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Programmed Instruction

An experiment with a programmed text:
self-pacing versus group pacing.

M.Ed. Thesis. October 1969. Barbara F. Hope

Previous research in the fiéld of programmed instruction
suggests that with groups of homogeneous ability moderate pacing is
no less efficient than a self-paced rate of working. To investigate
the effects of pacing on hetrogeneous ability groups 180 first year
Secondary Modern School children fram three schools (I.Q. range
75 - 125 Raven's Progressive Matrices) were randomly assigned to
self-paced, moderate paced and fast péced groups to work a programme
in physical geography.

Raw gain scores on post-test and retention test, analysed by
means of a two-way analysis of variance in which the contribution of
schools differences to the variance was eliminated, showed the overall
difference in variance among methods to be significant (P£0,05) on
immediate post-test. The significance of differences between
individual methods, estimated in a series of t tests, confirmed the
prediction that self-pacing and moderate pacing would not differ
significantly, and that both these methods would be better than fast

pacing (P£ 0,02 in each case). On analysis of retention test scares



after an interval of four weeks, these differences among methods
were not maintained. Re-analysis on a reduced sample in a three-way
analysis did not reveal any tendency for high or low ability,
defined in terms of I1.Q. scores above or below the median, to have
direct influence on scores on post-test or retention test, nor to
interact significantly with other factors in the analysis.

These results suggest that in programmed insﬂruction external 1y
imposed pacing may provide a means of overcoming differences. in
ability within groups. There is also from these results, some reason
to question the assumption that self-paced rate of working is
necessarily the ideal. The need for further investigation into long-

term retention would seem to be indicated.
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CHAPTER I

JINTRODUCTION




It could be argued that at the heart of most discussions of
an educational nature there lies a tension between the importance
attached to facts and values. As Peters (1966) (1) has pointed out,
education is concerned very much with initiatién, but also with
respect for persons. Ideally, both aséects are presunably in
harmony, buﬂ, it is reasonably clear that proponents of particular
theories or methods in education tend to be emphasising one or the
other. In society generally the same kind of dichotemy is revealed
in the continuing dialogue concerning the benefits which accrue
from our industrial civilisation and the dangers which are seen to
militate against a quality of human living. Whatever the truth
might be concerning earlier eras, since the Industrial Revolution
there has undoubtedly been a situation in which both the material
advantages accrueing, and the possibility of dehumanising attributes,
have been starkly revealed. Thus while some are mentally orientated
in such a way, that they streés the advantages of division of labour
and mechanisation, others, no less sincerely, tend to be-primarily
concerned with the dangers which they see as a threat to the
quality of life. Perhaps, nowhere 1s this difference in outlook -
more in evidence than in discussions concerning teaching, and it
tends to be, perhaps, focussed particularly clearly in the area of

programmed ingtruction.



~ The entire controversy surrounding programmed instruction
appears to be fraught with the emotional overtones and sametimes
quite deep prejudices, deriving from the association of words such
as 'machine' and 'automation' with the possibility of the
deb;sement éf humdn value. Sqne teachers feel that both the
intrapersonal qualities and inter-personal relationships, which lLie
at the heart of the activity of teaching, are under threat. While

clearly recognising the potential validity of such fears, Blyth

(1960) (2) cogently argues that, "Fortunately the mechanisation of the

media»of éamnunication has not meéﬁanised the minds of those who
have something to communicate.", and adds that, '"no more will the
mechanisation of the method ofﬁpresenting instruétional mgterials
mechanise the materials to be presented". He concludes that,
ultimately, the widespread introduction-of programmed instruction
into schools will depend not on "an emotional reaction to a word",
but, on its demonstrated validit& as a means towards_both the ‘
solution of educational problems and the development of more
efficient teaching.

The crux here, is probably to be found in what is ultimately
meant by efficient teaching, which is under continual review. The

concept of programmed instruction has already evolved considerably

in a relatively short period of time. The early programme was



narrowly defined as a specific form of text, presented in a book

or machine, through printed frames, to which responses were made
only by filling in blanks. The situation today is such that Leith,
(1968) (3) can insist the programmed learning is a set of techniques
"for éo preparing and arranging learning tasks that the aims of
ﬁeaching will be achieved.", and continuing, "There is no reason
why programmed instruction_should be confined~to linear and
branching models and solely to verbal materials. The materials

may be films, television, practical work, language laboratories,
personal teaching, paper programmes, models, or any other techniques,
alone, or in cambination, so long as they can be revised and
improved as a result of preliminary trials."

This is not to imply that the mere use-of multi-media will act
as an.educational deus ex machina, but that the use of such media
can be combined with the basic principles of progranméd instruction
to extend programme goals, methods of programming and discussion on
the application of programmes. If Leith is right, the situation
becomes one in which programmed instruction can be seen more in
perspective.

Much of the early research into programmed instruction and_its
application was in the fields of industry and the Armed Services,

but, as a result of broader interpretations of presentation and



response mode, its extension over a wider educational field no
longer lies in the realms of mere theoretical possibility.

Goals are changing. No longer is subject matter confined to
mundane topics but what was considered the impossible is being
programmed (Klaus 1963) (4). 1In its early stages it was agreed that
programmed instructiqn-would be beneficial wherever extensive
practice with rote materials was required. Wb;k on the use of
programming for elaborate concepts, aesthetic judgment, creativity
or similar skills is in progress. Programmes designed to establish
inductive reasoning, creativity, and problem-solving behaviour are
being studied intensively at various research centres.

Init;ially the only approaches to programming were those of
Skinmner and Crowder but many variations have been developed and
are being evaluvated. One such variation is Mathetics (Gilbert.
1962) (5), which uses an exercise model with a backward build-up
proc;dﬁr;. Because re-inforcement cames from the campletion of
the task, this is where the sequence begins. In a 'chain' or
sequence of actions to be learnt, the first responsé the §tudent
learns should be the last one in the chain, and then the one next
to the last, and so on until the entire chain has been taught. For
example, in a manual skill, such as tying a shoelace, a child is-

presented with a bow almost completely tied, but not yet tightened,



and has to tighten it. Whgn he is able to do this he is presented
with a more loosely tied knot and again tightens it. The process
continues, with his completing a longer segment in the chain until
he is able to start with campletely untied laces and to tie them.
The application of this principle means that a student always knows
'where he is going'; he knows why he is learning the next step.

it providés not oniy motivation for the next step but also
considerable opportunity for practice and réview.

Another systematic sequencing approach, called spiral
programming, covers a variety of subjects at a superficial level,
with a review after each topic. The programme sequence then spirals
around to a seéond more advanced level for each of these subjects
preceded by a review of the first level. The cycle is continued until
the most advanced levels for all subjects have been completed.

Mager (1961) (6) found adult learners allowed to generate their
own pfogramme seéuence by asking questions of their instructor,
developed content sequences which bore little resemblance to
conventionally written 'logical' sequencés of the same topics.
Motivation among the stﬁdents réceiving the treatment was high. The
teacher was in effect simulating an information-retrieval system at
the students! disposal. System Development Corporation (SDC) is

looking into'the possibility of adding an information-retrieval



adjunct to its camputer—based teaching machine.

An intermediate evolution towards an information-retrieval
teaching system is the complex branching programme. Test questions
are spaced throughout the programme and if the st;udent makes errors
on the questions he is transferred to remedial items. This
branching to different material occurs not only on the basis of
errors but also in response to the students' taking an excessive
period of time. In this case they move to iess difficult items
that approach the topic in a different manner; Students are also
asked to evaluate their own progress and if they indicate they are
in difficulty they are branched to lower levels or repeat previous
items.

In the field of camputer-controlled systems in this country
Kay (1968) (7) suggests that investigations "have been conspicuocus in .
ideas but; wiéh one or two exceptioné, in00n;picuous with computer
hardware".

In éiscussing changing methods in research on programmed
- instruction Silbemman (1963) (8) sees the hypothesis-testing model,
even if it does produce sigﬁifiéant results, as useless in extending
the use of programmed instruction in schools. Teachers need
information that will facilitate practical decision making in choice

of programme for classroom use and that will also make it possible



to take into gccount their own preferences and biases. Markle,
too, (1967) (9) made a similar point when she called for literature
about programmed instructional méterials to concentrate on its
behavioural ahalysis, stardards and quality control.

