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SECTION C 

THE PRESENT STUDY 

CHAPTER 10 

BACKGROUND TO THE PRESENT STUDY 

10.1 THE PROBLEM AREA UNDER STUD;( · 

10.1.1 The Human Elements in the System- The Teachers. 

10.1.2 The Human Elements in the System- Mature Learners. 

10.1.3 The Author's Experiences in Teaching Adult 

Non-Specialists. 

10.1.4 Identifying the Problem for Study. 

10.2 PILOT STUDIES 

10.2.1 Remedial Materials at Undergraduate Level. 

The Need for Flexible· Materials and Tutor 

Control. 

10.2.2 · Information Mapping and Structural Communicat.ion: 

A Search for Flexible Print~Based Materials 

(the first requirement). 

10.2.3 The Council of Europe Study. 

10.2.4" Studies of the Keller Plan: A Search for 

Appropriate Systems of Control (the se9ond 

requirement). 

10.3 THE PROPOSED STUDY 

10.3.1 The Two Requirements together in the 

Context of Mathematics Instruction. 

10.3.2 The Hypotheses of the Present Study. 
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CHAPTER 10 

BACKGROUND TO THE PRESENT STUDY 

10.1 THE PROBLEM AREA UNDER STUDY 

10.1!.1. The human elements in the system - the teachers. 

'Research reviewed in Chapter 9 reveals the contrast 

between the promising initial results (under experimental 

or small scale implementation) and the disappointing long-term 

results (once the system has been implemented for some time 

and becoroe "institutionalised") for most of the systems 

of individualisation described. 

Possible reasons for such trends would include 

1. Hawthorne effect. However, in some of the studies 

quoted, results fall off only after a few years 

(a long time for a Hawthorne effect to last1, 

and this happens irrespective of the fact that 

the learne:cs; themselves are new to the system 

every year. 

2. A general decline in standards of education. There 

is some evidence, in the USA of a phenomenon referred 

to as the "test score decline". However, the drops 

recorded in some of the quoted studies are too 

large to be considered solely due to this phenomenon. 

3. The way in' which materials are utilised has changed. 

As the materials themselves have not changed, their 

effectiveness may have decreased due to changes in 

how they are used. This would be the result of 

management and control problems. 
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4. The human instruction component in the system has 

changed. This could change with time, due again 

to management/control problems or to replacement of 

staff by less trained or less motivated instructors. 

The last two (most probable) causes of decline underline the 

important role of the human element in any system of instruction. 

This phenomenon ·of decline has been noted by· various 

writers and some have shown that it can be reversed by training 

and orientation of the staff involved (Romiszowski 19.66, 

Stavert 1969}, The author•s experiences were concerned 

with the implementation and long-term operation of an 

individualised system of ap?rentice training in the motor 

car industry. Stavert was concerned with individualised, 

programmed learning~based, courses in basic electronics for 

naval cadets. In both cases the systems initially gave 

very good results, much superior to those achieved previously 

by traditional instructional methods, However, over a period 

of some years, . the results deteriorated gradualiy until they· 

were inferior to "traditional instruction", In both cases 

this was identified as due to changes in teacher attitude, 

leading to changes in the system of control which they· 

exerted. In both cases, over the two years of study, massive 

staff changes had taken place (in the author's prc;>ject, due 

to the staff originally involved gaining better posts in 

the local technical college as a direct result of their 

experience with the system; in the Royal Nayy case, due 

to the built-in mobility of staff in the servicesl. The 

new staff members had not been involved in the development of 
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the systems and·nobody bothered to get them fully involved 

(for example, they did not read the materials which the 

students were studying, consequently had great difficulties 

in effectively supplementing them in tutorials), In both 

cases it was shown that careful induction and supervision 

of new staff entering the system could reverse the downward 

trend in results and restore the system's effectiveness to 

its original level, 

Both these cases are from the "tra;ining", as '.opposed 

to "education" field. Both were conducted in environments 

where it. is traditionally much easier (and more acceptable) 

to specify and control the tasks of the instructor much more 

.closely than is practised in schools or colleges. Most 

highly developed systems of individualised.mathematics 

instruction do specify to a greater or lesser extent the 

role that the teacher should play. It may be a highly 

prescriptive role (as in IPI) or a flexible "guidance" role 

(as in mathematical laboratories). 

