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Abstract

This study investigated the effectiveness 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 lec­
tures which had been identified as ineffective, could be analysed and
changed, so as to become effective.

In 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 previling conditions. In order to achieve this a criterion 
referenced approach to instruction was adapted to the television lec­
tures. Secondly, the 'type' of television lecture had to be disclosed. 
The televised lectures were traditional in that they were similar to 
die 'live' lectures except for a few novel innovations. The study did 
not however set out to compare the effectiveness of the 'live and 
'T.V,1 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 devoWpcd educational computer system was used for this 
purpose and a full description of this novel system is given in this 
study.

The experimentation was based on two important premises. First, 
the evaluative means which were used to assess the lectures had to be 
valid. In other words they had to measure what they were supposed to
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measure. The validation procedure, 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
able 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 in 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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1. INTRODUCTION

'There are a number of ways of thinking about 
instruction. Some o£ them are conducive to in­
structional improvement. Others are not.'
(Popham 1973, p9)

1.1 An Orientation 

This study involved itself with evaluating the effectiveness of tele­

vision instruction. This statement covers a vast field and a delimita­

tion of the actual field of study is necessary. The learners were first 

year university students 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 course 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 based on the belief 

that the effectiveness of television instruction could be authentically 

determined and the results of the evaluation could be used to improve the 

instructional effectiveness. The experimentation conducted in this study 

was directed at testing hypotheses which were formulated from this 

orientation.



Any work which deals with the evaluation of instruction must in 

volve three important aspects of teaching. The first deals with the 

criteria 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

cision on the pat*" 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 Che 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 this 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 pointless. The efforts 

which were made in an attempt to improve the television instruction are 

fully described and the comparison of the initial and final instruction 

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 becoming 

more common in higher education than ever before. There is more concern 

that educators should be accountable for their performance, and that edu­

cation systems should attain the targets which they have been set 

(Lomax, 1979 (1)).



1.2 The Structure
T W  bcdy of this „ s *  ia ^vided into « o  pa«s. Part o «  deals »ith 

.1! the background features „hich led up to the experimentation and part 

t„o deals »ith the experiment itself. Some concluding remarks are then

made in the final chapter.

1.2.1 The Background 
„ rt one comprises chapters too, three, four and five. Chapter t„o 

gives a brief t.vie. of educational television and some conclusions uhrch 

nave been reached regarding it. effectiveness. A case study of a typical 

type of instructional television experiment concludes the chapter.

Chapter three deals with the system, approach to education. A cri­

terion-referenced instructional model is propounded uhich is based on 

the system, approach. The implementation of this model to the television

lectures is discussed.
Chapter four outlines the development of the television instruction

in the statistics course up until the time of the experiment. Some e.g-

nitive connotations in the development of the instruction are considered

and the means mhich .ere used to evaluate the television lectures are

revealed.
Chapter five concludes the background picture by outlining a ne» com­

puter based teaching system. The us. mad. of this syte. in Older C  

evaluate the instruction is then described.

1.2.2 The Experiment 

The second part of the study comprises three chapters .hie r w r  f e  

experimentation that .as conducted. Chapter six discusses the design 

of the experiment which include, the sampling procedure used, the identi­

fication and control of the variables and the enunciation of the hypo- 

theses which were tested.



Chapter seven outlines the procedure which was used to validate the 

questions; these questions were required 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 instruc­

tional sequences are discussed. 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 

statistics 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 cassette video tapes form an apparatus addendum to 

this work.

Appendix I gives the specific behavioural objectives for each lecture, 

in addition to the questions which were used to determine the attainment 

of these objectives. Included in this appendix is the form which content- 

specialists used to validate the questions.

Appendix 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 ins true-
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tional sequences can be easily located and viewed.

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

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

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

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

struction as the lectures are transcribed 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-

ierence points are given at regular intervals.

Appendix XV supplies the lesson programmes which were used by the 

computer system in order 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 described. 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 

Shills Which had been acquired by the students in the various samples,

prior to the experimentation.



PART I : 

THE BACKGROUND
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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 (Gordon, 

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 influenc'd 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 an 

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 

has taken place. Finally a particular case study of the almost classi­

cal experiment 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! Zworkykin1s 

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

of video and leadership by the BBC in Britain during the 1930's; and, 

finally, the first public television broadcasts of the opening of the



New York World's Fair in 1939 over NBC's experimental station, W2XBS 

(Gordon 1965).

It was in the 1950"s that television made a significant appearance 

in education. Educational programmes were broadcast by the BBC in 

the UK and several educational television stations were founded in 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 introduction of 

educational television, while other countries followed at a compara­

bly slower pace. One 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 television 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 of the pioneers in this direction when a 

closed-circuit television service was established on 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..
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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 hr5 to be done on the rather unreliable 

helical-scan equipment or on thi expensive broadcast quality machines 

(Wliitaker 1979). The 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 equipment 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 

equipment 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 longer 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 not 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

cilitated the use of educational television programmes as not only did 

it allow for greater portability 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 technical developments in educational television 

is-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 terms. Extremely complex equipment can now be produced 

quite cheaply and the cost of a well—equipped colour studio is no longer 

such a prohibitive factor,

2,1.3 Various Uses

In a brief synopsis such as this on the development of educational 

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. ^  ^as tended to be

used more as an aid, supplement or convenience than a complete teaching 

entity'. Some of the uses h1 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 because of Its effectiveness or simply because it was 

there? The relentness demand which was felt during the I960's for edu 

cational innovatioii led to the common.tendency of equating innovation with 

improvement withou- rigorously evaluating the effeetivenc; . of each new 

education programme or instructional procedure (Cohen, Rose and Trent, 1973).
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2,2 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

multaneously either via a closed circuit process (cables) or high 

frequency transmission. 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 film.

Could educational television do the job as well as the 1 live1 

teacher? If this was the case exciting possibilities existed: every­

one could be taught by the 1 expert1; teachers could be released from 

repetitive lessons and their time used more efficiently in other areas; 

the teacher could possibly be replaced!

It is no wonder then that, with these ideas being entertained, 

many studies have been conducted since the 195Q1s in which the effec­

tiveness of television has been compared to that of the 1 live1 teacher. 

The overall results obtained could be described ar disappointing. Far 

too many studies reported that there was no significant difference 

(N.S.D.) between the two. Gordon (1970) is severely critical of this 

fact, stating that it was like a new drug, N.S.D., in the I9601s for 

educational television researchers. He claims that between 1950 and 

1970 organizations 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 educational 

television research: 'To our initial surprise and later disappoint-



ment, we found over and over again that there was no significant dif­

ference between television and conventional instruction.' (Gordon 

1970: 203). A similar attitude can also be detected in other reports.

Stickell (1963) analyzed 250 studijs which compared television in­

struction with face-to-face instruction and judged only 10 of 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 no significant differences in achievement be­

tween televised and conventional instruction. Although many studies 

have shown no significant differences between the '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 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). In a later review by Schramm (Chu and Schramm, 

1967) it was found that sufficient experiments have shown the effec­

tiveness of television to dispel any doubts that children and 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

appeared and educational television is mostly accepted as an aid to 

supplement the teaching process, Many research studies comparing co­

operative television teacher - classroom teacher with conventional in­

struction could be cited 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 heen conducted in order 

to compare instructional television with more conventional teaching 

methods, a disproportionately small number of meaningful or mterpre- 

table experiments have resulted. One possible reason for this is the 

lack of control of 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 suffer 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, 1970).

Is one measuring powers of retention only or does T.V. have other 

values? And if so how does one set up an experiment that keeps other 

variables constant (like the influence of television at home)? In 

most Of these studiesattempts 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 extreme complexity involved in a thorough 

and overall examination of the effects of instructional television, 

consider the case of 'Sesame Street', the Am rican public television 

program directed towards pre-school children. Direct evaluation of 

the programme's goals indicated that children were making 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 recent study of 'Sesame 

Street' on Israeli kindergarten and school children, similar cognitive 

results were achieved once the children had mastered the mental skills 

necessary to overcome the modification caused by the novel formats
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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 in*action. This appears to be the 

situation involving most studies which compare a conventional teaching 

method and a method which makes use of some 'new 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 no significant 

difference between one medium and another in facilitating the attain­

ment of a wide range of objectives (Levie and Dickie, 1573).

Many of these studies have suffered from a lack of precision m  

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 

introduction and continued use of instructional television have been 

documented by Murphy and Gross (1966) which range from teacher anta­

gonism to improper use of the medium.

This has left instructional television and indeed the whole field 

of instructional technology in somewhat of a dilemma. Two points of 

view are given by MoIdstad (1974) where he describes some reports as 

stating that instructional technology is largely supplementary to the 

two primary media of instruction, the textbook and the teacher, and 

-*s something that the good teacher can quite easily manage without.

If either the teacher or the textbook is eliminated, the whole educa- 

tion system would transformed, but if all of technology is elimi- 

nated, education would go on without a missed lesson.

He then goes on to describe some of the distinct 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



against 'new media') is that they are both based on 'soft data : 

utilization statistics, teacher testimonials or questionnaires, edu­

cated guesses, undocumented research claims, media attitude responses 

and student documentation of use and preferences

In today's world where there is a greater gtrfeLt ssues such 

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

duced in this research Tea. Although the concept of instructional 

television has gained prominence in many countries in the past two 

decades, there are only a few documented attempts to scientifically

evaluate its success (Cohen, 1979)(I))*

Most of the points that have been made in this brief review of 

educational television are pertinent to this study. The area of evalu­

ation must be clearly defined and there must be great precision in de­

limiting what it is about instructional television that is being inves­

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

made with greater certainty and clarity, in ’•ho i owledge that if the 

experiment is repeated under uhe same conditions with equal control 

over all the variables, the same result will be obtained.

To conclude this review a brief exposition will be given of an 

experiment undertaken to measure television instruction against tra­

ditional teaching. The experiment succumbed to many of the pitfalls 

described in the proceeding pages,

2.3 A Case Study

2.3,1 The ’Design 

The Department of Applied Mathematics at the University of the 

Witwatersrand, Johannesburg, embarked on a project in 1978 whereby 

videotaped lectures were to replace 'live' 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 Cornerce an appreciation and 

working knowledge of certain mathematical and statistical 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 oe shown for only part of a 45 minute lecture period. The pro­

grammes were between 15 and 30 minutes in duration and the content 

covered 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 orientated problems. 

Thus the format was not one of lecturer replacement but rather a team 

teaching approach between the 'televised1 and 'live' lecturer. Some 

factors which influenced 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 

several 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 (.entirely 'live' lecturer) approach.



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 group) and two 

lecturers participated in the experiment. Each lecturer was respon­

sible 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 t'actori . part to the experiment. In 

other words not only could two teaching techniques be compared but also 

the differences between two lecturers and any interactions which could 

have occurred (Winer, 1971). This is more clearly illustrated by the 

following table:

Treatment

A B

1 Group a Group @
2 Group y Group 6

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) lecturer 1 and lecturer 2,

(c) interaction between groups (a+6) and groups (!>+y ) •

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.



2,3,2 The Results 
A dehailed mathematical analysis of the results will not ha given

lere (Young, 1978(1)). The i,nal summary revealed that:
(a) there was no significant difference between the television ln-

struction and the traditional instruction.

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

(c) there was no significant interaction between the groups.

A closer examination shows that the largest differences occurred 

b e t w e e n  the w o  lecturers but these were still so small that they Were 

not at all significant. The 95% confidence limits were used.

2.3.3 The Interpretation 

The result could almost have been predicted: no significant dif­

ference. Thus this experiment falls into the same category as so 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 'live' 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 

experiments as outlined in section 2.2.2, there are so T my variables 

which were uot controlled that it makes this experiment very difficult

to interpret.
do C M U O I  M S  exorcised over the Imouot of iodepondont study vhich 

occurred luring this period of time. Perhaps the television instruc­

tion M .  so bad that these groups were forced to do far more independent 

.tudu than the groups who received the traditional teaching, and in so



20.

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 into their 'live1 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 

MoIdstad'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 

acted as a forerunner to the experimentation in this work in that it 

revealed many inadequacies which can exist in an experimental design 

of 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).
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3. Criterion Referenced Instruction

Lecturing to large groups is the most prevalent form of teaching in 

higher education and is usually the most difficult to reconcile with 

well established learning principles (University Teaching Methods Unit: 

1978). The teaching 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 

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 the lecture itself must be asked.

How effectively (and perhaps efficiently) are the teaching staff per­

forming in these situations? How much teaching is actually done in a 

lecture and more importantly, how much does a student learn in a lec­

ture of this nature?

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

teacher has to be mote 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 

approach, or more specifically a cti‘ m-referenced approach.



This chapter will include a synopsis of criterion-referenced in­

struction and will then describe how this approach was 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 proposition 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 irn 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 subject 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 iearning. 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 

rewarded; 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 de- .lopments, the. so called 

technology of education, continued throughout 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.

Constraint
Start Objectives

Improvement

Evaluation

Figure 1: A Systems Approach to Education
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Many see Che systems Approach as Che development of Che science of 

Learning which is a very necessary development in today s world. Pro 

ponents of this approach claim Chat it has many advantages, some of 

which are increased learning effectiveness and efficiency and a system 

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

process must be described in an orderly series of steps which are found­
ed upon psychological theory and educational research. Theinstruc-

t,c,al materials which are produced are e m p i r i c a l l y  tasted and revised
whennecessat. When the rrogramme is put into operation its outcomes

are predictable. The public 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(D).

3.1.2 Some Criticisms 

There has 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 between 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 'education is a more or less 

unique interaction 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 to follow 

the teacher's route which prevents this unique interaction.

Macdonald-Hoss (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 dismissed, but the most substantial objection is the 

value system which they seem to imply (University Teaching Methods 

Unit, 1978). The taxonomy might be described as being predisposed to 

fit a pragmatic, materialistic, meritocratic view of society, in w s.ch 

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 universal 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 ought not to be left to chance and 

because the organisation of learning experience is so complex that some 

form of systematised notation might improve the teacher's capacity to 

act rationally. This analysis could make the attainment of those ob­

jectives which we recognise and describe easier, and in so domg more 

time could be released for educational concerns of which we are less 

sure and less able to articulate.