Silberman considers that the fonnal experiment should be
increasingly preceded by a phase of exploratory reséarch, where
the investigator attempts to identify the variables most important
in detemining student learning performance. At this stage detailed.
or elaborate experimental design and procedures for control group
comparisions are not important. The later stages of research, where

successive revisions carry forward any discovery on the basis of

_empirical data fram repeated trials, enables the conversion to

what he terms a "tangible product”. In such research he sees the
means of bridginé the gap between'laboratory and classroome.

In the main, research in Britain upon the significant variables
in prégrammed instruction has followed a course similar to that in
the United States. Although, Kay (1968) (10) in an adnittedly brief
review of programmed learning, remarks éhat éome of the developmental
work in this country has been characterized by more individuality of
approach than is often realised. Much of the early interest in
Britain was in the development of the self-correcting system with

the promise of gradual improvement upon its initial performance
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(Pask 1960) (11). As to the future, the views of Silberman in 1962
are echoedﬂby Kéy in 1968 in Britain when he seés computer controlled
studies as providing significant contributions to the understanding
of teaching procedures.

It is particularly Sime (1964) (12) who brings one back to the
realities of the school situation ;s-it"is in the present. He
makes the important point that programmed instruction is a méthod,
which, even though not perfect, provides the means of seeing when
and where teaching has failed. He suggests that in the more
primitive methods of programming, as contrasted to the sophisticated
adaptive systems of computer-assisted learning, there is a medium
through which, for the first time, "it is possible to exercise a
significant degree of control over iearning in a freal life'! as
opposed to a laboratory setting". He maintains tﬁat the fiﬁdings
from such experiments with variéus teaching techniques make possible
the development of better teaching systems.

.The issues and problems change. We have passed through, what
Green (1967) (13), describes as the "dark ages" of controversy, over
such questions aé the merits of one ;igid systém over another, the
necessity for overt responding and the desirability of small steps.
Despite such déveloynents the widespread introduction of programmed

instruction in schools is progressing slowly. It could be, that



implicit in the system, are factors which militate against its
acceptance in schools which are still often dominated by a rigid
system of time-tabling. Lange (1967) (14) describes the typical
school curriculum as being organised into blocks of time in which the
time of instruction is held constant while performance varies
widely. On the other hand in programmed instruction the opposite
holds, with performance held constant and time varying.

One such factor could.be in what is frequently asserted to be
one of the principal benefits of programmedlinstruction. That is
the opportunity the system affords for the pupil to work at his
own pace. When it comes to the question of acceptihg and integrating
programmed instruction into a school syllabus this basic principlg
of the system can be seen in one sense as its strength but in
another as a considerable weakness.

For the student the advantages of proceeding at his own pace
seem obvious. In a conventional school organisation, the |
difficulties of any large class with individuals progressing at
‘what may be widely divergent rates, are also clear. It is a
departure from the traditional teacher-paced method. Though Infant
and Junior schools have adapted themselves to individual or small
group rates of working, the adjustment at other levels could be

more difficult, particularly within the framework of a rigid time-table.
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From the administrative and organisational point of view the
idea of pupils working through a programme at a controlled pace
is attractive. Of importance educationally is the view of same
psychologists who suggest that students working at their own pace
may not, for a variety of reasons; operate at an optimum rate.

They may not even know what is the best rate for them.

Galanter (1959) (15) refers to the problem and suggests that
time pressure would-seem_a "valuable addition™ in the design of a
machine, He suggests this Qould appear reasoﬁable as "an important
element in many verbal skills is a certain speed of peéformance".

He sees the ideai, not as a completely machine-paced approach, But
as an adaptive system whereby an optimum time of working, computed
by the machine from the student's time of working, could be
incorporated into its operationé.

Glaser (1963) (16) has made the point quite strongly that
programmed instruétion provides an opportunity for not allowing
students to work at their own speed. He sees 'pacing' as a means of
insuring that students both learn at a fast raﬁe and iearn to work at
a fast rate whenever desirable. Leith (1964) (17) suggests that scme
pupils at least, may produce bettér work if éhey ﬁust actively keep
up with a forced pace of responding. Kay (1968) (18) feels that it

is practically impossible for a student to be able to determine a
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learning time that is the most advantageous for him. Hartley (1968) (19)
suggests that because of internal and external bressures it is |
unlikely that a student working on his own will work in the most
reliable or efficient way.
The question of an externally imposed rate of pace on working
as an alternative to a self-paced rate takes one naturally into
the field of the group presentation of material. Again, fram the
administrative point of view, group presentation is an attractive
proposition, if only for economic reasons. Of far more impertance
are the educational indications that paired or group learning in a
variety of situations is superior to individual learning. (Hartley,
1968) (19) from a survey of experiments conducted previously,
conciuaes—that programmed instruction provides no exception to this,
and states that learning in-pairs or groups may have definite advantages.
While considerable further research is undoubtedly necessary
before one can feel committed on this point, it is nevertheless clear
that there are indications that group working at an externally
imposed rate has definite advantages. If this is so, the apparent
dichotomy between educational needs and organisational requirements
mentioned earlier, may well be susceptible to reconciliation.

Evidence of the effects of externally imposed pacing in the
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field of programmed instruction is at present limited. Nevertheless
the results of studies conducted so far would -suggest, that if
groups are hamogeneous in ability and previous knowledge, a
controlled pace of responding will not lower achievement. Frye
(1958) (20) used a linear programme to teach mathematics in a College
of Education, He assigned individuals to groups according to
similarities for characteristics such as ability and experience.
The group instruction material was presented on slides in a group-
paced manner, at a rate established by the slowest learner. The
results indicated that students of hanogeneous ability work as well
whether they are externally paced or self-paced. Feldhusen and Birt
(1962) (21) administered a short programmed task to students on the
éubjeét'of“teaching machines and linear programming. One of several
conditions considered was control of rate qf working. They found no
difference in results between this cgntrolled group and the self-
paced group. Fry (1960) (22) gave controlled pace instruction, using
large scale flésh—cards‘to téach Spanish words and phrases. There
was apparently no difference between self-paced learners and the
. flash~card group on a criterion test.

The dangers of assessing such investigations as indicative of
the efficacy or not of externally imposed pacing are crystallised

by Hartley (1968) (23), when he points out that in most such
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investigations the group presentation of material is implicit. The
group situation creates social effects which in themselves are
important. In the context of such studies, as quoted above, group
interactions and group pressures may mask the effects of pacing. The
effects of group presentation and pacing may be interdependent. He
also points out that much of the material used for group presentation
was initially prepared for individual working.

| In these circumstances the question of method of presentation
beccmés a major problem, Several methods have been adopted,
including filmstrip, fihnstrip and tape, overhead transparencies,
television, an Auto-Tutor Mark II, and a linear programme, adapted
so that all could contribute. Where such methods are used and

the groups are unpaced, all students fespond before the material
advances to the next frame. This means that the pace of working is
the rate of the slowest student on any particular frame. This is

a problan, not merely of wasted time, but of the group pressures

and interractions that may result., OSuch pressures and interractions
could affect the slower student by creating greater anxiety and the
faster workers by a loss of motivation and the onset of boredom.

In such instances it would appear that homogeneous groups would
progress more efficiently.

Another difficulty in assessing the results of studies lies
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in the fact that same experiments have considered controlled pace
only incidentally, while their primary concern was with other
variables. Such a series were the California studies with the
Monitor-Teletest Communications System, reported by Corrigan (1964)
(24). Their prime concern was with the efficacy of a feed-back -
sys%em. They found group-pacing to be effective; but results were
improved when group-pacing was coupled with the student feed-back
implicit in the Teletest System.

Dgspite the difficulties inherent in assessing the results of
such étudies it is important to consider the investigations so far
carried out. For convenience these experiments, concerned with
the effects of.pacing, can be divided into two groups. Firstly
there are those that have employed the group presentatioﬁ of
material. This has usually meant that students have worked in
groups, rea&ing from a central display of material. The second
group are those where self-pacing has been campared with externally
paced individual programmed instruction. Hartley (1968) (25) makes
the point that this distinction is difficult to sustain, as in the
studies he reports there was no interraction between the students
in the group situation.

