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ABSTRACT 

A 2 x 3 factorial design involving three levels 

of reinforcement and two levels of sequence was used in 

conjunction with two linear programmes. One programme 
i 

was based on aspects of plane geometry, and the other 

covered .. f1 topic in human biology.. The. aim of the study 

was to ascertain the relative contributions to learning 

of reinforcement and sequence. In addit~on any 
• I • 

interactions involving intelligence were to be 

investigated. 

After being r8:ndomly assigned to one .pf t;he six 
\ 

treatment conditions, all.subjects worked throµgh the 

geometry programme. All cells were then assigned to a 1 
I 
I • 

new treatment condition and the subj~cts studie~ the 
I 

biology programme, 
r, 

A test was administered bef~re and 

after each programme. \ 

It was established that; the groups did n i• ·t differ 

significantly before the progremme sessions begJ. A 
1, 

two-way analysis of covariance was used to partiJion the 
I, 

. . . I . 

effects of reinforcement and sequence. A three~'4ay 
. . . t ' . 

analysis of cov_ariance was then used on the post,est 

results of the six most int.elligent subj_ects and \six 

least intelligent sub_jec.ts per-....celL. On the 

programme reinforcement intelligence and the 

I 

geom~try 
Ii. 

inteiraction 
I '· 
I l 

\ i 
i 
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of reinforcement and intelligence were all statistically 

significant. On the biology programme reinforcement, 

sequence.intelligence and the interaction between 

reinforcement and intelligence were all found to be 

statistically significant. 

The high ability learners and low ability 

learners were found to react,differently to the various 

combinations of reinforcement and sequence. The high 

ability learnelrs worked their programmes faster and with 

fewer errors than the low ability subjects. The original 

six groups did not differ on these measures. 

The conclusion was reached that both reinforcement 

and sequence could be influenced by the ability of the 

learner and the relative difficulty of the programme. 

The possibility was examined that for bright learners 

intrinsis reinforcement may replace extrinsic 

reinforcement under certain conditions. Evidence was 

put forward to show that bright 11 year olds could 

cognitively reorganise ma·berial that was presented in 

scrambled form. 
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OHA.PTER I 

INTRODUCTION 

/ 

From the outset the programmed instruction 

movement has been characterized by a wealth of research. 

Schramm (1964), and also Holland (196.5), have suggested 

that no other instructional method has come into use 

surrounded by so much research activity. The 

investigations of the late 1950s and early 1960s were 

primarily designed to assess the effectiveness of 

programmed instruction in comparison to traditional 

teaching methods. Ferster and Sapon (1958), Keisler (1959) 

and Davies (1964) exemplify this type of research. Other 

early investigations centred on such practical problems 

as response mode, Coulson and Silberman (1960), the 

attitude of students to programming, Detll'rline (1961), the 

effects of teaching machines compared to programmed texts, 

Leedham' (1962) and the effect of programmed learning on 

retention, Larkin and Leith (1965). As the ,answers to 

these essentially practical problems became evident, 

researchers turned their attention to the important 

underlying principles of programmed instruction. As an 

investigation into the effects of reinforcement and 

structure in two linear programmes, this thesis follows 

the pattern of current research. 



11'he definitions of nrou;ramrning are Hlmost !'JS 

numerous as the number of' nrticles on the topic. 

Glaser ( 1961) de.scribe:::.:i pror;ramrning as, 11 the process of 

constructing sequencr)S of instructional material in a 

way that maximises the rnte of acquiBition and retention, 

and enhances the motivation of the student 11 
.. He seee it 

as an attempt to overcome probable leDrner difficulties .. 

Volrnatch ( 19C2) churactcrizc,s 'programming as, 11 a 

i;equence of items, steps or frames which preirnnt material 

to the learner .. Lecll frtmie contains new informe.:t;ion 

and/or a recapitulation of inforim;ttion, combined with 

some rna,terial requiring a response".. li'or Viarkle ( 1963) 

the chief feature of' a programme is the testing 

procedure ~o· which it is subjected during development. 

Ofiesh (1964) states that proGrammed instruction is, 

11 an ei'fort Lo packar;e for the student the essential 

nr:ipects of the tutorial method of ins truct:iun 11 
.. 

Holland ( 1965) defines pror,ramminp; as, "the construction 

of carefully arranged deguences of contingencies 

leading to the terminal perforrrrnnces which are the 

object of education",. '.t1hmrn exnrrroles indicate th:,1t .< 

roost efforts at defininv; programmes result in a v:eneral 

statement of the feutures of' a. r>rorr_:ramme.. 'l1t1ey tire 

really more descriptive than definitive. 



1. Historical Developmen
1
t of Programmed LearniTI.5.: 

Programmed learning itself has a relatively 

short history.. B .. 11' .. 13kinner 1 s 1954, article 11 The Hcience 

of Learning and the Art of Teaching", is widely 

regarded as being the source from which current 

developments began .. However, this is not meant to imply 

that Skinner wal3 the first to describe the uses of 

mechanical apparatus as instructional aide. Corey (1967) 

has noted that it is not a difficult task to cite 

examples of concrete equipment being used to teach basic 

skills as far back as reliably recorded history goes. 

Porter ( 1957) is allle to quote twenty papers between · 

1913 and 1956 which describe mechanical teaching devices, 

or discuss the learning principles which underlie such 

pieces of equipment. 

(i) Pressey's Self-Testing Devices: 

B.L. Pressey of the Ohio State University was 

one of the first psychologists to construct a mechanical 

device that utilized learning principles. In the early 

1920s, the objective group test suggested to Pressey, 

that it should be possible to design a simple apparatus 

that could be used to administer such testse If the 

device could also be used to present multiple-choice 

review questions, certain routine functions of drill and 



4 .. 

recitation could be carried out. An early version of 

this first teaching ID8schine was presented to American 

.Psychological Association meetings in 1924 and 1925. 

In two early papers ( 1926 and 1927), })ressey discussed 

in detail the design and uses of his machines. He 

envisaged that equipment such as his would free the 
".Ji 

teacher, ' 11 lfor those inspirational and though·t 

stimulating activities which are presumably, the real 

function of the teacher". 

PreErney (1926) describes the "astounding" ways 

in which the functioning of his device was consonant 

with '.l!horndikian principles of learning. It was 

apparent that the laws of recency, exercise and effect 

were directly linked with both the theoretical basis, 

and practi~al operation of his machine~ His experiments 

and developments continued. In 1932 he further stressed 

his hope that education would rapidly develop a 

technology, so that the quality of instruction could 

keep pace with other developments in American life. In ,~ 

a footnote to this article Pressey states, "The writer 

is regretfully dropping furt!l<;U' work on these problems 

(1932)~ But he hopes that enough has been done to 

stimulate other workers" .. 
4 
'·~;111. 1?ressey, 11 A Simple Ap1)arc1tus which gives 

Tests and Scores and 'I1eaches 11
., 13chool and Gocic~ty, 

I"Jarcb 



Although Pressey's wish for a technological 

revolution in education was not fulfilled at ·chis point 

in time, his work did stimulate interest and further 

experimentation. His former student H.J. Petersen, and 

his brother J.C. Petersen, produced the self-scoring 

"chemo card" as a variant form of Pressey's ideas. 

J.C. Petersen (1931) described the device as consisting 

of two or more sheets of multiple choice questions, with 

chemically treated alternative answers. The learner was 

required to read each question and moisten the 

alternative that he thought represented the correct 

answer. If correct, the moistened space changed to a 

predetermined colour (for example blue), but if incorrect 

some other predetermined colour (for example red) appeared. 

It was noted that this colour recorded the learner's 

response, as well as informing the student of how he was 

coping with the material. 

Little (1934) continued experimental work under 

Pressey'a direction, but there was a gap of about fifteen 

years before the next series of papers which grew out of 

Pressey's early work. Angell and Troyer (1948) report 

the use of punohboard devices for giving immediate 

knowledge of results in a military training situation. 

Variants of these devices were later used in several 
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continuation studieso Briggs (1949) concluded that 

superior students using self-instructional methods and 

receiving knowledge of results, learn more efficiently 

than students of similar abilities who are taught in 

more conventional styles. Jones and Sawyer ( 19L~9) 

found that students reviewing course material over a. 

period of eight weeks with the aid of a punchboard, 

performed significantly better on the end of course 

test than students who carried out their we~kly review 

with conventional worksheets that did not provide 

knowledge of results. Severin (1955) suggested that the 

precision and control that a punchboard brings .into ij 

learning situation, would make it a very useful piece of 

equipment in educational research. 

2. Skinner's Approach to Programming: 

Up until the early 1950s those who had 

experimented with learning devices and the materials that 

they utilized, had concentrated on developing material 

that would serve as a review of something that had been 

previously learnt. There was no attempt by these early 

workers to develop material that would serve as a pri~ary 

source of instruction. This approach of using some 

mechanical aid to facilitate the reviewing of material, 
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later became known as adjunct programming,. The implicit 

belief in this approach of Pressey and others, was ·1:;hat 

the original instruction itself was of a satisfactory 

nature, but. the students' attempts at reviewing the 

relevant information needed improving. As the founder 

of contemporary programming, B., ll'. Skinner saw the 

problem as being more fundamental. He did not 

concentrate on developing mechanical or material review 

aids, but he turned his attention to devising a 

scientifically based method of carrying out the initial 

instruction. The linear programme was his solution. 

(i) The Background to Linear Programming: 

Pressey 1 s review devices did not attain anything 

like wide acceptance. Skinner (1958) has suggested that 

this lack of appeal can ~.e accounted for by cultural 

inertia. Broudy (1964) makes the observation that most 

major developments in instructional techniques are 

largely a product of the paramount ~ttitudes, values and 

feelings of thettimes. While Pressey was experimenting 

with his apparatus, America was moving towards the era 

of the "new education". Perhaps Pressey's devices 

appeared to be aids of connectionism.. .They may have 

been regarded as merely mechanical devices that were 



I 

8. 

designed to strengthen the S-R bond. If this reasoning 

is valid, the adjunct techniques developed by Pressey 

were not in sympathy with the predominant attitudes and 

feelings of those times. 

Although Skinner's rationale, methods and 

objectives are completely different to Pressey's, his 

ideas are also set in a different cultural background. 

The present principles of' prograrnmi.ng are more in line 

with the predominant attitudes of the day, than were 

earlier attempts at promoting a technology of learning. 

Programmed instruction emphasises efficiency, behaviour 

analysis, environwental cont;rol, prediction of outcomes 

and use of mechanical equipment. The attitudes that 

underlie these prcinciples are in sympathy with our 

zeitgiest, so the current appeal of programming may be 

largely due to this agreement. 

The underlying rationale and principles of 

programming were forcefully stated by Skinner (1954, 

1958 and 1961). Although Skinner (1958) acknowledges 

that the material used in a mechanical teaching device 

is of more importance than the device itself, much of 

his early writing described in detail the teaching 

machines that he had dev-eloped. As the teaching machine 

itself has little relevance to this study, discussion of 
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the hardware of programmed instruction will be bypassed. 

Linear programmes however are a central feature of this 

thesis, so their characteristics will be discussed in 

detail. 

(ii) The Featvres of Linear Programming: 

De Cec,co ( 1964•) has seen Skinner's academic· and 

experimehtal background as the important influences that 

hav,e sha])ed the essential character of linear programmes. 

Skinner (1954) places the principle of reinforcement as 

the central cornerstone around which the whole concept 

of programmed learning is developed. To the principle 

of contingent reinforcement, he added the necessity of 

progressing through a learning task in a logical and 

sequential progression. As learning behaviour itself can 

be readily I shaped up' it is desirable\ that the learner 

constructs his responses. 

A linear programme that has been constructed to 

conform to Skinner's requirements will have the following 

features .. 

1. The learner will have immediate reinforcement 

in the form of knowledge of results. 

2. Each frame will be so constructed as to evoke 

a response from the learner. This response will 

preferably be constructed. 