It is very probable that many teachers find the 

"prescriptive" role unsatisfying. If they have been 

involved in the development of the system and its installation, 

and are enthusiasts, they will operate it as designed and 

will transmit their enthusiasm to the students. If, on 

the other hand (.as must be the case in many large-sca.le 

"institutiona.lised" applications of IPI) the teachers have 

the system given to them as it were "from above", they may 

often feel dissatisfied with their role and will transmit 

the dissatisfaction to the students, both by their attitudes 

and by the way in which they execute their roles. 

---, 
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All is not well in the "guidance" camp either. Here 

the role of the teacher is much more demanding. He alone 

is the diagnostician of the student's needs. It is for 

.him to integrate the student's own desires with the 

objectives of the course, to identify the student's 

individual weaknesses and learning styles and guide him 

to appropriate learning ac.tivities, and to evaluate the 

results of the$e learning activities in order to guide the 

student to further relevant activities. 

However, not all teachers have the necessary insight 

and abilities to perform this role effectively. Consequently 

many theoretically well designed "guided discovery" systems, 

although showing great promise in the hands of the 

enthusiastic and gifted teachers who developed them, once 

again do not live up to expectations once they are 

institutionalised. One need only l.look at the recent history 

of'modern 1mathematics teaching to see an excellent case 

study. The earlier, highly prescriptive, teaching strategies, 

based on "drill and practice" of specific operations, were 

replaced by emphasis on the "structure" of mathematics - cin 

the understanding of basic concepts and how they inter-relate. 

This was accompanied by a stress on guidance and discovery

based instructioaal strategies, aimed at developing the 

cognitive structure of the individual. However, the 

exercising of this role requires a high level of "mathematical 

perceptual skill" as described by Polya (1962). The teacher 

must be able to conceptualise the present form of the 

learner's cognitive structure from observation of his 

activities and responses, in order to identify where and how 
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to guide the learner. Unfortunately, few existing 

teachers have been trained in such skills and it is probable 

that not all existing teachers of mathematics.could be 

capable of mastering the skills, due in part to gaps in 

their own mathematical cognitive structure, Hence, the 

practical application of the modern mathematics curriculum 

has often drifted either towards a free, "unguided discovery" 

model in which the children learn despite, rather thap 

because of, the guidance given by the teacher, or else 

towards a prescriptive model (that~ the teacher understands 

because that's the way he learnt) drilling new operations 

(such as identifying the members of a union of sets), In 

the first case the learners may learn some concepts and 

may by chance even form some adequate cognitive structure, 

but this is more by chance than by planned control. In the 

second case the learners learn some operations but not 

operations which are directly relevant to every~day life 

(such as calculating change, percentages, etc.). In both 

cases, it is unlikely that many of the learners will achieve 

the objectives of the curriculum (stated in concept~ 

understanding terms) or the objectives of employers (stated 

in real-life mathematical operations). 

The above comments are not in any way intended to be 

a criticism of the modern mathematics movement. They do 

illustrate however the importance (in any innovation project) 

of involving, motivating and preparing the human elements 

in the system for the roles that they are expected to play, 

The earlier case studies, in industry and the Royal Navy, 

illustrate the need for maintaining the involvement and the 

skills of the human elements. The general experiences with 
' ... -· 
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large-scale individualisation schemes in the !ield o! 

mathematics (such as IPI, IMU, the Open Classroom, etc,} 

illustrate that there are as yet no clear guidelines how 

one should set about defining the role of the tutor in 

mathematics, or how one should maintain his performance, 

This question of the role of the tutor in individualised 

mathematics systems has been discussed by the author in a 

previous paper (.Romiszowski 1976d"' paper attached in 

Appendix B) in which he suggests that at the operations 

level (where indeed most teachers are more effective} the 

instructional strategies are such that they can be easily 

automated (e.g. by programmed instruction texts), but at 

the conceptual structure-building level (where generally 

teachers are less effective) it is currently difficult to-

automate the process. Whatever the eventual outcome of 

research such as Pask"s (i2.72}, we have at presentno 

substitute for the perceptive, insightful tutor. 