One advantage of a systematised approach is that it facilitates the 

evaluation of teaching effectiveness. If it has been possible to de­

fine the objectives for a particular teaching sequence and criteria have 

been set which will indicate the relative attainment of these objec­

tives, then the effectiveness of L.e teaching can be judged against the 

student's achievement or non-achievement of the criteria. One such



sys« „  .ill be described .hieh ... used iu the ccstruction and evelu-

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 '•orn, 

not made, and there is very little thac can be done to improve a tea­

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

a good teacher is never born, but always made. All the views on this 

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

th=n 'gree that to some extent, a good teacher is made. Therefore there 

must be identifiable portions of the instructional act that are amen­

able to rigorous analysis and subsequent improvement. If this analysis 

is made by an individual teacher and decisions regarding a particular 

instructional sequence are made, t>»* resulting quality of the teacher'- 

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

decision.' are made wisely,
A large body of research work exists which describes methods and

procedures which can be adopted in order to analyse, evaluate 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- 

scribed here, The approach to Instruction is based on the central 

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. Thus behavioural 

modifications can be considered the criterion by which instruction is

judged,
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3.2.1 The Ends

As the criterion of this instructional model is the behaviour of 

the learner, 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 order to measure the quality of the 

instruction the attainment of these objectives will be measured. If 

there is no certainty 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 (University Teaching Methods Unit, 1978).

Mager (1962) outlines very clearly how to write objectives in be­

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 write

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 achieving f .e 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 take on mammoth proportions. It is better to aim at 

writing objectives where the student beh.iviour is clearly specified but 

a generalization is made across a range of content. An example of this
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•Tould 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-stated objective is that the 

criterion of acceptable performance must be stated. This is to faci­

litate a comparison between the actual attainment of die students and 

the required level. If all the students manage to attain the criU't'on 

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 we1l stated objective should also state under what con­

ditions the. behaviour is to be performed. This would include remarks 

vcncetuing the students use of equipment (references, calculators etc) 

and any other facilities which are to be employed by the student.

Once these objectives have been defined they become the ends of the 

instruction. The question now arises as to which ends should be pursued. 

One of the greatest dangers of behaviourizing desired instructional 

outcomes is that those goals most amenable to measurement are usually 

the most trivial. There are jeveral 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 (Simpson, 1967). In the 

cognitive domain a hierarchy of intellectual behaviour is developed that 

ranges from knowledge at the bottom to evaluation at the top.



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 conceptual clarity (Ormell, 1974). The divisions 

between the levels in the hierarchies and indeed between the domains 

themselves are often regarded as artificial. Nevertheless they cat 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 cultu­

ral view (University Teaching Methods Unit, 1978). Once these general 

objectives have been formulated, they are then scrutinized in terms of 

tw'' screens, the psychology of learning and the philosophy of education. 

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 may then be attributed to the instruc­

tion, if these changes are detected during the instruction.



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 psychology laboratory. It is not intended to discuss these here 

but merely to mention a few which -^en found rather useful in the

construction and development of the television lectures.

Pophan (1973) puts forward the following four learning principles 

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 instruc­

tional sequence.

2. Perceived Purpose. The student's perception of the purpose 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 pr ’ble after he has made 

the response.
The concept of learning hierarchies has also been found to be use­

ful, particularly -n the analysis of the television lectures which is 

described in section 8.2. A hierarchy of component learning tasks is 

developed by beginning with a desired instructional objective and then 

asking in effect, 'To perform this behaviour, what prerequisite or com­

ponent behaviours must a learner be able to perform?' For each be­

haviour so identified, the same question is asked, thus generating a
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hierarchy of objectives based on observable prerequisities (Gagne, 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 areas 

of the initial construction of the television lectures. A major effort 

to categorize tasks according to learning requirements or the conditions 

under which tasks are learned has been accomplished by Gagne (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 objectives are not achieved at the close of a particular in­

structional sequence, then there can be two principal explanations.

First, the instruction might have been deficient. Secondly, the objec­

tives might have been beyond the reach of the learners. Although both 

reasons should be carefully considered, 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 charged accordingly.



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 'nstruutional Paradigm.



The means of evaluation must also he 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 

measure what it is supposed to he measuring if it is to give reliable 

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

criterion-referenced test will be introduced and ulscussed.

Glaser (1963) introduced the expressions norm-referenced measure­

ment and criterion-referenced measurement when questioning traditional 

measurement practices. The essential difference between the two is 

that the one measures aptitude and the other achievement, A norm-re­

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 knows or what intellectual competencies an individual has ac­

quired. Although it is convenient to think of these two types of testing 

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 > f tests. A specific test should be used for a specific pur­

pose, If the idea is to spread students out so that the best or worst 

can be identified, then a norm-referenced teat should be used. If the 

idea is rather to determine how well students have mastered a particular 

behavioural objective, then a criterion-referenced test should be used.

If 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 essential that a criterion 

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

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



then a criterion-referenced test will reveal how effective the instruc­

tion was in facilitating the attainment 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 would illustrate their essential differences, even 

though these differences are somewhat; exaggerated.

frii:eriott-R«ferenced T*ie after Effective Instruction,

MorsHUferenced Test

High Scores

Figure 3: Criterion 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 seem 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



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 tbeir very nature, were insensitive to detecting 

the impact of effective instruction, even if it was present.

'...there are scores of instances in which hard-working faculty 

members have put together a really effective instructional program, only 

to be told that test results indicate the new program is not better than 

the old one. It is no better, of course, because its results were as­

sessed 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 largely un­

known. The technology of criterion-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 emerg* 1 (Baker, 1973). More recently, a work has been published 

(Popham, 1978) which the author claims to be an attempt to write an in­

troductory criterion-referenced measurement text, now that there is a 

sufficient body of relevant technology to share.

Difficult as the distinction may oe between the two testing con­

cepts, the criterion-referenced approach was borne in mind throughout 

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 relationships , .id interaction (which is not usually 

the case when 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 hot 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 fairly rigorously only to the television lecture aspect of 

the course. The paradigm was very useful in other areas but they were 

far too complex to be subjected to the precise analysis which occurred 

m  the television lectures. Besides attending „iie television instruc­

tion students can attend tutorial groups for the discussion of various



problems; theycan(anddo)consulbleceuretspi:lvai:ely; cbeyare

e%pe:ted ko complete a weekly assignment m d  they are also subjected to 

assessment type tests which could be classed as complete mixtures of 

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

evaluation of the entire teaching System in this Introductory statistics

course would fona an extremely intricate task. All interactions and

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

so mar/ interacting variables that it is doubtful whether a study of 

this magnitude could be conducted 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: If televised lectures are

taking place, are they responsible for bringing about any behavioural 

changes with respect to the learner? If they arc rot, then the whole 

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

teacher and learner in pursuing other activities. However, if they are 

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

occurring? Can the televised 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 

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

different teachlnj methods; and the evaluation of courses or educational 

systems (University Teaching Methods Units, 1978). The criterion-re­

ferenced 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 Objectives of the Television Instruction 

Although the entire introductory statistics course was not sub­

jected to the instructional model described in this chapter, it did 

have certain influences in most areas of the course. One of these areas 

was the formulation of the gereral 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 are all reading for a 

degree in commerce. The course is terminal in that the students are not 

required to proceed to a second course in statistics. The course cou­

ter, t, is orientated towards practical applications of statistical pro­

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 ct 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 objectives of each individual tele­

vision lecture were then stated in terms of observable student behaviour.

It became evident that each lecture emcompassed the mastery of 

several behaviours. Each individual lecture was therefore broken down 

into segments or ceparate 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 in Appendix I.

A minimal level of performance was then decided upon by mutual 

agreement of a earn of lecturers responsible for lecturing the course.

A desirable standard was considered to be at the 80% level. Thus for
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the lecturing to be considered effective in any instructional sequence, 

80% of Che 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 

sequence to be considered in any way 'effective'. This level (70%) was 

d aided upon in the first instance, with the view that it should be in­

creased once any deficiencies in the instruction were detected and rec-

tified.
The subject matter covered in these six lectures was an area that 

had not been encountered 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 section 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 principles 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.



4. THE STRUCTURE OF THE TELEVISTCy PROGRAMMES

When the 'live', traditional lecture was to be transposed onto video­

tape ef'̂ aral 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 to replace the live lecturer? Would not a tape-slide sequence 

be just as, if not more, 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?

Or should this 'natural' format be changed?

These and other questions are discussed in this chapter while out­

lining 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 mtified and relevant research 

is acknowledged, These areas are not however being researched in this 

study. The feature of the television lectuics which was essential to 

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

4.1 The Development of the Television Programmes

Pome research has been done related to media selection which spe­

cifies the relevant variables in terms of the a'' jutes of the media 

rather than in terms of the media themselves, attributes of a medium
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are the cap kilties of that medium to show objects in motion, ob- 

jects in colour, objects in three dimensions; to provide printed 

words, spoken words, simultaneous visual and auditory stimuli; to 

allow for overt learner responses or random access to information 

(Levie and Dickie, 1973). The rare of development of educational tech­

nology would make it difficult to compile a comprehensive and detailed 

taxonomy of media attributes which are critical m  media selection but 

Tosti and Ball (1969) have made sn admirable attempt and offer six 

'dimensions of presentation'. If if is decided (once media attributes 

have been considered) that more than one 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- 

souices and cost played major roles in these decisions.

It . 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. Occasional use could be
made of a chalk board on the wall of the office if so desired. The major

portion of the information which is usually placed on the chalkboard/ 

overhead projector during a lecture would be prepared in graphic fcrm 

beforehand and revealed on the monitors as and when required.

These Initial decisions were not seen as attempts to generate 

something 'extra' from the new medium, but simply to ensure that the 

lecture was on an equal footing with that oi the live prernttt.on, at 

least as far as the supply of information was concerned. Ksoblech (1976), 

while admitting that there are some opponents to the view, claims that.
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there is no conclusive evidence to indicate that dynamic production 

techniques (such as animation, colour, special effects, etcetera) in­

crease amount of information gained by students. This was the view 

adopted when secondary decisions were made after the medium and format 

had been finalised.

The programmes were produced in 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 in learning; 

when results did favour one or the other, this occurreu with about equal 

frequency (Levie and Dickie, 1973).

Some animation and special effects were occasionally used in con­

junction with the graphics, but these were equated to the 'live1 lec­

turer developing or highlignting 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 personnel 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 course would be pre­

sented by the subject 'expert' for part of a f, ‘•y five minute lecture 

period. The remainer of the time would involve practical applications 

of the theory and further clarification on some areas of the television 

lecture. Other lecturers or senior tutors would be used for this se­

cond task.



However, when the first of these lectures was replayed, 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', although 

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 bny 

further benefit from the lecture and the frequency with which 'failures 

of attention' occurred increased.

Thus the folio ring dilemma arose: either the televised lecture

had to be decreased from twenty to about five minutes in length or some 

means of holding the rindents 'attention' for a longer period of time 

had to be found. The first alternate was rejected 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 that 

they experienced difficulty when viewing mathematical expressions on 

the monitor. In some instances the expression 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 Is 

reference, before it disappeared from the video monitor. Thus inde­

cision often resulted as to whether to take notes or to direct full 

attention at an xplanation taking place. This appears to agree with 

research which claims that learning discrimination involves two pro­

cesses: first, 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 claimed 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 maxe 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 could be controlled) the students were responding 

actively to the lecture, 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.
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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 graphic are superimposed on this colour. 

Research has been conducted on backgi jund colours in an attempt to 

establish the effect these colours have on 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 backgrounds 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 to for the selection of background colours for the television 

lectures. A far more pragmatic standpoint was adopted. 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. For example, red 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 attention was required, a blue background was 

used. If he should have made a note of whatever appeared on the monitor, a 

green backgrounn was used. White lettering appeared with both the above 

background colours.



Brown was used as a Chi’-d 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 instructional television has yielded is that there 

is no significant difference in learning between instructional televi­

sion and conventional classroom instruction. Molds tad (1974) has indi­

cated that this conclusion has positive value for school administrators 

who can thus justify the use of instructional television to solve problems 

in the areas of personnel, scheduling and, to some degree, finance.

This is the bland attitude mainly ado.pted in this study. The subject 

of the investigation is not the comparison of television instruction 

with some other medium. It is rather a measurement of the instructor's 

effectiveness which is manifested in student behaviour and an investiga­

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 research in the future, vet up to now 

very little attention has been paid to the question of how, if at 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 thue will be mentioned briefly.
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One question which is of concern is the amount of detail which is 

present o,\ th-s 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 containing little detail tended to be more effective. Dwyer 

speculates that in fixed-pace presentations learners do not have time 

to take advantage of the added information available in realistic vi­

suals and may be distracted from important verbal information. When 

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

vide additional learning experiences.

The cognitive influences regarding the use of colour also need fur­

ther consideration. Although Kanner (1968) reviewed eighteen studies 

dealing with the effectiveness of colour in television and concluded 

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

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 (Norman and Rieber, 1968). In a 

summary of the state of the art Kanner (1968) states that there is a 

scarcity of information on the topic of colour and human learning. This 

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

learning in the affective area (Booth and Millar, 1974), while Dwyer 

(1976) has attempted to relate I.Q. levels with the effectiveness of 

black-and-white and colour illustration.

The motion aspect can be, and sometimes was,introduced into the 

graphics in the television programmes is another cognitive consideration. 

It appears that the functions which motion can perform to enhance 

learning have not been fully identified. Television combines many of 

the attributes available in other media and theoreticians concerned



with this type of communication 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 formats of 

representation have on mental skills has taken place (Cohen, 1979(2)). 

The close-up, split-screen, slow motion end 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 are 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.1 any further.

4,3 The Means of Evaluation

4.3.1 Intermittent 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 television in­

struction, A third background colour was introduced to produce another 

type of response from the students. Each of the six television lectures 

which were produced for this study was broken down into distinct in­

structional sequences, where a specific behavioural objective is asso­

ciated with each sequence, as outlined 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 that objective was inserted 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 (Cropper and Lumsdame, 1961) 

when developing programmed instruction television lessons. The effec­

tiveness of the programmed television lesson was then determined by 

student performance on achievement tests. The questions inserted in 

the television lectures in tuis study were formulated on a criterion- 

referenced test approach and were designed to determine whether or not 

students had satisfactorily achieved the behavioural objective that had 

1 een specified for a particular instructional sequence.

An added contribution which these questions made to the television 

lectures was that they acted as additional '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 fifty minutes) yet 'failures of attention' were hardly ever observed. 

This appears to correlate with studies which have investigated the role 

of questions in maintaining attention to textual material.