10 .. 

3. The arrangement of the information in each 

frame, will ensure a logical progression through the 

content of the programme., 

4. The complete programme will be so constructed 

to ensure that the learner does not achieve an error 

rate of greater than 10%. 

5., Each frame will contain the basic information 

to be learnt, as well as cues and prompts that will 

ensure that the learner is able to make the correct 

response. 

6. The solution to the critical prompt or cue 

must be contained in the frame, or else in the frames of 

previously learnt material. 

7. It must be self-pacing. 

8., Periodic reviews will be included. 

3. !he Relationship between Pressey's Early Research 

and Skinner's Subsequent Developments: 

Corey (1967) has stated that Pressey and his 

students may be regarded as the precursors, but probably ,, 

not the progenitors of the programmed instruction and 

teaching machine movement. In view of the developments 

and changes that Skinner brought to Pressey's first 

faltering Dteps into autoinstruction, this statement 

would appear to be valid. 
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As has been stated, Pressey and the other early 

research workers in this field, sought to provide the 

student with a systematic and meaningful method of 

reviewing miterial that had been previously presented 

by some orthodox instructional technique,. Skinnercvon 

the other hand, set out to take complete courses and 

present them in the form of a linear programme. He was 

hoping to replace traditional methods of instruction 

with teaching .machines that presented linear programmes. 

This procedure of ta.king a course of lectures or an 

existing text book and re-presenting it as a large 

number of small frames has been severely criticised by 

Pressey (1960), who regards this trend as not being 

either necessary, or even always conducive to efficient 

learning. 

It is valid to say that Pressey laid the 

foundations of the teaching machine and programmed 

learning movement. However subsequent progress was such 

that current developments in this field have only minimal 

resemblance to their antecedents. 

4. Reinforcement Theory and Instructional Programming: 

Lumsdaine (1962) questions seriously whether an 

inst-ruct.ional theory h2sAd on T'Ainfor~Ar11Ant: 1 is en 

adequate theoretical model for the development of 
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programmed instruction in many academic, or technical 

fields. He is dissatisfied with the reinforcement 

concept as a programming guide, because he asserts that 

even the most ardent Skinnerian programmer is more 

concerned with choosing response patterns that should 

be reinforced rather than the reinforcement itself. At 

the frame writing stage it is the choice of prompting 

cues that odc'upy the programmer most of all. 

Furthermore Lumsdaine (1962) suggests that papers that 

set out to offer rules for programming like Skinner 

(1958) and Klaus (1961), emphasise the importance of 

prompting. 

Skinner (1961) has recognised that in academic 

or technical instruction, situations exist in which we 

can short cut the process of waiting for the appropriate 

response elements to appear, and then shaping those up 

by differential reinforcement. Lumsdaine (1962) says 

that this point has generally been overlooked by those 

who present reinforcement as the theoretical cornerstone 

of verbal programming. 

Zeaman (1959) suggests that programming systems 

that are based on prompts~ cues, fading and ±ncomplete 

statements, Evans Homme and Glaser ( 19E2), would appear 

to foliow the paradigm of conditioning through simple 
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temporal contiguity of cue and response, rather than the 

one of operant conditioning situations. The main 

problem in the programmed learning situation is not to 

identify the correct response, but to attach the response 

to the right stimulus context. This attachment is brought 

about by causing the response to occur in the desired 

context by prompting. The learning cycle is then 

completed by gradually fading the prompts. This process 

of prompts cues and fading in a linear programme often 

operates in a subtle fashion .. For Lumsdaine (1962), tb.e 

most parsimonious account of this learning process has 

been advanced by Guthrie (1935). 

It is important to note that appropriate prompts 

(or varieties of UCS) are not readily available in such 

classes of learning as animal training, perfecting a 

motor task or playing a musical instrument. Instructions 

to the learner can only be effective in promoting what 

may be only a crude version of the desired response, so 

successive approximations followed by reinforcement 

would be an appropriate technique. In the programmed 

learning situation, reinforcement is seen by those who 

hold these views, as promoting and maintaining attention •. 

It is thought to be more crucial for motivation than 

learning Ill 

By advancing Guthrie 1 13 ( "1935) principle 
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contiguous conditioning, and also suggesting that verbal 

learning in a programmed situation cannot be accounted 

for by a S-R reinforcement model, Ze~man (1959) and 

Lumsdaine (1962) are implying that the sequential 

structure of the programme is the paramount variable. 

A review of recent literatu~e in the following chapter 

will point out that this position has not been 

substantiated. It appears as though neither reinforcement 

nor sequence can be advanced as~ variable that is 

crucial to verbal learning in programmed instruction. 

Aim of Study: 

The aim of this study was to investigate the role 

of reinforcement and sequence as learning variables, in 

two contrasting linear programmes. The effects of these 

two variables were to be assessed in terms of posttest 

results, programme errors and time taken to complete the 

programme. The possibility of any interactions between 

intelligence, reinforcement and structure was also to be 

studied. 



CHA.PTEH II 

RElNli'OROEMENT AND BEQUENOE 

The relative contributions of reinforcement and 

sequence to the effectiveness of linear programmes is an 

area of both research and speculation. The 

investigation of reinforcement in its various guises has 

a long history. In verbal learning, sequence has long 

been studied as one aspect of structure. As variables in 

programmed instruction, the scope of reinforcement and 

sequence has been narrowed considerably. Reinforcement 

has been thought of as a verbal technique, and sequence 

has come to be regarded as the order of the programme 

frames. With very few exceptions the literature that is 

reviewed in this section will pertain only to linear 

programmes .. 

One of the current weaknesses in this field of 

researob is the semantic confusion that exists .. 

Definitions of important concepts are of an entirely 

verbal nature, and lack either operational or quantitative 

precision .. Reinforcement itself is a central concept of 

programmed instruction, but it is in fact a much abused 

term. English and English (1958) hnve said, 

11 Reinforcement sometimes means a stimulus, sometimes a 
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response, sometimes any of several organic aspects of 

either stimulus or response or any combination of these. 

So versatile a term is rapidly losing scientific 

us'efulness". They suggest that the term be restricted 

to denote a technique, or to describe the consequences of 

that technique. 

Dissatisfaction with the breadth of the term 

reinforcement, has prompted some researchers to promote 

terms that specify the operation of this technique in 

verbal learning situations. Knowledge of results, 

confirmation and feedback are examples of terms that denote 

reinforcement in verbal learning. As programmed 

instruction is one aspect of verbal learning, these terms 

are used freely in literature on programming. 

1. Reinforcement as Knowledge of Results: 

In Skinner's view a stimulus is described as 

reinforcing if it increases the probability that a 

particular response will be re-emitted. Skinner does not 

specifically include the knowledge of results in his 

broader concept of reinforcement, although he does 

acknowledge that "being right" reinforces human learning. 

In many cases knowledge of results has become confused 

with the behaviour modification technique of reinforcement .. 
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Little will be done to clarify the role of knowledge of 

results in programmed learning, until it is regarded as 

being one aspect of the overall technique of reinforcement. 

As knowledge of results in some form is incorporated in 

many training devices, a complete understanding of its 

effects would appear to be of the utmost importance., 

Annet (1964) describes knowledge of resul~s as, 

"knowledge that a learner or learners receive relating to 

the outcome of a response or group of responses". In 

pointing out that the learner must perceive some 

consequences of his response, Annet (1964) distinguishes 

between intrinsic knowledge of results and extrinsic 

knowledge of results. Intrinsic knowledge of results may 

be either proprioceptive or exter6cepttve information 

associated with the response. Extrinsic knowledge of 

results which is frequently an independent variable, 

denotes additional information supplied by the experimenter 

or instructor. Extrinsic knowledge of results has 

generally been presented as either a score describing a 

performance, or a qualitative verbal statement. It is not 

limited to any particular representation or modality. 

De Oecco (1964) hypothesizes that extrinsic knowledge of 

results may be less useful for programmed instruction than 
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other types of educational instruction, as the programme 

itself frequently gives an indication of the correctness 

or otherwise o;f a response. In this context, additional 

information may be of little value. 

2. Reinforcement as Feedback: 

J:l'eedback consists of input data that arises from 

some prior performance, so extrinsic knowledge of results 

is regarded as being a form of feedback. However, feedback 

per se, is not primarily associated with any performance 

criteria. Error feedback does provide information about 

the relationship between actual and ideal performance. 

Knowledge of. results can provide both feedback 

information, and information about a required standard. 

Information about the standard alone can be termed 

either knowledge of results or feedback. Skinner (1958) 

provides an example of how the term feedback can be 

substituted for reinforcement. 

3. Reinforcement as Confirmation: 

Holland (1965) and Klaus (1965) view reinforcement 

in the programmed situation as a proce,as of confirmation. 

The usual procedure in programmed instruction is that the 

learner makes his response and then confirms it by 

referring to the answer. Each frame in a linear programme 



is carefully constructed so that the probable error rate 

is reduced to a minimum. The prompts and cues that are 
. ,: 

provided ensure that the learner has the maximum chance. 

of either constructing or choosing the correct response,. 

ln actual practice, the learner has a high expectation of 

being correct before he carries out the checking 

procedure. In the light of this Holland (1965) suggests 

that the learner is confirming his response as qorrect, 

rather than seeking feedback or knowledge of results. 

Although this distinction between confirmation 

and extrinsic knowledge of results is relatively fine, 

and reflects two interpretations of the reinforcing 

process, Holland's basic premise is valid. Programmed 

instruction imposes special conditions on the learner, SQ 

it is rea.sonable to have a special term like confirmation, 

to denote reinforcement in the programmed situation. As 

yet however, this term has not achieved wide acceptance. 

One possible explanation for this lack of acceptance, 

could hinge on the fact that many existing progrmrunes 

have error rates in excess of 10%. The key concept of 

the term confirmation is that because of the careful 

structure of a programme the error rate is low; so the 

learner needs only to confirm that he is correct. If the 
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error rate is high, the learner may be seeking reinforce

ment that is more akin to knowledge of results, than 

confirmation .. 

Klaus (1965) sees programmes as being either 

response-centred (linear) or stimulus centred (branching). 

Response-centred programmes are consistent with a S-R 

reinforcement view of learning, but stirq.ulus-oentred 

programmes appear to utilize principles that stress ·bhe 

importance of overall programme structure. In terms of 

this dichotomy, opposition on the point of confirmation 

is clear. In response-centred programmes confirmation is 

regarded as reinforcement, as it increases the probability 

that the response may occur again. ln stimulus-centred 

programmes confirmation is regarded as feedback which 

provides the learner with information about his 

performance. 

4. Motivational ~nd Informational Aspec·bs of Reinforcement: 

Reinforcement has long been known to both motivate 

the subject and inform him about his performance .. 'Within 

the context of programmed learning, it is useful to 

distinguish between intr.insic and extrinsic motivation. 

The specific structure of a programme makes it possible 

for the student to organize the cues, prompts ~d 

sequences of information, into his own pattern of intrinsic 
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reinforcement. This reinforcement will presumably increase 

the student's motivation for the task. 

Cook and l'lechner (1962) have suggested that 

although knowledge of results is the most usual form of 

extrinsic reinforcement in a programmed task, it is not the 

only type. Progressing to the next frame can also be 

reinforcing, because it signifies that the previous step 

has been mastered. Ii'urthermore, some extrinsic reward 

could be made contingent on the successful completion of a 

specified number of frames~ 

Investigating Thorndike's theories of learning 

Trowbridge and Cason (1932) concluded that there was more 

to reinforcement than simply rewarding correct responses. 

Elwell and Grindley (1938) suggested that reinforcement may 

provide information, as well as reward. Postman (1947) in 

rsviewing the law of effect, inditated that an incomplete 

understanding of the concept of information made it 

difficult to isolate the motivational and informational 

aspects of reinforcement. Despite the advent of information 

theory, little progress has been made with attempts to 

clarify or specify the informational content of 

reinforcement. In programmed instruction the 

informativeness of a sample reinforcement unit is not 
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simply a function of the number of alternatives (as in 

information theory), but also1a function of the learner's 

state of knowledge. He must organize his responses so as 

to be able to extract the maximum amount of information 

from the situation, and also store knowledge so he can 

make use of the information gained from reinforcement. 