In ten studies concerned with the group presentation of material

nine feported no significant difference between paced groups and
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self-paced working on test results, In the tenth ekperiment,

Gropper and Kress (1965) (26) found that their slow pacing rate was
the most efficient. Eighth Grade Secondary children worked a
programme on electricity that was presented on slides. They were
divided into slow, medium and fast groups. The fast'rate of imposed
pacing was equal to the self-paced rate of working. They do not
indicate how the 'slow' and 'medium! rates of working were determined,
nor do they give ﬁhe nﬁmbers.involvéd.

Nine other studies reported no significant difference between
paced groups and self-paced working. Of these, Fry (1960) (22) as
discussed previously, taught Spanish vocabulary fo sécondén& i
children using flash cards, but the display time is not reported.

. Lewis (1965) (27) used film strip and sound for presenting 'The
Analysis ofﬁBéha;iour' to University students. The forced ﬁécing was
"expermnentef controlied", but the means of determining the rate

ére not given. In the oﬁher investigations the forced pace of

" working was in same way determined from the students' rate of
working. ‘ |

Feldhusen and Birt (1962) (21) told the college students, who
worked a programme on teaching macﬁines and linear programming, to
moﬁelon to the next frame at a mean rate for that frame, which had

been previously determined. Heimer (1963) (28) used filmstrip for
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presentation of material and Greenhill, Lottes and Pagano (1963) (29)
used television to teach algébra to.University students, In bofh .
cases the mean tiﬁe taken by previous students on a frame, formed

the basis of working time. Lottes, Palmer and Oakes (1963) (30) also
taught students algebra but using filmstrip to present sli&eé a£

805, 90%, 100% or 110% of a base time that had been determined
préviouély. Three experimenters used slide projectors for the
presentation 6f material where the pace for each frame was computed
from the time taken by sixty per cent of subjepts to respond, plus

a fraction (208 - 60%) of this time, Lewis (1965) (27) used this
method in teaching logaritims to secondary children. Moore (1967) (31)
used the same in teaching quadrilaterals to primary children‘and,”aﬁ )
the other end of the scale, in teaching physiological psychology to
University students,

The material taught varied, the age of the subjects ranged from
prhnafy to university level, methods of presentation and pacing were
diverse but in only one case out of ten reported, was there any
indication of a significant difference between self-paced and group-
paced working, on the basis of test results,

There are even fewer studies that cempare self-paced working
with éxternally paced instruction where students work individually.

Four, out of five reported, indicate no significant difference on



-17 -

test results for the two conditions. The exception was the report
by Gallegos (1966) (32). One hundred and ten University students
were split into high aﬁd lew ability and fandomly assigned to fast,
slow and self-paced groups to learn Spanish writing. The machine
advanced at a fast rate determined by the mean time per frame for
high ability students. The slow rate at which the machine advanced
was the mean time for low ability subjects. Under these conditions
it was found that (1) self-pacing was better than fast pacing for
low ability subjecfs; (2) self-pacing was best for high ability
subjects, (3) slow paciné was best for low ability subjects. A
comment muét’be made that in considering low ability university
students one is using the term 'low ability' out of its usual context
and if the same criteria were aﬁplied in a ;econdary school
situation 'high' and 'low! ability would produce very different
levels- of ébiliéy. Tﬂis.ﬁighlights a problem of such experiments,
The inferences that ﬁay be drawn are valid for small specialised
ﬁopulations and it is not merely dangerous to try to generalise
from them, it is impossible to do so,.

Silverman and Alter (1961) (33) also investigated with
university students. The subjéc£ métter was basic electricity.
Optimum rates of working for two paced groups were determined by

preiiminary testing. They found no significant difference between
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the groups on test results. Dedd (1965) (34) working with apprentices
paced them at a speed based on the averége of fast workers in the
self-paced condition. The programme was concerned with types of
milling cutter. No significant differences between groups were shown.
Hartley (1968) (35) gives details of two experiments with primary
children. One with a programme teaching word recognition and the
other sentence structure. In each case the machine advanced at
the mean rate of previous subjects. In neither case were significant
differences reported.
The results discussed suggest that moderate pacing is
certainly no less effective than éelf—pacing. In terms of time,
pacing is certainly favoured, depending on how the rate is
determined. The time taken is usually the mean time (or below) that
taken By individuals. At present there is relatively little e&idenca
on which to base opinions but what there is suggests that there is
no real support for the position that asserts tﬁat self-paced
working is the ideal. Rather, what evidence is available appears
to favour some form of externally imposed pacing on rate of working.
In the light of these findings, strengthened by the opinions
of sqﬁe psychologists, the present investigation aims to enquire
into the effects of moderate pacing and faster pacing. In an

attempt to isolate the effects of pacing from interrelated group
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pressures, and because the programme concerned was prepared for
individual presentation, the three groups worked individually
through the programme; there was no group presentation of material.

The children concerned in the experiment were of mixed ability
and assigned to treatment groups randomly, as the programme had
been written for a mixed ability group. This may be at variance
with thg suggestion phat for hamogeneous groups pacing is effective.
On the other hand Stolorow (1961) (36) takes the position that there
are two important trends that neéd to‘be verified and developed
further by research. "The first is that aptitude differences tend
to lese their predicti;e value when more efficient methods of
teaching are used. Consistent with this finding is the observation
from a variety of sources that individual differences tend to be
reduced with programmed instruction. The tendency is for lower
ability individuals to achieve more and thereby to become mare like
higher ability groups in their performance on a programmed
learning course',

While of nécessity this experiment is concerned with a
relatively small sample and is in the nature of an exploratory
investigatioﬂ, its findings could certainly open up areas for
other and further studies. If there are no significant differences

in results between self-paced and externally paced conditions of
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werking a princifle of programmed instruction, regarded by many as
fundamental, is brought into question. If pacing is effective,
group-paced working of a programme of instruction at an optimum
rate of pacing may provide a means, in certain circumstances, of
mini.mizing differences of ;bility_within a group. - This would have
implication; for the developnent of tegm teaching as the system is
being developed at present in scame schools,

Tl_'le work of earlier experimenters discgssed pr_eviously, would
seem to indicaf,e that with mixed ability groups & moderate rate of
extern:_;lly imposed pacing could be as effective as self-pacing in
tems of'results; but that a fast rate of externally imposed
pacing would not be as effective as self-pacing or moderate pacing

under the same circumstances,



CHAPTER II

THE EXPERIMENT




Method

To examine the differgnces in the resglts of children working
individually at their own pace, chi;dren_working individually at a
moderate externally imposed forced pace of workipg and children
working ipdividually at a greater externally imposed forced pace,
six sections of a lingar programme on physical gebgraphy, teaching
some of the concepts of weather, par?icularly winds and rainfall
(Webb 1966) (37) (See Appendix I) was administered to one hundred and
éighty ele;en aﬁd.twelve year ol& children in three neighbouring
secondary schools in a small Lancashire borough.

Three equal groups learned from a linear programme and all
were instrupted to write their answers on a separate answer sheet.

One group, Group A, worked individually at their own pace. The
second group, Group B, worked at a moderate forced pace. The third
group, Group C, worked at a greater forced pace.
Subjects

It waé hoped originally that all five secondary schools in the
town would participate in the experiment. However, because of
administrative difficulties this proved impossible and the first
year intake of three schools was included. Two hundred and sixty
nine children_took part in the project. As the project took

seven weeks to complete it was inevitable that there would be
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drop-outs and the numbers completing the experiment in its entirety
would be reduced. In consequence it was decided to base the
analysis on three equal groups of twenty from each school, chesen
randomly from those who campleted the pre-test, programme, post-test
and retention tests. This proved wise as drop-outs occurred, not
only through absence from school but because of late’arrivals at

one school where the work was carried out first thing in the
mornings. Time-tabling difficulties because of internal school
examinationé also meant that a number of children were unable to
complete the experiment.

