, vet up to now
very little attention has been paid to the question of how, if ot all,
the symbolic modes of visual media affect cognitions (Cohen, 1979(2)).
Many of these considerations are present in the television lectures in

this study and some of thuse will be mentioned briefly.
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One question which is of concern is the amount of detail which is
present o th: television graphic and how this affects student learning.
Research conducted in this area is summarized by Dwyer (1970). One
general outcome which is of particular interest is that in presentations
where the pace is fixed, as is the case with these television lectures,
visuals containihg 1ittle detail tended to be more effective. Dwyer
speculates that in fixed-pace presentations learners do not have time
to take advantage of the added informatfon available in realistic vi-
suals and may be distracted from important verbal information. When

learners can take as much time &8 they wish, realistic detail may pro-

vide additional learning cxperiences.

The cognitive influences regarding the use of colour also need fur-

ther consideration. Although Kanner (1968) reviewed eighteen studies

dealing with the effectivensss of colour in television and concluded

that the addition of colour does not result in greater learning (even

e a b oasteibiiaticen s e

though colour is almost always preferred by learners), colour may en-—
% hance learning when it is used to emphasize relevant cues and aid in
making appropriate discriminations (Normar and Rieber, 1968). In a
| ; sumuary of the state of the art Kamner (1968) states that there is a
scarcity of information on the topic of celour and human learning. This

view is supported in a study of colour's effectiveness in facilitating

} learning 'in the affective area (Booth and Millar, 1974), while Dwyer
j E (1976) has attempted to relate I.Q. levels with the effectivencss of
: black ~and- white and colour illustration.
: ‘; The motion aspect can be, and sometimes was,introduced into the
i 1 graphics in the television programmes is another cognitive consideration.
g It appears that the functions which motion can perform to enhance

: learning have not been fully identified. Television gombines many of

the attributes available ir other media and theoreticians concerned
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with this type of commurication are particularly aware that when media
attributes are used in combination they do not operate independently:
the use of an additional attribute such as motion may alter the func~
tions which other attributes may perform (Levie and Dickie, 1973).

More recently, research into the effect which television formatsof
representation have on mental skills has taken place (Cohen, 1979(2)).
The close-up, split-screen, slow motion':nd time—compression are ex-

amples of what is meant by formats of representation. Then, of course,
there is the consideration of how learning takes place in mathematically
based subjects, There axe several controversial theories whic, attempt to
describe how mathematical learning actually takes place (Shulman, 1970).
This, however, is not a psychological study. Thus the cognitive
considerations which have been mentioned and which are present in the
television lectures, although considered as important and always borne

in mind, will not be investigate) any further.

4.5  The Meaus of Evaluation

4,3,1 Inkermittent Questions

This study is concerned with the cognitive level which students
achieved during the television instruction. In order to determine this
level of achievement, questions were inserted into the telavision in~
struction. A third background colour was introduced to produce another
type of response from the students. FEach of the six television lectures
which were produced for this study was broken down into distinet in-
structional sequences, where a specific behaviovral objective is asso-
ciated with each sequence, as ouilined in sub=section 3.2.2, In order
to determine whether or not a student had achieved a specific objective,

a question which was related to rhat objective was inmsurted at the end
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of each instructional sequence. A brown background colour with white
lettering was used for these questions.

The technique of inserting questions at intermittent stages during
television instruction has been used before (Gropper and Lumsdaine, 1961)
when developing programmed instruction televigsion lessons. The effec—
tiveness of the ;rogrammed television lesson was then determined by
student performance on achievement tests. The questions inserted in
the television lectures in tuis study wére formulated on 4 criterion-
referenced test approach and were designed to determine wlhether or not
students had satisfactorily achieved the behavioural objective that had
Yeen specified for a particular instructional sequence.

An added contribution which these questions made to the television
lectures was that they acted as additiona} 'attention getters'. The
students were expected to actively respond to the questions by writing
down the answers. Thus when green and brown backgrounds appeared the
students responded actively and therefore participated during the tele-
vision lecture. All six programmes were relatively long (between forty
and £ifty minutes) yet 'failures of attention' were hardly ever observed.
This appears to correlate with studies which have investigated the role
of questions in meintaining attemtion to textual material.

Rothk: ,# (1970) coined the t~rm 'mathemagenic . behaviour' to de-
geribe attending behaviours which give birth to Jearning. In studies

of attention and learning from continuous material it was found that test~

like questions presented before or after the material (o be learned,
are mathemagenic. Both prequestions and postquestions facilitate
jearning but to different degrees, Prejuestions tended to nurrow the
range of attention by providing the individual with a criterion for

. acceptable bebaviorr. Postquestions on Eha pther hand, faciliated both

question specific and general learning, because atteation is paid to the
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whole passage, not a particular stimulus within the passage (Bull, 1973).
The insertion of these questions was not primarily intended to in-
crease the effectiveness of the television lectures but ra her as a
means of evaluating the effectiveness ¢ individual instructional se~
quences, although both these aspects +»pear to have been achieved., In

addition to this a majority of studr ..s indicated a preference for the

lectures with inserted questions.

4.3.2 The Value of Responding

Once these questions were asked, the students were expected to re-
spond and record their answers for later reference. The questions were
revealed for the second time at the conclusion of the lecture for a few
moments, with the correct answer digplayed underneath each question.
fnus there was a relatively small delay in feedback once the students
had made their responses.

As has been stated, the primary motivation Ffor inserting this ques-
tion-response rrocedure was no“ to improve the effectiveness of the lec-
ture. An investigation was tot conducted to sompare this type of tale~
vision lecture with another type, although there appears to be substan-
tial evidence to suggest that the procedure does improve the instruction.

Levie and Duckie (1973) state that it seems reasonable that learning
should be facilitated by giving the learner practice in what he is ex-
pected to do and informing him of his success or failure. A key issue
that has concetned researchers interested in response and Ffeedback

variables involves the ralative effectiveness of overt responding versus
covert responding, Overt responding usually refers to wfiting answers
or selecting from multiple choice alternatives while covert rasponding
involves 'thinking' the answer or just reading, Levie and Dickie claim

that overt responding facilitates learning only when the prescribed re-
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sponses are relevant to the criterion objectives and is particularly
effective when the required response is not already in the learner's
repertory. It tends to facilitate learning more for difficult material
than for easy material while covert responding is better for fast pre-
sentation rates.

It appears then that when the stndents knew that postquestions were
to appear at the .vd of each instructional sequence anl they were ex-
pected to respond overtly, the 'attention level' was heightened and
learning faciliated to a greater degree.

The sample of students who participated in the evaluation of the
eelevision i struction were involved in a slightly different response-

feedback mechanism whieh is outlined in section 3.3.3.

4.3.3  The Primary Intention

Tt can be argued that if the lecturer is geing to spend his and the
students' time in the lecture situation then some benefit in terms of
learning should be gained by the students. Thus if a lecturer is guing
to spend five or ten minutes during a lecture in an alttempt to impart
some body of knowledge, or concept, or whatever, then it would be as
well to examine whather the studentw have achieved what it was they were
supposed to have achieved during that time, This is the primary objec—
tive in inserting the questions at the end of each in -nctional se-
quenre of the television lecture.

The questions themselves were very basic to the instruction and were
kept as simple as possible. If the student has grasped the bssic essence
of what it is that the lecturer has attempted tc convey, then the future
possibilities are almost limitless. However, if a student has failed
at this early point, as will be indicated by these simple, basic ques-

tions, then the probability is rather high that he will pregress no
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further. If the overall result indicates that the majority of scudents

failed, st this point, to achieve ti . objective then there is a strong

possibility that the fault lies with the instruction and this informa-

tion should be used in an attempt to improve the instruction, An im-

portant principle of learning is that an instructional environment should

be designed so that information about the student is provided to the

student and the teacher so that eaen can appropriately use this infor-—

mation for the design ¢. subsequent instructional activities (Glaser and

Cooley, 1973).

Gohen and Brauer (1969) suggest that student achievement of

{earning objectives is the main eriterion on which studies of faculty

and of instructional efforts should be based. In their view the use of

student gain on short-range objectives as a measure of teacher effee-

tiveness is generally acknowledged as being more valid than the use of

such criteria as, for example, the %eacher's ¢ t expended or the

various perceptions of observers. This is the attitude adopted in this

study and the students' gain on short=range objectives was measured via

the intermittent questions in the lectures. Mo attempt to measure the

achievement of these objectives on a longer tern basis was attempted.

1f a day, week or month is allowed to elapse before some further assess<

ment is made, an almost {nfinite number of variables and interactions

arve introduced, This assessment is then some type of medsure of the

quality of the entire course and is mo longer a mea.ursment of the

effeptiveness of the lecturer's instruction. Tie results then become

very difficult to interpret.

t¢ is rherefore important that once the questions have been asked,

the responses are {mmediately rccorded, before any other variables or

interactions become involved. A student vho {s unable to answer a

question immediately due to the poor instruction preceeding the question
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might be ahle to answer the question before the lecture is over be-
cause o. sth:e instructional sequence which was particularly effec-
Eive and clarified the existing difficulty or because of some assistance
rendered by a fellow student in the course of the lecture, This atti-
tude is reflected by Popham (1971) when he states that if the student's
content knowledge and ability level can be held constant, then a teacher's
general teaching ability can be measured by testing his students for
the skills specified by the teacher's instructional objectives.

Thig approach poses certain serious wethodologiesl problems like
finding topies of imstruction unfamiliar to the students that cap be
taught in a relat.vely short time but not be confined to only low level
behaviours. This difficulty was considered and was instrumental in the
topic choice for the six lectures in this study which net only provided
content with which the students were unfamiliar wut also with fairly
high behavicural levels.

During a part sular instructional sequence lasting for only a few
minutes, a students knowledge and ability level is almost constant
(although thiy is not usually the case for an entire lecture). Theve-
fute any behavioural changes which ocecur during this sequence can be
qttributed to the effectiveness of the instruction. The inmediate
eollectici. of student responses at the end of each sequence is there-
fore of paramount importance and is the central feature in the evalua-

pion . ° the lectures in this study. Tnis was achieved with computer
assistance and the method is fully deseribed irp section 5.3.

These questions therefore provide the lecturer with a step by step
analysis of his effectiveness. As omly component parts are ¢lassged
as good ot bed, and not the entire leclure, the lecturer might be mora
amenable to subject himself to this Lype of evaluation. Few lecturers

would ¢laim to be fully effective in every sequence of every lecture
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they deliver. The evaluation of lecturer effectiveness is of great
importance in tertiary education. However, most lecturers are very
sensitive to this sort of thing, partly due to the uncertainty of what
it is that is being measured.

'Not unnaturally teachers are highly semnsitive to any form of
assessment of their work. This sensitivity can be eased if these points
are recognised., Nevertheless, whether they like it or mot, teachers
are assessed. They do seek promotion and thej do apply for new jobs,
The question is not whether teachers in post—secondary education should
be assessed hut how and when, an” what for? I£ teaching is a major
function of post-secondary teachers it seems reasonable to suppose that
the effectiveness cf their courses should be a major consideration of

promotion boards.'’ (Bligh, 1975, p213)
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5. A CUMPUTER BASED TEACHING SYSTEM

Glaser and Cooley (1973) state that the character of various epics in
history has been determined in large part by the tools available in the
period and in an analogous way the character of teaching is determined
by available tools; the number of available tools for teaching is in~
creasing daily in the age of 'multi-media technology'. They go on to
claim that an important task in this area is to design instructional in-
strumentation that is respomsive to the learner's performance so that
information is supplied with minimum delay. Aa important feature in the
experimental design for this study is the ability to record student re-
sponse~ as they take place at the end of each instructional sequence.
Due *o a recent computer system design development this feature is
easily fucilitated. The system was designed and developed in South
Africa over the past three years and represents yet another teaching
tool which is availablé to us.

Three major areas of computer innovation have been identified by
Hatfield (1969):
(a) computer-assisted instruction (CAI); this includes drill and prac-
tice systems, tutorial systems and dialogue systems,
(b) computer-managed instruction (CMI)j the computer is used here to
assist the teacher in effectively administering and guiding inst -.ction,
(e) computer-assisted problem solving (CAPS); in this category the
studants write computer programmes to solve selected problems and in

this way gain insights into certain concepts.
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The computer system used in this study cannot easily be slotted
into one of these three categories as it attempts to cover almost all
three. The system's full name is the Cybercom Multimode Education
Communication System and is usually refetred to as the Cybercom System
(Lomax and Bayne, 1978). As the name indicates it attempts to operate
in a variety of modes so as to accommodate several teaching situatioms.
A description of the structuring of the main components of the system
is given, followed by an outline of the various modes in which it can
operate. Finally the mode of operation used for the evaluation of the
television lectures will be expanded upon with details of how the te-

levant data was collected,

5.1 The Structure of Components

The Cybercom Computer System has a basic structure where indivi-
dual computer stcess is available for each student and the teacher in
a classroom/lecture theatre situation. This is achieved by providing
the students with a simplified and smaller version of the 'normal’
type of computer terminal which usually consists of a typewriter key~
board and video~display unit, which is referred to here as a student
panel. The teacher/lecturerinstructor is provided with a more sophis-
ticated computer terminal which cousists of a typewriter keyboard, a
video-display unit (VDU) and a panel of mode control buttons, which is
referred to as an instrustor console (the term instructor will be used
to designate a teacher, lecturer or tutor). It is via these 'termi-
nals' that the instructor and students achieve communication with the
computer and each other. A mini-computer is used to facilitate this
communication and the relationship between these three basic components
is indicated in figure 4 as A,B and C. Two more units, a printer/

reader unit, D, and a disk unit, B, make up the remainder of the
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hardware components of the system.

A description of chese units will be given in this section which

outlines their basic functions (Zawels, 1976).

5.1.1 The Mini-Computer and Disc Unit

The mini-computer, disc unit and some central electronics which

control the communication between the various components are housed in

a cabinet which is stored remotely, out of the confines of the lecture

theatre. It is useful to have these units within easy access of the

teaching area as the instructor may wish to use the disc unit (which

yeads from or writes to diskettes). The disc unit is an optional fea-

pure and can be used to provide additional storage for the system or

rapid loading of large programmes.
The system has a capacity which allows a maximum of 256 student

panels to be connected at any one time. These panels can operate in

any of eight differently assigned groups, The lecture theatre which was

used for the evaluation of the television lectures had a Cybercom system

installed where the projection booth at the rear of the theatre was

used to house the mini-computer and dislk unit.

5.1.2 The Instructor Console and Printer/Reader

The instructor console consists of three components: (a) The type~

writer keyboard, (b) the videc~display ynit and (¢) the panel of mode
control buttons. The entire console is indicated in figure 5 and the
three component parts are more clearly identified in figure 6. The
three components will be discussed individually.

(a) The typewriter keyboard: this is similar to the keyboard of an

electric typewriter , although some special function keys have been

added. The instructor may entetr lesson programmes and/or control the
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general proceedings as he so desires before, during or after any form
of teaching which has taken place, by using this keyboard.
(b) The VDU: This component displays any information which the in-
structor and/or the students have entered intc the system in addition
to any analysis of this information which the instructor may ask for.
| (c¢) The panel of mode control buttons: These buttons are used to
insert the system into a particular mode of operation (illustrated in
figure 7). The various modes of operation are discussed in section 5.2.
An additional featnre which is available for the instructor is a
printer/reader unit which is shown in figure 5 alongside tFaz instruc-
tor console. The printer will provide a hard copy of any information
which appears on the VDU, A paper-tape reader and writer is attached
to the printer and ensbles the instructor to produce and feed into the
system copies of &Fsson programmes. This obviates the need to type the
lesson programmes into the system via the keyboard.
; These two units were positioned at the front of the lecture theatre
i which enabled the instructor to make use of them at any stage during

i the lesson.

5,1.3 The Student Panels

; The student panals are no larger than an average sized book
(24cmx2lemx3em) . Figure 8 illustrates their relative size when they are
used in the lecture theatre situation., The panel consists of a keyboard
in a flat planeand 4 small viewing window, These features are illustrated
in figure 9. The keyboard is similar to that of a typewriter with a

: ‘ few special function keys. Tbe student communicates with the system

by gently pushing the relevant key until a 'bleep’ socund is heard. The
symbol which the key represents then appedrs in the panel window. This

window will view the four most recent symbols which have been entered into
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the system. The following example will illustrate this feature.

If the number one is entered the window will reveal:

If the numbers two and three are then entered, the window will

reveal:

123

1f the numbers four and five are then entered, the window will

reveals

2345

Thus the student views only a sertain part of the information
which he has entered. He may move along in either direction in order
to view information.

The student receives information by means of messages which appear
in the viewing window or by means of two lights situated in the viewing
window which flash at certain speeds when supplying certain informationm.
For example, if a student answers a question by entering the answer in-
to the system, these lights will flash with a very high frequency if the

answer is correct. Their position in the window is indicated below:

X X

The interaction of these components enables the instructor and the
students to be in constant communication with each other, whatever teaching
situation is taking place. Not only can the students monitor the in-
structor's behaviour, which is usually the case in a traditional lecture,
but the instructor can monitor every student's behaviour at every point

in the lecture.
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3.2 The Modes of Operation

The Cybercom system can be inserted into different modes of opera-
tion by the instructor, by using the mode control buttons on his con~
sole. The two basic modes of operation will be outlined in this seec=~

tion in order to illustrate the uses to which this system could be put

in a teaching situation.

3.2.1 The Social Mode

1f the system is employed in the social mode, then all the students

react simultaneously to some stimulus. The two main teaching areas where

this mode could be used are the lecture and discussion.

In the lecture situation, the instructor is usually involved in

imparting knowledge and understanding to the students. This is pro-

.bably the most basic and commontly used teaching situation. Questioms
are often asked at certain stages of the lecture in order to determine

whether or not students have understood a certain explanation, The sys-
tem now allows the instructor to view the answers of all the gtudents

rather than one or two, because as the students enter the answer into
their panels, these answers are displayed on the VDU. This was the
situation employed for the evaluation of the television lectutes. The

instructor can then decide whether he or the system will inform the stu~

dents of the correctness of their atiswers (if reinforcement is desired),

The discussion is another area where the social mode can be used,
The instructor or discussion lesder can monitor all the responses to
certain points raised and can direct or lead the discussion in a manner

which i based on this information.
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5,2,2 The Individual Mode

If the system is inserted into the individual mode, then students
can proceed through a situation at their own pace. Two areas where this
wode would be employed is in self-paced learning and testing or grading.

If a student is progressing through a progranwed instruction text,
the answers can be previously inserted into ti» system. The student
can then interact with the system in order to obtain reinforcement at
certain points in the learaing sequence. Students can be placad into
different groups, depending on their rate of progress. A special help
fepture can be activated by students who are expariencing difficulty.
The system keeps a record of every student's progress, which is available
for the instructor. In this sense, the gystem is being employed in a
CMI manner in addition to CAI,

Secondly, the system can be employed for the recording and grading of
test answers. Students would insert their answers into the panels which
would then be recorded and marked for the instruntor. The flow-chart
in figure 10 indicates the mode choices which the instructor has wheno

using the system.