We can however give better tools to our tutor, both 

in the form of better curricular materials supported by 

suggested systems of application (e.g. Nuffield, School 

Mathematics Project), or in the form of better information 

gathering, analysis and diagnosis systems (e,g. Kent 

Mathematics Project, Computer-managed systems such as 
. 

PLAN or CAMOL, etc.). Armed with these tools, the "good" 

tutor should be even better and (more important still) he 

should be more efficient, being able to handle more individual 

students. This element of efficiency may be further 

enhanced if we systematically relieve the good tutor of the 

need to spend time on routine instruction of concepts or 
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procedures which are capable ot being eftectively taught 

by automated systems. 

Hence the general direction of research on the teaching 

of mathematics should include consideration of how tutors and 

automated instructional systems should be used to the 

best advantage. This aspect of individualisation has been 

chosen as one of the major considerations in the present study. 

10.1.2 ·The human elements in the system- mature learners 

The applications of individualisation to mathematics 

instruction reviewed in Chapters 6 to 9 reveal 

- very many, and varied, projects at the primary level 

- some projects at the secondary level 

- rather few projects at the post.,.secondary levels. 

In recent years, both the Audio-tutorial approach and 

the Keller plan have grown in popularity in higher education, 

though few of the applications are directly to the teaching 

of mathematics. At further education level, or in 

professional/industrial training still less research has 

been carried out. 

Chapter 4 analyses some of the general research relating 

to the problems of the mature learner (in particular the 

learner of mathematics) and relates these to individualised 

instruction. 

It is seen that there is a variety of reasons for 

supposing that individualised instruction should be at least 

as effective (and probably more accepted by studentsl at 

the post-secondary levels of education. The non~specialist 

student of mathematics in particular needs careful individual 

h dli d t Combination Of different needs (dictated an ng ue o a 
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by the variety of mathematics needs in the other courses 

he is studying), different entry levels (dictated by the 

amount that he has remembered from previous learning, 
-

.the quality of the teaching he received previously, etc.) 

and different attitudes (formed largely by the previous 

levels of success, failure, ridicule and frustration of 

ambitions that he suffered-in previous mathematics teaching), 

The traditional group-learning situation is particularly 

badly adapted to his requirements, being fixed in content 

to the general level of the group, fixed in pace to the 

"average learning rate" and exactly the system of instruction 

which he experienced in earlier life and in which he met 

failure and frustration, 

10,1.3 The Author's Experience in Teaching Adult Non-specialists 
. . _. 

This experience has included workshop arithmetic for craft 

apprentices in industry, basic statistics and quality control 

for foremen and supervisors in industry, remedial mathematics 

for social science and business studies degree students and 

"second chance" continuing education courses for adults who 

had not had the opportunity to go to school (in Brazil). All 

these projects involved the production of individualised 

instructional systems, using a variety of "mixes" of tutor 

and self-instructional materials. Some of these experiences 

will be discussed further in the next section of this 

chapter. The general results of all these experiences were · 

however exceptionally encouraging in terms of their 

acceptance by the students concerned. The apprentices 

expressed generally positive attitudes to ehe use of self~ 
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instructional prograilJilles in the. J?la.ce o.f; tra.di.tiona.l 

classes and asked tha.t more o.f; the.b; course be "pa,cka.ged" 