As the learner's state of knowledge has an important 

bearing on the information function of reinforcement, the 

learner's aspirations and goals have an equally important 

bearing on the motivational aspects. 

It is very difficult to experimentally isolate 

the informational and motivational effects of reinforcement. 

However Annet (1964) has concluded that the informational 

rather than the motivational aspect of reinforcement is 

important in learning. Motivation is regarded as a 

performance variable. H0 wever this distinction does little 

to clarify the informational or motivational role of 

reinforcement, as some form of performance is needed to 

demonstrate or apply learning. 

5. Positive Reinforcement in Programmed Instruction: 

Glaser (1961) is quite definite in his views on 

the place of reinforcement in programmed learning. 



A central process for the acquisition of behaviour 
is reinforcement. Behaviour is acquired as a 
result of a contingent relationship between the 
response of an organism and a consequent event. 
Reinforcement must follow the occurrence of the 
behaviour being taught. 

Uttal (1961) expresses a contrary view as he sees 

the success of programmed instruction as ultimately 

depending on the degree to which it provides feedback, and 

is sensitive to the student's learning needs. He sees its 

primary strength in the ability to duplicate the student/ 

tutor situation. 

Holland (1965) has stated that much research in 

the area of programme reinforcement has dealt with 

reinforcement contingencies. However, he sees other 

important and as yet unresolved problems, that are basic to 

an understanding of reinforcement in programmed learning. 

~hat are reinforcers in the context of programmed 

instruction? What are the effects of,changing the amount 

of reinforcement? What are the side effects of 

reinforcement? Holland (1965) quotes six studies 

(Feldhusen and Birt (1962), Holland (1960), Hough and 

Revsin (1963), McEonald and Allen (1962), Moore and Smith 

(1961), Moore and Smith (1962)) which compared 

confirmation, with-rio specific confirmation and failed to 

show any posttest differences to be a function of 

confirmation .. 
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Feldhusen and Birt (1962) have suggested that some of 

the posttest measures that have been used in programmed 

learning studies, may have lacked the sensitivity 

necessary to reveal attainment differences among relatively 

small samples, working on specific and limited material. 

Krumboltz and Weisman (1962a) had reported that a 

retention test delayed two weeks, was more sensitive to 

the effects of overt responding. ]furthermore, Holl.and 

(1965) has noted that most of the studies that he quotes 

as showing no advantage for confirmation used low error

rate programmes. As a result of this factor, the subjects 

may have known that their responses were correct even 

without confirmation. If the learners were not receiving 

any additional information from the confirmation, any 

benefits may not have been apparent • .Holland also states 

that most stua.ies that have reported an advantage for 

confirmation have used multiple choice programmes with 

higher error rates. Under these conditions the learner may 

have had less confidence in his response, and thus 
, 

received more information from the act of confirmation. 

Meyer (1960) is an exception i,o this generalization 

in that she used a constructed answer programme with a 

moderate (14%) error rate. The programme built new words 
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by adding prefixes and suffixes to root words. The frame 

responses required a newly discovered word to be correctly 

spelt .. This type of response would allow a motivated 

learner to experience the satisfaction of a learning 

discovery, says Holland ( 19651
) who concluded that, 

"Perhaps when t·he form of the constructed response is 

itself important, self evaluation of answers is more 

difficult and confirmation is more advantageous". Along 

with Meyer (1960) others to find significant differences 

in favour of reinforcement include Angell (1949), Kaess 

and Zeaman (1960) and Suppes and Ginsberg (1962). This 

last pair of authors also suggested that an overt 

correction response after reinforcement may result in 

faster learning. 

The relationship between item difficulty and 

confirmation, may help to reveal the nature of 

reinforcement in programmed instruction. If the learner is 

aware that he is correct, either because of his existing 

state of knowledge or the manner in which he has mastered 

the programme, his response will not be influenced a great 

deal by reinforcement. If this hypothesis proves to be 

tenable, reinforcement will be more important for 

difficult high-error programmes, but less effective with 

easier low-error programmes., 
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There are many cases in the literature where 

findings that have indicated no significant advantages for 

reinforcement can in fact be traced back to the procedures 

that were used. Moore and Smith (1961) provide an example. 

They worked with a matched experimental and control group 

who completed a four week programmed spelling assignment .. 

The control group had the response frames of their linear 

programmes masked so as to remove extrinsic reinforcement. 

Over a series of weekly testE the control group performed 

more efficiently, but the results were not significant. 

The authors concede that the control group would h~ve 

received some reinforcement, because many of the words 

reappeared in the programme after the initial 

presentation. The weekly testing procedures that were 

adopted would have given each group the same amount of 

extrinsic reinforcement. The authors suggested that in 

this case reinforcement may have been nothing more than an 

additional cue for the response to the next item. If this 

was the case, frame cues in this style of programme may 

have to be reduced to prevent responses becoming mechanical. 

6. Negative Reinforcement: 

Negative reinforcement is thought to operate in 

programmed learning, when the subject makes a response that 

is subsequently shown to be incorrect. One of the basic 
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premises behind Skinner's requirement for programmefi with 

low error-rates, was the supposition that the learner 

could receive the maximUIJl amount of positive 

reinforcement if he made the minimum number of errorst 
I 

Ga,gn.e and Bolles ( 1959) state that experimental evidence 

indicates that reinforcement should be positive rather 

than negative, and constructive rather than destructive. 

·Ammons (1956) has also shown that subjects will improve 

their performance if positive reinforcement is 

incorporated into the learning situation. 

Melarango (1960) worked with three groups that 

were set the task of learning the English translation of 

five symbols commonly used in logic. The material to be 

learnt was presented as a set of programme frames. 

Group I was to receive fifty-five instances of positive 

reinforcement, Group II were to receive five spaced 

instances of negative reinforcement plus fifty instances 

of positive reinforcement and Group III was to also 

receive fifty instances of positive reinforcement, but 

their five instances of negative reinforcement were 

massed in the middle of the items. Melarango 1 s main 

finding was that distributed negative reinforcement did 

not reduce the students' levels of attainment. 

However if the student is wrong too many times in a 

series, hh> performance can be seriously depressed., 
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Melarango (1960) draws some implications for 

programmed instruction from his study. He suggests that 

a flexible teaching machine that uses errors and negative 

reinforcement to identify a student's areas of difficulty 

will not penalize him because of the presence of negative 

reinforcement. However any given student must not be, 

allowed to experience too many instances of consecutive 

negative reinforcement. Melarango's findings and 

conclusions must be regarded as being very tentative,' 

because in no case did his negative reinforcement exceed 

10% of the total extrinsic reinforcement available. 

7. Partial Reinforcement: 

Inihe context of programmed learning, partial 

reinforcement is the technique of including the correct 

response with only a proportion of the frames. In general 

this proportion will vary from 25% of the frame~ up to 75% 

of the frames. Much of this work has involved the 

application of Skinner's fixed-ratio or variable-ratio 

schedules. However these studies of partial reinforcement 

cannot be regarded as being analagous to the intermittent 

reinforcement studies with animals. In the partial 

reinforcement situation, single responses are not generally 

repeated, but in animal studies the same response is 
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intermittently reinforced. Most research involving 

partial reinforcement seeks to answer the questio,n; 

what are the effects of changing the amount of 

reinforcement? 

Krumboltz (1961) has documented the difficulties 

that have been encountered with attempts to test partial 

reinforcement in situations like programmed learning,. 

It proves very difficult to control the secondary sources 

of reinforcement for different subjects, as th~ intrinsic 

reinforcement that a programme offers will vary for 
' 

different individua~s. Controlling the actual motivation 

inherent in a learning situation, and attempting to hold 

constant the motivation that a subject brings to the 

situation, is another problem,. In programmed instruction 

confirmation is considered to be one form of 

reinforcement. One method of studying the effects of 

reinforcement in programmed learning, is by varying the 

propertion of confirming answers. 

Scharf (1961) found a strone but not significant 

trend in favour of the confirmation of every item. 

Krumboltz and Weisman (1962b) had six groups using a one 

hundred and seventy-seven frame linear programme on the 

interpretation of educational statistics. The 
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reinforcement varied from total confirmation to no 
I 

confirmation, with 67% confirmation under fixed arA 

variable ratios, and 33% confirmation under the same 

schedules.. A significant positive relationship (p..:::. 001) 
/ 

was found between the amount of confirmation and the 

number of errors made on the programme; the more 

confirmation the fewer the programme errors. The four 

schedules of confirmation that were used did not produce 

criterion test scores of any significant difference. 

Krumboltz and Weisman (1962b) concluded that confirmation 

helped control the error level of the programme, and that 

the sequencing and cueing within the programme were also 

important in this respect. They further suggested that 

the effects of the confirmation schedules would become 

more apparent as the internal cueing was reduced .. A 

possible lack of sensitivity in the criterion test was 

advanced to account for the nonsignificant results. 

Berglund (1969) used a one htj.ndrell and forty frame 

linear programme, based on a scien,ce un:t¼! for Grade eight .. 

The three hundred and seventeen subjects were randomly 

assigned to one of the three experimental conditions. 

The first condition provided for .the confirmation of every 

response, the second condition consisted of a fixed ratio 
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50% schedule and for the third a fixed ratio 25% condition 

operated .. It was found that as the level of reinforcement 

increased, the time taken to complete the programme , 

decreased. This was in spite of the fact that extra time 

must be taken to operate a programme if a high level of 

reinforcement is in operation. In terms of the material 

that was covered by the criterion test, the 50% fixed 

ratio of reinforcement gave the highest retention and the 

25% schedule the lowest. These results however were not 

significant. Berglund suggests that reinforcement may be 

more effective when the proportion of correct responses 

to the programme is low. Melching (1966) has pointed out 

that when the proportion of correct responses are high, 

confirmation of a response does not necessarily act as 

reinfoncement. The effect of any reinforcement schedule 

is most probably a function of the composition of the 

programme~ 

A variety of terms are used to denote reinforcement 

in programmed learning. To some extent these terms 

reflect slightly different interpretations of reinforcement 

in this learning situation. The conflicting results that 

have been obtained in reinforcement studies have refleefied 

an incomplete understanding of the nature and operation of 
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programmed reinforcement. Often these conflicting 

results have been a function of the procedures that have 

been followed. It has been shown that reinforcement can 
/ -: 

help to control the e~r:or-rate and learning-time of a 

programme. Researchers like Holland ( 1965') and Berglund 

(1969) have indicated that if reinforcement in 

programmed learning is to be understood, both the nature 

of the programme and thi nature of the learner must be 

taken into account. If reinforcement is viewed as being 

a function of the interaction between the learner and the 

programme, conflicting results may be reconciled. 

Research has moved away from the time when reinforcement 

in human verbal learning can still be thought of as a 

process that is not influenced by its context. 

SEQUENCE 

As an expe:Pimental variable, sequence has a short 

history. As yet there is very little theoretical frame-
'' work around which the studies can be grouped. De Cecco 

(1964) defines sequence as, "the careful ordering of each 

part of an autoinstructional programme so that each frame 

and the elements within the frame enables the student to 

use what precedes and succeeds it". 

The practical importance of specifying the 

sequence is of immeasurable value in programme writing. 

1I1he Rul system Homme (1962) 
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most helpful in the formulation of subsequences, but gives 

little help in the overall sequencing and organization. 

Sequence has theoretical as well as practical importance. 

This is particularly evident in Skinner's linear approach, 

as the programme is regarded as an extension of the 

principles of differential reinforcement and successive 

approximations. Skinner (1954) stated; "Th~ device makes 

it possible to present carefully designed material in 

which one problem can depend upon the answer to the 

preceeding and where, therefore, the most efficient 

progress to an eventually complex repetiire,..;can be rnadeu. 