Instructor
l ;
l l
Social Individual
Mode  Mode
| L
I l 1 1
Lecture Discussion Self~Paced Testlng
Learning

Figure 10: The Mode Choices
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5.2,3 Results and Analyses

In addition to stocing all information which is avtered into it,
fo the system will produce a battery of repovts and analyses almost immediate-

ly on request by the instructor. This provides the instructor with de-

tails of the group's performanr: in addition to information about an in-

dividual's progress. These reports and analyses can be requested at

! . any time during a lesson. A hard copy of the final report and analysis

| | can be produced by the printer at the end of the lesson for later refe-~

rence. Examples of some of these reports will be given in the next sec-
| . tion when the use of the system in analysing the television lecturas

f is discussed.

t

i :

Q : 5.3 The Evaluation of the Television Programmes
| :

i

T TR

; The Cybercom system has now provided a means of collecting students'

responses as they occur in a normal lecture situation. This provided a

strategy with which to evaluate the television lecturwvs. The television

lectures were shown in a familar setting to the students. However, when

—aie it Rt e A St

a question was asked following a particular ingstructional sequerce, the

R i

! ) A students would respond by entering the answer into the student panel in
addition to making 4 note of it for later reference. This gave the
bl : lecturer immediate feedback as to how effective that particular teaching
i ‘;é | : sequence had been in bringing about some predetermined behaviour.

f In order to achieve this, a particular operating mode of the system

was chosen; and & special type of use was made of that tode which was

AT e S

necessitated by the experimental design.This operating sequence is des-

e .

cribed in this section with accompanying illustrations of the type of

feadback which was received at various points during the lecture.
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5.3.1 The Lesson Programme

Before the commencement o each lecture, the answers to the ques-
tions to be asked during the lecture had to be fed into the system. This
is easily facilitated via diskette or paper tape. However, the content
of these answers deserves some attention. The information which is
fed into the syste+ is kiown as the lesson programme. The reason for
this programme being entered into the system prior to the lecture is
that the system must have a basis from which it can compare the responses
received from the students and then indicate what percentage of these
qualify as correct responses. This will be more clearly indicated if
we consider a particular lesson programme.

The first of the six lectures used in thls study, lecture M35, has a

lesson programme as indicated in figure 11.

- €EHI
00 M35
€]
0l 2\ TvO
€]
02 6\SIX
&l
03 S52\FIFTY TuO
el
04 K= 4\ ANFOURNX=FOUR
€I
05 O\ ZERO\X= O\ X=ZERO\NOUGHT
€]
06 3/B\0, 375\ 0.375
€l
07 1/16\Cs 0625\ 0. 0625
&l .
08 1/76\0s 125\ 0. 1 25N\F(3)=1/B\F(3)=0, 125\F(3)=0.125
el

. 0 DISCRRTENDLS

&l
10 NO

Figure 11: The Lesson Programme for Lecture 1-M35
The first line, **ere the symbols @EHI appear is simply an ini-
tialization process performed by the svastem at the commencement of zach
lesson programme. The number 00 is the code for the name of the programme:

M35 appears in this position.
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The third line has the symbols @I. This signifies a condition which
has been chosen for the form of the answer and means that the answer which
the students enter must be identical to the amswer which is given for
question one in line four. If this condition was not stated then a
general answer which contained a few key woxds or phrases would be ac-
cepted as correct. = This facility exists for answers which ave difficult
to quantify. However in this subject most answers are quantitative and
therefore the 'identical' condition was chosen.

On line four the number Ol appears which represents questioun one.

The answer to this question is two. As students could indicate this ans-
wer inmore than one form, alternatives are given. In this case they are
indicated as 2 or two and programmed as 2\IWO.

This pa.tern continues for questions two to ten. In all cases the
condition was chosen as 'identical' but several alternatives are given
for each question. For example, in question five the students are asked
to find the value of X and five alternatives of the ~orrect answer are
given as:  O\ZERO\X=0\X=ZERO\NOUGHT

It can happen that the student will supply a correct alternative
which has nou been included in the lesson programme. This will be de~
tected by the ingtructor as he monitors all the student responses. How-
ever this answer will not be included with the correct responses ia the
analysis of each question. This was one of the factors considered w' ..

an acceptance level of 707 was decided upon, as discussed in sectioy 3.3, 2.
The lesson programmes for the six lectures produced for this study

pear in Appendix IV.
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5.3.2 The Reports
.ce the lesson programme has been entered intd the system the lecture

may commence. The first instructional sequence is shown followed by a

basic question related to this instruction., The students enter their
; responses into the system and the lecture continues. At any stage du-
ring the lecture the instructor may monitor the students' performances
via a battery of reports which can be called for and are produced im-
mediately. These reports will be briefly discussed:
(a) The students' responses: Each response made by the students is
displayed on the VDU. The instructor may record these responses for
later reference.
(b) Detail report: This report indicates which questions have been
answeced by each student, in addition to revealing whether each answer
was correct or ineorrect. This report also indicates whether a student
has left a particular question unanswered or if he has made more than
one attempt at answering it.
(c) Student repo:t: This report would usually be generated at the end
of the lecture. It gives the overall results of each student for all
the questions. The information it supplies includes the number of ques-

tions attempted by the student, the number of correct responses at the

v T WY

1 first attempt, the final number of correct responses and also the numbet
g f of correct respomses out of the total number of questions attempted.

d The above three reports can be very useful to the instructor both
during and after the lecture. For example, those students who are ex-
periencing difficulty are easily identified and can be helped during or
immediately after the lecture. If the lecture is televised, a poot cr
ineffective instructional sequence is immediately identified; the tele-
vision lecture could then be interrupted by the instructor in an attempt

to elarify this weak area,
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Although it is admitted that the above represent strategies which
should be adopted when the sort of information supplied by the reports
is available, none of these stvategies wereemployed during the experi-
mentation period. The reason for this was that the object of the exer-
cise was to evaluate the effectiveness of a pre-recorded television pro-
gramme. If any interruption was made during the showing of the lecture,
an uncontrolled variable would have been introduced in the form of the
'live' instructor. Therefore, although the situation was not always en-
tirely satisfactory, no interventions could be made without violating
the conditions laid down in the experimental design. The reports re-
ferred to were generated during the television lectures, but were used
for observational putposes only. Examples of these three reports are
given in appendix 1IV.

A Tourth type of report is generated by the system which was es-
sential for the evaluation of the lectures.

(d) Question Report: This report gives a final analysis of how well
or badly the individual questions were answered. An example of such a
report is given in table 2. The first column (ON) gives the question

numbers, in this case from juestion one (01) to question ten (10). The

Table 2: A Question Report

{
a .5 RE 1% M4 BNSW.
ol 60 60 100 60 2

02 8G 80 100G 8O 6\

03 606 60 100 6C 352\

04 0 &0 100G 80 X=4\

(03] 40 40 100 40 O\

0é 100 100 106G 100 378\

07 4C 40 100 4C {716\

0.} B0 B8C 100 80 1/8\

(0] 40 40 80 50 DISCRETEN
10 60 60 100 £0 NO
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second column gives the percentage of students who finally answered

the question correctly (LZ). The third column (RZ) gives the percen-
tage of students who answered the question correctly at the first at-
tempt. Notice that the figures in these two columns are identical.
This is because the students' immediate responses to the questions were
recorded and they were not permitted to change any answers at a later
stage. The experimental design in this study requirved that the students'
jmmediate responses were always recorded. The reason for this will be
explained in chapter 6 when the design is discugsed, The fourth column
indicates the percentage of students who attempted each question (A7)
and the final column (M%) indicates the percentage of students, out of

those who answered the question, who obtained the correct answer. This

is the percentage (MZ) which was used as a measure of the effectiveness
of each instructional sequence.

The MZ value was preferred to the R%Z value for the following reason.
After each question was asked a fixed amount of time was set aside for
the students to respond. Thus the slower student might not have had
enough time in which to respond, although he had found the instruction
adequate., However if we take the students who did respond and determine
how many of them responded incorrectly, then this figure will be strongly
related to the effectiveness of the instruction in achieving its stated
objective.

Admittedly, it could be argued that this figure ignores the students
who found the instruction so poor that they are totally confused and are
unable to offer any answer at all, Although this probability does exist,
it is not deemed to have a great affect as the RZ and MZ values were very
gimilar,

It is also admitted that the situation where the slower learner is

being penalized by a fixed-time period is undesirous. However, as was
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pointed out at the beginning of this study, the object was to investi-
gate the effectiveness of instruction within the status quo. Many stu-
dies have been conducted which describe the advantages of self-paced
learning, and these are not disputed here. The pragmatic point of view
is that the lecture as a vehicle for teaching is going to be employed
at the tertiary level in this country for quite some time and to quite
an extensive degree (often though perhaps in conjunction with some form
of self-paced learning, as is the case in the course within which this
study was conducted). Under these circumstances, how does one best op-
timize the instructional effectiveness of the lecture? It is from this
point of view that the fixed-time period which the gtudents are given
to respond in is accepted, but not necessarily condoned. This feature
itself is worthy of further research and the Cybercom system could pro-
vide a means of detecting the length of time which different students
need in which to respond. There is some evidence that a very small
change in response speed is indicative of the strength of learning,

and this change can be detected by instrumentation (Judd and Glaser,
1969) .

The processes which have been described represent the operating
mode in which the system was used to ecnable immediate evaluation of each
instructional sequence. It must be remembered that this was a very
1imited use of the systems potential. One other process was used which

is characteristic of the system and will be mentioned briefly.

5.3,3  Tmmediate Feedback

In addition to monitoring student responses, the Cybercom system
enables communication to take place between the instructor and the in-
dividual students. A simplified form of this communication facility was

used during the television lectures.
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At the end of each {instructional sequence, jmmediately after the

question had been asked, the instructo: communicated with the students

by inserting the word 'ACT' into the viewing window of the student panels

and causing the two 1ights to flash slowly. This is achieved by de-

pressing a special function key on the instructor’'s keyboard. The

etudents are then given a fixed time in which to enter their responses.

At the end of this time period, immediately before the next instructional

sequence begins, the instructor communi.cates with the students again by

depressing a reinfercement mode button on his console. If the student

antered a correct response, the lights in the viewing window flash on

and off at a very high frequency; if not, the lights remain off.

There appears to be a certain amount of evidence that suggests that

immediate feedback aftex a student has made a response Facilivates learn—

ing. Levie and Dickie (1973) made the following points in a review
of research findings in this area. Mrst researchers have found that
knowledge of results is of little value following correct responses,
casting doubt on the proposition that the confirmation of correct re=

sponses has rewarding properties and acts as a reinforcer. Teedback

may aid when the Jearner has responded correctly but is not certain a-

bout the correctness of his response. Knowledge of results does faci-

1itate learning when it follows wrong responses. guch feedback per=

mits the learner to correct his mistakes and will diminish the likelihood

rhat he will recall wrong responses as being correct. Feedback wnich

provides the correct answer i better than merely telling the learner

he was WEome. Researchers have pet erally found that knowledge of re-

sults is most effective when provided ivmediately folilowing the response.
When the television lectuves were first analysed, an experiment was

conducted in an attempt to measuve the effect of the immediate feedback

An achievement type test was conducted at the conclusion of the lectures
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(a pre~test had been administered before the lectures were showt) which

was based solelyon material covered in the jectures. Iwo groups of students

were shown the lectures. The first group used the Cybercom system and

therefore were given immediate feedback to their responses in addition

to viewing the correct answers at the end of each lecture. The second

group were shown the lectures without the Cybercom system and therefore

recaived only delayed feedback when they viewed the answers at the end

of each lecture. An analysis of variance showed no significant difference

on the 5% significance level although the group which had immediate

feedback had shown a greater improvement. However it is felt that some

independent variables had not been controlled strictly enough in order

to glean very much from the experiment (Young, 1978(2)) .

For the purposes of Lhis study, one particular mode of the Cyber-

com system was made use of. However, as it is a multimode communica-

tion system there are a host of possibilities for which the system

could be used in research involved with teaching and learning. At this

point in time these possibilities are still iargely unexplored and very

1ittle research has been conducted in comjunction with this system.
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6., THE DESIGN OF THE EXPERIMENT

i The area which is researéhed in this study is not classified as a com-
parison of ome type of instruction with another but rather an evaluation
' : of instructional effectiveness and whether instructional effectiveness
g can be improved once this evaluative feedback has been provided, under
certain prevailing conditions.

Any attempt to evaluate a teacher's effectiveness will be confronted
with the question: 'What constitutes good teaching?'. Cohen, Rose and
Trem: (1973) elaim that there is no universal set of expectations which
% define a teacher's role. Instead, an unknown number of sets are held by
people irom different cultural and socio-economic backgrounds. In order
to determine how a particular observer or even a set of observeis will judge a
i teacher, it must first be established what the observers' expectations
j are with respect to the teacher role. Elton (1975) wonders whether it
i is possible to assess teaching or indeed if it is possible to assess any-
thing for which there are no absolute criteria.

Tt is not intended to become involved in a debate of this nature and
therefore this chapter will begin with a delimitiation of the criteria

which were used to evaluate the instruction and the conditions under which

the instruction took place. The hypotheses to be tested will then be
stated and the identification and control of the variables expounded.
Finally, a description of the sampling process adopted in the selection

of the students will be given.
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6.1 The Purpose of the Experiment

6.1.1 Some Prevailing Conditions

The motivation for this study arose from the teaching conditions
which were prevalent in an introductory statistics course which is ad-
ministered to large numbers of students. Tn an attempt to improve these
conditions the use of media was investigated. Certain aspects of the
systems approach to instruction were used in the selection of media which
included the utilization context (the ease with which it might be ad~
ministered to large nurbers) and evaluation procedures (the ease with
which developmental evaluation and revision might be accomplished).
(Levie and Dickie, 1973). Other attributes have to be copsidered in
media selection and Glaser and Cooley (1973) state that it is 'platitu-
dinous' to say that instructiomal systems need to adapt to the require—
ments of the individual learner, but how to bring this about in educa-
tional institutions which are overwhelmingly geared to mass group in-
struction is a fundamental question.

After consideration of these and other conditions, if was decided to
use the medium of television for the lecture situation in the introdue~
tory statistics course. This is oniy one of several components which
constitute all the teaching situations associated with the course. Al-
though this decision may be construed as the furtherance of mass educa-
tion, one factor whica was {nstrumental in this decision was the ohject
of releasing lecturers from routine, repetitive situations and increasing
their availability for teaching situations whichwere more individualised
and interactive than the formal or traditional lecture.

This investigation was initiated within this prevailing Eramework.

Given these conditions and the fact that televised instruction would be

used in a fixed-time lecture period with large numbers of students in
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attendence, how could these lectures be evaluated and subsequently

.} improved?

Several other prints with regard to the prevailing conditions are

|
§ %
' ﬁ
worth noting;  these ate probably not unique to this University but are

applicable to many institutions in higher education. Different lecturers

are responsihle for the presentation of different sections of the coursej

} ; the section is usually the area in which the lecturer is academically

regarded as a specialist. Not all 1ectutérs are, altlough it would seem that

they ate expected to be, specialist3 in education and teaching. It is

rather ironic that academics and scholars who set such great store by

ose powers when con=

Bl

the analytical powers of the mind so rarely apply th

1 i ‘
“ i gidering their own teaching (University Teaching Methods Unit, 1978).

1f the lecturcs are bo be evaiuated where the underlying motive is di=-

rected towards their improvement, 2 method must be adopted which ie¢ ac-

.

ceptable to all the lecturers and which is effective.

oh hk PEnTeet TR T i e I PR

’ The television lectures produced for this study were constructed

where these conditions and circumstances were dominant factors.

{ 6.1.2  The Model to be Tested

A topic in the introductory statistics syllabus was chosen which was

entirely new to the grudents. In other words it had never been included

o R,

|

j

ﬁ

‘. in the secondary school mathematics syllabus & d the orobability of any
i}

|

X

students having covered it previously was minimal. This was to ensure

that any evaluation which would take place during a lecture would be

based on that instruction and not on any previous teaching. The topic

'An Introduction to Probability'Distributions’ and included

ies of probahility distributions in

{ ,
chosen was

the consideration of some propert

addition to the examination of twe particular probability distributions.

Saeveral mathematical skills and a certain amount of the mathematical

packgrousnd required for these lectures should have been previously

o e
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acquired by the students. As most lecturers assume that studeiits have

acquired the necessavy background and skills from previous work when

new subject matter is baing dealt with, it was assumed that the students

had managed this acquisition when the topic was approached. This is very

seldom the true state of affalrs and was blatantly pointed out when the
lectures were evaluated, as is described in chapter eight.

This topic would normally be covered in =bout six forty-five minu. -

AT

G lecture periods by a 'live' lecturer, Therefore six television lectures,
‘ : i each of an equivalent length to that of the 'live' lectures, were pro-

.;, ; ‘ duced. The content and presentation of the lectures were hased, to as

ga » » ; great an extent as possible, un the same lines as that of the 'live'

h lecture. The intent here was twofold. First, itwas accepted that if a

team of teaching and subject experts had composed and produced the lec~

tures, they would have been of a far higher quality. However, that type

v ‘ ) of model would not be acceptable to the 'average' lecturer who usually

~j; : prefers to present his lecture with his own style and personality, Many
i : - -
i :

I : lecturer's do not have the time (or are not prepared to moke the time)
I ,

to spend with such a team examining and improving their teaching. Se-

i
j
at ' ; condly, many lecturers do not have the background and training requirasd

i ' ,

' to understand and apply many ceaching techniques and learning nrinciples.
I

!

!

In short, they are not preperly qualified educationists and are not likely

T ] B e T T i T AR s A R T T e e T N TR T T e AT R TR T O Y TR R e TRy TR
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to become so0 and therefore would not be likely to adopt a lecturing method

which imposed these conditions on them. It has already been showa (Gropper,

1967) that 'programmed' television instruction can be improved by simply
adovting tried and tested principles of programned ingtruetion.

Thus the changes imposed on the transition from a 'live' to a televised

lecture were kept to a minimum; the intent being that these changes

could be outlined to any lecturer in a short amount of time, The changes

that were imposed can be described as follows:
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(1) A general aim or intention was stated for each lacture: a statement
which outlined in general terms what the studemis should have achieved by
attending the lecture.
(2) The specific abilitias which students ..ould achieve at v-~ious stages
during the lecture were described in terms of observable student beha-
viour. In other words, what should the students learn from each instrue—
tional sequence in the lecture, and how will they demonstrate that they
have learnt what it is that they were supposed to learn?
(3) A very simple or basic question (or two) was genecated for each in-
structionl sequence which testea the achievement of the abilities stated
in (2). These questions were ingerted at the end of each instructional
sequence an<d were displayed for a fixed period of time.
(4) Television graphics were prepared before a lecture was recorded,
although occasional notes were still made on the chalkboard during a lec—
ture, In order to a.sist the student, a green background was used with
certain graphics to indicate expressions, formulae or statements which
were worth taking nnte of;  in all other cases a blue background was used.

The content and presentation was then left to the lecturer himself.
Only slight modifications were made to his 'normal' lecture so as to in—
clude gome of the general principles of criterion-referenced insti setion
like writing objectives in behavioural terms. Admittedly, some of the
learning principles outlined in chapter two now form part of the lecture
whereas this might not have been the case previously. For example, when
students answered the questions during the lecture, they were obtaining
appropriate practice of the :. lls they were supposed to be learning;
when tley were given feedback via the Cybercom system the principle of
knovledge oi results was beiug applied in an optionul sense.

The central concern of this study however was not whether the lec-

turer's instruction had now improved from what it was, although this
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could, relatively painlessly, adopt and which would repisr-~ * ¢ -inor trans=

formation from the 'gtandard' lecture which he usually delxv.zs.

6.1.3 The Hypotheses

The procedures adopted in the pvaluation of this instructional model were

based on the following two null hypotheses:

1. During the presentation of recorded television lectures on introduc-

tory statistics, students' attainment of nwre-stated behavioural objectives
Y L ]

cannot be assessed via'a computer based teaching system.'

2. Students' attainment of pre-stated behavioural objertives during the

presentation of recorded television lectures om introductory statistics

cannot be improved by analysing ther effectiveness of the television lectures

s of the television lectures.

'

and administering changes to part

The experimentation necessary to test rhese hypotheses leads to the

postulation of a third hypothesis which was investigated:

3. There is no significant difference between the students' attainment of

pre-stated behavioural objectives during the presentation of recorded tele~

vision lectures on introductory statistics and the attainment anticipated

by the presenter of the television lecture.