in the same way (.Romiszowski 1965)_, The supervisors, 

through the use of a statist;Lcal laboratory·, and simulated 

games changed their highly negative attitude towards 

statistica.l quality control into a highly positive one 1 and 

thEn learned the techniques from self--instructional texts a,nd 

group exercises, The social science students, wh.i,lst 

initially approaching the computer.,.mana.ged remedial 

mathematics course with great reservations concerning the 

de-humanising a.spect of being ''trea,ted as a statistic in 

a computer", genera.lly go out of thei.r wa.y to tha.nk the · 

course tutors at the end, often sta.ting tha.t "it ;is th.e only 

part of the degree course in which ;r am treated as an 

individual human being" (Romiszowski 19 .. 691; The "continu:lng . 

education" adults in Brazil part;i;cipate in a "radio/group 

meetings/self-study text'' instructional system with higher 

attendance rates over a period of 1~ years and generally· 

doing better in the state examinations, than students 

studying an equivalent course in a. traditional "evening 

class". system (Romiszowski. and J?a.sto.r. 19.771, 

In all these systems, the decline in results a.nd 

attitudes with. large-scale institutiona.lisa.t.ion has _been 

observed and steps taken to combat the effect, with 

greater or lesser success, 

One research drawback has been that the structure o;t; 

all these systems has been di.ctated in the main by· 

practical cons-iderations - by the ava.ilable resources, by 

severe restrictions .in t.ime for development, by existing 

practices and by the skills and attitudes of ex.isting staf;t;, 
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The projects were all o! a "consultancy" nature to solve 

existing problems rather than of a "research" nature to 

identify general principles for the teaching of mathematics. 

What research has been carried out has been "grafted on'' 

to the projects. 

This research has generally shown the individual 

systems to give better resultS than the previous "tradi.ti.onal11 

systems they replaced. But to what extent these improvements 

were due to some generalisable· "breakthrough" in the 

strategies used by the systems and to what extent they may 

have been due to inherent weaknesses in the previously 

existing systems, is not known, As already mentioned i.n 

Chapter 9, and as stressed by such writers as Campeau 0.9.6.6 } , 

and Hartley (1972 }, these limitations are common to the 

vast bulk of comparative research on instructional techniques 

rendering it difficult to generalise the results of any 

specific st?dy, The ple.a has been strongly made 
- ----· ---- ._.,.. .. -- -- --------· -· - ·- -----

for research at a more "micro" level, with cloSer control ot 

the factors.which may affect the efficiency of a given 

technique. This has been the basis of Piaget 1·s work, using 

a clinical approach on small numbers of learners over a 

long period of time. It has also been the basis of Skinnerts 

work in animal learning, based on the cumulative record 

of observations of 'individuals. In mathematics teaching, it 

is the method favoured by such philosophically.,-opposed 

researchers as Jerome Br~ner and Patrick Suppes. Bruner 

quotes Piagetian-type case studies of individual discovery 

of mathematical concepts; (Bruner 1966 ) whilst Suppes 
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uses the same technique to log the progress of individu&l 

students on a computer-b&sed "drill and practice" 

arithmetic programme (Suppes &nd Morningstar 1.972 }, 

. Finally, Pask ( 19.72} is using these techniques of rese&rch 

in his studies of holist and serialist learners, 

'There are of course disadvantages to such research 

str&tegies, usually the' size of experimental groups is 

small (sometimes single individuals are used} rendering 

many of the commonly used statistical techniques (developed 

for the study of large populations, mainly in the agricultural 

field) practic&lly useless. In the absence of st&tistic&l 

methods for establishing confidence levels in the results 

obtained, it is &11 the more necessary to replicate 

experiments many times, Whereas this h&s been done 

extensively with some basic research, for instance Skinner'·s 

conditioning experiments and Piaget '·s studies of the stages 

of conceptual development of young children, such 

replications were performed over several decades before 

most psychologists were prepared to make gener&lised 

statements. The few studies such.as Bruner's and Suppes', 

directly related to mathem&tics teaching h&ve not been 

replicated sufficiently often to make generaliz&t;l.ons, 

Furthermore, these studies have in the main been restricted 

to the teaching of young children in the elementary grades 

of school, The transferability of their findings to other 

children is questionable in the absence of sufficient replication 

studies, even more so to adult learners who differ so much 

from the young child in their previously developed learning 

habits, their variety of prior learning experiences and the 

specificity of their objectives in studying mathematics, 
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Hence there ;is a great need ,t"or research dtrected 

specifically at the problems of the adult, non~specialist, 

learner of mathematics. 