The children, ninety four boys and eighty six girls, came from
three neighbouring schools: a mixed County Secondary school, a
single sex Eoman Catholic boys' school and a single sex Raman
Catholic girls' school. They Qere mainly from working class back-—
grounds drawn iram local housing estates and the neighbouring rural
areas. They were all in the first year and aged on average eleven
years niﬁe months. _They ranged in intelligence from 75 to 128 IQ,
x 101.6, (Raven's Prbgressive Matrices). The mean and standard

deviation"of agés of children in each group are shown in Table I,
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Table I

Mean and Standard Deviation of Ages of Children
in Treatment Groups

Group A Group B Group C
x 11.10 11.8 11.9
n 60 60 60
s.d. 3.88 he35 4467

Number, (of children in each group) mean and standard deviation

of scores Raven's Progressive Matrices are shown in Table 1I,

Table II

Number, Mean and Standard Deviation of Scores Raven's
Progressive Matrices . for Treatment Groups

Group A Group B Group C
x 100,95 101.38 102,86
n 60 60 60
sed, 11.48 11.83 11.49

The subjects had no background of instruction in the concepts
and términology of the programme. They had had no previous
experience of working with progrwmnéd material,

They were allocated randomly to treatment groups by means of a
randan number table.

Group A worked individually at their own pace, Group B worked
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at a forced pace determined by the mean time taken by Group A.
Group C worked at a forced pace determined by the mean time taken
by the fastest half of Group A,
Rate of Presgentation

Kay (1968) (38) reports that Sime in his fully automatic
programmed classroom systen developed a flexible means of detemining
the assessment of time per frame allowed for responding. The response
time on each frame for a sample of students was assessed and then
by extrapolation fixed the total expesure time for that frame. The
example he gives is for fifty per cent of students taking x seconds
to respond to the frame and the time set for that frame being 2x,
In practice the system is more sophisticated as a sample of between
ﬁwenty and sixty per cent is found to be more reliable, and, as it
is not argued that responses are normally distributed in time, it is
possible to add to or subtract from the total frame time accerding
to the kind of material and the students making up the group.

In the present circumstances with 8 hetrogeneous-population,
1Q raﬁge 75 - 125 (Raven's Progressive Matrices) the more
%ophisticated systén of determining rate of preéentation appeared
to have no advantage over the simpler method of using the mean time
taken by Group A as a basis for fixing the forced pace at which

Group B would work; and taking the mean time taken by the fastest
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half of Group A as the forced pace rate for Group C, who were to
work at a greater forced pace. All the groups were randomly
allocated to treatment groups.

The time tgken by each child in Group A, where the children
worked individually at their own pacé, was recorded. The mean time
taken by this group to complete each section of the programme was
calculated. The mean time per frame for each section was calculated
and multiplied by the number of franes per page.

These mean times were taken as the forced pace of working for
Group.B.

_In the same way;the mean time taken by the fastest half of
Group A working individually at their own pace and calculated section
by section of the ‘programme,was taken as the forced pace of working
for Group C,

Table ITI shows the mean times taken to complete each section
éf the programme by Group A working at their owh individual pace.

Table III

Mean times taken by self-paced Group A to complete
sections of the programme - Forced pace of working Group B

Section | 1 2 3 I 5 6
No. of frames 66 L2 33 30 33 29

x 291131 21r57n  1ht32n 1137 121530 6116
n 60 60 60 60 60 60
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Table IV shows the mean times per page taken by Group A to
camplete sections of the programme and Table V shows the mean times
per frame taken to camplete sections of the programme.

Table IV

Mean times per page to complete sections of the.
programme ~ Group A. Forced pace of working Group B.

Section 1l 2 3 L 5 6

x 2138n 3rgn 21391 21190 2.20.5" 138,584

n 60 60 60 60 60 60
Table V

Mean times per frame'to completq sections of the
programme - Group A, Forced pace of working Group B.

Section 1 2 3 4 5 6
x 26.41"  31.36"  26.43"  23,23"  23.42%  16.43"
n 60 60 60 60 60 60

The pace of working for Group C was determined from the mean
time £aken by the fastest half of Group A. Mean times taken to
canplete sections of the programme by this half of Group A are

shown in Table VI,
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Table VI

Mean times taken to complete sections of the
programme - fast half Group A. Forced pace of working Group C.

Section 1 2 3 4 5 6
No. of frames 66 42 33 30 33 29
x 251351 187'36" 11'59"  8'16.66" 9'35.8" 512750
n 30 3 3 30 30 30

These times formed the forced pace of working for Group C.

The mean times taken per page by the fast half of Group A are
shown in Table VII and the mean times per frame for this group are
shown in Table VIII.

Mean timés pef page.to comﬁlete sections of
programme ~ fast half Group A. Forced pace of working - Group C.

Section 1 2 34 5 6

x 2119.50"  2139%  2111M  1t39n 11550 118,740

n 0 30 3 3 30 30
Tsble VITI

Mean times per‘fraﬁe to céméiete sections of
programme -.fast half Group A, Forced pace of working - Group C.

Section 1 2 3 L 5 6
x 23,250 26.57"  21.78".. 16.55" 19,19"  11.29"

n .30 30 30 30 " 30 30
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The Programme
The programme (Wébb 1966) (37) was a linear programme constructed

according to the conventional Skinﬁer ;mall-step model. It was
constructed with seven sections. Six sections only were used in
this investigation because of the limitations imposed in the time
available in the schqols to complete the experiment. Sections
used made a total sequence of two hundred and twenty three linear
ffames{

The vertical format was favoured by the author of the programme
for eﬁse of assembly and the accanmodation of diagrams.

The problem of cheating is often raised.in comnection with
this fcrmat particularly where the answer to the previous frame is
easily available. Bat as Holt (1962) (39) pointed out, evidence from
his own and other sfudies feveaied tﬁe_neéligible effects of
cheating. Branson too, (1964) (40) confirms that there is no evidence
to suggest that cheating is detrimental to learning. Leith (1964) (4I)
also concludes that cheating is not a disadvantage from the étudy‘ _
of the effects of "forced cheating" i.e. where the answer is
given before the résponse is made,qwhere in most cases the
conclusion is that cheating does not detract from learning.

In the present experiment if a child were to 'cheat" by reading
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the answer before making the required overt written response he
would in effect be making both a covert and an overt response. He
would be making a covert greading) response before making the. overt
(written) response. As the inveséigation was not concerned with
error ra%e on frames the question of 'cheating'" in an accepted
sense cou;d not really occur, _ -

To estimate error rates on responses within the programme is
an unhecéssary exercise when the test results of the lmowledge
acquired are the concern of the investigation. For as Iumsdaine,
(1964) (42) points out even responses to criterion frames within the
brogrémﬁe,’which are by definition unprompted, are not really so
because of the undetermined "echoic!" carry over effects within the
programme context. In this éxperﬁméht therefore no calculation
of errar rate was made,

The programme was presented in six stapled booklets and the
childfen wrote their responses on separate answer sheets.

The programme, on physical geograph&, taught same of the
concepts of weather in Great Britain, in particular winds and
rainfall. It contained a number of diagrams. The sections used in
the experimént were (1) Water as a liquid and a gas, (2) Clouds are
Rain, (3) How Clouds férm, (4) How raindrops form, (5) 6rographic

Rain andﬂ(é) Convectional Rai;.-
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The programme had been written for first and second year
Seconaary Modern children. It had been extensively tested with
small gréups and full classes and on the basis of these field tests
had been re-written with minor adjustments before use in a larger
experiment with seven first year forms at a large comprehensive
school in the Midlands. The topic fitted into the syllabus of the
schools concerned in the present investigation and was écceptable
to them as the time allocated to the experiment was time from
"Environmental §tudies".

) The children'had had no previous background of instruction in
the concepts of the programme.

It has been suggested, Larkin and Leith, (1963) (43) Leith and
Hope, (1965) (43) that a linear format where children make an overt
response (w;iting or sﬁeaking their answers) is more successful than
a linear format, where children make a cove;ﬁ response (reading or
thinking their answers) with children of this ability range. Cummings
and Goldstein (1962) (45) found that overt responding gave higher
scores with é proérémmé on the 'Diagnosis of Myocardial Infarction!
involving verbal and non—yérbalﬂitems and Van Wagenen and Travers -
(1963) (46) found that having children give oral responses.in a foreign
iangu;ge v;cabulgry task, is reliably better than covert responding.