The model described here i~ cne which any lecturer
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Several variables had to be identified and controlled before any
results were to be obtained which could be used to test the null

hypotheses,

6.2 The Identification and Control of the Variables

6.2.1 The Criteria for Evaluation

As was mentioned in the introduction to this chapter no absolute cri-
teria exist or are universally accepted when instruction is to be evaluated.
Therefore the criteria which were to be used to evaluate instructioca in this
study must be clearly stated. The television instruction was judged using
the criterion of learner growth, where learner growth wasassessed in terms
of the attainment of well-defined bgshavioural objectives. A full discussion
of the type of behavioural objectives used in the television instruction was
given in section 3.3.

The development of behavioural‘objectives as an attempt to deal with
the very basic question of what is belng evaluated when assessing teacher
competence is a relatively new approach. Performance tests of teaching pro-
ficiency have been developed where teachers are given sets of explicit in-
structional objectives and asked to teach specifically to them; instruc-
tional effectiveness is then assessed in terms of the teacher's ability to
produce the student behaviour changes preseribed by the sbjectives (Roueche
and Pitman, 1972). Although several aspects of this approach are often
subject to criticism, as outlined in section 3.1.2, this is the type of
approach which was used to evaluate ‘e effectiveness of the television
instruction.

An important aspect of this avproach is the means that are used in order
to determine if these obiectives have been achieved. The first considera-
tion is that the objectivus must be stated in terms of observable student

behaviour, Secondly, the behaviours which the students are asked to pet-
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.

form (the questions which they are asked) must be the behaviours which

they are required to attain. Thus the questions which are used to determine

the attainment of a partiecular behaviour must be valid; if they are not,

uncertainty will remain as to what it is that is being measured.

Thus the validity of the questions which were used is an important vari-

able in this experlment and one which must be strictly controlled through~

The validation of the questions is fuily discussed in the next chapter.

out.

6.2.2 The Instructor Effect

In order to ensure that any hehavioural changes be attributed to the tele-

vision instruction only, no interventions or interruptions were made during the

reptaying of a television lecture. Im addition, no comments were made prior

to or after a replay. In fact, the only motive for the presence of a 'live'

leeturer during the replays was that the Cybercom system had to be operated

and to enable the lecturer to monitor the responses as they were being made.

The students were informed that the purpose of recording their responses

was to evaluate the effectiveness of the instruction and not to evaluate them.

The same lecturer was responsible for the presentation of all gix lectures

which covered the chosen topic, in order to prevent any instructor interac~

tion which might have occurred if more than one lecturer had been used.

6.2.3 The Response Delay

In the majority of methodological experiments in education, some type of

stration of a treatment.

measurement is made jmmediately after the admini

often, a delayed measurement is made at some later stage. However, the

longer the delay before the measurement ig made, the greater the probability

that some uncontrolled variables will ¢ eract with the treatment, Thus

the initial measuzement is made as soon as possible after the treatment.
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In many experiments, this is often a difficult exercise and interac~

tions which occur with the treatment are usually difficult to control.
A central feature of this experimentwas the jmmediate measurement which
took place after each instructional sequence which was achieved by using

the Cybercom system., Thus any interactions which might occur during a

lecturewere kept to an absolute minimum.

6.2.4 The Sampling Procedure

Three samples of students were used in order to evaluate the television

lectures. The sampling process used is an important feature of any ex-

periment and the one adonted will be fully described in the next section.

6.3 The Student Samples

6.3.,1 The Measurement Varigbles

The selection process employed in obtaining the student samples was one

where students were randomly selected from the parent student population

according to the first letter of their surnames. This did not ensure that

the samples contained students of identical mathematical ability as would

have been the case if matched pairs had been selected. The measurement

variables were designed in such a way as to obviate this necessity.

Two measurement variables were of importance in order to tust the hy-
i

potheses. In order to test the first hypothesis, an attemp. was made to

measure the attainment of pre-stated behavioural objectives during a tele-

vision lecture «with thc aid of the Cybercom system. The actual level of

attainment was not imprvvant to this part of the experiment.

However, this imitlal exercise in evaluating the instruction acted as

a guide as to which sequences in the lectures were unsatisfactory and

gshould be changed. Thus it was important that the sample for this evalua-

kion was representative of the tpopulation' of students. The acceptance
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1evel of instructional effectiveness had been set at 70%. The initial
sample was therefore used as an indicvator of the achievement of this level
for each instructional sequence. In order to ensure that this indication
was not signiZicantly different from that which would have occured for the
population, a statistical test was conducted on the results of a pre-test
which was administered to all the students at the commencement of the sta-
. tistics course. The results of this pre-test are given in section 6.3.2.,
The measurement variable which was used to test the second t pothesis
was the differences between the scores obtained by two samples of students

for the instructional sequences which were left unchanged and for those

that were changed. These two gamples were not perfectly matched and their
' : abilities not identical. This requirement is not necessary as the differences
between the scores of the two samples were being nompared for two uets of
instructional sequences: the changed and unchanged instruction.
This point can be illustrated graphically as follows: if the two groups
were identical and the instructionwas also jdentical (this is the instruction
which was left unchanged), then the differences between scores for each
questior which was asked at the end of every instructional sequence, would
be expected to be distributrl in a normal manner about the value of O, as
‘shown by distribution ( = .n figure 12. If the instructional sequences
i whichwere changed causeda difference in effectiveness (either positive or
% negative) then this change in effectiveness would influence the results ob-
tained by the group whowas subjected to the changed instruckion (the other
group received the original instruction) and the differences in their

geores would no longer be distributed about O, but some value, ¥; as indi-~

cated by distribution (2) in figure 12. These two distributions could then

be tested for any significant differences.

L RFIITE R, N i e ST SRR A s T o PRI T THRET T A T EE e e o mom e

SRS e N M e T

;

o R e v g et b et T A -




T e

e i T an S R LIl TR ZNRTT M TG ety SO T VRS WA iR T T i TRTRONR T e e

86, .

e (2)

Figure 12: Expected Distributions for Identical Groups.
X: Differences between scores for questions related to,
(1) Unchanged Instruction,

(2) Changed Instruction, where a difference is indicated,

(3) Changed Instruction, where no difference is indicated.

1f Lhe changed instruction produced no effective change on the stu-
dents, then the results should be very similar to those obtained by the
group who were given the original instruction and the differences
be distributed about O or a value very close to 0, say X,, as indicated
by distribution (3) in figure 12.

1f, however, the two groups were not identical, then there would be a
difference in their results for the identical imstructionm. These dif-
feronces would not be distributed about O, but some other value, say Xy
This is indicated by distribution (1) im figure 13, A similar érgument
can now be employed tc explain that changed instruction which was effectively
different can be represented by distrib» on (2), about some value X5 and
if itwas not different, itwould be distri.uted about some value X, which

is very close Lo X4} this is illustrated by distribution (3), figure 13.
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) ~ &) (2)

l s
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Figure 13: Expected pistributions for Non-Identical Groups.
X: Differences between 8COTES for questions related to,
(1) Unchanged Instruction,

(2) Changed Tnstruction, where a difference is indicated,

(3) Changed Instruction, where no difference is indicated.

It can be argued that two vastly different samples could intreduce
new, uncontrolled variables and that the distributions would not follow
the pattern described. In order to obviate this possibility, two similar,
but not necessarily identical gamples were chosen. These two samples were
also similar to the sample which was used for the initial evaluation of
the instruction and ~11 three samples were representative of the student

)

'population.’ This was established via the pre-test, the results of which

are analysed and described in the next section.

6.3.2 Prep-Test Results

Three samples were chosen from the student "population'. These samples
differed in size. The student 'population’ (those taking the introductory
statistics course) numbered about 1700, This population was divided into
eighteen separate groups for administrative and logistical reasons. Three

of these groups constituted the three samples used in the experiment. It
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was decided not to use samples specially constituted for the experiment

so as to avoid any Hawthorpe effect!. 1t was however, desirpu. that

these three samples were not significantly different in terms of mathe-

- matical ability as indicated in section 6.3.1. A pre-test was adminis-

tered to all the students in order to determine their entry skills at the

‘ commencenent of tﬂé course. A copy of the test is given in appendix V.
The first analysis concerns the homogeneity n¥ the three samples.

“ The null hypothesis to be tested is: there .s no sipgnificant difference

between the three samples in tarms of the pre-test results.

! '"In many experiments there is a danger that subjects will behave acti-
ficially. Volunteers for an experiment know that it is mot for real
and may unconsciously tall into certain poses. Cast into a let's -
pretend role they often respond according to their perception of what
is socially normal. Or subjects maybaulk at being manipulated and try

; to outthink the experimenter. They may be liypercooperative or hyper-—

competitive with their fellow subjects. The most famous example of a

i laboratory effect is the Hawthorne study, in which selected factory

workers were so pleased at the experimental attentions of the manage-

ment that they produced steadily more with each mew change, regardless
of whether it was an improvement, The highest productivity came with

J : . the final change, which took away all breaks, hot lunches, and incen-

tive payments., Needless to6 say; generalization to all factory workers

was rather unsafe. This form of guinea-pig reaction, whera subjects
respond much more to the fact of being subjects than to the treatment,
has “een dubbed the Hawthorne effect.' Ross, J. and smith, P. Orthodox
experimental designs. In Blalock, H.M. and Blaleek, A.B, (Eds.).

Methodology in Social Research. McGraw-Hill, 1968, p.34:,
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A onc-way analysis of variance was conlucted. The results of'this
analyeis are given in table 3. The 957 confidence limit was chosen; thus
differences were sought at the 0,05 significance Jevel (S.L.). The ¥
value at the 0,05 significance level for v, = 2 and v, = 120 degrees of
freedom is 3,07 and for v, = 2 and v, = d¢ ‘rees is 3,00 (Pearson, 1966).
Thus the F value for vy = 2 and v, = 184 dejrees of freedom, as is the case
in the analysis given in table 2, will lie between 3,00 and 3,07. The F

value in the analysis is 2,305. Thereforé the null hypothesis of no signifi-

cant difference can be accepted.

The secc anlysis circerns the representativeness of the three samples
with respect to the student population. Three separate tests were conducted,
cne for each sample. The null hypothesis tested in each case was:

There is no significant difference between the sample and the population
in terms of the pre~test results.

As each sample had a size greater than thirty, a t-test is unpecessary
and the anaiysis can be conducted in terms of a normal approximation (Chao,
1974). A significance level of 0,05 was again chosen. The population mean
(uo)was equal to 34,299 and the population standard deviation (u) was19,211.
The results of these analyses are given in table 4.

As the z-scores for all three samples were within the 95% confidence
limits, the null hypothesis was accepted in cach case.

Thus before evaluation of the television instruction took place it
was establinhed that theru were no significant mathematical dilferences be~
tween the three samples in terms of the pre-test and that the satples were
representative of the student population. One other point that had to be
established before any evaluation took place was that. the gquestions that
were asked during the .ectures were related to the stated objectives. A des=-

eription of this validation process is given in the next chapter.
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o L - ONE W B ¥ = m m o omeomm o ow oe oo v = = = e — e e e e e e

VARIABLE NARK
‘ AMALYSIS OF VARIANCE

: SCURCE DeF e SUM OF SQUARES MEAN SQUARES F RATIO F PROB.
¢
BETWEEN GROUPS 2 +593.6650 - 79648323 2,305 . 0.1027 .

ﬁ WITHIN SROUPS 184 63621.8828 345.7710 2
; TaTAL 186 65215.5469 '
L
J
- ) 5TANDARD STANDARD , ‘

GROUP CCUNT HEAN DEVIATION ERROR MINIMUM MAX TMUM 95 PCT COMF INT FOR MEAN
'6RPOL g9 34,8687 1845701 866 1.0000 7540000 31.1649 1O 38.5724
"GRPO2 34 3042059 17.6116 3.0204 440000 6540000 24,0606 TO 3643508
I GRPO 3 54 368.88489 1942262 246164 . 1140000 83.0000 33e5411 TO a8 1 36¢
. TOTAL 187 i5.1818 18.7249 143693 {e0020 8340000 32.4805 7O 37.8032

’

Table 3: One way analysis of variance of the pre~test results for Groups 1,2 and 3.
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e Tests for Three Samples

Table 4: Significanc
u, = 34,2993 0 = 19,21L.

HO IR VIS }.10

B, b= U

L
At the 0,05 significance leve

if the null hypothesis (Ho) is to be accepted.

Sample 1: % = 34,873

n
- (3,87-34,299) (19,211 X —= )
Y59

= 0,296.

1, for a 2-tailed test:

~1,96 < z £ 1,96

Sampie 2:  ® = 30,213 0 =34

X—
s [¢}

(o8
®

x|l
= YUO
/a

. (30,21-34,219) /(19,211 X —— )
Y3k

Sample 3: X = 38,89; n = 54

va
- (38,89-34,299/ (19,211 X —= )
V54

= 1,756,
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7. VALIDATION OF THE EVALUATIVE MEANS

The effectiveness of the television instruction was to be judged in terms

of student achievement of pre—-stated behavioural objectives. This achieve-

ment was measured in terms cf student responses to questions which elicited

these behaviours. Seme validation technique had to be used in order to en-

gure that the questions asked did in fact elicit the required behaviouts.

In ghort, the questions had to measure what they were supposed to measure.

Measurément practices employed in the construction and analysis of tests

have up.s gone major developments and refinements in many psychological and

educational studies and it is not intnnded to attempt even a sumraLy of this

'vast field. Some central ideas in this field, such as test validity and re-

liabiiity will be outlined in that they are relevant to the present «ituation.

This chapter will outline the adaption of these ideas to the validation of

the questions used in the lectures and the technique and result of this pro-

cess will be described.

7.1 Validation Procedures

7.1.1 Reliability and Validity

Two important attributes of a test are its reliability and validity.

There are several operational definitions of the reliability of a test and in

almost all of them high raliability means that repeated measurements will

give nearly the same results (Nedelsky, 1965)  Thus the reliability of a test

con be considered to be a measure of its consistency. «a closely related con=

cept is that of test validity. The validity of a test is the extent to which

a test measures what it purports to measure. The relationship between these
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two concepts is such that a valid test will also be reliable wherea; a
test which is highly relisble (gives consistent results) is not necessarily
valid. 1If a test is not reliable, the inconsistency of its results will
jmmediately render it invalid.

Several methods of determining the reliability of a test have been de~
veloped, but will not be discussed here. An attempt to bring a set of simi~
lar expecztations and common language to the validity arena was made by
French and Michael (1966). This led in part to the development of three

types of validity measures in educational and psychological measurement.

These three approaches can be summarized as follows:

1. Content validity: The adequacy with which the content of the test
samples the behaviour or content domain about which inferences are to be
made. This is usually determined by inspection and this appvoach relies
heavily on human judgement.
2. Criterion-related validity: The correlation of the performance with
some external criterion. An example of this would be the correlation be-
tween an IQ test and some later test measures.
3. Construct validity: A hypothetical construct presumed to account for
test performance is identified; one or more hypotheses are established re-
garding test performance based on this construct; the hypotheses are then
tested by empirical methods.

The content validicy approach was chosen for the validation of the
questions used in the television lectures. The suitability of this approach

for criterion-referenced questions will be outlined in the following sections.

7.1.2 A Priori and A Posteriori Apptoaches

Perhaps the most common statistical analysis used in improving a test's
reliability (and if the major objectives are properly represented in the

test, also its validity) is item analysis, in which the correlation between
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the test as a whole and an individual item is calculated (Nedelsky,.1965).
A short cut method of calculating this correlation is usually adopted and
1eads to an index of discrimination. This index is obtained by using the
total test scores to separate the students into 'high' scoring and 'low’

scoring groups. If the high group does much better than the low group on

an individual test item, then that item is said to show good or positive
discrimination. If the high and low groups do equally well on an item,

..as no discrimination and if the 1o » does better than the high ore,

it has negative discrimination.
Thus the v¢ idity and reliability of a test are usually improvel by
aiming at achieving items with positive digerimination indices. As this

is an empirical method, the approach to improved test reliability and va-

1idity is mainly an a posteriori approach. An a priori approach is usually
adopted to the extent that test writers always try to write good tests,

but this is mostly a subjective attempt. 1f a discrimination index is to
be used to improve items then data must be collected on the items'perfor-

mance and test improvement is effected via a posteriori wethods.

7.1.3 A Priori Validation of Criterion-Referenced lests

The remarks made so far in this chapter concerning test analysis apply

to what was defined in chapter three as a norm-referenced test, The ques=

-tons in the television lectureswere based ¢n a crit {on-referenced measure-

meat approach. If the methods for improving test validity and reliability

were imported en masse and applied to criterion-referenced tests, several

difficulties could resuvit.
The point was made in chapter three that one of the basic requirements

of a norm-refetvenced achievement test ig that it should spread students out

so that subtle comparisons can be made among them. A test item that is most

sffective in spreading examinees out is one with a pogitive discrimination

index: it makes the high group's score even higher and the low group's

N T L T g iy e,
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score lower and thereby increases the spread in the final result. Items
which do not in any way affect the spread of the results are those with a
zero correlation index. These items include questions which are answered
equally well by both the high and low groups and they are the items which
are usually discarded or changed when a test is revised. Thus items which
are answered correctly by large proportions of students are excised from
the test. TFor purposes of spreading examinees out, these items are redun-
dant. Popham (1978), in his introductory text on criterion-referenced
measurement, claims that this is one of the factors which makes some of
the techniques of test validation and reliability used in norm-referenced
testing, inappropriate for criterion-referenced tests.

He argues that test items on which students perform particularly well
tend to be items covering the very concepts that imstructors thought im—
portant enough to stress. This leads to the situation where the more impoxr-—
tant the topic is, the more likely a teacher is to emphasize it by devoting
instructional time to its mastery; the more instructioral time devoted to
a topin, the more likely that the norm-referenced test items related to
that topic will be answered correctly by many examinees; the more often
a test item is answered correctly by many examinees, the more likely that
item is to be removed from that test. Thus a norm-referenced test which
has often been revised and is highly reliable and valid will tend to omit
the most importint and often taught areas. Tyler (1973) cites a series of
international education studies in which the only items on achievemeut tests
that discriminated among pupils were based on things not taught in schools;
the items covering school rel.ted topics had long since been jettisoned
from rhe tests.

This is possibly an extreme view but nevertheless does point out some
of the difficulties which would be encountered if this technique was used

to improve the validity and reliability of a criterion-referersed test,
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The items with zero diserimination (those answered correctly by most ot none of

the students) are precisely the ones required in a eriterion-referenced

wise of a required ob~-

test in order to indicate the attaimment or other

n the decision to use the

jeetive. These factors were instrumental i

content validity approach when validating the lecture questions. This

jes on judgemental techniques as oppused

is an a priori approach which rel
hich are more prevalent in a norm-referenced

.

to the empirical methods w

test validation procedure.

7.1.4 The Validation Techniques

There is substantial support for the view that subject cumtent specia-

1ists are best qualified to validate items or questions when using a con~

1son and Hambleton (1974) conclude that content

tent validity approach, Cou

specialists’ ratings, along with empirical procedures, provide an excellent

basis for establishing content validity of domain-referenced test items.

In a later study Rovenelli and Hambleton (1976) report favourably on the

use of content specialists in judging the quality of criterion-referenced

test items. They indicate that there is considerable evidence to suggest

that content specialists can complete their ratings quickly -and with a

high degree of reliability and validity.

This is the point of view adopted in this study and a team cf five

content specialists was used to validate the questions inserted into the

television instructior. Popham (1978) claims that in addition to using

content specialists, @ method of systymatisc human judgement must be en~

ployed. This systematic method would venslly include the following steps:

(a) The services of a reagonable numhe - of content specialists (prefera=
bly more than three) must be secured.