10.1.~ Identifying the problem for Study 

Due to the relative dearth of research in th;ts field, 

it was proposed to study some aspects of individualised 

instruction applied to the teaching of required mathemat;tcs 

concepts and procedures to mature (i.e. post~secondary age} 

students who are not mathematics specialists. 

Among the problems eliminated by selecting this 

area are:~ 

1. The need to consider ind:tvidual;tsation at the 

"course" or ''unit" level, In considering a unit 

of "service mathematics", by definition the unit 

is required due to the demands of other course 

units. Thus a student, opting to take the course 

as a whole, cannot opt out of the required serv;tce 

maths unit. We may therefore concentrate our 

studies at the "individual objectives'' and "learning 

steps" levels in our taxonomy of individualisation. 

Furthermore, the objectives of such a unit are 

generally easier to define precisely, 

2. There is much evidence to show that well designed, 

self-instructional materials are capable of 

effectively teaching concepts, rules and procedures 

for their application to problems of a given type 

(i.e. algorithms for problem solution}, There is 

a•lso evidence that such materials can teach the skills 
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O:f: problem-solving and the formulation of 

mathematical problems (model building), but this 

evidence is very scant and it is by no means 

convincing that self-instructional materials are 

the most efficient way of teaching such skills, By 

restricting the investigation to conceptual and 

procedural learning one may avoid comparing two, 

equally inefficient_ treatments (possibly obtaining 

statistically significant but practically 

inconsequential results), 

Among the problems posed are those of the special 

learning problems of the mature learner. The problems 

to be studied particularly are concerned with 

1. the style of instructional materials best suited 

to the adult learner~ in particular·whether 

allowing flexibility of use of the materials is 

more effective than prescribing a standard way 

that the learners should study. 

2. the style of control applied to the unit - whether 

it is better to use the instructor to ensure 

mastery of all objectives, or to leave this to:·.the 

learner himself. 

10.2. PILOT STUDIES 

10.2. 1. Remedial Mathematics at Undergraduate level 

The need for flexible materials and tutor control 

The author has since.l969 been concerned with the 

mounting and operation of a remedial mathematics "clinic" 

diagnosing and complementing the pre-requisite mathematics 

skills of first-year undergraduate in Social Science and 
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Business Studies {:H.ail)er a,nd J~omiszo~l~i ;J.969.l. (.COJ?Y o~ l?~l?eX. 

attached in Annex.) 

This scheme is based on study units in programmed 

.instruction form, with tutorial support as and when required, 

on a totally individual basis. 

In its original form, the scheme was computer~managed, 

enabling rapid diagnosis of student weaknesses, together with 

regular revision of the tests and the programmes used on the 

basis of analysis of the data collected by the computer. 

Over the years, several alternative models were tried. 

These included 

Computer-Managed Diagnostic Tests and Individual 

Prescriptions 

- Tu~or-Marked Diagnostic Tests and Individual Prescriptions 

- Tutor-Marked Tests supported by interviews and 

counselling, as a way to diagnosis and prescription 

- Different levels of responsibility for managing the 

scheme assigned to the tutors - e.g. 

(a) Team of Part-time Tutors, 

(b) Full-time tutor-counsellor 

(c) Secretary/Technician 

management, with tutors 

"on call". 