Rothk- (1970) coined the t^rm 'mathemagenic . behaviour' to de­

scribe attending behaviours which give birth to learning. In studies 

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

like questions presented before or after the materia) > o be learned, 

are mathemagenic. Both prequestions and postquestions facilitate 

learning but to different degrees. Prequestions tended to narrow the 

range of attention by providing the individual with a criterion for 

acceptable bebaviorr. Postquestions on the other hand, faciliated both 

question specific and general learning, because attention is paid to the



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 c individual instructional se­

quences, although both these aspects , -pear to have been achieved. In 

addition to this a majority of stud, .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 displayed underneath each question, 

i’hus there was a relatively small delay in feedback once the students 

had made their responses.

As has been stated, the primary motivation for inserting this ques- 

tion-response procedure was not to improve the effectiveness of the lec­

ture. An investigation was not conducted to compare this type of tele- 

viaion 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 concerned researchers interested in response and feedback 

variables involves the relative effectiveness of overt responding versus 

covert responding. Overt responding usually refers to writing answers 

or selecting from multiple choice alternatives while covert responding 

involves 1 thinking' the answer or just reading. Levie and Dickie claim 

that overt responding facilitates learning only when the prescribed re­



spouses 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 st»dents knew that postquestions were 

to appear at the ..’■d of each instructional sequence and 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 

television i .struction were involved in a slightly different response- 

feedback mechanism which is outlined in section 5..1.3.

4.3.3 The Primary Intention

It can he argued that if the lecturer is going 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 going 

to spend five or ten minutes during a lecture in an attempt to impart 

some body of knowledge, or concept, at whatever, then it would be as 

well to examine whether the student;, 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 -notional se­

quence 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 basic essence 

of what it is that the lecturer has attempted to 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 progress no



52.

further. If the overall result Indicate, that the majority of students 

failed, at this point, to achieve tl. objective then there is a strong 

possibility that the fault lies « i t h  the instruction and this i n f e c ­

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 each can appropriately use this infor­

mation for the design c- subsequent instructional activities (Ol.ser and

Cooley, 1973).
Cohen end Br.uer (1969) suggest that student achievement of 

learning objective, is the main criterion on »hich studies of faculty 

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

student gain on short-range objectives as a ...sure of teacher effec­

tiveness is generally actoo.ledged as being mot, valid than the use of 

such criteria as, for example, the teacher's c t expended or the 

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

study and the students' gain on short-range objective, .as measured via 

the intermittent question, in the lectures. So attempt to measure the 

achievement of these objectives on a longer term basis .a, attempted.

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

ment is made, an almost infinite number of variables and interactions 

are introduced. This assessment is then some type of measure of the 

quality of the entire course and is no longer a maa.urement of the 

effectiveness of the lecturer's instruction. The results then become

very difficult to interpret.
It is therefore important that once the questions have been asked,

the responses are immediately recorded, before any other variables or 

interactions become involved. A student .ho is unable to answer a 

question immediately due to the poor instruction proceeding the question
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might be able to answer the question before the lecture is over be­

cause 0. . jthc instructional sequence which was particularly effec­

tive 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.

This approach poses certain serious i,ethodologicrl problems like 

finding topics of instruction unfamiliar to the students that car, be 

taught in a relatively 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 not only provided 

content with which the students were unfamiliar out also with fairly

high behavioural levels.

During a part cular instructional sequence lasting for only a few 

minutes, a students knowledge and ability level is almost constant 

(although this is not usually the case for an entire lecture). There­

fore any behavioural changes whic.n occur during this sequence can be 

attributed to the effectiveness of the instruction. The immediate 

collection of student responses at the end of each sequence is there­

fore of paramount importance and is the central feature in the evalua­

tion i * the lectures in this study, Tm s  was achieved with computer 

assistance and the method is fully described in section 5,3.

These questions therefore provide the lecturer with a step by step 

analysis of his effectiveness. As only component parts are classed 

as good or bad, and not the entire lecture, the lecturer might be more 

amenable to subject himself to this type of evaluation. Few lecturers 

would c)aim 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 sensitive to any form of 

assessment of their work. This sensitivity can be eased if these points 

are recognised. Nevertheless, whether they like it or not, teachers 

are assessed. They do seek promotion and the) do apply for new jobs.

The question is not whether teachers in post-secondary education should 

be assessed but how and when, an-" what for? If teaching is a major 

function of post-secondary teachers it seems reasonable to suppose that 

the effectiveness of their courses should be a major consideration of 

promotion boards.1 (Bligh, 1975, p213)



5. A COMPUTER 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 responsive to the learner's performance so that 

information is supplied with minimum delay. An 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 facilitated. The system was designed and developed in South 

Africa over the past three years and represents yet another teaching 

tool which is available 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); the computer is used here to 

assist the teacher in effectively administering and guiding inst uction,

(c) computer-assisted problem solving (GAPS); in this category the 

students 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 referred 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 situations, 

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 re­
levant data was collected.

5i1 The Structure of Components

The Cybercom Computer System has a basic structure where indivi­

dual computer access 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/lecturei/instructor is provided with a more sophis­

ticated computer terminal which consists of a typewriter keyboard, a 

video-display unit (VDC) and a panel of mode control buttons, which is 

referred to as an instructor 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, E, make up the remainder of the
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figure 4: The Structure of Components in the Cybercom System,
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hardware components of the system •

A description of these 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 

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

ture 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 disk 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 unit and (c) 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 enter lesson programmes and/or control the
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Printer/Reader Instructor Console

m

Figure 5: The Instructor Console and Printer/Reader

W.. JVi

CYBERCOM 601

Figure 6: The Three Components of the Instructor Console



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 into 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 feature which is available for the instructor is a 

printer/reader unit which is shown in figure 5 alongside the 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 enables the instructor to produce and feed into the 

system copies of ̂ nsson 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 

which enabled the instructor to make use of them at any stage during 

the lesson.

5.1.3 The Student Panels

The student panels are no larger than an average sized book 

(24cmX21cmX3cm). Figure 8 illustrates their relative size when they are 

used in the lecture theatre situation. The panel consists of a keyboard 

in a flat plane and a 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. The student communicates with the system 

by gently pushing the relevant key until a 'bleep1 sound is heard. The 

symbol which tin key represents then appears in the panel window. This 

window will view the four most recent symbols which have been entered into
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Figure 7: The Mode Control Buttons
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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 a 

reveal:

1

nd three are then entered, the window will

1 2  3

If the numbers four and five are then entered, the window will 

reveal:

2 3 4 5

Thus the student views only a aertain 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 information.

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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5.2 The Modes of Operation

The Cybeixom 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 sec­

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

in a teaching situation.

5.2.1 The Social Mode

If 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 commonly used teaching situation. Questions 

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 students 

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 lectures. The 

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

dents of the correctness of their answers (if reinforcement is desired).

The discussion is another area where the social mode can be used.

The instructor or discussion leader can monitor all the responses to 

certain points raised and can direct or lead the discussion in a manner 

which is 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 

trade would be employed is in self-paced learning and testing or grading.

If a student is progressing through a programmed instruction text, 

the answers can be previously inserted into th* system. The student 

can then interact with the system in order to obtain reinforcement at 

certain points in the learning sequence. Students can be placed into 

different groups, depending on their rate of progress. A special help 

feature can be activated by students who are experiencing difficulty.

The system keeps a record of every student's progress, which is available 

for the instructor. In this sense, the system 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 instructor. The flow-chart 

in figure 10 indicates the mode choices which the instructor has when 

using the system,

Self-Paced
Learning

DiscussionLecture

Individual
Mode

Social
Mode

Instructor

Figure 10: The Mode Choices



5.2.3 Resultsand Analyses 

In addition to storing all information which is entered into it, 

the system will produce a battery of reports and analyses almost immediate­

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

tails of the group's performance 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 lectures 

is discussed.

5.3 The Evaluation of the Television Programmes 

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 lectures. The television 

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

a question was asked following $. particular instructional sequence, the 

students would respond by entering the answer into the student panel in 

addition to making a note of it for later reference. This gave the 

lecturer immediate feedback as to how effective that particular teaching 

sequence had been in bringing about some predetermined behaviour.

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

was chosen* and a special type of use was made of that mode which was 

necessitated by the experimental design.This operating sequence is des­

cribed in this section with accompanying illustrations of the type of 

feedback which was received at various points during fchu lecture.
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5.3.1 The Lesson Programme 

Before the commencement o,v 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 1 is k-.own 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 this study, lecture M35, has a 

lesson programme as indicated in figure 11.

feEHI
00 M35 
61
01 2 \  TVO 
61
02 6 \ S I X  
61
03 5 2 \F IF T Y  TWO 
61
04 X= 4 \  4 \  f  OURVX- FOUR 
61
05 0\ Z E RO \  X= 0 \  X= Z E HO \N OUGHT 
61
06 3 / B \  0, 3 7 5 \  0- 375 
61
07 1 /1 6 \C ,  0 6 2 5 \ 0 -  0 6 2 5  
61
08 l / 8 \  0, 1 2 5 \  0 • 1 2 5 \ F ( 3 ) =  1 /8 \F C 3 )= 0 >  125\F  C3) =0*  125 
61
09 DISCRETEXCIS  
61
10 MO

Figure 11: The Lesson Programme for Lecture 1-M35

The first line, 6.ere the symbols @EHI appear is simply an ini­

tialization process performed by the s'-atem at the commencement of each 

lesson programme. The number 00 is the code for the name of the programme: 

M3S appears in this position.
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The third line has the symbols @1. 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 answer which is given for 

question one in line four. If this condition Was not stated then a 

general answer which contained a few key words or phrases would be ac­

cepted as correct. This facility exists for answers which are difficult 

to quantify. However in this subject most answers are quantitative and 

therefore the 'identical' condition was chosen.

On line four the number 01 appears which represents question one.

The answer to this question is two. As students could indicate this ans­

wer in more than one form, alternatives are given. In this case they are 

indicated as 2 or two and programmed as 2\TW0.

This pattern 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 correct answer are 

given as: 0\ZER0\X=0\X=ZER0\NOUGHT

It can happen that the student will supply a correct alternative 

which has not been included in the lesson programme. This will be de­

tected by the instructor as he monitors all the student responses. How­

ever this answer will not be included with the correct responses i,t the 

analysis of each question. This was one of the factors considered w* .r, 

an acceptance level of 70% was decided upon, as discussed in sectjot 1.3,2. 

The lesson programmes for the six lectures produced for this study i -• 

pear in Appendix IV.
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5.3.2 The Reports 

,ce the lesson programme has been entered into 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 

answered by each student, in addition to revealing whether each answer 

was correct or incorrect. 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 repovt: 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 

first attempt, the final number of correct responses and also the number 

of correct responses out of the total number of questions attempted.

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 poor cr 

ineffective instructional sequence is immediately identified; the tele­

vision lecture could then be interrupted by ttie instructor in an attempt 

to clarify this weak area.



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 strategies were employed 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 purposes only. Examples of these three reports are 

given in appendix IV.

A fourth 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 (QN) gives the question 

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

Table 2: A Question Report
i

GN L% R% A% Mjt AMSU.
01 60 60 1 00 60 2\
02 80 80 1 00 80 6\
03 60 60 1 00 60 52\
04 80 80 1 00 80 X=4\
05 4 0 40 1 00 40 0\
06 1 00 1 00 1 00 1 00 3/8X
07 40 40 1 00 40 1/ 1 6\
08 80 80 1 00 80 1/B\
09 40 40 80 50 0ISCRLTEX
10 60 60 1 00 60 NO
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second column gives the percentage of students who finally answered 

the question correctly (L%). The third column (R%) 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 required that the students' 

immediate responses were always recorded. The reason for this will be 

explained in chapter 6 when the design is discussed. The fourth column 

indicates the percentage of students who attempted each question (A%) 

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 (M%) which was used as a measure of the effectiveness 

of each instructional sequence.

The M% value was preferred to the R% 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 ha/e 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 incorrect]y, 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 noor 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 R% and U% values were very 

similar.

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

being penalized by a fixed-time period is undesirous. However, as was



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 fora 

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 students 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 enable immediate evaluation of each 

instructional sequence. It must be remembered that this was a very 

limited use of the systems potential. One other process was used which 

is characteristic of the system and will be mentioned briefly.

5,3.3 Immediate 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 fora of this communication facility was 

used during the television lectures.
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1RM  th« uri rf each inatruetional aeq.enee, i-=diately after » »  

q„ 6tio„ had beat «ahed, the iaatreeto.- e o ^ i c a r e d  with the atudeet. 

by inserting the word 'ACT' into the viewing window of the etndent panel, 

and causing the two lights to flash slowly. This is achieved by de­

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

At the end of this time period, immediately before the newt instructronal 

sequence begins, the instructor commu.ic.t.s with the students again by 

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

entered 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 he a certain amount of evidence that suggests that 

mediate feedback after a student ha, made a response facilitates learn­

ing. Levie and Dickie (1513) made the following points in a review 

of research finding, in this area. Most researchers have found that 

knowledge of results is of little value following correct responses, 

easting doubt on the proposition that the confirmation of correct re­

sponses has rewarding properties and act. a, a reinforcer. Feedback 

may aid when the learner has responded correctly but is not certain »  

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

litate learning when it follows wrong response,. Such feedback per­

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

that he will recall wrong responses as being correct. Feedback which 

provides the correct answer it better than merely telling the learner 

he was wronc. Researchers have go, .rally found that knowledge of re­

sult. is most effective when provided immediately following the response.

m e n  the television lectures were first analysed, an erperi.ent was 

conducted in a- attempt to measure the effect of the immediate feedback. 

An achievement type test was conducted at the conclusion of the lecture.



(a pra-kest had been administered before the lectures were shown) which 

was based solely on material covered In the lectures. Two groups of students 

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

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 

received 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 this study, one particular mode of the Cyber­

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

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 largely unexplored and very 

little research has been conducted in conjunction with this system.



PART II :

THE EXPERIMENT
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6. THE DESIGN OF THE EXPERIMENT

The area which is researched in this study is not classified as a com­

parison of one type of instruction with another but rather an evaluation 

of instructional effectiveness and whether instructional effectiveness 

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

Trent(1973) claim that there is no universal set of expectations which 

define a teacher's role. Instead, an unknown number of sets are held by 

people from different cultural and socio-economic backgrounds. In order 

to determine how a particular observer or even a set of observers will judge 

teacher, it must first be established what the observers' expectations 

are with respect to the teacher role. Elton (1975) wonders whether it 

is possible to assess teaching or indeed if it is possible to assess any­

thing for which there are no absolute criteria.

It 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.



6.1 The Purpose of the Experiment

6.1.1 Seme Prevailing Conditions 

The motivation tor this study arose from thn teaching conditions 

which were prevalent in an introductory statistics course which is ad- 

ministered to largo numbers of students. In 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 numbers) and evaluation procedures (the ease with 

which developmental evaluation and revision might be accomplished).