(b) A list of the competencies or objectives to be tested must be read by

the content specialists.
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{¢) The content specialists must then matcle the questions or test items
+o the appropriate objective or competency being measured.
(d) The questions should be arranged in a random order and a one to one
correspondence should not always apply. In other words, more than one
question (or perhaps none) could apply to a single objective an¢ vice versa.
(e) If a majority uf the content specialists agree Luat an item does not
match its intended objective, then that item should be discarded or re-
viewed,

This is .the validation technique which was employed to ensure that the
questions used in the television lectures were indeed valid. The imple~-

mentation of the technique is discussed in the next sectionm.

7.2 The Matching of Questions and Objectives

The instructional model to be evaluated which ~as described { chapter
six required‘that, after a minimum number of modifications had been made
to che lecture in its 'traditional' form to accommodate the transition from
a 'live' to a television presentation, a general objective or aim for sach
lecture be stated, Secondly, specific behavioural objectives had to be
stated for each instructional sequence and thirdly, questions hal to be
generated which would test the attainent of these objectives, These three

phases will t - Jdescribed in this section.

7.2.1 The General Objectives or Aims

The titles of the six lectures which were evaluated, together with the

general objective or aim of each were:
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Lecture 1
Myt probability Distributions

Afm: The students wil abilicy distri-

1 understand the meaning of a prob

bution and the concepts related to probability distributions.

Lecture 2

Expected value of a Random Variable

qu:
e significance of the expected value of

Aim: The students will grasp th

a random variable.

Lecture 3

M37: mhe Variance of a Random Vi -iab ie

Aim:
AL

The students will grasp the significance of the variance of a

random variable.

Lecture &

MBS: The Binomial Probability Distribution

Aim: The students wil probability

1 understand the Bernoulli and Binomial

distributions.

% ‘% Lecture 5
Z % Myt Properties of the Binomial Distribution
% | Aim: The students will know the properties of the Binomial distribution.
Leckuze 6
Mot The Poisson Probability pistribuktion

Aim: The students will understand the Poisson probability distribution.
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The operative words in all these aims are all open to various intexr=-
pretations. To 'understand' the Poisson distribution will probably mean
different things to different instructors. Thus the aims are not expli-
¢it enough to be useful in terms of measuring their achievement. In order
for this to be done, the aim must be more specific in descriting what the
student will be doing to demonstrate the achievement of this aim.

Once the aims are stated in terms of observable student behaviour,
they are usually referred to as behavioural objectives. In order to evalu-
ate the effectiveness of the instruction in enabling the students to achieve
these objectives, the model used in this study specified that the objec~
tives must be behaviouvally stated. The next step therefore was to state

the objectives for each lecture in behavioural terms.

7.2.2 Specific Objectives

More than one specific objective was required for each lecture. "When
mnpving from a general lecture aim to behaviourally stated objectives it
was fournd that the students were expected to attain several behaviours in
sach lectures Thus each of the six lectures had more than one behaviourally
stated objective. Thir in effect reduced each lecture to a serieg of in-
structional sequences, where each instructional sequence had a specific
objective.

The final step in the preparation of the lectures was the generation
of basic questions which were designed to test the achievement of each
objective, It was often found that meveral qeustions could be generated
for each instructional objective which tested the formative steps that had
o be assimilatad before the entire behaviour was attained. Therefore
more than one question was often generated for each sequence and inserted
either at different stages of the sequence or one after the other at the

end of the sequence.
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Appendix I gives the behaviourally stated objectives followed by the
questions generated for each lecture., The questions are given in the
order in which they oceur in the lectures. The objectives are not given
in the order in which the students are to achieve thua. This 'achievement'
order will become apparent when discussing the matching results in sec-

tion 7.3.

7.2.3 Matching Process

The reason for the objectives mot being in the order in which they
vieresupposed to be achieved is that Appendix I is a copy of the list of
questions and objectives which was handed to the content specialists for
matching. Therefore the objectives rare placed in a random order so as
to eliminate any patterns which the content specialists may have detec~
ted while validating the questions. The response form which was given to
each content specialist is included at the start of Appendix I.

Five content specialists were used. They were all University lecturers
with substantial experience in teaching the introductory statistics course:
Each content specialist was given a list of the behavioural objectives
and questions for each of the six lectures. They were requested to read
through the objectives and questiong for each lecture and then mark dowr
next to each objective, on the response form provided, the number of the
question or questions which matched or related to a particuiar objective.
They were informed that more thamn one question could be related to one
objestive and some questions might not be related to any objective. No

time limit was set for the completion nf this foatching process,
7.3 Results

7.3.1 The Validity Ratings

No additional questions were placed on the 1ist piven to the content
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specialists. Therefore all the questions should have been mateched with
an objective. Although it was not intended, one question could have been
related to two or more objectives. This situation could arise when the
attaioment of an objective during the initial stages of a lecture was a
prerequisite for the atta{nment of subsequent objectives. In this in-
stance, the question which tested the attaimment of the initial objective
could be interpreted as being related to the subsaquent objectives.

Although this occurrence was not indicated explicitly as a possibi-
1ity to the content gpecialists, they all recorded instances of this type
of matching. It was decided tha- a question would ba considered to be
matched to an objective if a majority of content specialists indicated
this as being the case. However, questions which received a matching
from only three out of the five specialists should be closely scrutinized
and possibly 'massaged' to improve their validity 1iting.

A summary of the matchings recorded by the five contenc gpecialists
for the six lectures is given in table 4. Lecture 4 contains eight ques-,
tions and Lecture 9 aine.  The other lectures ali contain ten questions.
The second column indicates which objective wus matched to each question
hy the content specialists. The order {n which the objestives were to be
attained by the students now becomes apparent.  For example, the order
of attainment for Lecture 145 B3 C3 A, If the objective column for Lecture
1 in table 4 is gcrutinized, this is the order in which the objectives occur.

An exception occurs in Lecture 9 where the attainment order of objec~
tives A and B appear to alternate. The objective order for questisms 2 to
7 is given as: By Aj B Ay By B. This apparent exception is easily ex-—
plained if objectives A and B are more closely examined. pbjective B can
be counsidered to be a dual objective, It required that students are able

to calcéulate the varilance of:

" e
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Table 53 Summary of matchings recorded by five content specialists
§ Question Objective Vulidicy Duallty Ho Hateh Question Objeative Validicy Daaliey Ho Hatch
A Lecture 1 (H'JS) Lecture 4 (HJB)
l 1 ! 5 1 ¢ b 1
2 iy 5 |2 L 5
3 \ 5 3 [v 4
! p i 4 ! g ‘!
‘ 5 B 4 ) A h 1
3 [ ] 5 = 6 It 5
! b T T 7 8 5 ———
' 5 = T [ 1 5 .
. . A g
z .- [io A g
Leeturs 5 (}139)
3 r———— ettt
. 1 c 5
.l;entune f3 (,M_m) 3 % 7
i 1 A L 1 3 A 3 5
¢ . > A : ) A 3 &) 2
3 B 5 5 D E X ¢
4 [ ) 3 5 g =
: 5 C 5 5 5 -
\ 6 E 5 B(3) t
' 7 E 5 9 A J
1 B E 5 10 A 5
» ] 3 5
‘ 0] E 5
L
g Lecture 6 (Hl,o)
; Lecture 3 (HJ-,’ L 3
. A 2 . 5
5 1 C [ k] §
; 2 5 ) [} 5
5 3 3 5 I 5
: 4 5 ' ] 2
g 3 5 K ¥ 5
3 6 5 X&) ] c 5
i . 5 - 1 ] ¥ 5
{ j ") 5
}‘ 9 ) 5
' 0 ) 5 B{3)
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i) a gample, and

ii) =a population.

ii
1t required

ynsidered to be 2 dual objective.

Objective A can also be c

that students are able to recognise that:

iy 3% and

1)  EG-W
are both equivalent rexrms for the variance of a population, yar(X) .

e mixing of the ordexr

of objectives A and B is due to the

Therefore th
parts of these objections.

y; AGi1); BGD)S B(ii) s

The order of these multi-part

achievement of
1s B(i); A3 B(ii
given in ¥qble 4.

which explains the

objectiven

s TR TR ST TR
LT R T

pattern for questions 2 to 7
1yalidity' gives ¢he number of content gpecialists

The column headed
on to the objective.

indicated that a parti
1dual' qutstion’s

who matched the questi
of content gpecialists
r objective, then this

cular ques~

If a majority

d to a second oT earlie

tion was relate
Tphe ac tual pumber of con~

ive is given in the 1Duality’ column.

€ 4
; other object
s indication is given i

a brackets after the

tenc specialists who made thi

objective.
t spe-~

" The final column in table 4 is uged to note the number of conten
ny of the gtated object

mateh a question to 2@

T R g e R - Bl
- B Bh attTHE B P b T TR e
X £ it e
- v

ives.

PARR

cialists who did not

7.3.2 Disucssion

|
a The validity ratings of the five content gpecialis
ith the intended question -~ objective matehings .

fore the gelevision

Fow ST T S

tg shows & high corre~

lation W 1he net result
lectures

stions were changed be

! ,
; was that none of ..pse que
group of gtudents. However, geveral poin

hould be roted.

ts which

“ i
were showl to the first

aroge from the results given in rable 4 8




104.

The First has alveady heen made:  the achievement order of the objec-
tives can be determined by noting the order in which they nccur in the
‘Objective’ columo.

Sscondly, the galidity ratings or matchings can be sunmarised as
follows: All fifty seven questions were correctly matched by a majority
of the eonbtiut gpecialists; forty four of these questions received a va-
1idity vating of 5 (all five content speciglists matched the question to
vhe same objective); ten questions received a rating of 4 and only three
questions received a rating of 3, These three questions (Lecture 3,
question 7 and Lecture 5, questions 3 and 4) were closely serutinized and
it was decided not to change them in any ways at least not until the re-
gults of the first group of students were available.

A majority of content specialists indicated that six questions were
rolated to a second objective, An examination of table 4 reveals that this
gecond objective always appears prior to the matched objective. This sug~
gests that the attainment of the matehed objective is deperdent upon the
prior attainment of the second objective. IE the actual objectives are
cogsulted in Appendix I, this suggestion is confirmed, ALl gix of these
Tdual' questions assume the attainment of a previous objective. This point
is also discussed when a description of the an”.(yses o, and the changes to,
the television lectures is given in section 8.2,

Finally, four questions were not matched to any of the stated vbjectives
by only one content specialist in each case. This proportion was not con~
sidered large enough to warrant any changes to these questions or their
ghjectives,

The questlons were now considered to be competent in measuring what they
wore supposed to measure: the degree of attainmer: £ behaviourally stated

objectives,

g e v e
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8. THE RESULTS AND ANALYSES

This chapter focuses on the major part of the axpevimental work com-
pleted in this study. The first stage of the experiment was the ini-
tial evaluation of the instructional effectiveness of the television
instruction. Secondly, instructional seque. 2es which did not achieve
the 70% acceptance level in the initial evaluation wrre analysed, An
attempt was msde to find the source of failure in each of these in-
structional sequences and changes to the instruction were made in order
to improve (or attempt to improve) the inetruction. Thirdly, the tele-
vision lectures were shown to two groups of students., The first of
these two groupz was shown the original instruction; the second was
shown the chan instruction which included some of the original in-
structional sequpnces and some changed or 'improved' sequences.

The three sections in this chapter describe the implementation of
each of these stages and the results which were recorded at the comple- \

tion of each stage.

8.1  The Preliminary Results

8.1.1 Attainment of the Acceptance Level

The six television lectures were prepared and recorded with a strue-

s

ture as outlined in chapters 4 and 6. The lectures were then reglayed
to all the students attending the introductory statistics course. One
of these gr.ps of students, which will now be referred to as group 1,
attended the replays in a lecture theatre which was 'fitted' with the

Cybercom computer system, Their responses to the questions in the
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.

jectures were then recorded as described in section 5.3. A transcrip-
tion of tuese lectures, together with video-tap: =ference points, can
be found in appeandix III.

The results for group 1 are given in table 6. As these questions
were all judged as valid (section 7.3) these results also represent the
proportion of stulents who achieved the objective for each ingtructional
sequence. For example, the first five questions in l:cture 1 yielded
results which were all above the accept;nce level of 70%. These five
questionswere all related to cbjective B for lecture 1 (see tabl: 3,
section 7.3). Thus the instruction whichwas dlrected at auhieviung ob-
jective B can be considered to be satisfactory in terms of .he specified
acceptance level. Questions 6,7 and 8 thenyielded results which were far
below the level of acceptance. As thnse three questionswere all related
to objective C for lecture 1, the instruction associated witli this ob-
jective@asentirely unsatisfactory. Finally, questions 9 and 10ware re-
lated to objective A, Question 9 achieved the acceptance level but ques-
tion 10 did mnot. Thus the imstruction agsociated with this objective
was partially satisfactory and the area related to question 10 should be
closely scrutinized and possibly some adjustment made in an attempt to
jmprove its effectiveness. A detailed description of this procedure is
given in the next section.

The overall sunmary of the results in table 6 i¢ disappointing. The
acceptance level was attained by twenty three questions; thirty four
suestions failed to achieve this level, None of .he gix lectures managed
4 mean score of 70% or more aud the mean score for all the questions

was 527,
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Table 6: Group 1 Results for Television Lectures 1-6

Lecture 1 (M35) Lecture 2 (M36) Lecture 3 (M37)
Question Score Change Question Score Change Question Score Change
1 72% 1 987 1 707
2 917 2 817 2 5% *
3 747 3 187 * 3 747
4 94% 4 267 * 4 24% *
5 907 5 317 * 5 437% *
6 97 5 437 * 6 B0Z
7 287 * 7 127 * 7 197 *
8 33% 8 787 8 567 *
9 897 9 7172 9 147 *
10 667 % 10 687 * 10 107 *
Maan 652 Mean 537 Mean 407 .
: Lecture 4 (M38) Lecture 5 (M39) Lecture 6 (MAO)
* ‘ Question Score Change Question Score Change Question Score Change
1 797 1 457 * 1 427 *
2 40% * 2 437 * 2 817
3 417 * 3 76% 3 917
, 4 487 * 4 527 * 4 107 *
: 5 72% 5 767 5 177 *
§ 6 5% * 6 98% 6 267 *
i 7 42 * 7 70% 7 65% *
8 327 8 717 8 17% *
: 9 887 9 217 *
i , 10 657% *
| Mean 407 Mean 687 Mean  41%

Mean for 57 Questions: 527

*Questions which failed to elicit an acceptable response level (70%)
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8.1.2 Some Hypotheses Tested

The pattern of the results given in table 6 provides an overview of
the effectiveness of the television lectures. The sequaunces which were
either satisfactorv or unsatisfactory are quite obvious by following
the pattern of the asterisks in column 3 for each lecture. During the
television lectures, the percentages were available immediately after
the students responded into the Cybercom gystem. Intervention was
never practised even when it was blatantly obvious that the majority of
students had not understood the instruction.

The first null hypothesis (see 6.1.3) was tested in terms of the
results supplied by table 6. Given that the questions in each lecture
were valid, the resnlts in table 6 represent the attainment level
achieved by the students of pre-stated behavioural objectives during
the presentation of the televisinn iectures, which were supplied via
a computer based system. The null hypothesis which claims that this
1avel cannot be assessed using this computer based teaching system was
therefore rejected.

The third null hypothesis (section 6.1.3) was reviewed in the 1.«
of the results available in table 6. It was implied that (section 6.1.2)
the lecturer who prepared the lectures considered them to be 'better'
than average; it was certainly intended that the vast mejority of ques=
tions would attain the acceptance level. This was not the case - only
twenty three of the fifty seven questions managed to attain this level.

Therefore the null hypothesis which claims there is no significant
difference between the actual level achieved by the students and that
anticipated by the presenter of the lecture ~ppeared to be false. As
this hypothesis was stated as a consequence of the experimental work
undertaken and not as a focus of the investigation (see 6.1.3) a sta-

tistical test was not performed on this hypothesis.
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Nevertheless, this area is worthy of further research as the actual
levels of attainment achieved by students during a lecture and the le-
vels which the instructor believes they have attained or will attain appear to
be vastly different. Support for this point of view was given by a se-
parate study which was conducted simul-aneously with this study and em-
pirical data coilected showed similar ditferences (Young, 1979): Se-
veral lecturers were asked to predict the levels of attainment which the
students would achieve during the lectures. The predictions were based
solely on the considered effectiveness of the instruction and knowledge
of the students' capabilities, Statistical tests revealed‘significant
differences between the two levels.

A bar chart is given in figure 14 which shows the distribution of

the results given in table 6.

8.2 Analysis and Changes in Ins“truction

Thelsecond stage of the experiment was the analysis of the defective
or ineffective instruction. An attempt was made to find what it was that
was causing the instruction to be ineffective. Once a possible answer
to this problem was fourn”, changes were made to the defective sequences

in order to improve their effectiveness.

8.2,1 The Basis of the Analysis

When defective instructional sequences are analysed, the implication
is made that the instructor was deficient in his instruction during that -
sequence. He possibly performed in a way in which the 'good' instructor
would not have. This introduces the questions relating to the criteria
that constitute 'good' instruction, or rather the lack of such accepted

criteria as outlined ‘in chapter 6.
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.

A bibliograpuy of fesearch studies conducted during 1967 on teaching
competence revealed that out of 1000 studies, 980 rated teachers in ac~
cordance with the impressions or judgements made by supervisors or in-
dependent observers (Burkhart, 1969). Frequently, researchers corre-
lated particular teachers' behavioural characteristics with pupil gain
measured on achievement t2sts or self-reports. They analysed teacher
behaviour in the classroom in order to find the 'good' teacher. Several
criticisms of this method of teacher evaluation have been made. Sorenson
and Gross (1967, ppl-2) point ocut that, 'to attempt to define teaching
success in terms of some single fixed teacher jdeal is both untehable
.nd inappropriate... teachers are bound to be regarded diffevently by
persons with varying concepts of the teacher's role'.

Only twenty studies in the 1967 bibliography used the criterion of
student growth in order to measure teacher effectiveness. It has been
noted that two very important reasons why effective and ineffective
teachers cannot be described with any assurance are the wide variation
in the value concepts underlying the descriptions of desirable teaching
objectives and the differences in a teacher's role at different educa-
tional levels, in different subjects and with diZferent students (Ryans,
1960). Consistent with this point are the conclusions reported by Solo-
mon, Rosenberg and Bezdek (1964) who state that teachers in the social
sciences differ from their counterparts in other area. with respect to
certain behavioural dimensions.

Popham (1967, p2), commenting on the classroom observation approach
to teacher assessment, concludes that 'the quality of learning which
transpires in a given instructional situation is a function of particu-
lay instructional procedures employed by a particular instructor for
particular students with particular goals in mind'. In the analysis

of the defective instruction in this experiment, the pbjective was to
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improve learner growth. The methods employed apply to a particular
instructor, sequences and étudents, although they are derived from
methods which enjoy substantial support as will be indicated in the
next section.

8.2.2' The Method

When the analysis of the defective instruction was conducted,
reasons for students' failure to achieve certain behavioural objectives
were sought. A usefui method in this regard is the concept of le,rning
hierarchies. This concept has been seen as a useful tool in instruc~
tional design, particularly in connection with curritulum sequences and
the ordering of learning tasks (Gagné, 1977). A hierarchy of component
learning tasks is constructed by beginning with a desired instructional
objective and then asking in effect, 'To perform this behaviour, what
prerequisite or component behaviours mist a learnar be able to perform?'.
For each behaviour so identified, the same question is asked, thus ge-
nerating a hierarchy of objectives based on observable prerequisites.