Despite the theoretical importance of sequence, 

a number of studies (Roe Case and Roe (1962), Levin and 

Baker (1963) have reported that no testable benefits have 

been derived from presenting material in carefully 

sequenced form, as opposed to random organization. More 

recent studies however (Payne Krathwohland Gordon (1967), 

Buckland ( 1968), Gagne' ( 1968) have indicated that the 

whole concept of programme sequence must be studied in 

terms ofthe nature of the programme and the nature of 

the learners. If the concept of programme structure is 

viewed as being separated from the context of the prograil)lle 

and the characteristics of the learner, its effects will 

only prove to be confusing and contradictory. Early 
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studies like that of Gavurin and Donahue (1960) sought to 

discover the role of sequence per se, without considering 

the factors that may have influenced it. It was 

realized by later researchers that sequence could only 

be meaningfully studied in some particular context. 

Parallels exist between the studies of sequence 

and reinforcement. Gradually it has become evident that 

both these factors are heavily dependent on the context 

in which they are presented, and the learners to whom 

they are presented. As out of context generalizations, 

they are at the present time e:xperimentally
1
meaningless 

variables. 

Mager ( 1961) has suggested tha·t; wha:t appears 

logical to a programmer or instructor, may not appear. 

logical to·the learner. The logic or st:r,ucture that a 
' ' 

programmer is able to incorporate into a programme will 

depend largely on his knowledge of the subjec·t area. He 

was able to show that the content sequence most meaningful 

to the learner, was different from the sequence that the 

instructor thought should be the most meaningful. Mager 

(1961) also reported that a learner's motivation increased 

as a function of his control, or apparent control, over 

the content sequence. This may be a reason why linear 
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programmes are reported as being dull and boring by some 

learners. 

Gavurin and Donahue (1960) undertook what is 

generally regarded as the first published study of 

programme sequence. They compared a very short twenty

nine frame section of Hollfiln~ and Skinner (1961), with a 

scrambled version of the same progrwnme. The dependent 

variables were the number of repetitions required until 

one errorless trial was completed, and the n~uber of 

errors that were made in reaching this criterion. They 

found that the sequenced. order proved to be superior for 

either or these variables. As each group had ·1earned to 

the same standard, there were no significant differences 

on a retention teat. 

Levin and Baker (1963) used thirty-six seven and 

eight year olds who worked through a four unit programme 

on plane geometry. The only difference in tb.e two 

programmes was that the order of the items in the third 

unit differed. The sixty frames in this unit were divided 

into three scrambled blocks o:r twenty frames, but the 

blocks remained in their original order. No significant 

differences were found on indicies of acquisition., 

retention or transfer. It was moted however that the 

length of a random sequence never exceeded twenty frames. 

the ion study the was found to have 
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an error rate of ii2.2%. This must cast some doubts on 

its effectiveness. 

Roe Massey Weltman and Leeds (1960) found that 

if items to be learnt were presented in a carefully 

ordered sequence, ~tudents mastered them equally well 

whether composing their responses, choosing them from 

multiple alternatives or giving no response at all. 

There was no apparent difference in retention i.f the 

sequence was presented by machine, programmed text or 

lecturer. In the light of these results it was suggested 

that of all:the principles of linear programming, only 

sequence was of general importance. However the 

importance ofccarefully ordering items was thought to be 

suspect, when it was found that a student who failed to 

comply with the ins:tructions in a programmed text and 

read down the page (Frame 1, 40, 79, 118, 157, 2, 41, 80, 

119, etc) instead of from page to page, still managed a 

high criterion test score. 

Following up the work of Roe et al (1960), Roe 
I 

Case and Roe (1962) found no significant difference 

between a scrambled and ordered version of a programme 

in terms of learning time, error score, retention test 

time or retention test score. The thirty-six subjects 
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had been divided into ranked thirds on the basis of 

College Entrance Examination Board results. No 

significant interaction was found between sequencing and 

aptitude, but it must be remembered that all subjects 

were college students. The authors suggested that 

students of high ability may not requ±re extreme care in 

the ordering of,progra.mme frames, as these more mature 

learners may have the ability to restructure the 

programme. 

Buckland (1968) used a block scrambled, item 

scrambled and standard form of a fifty frame linear 

mathematics programme. The subjects were one hundred and 

nine boys from the first year intake of a secondary 

school. They were classified in terms of general ability 

so that it would be possible to analyze results for both 

the high intelligence group and low intelligence group. 

A number of questions were considered in this study. 

Does the frame order affect time of learning, error rate, 

acquisition or transfer? To what extent is this 

dependent on the ability of the subject? Does the order 

of concept presentation have any effect as per the 

criteria. 

Buckland (1968) found that for the low ability 

group the standard form of the programme proved to be the 
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best. Of the high ability subjects, those who worked 

with the block-scrambled version achieved the best 

results. Scrambling had no effect on the time taken to 

complete the programme, but the low ability group who 

worked with the scrambled version made significantly more 

errors. Those of low ability who worked on the standard 

form of the programme surpassed the low ability group who 

worked with the scrambled version. 

Buckland ( 1968) concluded that fo·r a programme 

of this length and type being used by twelve year boys, 

frame order becomes an important variable only for 

learners of low ability. He suggests that the results 

indicate that bright twelve year old boys are able to 

cognitively rearrange material so that learning can 

proceed. Furthermore, those of high ability may even 

benefit from the "cognitive strain" imposed by the random 

order of concepts. It was further hypothesized that the 

frame content, type of response, and the characteristics 

of the learner may be as important as the logical order 

of the frames. 

Payne, Krathwob'l and Gordon (1967) worked with 

the logical and scrambled forms of three programmes on 

elementary statistical concepts. The ome hundred and 

ninety-five second year college students were placed 
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randomly into one of eight experimental groups. No 

statistically significant results were recorded for ' 

either an immediate criterion test, or a netention test 

that was delayed two weeks. The learning conditions of 

this study were not at all controlled, as the subj$cts 

were required to complete the programmes outside normal 

class hours. Payne Krathw.omland Gordon (4967) refer to, 

"the flexibility and adaptability of the college student 

in mentally rearranging materials", as being an 

important factor in counteracting the effects of 

scrambled programmes. 

Newton and Hickey (1965) systematically varied 

three sequence conditions of order, position, and 

directionality of the subconcepts that make up the total 

concept of Gross National Product. Directionality was 

taken to mean whether the programme or programme unit, 

began or ended with the frames that defined Gross 

National Product. Programme direction was either towards 

or away from the ~ey concept of Gross National Product. 

The experimental groups were compared in terms of scores 

on a multiple-choice acquisition test, time to complete 

the program.me and number of program.me errors. 

Newton and Hickey were in agreement with Roe 

Case and Roe (1962), Levin and Baker (1963) in finding 
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that error scores are not affected by sequence 

manipulation. They found a significant relationship 

between position and directionality (F=3.54; p~.05) and 

between order, position and directionality (F=3-53; PL.05). 

The results indicated that performance was poorest, when 

the subconcepts were placed first in the programme, the 

definition of Gross National Product last and when the 

definition of Gross National Product was first and the 

subconcepts last. Learning was most affected when the 

subconcepts were remote from the definition of Gross 

National Product. Subjects performed significantly 

faster when a unit of the programme began with a 

definition and went on to examine the aspects of that 

definition. More time was taken to complete the 

programme when the grouping of the subconcepts was divided. 

Newton and Hic]rey (1965) demonstrated that the 

sequence of items can be an important variable in 

determining the speed that a programme can be worked, 

and the amount of learning that takes place. They were 

also able to support the view that conditions which are 

most beneficial to the rapid learning of a verbal 

concept do not ne~essarily result in greater transfer. 

The authors suggested that by the use of the technique 
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that they ad.opted, the key concept of a programme could 

be identified. This concept could then be programmed 

accordingly. 

Roe Case and Roe ( 1962), Payne Krathwobl and 
,,.) 

Gordon (1967), Buckland (1968) and Gagne (1968) lend 

support to the hypothesis that much information can be 

unscrambled and reorganized by the cognitive processes. 

As these conclusions may still be premature, Brown (1970) 

designed a study to investigate them more closely. He 

found that those subjects who worked with a scrambled 

version of a programme made significantly more errors and 

took significantly longer to finish the programme. 

Brown suggests that these results are largely a function 

of the interdependence of the programme frames. 

On an en route test designed to test the 

principles that were being presented in the programme, 

the above median 1.Q. subjects were not affected at all 

by any lack of sequence. The below median group were 

affected by a disrupted sequence, but not to a significant 

degree. The below median 1.i::l• subjects using logically 

ordered material performed significantly better (p~.01) 

than the above median 1.Q. group using scrambled material 

on a criterion test designed to measure transfer. The 
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en route test items were rather low in terms o! Gagne's 

(1968) hierarchies, and were of lower order principle 

learning. The skills in the criterion test had an 

ordered relationship, with the simple con·tributing to 

the mastery of the difficult. It was hypothesized that 

the problem solving of the criterion test would be 

severely affected by sequence change. This was the case, 

with the students who used the logical form of the 

progra.mme. They performed significantly b~tter on the 

criterion tes:h than tbose who used the scrambled version 

of the program.me. To some extent however, the bright 

learners did unscr~ble the material to be learn.ed, and 

overcome the sequence difficulty. 

Brown (1970) concluded that scrambling may make 

little difference to learning, if the tasks being taught 

can be classified in Gagnt•s (1965) hierarchy, as lower 

order principles or verbal knowledge. However if the 

tasks are complex, :problem-solving behaviours, classified 

by Gagne as intellectual skills, sequence can have an 

important effect on learning, even tor'brighter, 

relatively mature learners. 

Neidermeyer (1968) in reviewing the literature 

on programme sequence has pointed out that a surprisingly 

large number of' studies have failed to verify tb.e 



assumption that the sequencing of the instructional 

stimulus and contingencies, is an important variable in 

programmed learning. Brown (1970) has amended three 

hypotheses put forward by Neidermeyer, Brown and Sulzen 

(1969) to account for these findings. 

1. Sequence effects depend-on the nature of the 
material. For example a content area which 
demands related and complex skills in the sense 
of a Gagne:.type task heirarchy ( Gagne 1965 and 
1968), would presumably require an instructional 
seque~ce reflecting the relationship of the 
skills in the hierarchy. .ii. stulii:ent would 
presumably need to learn lower order tasks before 
he could learn more difficult tasks. 

2. Sequence effects depend on the ability of the 
learner. The high ability learner is more able 
to overcome the effects of poor sequence than the 
low ability learner. 

3. Sequence effects depend on the age of the 
learner. The learner becomes more immune to 
poor sequencing as he becomes older and 
accumulates skills and 'rule following' strategies. 
( Gagne" 1968). 
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CHAPTER III 

METHOD 
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The subjects comprised one hundred and eighty-five 

li'orm I children at a Christchurch intermediate school. 

Of the total number, twenty-five were to act as a control 

group, the remainder being individually assigned to one of 

the six treatments involved in the studye All subjects 

were members of five school classes which had been graded 

into ability levels on the basis of intelligence, 

attainment and teacher assessment. Three of these classes 

had been classified as being average, and the remaining 

two had been classified as above average. One of these 

above average classes contained the most able of the 

complete Form I intake. (Appendix I). 

To ensure that each cell contained subjects of 

approximately equal ability, five subjects from each 

school class were assigned randomly to the control group. 

The remaining members of each class were then assigned by 

random procedures to one of the treatment conditions. An 

equal mumber of boys and girls took part, and at the 

beginning of the experimental period their ages ranged 

from ten years three months to eleven years eight months. 



The mean age of all subjects was eleven years five months. 

Table 1. presents the mean ages and intelligence quotients 

of all subjects by experimental group. These values 

indicate that apart from chance variations the subjects 

in any one group do not differ significantly or 

systematically from the subjects in any other group, with 

respect of age and measured intelligence. 