(Levie and Dickie, 1973). Other attributes have to be considered in 

media selection and Glaser and Cooley (1973) state that it is 'platitu­

dinous' to say that instructional 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, it was decided to 

use the medium of television for the lecture situation in the introduc­

tory statistics course. This is only 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 which was instrumental in this decision was the object 

of releasing lecturers from routine, repetitive situations and increasing 

their availability for teaching situations which were more individualised 

and interactive than the formal or traditional lecture.

This investigation was initiated within this prevailing framework. 

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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.tf-ta*., ho, could these lectures he evaluated and subsequently

improved? ,
Several other prints vith regard to the prevailing condrtrons are

worth noting, these are probably not unique to this University 

applicable to -any institutions in higher education. M H e r . n t  lecturer, 

are responsible for the presentation of different sections of the course,

:r: rrr »- p  - -
Lhey are expected to be, specialists m  education a

rather ironic that academics and scholars who set such great 

Che analytical powers of the mind so rarely apply those powers w 

sidering their o m  teaching (University Teaching Method. Unit, 19,d .

U  the lector., are to be evaluated where the underlying motive is di­

rected toward, their improvement, a method must be adopted which is ac­

ceptable to all the lecturer, and which is effective.

The television lecture, produced for this study were construct, 

where these condition, a n d  circumstance, were dominant factors.

6 1 2  The Model to bo. Tea ted 

A topil in the introductory statistic, syllabus -a. chosen which was 

entirely new to the students. In other words it had e v e r  been include 

in the secondary school ..thematic, .yllahu. a d the probability - any 

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

that any evaluation * i = h  would take place during a lecture would be 

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

chosen was 'An Introduction to Probability Distributions 

the consideration of some properties of probability distributions in 

L i o n  to the — ion of two particular probability di.tributions. 

Several mthemetical .hills and « certain amount of the ..thematic, 

background required for these lectures should have been previously
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acquired by the students. As most lecturers assume that students have 

acquired the necessary background and skills from previous work when 

new subject matter is being 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 affairs and was blatantly pointed out when the 

lectures were evaluated, as is described in chapter eight.

This topic would normally be covered in about six forty-five minu • 

lecture periods by a 'live' lecturer. Therefore six television lectures, 

each of an equivalent length to that of the 'live' lectures, were pro­

duced. The content and presentation of the lectures were based, to as 

great an extent as possible, on the same lines as that of the 'live' 

lecture. The intent here was twofold. First, it was 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 

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

prefers to present his lecture with his own style and personality. Many 

lecturer's do not have the time (or are not prepared to make the time) 

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

condly, many lecturers do not have the background and training required 

to understand and apply many teaching techniques and learning principles.

In short, they are not properly qualified educationists and are not likely 
to become so and therefore would not be likely to adopt a lecturing method 
which imposed these conditions on them. It has already been shown (Cropper, 
1967) that 'programmed' television instruction can be improved by simply 
adooting tried and tested principles of programmed instruction.

Thus the changes imposed on the transition from a 'live' to a televised 
lecture were kept to a minimum; the intent being that those 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 lecture: a statement 

which outlined in general terms what the studem.3 should have achieved by- 

attending the lecture.

(2) The specific abilities which students . .ould achieve at v*ious stages 

during the lecture were described in terms of observable student beha- 

/iour. In other words, what should the students learn from each instruc­

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 generated for each in­

struction! sequence which tested the achievement of the abilities stated 

in (2). These questions were inserted at the end of each instructional 

sequence and 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 ,-i.,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 some of the general principles of criterion-referenced insti •.ction 

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 11s they were supposed to be learning; 

when they were given feedback via the Cybercom system the principle of 

knowledge or results was being applied in an Optional 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



mt8» t wall have baa. aba case. Ib- -dal dasaribad Kara i »a .blab any laatuaar

could, relatively painlessly, adapt and wbiab would tap,,. • , • « «  

faraatio. Eta. the 'standard' lecture which ha usually deli. .as.

6.1.3 The Hypotheses 
Th. procedures adapted in the evaluation at this instructional nodal were

based on the following two null hypotheses:

1. During the presentation of recorded television lectures on introduc­

tory statistics, students' attainment o£ are-stated behavioural objective, 

cannot be assessed via"a computer based teaching system.

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

presentation of recorded television lectures on introductory statistics 

cannot be improved by analysing the-effectiveness of the television lectures 

and administering changes to parts of the television lectures.

The experimentation necessary to test these 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.
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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 instruction in this 

study must be clearly stated. The television instruction was judged using 

the criterion of learner growth, where learner growth was assessed in terms 

of the attainment of well-defined behavioural 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 being 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 prescribed by the objectives (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 'he effectiveness of the television 

instruction.

An important aspect of this approach is the means that are used in order 

to determine if these objectives have been achieved. The first considera­

tion is that the objectives must be stated in terms of observable student 

behaviour, Secondly, the behaviours which the students arc asked to per-
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fona (the Rations «hich they ere ashed) - t  be the heh.vioets »hieh 

they are reqeired to attain. Thus the question. »hieh ate used to detor.ine 

the attainment o£ a p.rtieular behaviour must be valid, if they are not, 

une.rt.inty mill remain as to .hat it is that is being measured.

Thus the validity of the questions which mere used is an important vari­

able in this experiment and one which must be strictly controlled through­

out. The validation of the questions is fully discussed in the next chapter.

6.2.2 The Instructor Effect 
In order to ensure that any behavioural change, be attributed to the tele­

vision instruction o n l y ,  no interventions or interruption, were made during the 

replaying of a television lecture. In addition, no comments were mad. prior 

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

lecturer during the replays was that the Cybereom 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 six 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 

measurement is made immediately after the administration of a treatment. 

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

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

that some uncontrolled variables will er.ct with the treatment. Thus 

the initial measurement is mad, as .... a. 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 experiment was the immediate measurement which 

took place after each instructional sequence which was achieved by using 

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

lecture were 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 adopted will be fully described in the next section.

6.3 The Student Samples

6.3.1 The Measurement Variables

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 test the hy­

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

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

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

attainment was not imp-iti'ant to this part of the experiment.

However, this initial exercise in evaluating the instruction acted as 

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

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

tion was representative of the 'population' of students. The acceptance



level of instructional effectiveness had been set at 70%. The initial 

sample was therefore used as an indicator of the achievement of this level 

for each instructional sequence. In order to ensure that this indication 

was not significantly 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 ware changed. These two samples were not perfectly matched and thelt 

abilities not identical. This requirement is not necessary as the differences 

between the scores of the two samples were being compared for two sets of 

instructional sequences: the changed and unchanged instruction.

This point can be illustrated graphically as follows: if the two groups

were identical and the instruction was also identical (this is the instruction 

which waa left unchanged), then the differences between scores for each 

questiot which was asked at the end of every instructional sequence, would 

be expected to be distribut'd in a normal manner about the value of 0, as 

shown by distribution f ,n figute 12. If the instructional sequences 

Which were changed caused a difference in effectiveness (either positive or 

negative) then this change in effectiveness would influence the results ob­

tained by the group who was subjected to the changed instruction (the other 

group received the original instruction) and the differences in their 

scores would no longer be distributed about 0, but some value, X1 as mdi- 

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

be tested for any significant differences.
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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.

If the 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 0 or a value very close to 0 , say x^, as indicated

by distribution (3) in figure 12.

If, however, the two groups were not identical, then there would be a 

difference in their results for the identical instruction. These dif­

ferences would not be distributed about 0 , but some other value, say x^.

This is indicated by distribution (1) in figure 13. A similar argument 

can now be employed to explain that changed instruction which was effectively 

different can be represented by distrih- on (2), about some value and 

if it was not different, it would be districted about some value x% which 

is very close to x^; this is illustrated by distribution (3), figure 13.
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figure 13: Expected Distributions for Non-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. 

IC can be argued that two vastly different samples could introduce 

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 samples 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 Pre-Test Results 
Tb»« samples » = «  chose, iro. the stceat 'population'. These samples 

differed i, sire. The student 'population' (those taUrns the introductory 

statistics course) numbered about 1700. This population »as divided into 

eighteen separate group, for administrative and logistical reasons. Three 

of these groups conatituted the three samples us.d in the experiment. It



was decided not to use samples specially constituted for the experiment 

so as to avoid any Hawthorne effect1. It 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 

commencement of the course. A copy of the test is given in appendix V.

The first analysis concerns the homogeneity of the three samples.
k

The null hypothesis to be tested is: there *s no significant difference

between the three samples in t.irms of the pre-test resulto.

1. 'In many experiments there is a danger that subjects will behave arti­

ficially, Volunteers for an experiment know that it is not 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 may baulk at being manipulated and try 

to outthink the experimenter, They may be hypercooperative or hyper- 

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

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 new change, regardless 

of whether it was an improvement. The highest productivity came with 

the final change, which took away all breaks, hot lunches, and incen­

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

was rather unsafe. This form of guinea-pig reaction, where subjects 

respond much more to the fact of being subjects than to the treatment, 

has Lt-en dubbed the Hawthorne effect.' Ross, J. and bmith, P. Orthodox 

experimental designs. In Blalock, H.M. and Blalock, A,B. (Eds.), 

Methodology in Social Research. McGraw-Hill, 1968, p.34«'.
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A one-way analysis of variance was conducted. The results of this 

analysis are given in table 3. The 95% confidence limit was chosen; thus 

differences were sought at the 0,05 significance level (S.L.). The F 

value at the 0,05 significance level for = 2 and V2 = 120 degrees of 

freedom is 3,07 and for V1 = 2 and V2 = ” dr rees is 3,00 (Pearson, 1966). 

Thus the F value for 2 and \»2 “ 184 decrees 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. Therefore the null hypothesis of no signifi­

cant difference can be accepted.

The secc anlysis c, reams the representativeness of the three samples 

with respect to the student population. Three separate tests were conducted, 

one 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 unnecessary 

and the analysis can be conducted in terms of a normal approximation (Chao, 

1974), A significance level of 0,05 was again chosen. The population mean 

(po) was equal to 34,299 and the population standard deviation (a) was 19,211. 

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 each case.

Thus before evaluation of the television instruction took place it 

was established that theru were no significant mathematical differences be­

tween the. three samples in terms of the pre-test and that the samples were 

representative of the student population. One other point that had to be 

established before any evaluation took place was that, the questions that 

were asked during the lectures were related to the stated objectives. A des­

cription of this validation process is given in the next chapter.



SPSb ANALYSIS OF PRE-TEST
O N E W A Y

V A R I A B L E  R ARK
A N A L Y S I S  OF V A R I A N C E

S O U R C E  
B E T W E E N  G R O U P S  
W I T H I N  G R O U P S  
T O T A L

O.F. S U M  OF S Q U A R E S  
2 , 6 9 3 . 6 6 5 0

184- 63621 , 8 8 2 8
166 6 6 2 1 5 . 5 4 6 9

M E A N  S Q U A R E S  
7 9 6 . 8 3 2 3  
3 4 5 . 7 7 1 0

F R A T I O  
2 . 3 0 5

F PR08, 
0 . 1 0 2 7  .

G R O U P
■ G P P O 1 
' G R P 0 2  
'G N P 0 2
- T O T A L

c o u n t
99
64

187

M E A N
24 .8637 
3 0 . 2 0 5 9  
3 8 . 8 8 8 9
35 .1618

S T A N D A R D
D E V I A T I O N

1 8.5701 17.61 16 
1 9 , 2 2 6 2
1 3 . 7 2 4 9

St a n d a r dERROR
1 , 8 6 6 4  
3 . 0 2 0 4  
2 . 6 1 6 4
1 . 3 6 9 3

M I N I M U M
1.0000 
4 . 0 0 0 0  11,0000
1 .0000

M A X I M U M
7 5 . 0 0 0 0
6 5 . 0 0 0 0
8 3 . 0 0 0 0
8 3 . 0 0 0 0

9 8  P C T  C O N F  I NT
31 .1649 
2 4 . 0 6 0 9  
3 3 . 6 4 1 1

TO
TO
TO

3 2 . 4 8 0 5  TO

Table 3; One way analysis of variance of the pre-test results for Groups 1,2 anti 3.

i

voO

FOR M E A N
3 8 . 5 7 2 4  
36. 3 5 0 8  44.1366
37.8032
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.T-T—-i° L' Ri’gni£icance Te8tR £or Three Samples

= 34,299; d = 19,211.

At the 0,05 significance level, for a 2-tailed test. 1,96 _ z a 1,9 

if the null hypothesis (H,) is to be accepted.

Sample 1 : x = 34,87; n = 99.
x~U0

Z  ----
(7“

A  x
= (34,87-34,299)/(19,211 x )

/99 
= 0,296.

Sample 2: x = 30,21; n - 34

X
5-U0

= (30,21-34,2,!9)/(19,211 X )
/34

= -1,241.

Sample 3: x = 38,89; n - 54
x -ij

^ 0

^  1
= (38,89-34,299/(19,211 x % )

/54
= 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 of student responses to questions which elicited 

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

sure that the questions asked did in fact elicit the required behaviours.

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

Measurement practices employed in the construction and analysis of tests 

hsve urv ,gone major developments end refinements in many psychological and 

educational studies and it is not intended to attempt even a summ^y of this 

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

liability will be outlined in that they are relevant to the present situation.

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

Che 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 reliability means that repeated measurements will 

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

nan 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 whereas a 

test which is highly reliable (gives consistent results) is not necessarily 

valid. If a test is not reliable, the inconsistency of its results will

immediately 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 expectations 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 approach relies 

heavily on human judgement.
2. Criterion-related validity: The correlation of the performance with 

tcme 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 validity 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 Approaches 

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 

loads 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 1c. P does better than the high one,

it has negative discrimination.
Thus the v: idity and reliability of a test are usual# improve 1 by 

aiming at achieving items with positive discrimination indices. As this 

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

lidity 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. If 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 methods.