In an earlier work, Gagné and Paradise (1961) suggest that three
possible explanations exist when a behavioural objective has mot been
mastered: a) a subordinate learning set has been omitted, b) a sub-
ordinate learning set has not been retained because of inadequate prac-
tice, or ¢) incufficient guidance in the integration of subskills has
been provided,

These hierarchies and explanations formed the basis of the method
used in the analysis. This is an a posteriori appreach to the improve=
ment of the instruction. It could bu argued that if this method way
employed a priori, then the instruction wotld have heen far more effec-
tive inittally. The point has been made that not all lecturers are

education and teaching specialists and their lectures are usually pre-
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pared in a manner in which they subjectively feel will prove effective.

Thie approach was adopted in this study and therefore improvement was

1 attempted a posteriori.

The final point on the method ewployed in the analysis is who ac~

i tually conducted the analysis. 1f a team of esperts were employed they
would possibly érovide a more accurate and precise analysis than if the
{nstructor himse.f were used, However, the model being investiyated
is one where the instruction is Ehat of an individual lecturer, and not
the effort of a team of experts. The study revolves around the evalua~
tion and improvement of the personal effort of the instructor and whether,
using this model the effectiveness can be improved withiu the given con-
ditions and facilities, Therefore the instructor is employed for this
analysis. Support is rendered to this point of view by Bligh (1975,
p213): '... I shall argue for the use of self-evaluations. There tends

: to be an assumption that a teacher is assessed by someaone other than

himself. I should have thought that assessment of otie's own teaching in

prder to improve it should be botir the most important and the most fre -

quent kind of assessment.'

8,2.3 A Summary

Each question which did not achieve the acceptance level (as indi-

cated in table 6) was anclysed by reviewing the objective and the in-

structional sequence which was supposed to have enahled the students to
achieve this objective. A detailed description of the enitire raalysis
is given in appendix II, together with similar analyses for groups 2 and

3

i

]

|

5 At averview of the analyses of the deficient instructional sequences
]

| R Lo

% reveals that the ressons for students not achieving the acceptance level
j
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gan be placed into one of three categories:
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(a) adequate instruction. This category refers to instruction which

provided insufficient guidance in the integratioa of subskills and as
a rusult many students were unable to master the behavioural objective,
as outlined by Gagné and Paradise (1961). Tneluded in this category
is instruction which is pased on a dual objective; the instruction
might be satisfactory on part of the objective but inadequate on the
other (for example see questions 3 and 4, lecture 4).

(b) Subordinate objectives. This category refers Lo Gagne's (1977}

learning hierarchies. The achievement of the behavioural Mjective is
dependent on the mastery of earlier or subordinate objectives, These
subordinate objectives sometimes formed the earlier part of the lecture
or else were part of previous lectures. Tn the initial construction of
the television lectures it was assumed that the students would have
masterer these earlier learning tasks. Tneluded in this category are
jearning tasks which were not based in previous lectures, but were as=
sumed to have been acquired hy the students. An example of this is the
assumed student ability of operating an electronic calculator with ade-
quate competence (see questions 5 and 6 in lecture 6).

(¢) Unsatisfactory Questions. This categowy refers to questious which,

although they might be valid, were deemed unsatisfactory in that they
did pot make the intent of the questions clear or they elicited ambi-
guous answers which were difficult to score (see lecture 1, question 10
and lecture 2, question 5).

Table 7 shows how the questions were grouped into thest three cate-
gories. 4An abbreviated notation is used for the question numbers in
this table. For example, 4.2 refers to lecture 4, question 2. only six
questiong were deemed to be based on inadequate instruction wheruas
twenty three questions relied on the mastery of subordinate objectives.

This appears to imply that the level of the students' mastery of sub=

et y S e
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Table 7: Categorisation of Questions which did not Attain the

Acceptance Level

Pvp it sk kA B 2w e 4

(a) Inadequate Instruction 6
(i) Insufficient guidance: 2.4; 3.5; 5.43 6.4.
(ii) Dual objective s 4.3; 4.4,
(b) Subordinate Objectivas 23
(i) In prereding stages of lecture: 1.65 L.7; 1.8; 2.651 11
2,73 S.43 3.7; 3.8; 3.95 3.10; 6.9.
(1i) In previous lectures 2,33 3.2;3 4.23 4,85 | 10
4.7; 4.8; 5.1; 5.23 6.1; 6.8.
(iii) Assumed ability t 6,53 6.6, 2
(¢) Unsatisfactory Cuestions: 1.10; 2.4 (Excluded from 2 2
experiment)
31
Questions Not Categorised (Result close to Acceptance Level) 3
2.10; 5.10; 6.7. 34
Tablr 8:  Summary of Instructional Changes
(a) Replacement: 2.4. i
¢b)  Addition: 1.63 1.73 1.8; 2.3; 2.65 2.75 3.25 3.4 24
3.5; 3.73 4.23 4.3; 4.4 4.65 4.7; 4.8;
5,13 5.2; 3.4;5 6.13 G.4; 6,55 6.6; 6.8,
25
No Instructional Change
(1) Result nlose to acceptance level: 2,10; 5.10; 6.7, 3
(ii) Earlier changes sufficient: 3.8; 3.9; 3.10; 6.9 4
Changed Questions Exclud-: from Experiment 2
a 34

e A Py R T R A g
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ordinate objectiveswaswell below the level assumed when the lectures
were produced . Three questions were not categorised as their results
were very close to the acceptance level. Two ' uestions were changed
and are therefore excluded from the experiment as results obtained from
different questions caanot be compared. This reduces the total number
of questions used in the experiment from fifty seven to fifty five.
Changes to the uneatisfactory instructional sequences were made in
an attempt to remedy them. The type of change made to the imstruction
preceding each question is given .o table 8. Only one ingtructional se=
quence was entirely removed and replaced with a mew ingtructional se-
quence. Other improvements, to the instruction nreceding twenty—four
questions, were attempted by adding a further sequence to the exigting
one. In most cases this represented the review of subordinate learning
tasks which the students should already have mastered. This also lengthened
the lectures on average by about five minutes.
¥ ? ‘ The sequences preceding saven questions w«re not char. .. Three of
these questions yielded results whicn wefe very close to the level of
acceptance and the other four were based on subordinate objectives which
: the students should now have mastered 1f the earlier instructional changes
were successful.
'? Thus the state of affairs at the conclusion of the second stage of
the experiment can be described as follows, PFifity five questions were
{nvolved in the experiment. Of these, twenty three attained the level of
acceptance and thirty two did not. OFf these thirty two which did not at-
U 4 ‘; pain the required level, twenty tive were related to instructional se-
quences which wete changed, and seven to sequences that were not. There-

fore the attempts to improve the instruction irn the six lectures resulted

Innie il

¥

twenty five qrestions being baged on shanged instruction of some sort,

= TR

and thirty questions based on jnstruetional sequences which were left

:
/

untouchead,
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This  Ltuation is illustrated by the graph in figure 15. A value

of L is givep the questions which are based on changed instruction

and a value of U to those based on unchanged instruction. The seven

questions which did not attain this ievel and whose instruction was not

changed are easily identified.

The third stage of the experiment examined whether these instructiomal

changes did facilitate the attainment of the objectives by an increased

pergentage of students.

8.3 PFinal Results

Once the instructional changes had baen made, two sets of lectures

existed, The firsh set of six lectures comprised the initial imstrue-

gion. The -econd set of six lectures comprised instructional sequences

whieh can be placed into two groups: the first group consisted of in=

structional sequevces which were left untouched and were therefore iden=

tical to the initial instruction, Thirty questions were based on these

sequences, The second jroup consisted of instructional sequences which

were changed in one way or another and therefnre were not identical to

the initial instruction. Twenty Five questions were based on these se—
quences. The following terminology will be yged in the remaipder of the

<ticussion. The instruction upon which the thirty questions were based

(the instruction which was identical in both sets of lectures) will be

referred to as the unchanged instruction, whereas the sequences which

wore chang o (the insruction differs in the two sets of lectures) will

be referred to as the changgglinstruction. The 44irtal set of six lec~

tures wiil be referred to as the initial instruction and the gsecond set

of six lectures will be referred to as the final instruction.
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Thus both changed and unchanged instruction can be referred to in
the initial instructiom, but it must be understood that the changed in-
struction referred to here proved to be unsatisfactory and was to be
changed. The sequences had as yet not undergone any changes and there-
fore therewere differeuces between the changed instruction for the ini-
tial and final instructional sequances. This arrangement is tabulated

in table 9,

Iable 9: Relationship between Changed, Unchanged, Initial and Final

Instruction
Initial Final
Changed 25 Questions | 25 Questions

Unchanged | 30 Questions | 30 Questions

— .

55 Questions { 53 Questions

The third stage of the experiment vas concerned with testing the null
hypothesis which stated that the level of attainment achieved by students
cannot be raised by administering changes to the instruction after the
instruction has been analysed. Therefore this section will determine
whether or not there were any significant differences in the resuits ob~-
tained for the twenty five questions which were based on instructional

sequences which were changed.

8.3.1 The Question Scores

Two uore groups were introduced to the experiment at this stage;
groups 2 and 3. Group 2 was shown the initial instruction and therefore

was subjected to treatment identical to that administered to group 1.

A N [
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The reason for this was twofold. First, the results of the pre-
test could be coufirmed. The pretest indicated that there were no
significant differences between the groups. Confirmation of this can
be obtained by comparing the results achieved by groups 1 and 2 during
the television instruction. Secondly, this comparison would also act
as an indication of the reliability of the questionms.

Group 3 were shown the final imstruction. This meant that thirty
questions in the television lectures were based on instructional se-
quences which were identical to those seen by both groups 1 and 2; these
sequences were unchanged. However, Group 3 were shown instructional
sequences upon which twenty five questions were based which were dif-~
ferent to the seguences seen by groups 1 and 2.

The results obtained by all three groups for the fifty five questjions
are given in table 10, Note that a point separates the lecture number
from the question rumber in the question column. This notation will be
used in all the re,ult tables in this section.

The results obtained by groups 1 and 2 should not be significantly
different as they were subject to identical instruction. Their results
are illustrated graphically in figures 16 and 17. The scores obtained by
each group are plotted at regular class intervals. The patterns for the
two distributions are easily discernable and have a similar appearance.

1f the changed instruction had a marked effect on the results obtained
ky Group 3, then the distribution of these results should not have a
similar paktern to the distributions for groups 1 and 2. This is shown
to be the case in figure 18,

Although the distributions appear different, this graphical represen—
tation is not a stringent indicator that the results obtained by group
3 for the changed instruction were significantly different from groups 1

snd 2. The first step to be taken in order to determine this is to con-

O R
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gider the differences between the scores.

8.3.2 - The Differences in Scores

The results which were given in table 10 have been separated into
two groups in table 11: those based on unchanged instruction and those
pased on changed instruction. The notation used in this gection to in-
dicate unchanged instruction is a 0, and a2 1 for cuznged instruction.
Notice from table 11 that thirty questions are based on unchanged in-
struction and twenty five on changed instruction.

The scores obtained by the three groups for the unchanged instruc-
tion should not be significantly different as the instruckion was iden-
tical. In other words the differences in the scores should be distri-~
buted about zero.

The same argument holds for groups 1 and 2 for the changed instruc-
tion. They were both shown the initial lectures, before any sequencis
were changed. However, if the changes had a influence on the results,
then Group 3 should not obtain similar results to groups 1and 2 for these
questions, In other words, the differences in the scores betwren group
3 and both groups 1 and 2 should not be distributed about zero.

in order to determipe this, three sats of differences wene fourd.
The first, DIFFl, was obtained by subtracting the score obtained by group
1 from that obtained by group 9 for each of the fifty five questions.

The second, DIFF2, by subtracting group 1 scores from group 3 scores

and the third DIFE3, by subtracting group 2 from group 3 scores. Therefore:

DIFF1 = GROUP2 - GROUP1

DIFF2 = GROUP3 - GROUP1

DIFF3

GROUP3 - GROUP2
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TABLE 11: RESULTS FCR CHANGED' AND UNCHANGED INSTRUCTION
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These differences are listed in table 12 and are separated into two
sets of results — one for the changed and the other for th2 unchanged
ingtruct irn,

An examination of table 12 reveals that all three differences for
the unchanged instruction have negative and positive values, indicating
that they might well be distributed about zero. However only DIFFl has
positive and negative values for the changed instruction (if the value
for DIFF2 at question 5.1 is ignored)., DIFF2 and DIFF3 have only posi~
tive values. This indicates that gruup 3 had higher scores than groups
1 and 2 for all the questions based on the changed instruction.

This point is illustrated graphically in figures 19 to 21. Figure
19 shows the distribution of the scores for DIFFl. They are plotted in
two sets; those based on the changed and those based on the unchanged
instruction. Notice rhat when the diffetsnces are equal only one point
is plotted (either a O or 1). Therefore thirteen observations are hidden
in figure 19. These two sets of instruction were identical for groups
1 and 2. Therefore both sets should be similarly distriputed about zero.
An examination of figure 19 reveals this to be the case, within a reason~
able variation. Group 3 were shown the final instruction where the changes
had been implemented. Therefore both DIFF2 and DIFF3 should indicate a
distribution about zero for the unchanged instruction (this instruction
was identical for all three groups) whereas this should not be the case
for the changed instruction, if the results were influenced by the changes.
Figures 20 and 21 show this to be the case, again within a reasonable
variition. The distributions in both these figures for the changed in-
struction have shifted in a positive direction. The means for these dis~
tributions are given in table 13, Both DIFF2 and DIFF3 have noticeably
higher means than DIFFl for the changed instruction whereas the means

for the unchanged instruction are all similar,
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FIGURE 19¢ DISTRIBUTION OF IHSTRUCTION AND DIFF1
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FIGURE 231% DISTRIBUTION OF INSTRUCTTON AND DIFF3

meemKEY? %X AXRIS OZUNCHANGED INSTRUCT ION————=——
1= CHANGED INSTRUCTION ——==w==-
Y AXIS DIFF3=GROUPJ - GROUP2

SYMBOL IS VALUE DF INSTRUCT

i ot v v P

PLOT DF INSTRUCTADIFF3

1ASTHRUCT
1 ¢ 111 11 12181ty 1 1 1 1
e o e e e o s i o e et e
[y a g © nooooon 0doo odoooo 00 0 [}
R Suhatntml Saamiod ‘—-—-;.-.v..-—+—~-.-4--_.-+.---- o o F S Salataiad Sasmdnted v e s st e e e

PR cadand

15 0RS WIDD

NOTER?

o Prmemrn s i o e s s
-1 =173 -8 ~3 2 7 iz 17 22 27 32 37 42 ay 52 57 [} K7 T 77

LIFF3

23]

“TEL




132.

Table 13: Means for DIFFl, LIFF2 and DIFF3

Unchanged Changed

(30 obs) (25 obs)
DIFFL 2,87 4,28
DIFF2 &, 97 37,24
DIFF3 2,10 32,96

The indication is that the scores obtained by Group 3 for the changed
ingtruction were substantially higher than those obtained by groups 1 and
2. Therefore the instructional changes that weore implemented must be re-
sponsible for this increase: the instruction was the only variable that
was permitted to change during the experiment. This result would tend
to reject the null hypothesis that stated that an increased number of students
would not be able to attain the pre-stated objectives, if the instruc-
tion was analysed and changed accordingly.

Before this hypothesis can be rejectad, a measure of the sipnificance
of these changes must be determined. Two significance tests are conduc~
ted in the next two sub—sections in order to determine this. No assump-
tions were made zoncerning the distributions of the populations of which
DIFFl, DIFF2 and DIFF3 are three samples., Therefore the significance

tests that are used are both non~parametric tests.

8.3.3 The Tukey Test

In this and the following section tests are conducted to determine
any significant differences between the scores obtained for questions
based on the changed and unchanged instruction for the three samples,

DIFF1l, DIFF2 aad DIFF3.
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The first test to be administered is the Tukey Test. Jokn Tukey's
quir  lest of location has been deseribed as cne of the simplest and
quickest significance tests for comparing independent samples (Kagan,
1960). Basler and Smawley (1968), in a study which compares ‘Tukey's
Compact Test with various other classic tests support this view and
claim that this test has not received the attention it deserves. Their
study concludes that the comparisons obtained a very high frequency of
agreement with classic techniques. The compactness of the technique
however does somewhat reduce its power. As the test does not appear to
be as widely used as some classic tests a brief dessription of the test
will precede its application to DIFFl, DIFF2 and DIFF3,

Given a pair of samples (where sample 1 contains n, observations
and sample 2 contains n, observations), if n; contains the highest value
and n, the lowest value, then one adds the number of values in ny which
exceed all those values in n,, with the number of values in n, which fall
below all those measures in n (Tukey, 1959). The sum is then compared
with Tukey's criti:al walues:

If the two groups are of approximately the same size (the ratio of
the sizes must not exceed 4:3), then Tukey's critical values for the ob-
tained sum are:

A. A critical value of 7 for Z-tail 3% level (0,05)
B, A critical value of 10 for 2-tail 17 level (0,01)
C. A critical value of 13 for 2-tail 0,17 level (0,001)

A Tukey formula does exist for adjustments to be made to these eritieal
values if the ratio of the sizes exceeds 4:3, This 1s not necessary for
this analysis 4s the gumber of questions being compared in the two samples

gives a ratio of 30:25 which is less than 4:3,
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Tukey Test for DIFFl., The pre~test analysis revealed that there was

no significant difference between groups 1 and 2 at the 0,05 signifi-
cance level. Therefore the differences in their scores for the ques=-
tions in the television instruction should also reveal no significant
difference between the changed and unchanged instruction, as all the
instructional sequences were the original, untouched versions.

The distribution of DIFFl for the changed and unchanged instruction
is given in figure 22. Note that the notation is used where A repre-
sents one observation, B two, C three and so on. If figure 22 is
tlosely examined it will be seen that the changed instruction (value
of 1) contains both the highest and lowest values of 35 and -42 re-
spectively. .The whole range of values for the unchanged instruction
lies between these two values.

Therefore one cannot even suggest that there is a significant dif~-.
ference because an imitial requirement for significance is that the
sample containing the highest score does not also contain the lowest.

This result is therefore as expected: no significant difference.

Tukey Test for DIFF2: The distribution of DIFF2 for the changed and

unchanged instruction is given in figure 23, Note from this figure that
the changed instruction has eleven values greater than the unchanged in-
struction, and the unchanged instruction has five values smaller than

the changed instruction, Thus the statistic is:
11+ 5 = 16.

At the 0,001 level, the Tukey critical value is 13, Therefore the te-
sults for the changed instruction were significantly different, This
means that group 3 scored significantly higher on the changed instruc-

tion at the 0,001 level.
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FIGURE 22¢ GRAPH FOR TUKEY YEST ON DIFF1

e KEYT X AXIS O03UNCHANGED INSTRUCT ION—w———=—
| =CHANGED INSTRUCTION ~wm—m—=—
¥ AXIS DIFF1=GROUP2 - GROUPS

e o i

e e e v w0

- S Ll

P

PLa OF INSYRUCT*OIFFL LEGENDS: A = ) U8S; B = 2 nas,; ETC.
2 A A A A AB AA A BB A AAAB AA A
AR AA B AA DA BADAD A CA B A A A
- PO + ; [ORPRE— v Y ¥ [R—' B roomsmn o s +
42 w~37 =33 «27 <22 «“17 =12 =7 -2 3 3 13 18 a3 2d 33

DIFFl

B R g R

“Gel

o R P ST T A YR

e W S

RIETR]




FIGURE 235 GRAPH FOR TUKEY TEST ON DIFF2
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Tukey Test for DIFF 3: The result for DIFF3 should be similar to that

obtained for DIFF2 as outlined earlier. Therefore the critical value
thirteen for the Tukey test should be exceeded. Figure 24 gives the
distribution of the changed and unchanged instruction for DIFF3., Exami-
nation of the figure reveals a value for the statistic of forty-two which

is certainly siénificant at the 0,001 level.