This is in line with results on an experiment on teaching spelling
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to young retarded pupils, Gordon (1963) (47).

On the basis of these findings it seems likely that tasks

involving materials which cannot readily be assimilated to already

existing cognitive structures require overt practice. In this

instance, as the subjects had no previous background of instruction

in the concepts and terminology of the programme, it seemed that

this type of linear programme and this method of overt written

response were the most appropriate.

Sample frames from the programme are given in Figure l.

Figure 1

22

rise

When air is made to rise over hills or mountains
clouds forme

Copy this diagram and put in a cloud.

High Land
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23

stratus

 This is how your diagram should look.
In the box is the title of the diagram.
Diagram showing how
clouds forme.
Write this title undérneath your drawing
and fill in the missing word.
24 Air rises in a very different way to form

cumulus clouds.

Sparks flying froi the top of a bonfire and
fléating upwards and steam rising are two
examples of the rule that warm air




_33_

A sample section of an answer sheet is shown in Figure 2,

_Figure 2.
RAINFALL IN FRITATN
ANSWER SHEET SECTIGN THREE NAME
GROUP

it 17 30
2 18
3 19
Ly 20
5 21 31
6 22 32
7 7
8
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Procedure

Before the prograﬁﬁe was administered a pre-test_of 16 items,
which also served as a post-test and a retention test, was given
to the_children. The test was made up of three items reéuiring
unaided cloud identification, two_items qf diagram drawing; the
remaining items were of the constructed response type (Leith and Webb
(1966) (48). During the period of the experiment the children were
given the Raven's Progressive Matrices Test, test scores are shown
in Appendix II. The same tgst was given as a post-test immediately
the children completed the programme and also four weeks later as
a retention test. Although it would haye been desirable had this
intervgl been longer it was ﬁnpossiblg to extend the period because
of school holidays and other problems.

The programmes were'adminigtered to the three groups in school
classrooms in one hour sessions, with a week between each session.
In order‘to cpeate as much uniformity in treatment as possible the
same pgqple“administe;eq the programme to Groqp A in each school,
to Groqp B in each school and to Group C in each school.

qupre £h9 children started work on the programme careful
explanation was given to each group on thg layout qf_the booklets.
Their use was denopstrated with the appropriate answer sheet.

The instructions to Group A stressed that they were to work
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at their own pace. Gpoup B were ins@ructed that they-wpuld be told
wheh they were to turn over the page. _A demonspgationqu thg time
allowed for working each_page wagmgiygn befgye_work ;tarted on
each sectign. Similar instructions and demonstrations.were given
to Group C.

The childrqn were given the opportunity to ask questions on
anything about which they_were unsure.

The self-paced Grqup, Group.A, started work on the programme
a wggk befqre thg obher‘two:groups_so that thg rgte of working for
Groups B and C could be calculated. This also facilitated the
adm;pistration of the Ravgpfs Matrices test for I.Q. The time
taken by each child_in_Group A to complete Phe sections of the
programme was recorded. _Each chiid wrote the tim% qf starting on
Fhe'answer sheet and on completing a section was told the time
which was also entered on the answer sheet.

N The_subjects were asked to write one or two sgqtences
cgmmenting op.whether or not they had enjoygd working the programme ,
on the back of their pos—test:answer sheets. A selection of these
comments is given in Appendix-III.

The post-test and retentioq test were given under the same

conditions as the programmes were worked.
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Figure 3. Experimental Design

Group Group Group
A B C
School 1 20 20 20
School 2 20 20 20
School 3 . 20 20 20 Numbers in Cells
Total 60 60 60

Group A - self-paced.

Group B - moderate forced pacing. The mean time taken by
Group A, '

fastest half of Group A.

" The raw gain scores on immediate post-test and rgtention test
were analysed.by means of a two-way analysis of variance,

per@itting an estimate to be made of the overall significance of

- method differences when the contribution of school differences to

the variance was eliminated.
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Results

Thg raw ga_zi_n scores on _the imn_ledia.te post~test obtained b}; the
nine .experin_lenta._'L»g?oups'were analysed by means o_i‘ a two way analysis
of variance. This permitted an estimate to be made of the overall
significance of metl'_lqu 'differénces y_wrhe{l _the contz_'ibution of schools
differences to the variance was eliminated. The overall difference
in variance among methods was significant (P<.0,05) on the immediate
post-test. 'The' methods X Schools interaction term was not
significant. Mean gain scores for method groups are shown in Table
IX. Apalysis of variance of gain scores on the inmlediéte post-test
is shown in Table X.

'i'afé}e IX

Mean Gain Scores and Standard Déviatidn of

Method Groups on Immediate Post-Test.

" Group A. " Group B Giroup C

Self-paced Moderate pace Fast pace
x Lo 67 e 68 330
5.de 3.21 2.93 2.90

n 60 60 60
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Table X

"Analysis of Variance of Tmmediate Post-Test Scores

Sums ‘of

Source Squeyeg d,f. Variance F Significance .
Total 175755 179

Bétween Groups l5h350 8 _

Methods (M) 75763 2 57f82 3390 .05
Schools (S) hOflﬁ 2 20765 2,15 N.S.

Mx3S 58.74 I _9,69 1.05 N.S.
Within Groups 1602.05 171 9.37

The significance of differences between the individual methods

was estimated in a series of t tests; the results of which are

shown in Table XI.

Table XI
Method s Mean | Mean | Difference t Significance
i 0 #i i1 ' ’
A v B Lo67 | L.68 0.0 less than 1.00 N.S.
i 0 idid i iii - -
A v C L.67 | 3.30 1.37 2.45 0.02
ii o iii "ii iis B T
B v =G l.],.68 3.30 1.38 2.[}7 0002

The results showed no significant difference betweep Group A,

the self-paced group, and Group B, the moderately paced group.

The
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difference between Group A and Group C, the fast paced group was
significant, (P<0.,02); as was the difference between Group B and
Group C, (P<0,02), These results were as predicted: 1) that self-
pacing and moderate pacing would preduce results on test scores that
were not significantly different and, 2) that the results of self-
pacing and moderate pacing would differ significantly from the scores
on test of the fast paced group.

The raw gain scores on the retention test, given four weeks after
the completion of working the programme, by the nine experimental
groups, were analysed by means of a two-way analysis of variance.
This permitted an estimate to be made of the overall significance of
method differences when the contribu£ion of schools differences to
the variance was eliminated. There was no significant difference
in methods on the retention teét. Neither was the methods X Schools
interaction term significant. Mean gain scores for method groups
on retention test are shown in Table XI. Analysis of variance of
gain scores on retention test ié shown.in Table XII.

_Table XI

Mean Gain Scores and Standard Deviation of
Method Groups on Retention Test

Group A Group B Group C

Self-paced Moderate pace Fast pace
x 413 3.73 3.57
s.d. 2.74L 2.63 2.8,

n 60 60 _ 60
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Table XI1

Analysis of Variance of Rétenplon Test_Scores

: Sums of
Source Squares | d.f. | Variance F Significance
Total 1358.95 179
Betwéen Gpoups 71.10 8
Methods (M) 9.70 2 L4485 "«36 N.S.
Schools (S) 8.23 2| na2 .31 N.S.
sxM 53.17 L{ 13.29 | 1.76 N.S.
Within Groups 1287 .85 171 7.53

The main concern of the investigation was with groups of mixed
abilify but it was considered worthwhile to examine the influence
of ability on post-test and retention test scores by the inclusion
of ability as an additional factor.

The original sample was dichotomised at the median. The number
of individuals falling into each cell of the three way classification

is as shown in Table XIII.
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Numbers in cells of Three Way Classification

-~ Method Method Method
A B C

High

ability 6 11 10
School 1

Low

ability 14 9 10

High '

ability 10 13 10
Scheol 2 )

Low

ability 10 7 10

High

ability 14 11 10
School 3 ]

Low

ability 6 9 10

The unequal sub-groups thus defined would make difficult a
canplete three-way analysis of the data. Scores were therefore cast
out at random with the aid of a table of random numbers (Snedecor and
Cochran i967) (53) to reduce all groups to six scores.