7.1.3 A Priori Validation of Criterion-Referenced rests 

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- 

.ions in the television lectures were based an a crit lon-referenced measure- 

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

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

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

of a norm-referenced achievement test is that it should spread students out 

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

effective in spreading examinees out la one with a positive discrimination 

index: it makes the high group's score even higher and the low group’s
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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. For purposes of Spreading examinees out, these items are redun­

dant. Popham (1973), 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 instructors thought im­

portant enough to stress. This leads to the situation where the more impor­

tant the topic is, the more likely a teacher is to emphasize it by devoting 

instructional time to its mastery; the more instructional time devoted to 

a topic, 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 important and often taught areas. Tyler (1973) cites a series of 

international education studies in which the only items on achievement tests 

that discriminated among pupils were based on things not taught in schools; 

the items covering school related topics had long since been jettisoned 

from the 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-referenced test.
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to. lt..S vith ...o discrimination (those nnsmatad cottactly by most or„noot 

the students) arc precisely the ones required in a criterion-referenced 

test in order to indicate the attainment or othermise of a required ob­

jective. These factor, mere instrumental in the decision to use the 

content validity approach uh.n validating the lecture questions. This 

is an a priori approach which relies on judgemental technique, as opposed 

to the empirical methods which are more prevalent in a norm-referenced 

test validation procedure.

7 .X.4 The Validation Technique^

There is substantial support for the view that subject e W . n t  specia­

list. are best qualified to validate items or question, when using a con­

tent validity approach. Couls.n and hambleton (1.7« conclude that content 

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

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

in a later study Roven.lli and Ha.bl.ton <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 tea. of five 

content specialist. ... used to validate the questions inserted into the 

television instruction. Fophem (1978) claims that in addition to using 

content specialists, a method of systematic human judgement must 

ployed. This systematic method would usually include the following steps, 

(a) The services of a reasonable numbs of content specialists (prefers- 

bly more than three) must be secured.
(b, A list of the competencies or objective, to be tested must be read by



(c) The concent specialists must then match the questions or test items 

to 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 ane vice versa.

(e) If a majority of the content specialists agree Lt.nt 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 section.

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 die lecture in its ’traditional’ form to accommodate the transition from 

a 1live’ to a television presentation, a general objective or aim for each 

lecture be stated, Secondly, specific behavioural objectives had to be 

stated for each instructional sequence and thirdly, questions had to be 

generated which would test the attainment of these objectives, These three 

phases will t • described 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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Lectura 1 

Probability Distributions

The s c e n t s  » i U  ™d,r=tan<l the «f » ptoh.bilit, di.tx,

tetioe e.d the ceeeepte related to probability dietribotioas.

Lecture 2

M : Expected value of a Random Variable

1  The etadeat. ,111 graap the siBai«iea»ee of the expeoted value of 

a random variable.

Lecture 3

The Variance of a Random V:"iat-e

The etudeate .ill gr.ep the .igaifieaaee of the v.riaaee of a

random variable.

Lecture 4

The Binomial Probability Distribution

The students .ill understand the Bernoulli and Binomial probability 

distributions.

Lecture 5

Properties of the Binomial Distribution

The students .ill k , „  the properties of the Binomial distribution

Lecture 6

M  • The Poisson Probability DistributionZ. The students .ill understand the Pois.oa probability distribution.

M39:
Aim:
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The operative words in all these aims are all open to various inter­

pretations. To 'understand' the Poissdn distribution will probably mean 

different things to different instructors. Thus the aims are not expli­

cit enough to be useful in terms of measuring their achievement. In order 

for this to be done, the aim must be more specific in describing 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 behaviourally 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 

moving from a general lecture aim to behaviourally stated objectives it 

was found that the students were expected to attain several behaviours in 

each lecture. Thus each of the six lectures had more than one behaviourally 

stated objective. This in effect reduced each lecture to a series 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 wore designed to test the achievement of each 

objective. It was often found that several questions could be generated 

for each instructional objective which tested the formative steps that had 

to be assimilated 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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Atp„di* I gives -he beh.viouraUy st.ted -bjeesives iollev.d by tb. 

questions generated tot e.oh lecture. The question, ate given in the 

order in uhiob they .cent in the lectures. The objectives are not given 

in the order in uhich the students are to achieve th,o. This ■ achieve.ent• 

order uill become apparent when discussing the matching results in sec-

fcion 7.3.

7.2.3 Matching Process 
The reason tor the objectives not being in the order in which they 

weresupposed to be achieved is that Appendix I is a copy of the list of 

question, and objectives which was handed to the content specialists for 

matching. Therefore the objectives were 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 statistic, 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 questions for each lecture and then mark down 

next to each objective, on the response for. provided, the number of the 

question or questions which matched or related to a particular objective. 

They were informed that more than one question could be related 

objective and some questions might not be related to any objective. «o 

time limit was set for the completion of this matching process.

7.3 Results

7.3,1 The Validity Ratings 
No additional questions were placed on the list given to the conttnt
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specialists. Therefore ell the taestioes should have bee. matched with 

an objective. Although it ... uot intended, one question eould have been 

related to t.o or more objectives. This situation could arise .he. the 

attainment of an objective during the initial stages of a lecture ... a 

prerequisite for the attainment of subsequent objectives. In this in­

stance, the question uhich tested the attainment of the initial objective 

could be interpreted a. being related to the subsequent objectives.^

Although this occurrence .as not indicated explicitly as a possibi­

lity to the content specialists, they all recorded instance, of this type 

of matching. It .as decided the a question „ould be considered to be 

matched to an objective if . majority of content specialists indicated 

this as being the case. Ho.ev.r, questions .hich received a matching 

from only three out of the five specialists should be closely scrutinised

and possibly 'massaged' to improve their validity ,sting.

A su-ar, of the matching, recorded by the five content specialists 

for the six lectures is given in table 4. lecture 4 contains eight ques- . 

tions and Lecture , nine. The other lectures all contain ten questions.

The second column indicates .hich objective .a. matched to each question 

by the content specialists. The order in .hich the objectives .ere to be 

attained by the students no. becomes apparent. Por example, the order 

of attainment for Lecture 1 is Bi Cl A. If the objective column for Lecture 

1 in table 4 is scrutinised, this is the order in .hich the objectives occur.

An exception occurs in Lecture 3 .here the attainment order of objec­

tives A and B appear to alternate. The objective order for que.tinn. 2 to 

7 is given asi B; A; B; A; B; B. This apparent exception is easily ex­

plained if objectives A and » are more closely examined. Objective B can 

be considered to be a dual objective. It required that students are able

to calculate the variance of:



question O b je c t iv e

Table 5 : Summary of matchings recorded by five content specialists
Question  O b je c t iv e

V a l i d i t y  

L e c tu re  1 ( M ^ )

D u a l i t y Ho Match

1 B 5 r

2 11 5
3 B 5

ri 4
5 U 4
6 C 5 ' i ' L ' , ' "
7 c 5 B ( j )
a c 4 1
9 A 5

10 X 5

L e c tu re  1 (M^g)

1 A 4 1
2 A 5
3 a 5
4 D ' 5 ■
5 c 5
6 E 5 B(3)
y.......... E . 5
8 E 5
9 E 5

10 E ......... 5

L e c tu re  3 (M^y)

1 C 4
2 a 5
3 A 5
4 a 5
5 A 5
6 a 5 A<3)
7 a 3 1
a' ' D 5
9 D 5

10 n 5 D(5)

V a l i d i t y  

L e c tu re  4 (M.

D u a l i t y  Ho Hatch

1 C A 1 ..-
2 n 5
3 A
h n A .......

A A 1 ........
6 n 5
7 H 5 ..........
fl n 5 ------------------

L o e tu rs  5 (Mjg)
1 C 5
2 c 4

A 3 1
4 A 3 0(31

5 D 5
6 D 5

a 5
a a 5
9 A 5

10 A 5

L ec tu re  6 (M(|Q)

1 E 5
2 '■ B 5
3 A 5
4 D 5
5 a 5

'6 .......... . a 5
7 0 5
a c 5
9 p 5

*
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i) a sample, and

ii) a population.

t h . t  axe abVe « .

I, d7- and

. . n1 o to 7 given in ''able 4.
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Ite H r *  b.. -n.e,d, b -  « * «  o£ the ob3ec-

tives C M  be determined by noting the order in which they occur in the

'Objective' column..
Seeoedtv. the v.lidlty ratihBS «  »  "e « r i « d  «

follows: All -iity seve, qdestio.s wet. cotteetly matohed by . - l o f t y

of the =o„te.,t specialists; fort, four of these doestloos teeeifed . va­

lidity r a t in g  of 5 (.1 1  five nonfat specialist, -tched the , n . . f on to 

the seme objective,; ten Odestions f.ceived a tatiof of 4 and only three 

questions received a reties of 3. these three questions (lecture 3, 

question 7 and Lecture 5, questions 3 and 4) were closely scrutrursed «»^ 

it was decided not to change the. in any way; et least not until the re

suits of the first group of student, were sveileble.
. majority of content specialists indicated that sir questions wet. 

related to a second objective. An eaa.dn.tion of table 4 reveals that this 

second objective always eppe.rs prior to the matched objective. This sug­

gests that the attainment of the matched objective is dependent upon the 

prior attainment of the second objective. If the actual objectives are 

consulted in App.ndin I. this suggestion is confirmed. All sir of these 

■dual, question, assu.e the attainment of a previous objective, this porn 

i5 „1,„ discussed when a description of the a.,yses of. and the changes to.

the television lectures is given in section 8.2, ^
finally, four questions were not matched to any of the st.rec obiectrves

by only one content specialist in each case. This proportion ... not con­

sidered large enough to ...rent any changes to these question, or their

objectives.
The questions were no. considered to be competent in measuring what t.ey 

were supposed to measure: the degree of attaiimr f behaviour 1 y

objectives,



8. THE RESULTS AND ANALYSES

This chapter focuses on the major part of the experimental 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. ces which did not achieve 

the 70% acceptance level in the initial evaluation wf»e analysed, An 

attempt was made 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 instruction. Thirdly, the tele­

vision lectures were shown to two groups of students. The first of 

these two groups was shown the original instruction; the second was 

shown the chan instruction which included some of the original in­

structional sequences 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 strua 

ture as outlined in chapters 4 and 6. The lectures were then replayed 

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 

Gybercom computer system. Their responses to the questions in the
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lectures 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 appendix 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 students who achieved the objective for each instructional 

sequence. For example, the first five questions in lecture 1 yielded 

results which were all above the acceptance level of 70%. These five 

questions were all related to objective B for lecture 1 (see table 5, 

section 7.3). Thus the instruction which was directed at achieving ob­

jective B can be considered to be satisfactory in terms of .he specified 

acceptance level. Questions 6,7 and 8 then yielded results which were far 

below the level of acceptance. As tb-'se three questions were all related 

to objective C for lecture 1, the instruction associated with this ob­

jective was entirely unsatisfactory. Finally, questions 9 and 10were re­

lated to objective A. Question 9 achieved the acceptance level but ques­

tion 10 did not. Thus the instruction associated 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 

improve its effectiveness. A detailed description of this procedure is 

given in the next section.

The overall summary of the results in table 6 is disappointing. The 

acceptance level was attained by twenty three questions; thirty four 

questions failed to achieve this level, '.tone of .he six lectures managed 

a mean score of 70% or more and the mean score for all the questions 

was 52%.



Table 6: n ™ T  1 Results for Television Lectures 1--6

Lecture 1 (M35) 
Question Score Change

1 72%
2 91%
3 74%
4 94%
5 90%
6 9% *

7 28% *
8 33% *

9 89%
10 66% *

Mean 65%

Lecture 2 (M^) 
Question Score Change

1 93%
2 81%
3 18% *

4 26% *

5 31% *

6 43% _ *

7 12% *

8 78%
9 77%
10 68% *

Mean 53%

Lecture 3 (M^y) 
Question Score Change

1 70%
2 5% *

3 74%
4 24% *

5 43% *

6 80%
7 19% *

8 56% *

9 14% *

10 10% *

Mean 40%

Lecture 4 (M^g) Lecture 5 (M^) Lecture 6 (M^)
Question Score Change Question Score Change Question Score Change

1 79% 1 45% * 1 42% *

2 40% * 2 43% * 2 81%

3 41% * 3 76% 3 91%

4 48% * 4 52% * 4 10% *

5 72% 5 76% 5 17% *

6 5% * 6 98% 6 28% *

7 4% * 7 70% 7 65% *

8 32% * 8 71% 8 17% *

9 88% 9 21% *

10 65% *

Mean 40%   Mean______68% _______  Mean

Mean for 57 Questions: 52%

*Questions which failed to elicit an acceptable response level (70%)



8,1.2 Some Hypotheses Tested 

The pattern of the results given in table 6 provides an overview of 

Che effectiveness of the television lectures. The sequences which were

either satisfactory 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 system. 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 results in table 6 represent the attainment level 

achieved by the students of pre-stated behavioural objectives during 

the presentation of the television lectures, which were supplied via 

a computer based system. The null hypothesis which claims that this 

level cannot be assessed using this computer based teaching system was

therefore rejected.
The third null hypothesis (section 6.1.3) was reviewed m  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 majority 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 appeared 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.



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 be]ieves they have attained or will attain appear 

be vastly different. Support for this point of view was given by a se­

parate study which was conducted simultaneously with this Study and em­

pirical data collected showed similar differences (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 Instruction

The second 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 four.", 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 bibliography or research studies conducted during 1967 on teaching 

competence revealed that out of 1000 studies, 900 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 gam 

measured on achievement tasts 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 out that, 'to attempt to define teaching 

success in terms of some single fixed teacher ideal is both untenable 

and inappropriate... teachers are bound to be regarded differently 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 different students (Ryans, 

I960). 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

lar 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 objective was to
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improve learner growth. The methods employed apply to a particular 

instructor, sequences and students, 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 useful 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 curriculum sequences and 

the ordering of learning tasks (Gagne, 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 iMst a learner 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, Gagne and Paradise (1961) suggest that three 

possible explanations exist when a behavioural objective has not 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 c) insufficient 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 approach to the improve­

ment of the instruction. It could b. argued that if this method was 

employed a priori, then the instruction would have been far more effec­

tive initially. The point has been made that not all lecturers are 

education and teaching specialists and their lectures are usually pre­



pared in a manner in which they subjectively feel will ptove effective. 

This approach was adopted in this study and therefore improvement was

attempted a posteriori.

The final point on the method employed in the analysis is who ac­

tually conducted the analysis. If a team of experts were employed they 

would possibly provide a more accurate and precise analysis than if the 

instructor himse,f were used. However, the model being investigated 

is one where the instruction is that 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 within 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 someone other than 

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

order to improve it should be both 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 analysed by reviewing the objective and the in­

structional sequence which was supposed to have enabled the students to 

achieve this objective. A detailed description of the entire fualysis 

is given in appendix II, together with similar analyses for groups 2 and

3,
An overview of the analyses of the deficient instructional sequences 

reveals that the reasons for students not achieving the acceptance level 

can be placed into one of three categories:
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as

is

(a, iarlan„ate iMtr.ction. This c.tagory « £ a «  to i.sBuotion vhiot. 

provided insufficient guidance in the integration of subskills end as 

result many students mere unable to master the behavioural objective, 

outlined by G.gnS and Paradise (1961). Included in this category 

instruction which is based 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 to Gagne's (1977) 

learning hierarchies. The achievement of the behavioural Ajactive 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. In the initial construction of 

the television lecture, it was assumed that the students would have 

mastered these earlier learning tasks. Included in this category are 

learning tasks which were not based in previous lectures, but were as­

sumed to have been acquired by 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).