8.3.4 The Mann-Whitney U Test

The Mann-Whitney test is a nonparametric test which uses the sum of
ranks of scores in hypothesis testing (Chao, 1974). Therefore, no as-
sumptions are made about the populations from which the samples are taken,
as is the case with the three samples in this analysis, DIF¥l, DIFF2 and
DIFF3, This test is also referred to as the U test, since the test sta-
tistic U is computed from the sample data, The method is ar follows.,

Say we are considering that two independent samples, 1 and 2 (with
n, and ny observations re.pectively) are to be tested for differences
from some population mean. A rank is assigned Lo each score according
to its magnitude. Then Ry is the sum of the ranks for sample 1 and R,
the sum for sample 2. The statistic U is then defined as:

n, (n,+1)
e As!

U = nyR, + i = R1 s Or alternately,

n, (n,+1)
2272
R . s
U 12 * 2 Ry

.

n,-y', The smaller U value should

The two U values are related by U =n1 5

be used for greater confidence.

Dy ey g vt S
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If n, or m, are greater than twenty, U is approximately normal
with a mean,
n,.n,

E(U) = 5

and a standard deviation,

. - /nlnz(n1+n2+1)
u 12

In this analysis, n, = 30 and n, = 25, Thus U will be almost nox-

mally distributed with a mean,

n,.n
1'% _ \3oi;25) - 375

E(W) = 5

and a standard deviation,

Y A A € DY ¢ Y
g = = .
u 13 N 12

= 59,16.

The Mann-Whitney U test will mow ¢2 applied to the scores for DIFFL,
DIFF2 and DIFF3, in order to detern’ne any significant differences be-

tween the changed and unchanged inst.-uction.

U Test for DIFFLl: The rankings for DiFFl are given in table 14.

From this table, Ry = 829,5

n, (n,+1)
¥ 1 EN
N U nln2 + o

TRy

i

(30 (25) + 2231 8295

#

385,5
u' = gy - U= 364,5 .

' Use U = 364,5.

SRR TR sy
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Ranking of DIFF1

Table 14:
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The z score is caleculated from the equation,

U - E(U)

g
u

(364,5 = 375)
T 59,16

)

[

-0,177,

There is no significant difference for a two tailed test if
-3,27 £ z s 3,27, at the 0,001 significance level (Chao, 1974). Thus
there is no significant difference between the changed and unchanged

instruction for DIFF1, which agrees with the Tukey test result.

U Test for DIFF2:  The rankings for DIFF2 are given in table 13.

From this table, R, = 533.

1
n., (n,+1)
S A M
e U= nlnz + — R1
= (30)(25) + §9é§ll - 533
= 682
y' =

n1-n2 - = +68
PN USEU=+68 .

The z score is calculated from the equation,

, = U= EQ)

o
u

. (+68 - 375)
59,16

= -5,189.
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Table 15: Ranking of DIFF2
Diff2 Rank
-21 1 5.1
=15 2 4.4
-14 3 2.4
-12 4 1.6
-10 5 6.5
-9 6,5 1.7
-8 8 6.6
=7 9 1.8
-3 10,5 3,2
-3 10,5 4,2
-1 12,5 5.4
-1 12,5 3.5
0 14 4.8
5 15 4.3
6 16 2.6
7 17,5 3.7
8 19 5.2
10 21 4.6
11 22 3.4
14 23,5 6.1
14 23,5 4.7
15 . 25,5 6.4
15 25,5 6.8
16 28 2.3
16 28 2.7
17 30,5
17 30,5
20 32
21 33
41 44

~

-9
7
9

16

23

27

27

30

31
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39

43

45

45
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51

51
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As there is no significant difference at the 0,001 level for a

two-tailed test if -3,27 £ z £ 3,27, there is a significant difference

f
ﬁ ‘ at this leved between the changed and unchanged instructien for DIFFZ,
i i
%1 : ; wt ich is again comsistant with the Tukey test result.
[
i
i U Test for DIFT3: The rankings for DIFF3 are given in table 16. TFrom
TR :
| :
I ’ this table, R, = 486,5.
-l i
ny (ng+1)
wat ! . = + -
X ‘ Uy =My 2 !
",
i
o ,.‘
. = (30 (25) + 22431 . 486,53
g‘! = 728,5
i
: : 1yt = - =
y 5 9t =g, = U= 21,5
I \
IR ; .. Use U = 21,5,
i |
ﬁ ; The z score is calculated from the equation,
E F‘Y: ;
e a 1)
i %
I i
I b _ 21,5 - 355
i 59,16
!
!f‘ » = —5,637¢
ok :
;g ; This result is similar to that obtained for DIFF2. Therefore there is
I ; : a significant different at the 0,001 ljevel between the changed and un-
i
f changed instruction for WIFF3.
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Table 16: Ranking of DIFF3

|

Ingtruct= 0 Ingtruct = 1

: Question Dif£3 Rank Question Dif£3 Rank

: 3.9 -18 1 2.4 7 21,5

fg 5.9 ~12 2 4,8 9 25,5
1.4 -9 3 6.5 10 27,5
1.5 -7 4,5 4.7 22 35
3.1 -7 4,5 5.4 22 35
5.6 -6 & 6.1 22 35
3.8 =5 7 1.6 23 37

" 2.1 -4 8 3.5 27 38,5

{ 6.3 -3 9 4.2 27 38,5
1,9 -2 10,/ 6.4 28 40
6.7 -2 10.0 4,4 29 41
2.8 -1 12,5 6.6 30 42

; 3.0 =1 12,5 3.2 31 43

! 2.0 1 14,5 3.7 33 45

s j 5,0 1 14,3 5.1 23 45

‘ 1.3 2 16 6.8 33 45

: 4.1 3 17,5 1.8 36 47

! 5.5 3 17,5 1,7 37 49

; 1.2 4 19 4,3 37 49
1.1 6 20 4.6 37 49
3.3 7 21,5 3.4 40 51
5.8 8 23,5 5,2 49 52
6.9 8 23,5 2.6 59 53
6.2 9 25,5 2.3 65 54
5.7 10 27,5 2.7 78 55
2.9 11 29 R2=1053s5
5.3 14 30
4,5 15 31
2,2 17 32
3.6 21 33

R1=486,5
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The significance tests performed in this secrion show that group ? . :dred
significantly better, at the 0,001 level, than groups 1 and 2 for ti~
changed television instruction, As group 3 was the only group to view

, £inal instruction where changes had ictually been jmplemented, the
conclusion can be drawn that these changes made the instruction significantly
batter in enabling the students to achieve the pre~stated objectives.

The null hypothesis which stated that, the level of attainment achieved

by students of pre-stated behavioural objectives during the presentation
of recorded television lectures on introductory statistics could not be
raised by analysing the effectiveness of the television lectures and ad-
ministering changes to parts of the lectures, can be rejected with 99,9%

confidence.
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9.  CONCLUSION

This study has involved itself “n three distinct areas which form part

of the systems approach to education. The first of these is the area

of instructional intent. The ends of the television lectures were

clearly stated in terms of observable behavioural objectives., The second
area is that of evaluatjon. The effectiveness of the lectures was
neasured in terms of their stated intentions. The third area within
which the study has moved is that of instructional improvement. An analy-
sis of the methods, objectives and behavioural state of the students took
place with a view to improving the instruction. Some concluding remarks

will be made in each of these three areas.

9.1 The Instructional Intent

It was stated at the outset of this study that the focus was somewhat
limited; only one aspect of the educational programme designed for the
introductory statisties course was evaluated. The approach adopted in
this aspect,was one which asked how effective lectures were in achieving
their intended purpose, given that lectures form an integral part of the
programme .

In efforts to ensure instructional efiectiveness, producers have done
much to obtain professional judgement of instructional television pro-
grammes, but little to determine the value of such judgement (Lucas,
1974). It would appear from this study that this judgement is often
badly placed. Learner valida.lon of the instruction does not always

agree with teacher evaluation. However in both cases, evaluation cannok
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be measured in abgolute terms unless it is clear what it is that the
jnstruction hopes to achieve.

The whole basis of this study revolved around the stated behavioural
objectives of the instruction and this indicates t ! importance «i pre-
stated objectives,if any sort of meaningful evaluation of the instruc—
tion is to take place. This approach was introduced to the lectures with
relative ease as the subject lends itself to the cognitive rather than
the affective areas. Thus although the importance of gpecific behavioural
objectives for every sequence of the instruction is stressed, this con-
clusion could not be applied to other subjects which operate more in the
affective area, without further research being pursued in this direction.

One shortcoming of this work was that it did not attempt to analyse
the type or level of the stated objectives. If the regearch was to be
repeated and it was found that all the objectives were aimed at the
jowest cognitive level, some should be changed to ensure that objectives
of a better 'type' were present.

What this research did reveal was that all too often students had not
achieved earlier behavioural objectives and this was the source of the
difficulty in attaining a present objective. A criticism of this work
could be n. 'a on this point in that this fact could have been revealed
by conductiog an appropriate pre-test before each lecture. Although
this criticism is accepted it must be remembered that the experimenta-
tion tried to assimilate the real situation as clo;ely as possible, which
is one where assumptions are made as to the stu’-nt's entry behaviour
at the start of a lecture.

However this criticiem could be taken a step further: ouce it was
known that in many instances the students' had not achicved previous
objectives, was it correct to 'improve' the lecturs by inserting re-

views of these objectives? An alternative could have been to state the




148.

required entry behaviour for each lecture and to ensure that students
were given sufficient appropriate practice in order to master these
behaviours between one lecture and the next. This would necessitate
involving the other components of the course such as the tutorials,
which was not possible in this study as the effectiveness of the tele-
vision lectures was examined in a situation divorced from the other
components.,

Further studies in this area could therefore include some integra-
tion of the other teaching components in the course. If these components
were employed in such a way so as to ensure that students had achieved
all the entry behaviours before the lacture began, a more revealing study
could be made of the effectiveness of the instruction in achieving the

stated objectives for each lecture.

9.2 The Evaluation

Two central features in the evaluation of the effectiveuess of the
lectures were the insertion of validated questions into the lectures and
the immediate recording of the student responses. This emsured that (i)
the questions were measuring what they were supposed to measure, and
therefore an accurate indication of the level of attainment of the be-
havioural objectives was obtained and (ii) no other variables interacted
with the instruction before the responses were recorded. This method is
considered unique and the ryyults, in addition to being very easy to moni-
tor and collect, are a trus measure ot the immecdiate success the lecture
has had in achieving its objective:, If these validated questions were
not inserted into the lectures, this measure would not have been obtained;
the question arises as to whether these lectures could have been aceurately

evaluated at all,
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Tn addition to the results supplied by this method, it has provided
a means of self-evaluation for the instructor, in terms of what the
students have learnt from the instruction. Facilities are widespread
in higher education for lecturers to be able to watch their lectures on
video tape either privately or in company with colleagues and students
(University Teac%iug Methods Unit, 1978). How are lecturers going to
judge their performances if use is made of these facilities? If it is
in terms of learner growth then some tyée of question or evaluative means
must be inserted at different stages of the lecture so as to measure
student growth.

This points to a further eriticism which could be levelled at this
study. If learner growtp is the criterion for effective imstruction,
then (although it is important to attempt measurement of this growth
during the instruction) this growth should be measured at certain fixed
intervals after the instruction has taken place in order to determine
the degree of retention of these behaviours. Research should be ini-
tiated in order to determine any relationshipé between instruction which
is considered to be 'immediately' eff = ive and ihstruction which is 're-
tentionally' effective. In order ¢ measure the latter, ways of con-—
trolling other learning variables during the delay between ingtruction

and measurement would have to be found,

9,3 The Improvement

The results obtained from the experiment have indicated that student
achievement of behavioural objectives during a lecture can be improved.
Thus although the instructional means used were not always successful (as
indicated in appendix II) a development in the effectiveness of the tele-
vision instruction has taken place. Cronback and Suppes (1969) explain

that the term development refers to the production of materials or pro-
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cedures based on general ideas of what will be successful.

Further research is required if further development is to take place.
The means of instruction should be re-examined in order to determine why
some sequences did not enable the students to achieve the required level
of attainment after they had been changed and the explanations more
fully clarified. An examination is necessary into the efifect of raising
the level of acceptance with a view to determining if some optimal level
exists; ‘and if so what this optimal level is. Although a third world
country, South Africa possesses the vachnical capability to produce tele~

vision imstruction of a high calibre on a large scale. A large majority

of ihe population suffer from a severe teacher shortage and are desperately

trying to improve the quality of their education. If television instruction
was to be used as part of an attempt to alleviate this situation, it would
seem that more work should be initiated in rhe area of iﬁstructional ef~
fectiveness and the optimal levels which can be achieved and which should

be aimed for in television teaching.

The teaching model developed here has not made dramatic changes from
the traditional lecture. Therefore it should be a relatively easy transi-
tion for a lecturer to make if he was interested in determining the actual
effectiveness of his teaching. Academic staff are not interested in the
professional literature that deals with educational research and ianova~
tion; they have neither the time nor the patience to read journals written
in the jargun of the educationist, but they are intercsted in that conden-
sed body of knowledge that has immediate appliecability to their own prob-
lems (Meyer, 197S). Although this instructional model is a relatively com-
pact means of evaluating instruction, insufficient infe ‘on is supplied
as to why an instructional sequence is ineffective. This area could be

further researched with the aid of the computer based teaching system which
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can supply an almost unlimited amount of feedback concerning student
responses.

More knowledge of how we ledrn from television would result From
the development and analysis of why some instructional sequences prove
to be ineffective. Sceiford (1978) stresses the importance of this type
nf research in television for the future.

'Otherwise, we will not, in the next decade, progress with the so-
phistication necessary to go beyond the hundreds of past studies concerned
with the questions "Does television teach?" and "Does it teach better than

x?"  (Sceiford, 1978, p56).
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Appendix I

The Questions and Objectives of the Television Lectures

The questions and objectives for each of the six television lectures
(M35~Mzo) are given in this appendix. The Questions are arrange’ se-
quentially in the order in which they occur in the televisir .ectures.
The objectives are not arranged in the order in which they are to be
achieved during each lecture. This is a copy of the list of questions
and objectives which was used by the content specialists to validate
the questions. A copy of the responge gheet used by the content spe-
cialists precedes the questions and objectives.
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Matching quastions to objectives for Lectures MBS-MAO

Read through the ohjectives and questions supplied for each lecture.
Then put down next to each objective (in the sp-=e provided below)
the number(s) of the question (s) which you consider tw relate to
that objective.

More than one question can be related to one particular objective
and some questions might not be related to any objective. The objec—

tives and questions are arranged in a random order,

Lecture Objective Questions relating to this objective

B

Mag

o

> |

37

(@]

=
L
o
> o
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Objective
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Questions relating to this objective

Mag

A
B

C

MAO
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Probability Distributions Lecture 1

Objectives:

A. Students must be able to distinguish between a discrete praobabili-
ty distribution (probability function) and a continuous probabili-
ty istribution (probability density function).

B. Students must be able to identify and distinguish between the con-
cepts:  random events, random variable, rample space, probability
tree and probability distribution.

C. Students must be able to calculate the probability of a particular
random i+ -t occuring in a sample space and be able to interpret
notations such as P(X=3) and £(2) in these caleulations.

Questions:

1. How many random events are there in a situatiun or experiment where
a coin is spun once?

2. How many random events are there in a situation or experiment where
a die is rolled once?

3. How many random events are there in a situation or experiment where
a card is drawn from a pack of well shuffled cards?

4. Consider on experiment where we spin a coin four times. We define
a random variable X to be equal to the number of heads we obtain
when spinning a coin four times. What is the maximum value that
X can have?

5. Consider the same experiment ag the one deseribed in question 4.
Whrt is the minimum valus that X can have?

6. Consider a situation where a coin is spun threée times. The ran-

dom variable X is defined to be equal t the number of heads which

oceur,  What is P(X=2) equal to?
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Congider a situation where a coin is spun four times. The ran-

dom variable X is deiined to be equal to the number of heads which
occar. What is P(¥=4) equal to?

Consider the same situation as the one described in question 6.
what is £(3) equal to?

Consider a situation whewe we refer to a probability function. Will
the random variable involved be discrete o¥ will it be continuous?
1f we are considering a probability density function, would this

be a feasible statement to mare: P(X=2) = 0,27
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M36: Expected value of a Random Variable Lecture 2
ngectives:

A. Students must be able to identify the symbols used to denote the
mean and standard deviation of a sample and of a population.

B. Students must be able to caleulate the mean of a sample and the
mean of a population.

¢, Students must know that the mean of a population and the expected
value of a random variable are equivalent.

D. Students must be able to distinguish between the relative frequen-—
cy of octurence (%Q of an event (where the number of events n is
finite) nd the probability of occurence C%) of an event (where
the numier of events n is infinite.

E. Students must be able to ewvaluate the expected value of (i) a ran-

) : dom wariable and (ii) functions of a random variable.
Questions:
yuestLo

1. The mean of a population is represented by the gresk letter .
What is the name of this greek letter?
. ‘ 2. One of the parameters of a populatiou is deseribed by the greek
jetter o. What parameter of a population does U represent?

3. If you are given a set of data as follows:

X, £,
i i
10 3
4 3
6 2
g 1, what is % in this case?

4. Cousider the expression lim '%‘ What quantity or what coucept does
e
this exp cession define?
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The mean of a population U = E(X). How do we read tae expression
E(X)?

Consider a situation where a coin is spun twice. X, the random
variable, is equal to the number of heads which occur. What is
E(X) equal to?

Consider the same situation as the one described in question 6.
what is E(X?) equal to?

If E(X) = 4,5 for a particular situation, what is E(6X) erual to
for this situation?

1f E(X%) = 3 for a particulas situation, what is L+2E(X?) equal to
for this situation?

If BE(X%) = 3 for a particular situation, what is E(4+25%) equrl to

for this situation?




M

37°

159.

The Variance of a Random Variable Lecture 3

Objectives:

A,

Students must know that the terms o2, Var(X) and E(X-1) % are all
equivalent terms for the variance of a population.

Students must be able to calculate th rariance of a sample (§%)
and the variance of a population (¢*

Students must be able to distinguish between the symbols used tc
disignate tue variance (02) and the standard deviation (@) of a
population,

Students must be able to apply the theoretical concepts of the
mean and variance of a population (or the expected value and

variance of a random variable) to practical situations.

Questions:

1.

The variance of a population is represented by the symbol o?. What
quantity or what parameter does the symbol § represent for a
population?

If you are given a set of data as follows:

X fi
10 3
4 3
6 2
9 1

and told thut x = 7, what is 5, equal ta?
The variance of a population is represented by the symbol o2, In
what other form do we represent or abbreviate the 'variance of a

population'?
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Consider a situation where a coin is spun twice, X, the randem
variable, is equal to the number of heads which occur and p=1.
What is 62 equal to?

Consider u situation where the standard deviation o=2 for a popu-

lation. What is E(X~u)? equal to?

Consider a population where E(X®) = 7 and E(X) = 2. What is Var(X)

equal to for this population?

Consider the same situation as the one described in question 4.
What is E(X?) equal to for this situation?

Say that a lottery is to be held. 1000 tickets are sold at R3
each., Three prizes are offered. The first prize is R500; the
second prize is R300 and the third prize is R200. X, a random
variable,is equal to the prize money. When a ticket is drawn it
is replaced so that there are always 1000 tickets in the draw.
What is the expected value of X,(E(X)),for this situation”

If you purchase one 3R ticket in the situation described in ques-—
tion 8, what is your expected gain or loss in this venture?

What is the variance of X,(Var(X)) equal to for the situation

described in question 8?2
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Myg: The Binomial Probability Distribution Lecture 4
Objectives:

A. The students must be able to state the parameters of a binomial
distribution when they are given the notation B{(m;p) or b(x;m;p).

B. The students must be able to find binomial probabilities for dif-
ferent valuee of the random variable X in a practically stated
problem.