Table 1. 

Mean Chronological Ages and Intelligence 

Qµotients of Subjects Oo_mprising Six 

Experimental Groups. 

Experiment~l Group Ages in Years and Months A.C.E.R. Int.D. 
I.Q•s 

1 11 years 6 months 107.4-1 

2 11 years 4 months 109.62 

3 11 years 4 months 111.60 

4 11 years 5 months 106.24 

5 11 years 6 months 108.61 

'6 11 years 5 months 109.·77 
~ 

2. Materials: 

Two tests and two linear programmes were involved. 

Test A and Programme A covered some ot the fundamental 

aspects of plane geometry@ Test Band Programme B dealt 
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with some basic concepts of human biology; in particular 

the brain and nervous system" The split-half reliability 

coefficients of the two tests and two programmes are 

.r~ported in table 2. 

Table 2. 

Reliability Coefficients for Two L~.near 

'Programmes and their Associated Criterion 

'J:'ests 

Programme A Test A 

,.95 I .86 

Programme B 

00 
• 00 

Test B 

.81 

In each case the reliability coefficients for ·the 

programmes are higher than the reliability ooeffieients 

for the tests. These values suggest that both programmes 

and tests are sufficiently reliable to provide consistent 

results. 

In order to carry out three of the experimental 

treatments, it was necessary to scramble each of the 

programmes. Because of the hierarchical nature of the 

programme content, it was decided that block-scrambling 

would be the most valid way of altering the frame 

sequence. The technique of item scrambling was not used. 

Before the block-scrambled versions of the 

p~~grammes could be produced it was necessary to divide 
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the content into blocks of frames that centred on some 

major aspect of the programme. These blocks of frames 

that comprised a logical unit of the programrne, were then 

rearranged in random order. However two provisos were 

made to this procedure of placing the logical blocks of 

frames in completely random order. Firstly, it was 

decided that the initial block of frames should begin the 

scrambled version of the programme.;i as the concept that 

it covered was central to the rest of the programme. 

Secondly, the criteria that was adopted for review 

placement was that the review section should be added t~ 

the scrambled programme, immediately following.the last 

frame block that contained information relative to the 

review. This was thought to be the only feasible 

procedure~ despite the fact that it would result in 

review frames being crowded into the latter portion of the 

scrambled programme. 

(i) Geometry: 

After a careful analysis it was found that the 

geometry programme contained twelve major blocks of frames 

that centred on some basic principle of plane geometry. 

These twelve blocks of frames did not include the five 

review section~. The logical blocks of frames and the 
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key concepts that they covered were as follws: 

Block 

1 

2 

3 

Review One. 

4 

5 

Review Two. 

6 

7 

8 

Review Three. 

9 

10 

Review Four. 

11 

Frames 

1-5 

6-15 

16-22 

24-40 

41-50 

52-59 

60-?0 

71-74 

76-81 

82-97 

99-106 

.Key Concepts 

Geometry is the study of points. 

Characteristics of curves. 

Boundaries, regions and planes. 

Lines, line segments and rays. 
\ 

Congruent lines, parallel l~nes 

and skew lines. 

An angle is the union of two 

rays with a common end point; 

the vertex; naming angles. 

Degrees as the measuring unit 

of angles; right angles; 

perpendicular rays. 

Congruent angles. 

The circle as a special case of 

the simple closed curve. 

The circumfereµce, chord, 

diameter, radius, and arc. 

Characteristics and examples 

of common polygons. 



Block 

12 

Review Five. 

Frames 

107-119 
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Key Concepts 

Triangles, quadlrilaterals, 

regular and irregular polygons. 

In the standard form of this programme all frames 

~d· reviews were presented in sequential order. ·· The block

ijcrambled version presented the sets of frames in a 

randomly determined sequence. The initial block of frames. 

and the rev~ew sections were not subject to tbis random

ization, but were included in the scrambled version in 

accordance with the criteria that have already been 

mentioned. The blocks Qf frames and review sections were 

presented in the following order by the scrambled version 

of the programme. Blocks 1, 3, 7, 5, 2, Review 1; 

Blocks 11, 9, 4, 12, Review 5; Block 8, Review 21 Block 10, 

Review 4; Block 6, Review 3. A rank-rder correlation of 

.23 was found between the standard and scrambled versions 

of the programme. 

(ii) Biology: 

An analysis of the biology programme revealed that 

it contained eleven logical or structural divisions, each 

division being given unity by some central basic concept. 

The logical blocks of frames and the key concepts around 

which they were built were as follows: 



Block 

1 

2 

Review One. 

4 

5 

6 

Review Two 

7 

8 

9 

10 

Frames 

1-9 

10-22 

23-33 

35-42 

43-53 

54-57 

59-66 

e?-79 

80-92 

93-104 

50 .. 

Key Concepts 

Cells are the basic structural unit 

of all life forms. The nucleus 

is a central structure. 

The size and shape of a cell will 

vary according to its function. 

Examples of different ma.mmalian 

cells. 

Body cells, body,org~s .and body 

systems. 

'l'wo major· functions of ·the nervous 

system, 

Senses and the sense organs. 

Receiving external stimuli,. 

Internal communication and functions. 

The CNS, tb.e sense organs and the 

PNS. 

Three chief divisions of the human 

brain. The forebrain and cortex. 

Some chief divisions and features 

of the midbrain. 

Some important hindbrain centres 

the functions .. 



Review Three. 

11 

Review Four. 

106-113 
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Learning as the prime cerebral 

function. 

In the standard f'Qlllil of the programme the frames 

followed numerical sequence, but in the block-scrambled 

version the blocks of frames were rearranged in.to a random 

order. The two placement provisions that were made for 

the geometry programme were also adhered to for the 

scrambled version of the biology programme. The randomized 

order of the blocks were as follows. Blocks 1, 7 2 5 3 
t t ' ' 

Review 1; Blocks 6. 10, 11, Review 4; Blocks 9, 4, Review 2; 

Block 8, Review 3. The rank order correlation for the 

Scrambled and standard versions of the programmes w,as .29. 

3. Design: 

A 2 x 3 factorial design, incorporating two levels 

of sequence and three levels of reinforcement was used in 

both parts of this two-part experiment. The geometry 

programmes were jUff~d in Part I, and the biology programmes 

were used in Part II. Tables 3.0 and 3.1 represent the 

main features of this design, and treatments. 



High 1. 

Sequence 

Low. 2 

Sequence 
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'l'~ble 3.0 

'' ' 

;Diagramme.tic Representation of 2 x 3 

Factorial D,esign 

Reinforcement, (A) 

1. 2. ' 
,,, , ,' 

✓-,-,.---~ 

':irctspecific Knowledge·of Reinforefetnent 
./'C:.-.-"----:'~ ---··" 

Results plus_ ,, a~-"-k~or,'le'Cl-ge ,of Extrinsic 
. -·~;-,___. .,,,...,,,,---~~ 

,, 

Extrtnsic 
;_,-;_• 

Resultei Reinforcement ,,. 

Reinf o rc'emen t 
/ 

✓ 

/ / ,, 
GI:'~ou12 'bne Grou12 Two Grou12 Three 

~ 

CB) Condition A1B1 Condition A2B'1 Condition A3B1 
\ 

Grou:2 \ Fo;ur Groul? Five Grou12 Six 
\ 

Condition A1B2 Oondition A2B2 Condition A3B2 

Table 3.0 

Treatment Applied to Each Condition. 

Reinforcement 

A1B1 - High A2B1 - Medium A3B1 - Low 

reinforcement reinforcement reinf'orcement 

with high with high with high 

seauence sequence sequence 

A1B2 - I:l;igh A2B2 - Medium A3B2 - Low 

reinforcement reinforcement reinforcement 

with low with low with low 

sequence sequence sequence 
: / ' 

.,,,,, 
\\ ', 

--
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A brief explanation of the treatment conditions 

may be of use at this point. High reinforcement is used 

to denote,the normal extrinsic reinforcement that is 

associated with a programme, plus noncontingent 

reinforcement that was dispensed by the experimenter. 

Me~ium reinforcement refers to programmed reinforcement, 

only, and low reinforcement is taken to mean that the 

subjects received no extrinsic reinforcement at all from 

this learning situation. High sequence denoted the use of 

the standard form of the programmes, so low sequence 

'r'efers to the scrambled version of the programme. It 

will also have been noticed, that each cell has been 

headed as an experimental group in table 3.0. These group 

numbers will be referred to in the ensuing chapters. 

The manner in which this design was used for both 

parts of the experiment, necessitated only one random 

allocation of subjects to the six cells. For Part II the 

complete cell was assigned to a different ·treatment, so 

no further individual placements were necessary. The 

treatment changes for each cell from Part I (geometry) to 

Part II (biology) is detailed in table 4. 



Table 4 

Treatment Conditions For Each Group 

Over Part I and Part II 
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Experimental Group Part I Treatment Part II Treatment 

Condition Condition 

1 A1B1 A3B2 

2 A2B1 A2B2 

3 A3B1 A1B2 

4 A1B2 A3B1 

5 A2B2 A2B1 

6 A3B2 A1B1' 

The treatment changes from Part I to Part II were 

designed to give the most meaningful manipulations of the 

variables of reinforcement and sequence,. Groups one and 

six were involved in a mutual change of treatment 

conditions. This change made it possible for each group 

to experience the combined effects of both reinforcement 

and sequence at their highest and lowest levels. For 

groups~ and five the degree of reinforcement remained 

constant over both parts of the study, but the level of 

sequence was varied. The pairing of groups three and 

four allowed each group to work with both combinations of 

one variable at a high level, and the other variable at a 

low level .. 



55. 
This design allowed each group to learn under 

contrasting conditions. Furthermore each treatment 

,condition was applied to two separate groups of learners 

using different programmes. 

For the purposes of analysis only, a supplement to 

the main design was used. This involved separating the 

subjects in each· cell into the top six and bottom six. 

This new grouping was arrived at on the basis of 

Intelligence Quotient. No subject in the upper group of 

any cell had an I.Q. of less than 123, and no subject in 

the lower group had an I.Q. greater than 110. No 

significant difference in I.Q. was found for any high or 

low intelligence group. Table 5 presents the mean I.Q.s 

for the high six and low six per cell. 

The same seventy~two subjects were used for this 

supplementary analysis in both Part I and Part II. The 

treatment changes for these ability groups were in 

accordance with the changes for the main experimental 

groups. 
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I 

Table 5 

.Mean I.Qs and Standard Deviations of High Six 

and Low\ Six Per Cell. :F·or Part I: 

Group Cell/Ability I.Q. s.n. 

1 A1B1 High 125 3.26 

A1B1 Low 105 1.91 

2 A2B1 High 126 2.97 

A2B1 Low 107 1.70 

3 
... 

A3B1 High 126 3.21 

A3B1 Low 106 1.41 

4 A1B2 High 129 2.87 

A1B2 Low 104 1.56 

5 A2B2 High 125 2.97 

A2B2 Low 106 1.72 

6 A3B2 High 130 4.61 

A3B2 Low 103 2.14 

-



4. Procedures: 

(1) Geometri:: 

All subjects taking part in this study were first 

r~domly assigned to their experimental group. No 

subjects were .told which group they had been assigned to 

until just before the initial experimental session. 

The.administration of the pretest marked the 

subjects first contact with the procedures that were to 

be used. This test was administered.to class groups 

during normal school hours. No mention was made of the 

fact that the test would be readministered at a later 

date. As soon as the twenty-five minute session had 

been completed the subjects were read the following 
. I 

information. 
I 

''You have just completed· a test of basic• 
geometry. Over·the next five or six school days 
you are going to be given the opportunity to 
work with a variety of written programmes that 

· cover the material that was involved in the test. 
When these programmes have been completed you 
will then sit the test again. These results 
should then indicate something about how you 
have progressed and the relative effectiveness of 
the various types of material". [iny general 
questions were then answereAJ. 