M iin.srififactorv Questions. This category refers to questions which, 

although they might be valid, were deemed unsatisfactory in that they 

did not make the intent of the questions clear or they elicited ambi­

guous answer, which were difficult to score (see lecture I, question 10

and lecture 2, question 5).
Table 7 show, how the questions were grouped into these three cate­

gories. An abbreviated notation is used fo r  the question number, in 

this table, for example, 4.2 refers to lecture 4, question 2. Only six 

questions were deemed to be based on inadequate instruction whereas 

twenty three questions relied on the mastery of subordinate objectives. 

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



Table ?• Categorisation of Questions which did not Attain 

Acceptance Level

the

(a) Inadequate Instruction 6

(i) Insufficient guidance: 2.4; 3.5; 5.4; 6.4. 4

(ii) Dual objective : 4.3; 4,4. 2

(b) Subordinate Objectives 23

U) In preceding stages of lecture: 1,6; a,.?; 1.5; 2.6; 11

2.7; 5.4? 3.7; 3 .8; 3.S; 3.10; 6.9.

(ii) In previous lectures : 2.3; 3.2; 4.2; 4.6; 10
4,7; 4.8; 5.1; 5.2; 6.1; 6 .8 .

(iii) Assumed ability '• 6.5; 6 .6. 2

(c) Unsatisfactory Cuestions: 1.10; 2.4 (Excluded from 2 2
experiment)

I 31
Questions Not Categorised (Result close to Acceptance Level) 3

q/.
2.10; 5.10; 6.7.

Tab v 8: Summary of Instructional Changes

(a) Replacement: 2,4. 1

(b) Addition: 1.6; 1.7; 1,8; 2.3; 2.6; 2,7; 3.2; 3,4; 24
3.5; 3.7; 4.2; 4.3; 4.4; 4,6; 4.7; 4.8;
5.1; 5.2; 5,4; 6,1; 6,4; 6,5; 6 .6; 6.8 .

25

No Instructional Change
(0 Result close 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'i from Experiment 2
34



ordl„ ta objectives was well belov the level assumed ,h.« the lecture,

„ere produced . Three questiou, vere act categorised as their results 

vere very close to the acceptance level. T„o .uestics ver. changed 

and are therefore excluded from the experiment as results obtained from 

different questions cannot be compared. This reduces the total number 

of questions used in the experiment from fifty seven to fifty five.

Changes to the unsatisfactory instructional sequences mere mad, in 

an attempt to remedy them. The type of change made to the instruction 

preceding each question is given -a table 8. Only on. instructional se­

quence mas entirely removed and replaced mith a n.m instructional se­

quence. Other improvements, to the instruction preceding tmenty-four 

questions, mere attempted by addia • further sequence to the existing 

one. In most cases this represented the review of subordinate learning 

tasks which the students should already have mastered. This also lengthened

the lectures oh average by about five minutes.

The sequences preceding seven questions »  re not cha, . Three of 

these questions yielded result, whicn mere very close to the level of 

acceptance and the other four mere b.sed on subordinate objectives mhich 

the students should now have mastered if the earlier instructional changes

were successful.
Thu. the state of affairs at the conclusion of the second stag, of 

the experiment can be described a, follows, fifty five questions were 

involved in the experiment. Of these, tm.nty three attained the level of 

acceptance and thirty two did not. Of these thirty tmo which did not at­

tain the required level, twenty five were related to instructional se­

quences which were changed, and seven to sequence, that were not. There­

for, the attempt, to improve the instruction in the six lectures resulted 

■ twenty five question, being based on changed instruction of some sort, 

and thirty questions based on instructional sequences mhich were left 

untouched,



I b is  i  CMC io n  is  i l lu s t r a t e d  by chs graph in  f ig u re  15. A va lu e  

of 1 is given the questions which are based on changed instruction 

and a Value o f U bo those based on unchanged in s t r u c t io n .  The seven 

q ue s tion s  w hich  d id  no t a t ta in  th is  le v e l and whose in s t r u c t io n  was n o t

changed are easily identified.
The t h i r d  stage of the experiment examined whether these instructional

changes d id  f a c i l i t a t e  the a tta in m e n t o f  the  o b je c t iv e s  b y  an increased

percentage of students.

8.3 Final Results
Once the instructional changes had been made, two sets of le c tu re s  

existed. The first se t o f six lectures comprised the initial instruc­

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

w hich can be p laced  in to  two groups: the  f i r s t  group co ns is te d  o f  in ­

s t r u c t io n a l  sequences w hich were l e f t  untouched and were th e re fo re  id e n -  

tieal to the  initial instruction. Thirty q uestions  were based on these 

sequences. The second jro u p  co n s is te d  o f in s t r u c t io n a l  sequences Which 

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

che initial instruction. Twenty five questions  were based on these se- 

quences. The fo l lo w in g  te rm ino log y  w i l l  be used in  the rem ainder o f the 

-V acuss ion . The in s t r u c t io n  upon w hich the  t h i r t y  q ues tions  were based 

( th e  in s t r u c t io n  which was id e n t ic a l  in  b o th  se ts  o f  le c tu re s )  w i l l  be 

re fe r re d  to  as the  unchanged In s t ru c t io n *  whereas the  sequences which 

were chang., ( th e  in e ^ u c t io n  d i f f e r s  in  th e  two se ts  o f  le c tu re s )  w i l l  

be referred to as the  changed Instruction. The W ' '  La i set of six lec- 

tu re s  w in  be re fe r re d  to  as the  i n i t i a l  in s t r u c t io n  and the  second se t 

of six le c tu re s  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 instruction, 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 there were differences between the changed instruction for the ini­

tial and final instructional sequences. This arrangement is tabulated 

in table 9.

Table_9: Relationship between Changed, Unchanged, Initial and Final

Instruction

Initial Final

Changed 25 Questions 25 Questions

Unchanged 30 Questions 30 Questions

55 Questions 55 Questions

The third stage of the experiment was 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 results ob­

tained for the twenty five questions which were based on instructional 

sequences which were changed.

8.3,1 The Question Scores 

Two more 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.
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The reason for this was twofold. First, the results of the pre­

test could be confirmed. 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 questions.

Group 3 were shown the final instruction. 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. sequences seen by groups 1 and 2.

The results obtained by all three groups for the fifty five questions 

are given in table 10. Note that a point separates the lecture number 

from the question rvrober in the question column. This notation will be 

used in all the result tables in this section.

The results obtained by groups 1 and 2 should not be significantly 

different an 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.

If the changed instruction had a marked effect on the results obtained 

by Group 3, then the distribution of these results should not have a 

similar pattern 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 

and 2. The first step to be taken in order to determine this is to con-
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FIGURE 16: DISTRIBUTION OF RESULTS FOR GROUP 1 (55 QUESTIONS)
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aider the differences between the scores.

8.3.2 The Differences in Scores 

The results .hich were given »  table 10 have been separated into 

t„0 groups in table 11; those based o. unchanged instruction and those 

based on changed instruction. The notation used in this section to in­

dicate unchanged instruction is a 0 , and a 1 for changed 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 instruction ».s iden­

tical. In other words the difference, in the scores should be distri-

huted 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 sequences

were changed, however, if the changes had a influence on the results,

then Group 3 should not obtain similar results to groups land 2 for these

questions. In other words, the differences in the scores between group

3 and both groups 1 and 2 should not be distributed about zero.

In order to determine this, three sets of differences were found.

The first, DIFF1, was obtained by subtracting the score obtained by group

1 from that obtained by group 2 for each of the fifty five questions.

The second, DIFF2, by subtracting group 1 scores from group 3 scores

and the third DIFF3, by subtracting group 2 from group 3 scores. Therefore

DIFF1 •- GROUP2 - GROUP 1 

DXFF2 = GROUP3 - GROUP1 

DXFF3 = GROUP3 - GROUP2
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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 Lha unchanged

instruct ion.
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 DIPFl has 

positive and negative values for the changed instruction (if the value 

for Dim at question 5.1 is ignored). DIFF2 and DIFF3 have only posi­

tive values. This indicates that grvup 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 DIFF1. They are plotted in 

two sets; those based on the changed and those based on the unchanged 

instruction. Notice that when the differences are equal only one point 

is plotted (either a 0 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 distriouted 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 

variation. 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 DXFF1 for the changed instruction whereas the means 

for the unchanged instruction are all similar.
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Table 13: Means for DIFF1, LIFF2 and DIFF3

Instruction

Unchanged 

(30 obs)

Changed 

(25 obs)

3IFF1 2,87 4,28

DIFF2 4.97 37,24

DIFF3 2,10 32,96

The indication is that the scores obtained by Group 3 for the changed 

instruction were substantially higher than those obtained by groups 1 and

2. Therefore the instructional changes that were 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 rejected, a measure of the significance 

of these changes must be determined. Two significance tests are conduc­

ted in the next two sub-sections in order to determine this. Mo assump­

tions were made concerning the distributions of the populations of which 

DlFFl, 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>

DIFF1, DIFF2 and DIFF3.
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The first test to be administered is the Tukey Test. John Tukey's 

qui/ -est of location has been described as one of the simplest and 

quickest significance tests for comparing independent samples (Kogan, 

I960). 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 DIFF1, 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 n2 the lowest value, then one adds the number of values in n^ which 

exceed all those values in n^, with the number of values in n2 which fall

belgw all those measures in n^ (Tukey, 1959). The sum is then compared
with Tukey's critical values:

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 2-tail 57, level (0,05)

B. A critical value of 10 for 2-tail 17, level (0,01)

G. A critical value of 13 for 2-tail 0,1% level (0,001)

A Tukey formula does exist for adjustments to be made to these critical 

values if the ratio of the sizes exceeds 4:3. This is not necessary for 

this analysis as the number of questions being compared in the two samples 

gives a ratio of 30:25 which is less than 4:3.

ii lisiWiiniiiiiiyiVM
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Tukey Test for DIFF1. 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 DIFF1 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 

closely 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 initial 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. "

key 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:

114" 5 = 16.

At the 0,001 level, the Tukey critical value is 13, Therefore the re­

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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Tukey Test for DIFF 3̂  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 significant 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, DIFFl, 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 n^ observations respectively) are to be tested for differences 

from some population mean. A rank is assigned to each score according 

to its magnitude. Then 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,+l)
U ** n^Hg +  g R1 ’ or alternately,

n„(n2+l)
U'" ̂ *2 + --%----- Rg .

The two U values are related by U **n n -u'. The smaller U value should 

be used for greater confidence.
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If or tig are greater than twenty, U is approximately normal 

with a mean,
n1 ,n- 

E(0) = - ~ —

and a standard deviation,

/n n (n.+ng+l)
°u V  12

In this analysis, n^ = 30 and n% = 25. Thus U will be almost nor­

mally distributed with a mean.

E(U) = . W 0)(25)_ = 3 7 5

and a standard deviation,

nltl2<;nl+V I) G / (30) (25) (567/n n,(n,+n_+l) /", V -  n    V
- 59,16

The Mann-Whitney U test will now ua applied to the scores for DIFF1,

DIFF2 and DIFF3, in order to determ'ne any significant differences be­

tween the changed and unchanged instruction.

U Test for DIFF1; The rankings for DiFFl are given in table 14.

From this table, = 829,5

n1(n.+l)
U " n ^  +   g R!

= (30) (25) + ------ - 829,5

= 385,5 

U* = n^.ng - U = 364,5 .

Use U * 364,5.



Table 14: Ranking of DIFS'1

Instruct = 0
Question Dif£l Rank

2.9 -26 2
2.2 -25 3
2.0 -13 6
1.4 -12 7
2.1 -6 11,5
3.0 -6 11,5
3.6 -4 14,5
5.6 -3 16,5
1.9 -1 18,5
3.3 -1 18,5
5.8 0 20,5
4.1 2 23,5
4.5 2 23,5
1.2 3 26,5
6.3 3 26,5
1.5 4 29,5
3.9 4 29,5
6.2 5 32
3.1 6 34
5.3 6 34
1.1 8 36
2.8 11 39,5
5.7 11 39,5
5.9 11 39,5
5 5 12 42,5
1.3 14 46,5
5,0 14 46,5
3.8 16 48
6,7 18 49
6.9 33 54

R^=829,5

Instruct = 1
Question Diffl Rank

5.1 -42 1
4.4 -22 4
2.6 -16 5
1.7 -10 8
1.6 -7 9
1.8 -6 11,5
2.7 -6 11,5
5.2 -4 14,5
6.6 -3 16,5
3.2 0 20,5
2.4 2 23,5
4.3 2 23,5
2.3 4 29,5
4.2 4 29,5
3.5 6 34
5.4 10 37
3.4 11 39,5
3.7 12 42,5
4.6 13 44,5
6.5 13 44,5
4.8 25 50
6.8 26 51
6.1 29 52
6.4 31 53
4.7 35 55

R2=710,5
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The z score is calculated from the equation,

U - E(U)

(364.5 - 375)
3 ' 59,16

= -0,177.

There i s  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 Dim, which agrees with the Tukey test result.

n Test for D i m : The rankings for DIFF2 are given in table 15.

From this table, =* 533.

n^Cn^+l)
U = n ^  + ---2 R1

= (30)(25) + - 533

= 682

U' = n^.n2 - U = +68

.*. Use U - + 68 .

The z score is calculated from the equation, 

U - ECU)z »
au

(+68 - 375) 
“ 59%16

= -5,189.