Individﬁal scores in cells for the original population and for
the reduced sample on post-test and retention test are shown in
Appendix II,

The scores on post-test and retention test for the reduced

sample were re-analysed in a three-way analysis (Lewis 1968) (52).



Included were high and low ability (Factor A) in addition to the
factors included in the initial analyses (Schools - Factor S,
Methods - Factor M). The F ratio was calculated for the main
effects and first and second interactions.

Analysis does not reveal any tendency for high or low ability,
defined in terms of I.Q. scores above or below the median, to have
direct influence on scores on post~test or retention test, nor to
interact significantly with other factors in the analysis. On
retention test the Schools X Methods interaction term for this
reduced sample approaches significance at the five per cent level.
(F 3.86).

- Anélysis of variance of the gain scores for the reduced sample

on post-test and retention test are shown in Tables XIV and XV.
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Table XTIV

Analysis of Variance of Gain Scores on
Post-test .for Reduced Sgmple

Sums of ]
Source Squares | d.f. | Variance F Significance
Total 1065,07 107

Between Groups 157.73 _ 17

Methods (M) 29.23 2| .62 |1.74 . N.S.
Scheols (S) 19.57 2 9.79 | 0.97 N.S.
Abilities (A) 16.32 1| ‘16,32 |1.80 N,S.
M xS | 3360 4 8.40 | 0,83 N.S.
MxA . 1374 2 6.87 |1.00 N.S.
AxS 18.18 2 9.09 | 0.90 N.S.
MxAxS 27.09 b 6,77 | 0.67 N.S.

Within Groups 907 o34 90 10.88



Analysis of Variance of Gain Scores on

Table XV

Retention Test for Reduced Sample

Within Groups

Sums of

Source Squares | d.f. | Variance F Significance
Total 760,92 | 107

‘Betwgen Groups{ 209.08 17

Methods (M) 10,67 2 | 5.34 | 0.23 N.S.
Schools () 36.17 | 2 | 18.85 | 3.08 N.S.
Abilities (A) l.l2| 1| 1a2 | 0.53 N.S.
M xS B T T L | 23.67 | 3.86 N.S.
MxA 24,07 2 | 12,00 | 2.26 N.S.
AxS b2l 2 | 212 |o0a8 N.S.
s xMxA 38.15 b | 954 | 1.56 N.S.

551.84 | 90 | 6.13
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Conclusions and Discussion

The hypothesis that self-pacing and moderate externally
imposed pacing would not differ significantly on test results seems
tenable on this evidence; as is the prediction that self-pacing
and moderate externally imposed pacing would .differ significantly
fraom fast externally imposed pacing.

As the experiment was conducted in three different schools, it
was in effect a series of three duplicated experiments. It was
necegsary therefore to be able to eliminate the effect of the three
different schools when the overall significance of methods
differences was estimated. The technique of analysis of variance
is particularly suitable for this purpose. The raw gain scores on
the immediate post-test and the retention test obtained by the nine
experimental groups were therefore_analysed in a two-way analysis
of variance, This permitted the contribution of schools differences
to the variance to be eliminated and an estimate of the overall
significance of methods differences to be made. On immediate post-
test results schools differences was not significant, (F 2.13). The
Schools x Methods interaction term was not significant, (F 1.63).

On retention test schpols differences was again not significant
(F 0.31); the Schools x Methods interaction term was also not

significant (F 1.76).
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Previous experiments, which were discussed in the Introeduction,
have shown that moderate pacing is as efficient as self-pacing with
groups of homogeneous ability. On the evidence of this study it
would appear to be justifiable to maintain that with groups of mixed
ability the same proposition is also tenable.

. The ability range of subjects in the moderately paced group,
Gproup B, lay within the range I.Q. 75 - 125, x 101.38 (Raven's
Progressive Matrices)., The overall range of ability for theulSO
subjects participating in the experiment, I.Q. 75 - 125, x 101,73
(Raven's Progressive Matrices), was the same as that for Group B.
The ovérall mean, 101.73, was‘slightly higher than that for the
sub-group. _Mean differences in I.Q. scores among the three groups

were slight.

Group A Group B Group C
Self-paced Moderate pacing Fast pacing
X 1.Q. 100.95 101.38 102,86

(Raven's Progressive Matrices)
(Individual I.é. scofes, mean and standard deviation for method
groups are shown in Appendix-II).
The results on both ﬂmnediéte post-test and retention test for
the sélf-paced Group A, with a range of ability I.Q. 75 - 122, and

the moderately paced Group B, with a range of ability 1.Q. 75 - 125,
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were not significantly different. The difference in mean score
on immediate post-test results was negligible, 0.0l, with the
difference slightly favouring the moderately paced group. (Mean
gain scores for the three method groups on immediate post-test are
.shown in Table IX. Individual scores are shown in Appendix II).

Analysis of variance of raw gain scores on the retention test,
given four weeks after working the programme, revealed no significant
difference in the three methods. The difference between the mean
score of Group A and the mean score of Group B (0.04), though not
significant, was larger than on immediate post-test, and in this
case favoured Group A, the self-paced group. On retention test
Group C, the fast~paced group, had a mean score that was not
significantly different from that of Group A or Group B. The mean
score of Group C differed from Group A by 0.56, and from Group B by
only 0.16. (Mean gain scores of all three method groups on
retention test are shown in Table XI. Individual scores are shown
in Appendix II).

It is iﬁtéresting to note thgt the significant differences in
methods revealed in the analysis of post-test results are not
maintained on the analysis of retention test scores. On the analysis
of post-test scores self-pacing and moderate pacing emerge as superior

to fast pacing (P<0.05). On retention test, four weeks later, no
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significant difference in the three methods is apparent. However,
after the lapse of time, the fast-paced group, Group C produce a
mean score that is higher by 0,27, than the mean score for the

group on post-test results,

lmmediate’ Retention
Group C Post Tgst Test
Mean Gain Score ©3.30 3.57

It should be noted that the children had been exposed to no
further direct instruction on the topic during the intervening period.
This does not, of course, eliminate the possibility of discussion en
the subject among the children, Such discussion could induce
greater familiarity with the material and cause incidental learning
to occur, It is also possible that, in the light of the knowledge
acquired, they became more acutely aware of weather conditions and
variations which could act as reinforcement to their initial learning,
It could be that the post-test acted as a "structuring device'. As
a result of working through the test ideas.could have become ﬁore
structured, with resulting higher scores on the retention test. The
most likely explanation, perhaps, is that the test itself teaches.
This, of course, was the case with Pressey's well known first
£eaching machine. He designed a testing dévice and found that as

a result of using it students were learning.
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Although the re-analysis of scores on post-test and retention
test was performed on considerably reduced sample (108 as against
180 in the original population) it would appear to support the
hypothesis that for groups of mixed ability moderate pacing will not
be less efficient than self-pacing. High ability and low ability
were defined in this instance in terms of scores'above and below the
median. This meant that high ability was defined within the range
I.Q. 122 - 101 (Raven's Progressive_Matrices) and low gbility within
the range 1.Q. 100 - 75 (Raven's Progressive Matrices). Individual
I1.Q. scores for the reduced saﬁple are shown in Appendix II. Analysis
does not reveél any tendency for high or low ability, as so defined,
to have direct influence on -scores on post-test or retention test nar
to interact significantly with other factors in the analysis, although
on retention-test the Methods x Sghools interaction term approaches
significance at the five per cent level (F 3.86). Analysis of
variance for the reduced sample on post-test and retention test
scores is shown in Tables XIV and XV,

It has been suggested earlier that if groups of children of
mixed ability produce results on test that are not significantly
different, whether they work at their own pace or at an externally
imposed rate of working, programmed instruction, where the rate of

working is controlled, could provide one means of overcoming some of
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the problems inherent in teaching groups that are hetrogeneous in
ability. The results of the present experiment appear to indicate
that this could be so.