The first part of the next experimental session 

was taken up in establishing the procedures necessary for 

the correct use of the programmes. All groups were 

given a standard set of basic instructions, followed by 
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information that was appropriate to each experimental 

condition. These were read through as follows. 

"Listen carefully to these instructions, 
as some of them apply to you all, but other parts 
only apply to individual groups. You have all 
been issued with a programme that covers some 
basic aspects of geometry. When you look at 
them yol.\_.will see that· they are arranged like 
this3. ~erimenter indicates a chart containing 
some sample framefil • "Each frame of the 
programme presents you with some information or 
ideas. A question or problem is posed and you 
use the information to answer it. You write 
your response to the question on your answer 
sheet, and move the card.boa.rd slide down until 
you can see,the correct answer. If your answer 
is correct you tick it and then move on to the 
next frame. If your answer is incorrect you 
,I:'e-read the frame, . correct your error and then 
cont-inue.n !Experimenter demonstrates sequence 
!or both a correct and incorrect answe.B. 
·"You must be sure to work the frames in the 
order that they are presentedn. 

"There are no additional instructions for 
groups one or two. Members of groups four five 
and six will find that their programmes do not 
present frames in consecutive order. Remember 
to work the frames in the order tha,t they appear. 
Those who are in groups three and six will not be 
able to mark each frame because their programmes 
d.o not contain answers. I will now answer any 
questions''. !Raus~. "As there are no more 
questions you may now open your programmes. Will 
groups one two four and five make sure that their 
slides are in :gosi tion., As soon as you have 
finished your first five frames put your hand. 
up and your work will be checked to ensure.that 
you have understood the instructions. Begin". 

For the reminaing twenty-five minute experimental 

sessions a standard procedure was followed0 At the 

beginning of the period the subjects crune forward 
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independently and collected their programmes from 

numbered boxes. As this was being done a subject who had 

been chosen randomly was handing out the answer sheets. 

As soon as a subject was in possession of all the 

materials that were needed he began working through his 

programme. At the end of the session each subject placed 

both his programme and answer sheet in the appropriate box. 

Before the next day's experimental session began, 

·the experimenter cheeked all answer sheets to ensure that 
i 

each individual was recording correctly. The members of 

groups one and four had their answer sheets marked with 

the words "Ei:cellent Progress". '.1.lhese pro<::edures 

continued until all subjects had completedttheir 

programmes. Those who finished their :programmes well in 

advance of the rest were given reading material on the , 

development of our number system. As -soon as all subjects 

had completed their programmes the posttests were 

administered and Part I of the experiment had been 

completed. 

( LL) Biology: 

As has been noted already; no new random 

allocation of subjects to experimental cells was carried 

out prior to the working of the biulogy programmes in 

}'art IL. Instead all cells were allocated treatment 
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conditions as outlined in table 4. Five subjects who did 

not complete Part I because of absences, did not take 

their places in Part II. 

A pattern of procedures that was almost identical 

to those followed in Part I was carred out. On the 

completion of .the pre-test the experimenter briefly went 

over the nature of Part II. As the subjects were now 

familiar with the procedures involved in using tb.e 

prc,grammes, the general instructions were dispensed with. 

The specific info.:i."'lllatiori that was given ·to the various 

groups in paragraph two of the geometry programme 

instructions were repeated. This repetition was 

necessary as all sub,jects were experiencing new 

experimental conditions. 

All subjects worked through the biology 
·--

progra-rome at their own rate. Those who finisb.ed in 

advance of the rest of' the class were provided with 

material on animal behaviour to read. Wp.en all programmes 

had. been completed the posttests were administered. This 

marked the end of the experimentation. 
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CHAPTER IV 

RESULTS 

Part One: Geometry 

(1) Pretest 

The results of the pretest in geometry were as 

follows: 
Table 6 

Geometry Pretest Results f'or .All Groups 

Gp 1 •. Gp 2. Gp 3. Gp 4. Gp 5. Gp 6. Control 

N. 22 22 22 22 22 22 22 

M. 13.86 12.36 12.46 13.50 13.18 13.54 13.12 

S.iD. 6.49 7-43 7.a3 7.34 6.94 6.94 7.94 

Possible 
Score 45 45 45 45 45 45 45 

* 

All the means are of a similar magnitude, their 

range being only 1.50. The homogeneous nature of the 

standard deviations indicate that on this measure, all 

groups have a similar amount of variability. 

This data was then analyzed by Hartley's Maximum F 

Test for homogeneity of variance. F max was found to be 

1.46. As this was less than the critical value of F 

(F.95 6, 21 = 2.57), the null hypothesis of equal 

population variances was not rejected. As the pretest data 
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was suitable, a one-way analysis of variance was carried 

out. 

Table 7 summarises the results of the one-way 

analysis of variance. The F ratio of 1.39 indicates that 

there was no significant difference between the groups in 

terms of their knowledge of plane geometry, as measured by 

the pretest. 

Table 7 

Analysis of Variance of Results of 

Geometry Pretests 

Source of Variation ss. df. 

-
Between Groups 776 5 

'With.in Groups 14276 126 

Total 15052 131 

r1s. F. 

155.20 

113.31 1.39 

F.95 (5, 126) = 2.28 

(ii) Posttest 

As soon as all subjects had completed the programme 

in plane geometry, the posttests were administered as a 

measure of acquisition. These results are reported i.n 

table 8. The means of groups three and six are somewhat 

lower than the means of the remaining four groups. These 
·i 

two groups which did not receive any extrinsic 

reinforcement from the programme; have also exhib'ited the 
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highest level of variability. It can also be seen that 

group one has a higher mean score than group two, but that 

groups four and five have achieved identical means. The 

control group has increased its mean slightly beyond, the 

means achieved in the pretest. When the control group 

means were tested for significance by at test for related 

samples, a tof 1.02 was obtained. This was not 

significant at the pL.05 level (df = 42). 

Table 8 

Geometry Posttest Results by Grm.ip 

1 2 4 5 6 Control . 

N. 22 22 22 22 22 22 22 

M. 31.59 29."18 25.81 29.50 29 .. 50 24.45 15.61 

SD. ?.42 9.12 10.32 8.75 9.39 10.14 8.46 

P.S. 45 45 45 45 4:5 45 45 

The pretest results and posttest results for all 

subjects who completed the programmes were analyzed by, 

analysis of variance. As the resulting F ratio of 1102.23 
' 

was in excess of the critical value of F (F.95 1, 126 = 3.91) 

it was concluded that the programmes had been effective in 

significantly improving the subjects' performance on the 

posttest. This trend is presented in graph 1. (All graphs 
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have been included at the end of the results. They are 

presen~ed in pairs, so that trends between geometry and 

biology can be readily compared). 

TUe data that was collected from both the pretests 

and posttests in geometry was further analyzed by a two-way 
I 

analysis of covariance. It was hoped that the increased 

precision introfuced by the covariate analysis, would help 

:bo reire~l the effects of sequence and reinforcement on 

the posttest scores. Table 9 presents the results that 

were obtained. 

Table 9 

Anilysis of Covariance For Geometry 

Pretest and Posttest Results 

Source of Variation ss. df. r-1S 

A (Reinforcement) -~yy 639-22 2 319.61 

B (Sequence) B\rY 75.79 1 75,.79 

AB. AltrY 17.86 2 8.93 

Error EYY3451.62 125 27.61 

11. 57 * 

2.74 

.c.1.0 

F.95 (1,125)= 3.91 

F.95 (2,125)= 3.06 

On this analysis reinforcement has proved to be 

significant beyond the (p<.05) level. As there is no 

interaction, reinforcement has emerged aE the dominant of 
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the two variables under investigation on the geometry 

programme. There were no significant differences between 

the high and medium levels of extrinsic reinforcement. 

(iii) Ability of Subjects: 

As has been stated:in the section that dealt with 

the design of this study,- additional analysis in-broducing 

intelligence as a third factor was carried out. Table 10 

contains posttest results for the bi.gh ability group and 
',, 

low ability group of. each cell. 

The difference in the mean results for the six high 

intelligence groups is only 2 .. 66, while the difference for 

the low intelligence groups is 11.35. Those of low 

intelligence have much more variability in their posttest 

performance than those of high ability. It is apparent 

that the learners of low intelligence have had their 

· posttest performance influenced considerably by the 

variation of the experimental factors; but those of high 

intelligence have had their posttest performance affected 

only to a small degree. The low ability learners under 

conditions three and six, have fared considerably worse 

than the rest of their ability groups. The high ability 

learnersun~er ~ondition six, have averaged 10.97 marks 

more than the low ability learners who worked under 

condition one .. 
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Table 10 

Geometry Posttest :Means And Standard 

Deviations Of High Six And liow Six Per Cell 

Group Cell/Ability Mean SD. 

1 A1 B1 High 39.15 5.2,6 l 

A1 B1 Low 25.86 11.26 

2 A2 B1 High 39.33 6.L~1 

i 
A2 B1 Low 23.26 12.21 

;;; A;;; B1 High 39.,50 7.,31 ✓ ==✓ 

A3 B11 Low 14.50 9.64 
\ ' 

\ 

4 A1 B2 High 38.71 6.27 

A1 B2 Low 22.71 10.21 

5 A2 B2 High 38.83 8.21 

A2 B2 Low 20.61 11.64 

' 
6 A3 B2 High 36.83 9.14 

A3 B2 Low 16.92 12.96 

A three way analysis of covariance was undertaken 

to see if there were any significant differences in the 

perfo.I'Jllailce of the two intelligenc_e groups over the six 

experimental conditions .. Table 11 reveals that 
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,,reinforcement and intelligence have been the significant 

factors to emerge from the analysis.. The reinforceme1:d;/ 

intelligence interaction is also significant. (See graph 

2). All the significan.t trends that have been revealed 

by the analysis of covariance are beyond the (p ✓..:.05) 

level. 

Table 11 

Analysis pr Covariance For Geometry Pretest 

and Postt~st Comparing Reinforcement 

Sequence ;and Ability of Subjects 

SourcE} of Variation ss. df. 

--

A (Reinforcement) iYY 253.04 2 126.52 
: 

B BYY 33 .. 68 1 33.68_ 
-, 

C ( Intelligence) C'YY 636.65 1 636.65 

AB ABYY 19:.71 2 9-85 

AC AdYY 604 .. 21 2 302.10 
I 

BCh 
i 

BC 16 .. 24 '1 16.24 

ABC ABCYY 21.58 2 10.79 

Error EYY 814.63 59 13.81 

F 

9.16* 

2.44 

46.10* 

,C1 .o 

21,.87* 

1.17 

,(_1,.0 

F.95 (1,59) = 4.01 

F-.95-~-(2,59) = 3.14 

(iv) Errors and Time 

E;ror scores were analyzed for the original six 

experimental groups, and for the high and low ability 
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subjects of each cell. This data is presented in graph 3. 

There is little difference between the original six groups, 

but groups three and six tave averaged the highest number 

of errors. When those of high intelligence from all 

experimental conditions are compe.red with all those of low 

intelligence, the error rate of the latter increases by 

4.58%. An analysis of the numbers of errors made by the 

high ability and low ability learners resulted in at 

value of 0.98. Thi,s was not signifi.nant at the p • ..::::.05 

level (df "" 70). 

The time each individual took to complete the 

programme was recorded. This data is presented in graph 4 

as group means. Gr9up four completed the progrc1Jnnie in the 

fastest average time. 
I 

Inspection 
1
of the individual times 

recorded, indicatedithat the group four mean was 
I I 

considerably influ~nced by two su~jects whose times were 

sixty-three and si:x:ity-seven minutes respectively. As with 

the error scores, the greatest difference was found 
' 

between the high and low intelligence groups. An analysis 

of these results yielded at value of 3.74. This was 

significant beyond the p. ✓.:::..05 level (df = 70). 
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Part Two: Biology 

(1) Pretest 

69 .. 

All subjects who were continuing, sat the biology 

pretest, prior to beginning work on these programmes. 