■ i-;:, J. icaaz *u6teiwwiheiifiaeiaifcaiH
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Table 15: Ranking of DIFF2

Instruct = 0 Instruct = 1
Question Diff 2 Rank Question Diff 2 Rank

1.4 -•21 1 5 a -9 6,5
2.9 -15 2 4.4 7 17,5
3 9 -14 3 2.4 9 20
2.0 -12 4 1.6 16 28
2.1 -10 5 6.5 23 34
5.6 -9 6S5 1.7 27 35,5
2.2 -8 8 6.6 27 35,5
3.0 -7 9 1.8 30 37
1.5 -3 10,5 3.2 31 38,5
1.9 -3 10,5 4.2 31 38,5
3.1 -1 12,5 5.4 32 40
5.9 -1 12,5 3.5 33 41
6.3 0 14 4.8 34 42
4.1 5 15 4.3 39 43
3.3 6 16 2,6 43 45
1.2 7 17,5 3.7 45 46,5
5.8 8 19 5.2 45 46,5
2.8 10 21 4.6 50 48
3.8 11 22 3.4 51 49,5
1.1 14 23,5 6.1 ' 51 49,5
6,2 14 23,5 4,7 57 51
5.5 15 .. 25,5 6.4 59 52,5
5.0 15 25,5 6.8 59 52,5
1.3 16 28 2.3 9 54
6.7 16 28 2,7 72 55
3.6 17 30,5 R2=1007,04.5 17 30,5
5,3 20 32
5.7 21 33
6.9 41 44

Rl=533,0

.........
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As there is no significant difference at the 0,001 level for a 

cwc-tailed test if -3,27 ^ z ^ 3,27, there is a significant difference

at this level between the changed and unchanged instruction for DIFF2, 

wt LCh is again consistent with the I’ukey test result.

U Test for DIF!3: The rankings for DIFF3 are given in table 16. From

this table, - 486,5.

n.(n-+l)
Ui ’ nln2 + ----2 R1

= (30)(25) + 521211 - 486,5

=728,5 

II' = n^.ng - U = 21,5 

Use U - 21,5.

The z score is calculated from the equation,

z , TJ ~ M U l

21,5 - 355 
59,16

= -5,637,

This result is similar to that obtained for DIFF2. Therefore there is

a significant different at the 0,001 level between the changed and un­

changed instruction for DIFF3.
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Table 16: Ranking of DIFF3

Instruct® 0
Question Di££3 Rank

3.9 -18 1
5.9 -12 2
1.4 -9 3
1.5 -7 4,5
3.1 -7 4,5
5.6 -6 6
3.8 rS 7
2.1 -4 8
6.3 -3 9
1,9 -2 10,'
6.7 -2 10. j
2.8 -1 12,5
3.0 -1 12,5
2,0 1 14,5
5.0 1 14,5
1.3 2 16
4,1 3 17,5
5,5 3 17,5
1.2 4 19
1.1 6 20
3.3 7 21,5
5.8 8 23,5
6.9 8 23,5
6.2 9 25,5
5,7 10 27,5
2.9 11 29
5,3 14 30
4.5 15 31
2,2 17 32
3,6 21 33

R]=486,5

Instruct = 1
Question Di££3 Rank

2.4 7 21,5
4.8 9 25,5
6.5 10 27,5
4.7 22 35
5.4 22 35
6.1 22 35
1.6 23 37
3.5 27 38,5
4.2 27 38,5
6.4 28 40
4.4 29 41
6.6 30 42
3.2 31 43
3.7 33 45
5.1 33 45
6.8 33 45
1.8 36 47
1,7 37 49
4.3 37 49
4.6 37 49
3.4 40 51
5.2 49 52
2.6 59 53
2.3 65 54
2.7 78 _______55

R2=1053,5
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The significance tests performed in this section show that group  ̂, • orsd 

significantly better, at the 0,001 level, than groups 1 and 2 for U' 

changed television instruction. As group 3 was the only group to view 

i final instruction where changes had actually been implemented, the 

conclusion can be drawn that these changes made the instruction significantly 

better 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.



9. CONCLUSION

This study has involved itself in 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 evaluation. The effectiveness of the lectures was 

measured 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 statistics 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 effectiveness, 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 validation of the instruction does not always 

agree with teacher evaluation. However in both cases, evaluation cannot
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be measured In absolute terms unless it is clear what it is that the

instruction hopes to achieve.
Tta whole basis of this study revolved aromd the stated behavioural

objectives of the instruction and this indicates t i importance 0- Pre 

stated objectives,if any sort of meaningful evaluation of the instruc 

tion is to tabs place. This approach ... introduced to the lectures with 

relative ease as the subject lends itself to the cognitive rather than 

the affective areas. Thu. although the importance of specific 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 research was to be 

repeated end it was found that .11 the objectives were aimed at the 

lowest cognitive level, some should be changed to ensure that objectives

of a better 'type1 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 a on this point in that this fact could have been revealed 

by conducting 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 closely as possible, which 

ia one where assumptions are made as to the stint's entry behaviour

at the start of a lecture.
however this criticism could be taken a step further: once it was

known that In many Instances the students' had not achieved previous 

objectives, was it correct to 'improve' the lecture by inserting re­

views of these objectives? An alternative could have been to state the
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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 lecture 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 effectiveness of the 

lectures were the insertion of validated questions into the lectures and 

the immediate recording of the student responses. This ensured 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 rvaults, in addition to being very easy to moni­

tor and collect, are a true measure of the immediate 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 accurately 

evaluated at all.

■eveiireiro*
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In 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 Teaching Methods Unit, 1978). How are lecturers going to 

judge their performances if use is made of these facilities? If it is 

in terras of learner growth then some type 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 criticism which could be levelled at this 

study. If learner growth is the criterion for effective instruction, 

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 relationships between instruction which 

is considered to be 'immediately1 ive and instruction which is 're-

tentionally' effective. In order lg measure the latter, ways of con­

trolling other learning variables during the delay between instruction 

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 effect of raising 

the level of acceptance wrth a view to determining if some optimal level 

exists; and if so what thrs optimal level is. Although a third world 

country, South Africa possesses the technical capability to produce tele­

vision instruction of a high calibre on a large scale, A large majority 

of the 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 the area of instructional 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 arc not interested in the 

professional literature that deals with educational research and innova­

tion; they have neither the time nor the patience to read journals written 

in the jargon of the educationist, but they are interested in that conden­

sed body of knowledge that has immediate applicability to their own prob­

lems (Meyer, 1979). Although this instructional model is a relatively com­

pact means of evaluating instruction, insufficient info '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



can supply an almost unlimited amount of feedback concerning student 

responses.

More knowledge of how we learn 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 

of 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

-'•fo6 Questions and Objectives of the Television Lectures

The questions and objectives for each of the six television lectures 
^I35~M40^ are 8*ven :*,n appendix. The Questions are arranged 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 response sheet used by the content spe­
cialists precedes the questions and objectives.
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a c h i n g  n.„..tlo,S to obieotivag tor Uct.r.. «3̂ i±

I 7 I r . u g b  d -  m " ' 1“ d £ M  *“ h U=tU'e-
Then put d e w  next to e.ch objective (i» the op «  provided b.lo.) 

the numberCs) of the ,u..ti=e(e) vhioh you eohsidet to reiete to

Chat objective.
More than on. question can be related to ... p.rtieul.r objective 

and so., questions »ight not be related to any objective. The objec­

tives end questions are arranged in a rando. order.

Lecture Objective
A

Questions relating to this objective
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Lecturer Ob.j ective Questions relating to this objective
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M35: Probability Pistributions Lecture 1

Objectives:

A. Students must be able to distinguish between a discrete probabili­

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.

G. Students must be able to calculate the probability of a particular

random r -t, occuring in a sample space and be able to interpret 

notations such as P(»»3) and f(2) in these calculations.

Questions:

1. How many random events are there in a situation 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 wnere

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 as the one described in question 4 . 

wh', t  is the minimum value that X can have?

6 . Consider a situation where a coin is spun three times. the ran­

dom variable X is defined to be equal to the number of heads which 

occur. What is P(X«2) equal to?



consider a situation .here a torn is spun four tines. The ron­

do. variable X is defined to be equal to the number of heads »hioh

occur. What is P(X-4) equal to?
Consider the same situation as the on. described in question 6.

What is £(3) equal to?
consider a situation .here we refer to a probability function. Will 

Che random variable involved be discrete or will it be continuous? 

If we are considering a probability density function, would this 

be a feasible statement to mal-e: P(X«=2) - 0,2?
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Expecced value o£ a Random Variable —  -

Objectives^:

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. S tudents must be ab le  to  c a lc u la te  the  mean o f a sample and the

mean of a population.
C. 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 occurence (f) of an event (where the number of events n is 

finite' nd the probability of occurence (|) of an event (where

the number of events n is infinite.

E. Students must be able to evaluate the expected value of (i) a ran-

dom variable and (ii) functions of a random variable.

Questions:

1. The mean of a population is represented by the greek letter y.

What is the name of this greek letter?

2. One of the  parameters of a population is described  by the greek 

letter 0. What parameter of a population does a represent?

i. X£ you are given a set of data as follows.

*i ^
10 3

4 3

6 2
5 1 , what is x in this case?

4. Consider the expression lim 1  What quantity or what concept does
tl-X»

this ext cession define?
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5 . The mean of e population P - =(» • Horn do «= ««d toe expression

E(X)?
6 . Consider a situation where a coin Is spun twice. X, Che random 

variable, is equal to the number of heads which occur. What is

E(X) equal to?
7. Consider the same situation as the one described in question 6 .

What is E(X2) equal to?
8 . If E(X) ^4,5 for a particular situation, what is E(6X) er̂ ial to

for this situation?
9. If E(X2) » 3 for a particular situation, what is 4+2E(X ) equal to

for this situation?
10. If E(X2) = 3 for a particular situation, what is E(4+2X ) equal to

for this situation?
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Mgy: The Variance of a Random Variable Lecture 3

Obj ectives;

A. Students must know that the terms a2, Var(X) and E(X-y)2 are all 

equivalent terms for the variance of a population.

B. Students must be able to calculate th 'ariance of a sample (S2) 

and the variance of a population (r ̂

C. Students must be able to distinguish between the symbols used tr 

disignate t..e variance (c2) and the standard deviation (a) of a 

population.

D. 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 a2. What 

quantity or what parameter does the symbol o represent for a 

population?

2. If you are given a set of data as follows:

x. f.

10 3

4 3

6 2

9 1

and told that x =* 7, what is S equal to?

3. 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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4. Consider a situation where a coin is spun twice, X, the random 

variable, is equal to the number of heads which occur and p=l.

What is a2 equal to?

5. Consider a situation where the standard deviation 0=2 for a popu­

lation. What is E(X-n)2 equal to?

6. Consider a population where E(X2) = 7  and E(X) = 2. What is Var(X)

equal to for this population?

7. Consider the same situation as the one described in question 4,

What is E(X2) equal to for this situation?

8. 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"

9. If you purchase one 3R ticket in the situation described in ques­

tion 8, what is your expected gain or loss in this venture?

10. What is the variance of X,(Var(X)) equal to for the situation 

described in question 8?
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M38! 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(n;p) or b(x;n;p).

B. The students must be able to find binomial probabilities for dif­

ferent values of the random variable X in a practically stated 

problem.

C. The students must be able to identify and calculate the values of

p, q, E(X), y and o2 for a Bernoulli process.

Questions;

1. 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. In 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 0 when a man is selected. What is y equal to 

in this case?

4. Consider the same situation as the one described in question 3.

What is a2 equal to in this case?

5. A particular Binomial distribution is speciffed as B(15;0,7). What 

is the probability of failure, q, equal ti in this case?

6 . Consider a certain university where V'j% 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?
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7. What is th, probability oE -btaihihg «= Uast 10 womah in the

sample described in question 6?

8. What is the probability of obtaining between 13 and 15 men in-

clusive in the sample described in question 6 ?
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M ; Properties of the Binomial Distribution Lecture 5

Objectives:

A. Students will be able to calculate the mean (y or E(X)) and the

variance fa2 or Var(X)) of a Binomial probability distribution

when applied to a practical problem.

B. Students will be able to calculate the mean (y or E(X)) and the 

variance (a2 or Var(X)) and the expected value of functions of X 

of a binomial probability distribution.

C. 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 probabili­

ty of failure).

D. 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 y equal 

to for a Bernoulli process?

2. In a Bernoulli process n=l and p+q 83 1. What is the variance cf2 

equal to for a Bernoulli process?

3. A random variable X is equal to the number of heads which occur 

when a fair coin is spun 50 times. Thus the probability of success 

p=0,5 and the number of trials n=50. What is E(X) for this 

situation?

4. what is Var(X) equal to for the situation described in question 3?



Consider the following graph of a binomial distribution where n=30 
Ftd 
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What is the value of p for this situation?

Consider the following graph of a binomial distribution where n=30 
Fix)

0.3
0.2 
0.1

0

n * 30

.rd tb
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Is p=q for this situation?

Consider the binomial distribution b(x;10;0,6). What is the expec­

ted value of X+3 equal to for this situation (E(X+3))?

Consider 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))?

Say that 60% of the residents of Johannesburg favour cinemas open­

ing on a Sunday. Let X be equal to a binomial random variable 

Which represents the number people who favour cinemas opening 

on a Sunday. If a random sample of 20 residents is taken in 

Johannesburg, what is E(X) or the mean equal to for this sample? 

What is the variance of X (Var(X)) equal to for the sample con­

sidered in question 9?
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M-4 0 ’ The F asson Probability Distribution Lecture 6

Obj ectives:

A. The students will be able to state the formula for a Poisson dis­

tribution.
x -|i

B. Given the formula for ,a Poisson distribution (• • ̂ — ) and the

values of y and x, the students must be able to evaluate the for­

mula, using a calculator.

C. Given the mean y for a Poisson distribution, the students will be

able to find the probability of a certain number of events occur-

ing, with the aid of Poisson distribution tables.

D« Students will be able to calculate the difference between the mean 

y and the variance cr2 for a discrete distribution.

E. The students will be able to compare the arithmetic computation in­

volved in evaluating nCxpXqn x when 

(i) n is small (<25) and p ~ 0,5 

(ii) n is large (>25) and p ~ 0,1

F’ Students will be able to solve basic problems related to practical 

situations by applying the Poisson probability distribution.

Questions;

1. Consider a binomial distribution where n=3 and p=0,5. We would 

use the term ^ C g p ^  in order to determine the probability of 2 

successes occuring. Calculate the value of 3C2pzci1 without using 

binomial tables.

2. Consider a binomial distribution where n=100 and p=0,1« If we

wanted to calculate the probability of 32 successes occuring 

(P(X)=32), would we use this term: (U,l)3? 9,9)**?



166.

3. Say we would like to find the probability of X being equal to a

particular value in a Poisson distribution. The formula we would
m x e-^use to find this is:     . vZhat is the name of the quan­

tity which should be in the brackets where we have placed a ques­

tion mark?

A. Consider a discrete distribution where n=100 and p=0,01. What is 

the value of y-a2 equal to for this situation.

5. Consider a Poisson probability distribution where y=l,3. The for-
x -y

mula for a Poisson distribution is I1 \X=x) = — " r - • Use your cal­

culator to find the probability that X will be equal to 3 (P(X=3)).