The necessity of firiding a solution to the problems of
teaching mixed ability groups at secondary level assumes greater
urgency as the movement towards unstreamed classes gathers mamentum.
As evidence accrues against the system of streaming by ability,
which discriminates in favour of the middle class child and against
the working class child, more schools are moving away from the
system and introducing non-streamed classes, particularly in the
early years of secondary education. In the light of the results of
this experiment, where children in mixed ability groups working at
a forced péce, show results on immediate post-test that are almost
identical with the results of similar children in nixed ability
groups, working at their own pace, it would seem justifiable to
suggest that programmed instruction, where rate of working is
controlled, may provide one solution to the problems of teaching
hetrogeneous groups at this level.

By the same token, programmed instruction, at a controlled pace
of working, can be seen as a means of resolving the apparent

dichotomy, which was discussed earlier, between educational needs
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and 6rganisational_requirements. Such a system eliminates the
"inconvenience" of children's working .at widely differing rates
ﬁithout a loss‘of achievanéﬁt. The rate of working Section 1 of
the programme (66 frames) by the self-paced Group A, ranged from
LO' OO" to 18! 45", Modérately paced Group B worked at a rate of
29‘ 136 for tﬁis éection. Group C, the fast paced group, worked
at the rate of 25' 35" for the same 66 frames. A similar range
in times for working éll six sections of the programme was recorded
by Group A. (Individual times and mean time of working each section
for Group A are shown in Appendix II; as are individual times and
mean time of working for the faster half of Group A. Times of
working each section for Group B and Group C are shown in Tables
III and VI). The differences in time of working are considerable,
in-many inétances. Yet on immediate post-test the difference in
mean score between Group A and Group B was negligible (0.0l).
Although on post-test the mean score for both these groups was
significantly higher than that of Group C (P< 0.02), on retention
test there was no significant difference in methods revealed on
analysis of variance.

A system of programmed instruction with the added control of

working rate, could be used to advantage in the team teaching
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situation as it is being developed in a number of schools. A
programme of instruction could be used in place of the usual lecture
for the presentation of basic material. This would ensure the
active participation of all the students concerned, with the greater
likelihood of their acquiring the central core of information upen
which their ability to pursue a topic further often depends. Control
of rate of working, at an optimum rate, would not result in less
efficient learning, and administrative arrangements could be
facilitated. At the same time this method of presentation could
prove more economical in terms of staff time and effort. Such a
system could provide a situation for the introduction of programmed
instruction into a school. Success with the use of a programme in
this way could prove helpful in overcoming some of the reluctance
-towards rrogrammed instruction displayed by many teachers.

The original plan of this investigation attempted to isolate
the effects of an externally imposed rate of working in a group
situation. An attempt was made also to prevent any detrimental
effects which might acérue from the use of a programme that had been
prepared for individual working, for the group presentation of
material. Therefore, although the children were randomly assigned
to Group A or Group B or Group C, and worked as Group A or Bor C

throughout the period of the experiment, each child worked
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individually through the programme whether they were paced or not.
There was no social interaction during working whichever of the

three methed groups they were assigned to. It seemed reasonable to
give priority to the question of pacing over the problems of the
group presentétion of material. If an externally imposed rate of
working proved to be less effective, in temms of test results,

than working at a self-determined rate, it appeared that the éuestion
of any group presentation of material at such a fixed rate would be
irrelevant,

‘The results obtained seem to indicate that such pacing at a
moderate rate is as effective as self—paping on post-test results;
while on retention test scores the significant differences between
self-pacing and moderate pacing, as against fast pacing disappear.
The question of long-term retention is one that has tended to be
neglected when experimenters have been considering pacing. Same
investigations have not been concerned at all with retention tests;
in ofhers the period between post-test and retention test has been
slight. In this instance the period of four weeks between tests
was not as long as would have been wished for, but it was the
longest time possible in the circumstances. The results of the
present investigation would seem to suggest that this is an area

where further research could be pursued to advantage. Long term
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retention is the real concern of education. Lumsdaine (1963) (49)
makes a strong case for the development in the future of a system
of assessment for programmed instruction thét is based, not merely
on some immediate criterion of success, not even on the results of
retention tests, as long as two years later, but on whether the
knowledge originally gained can be easily "re-learned" whenever it
is required. |

That a student should work at a self-determined rate has been
considered by many as a cardinal principle of programmed instruction.
Whether or not this is always the ideal is open to question.
Previous experiments, discussed in the Introduction, have shown
that with hamogeneous ability groups self-pacing is no more efficient
than moderate pacing in terms of results on test. In tems of
economy of time and greater ease of organisation moderate pacing has
the advantage. On the results of phis investigation, the hypothesis,
that with mixed ability groups moderate pacing and self-pacing would
not differ significantly on test results, seems tenable. That there
was no significant difference in the three rates of working on
retention test scores, would appear to strengthen the argument that
a self determined rate of working is not necessarily always the ideal.

If control over the pace of working makes it possible to create an
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even more efficient system of programmed instruction, it would
appear reasonable to suggest that a self-determined rate of working,
is not always of the fundamental importance that it was originally
thought:to be. In fact, in some instances control over working
rate can be seen to add to, rather than to detract from, the
efficiency of a programme of instruction.

The underlying issue in programmed instruction is the problem
of efficient communication. Curr (1964) (50) suggests that in
the judicious use of programmed instrucfion may be the means of
solving the fundamental dilemma in education of "improving the
communication of ideas at the expense of inciden%al personal and
social development! or of retaining, "the educative community at the
cost of inefficienéy in communication". The introduction of
programmed learning for ease and spee& in the commupication of
basic material can save time in which pupil and teacher can share
enjoyable pursuits with greater opportunities for establishing the
relationships that dlie at the heart of so much "good" teaching.
Programmed instruction, he asserts, '"may be not-only.campatible-
with the continued exercise of craftémanship by the teacher; it may

help to prevent the teacher himself becoming a machine'.
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Programme - Self-paced Group A - in Minutes and Seconds

Section 5. 33 Frames
11 00 - : 16 15

7 00 g8 06
13 30 8 00.
15 00 10 R
7 00 17 35
14 30 11 20
11 30 ' 8 06
11 30 12 40
12 30 ' T 10 02
7 00 - 1 45
11 00 13 00
10 00 . 12 45
1130 - : 22 10
17 00 | 17 30
9 00 15 30
11 00 19 00
1230 - 15 30
8 30 10 05
10 05 _9 15
13 00 -
13 45 =x 773" 06.00"
11 30 - n 60. .
8 15 _ _
18 00 X 12' 53.10M
20 00 per frame . 23.42"
9 15 per -page 21 20.50"
15 30 .
17 00
20 00
10 45
10 20
10 45
20 00
11 00
17 00
19 30
.16 00
15 30
10 05

Mean time Group A - rate of workihg Group B,




(1)

APPENDIX II

Individual Times and Mean Time of Working the
Programme - Self-paced Group A - in Minutes and Seconds’

Section 6. 29 Frames

5 00 5 00
6 35 6 15

5 15 6 00

5 30 6 15

5 00 6 00

6 30 6 45

6 30 - 6 15

5 00 5 00

9 45 5 15

9 L5 5 30

6 30 6 30

5 30 6 L5

7 30 6 15 °

6 20 7 30

5 15 7 00

7 30 -7 30

6 L5 T 30

6 L5 5 00

6 00 5 15

5 30 5 00
30 -
00 = x 377" 4O,00"
30 _ n 60.
30 -
00 ' x 6! 16,60"
45 per frame - 16.43"
00 per page 1' 38.58"

VIVIVI NGO\ ONON VT VT VT O =1 =20 ~1 O\ O\ ON
-~
W

' Mean time Gyoup A - rate of working Group B.



(x1I1)

APPENDIX II

Individual Times and Mean Time of Working the Programme =~
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APPENDIX II

Individual Gain Scores, Mean and Standard
Deviation of Post-Test Scoreg — Method B.

Xe 4468
sd. 2.93

O\O\S\'I\IO\O\W o oCVINDOVEVEREH

= x.281
x 4.68
n 60
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APPENDIX II

Individual Gain Scores, Mean and Standard

" Deviation of Post-Test Scores - Method C.
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APPENDIX II

Individual Gain Scores, Mean and Stancard
Deviation of Retention Test Scores — Method A.

X. 4.13
sd. 2.74
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APPENDIX II

Individual Gain Scores, Mean and Standard

Deviatipn of Retention Test Scores - Method B.