Table 12 which contains the results of the pretests, 

indicates that all groups including the control have 

averaged a v~ry uniform result. The range of the pretest 

means is only 0.8. 

Table 12 

Biology Pretest Results Jfor All Groups 

Gp 1. Gp 2. Gp 3. Gp 4. Gp 5. Gp 6. Control 

N. 22 22 22 22 22 22 22 

1'1. 6.86 7.11 7.32 7.52 6.72 7.12 6.19 

SD. 3.34 2.84 2.81 2.89 3.43 2.52 3.62 

Possible 
Score 35 35 35 35 35~ 35 35 

The homogeneous nature of the standard deviations 

indicate that prior to working with the biology programmes, 

all groups exhibited a similar amount of variance on the 

test that was used to measure acquisition. Hartley's Maximum 

F Test for homogeniety of variance indicated that F max was 

1.80. As the critical value of ]' was greater than this 

value (F .. 95 6,21 = 2.57) it was concluded that the sample 



results could be used in an analysis of variance for 

differences· among means·, as if they had been obtained 

from popul,ations of equal variance. The one-way ·analysis 

of variance that was performed on the pretest results ls 

summarized ,in table 13. 

Table 13 

Analysis of Variance of Results of 

:Biology Pretests 

Source of Variation ss. df. MS. 

Between Groups 52 5 10.20 

Within Groups 1149 126 9~12 

Total 1201 

F' 

1.12 

The outcome of this one-way analysis of variance 

confirmed·that there were no significant differences_ 

between, a:ny of the groups on the measure of acquisition, 

prio~ to the commencement of the learning sessions. 

( ii) ,.Posttest 

On the c.ompl;etion of the sessions. involving the 

programmes_., the posttest was administered to all subjects. 

·Table 14 contains a;' sum.m.a.ry of these :D-es.ul.t.s. 

The means br groups three five and six are somewhat 

lower than the other three groups. The difference between 

the means of groups one and. six is 6 .. 27 .. 
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Table 14 

Biology Posttest Results By Group 

1 2 3 4 5 6 Control 

N. 22 22 22 22 22 22 22 

M. 20.27 18.27 15.04 19.40 15.73 14.00 7.72 

SD. 5.44 6.38 7.84 6.71 7.02 7.64 4.34 

I'ci o. 35 35 35 35 35 35 35 
•· 

~ 

The mean of group one is greater than the mean of group four. 

At value of .79 was obtained from at test. This was not 

signif:lcant at the p,G05 level (df = 42). · 

The results of the p~etest and posttest were 

analyzed by analysis of variance. The resulting ]' ratio 

of 660.75 was greater than the critical value of 

F (R.95 1,126 = 3.91) so it was concluded that there had 

been a significant increase in posttest scores. This 

trend is presented in graph 1a. 

A two-way analysis of covarhmce was used on the 

data collected from the p:re~ests and posttests. It was 

envisaged that this technique would help reveal the 

effects of seque.nce-and_r_einforcement on the posttest 

results. Table 15 presents the-re.sul.ts_ of.-_this-..analysis 

in summary form. Both reinforcement and sequence are 

significant beyond the (p~~o5) level of confidence. 
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There was no significant interaction between these two 

variables. 

Table 15 

Analysis of Covariance l•'or Biology 

I 1retest and Posttest Results 

Source of Variation elf. F 

--·, 
A (Reinforcement) AYY 768 .. 1,1 

I I. 

B (f~equence) BYY 77.,21 
\ 

AB ABYY .99 

Error 4:Vy-1 °20 21 J..J.J,. I/ • -

(iii) Apilit~ of Subjects: 

2 384.06 25.00 

1 77 .. 21 5 .. 03 

2 .49 ..::1.0 

125 15.36 

F.95 (1,125) = 3.,91 

F.95 (2,125) = 3.0~ 

* 

• 

To investigate the role of intelligence in the 

rNml tn that he,d been obtained from the biology programmes, 

the data was reaiialjzi:fd .for the high and low ability group 

of- each celL. ThJ;;, __ Jne.ans_ ?~1d s·tandard deyiat:tons of---the 

biology posttests are presentE::d in tatrle 16. 

TL, «imf!'erence in the mean results of the six high 

intelligence groups is 10 .. 75, but the difference for the 

low intelligence groups is only L1 .• 12.. Despite the 

depressed means of the low intelligence group, they have 

still exhibited _Jr.ore variability th.an __ tb,,e_ high.~intellj._genc"e 
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group .. The high ability group hns more posttest variation 

over the six treatment conditions than the low ability group. 

Table 16 

Biology Posttest Means and Standard 

Deviations of High Six and Low Six pe;r Cell 

Group C~ll/Ability Mean SD. 

I 

1 1\1 B1 High 30.17 6.56 
' 

A1 B1 Low 12 .. 12 7.29 
I 

: i 

2 A2 B1 High 26.71 6.91 

A2 B1 Low 11+.83 8.64 
~-

3 A3 B1 High 18.50 8.42 

.A3 B1 Low 11.00 8.41 
'\ 

4 A 1 B2 High 26.83 7.29 

A1 B2 Low 12 .. 33 8.61 

5 'A2 B2 High 24.34 7.91 
\ 

A~ B2 Low 9.86 6.42 
' \, 

6 A3 :B2 High 19.42 ~0.01 

A3 B2 Low· 10.71 9.74 

The high ability lear'nel'.'f! who v-rorked their biology programmes 

under conditions three and six, have- achi:eved- mean results-
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that are 1-es-s than the remaining high ability groups. 

Despite the treEitment differences, those of high ability 

who worked under condition six have a better posttest 

average than .the low ability learners who worked under 

condition one. 

A three-way analysis of covariance introducing 

intelligence as the third variable was undertaken on the 

results of the pretests and posttests in biology., Table 

17 contains a summary of the findings. Reinforcemen:t, 

sequence and intelligence have all proved to be 

' . 

significant beyond the p~.05 level. The reinforcement/ 

intelligence interaction is also significant beyond this 

le:veLof confidence. Graph 2a illustrates this interactl.on. 

(iv) Error and Time 

The biology answer scripts of the six experimental 

groups, and the high and low ability groups were analyzed 

for their errors. These findings are presented in graph 

3a. No significant difference was found between the six 

original cells. Groups three and six have recorded the

highest average error rate, and groups fou:n- and five have 

achieved- the lowest erI'or rate. \t✓ b.en _thE:L high abili.ty 

group was compared with the low ability group, it was 

found that the low group had averaged 9% more errors than 
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the high group. At of 2.95 was obtained from a test for 

two related samples. This was significant beyond the 

p~.05 level (df = 70). 

s 

Table 17 

Analysis of Covariance lfor Biology 

Pretest and Posttest Comparing Reinforcement 

Sequence and Ability Of Subjects. 

Source of Variation ss. 

A (Reinforcement) AYY 362.66 

(Sequence) ' 40.49 B BYY 

C (Intelligence) dyy 58-4 .. 46 

AB ABYY 26.57 

AC AC'YY155. 50 

BC BCYY .10 

ABO ABCYY22.47 

Error ify 498.83 

df. 

2 

1 

1 

2 

2 

1 

2 

59 

MS. 

121.33 14.32 * 

40.49 4.79 * 

585---1+6 585.46 * 

13.28 1.57 

77.75 9.20 * 

.10 <1.0 

11.23 1.32 

8.45 

F.95 (1,59) = 4.01 

F.95 (2,59) = 3.14 

Graph 4a contains the results of the time spent on 

the programme by the six original groups and the two ability 

groups. Groups three and four have recorded the least time 

of the six exp~~imental cells. Those ef high ability have 
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averaged twenty-three minutes less to complete their 

programmes than those of low ability. At of 5.61 was 

significant beyond the p<.05 level (df = 70). 



f 

16 

15 
1l.i 

,, ;z; ,__,, 

12 
.,,,,,,1 

10 

a 
,; 

,3 

'7 
I 

6 

5 
4 

;z; 
./ 

2 

1 

ct 2 

I 
l 

Graph 1 

Frec;_uency F'olygon Shc·,-.:ing Geometry Pretest And 

A 
I\ 

I 

I 
f 

I 
I 

I \ / 
l v/ 

Posttest Results For All Subjects 

~ 
/ I 

/ I 
/ I 

r-, 
\ / \ 
\/ \ 

I\ r--~ 
I \ I 

\ I 
y 

Pretest - - - - -

Posttes~-----

4 6 8 '10 '12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 4-2 44 

Pretest and Posttest Scores 

r;7 
( r 0 



16 
1c _,, 

'; 4 

13 

12 
11 

.C' 1 C J.. 

Q _, 

8 
r; 
I 

6 

51 ,. 
I 

4 

3 
2 

1 

01' 2 

Gra-ch 1 a 

Fre:;_uency Polygon Showing Biology Fretest And 

Fosttest Results For ~11 Subjects 

r- --, 
I \ 

Pretest - - -

Fosttest 
I 
I 

I 
I 1 
I I 
I 
I 

I 

I I 

I I 
I 

I L 
I I ' \ 

\ 
\ 

\ 
\ 
I 
\ 
\ I 

\ 
I 

\ I 

4 6 8 10 .,.,~, 
'c:. 14 1E 18 ·20 22 24 26 28 30 32 

FPetest a~d iosttest Scores 

7E3:. 

34 36 



(J'\ 
["• .. 

.µ 
5=: 
(]) 

f~ 
G) 

0 
!'.-i 
0 

Ct-1 

r1 
,,-1 
tP 

p::, 

c,_"i 
() 

r~ 
() 

•r1 
(\j -+,) 

<,"() 
.. c:; 4.:i 

,--..i, ~: 
rn Q) 

J:.-1 (fJ 

C!) /J) 

H 
P--
(l) 

~ 

CJ 
.,-1 
H 
+) 
0) 
R 
0 
()_l 

r.') 

h +) .,., 
G) ,-l 

H •r i 
f~ ,.(.J 
lD ~.r; 
~~ 
bD r"c~ 
0 b!J 
f-1 ·rl 

fl• 
h< 
1.J--, 

(>-;, 
H 

+:· 
Q) 

[1 
0 
Q) 

C.'.l 

~I 
0 

f'r, 

~j 
0 

·r--1 
.µ 
c:_) 
(\J 
~I 
(]) 

4-' 
f--1 

H 

Q) 

u 
,::: 
Q) 

bO 
•rl 
rl 
r---i 
(]) 
.µ 
)._j 

H 

h +) 
·rl 
r·I 
•ri 
,.0 
c,-: 

... .,.. ,-·· 
0 

i---l 

0 
.::f 

LI\ 
N\ 

( 
I 
I 

I 
I 
I 
I 
I 

' 

.p. 
(/) 

<.ll 
i-•' 
p 
(I) 

() 

L-1 

U\ 
(\j 

I 
I 

([) 

r:: 
l\\ 
(I! 

I 
I 

0 
(\J 

I 
I 

I 
I 

I 

l.i\ 

' 
Li\ 0 

+-) 
.-::1 
(1) 

l'! 
(]_) 

0 
f-i 
0 

4--I 
q 

,,---i 
(L) 

P' _, 

:.;:: 
0 
H 

.µ 
,::: 
(l) 

F:i 
(l) 

0 
~-j 

0 
C.-1 
p 

,,-l 
(l) 

~r.: 

§ 
,rl 
rd 
(I) 

~~ 

.µ 
q 
Q) 

E:i 
Q) 
(_) 

~i 

0 
4--{ 
p 

•rl 
(]) 

(I~ 

..c1 
w 

·r--l 
:r: 



80. 