,-

The various models are described in detail elsewhere 

(Romiszowski, Bajpai and Lewis, 1976). (Copy of paper attached 

in Annex). In general, these studies emphasised the importance 

of the human intervention in the system. This intervention was 

not too important in the "tutor" role, as the programmes used 

-- 385 -



were efficient and rarely needed much tutorial back-up. The 

"management" role of the tutor seemed to be the important 

ingredient. Students needed to see that someone cared about 

how they performed on the programmed materials. Assessments 

had to be made, and the resulting·actions had to be seen to 
~ 

be made. It seemed less important whether this management 

was performed by a computer, by a tutor, or by a secretary, 

provided that it was performed systematically. The use of 

a centralised "learning by appointment" centre rendered the 

management of the system relatively simple, despite the total 

individualisation of learning rate, hours for learning, and 

to some extent, the content. When alternative programmes in 

printed form were used, and students were able to take them 

home, the system did not function at all well, mainly due to 

the difficulties of management and control. 

Another aspect of these studies, which was not followed-

up systematically, but was supported by much subjective 

evidence, was the differences among students in the way they 

used the materials. Printed programmes were not necessarily 

used in the way they were intended. Some students "browsed" 

through the material without responding overtly. Others 

"worked backwards" starting from the post-test and then 

attempting to refer back to sections which dealt with. their 

particular difficulties. In the case a£ filmed programmes in 

teaching machines, where such flexibility of use is impossible, 

students expressed their different learning styles in their 

attitudes. The majority enjoyed their work on the machines 

but expressed. the occasional desire to "jump ahead and see 

if I've got it". A few however came out strOJ11ly ·.against 

the use of the machines specifically because they controlled 
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their learning style, tRomiszowski 19.69), It wa.s felt 

at the time that a more flexible wa.y of "packaging''' the 

instruction should be a.dopted. After a.ll, most of the 

students in this system were revising previously lea.rnt 

material. The simple diagnostic tests identified 

deficiencies in performance, but tell us nothing about 

how much practice the individual lea.rner will require in 

order to recall a.nd develop previously acquired skills, 

The following concept emerged;~ 

Requirement 1 A set of lea.rning ma.terials to which the lea.rner 

can have access in a flexible way, for initial 

study, for rapid revision, possibly for reference, 

The materials should also accommoda.te a variety 

of learning styles. 

Requirement 2 A system of management which supplies regular 

human contact for the purposes o£ control and 

can a.lso supply occasional tutorial back-up to the 

materials as and when required, 

10.2. 2. Information Mapping and S'tructural Communication; 

A search for flexihle print-based materials. 

Requirement 1 would be met by a welh·designed computer,., 

assisted-learning system, using both the "tutorial" and the 

"drill-and-practice" modes of i~teraction (Suppes E?t al, 1968). 

However, such a system was at present beyond the resources 

available. A paper-progra.mme system called Information 

Mapping, however seemed to meet most of the criteria, in 

addition to being potentially cheap and portable. Information 

Mapping (lbm et al,l999l.is a set of rules and procedures !or 
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. 
• 

the class.t;J;y.Lng and p;resenUng of ,information in 

documents wh,ich:may be used for the learni:ng1 ;rev.Lew, or 

retrieval, of that ,information, Such documents share so:me 

of the features of a Geography Atlas, in that separate 

pages.c are used to present the global view, and others 

present the detail (hence an "atlas" of "information maps"). 

A user may go frem the general to the particular, or from 

the particular to the general, as he desires, Self-test 

questions are also grouped on separate pages, so the reader 

may choose to attempt them first, as diagnostic questions, 

attempt them later as feedback questions, or skip them 

altogether if his objective is to refer to the information 

rather than to learn it. 