C. The students must be able to identify and calcalate the values of

Py, 9, B(X), ¢ and 6% for a Bernoulli process.
Questions:

L. Consider a Bernoulli process where the probability of success p is
equal to 0,8, What is the value of q?

2, What is E(X) equal to for a Bernoulli process?

3. 1In a particular clothing manufacturing company 75% of the employees
are women and 25% are men. X is a Bernoulli random variable that
takes on the value of 1 when an employee randomly selected is a
woman and a value of O when a man is selected. What is Y equal te
in this case?

4. Consider the same situation as the one described in question 3.

What is 02 equal to in this case?

5. A particular Binomial distribution is specified as B(15;0,7). What
is the probability of failure, q, equal tv yin this case?

6. Consider & certain university where ¥.% of the students are men.
A random sample of 20 students is taken from the entire student
population. The random variable X is equal to the number of men
in the sample. What is the probability of obtaining 18 men in

this sample?

B L A TR et v ¢ Ais v




162,

7. What is the probability of obtaining at least 10 women in the
. sample described in question 67
8. What is the probability of obtaining between 13 and 15 men in-

: clusive in the sample described in question 67
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Properties of the Binomial Distributiom Lecture 5

Objectives:

A.

Students will be able to calculate the mean (4 or E(X)) and the
variance (g% or Var(X)) of a Binomial probability distribution
when applied to a practical problem.

Students will be able to calculate the mean (§ or E(X)) and the
variance (0% or Var(X)) and the expected value of functions of X

of a bincmial prohability distribution.

students will be able to state the mean and variance of a Bernoulli
and binominl distribution in terms of n, p and q (where n is the
number of trials, p the probability of success and q the probabili~
ty of failure).

Students will be able to identify and distinguish between the
values of p and q when presented with graphs of different binomial

distributions.

Questions:

1.

In a Bernoulli process n=l and p+q = 1. What is the mean J equal
to for a Bernoulli process?

In a Bernoulli process n=1 and ptq = 1. What is the variance o?
equal to for a Bernoulli process!

A random variable X is equal to the number of heads which occur
when a fair coin is spun 50 times. Thus the p.obability of success
p=0,5 and the number of trials n=50., What is E(X) for this
situation?

What is Var(X) equal to For the situation described in question 3?

A O T T R S R Ly R
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5. Consider the folilowing graph of a binomial distribution where n=30:
Pix) B
0.15

0.0

0,05

a 7 11 15 10 2.3 %
What is the value of p for this situation?

6, Consider the following graph of a binomial distribution where n=30:

Pl

0.3 -

02

04

A TE
Is p=q for this situation? . -

7. Consider the binomial distribution b(x;10;0,6). What is the expec-
ted value of X+3 equal to for thissitvation (E(X+3))?

8. Cousider the binomial distribution b(x;10;0,6). What is the ex~—
pected .alue of 3X+2 equal to for this situation (E(3X+2))?

9. Say that 607 of the residents of Johanneusburg favour cinemas open-
ing on a Sunday. ZLet X be equal to a binomial random variable
which. repregents the number .  people who faveur cinemds opening
on a Sunday. If a random sample of 20 residents is taken in
Johannesburg, what iz E(X) or the mean equal to far this sample?

10. What is the variance of X (Var/X)) equal to for the sample con-

sidered in question 97
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Mo+  The ¥ sisson Probability Distribution Lecture 6
Objectives:

A

B.

CO

D.

EO

F.

The students will Be able to state the formula for a Poisson dis-
tribution.
% -

Given the formula for a Poisson distribution GE—i%—~: and the
values of Y and x, the students must be able to evaluate the for-
mula, using a calculator,

Given the mean Y for a Poisson distribution, the students will be
akle to find the probability of a certain number of events occur-
ing, with the aid of Poisson distribution tables.

Students will be able to calculate the dffference betwsen the mean
M and the variance o for a discrete distribution.

The students will be able to cumpare the arithmetic computation in-
volved in evaluating ncxpan-x when

(1) n is small (<25) and p ~ 0,5
(ii) n is large (>25) and p ~ 0,1

Students will be able to solve basic problems related to practical

situations by applying the Poisson probability distribution.

Questiong:

1.

Consider a binomial distribution where n=3 and p=0,5. We would
uge the term 3Gzpzq1 in order to determine the probability of 2
successes occuring. Caleulate the valte of sczpqu without using
binomial tables.

Considei a binomial distribution where u=100 and p=0,1. If we

wanted to calculate the probability of 32 successes occuring

(P(X)=32), would we use this term: -gé-?%-é-:- 0,1)%7 1,9)88
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Say we would Like to £ind the probability of ¥ being equal to a
particular value in a Poisson distribution. The formula we would

x =(N
use to find thisg is: Sll~4$*—- . vhat is the name of the quan-

x!
tity which should be in the brackets where we have placed a quesw
tion mark?

Consider a discrete distribution where n=l00 and p=0,01, What is

the value of u-0% equal to for this situation.

Consider a Poisson probabilitv distribution where u=1,3. The for-

mula for a Poisson distribution is B(¥=x) = Efiﬁ;g . Use your cal-

culator to find the prolability that X will be equal to 3 (P(X=3)).

Consider a Poisson probability distribution where p=2,5. The pro-
o o (2,58.e7%5

bability that X=6 can be found from the expression ——imkgr—————.

Use your calculator to evaluate this expression correct to 4 de~

cimal places.

Consider a Poisson distribution where u=3. Use your tables to

find the probability that X=2,

Consider a Poisson distribution where u=3. TUse your tables to

find the probébility that Xs2,

Say that tie average number of customers who appear at a bank

teller's window is one per minute, Use the Poisson distribution

where \=1 to find the probability of four or more customers arri-

ving at the teller's window in any particular minute.
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Apgendix I1

Analyses and TInstructional Changes

The instructional sequences and related questions which failed to attain
¢he acceptance level of 70% are analysed in this appendix. The instrue-
tional changes that are made are viewed in relation to the resultsobtained
by groups 1,2 and 3. Each question is analyved separately and in the

following mannex:

Objective: The objective which the students are expected to attain
is stated. '
Question: The question which tests the attainment of the objective

is stated. A veference is giveﬂ in the left margin so that the position

of the question on the video cassette may be located. At asterisk refers
to the original instruction and a plus to the changed or edited instruction.
Validity: The number of content specialists who rated the question
as valid is given. ALl ratings are stated out of five as there were five
content specialists. Thus 4/5 indicates that four out of the five content
specialists rated the question as valid.

Instruction: . brief desuription of the relevant instructional se~
quence 1is given. A s ideo cassette reference is also given to facilit~'e
the location of the sequence for viewing.

Result: The result obtained by group i for this question is stated
followed by the result obtained by group 2 in brackets. Both groups viewed
the identical instruction. Therefore 62% (58%) indicates 622 of the students
in group 1 and 58% of those in group 2 answered the question correctly.
This notation is also sometimes used in later discussion.

Analysis:  An attempt is made to identify the area which is responsible
for rendering the instruction ineffective. Once *his has been done, the
{nstructional change which is made to the relevision lecture in &n attemnpt
to eradicate this area ig described.

Result: The result obtained by group o. who yiewed the 'improved' ot
changed inmstruction is given.

Conclugion: A fina) comment is made, regarding the effectiveness of the

jnstructional change.
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Lecture 1 -~ M35 Questi.n 6

Objective:  Students must be atie to ca’~ulate the probability of a parti-
cular random event occuring in a sample space and be able to interpret no~
tations such as 2{X=3) and £(2) in these ralculations.
Question: Consider a situation where a coin is spun three times. The random
variahle X is defined to be equal to the number of heads wh'ch occur. What
is P(a=4) equal to?
Validity: 5/5.
Instruction: The students are shown the sample space with real coins which
is gene:ated when spinning a coin . They then write down this sample space,
assigning probabilities of occurrence to the different random events, They
are then shown an alternate way of writing this same sample space.
Result: 9% (2%) answered the question correctly.
Analysis: It was felt that the very low percentage of correct answers in-
dicated that the students did not know wnere to begin to tackle the questionm.
In other words they did not know how to generate a sample space for three
spins of a coin as the instruction referred only to the case of two spins.
The objective was that students are able to calculate probabilities, not
generate sample spaces.

It was decided to add to the instruction, immediately after the question
was asked. a description oi how to generate a sample space for 3 spims of
a coin,
Result: 25% answered the question corractly.
Conelusion: The change in the instruction made a considerable imptrovement
to the result. However 257 i. still a long way below the acceptance level
of 70%. Thus further analysis is required. The objective should be re-
examined and perhaps broken down inte a few objectives, each with its own

instructional sequence and ~uestion.
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Lecture 1 ~ M35 Question 7

Ubjective: Students must be able to calculate the probability of a

particular random event occurring in a gsample space and be able to in-
terpret notations such as P(X=3) and £(2) in these <ulculations.
*361

+384 Question: Consider a situation where a coin is spun four times., The
random variable X is defined tn be equal to the number of heads which
oceur, What is P(X=4; equal to?
Validity:  5/5

#210

+211 Instruction: NQuestion 7 followed directly on from Question 6 as both

questions were rulated to thesame objective. The Instructional sequence is

therefore identical to that for Question 6.

Result:  28% (18%) answered the questinn correctly.

Analysis: As the instructional sequence leading to Questions 6 and 7 was
identical, the analysis is identical to that for question b,

There is however a 19% (16%) increase in the number of ¢orrect answers.,

Thi,s is difficult to account for., A possible reason is that the students

have had a little appropriato practive and thus improve on their answers
the second time around.

The supposed improvement to the instruction remains the same as that
for Question 6 with the addition that immediately after the question is
asked, the students are reminded to extend the sample space which was de-

veloped for them immediately after Question 6 was agked, This is to ob-

viate the difficulty in constructing a sample space which is not the objec~
tive in this situation.

Result: 55% answered the question correctly.

QQEE}EﬁiEE’ There is a marked improvement from 287 (187) to 55%. This

however 3.8 still below the acceptance level of 707. The suggestion in the

conclusion of question 6 is reinforced. If improved results are to be attained,
the objective should be broken down into two or three parts.

A point to note is that a better result was obtained for this question
than for question 6 although both were based on the same instruction. This
4. ears to support the learning principle put forward in the analysis of
the previous question that with some appropriate practive, the students
improve their answers,
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Lecture L =~ M35 Question 8

Objective: Students must be able to calculate the probahility of a
particular random event occurring in a sample space and be able to in~
terpret nctations such as P(X=3) and £(2) in these calculations.
Question: Consider the same sitdation as the one described in question
6, What is £(3) equal to?

Validity: 4/5

Instruction: Question 6,7 and 8 are all related to th: ¢:me objective.
Thus the instructional sequence leading to question 8 is .ite same as that
for questions 6 and 7.

In question 8 a new notation is used when asking a sisilar question :
to the two previous questioﬁs. The following instructional sequence is
used after question 7 to explain the new notation.

A reminder is given to the students concerning functions as encountered
in school algebra. The concept of a function is then related to a pro-
babilistic situation. The new aotation for defining the probability of an
event is then introduced, The students are then showa a probability dis-
tribution for the case of spinming a coin twice, using this new notation
wnesult: 337 (27%) rswered the question correctly.

Analysis: It wa. .elt that the problem area in the instructional se-
quence was identical to that for questions 6 and 7: the students were not
adequately shown how to genérate a sample space and thus could not proceed
to the next step, which was to find the probability of an event taking place
in the sample space. They could not therefore achieve the set objective.

The instructional changes effected for Question 6 and 7 should thus be
adequate for this question, along with a small addition immediately after
the question is asked, reminding the students to generate a sample space

similar t- the o¢ne they had used previously.

Result: 637 answered the question correctly.

Conclusion: This result almost attains the acceptance level of 707 even

though no significant changes were made in the instruction for this question.
This reinforces the hypothesis that the problem lay . :he inability of
students to generate sample spaces prior to question §.

It appears that the learning principle of appropriate practice is re-
vealed here as [lestions 6,7 and 8 are of a similar type and based on the
game objective,and the results improved progressively for Loth the original
instruction (97 (22), 28% (18%), 33% (27%)) and the improved i struction
(25%, 55%, 6371).
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Tecture 1 - MS Question 10
Objective:  Studente must be able to distinguish between a discrete
probability distribution (probability function) and a continuous pro-
bability distribution (probability density function).
Question: If we are considering a probability density function, would
this be a feasible statement to make: P(X=2) = 27
validity: 5/5
Instruction:  Students are shown a table which outlines the differences
between discrete and continuous probability distributions. To illustrate
the differences further they are shown a graph of 4 discrete probability
distribution followed by a question. They are therr shown a graph of a
continuous probability distribution.
Result: 667 answered the queation correctly.
Analysis: When analysing the instruction preceding this question, it was
dscided to change the phrasing £ the question. The wording could have
cavsed unnecessary confusion. Thus the . nestion was changed. This ques-
tion is therefore rendered invalid for the experiment as the results ob-
tained for different questions cannot be compared. This question was de~

leted from the experiment.
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Lecture 2 - M36 Question 3

Objective:  Students must be able to calculate the mean of a sample and
the mean of a population.

Question: If you are given a set of data as follows:

=M
WD O M
R WW M
e

, what is X in this case?

Validity: 5/5

Instruction: Two formulae are reviewed, which were previously used by
the students to find the mean of a sample. They are then asked question
three,

Result: 187 (227) answered the question correctly.

Analysis:  Although the students had previously used both formulae to
calculate the mean of 4 sample, they had either been unable to identify
which of the two formulae to use in this instance or been unable to apply
the formula to the data.

In an attempt to improve this instructional sequence it was decided
to demonstrate the use of the correct formula on a very simple set of data,
This was inserted immediately before question 3.

Result:  87% answered the question correctly.
Conclusion: The vast majority of the students were capable of achieving

the objective, but only if their memories were refreshed.
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Lecture 2 - M36 Question 4

Objective:  Students must be able to distinguish between the relative
frequency of occurrence C—D of an event \where the number of events n is
; finite) and the probability of occurrence (—0 of an event (when the num-
ber of events n is infinite).
' *341 Question: Consider the expression lim £ thae quantity or what concept

+367 —"— oo B
does this expression define?

Validity: 5/5.

% -

%ggi Instruction: The students are shown how to find the mean (x) of a
sample, using a formula for the mean which is arranged in a specific

manner. Once this example has been completed, the formula is re~examined.
*272

+300 The specific manmer in which the formula was arranged is pointed out

as being significant. A segment of the formula (—Q becomes the probability
of an event ocecurring, if n tends towards infinity. This fact is now used
in order to derive an expression for the expected value of a random variable.

Result: 267 (28%) answered correctly.

N Analysis: The definition for the probability of an event occurring had

E been given to the students in a previous lecture. Therafore this question

j actually relates tn the recall of kmowledge. However, the students are

; reminded of this definition during the present instruction. This definition
; also plays a central role in the formula which is derived during this *

; structional sequence. Therefore the students should have been able to

; answer this question from what they derived from this sequence; the result
however indicates that this was not the case.

It was decided that this lack of achievement was due to deficient in-

! struction. Thus the entire instructional sequence which develops the for-
mula for the expected value of a random variable was edited out and re-
placed with what was considered to be an improved explanation.

Yesult: 357 answered the question correctly.

Conelusion: This result is only a slight improvement and is still far
short of the required level. Therefore the fault possibly does not lie
with the imstruction. The question was rated as fully valid. Thus the
objective was reviewed.

Tt was decided that this objective is possibly out of place with this
jnstructional sequence. The development of the sequence does not lead lo-
gically to this question. Therefore the quastion should perhaps be inserted
at a different stage of the instruction - immediately after the students dre
reminded of the pettinent definition.

Do D N SN U U S S
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Lecture 2 - M36 Question 5

Objective: Students must know that the mean of a population and the ex-
pected value of a random variable are equivalent.

Question: The mean of a population p=E(X). How do we read the expression
E(X)? “

Validity: 5/5.

Instruetion: The students are shown how an equation for the mean of a
population can be derived from the equatican for the mean of a sample by con-
sidering the mean of a population to be the expected value of X, a

random variable.

Result: 31% answered the question correctly

Analysis: It was considered that the form the answer to this question

had to take was not suitable for recording efficiently and analysing its
correctness on the Cybercom system. Therefore the question was changed so
as to accommodate the Cybercom system. This question was deleted from the
experiment because it now became a different question and comparisoms be-

tween the answers from two different questions cannot be made.
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Lecture 2 ~ M36 Question 6

Objective:  Students must be able to calculate the expected value of:

i) a random variable and ii) functions of a random variable.

Question: Consider a situation where a coin is spun twice. X, a random
variable, is equal to the number of heads which occur. What is E(X)
equal to?

Validity: 5/5.

Instruction: The students are shown how to find the expected value E(X)
of a random variable X, for a population. The example which is chosen is
that of throwing a die. They are shown how to draw up the probability
distribution and how to apply the formula for E(X).

Result: 437 (277) answered the question correctly.

Analysis: A result of 43% is considered too low. The instruction preceding
the question however appeared to be adequate. A closer examination of the
skills that are required to answer the question was made. These fell into
two areas: i) the drawing up of a probability distribution which identi-
fies the values of X and their corresponding probabilities of occurrence
and ii) the application of the formula for E(X).

As the objective is concerned with the skills required in (ii), it was
decided to illustrate (i) for %he students in an attempt to improve the
instruction, This was inserted immediately after question 6 was asked,
Result: 867 answered the question correctly.

Conclusion: The improved instruction has yielded a result well within
the acceptable limit. This indicates that the students are capable of

finding E(X) for a random variable X, but are not capable of generating
probability distributions for X. More attention should be given to this

aspect if further improvements to the instruction are to be made.
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T.ecture 2 - M36 Question 7

Objective:  Students must be able to evaluate the expected value of (i)
a random variable and ii) functions of a random variable.

Question: Consider the same situation as the one described in question
%498

+538 6. What is E(X?) equal to?
Validity:s 5/5..

*AE
461 Tnstruction; The students are shown how the formula for E(X) applies to

+503

functions of X. A practical example is then demonstrated where EX™) is

found for the situation of throwing a die.

Result: 127 (6%) answered the question correctly.

Analysis: The analysis is identical to that for question 6. It was felt

that the instruction was adequate but that two skills were needed to answer

the yuestion: 1) the ability to draw up a probability distribution for values

of the function of X and their corresponding probabilities of occurrence.

ii) The application of the formula for the expected value of functions of X.
Again, as the skills in (ii) are the ones referred to in the objective,

(i) was to be completed for the students. This was inserted immediately

after question 7 was asked.

Result: 847% answered correctly.

Conclusion : This vastly improved result reinforces the conclusions reached

for question 6 as question 7 is a duplication of that situation.
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Lecture 2 - M36 guestion_lg

Objective: Students must be able to evaluate the expected value of i) a
random variable and ii) functions of a random variable.

Question: If E‘X%)=2 for a particular situation, what is B(4+2X ) equal
to for this situation?

Validity: 5/5

Tastruction: The students are shown two properties of expected values,
nanely that i) the expected value of the sum of two random variables is
equal to the sum of the expected value of each random variable and

{1) the expected value of a constant :dded to a constant multiplied by a
random variable is equal to the first constant added to the second constant
which is multiplied by the expected value of the random variable. Two
questions are then asked on these two properties, questions ? and 10.
Resulty 68% (537) answered correctly.

Analysis: The result obtained by group 1 (68%) was very close to the accep-
tance level. It was therefore decided to leave the instructional sequence
unchanged and observe if groups 2 and 3 scored a better result.

Regult: 56% answered correctly.

Comclusion: All three groups failed to achieve the level of acceptance.
This instrucional sequence is probably inadequate and should be reviewed
in order to improve the attainment of the objective. I a gimilar example
wers to be worked out for the students before the question is asked, a

larger percentage should achieve the objective.
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Lecture 3 -~ M37 Question 2

—_—___.__.-—-—‘——“_‘—‘—-—
Objective: Students must be able to calculate the variance of a sample
(s?) and the variance of 2 population (c?).