X. 3.73
sd. 2,63
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APPENDIX II

Individual Gain Scores, Mean and Standard
Deviation of Retention Test Scores - Method C.

Xe 3.57
sde 2.8,
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APPENDIX TII

Individual Raw Scores of Method Group A
on_Pre-Test, Post-Tost and Hetention Test
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APPENDLX TII

Individual Raw Scores of Method Group B
on Pre-Tpst, Post-Test and Retention Test

RETENTI CN

POST

RETENTION

POST

NN INAHOO-I~-NMN-FTHO\D\ONO 37159.&.5635.@.73

~ S N | ~ —~

1NN OoO NN TN o~ O 9227nl.»767777267

~ —~ ~ ~ ~

—

NO N NOHOOHANNH-FTVNININNOANNO HAAOO0ONO M

3 .n|u_6 ~OA~O O N-NNN-FO0 ~{ANOD

NNV VOO I~-0ONONOAHHHWON

N0 3 -F3WHNTM

N-FONNO 0N -ITOMN

MININNOOOVINHHMO H000 O N M

O~ 44N~



(Xxv1I)

APPENDIX II
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APPENDIX II

Individual Gain Scores_in Cells on Post-Test
for the Original Population

METHODS
A B C

3,7’6’3’8’2’830’8,0, 2,h,h,h:8,b,03‘2s235: 3,3,3,‘2,5;3,“2,h,5,10-
1’3:8:656’6:419,6:3: 1,5,5,8,1,1,1,8,7,5, 2,0,-3,2,2,4,2,5,1,0.
5’3,3,7,1,3,5,135,10, 3,3,8,h,5,7’l,2,5’2, h’3,0310313,7,2,h,5,3'
750,6,54y5,14,75ks1,3, | 11,5,2,2,3,9,12,9,7,1,| 2,2,3,0,3,9,6,2,3,1.
6:6s11,73055,3:8:10s9: l:h,SJh,5,h’9,2:5:6, 5:3:1:6:3:450:7:O,1°
2,0,0,3,1,3,5,9,1,00 | 46,5,6,6,7,7,10,6,6, | 2,2,2,3,3,9,42,8,6.

Individual Gain Sceres in Cells on Retention Test

for the Origingl Population

METHCDS
A B c-
6,5,6,5,8,7,7,0,3,1, 1,3,5,4,7,0,1,1,1,8, 752,10,1,4,5,-2,3,3,8.
3:6:5,5,6:10:9:h,9,6, 2:h:3:h:h:6:l,2:h:3: 1,‘1:2:6,3:5:1,6:3:7°
h,h,3,3,1:235:0,5s7, 3:2:5:3’398,0:0,3s2, h,2:0’10312:5’2,3,3,3'
5,1,3’h,3,9,7,2,0,l, 9,5,1’2,1,10’10,7’7’1, 0’2’4,0,2,7’6,2’2,2.
2,3,9,5,1,h,3,2,8,10, 0,3:751:1,1;3:3,5;6, ' 3,3:0,3,1:4:6:55135'
021,133,2:3,h:7:1:15 3:8’3,h:5’3,5;8:7:23' h,7:0:3,3s9s62012:5°
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School 2.

School 3,
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APPENDIX IT

Individual Gain Scores in Cells on Post-Test
for the Reduced Sample

High
Ability

Low
Ability

High
Ability

Low
Ability

High
Ability

Low
Ability

METHCDS
A B c
7: 8: 3, by 8’ 5’ 3 -2, .
8, 4, 6, 1, 8, 5, 10, -3, 1.
6,2,0,- | 2,00, 3y 35 5e
O: 6: 69 1, l, ‘7, -2, 2: 5e
5, 7, l’ 5, 2, 2, o’ 13’ 2.
75 65 7, 9y 3, 9, 9, 2, 3.
3, 5, 0, 3, 8 L, 35 35 3.
b, lh, L, 7’ 2: 2. 3: 3 6o
6, 63 11: l, hs 9: 5: lz O.
7; 0, 1, 6, 10, 6, | 0, 9, 2.
9, 2, 0: h: 5: 2: 3, 3’ Le
3, 9, O, Ly 5, 7, 75 35 6.
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School 2.

School 3.
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APPENDIX 1II

Individual Gain Scores in Cells on Retention Test

High
Ability

Low -
Ability

High
Ability

Low
Ability

High
Ability

Low
Ability

for the Reduced Sample

METHODS
A B G

5’ 8’ 6, 3’ 5’ l, 2’ 5, -lo
3, 95 9, 1’-43 6’ 1, 3, 7.
6’ 6’ 7’ 1, 0, 3, 7, 10, 3.
5’ 10’ Ll'} h—, l, llr, 6,.5, 6.
Ly Ly 3, 3, 0, 2, h, 0, 10,
0’ 5, 3, 5, 7, '1, 5, 2, 2
2, 5, l, 3, 5: 8’ 2: 3: l*'
2, O’ l’ 1’ 2, 7, o, 2, 6.
3, 9, bs | 0, 7,3, | 0,3, 6.
3, 2, L, 6, 5, 8, i, 0, 2.
10, 0’ 1’ 3, 5, 3, 3, l, ll-.
3,7, 1, Ly 3, 1, 5, Ty 5e
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APPENDIX II

Individual I.Q. Scores (Raven's Progressive Matrices)
for Method Groupsin the Reduced Sample! .

METHODS
A B C

High Low High Low High Low
108 99 101 99 105 91
112 87 116 75 107 98
104 75 110 75 116 95
104 78 1ol 82 110 91
112 90 101 86 115 80
112 96 108 89 114 98
102 93 107 91 111 91
115 88 101 100 122 97
101 100 110 - 99 110 99
117 94 106 82 102 8l
115 100 101 91 107 97
104 98 108 99 - 107 9L
© 112 99 102 91 119 97
109 86 108 100 109 99
115 88 107 91 107 89
114 76 106 8l 110 81
116 92 110 91 104 9L
101 93 103 9L 115 96
X 1973 1632 1906 1619 1990 1668

X 109.61 90.67 105.89 89.94 110,56 92.67
n 18 18 18 18 18 18

I.Q. scores for the original population are shown in Appandix II

page XXVIII,
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APPENDIX IIT

Canments from the Childrep

The staffs of the schools were most helpful and co-operative.
They knew little about programmed instruction and were interested
to know more.

The children co-operated willingly and for the most part,
appeared to enjoy the novelty of the work. Their comments revealed
a wide range of reaction from positive enthusiasmn to intense dislike.
It was interesting toinote the recurrence of similar points of view.
There were few children who felt théy had not been given sufficient
time for working, even in the fast-paced group. Although they were
completely unsophisticated in the use of programmes it is particularly
interesting to note that a number of comments reflect same of the
principles behind the concept of programming; they enjoyed working
the programme because it was easy and because the answers were there,
and the& were able to check as they went along. The general
impression was one of enjoyment. There were more favourable than
unfavourable comments and the words "fun" and "exciting" appeared a
surprising number of times. A selecfion;of thése CQmmeﬁts follows.

They are uncerrected and just as written by the children.
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"It is realy good. I enjoyed it."

"Its alright working from books like these and I think its fun
to do these. I like it a bit because you get t0 know more if the

answers are there.!

"1 like doing these tests because they help us to learn a bit

more and there fun to do. There easy and they don't take very long."

"I thought that they were quite good because they were exciting and

that these bocks are better than ordinary."

"I like working from these books because you know when you have got
the answers wrong and you can find out where you have gone ﬁrong

and it is very interesting."

"T Liked doing it. It was Okay. It was easy fun to do. It was

Interesting. I would like to do it again though."

"I think this is a very good idea as well as exciting. I do not
ﬁind doing it.I am sure I have learnt a very lot from these book

and they are simple to do."
"I thought it was alright and you were going just the right speed."

Witts not bad. It's fun."
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"T did not like the test. I did not think we was rushed."

"T did not like the test because I know nothing about rain and

élouds and all that., It was rotten.”
"T only liked copeying down the answers."

"I do not like This test because they are too hard and we expect
to larn it all and we can't because you give so much time and

than you say turn over.'