A full account of the techn,ique of Information Mapping, 

an example, research on its use, its value and limitations 

(and a contrast with other possible approaches to the 

packaging of individual.tsed mathematics materials for 

adults) is presented in Appendix 0 to this study, 

Another programming technique wh.Lch appeared in the 

late 1960's is Structural Communicat.ton, This technique, 

developed by the Institute for Structural Communication 

(Bennet and Hodgson 1968 ; Hodgson 1974 l aims to 

simulate a "good interactive tutorial" in a print.,.bas.ed or 

computer-based format. The,learner, after reading a 

presentation, is presented with a problem for discussion, 

He constructs his own response to this problem, using any 

of the facts, or ideas in the presentation, in any combination, 

He is assisted in this by,a "response matrix" usually of 20 

to 36 cells, which contain all the key facts and ideas 

mentioned in the presentation. By selecting from this 
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matrix, the learner may, in theory, construct millions 

of different responses, though in practice many are 

obviously irrelevant and the author of the learning unit 

limits himself to a discussion of the more commonly expected 

responses. However, this programming style may handle a 

much larger number of alternatives than the multiple choice 

type of branching programming. A full description of how 

St:t:uetural Communication works, how it is produced, an 

example, some research on its use, its values and limitations 

is included in Appendix C to this study. 

Both Information Mapping and Structural Communication 

were tried informally on the social science and business 

studies remedial mathematics courses at the Middlesex 

Polytechnic. This work has not been described before as " 

it was performed with small numbers and the data collectcid 

is purely anecdotal and based on the verbal reports of the 

students concerned. However, it will be mentioned here as 

it gives the background to later work. During 1970 and 1971 

certain students were given to study some currently available 

materials in both "Information Mapping" and "Structural 

Communication" format. Twelve students were involved, all 

of them having completed the basic remedial mathematics 

course and having voluntarily continued to attend the 

remedial mathematics unit throughout the year in order to 

study other self-instructional materials or receive tutorials 

relevant to their course work. These extra voluntary ' ' .. 
assignments were administered on a learning-by-appointment 

basis, in a less control~ea way (i.e. students were not 

tested and re-tested, they often tested themselves; students 

did not necessarily study at the unit, they would often 
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borrow texts to study at ho~e between tutor~alsl, 

The twelve students mentioned above rece~ved a 

unit on Probability in Information Mapping £ormat, (Horn et al, 

1969) and a unit on Abstract Mathematics (set theory applied 

to number systems) in Structural Communication format (Fyfe 

et al, 1969). They received these materials to take home 

and study, one unit at a time. They were later asked to 

rate the units in terms of their acceptability as compared 

to the linear and branching programmes which they had all 

been studying for over half a year. 

In the case of the Information-Mapped unit," nine out 

of twelve students said they preferred this format to the 

linear and branching programmes. All twelve said that they 

were quicker to use for revision purposes, and seven 

commented that the style of layout was much clearer and 

simplified learning. 

In the case of the Structural-Communication unit, all 

twelve said that they preferred a good branching text. Eight 

said that they. were not clear about what they were expected 

to do. Five said that it was difficult to see if the 

objectives of the study unit were the same as their own. 

Two said that their objectives were definitely not the same 

as those of the study unit1 they were interested in 

understanding a concept and applying it to a problem which 

was of direct use to them, not in discussing (with live 

tutor or with the text) the wider implications of the 

concept. Three said that they liked the general idea of 

the study units, but did not "relate" to the particular 

example presented. 
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It appears from the above that the particular 

Structural Communication materials used were either 

irrelevant or ill-adapted to the needs of the students 

in question. Apparently, the materials had been 

successfully applied in a number of secondary schools, so 

it is unlikely that they were basically too difficult for 

the polytechnic students. Rather, it would seem that the 

students had very precise needs - to learn concepts and 

techniques relevant to the problems of social science 

or business studies which confront them in the main body 

of their course. They were impatient with a presentation 

which got them involved in abstract mathematical considerations 

concerning empty sets, complements, union and intersection, 

without relating these concepts to their real-life problems. 