Gra:;:h 2 a 

Geometric Representation Of Reinforcement 

Intellige:rice Interact:-:.cn For Biology PrograrrJI.e 
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CHAPTER V 

DISCUSSION AND CONCLUSIONS 

The design that was used ensured that no 

significant difference existed between any experimental 

group in terms of age, numbers of males and females and 

measured intelligence. fit the beginning of '. both :Parts I 

and II of the results i:t: was established that the groups 

did not differ significantly in their knowledge of 

geometry and biology, as measured by the pretests. The 

performances of the control group indicated that for 

this sample, it was highly unlikely that contact with the 

pretests affected significantly the outcome of the 

posttests. In view of these facts, it would seem to be 

valid ~o assume that significant posttest differences 

were largely a function of the treatment conditions that 

the subjects experienced. 

On the geometry programme reinforcement and 

intelligence have been the variables that have most 

influenced the subjects' posttest performance. Although 

thos'e who worked under the high level of reinforcement 

have averaged a slightly higher posttest score than those 

who worked with a medium level of' reinforcement, the 

difference was not statistically significant .. The 
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variables of reinforcement and intelligence did produce 

a significant interaction. This does not mean that in 

the geometry programme, the most able subjects who 

received tb.e higb.est level of reinforcement learn~ 

significantly more than the most able wb.o received less 

reinforcement. What it does mean is that the high 

ability subjects all learnt a significant amount from the 

programme:;; irrespective of their treE:tment conditions.' 

Less able subjects under conditions of high and medium 

reinforcement also learnt to a significant degree; so to 

some extent these levels of reinforcement compensated for 
. ' 

lack of high intelligence; hence the statistical 

interaction between reinforcement and intelligence as 

illustrated in gra.ph 2. No definite benefit for learning 

has resulte~.from adding positive noncontingent reinforce

ment to this programme. 

For the biology programme reinforcement and 

intelligence have also proved to be the variables that 

have most influenced learning and posttest performanceo 

These variables have again produced a significant 

statistical interaction. Graph 2a indicates that this 

interaction can be accounted for in similar terms to the 

geometry programme interaction. The high ability subjects 
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have managed to learn quite well irrespective of the 

treatment conditions. Uowever this trend ie not as marked 

as it was lbr :\,he geometry progran.me. In comparison with 

the geometry programme, the high ability subjects who 

worked the biology programme under high sequence with 

low reinforcement (g;reup three), and low sequence with 

low reinforcement (group si.x), have fared much worse~ 

'I1his interaction has also been contributed to by the 

generally depressed scores of the low intelligence learners. 

~o differentiation can be made between the effects of 

high and medium reinforcement for e.ny £t;roup of' subjects. 

Sequence is an additional significant variable 

that must be taken into account in a discussion of the 

important learning variables that haveemerged from the 

biology programme, since only in t;his prograrnme did 

sequence prove significant for lec.rning. Sequence did 

not inter,act statistically with reinf'orcement, but in 

general the groups that worked under high sec1uence 

conditions, have learnt more than the groups that worked 

under Lov.___se_quen_c_e _cond_itions. 11:he nature and difficulty 

level of' the programme: be a reason why- se.qut,nce has 

assumed critical importance in only the biology 

program:me. The geOinetry programme could be classified 
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as being less difficult than the biology programme, 

because the subjects made less errors on it and were 

more familiar with the content, as shown by their, 

considerably higher pretest scores •. As the subjects were 

less familiar with the material covered.by the biology 

programme (lower pretest scores), and some recorded 

significantly more errors, this programme could be 

classified as being more difficult than the geometry 

programme •. In addition, the nature of the programmes 

also differed •. The geometry programme was characterized 

by a less cumulative structure, and a larger number of 

familiar terms and diagrammatic explanations. The 

biology programme had a more sequential strµcture, 

contained many unfamiliar terms and was predominantly 

verbal in nature. 

The results of the study suggedt that on the less 

difficult geometry programme, those who worked with the 

scrambled vers:i.ons were to some ext~nt able to cognitively 

reorganize the material, sh! that integrated learning 

could proceed. :Even on this material, · the ability of the 

subject to restructure the programme depended 

significantly on intelligence .. Sequence has proved to be 

an important learning variable on the more difficult 
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biology programme, because attempts at cognitive 

restructuring proved less successful. Those who were in 

the group that experienced low- structure with low 

reinforcement were at a distinct disadvantage. The 

crucial factor in attempts to reorganize the biology 

programme was again intelligence. 

No statistically significant differences were 

found in the recorded error rates of any of the original 

six groups in either part of the study. This finding can 

also be applied to the time taken to work each type of 

programme. The low ability subjects however, made 

significantly more errors on the biology programme than 

the high ability subjects. On both programmes those of 

high ability took significantly less time than those of low 

ability. Although there is no statistically significant 

relationship between error rate and treatment, or time .and 

treatment, some trends exist. For both programmes the two 

•groups that received no extrinsic reinforcement recorded 

the largest number of errors. In the absence of all 

treatment influences on time, the high sequence no 

reinforcement condition would have been themos.t conducive 

to working the programme in .the shor-test time.. In fact on 

both programmes the group working under the conditions of 
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high reinforcement and low sequence has recorded the 

fastest time. This suggests t~at perhaps the time factor 

has been very subtly influenced by the treatments. The 

high reinforcement may have kept this group motivated, but 

the low sequence may have promoted a tendency to work 

quickly without too much concern about complete 

understanding. 

F'rom this study there is ample evidence to agree 

with Roe Case and Roe (1962), Payne Krathwobland Gordon 

(1967) and Buckland (1968), who.showed that bright 

learners could unscramble poorly sequenced learning tasks. 

There is also support for Brown ( 19'iQ) who saw' the nature 

of the material as being an important variable in sequence 

studies. Buckland (1968) also reported that low ability 

learners made more errors on scrambled programmeS, and that 

bright learners benefit from a random presentation of 

concepts. The low ability learners in this present study 

did make more errors on the scrambled versions of the 

programmes.. In one instance when reinforcement it,as held 

constant, the high ability learners who worked w.ith the 

scrambled -bimlogy programme, scored higher on the postt-est 

th~ did the high ability learners who worked with the 

standard form of the biology program.ma. 

Holland (1965') suggested that confirmation might 

be more important for difficult high error-rate programmes 
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than for easier, low error-rate programmes. Berglund 

(1969) indicated that reinforcement may be more effective 

when the pr·oportion of correct responses to the programme 

is low. The bright learners who took part in this present 

study confirmed these hypotheses, as extrinsic 

reinforcement has proved to be more important for them on 

the programme with the highest error rate. The low 

ability learners have performed contrary to the 

expectations of Holland (1965) and Berglund (1969), 

because for them, extrinsic reinforcement has been most 

powerful when associated with the low error-rate 

programme. This apparent conflict however can be 

reconciled by regarding a reinforcement schedule as most 

probably being a function of the composition of the 
-

programme, I1elching (1966), and the ability of the learner. 

Stron~ support also exists for Angell (1949), Meyer (1960), 

Kaess and Zeaman (1960) and Suppes and Ginsberg (19B2) who 

also found significant differences in favour o~ 

reinforcement. Although the trends were not significant, 

results on reinforcement and errors are in agreement with 

Krumboltz and Weisman (1962b) who found that programme 

errors ~ecreased as reinforcement increased. 

Reinforcem__ent has been shown to_be a very 

important condition of learning.. How-e-ver to some extent 
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its effect has been modified by interaction between the 

ability of the subject, and the difficulty of the 

material. Extrinsic reinforcement in the form that it 

was presented added little to the way in which bright 

children mastered straightforward and familiar material. 

However when the difficulty of the material was increased, 

and it also became less familiar, this form of extrinsic 

reinforcement became more important. Reinforcement was 

shown to exert a very real influence on the way in which 

the low ability subjects were able to learn the less 

\ difficult and more familiar material. When the material 

increased in difficulty and became less familiar, even 

the effects of extrinsic reinforcement were insufficient 

to compensate for this factor, and produce a level of 

learning that approached the achievements on the easier 

material. 

Sequence only became a significant factor when ' 

the difficulty of the material increased. Even then it 

only became significant for subjects of high ability. 

Sequence is one aspect of' structure, and as such it can 

contribute to the difficulty of written material. 

Difficulty however goes further than this, as it is more 

a function of\ the semantic and conceptual elements of the 

material. The concept of difficulty level is highly 
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comparative and will vary with the ability, age and 

experience of a given subject. It also raises the 

problem of the existence and relative importance of 

intrinsic reinforcement. 

The most able learners mastered the straightforward. 

geometry programme irrespective of the treat.ment conditions 

that were imposed on them. It is probable that they were 

able to derive intrinsic reinforcement from their 

succ~sse.s, so any major effects of extrinsic reinforcement 

m~y have been nullified. When they began working with the 

more complex biology programme, the readily available 

tntrinsic reinforcement may have been less, so extrinsic 

reinforcement was substituted. Sequence has assumed'more 

importance with the difficult material, because attempts 

at cognitive reorganization have proved less successful. 

Extrinsic reinforcement played a more important part in 

the geometry ppogramme for the less able subjects, than 

for their brighter counterparts. This may have been 

because the less able subjects did not have the cognitive 

ability to gain intrinsic reinforcement from this learning 

task. For this group of subjects t~e difficulty level of 

the biology programme was such that all learning was 

severely depressed. Neither reinforcement nor sequence 
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have been able 'to counteract this difficulty level, and 

"as a result their effects have not emerged. 

Conclusions: 

The following conclusions can be drawn from the 

results of this 'study. 

1. Extrinsic reinforcement is a :powerful variable in 

linear programming. To a large extent its effects are 

influenced by the ability of the learner and the 

difficulty of tlle,material. 

2. Sequenc,\can validly be regarded as one aspect of 

difficulty. Sequence increases'in importance as a 

variable,in programmed learning when the material is so 

difficult that the,subject is unable to co!l&nitively 

restructure it. · 

3. The effectiveness of extrinsic reinforcement tha_t 

is incorporated in a linear programme, will not necessarily 

be significantly improved by the addition of noncontingent 

verbal reinforcement. 

4. A combination of high reinforcement and high 

sequence has consistently resulted in the highest level 

of learning in this study. Even though this trend was not 

statistically significant, the implications are important 

for educational instruction. 
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5. A high level of reinforcement can help control 

the error rate of a linear programme. 

6. Learners of high and low ability will utilize 

the extrinsic reinforcement and sequence of a given linear 

programme differently. 

7. This study has shown clearly that reinforcement 

and sequence are not isolated variables. They cannot be 

regarded as exerting a constant influence on all those 

who use a programme. Their effects are a result of 

interaction between the abilities of the learner, and the 

nature of the programme. 



SUGGESTIONS F'OR FURTHER RESEARCH 

1. Several variations based on the design of this 

study, could be used to continue investigation.a into 

reinforcement and sequence. 

a... The verbal noncontingent reinforcement that was 

used to give the high level of reinforcement, could.be 

substituted with material contingent reinforcement. 

}2_. The three levels of reinforcement could be 

substituted with three degrees of partial reinforcement. 

c. The difficulty level of the biology programme 

for a low intelli~ence group could be decreased, by 

initial, .. discussion of the concepts and language involved. 

This would enable the effects of difficulty level on 

reinforcement and sequence to be ascertained for low 

ability learners.· 

2. A study could be designed to assess the effects 

of personality on reinforcement and sequence. Does it 

exert an influence on then::anner in which the learner 

utilizes the variables of a linear programme? Are 

linear programmes more suitable for some personality 

types thanforothers? 

3. Does the length of the programme have any 

modifying influence on the operation of reinforcemellt and 

sequence for learners of given ability? Could the 

p ity the learner have b 



APPENDIX I 

Taple Showing Information On Classes 

Taking Part In Study. 

97. 

School Class Mean I.Q. S.D. Mean Age S.D. 

Class I. 127 5.6 10 yrs 9 mths 2.8 months 

Class II. 116 2.9 10 yrs 11 mths 3.6 months 

CJ.ass Ill. 109 4.2 11 yrs 3 mths 5.1 months 

Class IV .. .104 6.7 11 yrs 4 mths 4.3 months 

Class v. 101 9.8 n1 yrs 6 mths 3.2 months 
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