Quesgtion 1f you are given 2 set of data as follows:

X £

i .

10 3

b 3

6 2

9 1

and told that %=7, what is g?
validity: 5/5

Tastruction: Two formulae which were previously used by the srudents to

% equal to?

calculate the variance of a sample avre raviewed, They are then told to
use the second formula to be reviewed in order to answer question 2.
Result: 5% (5%) answered the question correctly.

Analysis: 1t was assumed that the students were familiar with the
application of this formula to a set of data. Obviously this assumption
was ineorrect.

1t was therefore decided, in an gttempt to improve the instructional
gequence, to $1lustrate the usé of this formula when applied to a simple
data set. This was inserted immediately before the question was asked.
Result:  36% answered the question correctly.

Conclusion: The illustrative example which was inserted resulted in a
gubstantial increase in the number of correct answers (31%). The overall
aumber of correct answers is still however far Eoo 1ow (36%). A problem
area has therefore been fdentified.

The students had sbviously not reached a sufficient level of compe~
tence in applying the relevant formula to sets of data in order to find
the variance of a gample. Thus their earlier instruction should be suitably
changed. Alternately more time could be devoted to this ared in t+.s in~

structional sequence before the question is asked.

R R T g
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Lecture 3 - M:37 Question 4

Objective: Students must be able to calculate the variance of a sample
(s?) and the variance of a population (o®).

Question: Consider a situation where a coin is spun twice. X, the random
variable, is equal to the number of heads which occur and p=1. What is a?
equal to?

validity: 5/5

Instruction: The students are shown how to calculate the variance of a
population by considering the situation where a di2 is thrown., They arte
then asked to find the variancze for the situation descrili-d in question 4.
Result: 24% (35%) answered the question correctly.

Analysig: The instruction was considered adequate although the result was
far from satisfactory.

This lead to a closer examination of the skills required to answer the
question correctly. Again, it was found that the necessary skills could be
separated into two distinct operations. The first involved the generation
of a pr bability distribution for the random variable X and the second the
application of the formula for the caleulation of the variamce of X.

As the objective referred only to the second operation it was proposed
that an improved result could be obtained if the first operation was com-
pleted for the stud:nts. Thig was done immediately after the question was
asked.

Result: 75% answered the question correctly.

Conclusion: This result is within the acceptance luvel. A skill or opera-
tion has been identified which was not part of this specific objective., It
was also in this area that the students were experiencing difficulty.
Further practice at generating probability distributions is needed by the
students.
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Lecture 3 - M37 Question 3

Objective: Students must know that the terms o*, var(X) and E(Xx-u)? are

all equivalent terms for the variance of a population,
%378

+419 Question: Consider a situation where the standard deviation o=2 for a

population., What is E(X-u)* equal to?
Validity: 5/5

*
351 Instruction: The two formulae which have t. w developed so far for E(X)

+390
aid Var(X) are compared. From the comparison it is shown that the variance

of X, Var(X) can also be written as E(x-u)z.

Result: 437 (49%) answered the question correctly.

Analysis: Although they were shown two equivalent forms of writing the
variance of a population, these two forms were never related to the most
often used form, °* It was felt that this was a deficiency in the
instruction.

As a result, it was decided to stress that 0%, Var(s) and E(X-1)?* are
all equivalent forms,immediately after the first two equivalent forms had
been stated.

Result: 76% answered correctly.

Ceae lusion:  The deficiency in the instruction had been correctly identi-
fied as a relatively small change in the instruction resulted in a gigni-

ficantly better result. ‘ ’ ﬁ%&
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Lecture 3 -~ M37 Question 7

Objective: Students must be able to calculate the variance of a sample
(5%) and the variance of a population (a®,
:gg; Question: Consider the same situation as the one described in question 4.

What is E(X?) equal to for this situation?

Validity: 3/5
1 tigg Instruction: The students are shown how to calculate the variance for
the situatior of throwing a die by using the formula Var (X)=E (X?)-[E(X) 1%,
They are reminded that they have already seen that E(X)=3,5., They are then
shown how to £ind E(X?) for this situation and finally that Var(X) is equal
to %%.
Result: 19% (31%) answered the guestion correctly.
; Analysis: In order Lo answer the question the students had to first of
all generate che probability distribution for X* and then find E(X2). The
objective only refers to caiculating the variance of X which involves
evaluating E(X?).

As was the case in question 4, the probability distribution for X* was
generated for the students immediately after the question was asked, in an
attempt to improve the instruction.

Result: 647 answered correctly.

e Conclusion: The stating of the probabilaiy distribut.on inecreased the

; correct responses by 45% (337) which is a significant improvement. However
; the acceptance level has not yet been attained. This would indicate that

{ more time should be spent in explaining the applicatisn of the mew formula
for Var(X) and the caleulation of terms such as E(X).

Dl TRt Pk
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Loast we ¥ - M37 Question 8

wr e e e—————

Question 9

gggstion 10

Alt three questioms are related to the same objective and instruc~

tional sequence. As it was decided to leave the sequence unchangad, the

i~

questions will be discussell together as a roup.
nly the theoretical concepts of

i

!

i

i Objective:  Students mugt be able to ap

i . . ;

i the wean and variance of a population (ox the expected value and variance

%; of a random variable) to practical situations.

Y *

}% +gag Question 8: Say that a lottery is to be held. 1000 tickets are sold at

L i? . R3 each. Three prizes are offered, The first prize is R5J the second
' prize is R300 and the third prize is R200. ¥, a random yvariable, is rrual

to the prize money. Wh-t a ticket is drawn it is replaced so that there

are always 1000 tickets in the draw. What is the expected value of X,

[B(x)], for this gituation?

* 3 d 4 + . * 1]
+gg§ guesnion 9: If you purchase one R3 ticket in the situation described in
question 8, what is your expected loss or gain in this venture?

.
+2§8 Questica 10:  Waat is the variance of X, Var(X) , equal to for the situa-
f tion described in question 87

Validity: 5/5 for al. three questions.
Tnstruction: A practical gltuation is stated where the theory developed
y distribution {8 drawn up for

*504
+547

in this lecture can L» applied. A probabilit
e 1 the studerts and ‘then three questions based on the situation are asked,
f ‘ { Result: Question B: 56% (72%) answered correctly.

B % Question 9: 147 (18%) answered correctly.
~ {5 : Question 10t 107 (4%) answered gorrectly

i : )

5 ! Analysis:  Although all three of these questions failed to achieve the
oot natt Mmraa

g were left un=

minimum acceptance level, the telated instructional sequince
“tay are all yalatad to the same wiective, namely that students

ty the theoretical concepts of the mean and variance of

o

mus . be able to app
¢ a population to ~=getical situations.
The students were mostly unsuccessful in obtaining this objective,

1

% 5 char.ged.
|

f

f 1 as the scores for the ihree questions indicate. However, it was felt that

in ¢:der to apply theoretical concepts £O practical situations, students

must first have pasterad the theoretical concepts. This does not appear Lo
ier parts of this lecture.

be the case in many instances during the earl

N e e
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Therefore, as it was felt that improvements made to earlier sequences
of the instruction would more readily facilitate the achievement of these
prerequisite objectives, this objective would also be more readily attained,
and the achievement levels might well be within the acceptance level with-

out any instructional changes.

Resuit: Question 8: 677 answered correctly.

Nuestion 9: 0% answered correctly.

Questlon 10: 3% answered corrently.
Conclusion:  Although carlier sequences have shown a larger percentage of
students acquiring mastery of subordinate objectives, these results are,
4{n the main, worse. Therefore the instructional sequence should be changed.
This change should include the solution of problem of a similar type to that

given to the students to solve.
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lLecture & = M38 Question 2

Objective: The students wust be able to jdentify and calcuiate the
yalues of p, 4 E(X), ¥ and g% for a Bernoulli process.

Question: What 1s E(X) equal to for a Bernoulli process?

yalidity: 5/5

Tnstruetion: The students are shown the probability distribution for a
Bernoulli process and are then asked to find the expected value of X for
a Bernoulli process.

Result: 40% (447) answered the question correctly.

Analysis: Inm previous lectures it was thought that students experienced

difficulty in generating probability distributions in order to find E(X).
This cannot be rhe case here as they are shown the probability distribu-
tion. Some students may not however realize that this is the appropriate
probability digtribution to use.

A seconé source of difficulty may be that students cannot recall the
formula for E(X) from the previous lecture.

As the objective does not concern itself with generating probability
distributions or with the recall of a formula, but with the caleulation
of BE¢X for a Bernoulli process, the students were told that the distri-
B .on which they had just seen for 2 Bernoulli process was the appropriate
distribution and they were reminded verbally of the formula for E{X). This
was all inserted immediately after the question was asked.
Result: 71% answered the question correctly.
Conclusion:  This result is now within the acceptance 1imit, although only
just. Further improvements to the instruction ghould be sought in order to

{ncrease the percentage of correct answers.
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Lecture 4 - M38 Question 3

Objective:  The students must be able to identify and calculate the
values of p, q, E(X), W and g® for a Bernoulli process.

Question: In a particular clothing manufacturing company 75% of the em-
ployees are women and 257 are men. X is a Bernmoulli random variable that
takes on the value of 1 when an employee randomly selected is a woman and
a value of O when a man is selected. What is § equal to in this case?
Validity: 4/5

Instruction: The students are shown that the variance for a Bernmoulli
process is equal to pq. While this is being done they use the answer to
question 2, namely that E(X)=p.

Result: 41% (43%) answered correctly.

Analysis: In the instruction they are shown two properties of a Bernoulll
process, namely. E(X)=p and Var(X)=pq. When question 3 was asked, the
symbol W was used. Some students might not associate W and E(X) as being
equivalent, which they should have done from a previous lecture.

In an attempt to improve the instruction and highlight these two éro—
perties it was decided to insert a summary of them at the end of the in~
structional sequence, immeidately before question 2 was asked: The -
equivalent symbols of U and o2 were used in place of E(X) and Var(X).;é—
spectively in the summary.

Secondly, many students might have difficulty in identifying the values
of p and q in the question. Although this was part of the objective it was
denided that the focus should be on the calculation and thus they are given
the values of p and q. The students were expected to perform two skills:
identify p and q and calculate y. By giving them the value of p and q, only
one skill is now to be performed.

Result: 80% answered the guestion correctly.

Cunclusion: The instruction is now considered adequate to enable the vast
majority of the students to achieve part of the objective. In grder to
enable students to achieve the entire objective, it should be broken down
into two parts, where in the first part students are required to identify

p and q for different Barnoulli processes. Only then should the present

instruction be given and question 1 subsequently asked.
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Lecture 4 - M38 Question 4

Objective: The students must be able to identify and calculate the valuas
of p, q, E(X), U and o? for a Bernoulli process.

Guestion: Consider the same situation as the one described in question

3. What is o2 equal to in this case?
Validity:s 4/5
Instruction: The instruction is identical to that for question 3.
Result:  48% (26%) answered the question correctly.
Analysis: The analysis of the instruction is identical to that for
question 3 as both questions stem from the same instruction. Thus the
instructional changes made for question 3 should increase the number of
correct answers for question 4.

In addition, the students are reminded to use the property of the vari-
ance for a Bernoulli process which had just been developed.
Result: 557 answered the question correctly.
Conclusion: This result does mat show much of an improvement and it is
still well below the acceptasce level. fThus the instruction preceding
questions 3 and 4 is probably not quite appropriate, even with the
'improvenents'.

Further improvements would probably include some examples of finding
u and o2 for a Bernoulli process before the students are asked to perform

a similar calculation.

oy et b
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Lecture 4 - MSS Question 6

Objective: The students must be able to find binomial probabilities

for different values of the random variable ¥ in a practirally stated
problem.

Question: Consider a certain university where 80% of the students are
men. A random sample of 20 students is taken from the entire student
population. The random variable X is equal to the number of men in the
sample. What is the probability of obtaining 18 men in this sample?
Validity: 5/5

Instruction: The situation as stated in question 6 is presented to the
students and then a particular question based on this situation is com-
pleted for them; namely the probabiiity is found of there being 15 women
in the saniple.

Result: 5% (18%7) answered the question correctly.

Analysis: The skills required to answer this question were closely
examined and it was found that there were two, possibly unrelated, skills
invoLved.

The first required that the students identify which value or values of
the random variable X are involved with a particular value of p.

The second required the student to find the probabilities associated
with these values of X and p.

The objectivc as it is stated refers to the second of these skills.
Thus, in order to improve the instruction, it was decided to perform the
first skill for the students on the chalkboard.

Result: 557 answered correctly.

Conclusion: This result represents a 507 (37%) improvement which is sub-
stantial. However the result still falls below the level of acceptance
and further improvements should take place.

The problem which is worked ocut for the students before the question is
asked could be explain more fully with every step in the calculation being
shown. The situation at the moment is chat a few steps are missed as it
was assumed the students would follow:these rather elementary calculations

and procedures. Obviously this was not the case.




*524
+548

*504
+530

+553

188.

Lecture 4 - M38 Question 7

Objective: The students must be able to find binomial probabilities
for different values of the random variable X in a practically stated
problem.

Question: What is the probability of obtaining at least 10 women in
the sample described in question 6 ?

Validity: 5/5

Instruction: The instruction is similar to that for question 6. Before
the question is asked a similar question is worked out for the students.
Result: 47 (39%) answered the question correctly.

Analysis: The analyses is identical to that described in question 6.
Thus in order to improve matters, the first skill is again petrformed
for the students,

Result: 617 answered correctly,

Conclusion:  Although the result represents an improvement of 57% (22%)
and is only 9% below the level of acceptance, the remarks made in the

conclusion of question 6 also apply here.
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Lecture 4 - M38 Question 8

Objective: The students must be able to find binomial probabilities
for different values of the random variable X in a practically stated
problem.

Question: What is the probability of obtaining between 13 and 15 men
inclusive in the sample described in question 67

Validity: 5/5

Instruction: The instruction is similar to that for question 6., Before
the question is asked a similar question is worked cut for the stvldents.
Result: 327 (577) answered correctly.

Analysis: The analysis is identical to that described in question 6,
Once again, the first skill described in the analysis of question 6 is
performed for the students on the chalkboard.

Result: 667 answered the question correctly.

Conclusion: Although the result is very close to the acceptance level
of 70%Z the conclusion reached in question 6 still applies here,

It is worth noting that although the instruction remained essentially
the same for questions 6, 7 and 8 for both the original instruction and
then for the 'improved' instruction, the results mostly improved
5% (18%) = 4% (397) + 32% (57%) and 55% + 61%  €6%] progressively as
the students worked from question 6 through to question 8. This appears
to support the proposal made in the conclusion of question 6 that further
improvements can be effected if the problems completed before each question
are more thoroughly treated = the students' results tended to improve as
thev became more familiar with that type of problem. Therefore the learning

prineciple of appropriate practice should be applied more stringently.
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Lecture 5 - M39 Question 1

Objective: Students will be able to state the mean and variance of a
Bernoulli and Binomial distribution in terms of n, p and q (wherea n is
the pumber of trials, p the probability of success and q the probability
of failure).

Question: In a Bernoulli process n=l and p+q=1l. What is the mean p
gqual to for a Bernoulli process?

Validity: 5/5

Instruction: The first question is based on a formula derived in the
previous lecture. Thus after a brief preamble which describes what the

present lecture is going to cover, the first question is asked.

Result: 457 (3%) answered the question correctly.

Analysis: Two formula which were developed in the previous lecture are

essential to tlie development of this lecture. Thus instead of assuming
that the students would be familiar with them, at the beginning of this
lecture the students are asked to state the two formulae in questions 1
and 2.

The result obtained indicates conclusively that the students are not
familiar with the first formula. Thus it was deéided to insert a biief
review of these two formula- in the preamble to this lecture and to ob-

gerve the affect.
Resilt: 367 ansvered correctly.

Conelusion: The brief review did not improve the initial result, although

there is a large fluctuation in the initial result. This highlights the
variation in recall between groups. Thus it appears that a brief review
is not sufficient. As the development of this lecture is based, to a

large extent, on the students being familiar with these two formulae, a

more substantial review would be in order.

R,
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Lecture 5 - M39 Question 2

Objeetive: Students will be able to state the mean and variance of a
Bernoulli and Binomial distribution in terms of n, p and q (where n is
the number of trials, p the probability of success and q the probability
of failure).

Question: In a Bernoulli process n=l and p+q=1. What is the variance
o2
Validity: 4/5

Instruction: Question 1 was based on the fact that u=p for a Bermoulli

equal to for a Bernoulli process?

ptocess. This relationship is now developed to apply to a Binomial pro-
cess or distribution and it is shown that p=np for this situation. The
next instructional sequence is to derive a relationship for the vaiiance
(0%) of a Biunomial distribution. As this is based on the formula for the
variance of a Bernoulli process (which was dealt with in the previous
lecture), this is the question which is now asked as question 2.
Result: 437 (39%) answered the question correctly.
Analysis: This is identical to the analysis outlined in question 1.
Result: 887 answered the question correctly.
Conclusion: A substantial increase in the number of correct answers hag
resulted, This result is well within the level of acceptance, whereas
the result for question 1 was not. This is possibly accounted for by the
fact that between questions 1 and 2 the instructional sequence includes
expressions of a similar type to those used in the previous lecture which
act 4as stimuli or teminders to the students.

The proposed further improvement in the conclusion of question 1 is

still deemed to be nazcessary.
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Lecture 5 = M39 Question &

Objective: Students will be able to calculate the mean (4 or E(X))

and the variance (c? or Var(X)) of a Binomial probability digtribution
when applied to a practical problem.

Question: A random variable X is equal to the number of heads which
ovcur when a fair coim is spun 50 times. Thus the probability of success
p=0,5 and the number of trials n=50. What is Var(X) equal to for this
situation?

Validity:  3/5

Tagtruction: The students ate shown a second property of the binomial
distribution, namely that the variance o%=npq. They are theu asked a
question (question 3) on the first property they were shown and then a
question on the second property (question 4).

Result; 527 (62%) answered the questiom correctly.

Analysis: Questions 3 and « are based on similar {nstruction. Question
3 was very well answered, with 76% (82%) (£ the students submitting the
correct danswer,

The instruction was therefore possibly idequate. The lower result
in this question was possibly due to the fact that a large amount of
ground was coverad before questions 3 and 4 were asked, The students had
possibly assimilated the first property but were ¢till absorbing the second.
Tt was decided therefore to present a summary of these two important pro-
pexties of the binomial distribution at the end of the instructional se~
quence, immediately before questions 3 and 4 were asked.

Result: 84% answered correctly.
Conelusinn: This result is well within the acceptance level and the in-
strictional sequence is far wmore gatisfactory since the summary was intro-

duced.

g e p e i N
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Lectere 5 - M Question 10

39

Objective: Students will be able to caleulate the mean [} or E(X)]
and the variance [0? or Var(X)] of a Binomial probability distribution
When applied to a practical problem.

Qiestion: What is the variance of X [(Var(X)] equal to for the sample

! P rem—

considered in question 9?

Validity: 5/5

Instruction: A practical situation is stated where the binomial distri=
bution can be employed. This fact is made known to the students and two
questions are posed concerning this situation; questions 9 and 10.

Result:  65%Z (797) answered correctly.

Analysis: The score obtained for this question by group 1 was very close
to the acceptance level. Coupled to thig is the bulief that earlier parts
of the instruction in this lecture have been improved. Therefore it was
decided to leave this instructional sequence unchaged.

Result: 807 answered correctly.

Conclusion:  As both Groups 2 and 3 scored above the acceptance level it
appears that the ipstruction was adequate and the decision to leave it un~

changed is vindicated,
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