6. Consider a Poisson probability distribution where y=2,5. The pro-
c\ 6 o“2,S

babflity that X=6 can be found from the expression   .

Use your calculator to evaluate this expression correct to 4 de­

cimal places.

7. Consider a Poisson distribution where y=3. Use your fables to

find the probability that X=2.

8 . Consider a Poisson distribution where y=3. Use your tables to

find the probability that Xs2.

9. Say that the average number of customers who appear at a bank

teller's window is one per minute. Use the Poisson distribution

Where y=l to find the probability of four or more customers arri­

ving at the teller's window in any particular minute.
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Appendix II
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*338
+335

*210
+211

Lecture 1 - M35 Question. 6

Objective: Students must be able to calculate the probability of a parti­
cular random event occuring in a sample space and be able to interpret no­
tations such as i?(X»3) and £(2) in these calculations.
Question: Consider a situation where a coin is spun three times« The random
variable 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 rated 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 question. 
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 ui how to generate a sample space for 3 spins of 
a coin.
Result: 25% answered the question correctly.
Conclusion: The change in the instruction made a considerable improvement
to the result. However 25% iu 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 into a few objectives, each with its own 
instructional sequence and question.
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Lecture 1 - Question 7

Objective: Students must be able to calculate the probability of a
particular random event occurring in a sample space and be able to in­
terpret notations such as P(X=3) and f(2) in these calculations.
Question: Consider a situation where a coin is spun four times. The
random variable X is defined to be equal to the number of heads which 
occur. What is P(X=4; equal to?
Validity: 5/5
Instruction: Question 7 followed directly on from Question 6 as both
questions were related to the same objective. The Instructional sequence is 
therefore identical to that for Question 6.
Result: 28% (18%) answered the question correctly.
Analysis: As the instructional sequence leading to Questions 6 and 7 was
identical, the analysis is identical to that for question 6 ,

There is however a 19% (16%) increase in the number of correct answers.
This is difficult to account for. A possible reason is that the students
have had a little appropriate 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 asked. 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.
Conclusion: There is a marked improvement from 28% (18%) to 55%. This
however is still below the acceptance level of 70%. 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 
o-/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 1 - Question 8

Objective; Students must be able to calculate the probability of a 
particular random event occurring in a sample space and be able to in­
terpret notations such as P(X=3) and f(2) in these calculations.
Question; Consider the same situation as the one described in question
6 . What is f(3) equal to?
Validity: 4/5
Instruction: Question 6,7 and 8 are all related to th- c'.me objective.
Thus the instructional sequence leading to question 8 is ..ne same as that 
for questions 6 and 7.

In question 8 a new notation is used when asking a similar question 
to the two previous questions. 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 notation for defining the probability of ait 
event is then introduced. The students are then shown a probability dis­
tribution for the case of spinning a coin twice, using this new notation 
uesult: 33% (27%'' tswered the question correctly.
Analysis; It wa^ Celt 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 generate 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 One they had used previously.
Result; 63% answered the question correctly.
Conclusion; This result almost attains the acceptance level of 70% 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 6

It appears that the learning principle of appropriate practice is re­
vealed here as j-iestions 6,7 and 8 are of a similar type and based on the 
same objective,and the results improved progressively for Loth the original 
instruction (9% (2%), 28% (18%), 33% (27%)) and the improved i struction 
(25%, 55%, 63%).
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Lecture 1 - QueStion_10

)biective: Student^ must be able to distinguish between a discrete
probability distribution (probability function) and a continuous pro-
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the differences further they ere she™ a graph ef a drscrete pro eb Irty 
distribution followed by , question. They are the,, shown a graph of 

continuous probability distribution.
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cion is therefore rendered invalid for the experiment as the results oh
tained for different questions cannot be co.parad. this que.tron was de-

i -Fynm the exneriment.
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Lecture 2 - 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:

Xi fi 
10 3
4 3
6 2
9 1, 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 ate then asked question 
three.
Result: 18% (22%) answered the question correctly.
Analysis: Although the students had previously used both formulae to
calculate the mean of a sample, they hau 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 - Question 4

Objective; Students must be able to distinguish between the relative 
frequency of occurrence (|) of an event (where the number of events n is 
finite) and the probability of occurrence (|) of an event (when the num­
ber of events n is infinite).
Question: Consider the expression lim -jL What quantity or what concept   ̂  ̂ n_K0 “
does this expression define?
Validity: 5/5.
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.

The specific manner in which the formula was arranged is pointed out 
as being significant. A segment of the formula o|) becomes the probability 
of an event occurring, 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: 26% (28%) answered correctly.
Analysis: The definition for the probability of an event occurring had
been given to the students in a previous lecture. Therefore this question 
actually relates to the recall of knowledge. 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 tv 
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.
Result: 35% answered the question correctly.
Conclusion: 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 instruction. The question was rated as fully valid. Thus the
objective was reviewed.

It was decided that this objective is possibly out of place with this 
instructional sequence. The development of the sequence does not lead lo­
gically to this question. Therefore the question should perhaps be inserted 
at a different stage of the instruction - immediately after the students are 
reminded of the pertinent definition.
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Lecture 2 - 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 y=E(X). How do we read the expression 
E(X)?
Validity; 5/5.
Instruction; The students are shown how an equation for the mean of a 
population can be derived from the equation 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 comparisons be­
tween the answers from two different questions cannot be made.
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Lecture 2 - 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: 43% (27%) 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 (£) for the students in an attempt to improve the 
instruction. This was inserted immediately after question 6 was asked, 
Result: 86% 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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Lecture 2 - 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
6 . What is E(X2) equal to?
Validity; 5/5..
Instruction; The students are shown how the formula for E(X) applies to 
functions of X. A practical example is then demonstrated where E(X") is 
found for the situation of throwing a die.
Result; 12% (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 question: i) 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: 84% 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 Question 10

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(X2)=3 for a particular situation, what is E(4+2X ) equal
to for this situation?
Validity: 5/5
Instruction: The students are shown two properties of expected values,
namely 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
ii) the expected value of a constant added 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 9 and 10.
Result: 68% (55%) 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.
Result: 56% answered correctly.
Conclusion; 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. Ii a similar example 
were 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 - Question4

Objective.! Students must be able to calculate the variance of a sample

(Sz) and the variance of a population (cr2) .
Question: Consider a situation where a coin is spun twice. X, the random
variable, is equal to the number of heads which occur and U=l. What is cr

equal to?
Validityt 5/5
Instruction: The students are shown how to calculate the variance of a
population by considering the situation where a die is thrown. They are 
then asked to find the variance for the situation describ'd m  question 4. 
Result: ?4% (35%) answered the question correctly.
Analysis: 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 calculation of the variance 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 studmts. This was done immediately after the question was

askeds
Result; 75% answered the question correctly.
Conclusion: This result is within the acceptance level. 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 - Question. 5

Objective: Students must know that the terms a2, Var(X) and E(X-y) are
all equivalent terms for the variance of a population.
Question; Consider a situation where the standard deviation CT=2 for a 
population. What is E(X-n)2 equal to?
Validity: 5/5
Instruction: The two formulae which have 1 . n developed so far for E(X)
and Var(X) are compared. From the comparison it is shown that the variance 
of X, Var(X) can also be written as E(X-y)2.
Result: 43% (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 a2, VarU) and E(X-y)2 are 
all equivalent forms,immediately after the first two equivalent forms had 
been stated.
Result: 76% answered correctly.
Co i:’(usion: The deficiency in the instruction had been correctly identi"
fied as a relatively small change in the instruction resulted in a signi 
ficantly better result.
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Objective: Students must be able to calculate the variance of a sample
(S2) and the variance of a population (a2''.
Question: Consider the same situation as the one described in question 4.
What is E(X2) equal to for this situation?
Validity: 3/5
Instruction: The students are shown how to calculate the variance for
the situation of throwing a die by using the formula Var(X)=E(X2)-[E(X)]2. 
They are reminded that they have already seen that E(X)=3,5. They are then 
shown how to find E(X2) for this situation and finally that Var(X) is equal

Result: 19% (31%) answered the question correctly.
Analysis: In order to answer the question the students had to first of
all generate the probability distribution for X2 and then find E(X2). The 
objective only refers to calculating the variance of X which involves 
evaluating E(X2).

As was the case in question 4, the probability distribution for X2 was 
generated for the students immediately after the question was asked, in an 
attempt to improve the instruction.
Result: 64% answered correctly.
Conclusion: The stating of the probability distribution increased the
correct responses by 45% (33%) 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 application of the new formula 
for Var(X) and the calculation of terms such as E(X).
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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), y and a2 for a Bernoulli process.
Question: In a particular clothing manufacturing company 75% of the em-
ployees a re  women and 25% are  men. X is  a Bernoulli random v a r ia b le  th a t 

takes on the value of 1 when an employee randomly selected is a woman and 
a va lu e  o f  0 when a man is  s e le c te d . What i s  y equal to  i n  th is  case?

Validity: 4/5
instruction: The students are shown that the variance for a Bernoulli
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 Bernoulli
process, namely. E(X)=p and Var(X)=pq. When question 3 was asked, the 
symbol u was used. Some students might not associate y 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 pro­
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 V and c2 were used in place of E(X) and Var(X) re­

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 
decided 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 question correctly.
Conclusion: The instruction is now considered adequate to enable the Vast
majority of the students to achieve part of the objective. In order 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 Bernoulli processes. Only then should the present
instruction be given and question 3 subsequently asked.
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Lecture 4 - M3g Question 4

Objective: The students must be able to identify and calculate the values
of p, q, E(X), y and a2 for a Bernoulli process.
Question: Consider the same situation as the one described in question
3. What is a2 equal to in this case?
Validity: 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: 55% answered the question correctly.
Conclusion: This result does not show much of an improvement and it is
still well below the acceptance level, inus the instruction preceding 
questions 3 and 4 is probably not quite appropriate, even with the 
'improvements'.

Further improvements would probably include some examples of finding 
y and a2 for a Bernoulli process before the students are asked to perform 
a similar calculation.
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Lecture 4 - M38 Question^

Objactivei The students must be able to find binomial probabilities 
for different values of the random variable X in a practically 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 probability is found of there being 15 women

in the sample.
Result: 5% (18%) 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

invoived.
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 objective 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: 55% answered correctly.
C on c lus ion : T h is  r e s u lt  rep re sen ts  a 50% (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 out 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 that 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.
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Lecture 4 - 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: 4% (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 performed 
for the students,
Result: 61% 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.



189.

Lecture 4 - H^g Question 8

Ob.iactive: The students must be able to find binomial probabilities
for different values of the random variable X in a practically stated 
problem.

+613 Quest -̂on: What is the probability of obtaining between 13 and 15 men
inclusive 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: 32% (57%) 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 

+620 performed for the students on the chalkboard.
Result: 66% answered the question correctly.
Conclusion: Although the result is very close to the acceptance level
of 70% 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 ’improved1 instruction, the results mostly improved 
C5% (18%) +- 4% (39%) *+ 32% (57%) and 55% +• 61% 66%] 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 
they became more familiar with that type of problem. Therefore the learning 
principle of appropriate practice should be applied more stringently.
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Lecture 5 - M3g 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 (where, n is 
the number of trials, p the probability of success and q the probability 
of failure).

tei Question: In a Bernoulli process n=l and p+q=l. What is the mean p
equal to for a Bernoulli process?
Validity: 5/5

+29 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: 45% (3%) answered the question correctly.
Analysis: Two formula which were developed in the previous lecture are
essential to the 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 decided to insert a brief
review of these two formula'- in the preamble to this lecture and to ob­
serve the effect.
Result: 36% answered correctly.
Conclusion: 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.
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Lecture 5 - H^g Question 2

Objective: 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=l. What is the variance
a2 equal to for a Bernoulli process?
Validity: 4/5
Instruction: Question 1 was based on the fact that y=p for a Bernoulli
process. This relationship is now developed to apply to a Binomial pro­
cess or distribution and it is shown that y=np for this situation. The 
next instructional sequence is to derive a relationship for the variance 
(a2) of a Binomial 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: 43% (39%) answered the question correctly.
Analysis: This is identical to the analysis outlined in question 1.
Result; 88% answered the question correctly.
Conclusion: A substantial increase in the number of correct answers hao
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 as stimuli or reminders to the students.

The proposed further improvement in the conclusion of question 1 is 
still deemed to be necessary.



192.

Lecture 5 - Questiou_4

Objective: Students will be able to calculate the mean (y or E(X))
and the variance (c?2 or Var(X)) of a Binomial probability distribution
when applied to a practical problem.

*395 Qu^lon: A random variable X is equal to the number of heads which
^ " ^ ^ e n a f a i T  coin is spun 50 times. T h u s  t h e  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

*250 instruction: The students are shown a second property of the bmomia
+258 distribution, namely that the variance a2=npq. They are then asked a 

question (question 3) on the first property they were shown and then a 
question on the second property (question A).
Result; 52% (62%) answered the question correctly.
^ Z ^ i s :  questions 3 and A are based oh similar instruction. Question
3 Was very well answered, with 76% (82%) <f the students submitting the

correct answer,
The instruction was therefore possibly adequate. The lower result 

in this question was possibly due to the fact that a large amount of 
ground was covered before questions 3 and 4 were asked. The students had 
possibly assimilated the first property but were still absorbing the second. 
It was decided therefore to present a summary of these two important pro- 
perties of the binomial distribution at the end of the instructional se- 

+378 quence, immediately before questions 3 and A were asked.
Result: 8A% answered correctly. _ ,
Conclusion: This result is well within the acceptance level and the m -
str,:ctional sequence is far more satisfactory since the summary was intro-

duced,



\

193.

Lecture 5 - Question 10

Objective: Students will be able to calculate the mean []! or E(X)]
and the variance Ccr2 or Var(X)3 of a Binomial probability distribution 
when applied to a practical problem. 

t673 Question: What is the variance of X [(Var(X)j equal to for the sample
considered in question 9?
Validity: 5/5

*629 Instruction! A practical situation is stated where the binomial distri- 
button 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% (79%) answered correctly.
Analysis; The score obtained for this question by group 1 was very close 
to the acceptance level. Coupled to this is the belief that earlier parts 
of the instruction in this lecture have been improved. Therefore it was 
decided to leave this instructional sequence unchaged.
Result: 80% answered correctly.
Conclusion: As both Groups 2 and 3 scored above the acceptance level it
appears that the instruction was adequate and the decision to leave it un­
changed is vindicated.
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