The probability unit, using the Information Mapping format, 

was more obviously relevant to their needs. There were 

problems resembling those they face during their own 

statistics course. Furthermore, they could (due to the 

organisation of an information-mapped unit) immediately 

identify which parts of the presentation were relevant to 

their needs, which parts they already knew, e:tc, 

10. 2 • 3 The Counci'l o :f Europe Study .. · 

An opportunity to systematically evaluate the technique 

of Information Mapping for the ~eaching of mathematics to 

Business Studies undergraduates, presented itself as part 

of a study for the Council of Europe. Using a linear 

programme on Matrices, developed experimentally at CAMET, 

Loughborough University (1972-73 ) an equivalent version 

was prepared in Information Mapping form. Comparative tests 

showed that the Information Mapped version was both 
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significantly more effective (higher mean gains) and 

more efficient (learning time reduced). (Romiszowski and 

Ellis, 1973},·· 

: J\:o,s!ioi:t account of this pilot study is given in Appendix :B. 

It should be pointed out at this point that the above 

findings do not necessarily prove anything in general for 

or against the two programming techniques. It is quite 

possible that a Structural Communication unit written with 

the precise needs of the Polytechnic students in mind, would 

be much better accepted. It is quite possible that for 

other types of content, the Structural Communication 

approach would be superior. 

One major difference between the two techniques is 

in the philosophy of control (see Chapters ; 3 and 9) on 

which they are based. Indeed, in the classification chart 

shown in Chapter 9, we have indicated the positions of 

the two approaches. Structural Communication is an attempt 

to simulate the interactive tutorial conversation. Unlike 

the prescriptive linear programme(and the only-slightly-less 

prescriptive multiple-choicela structural communication upit 

allows the student to construct any response (including any 

of up to twenty or more factors) to a problem, and then 

responds to the response (by a p~ocess of analysing the 

factors included or left out of the student's response). 

It is a technique riot far removed from Landa's"Structural

Diagnostic Programmes" which not only do this, but also 

follow up the "psychological reasons behind wrong· "l: 

responses" by a complicat~d system of sub-problems and 

branches (Landa 1976). In the variety of possible 

interactions it is no less complex than most current 
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applications of Plato IV, ·~though the computer based 

system can present the material faster, more elegantly 

and can handle non-verbal information better. It is 

certainly capable of inducing a discovery-learning 

strategy. 

Information mapping, on the other hand is a "student

learning/reference system" (Horn 1970). It is based on 

the philosophy of student-directed learning rather than 

on planned interactions. It is more akin to a dial-access 

information system (supported by clear objectives, indexes 

and diagnostic tests- if you want to use them). Indeed, 

when presented via a computer terminal, information-mapped 

programmes are called up map-by-map, block by block at 

the request of the learner. 

The presentation of the material in the blocks is 

however quite expository. 

illustrated by examples. 

Concepts are defined, then 

Discovery-learning has little 

place in this syst.em, except at· the macro-level of a 

course unit; a student may "discover" a whole knowledge

structure by using, on his own, a manual in information

mapping format (as he might have done through the use of 

other alternative media). But during his study of an 

individual map, the student "receives" rather than 

"discovers" information, 

Thus, referring back to discussions in Chapter 3, on 

the various philosophies of mathematics instruction and on 

their relative applicability, one might expect a well

designed structural communication exercise to be superior 

when a student must be guided towards the discovery of new 

concepts and new relationships and their assimilation into 
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his cognitive structure (with consequent possible 

adaptation of this structure). When on the other hand 

a student has already a partly-formed cognitive map of 

a particular subject and has reasonably well-developed 

study skills that enable him to effectively guide himself 

~owards identification and study of the missing concepts 

and relationships, then perhaps a student-controlled 

presentation format, such as information mapping, m~ght 

be superior. 

When dealing on the other hand with simpler learning 

tasks, such as facts, routine operations and simple 

concepts, the discovery-learning approach has been generally 

found less efficient than reception learning (whether based 

on Ausubel's expository approach or Skinner's operant 

conditioning approach). Here again, a prescriptive, 

pre-programmed approach (such as linear or branching P.I.) 

may be superior when the learners are all starting from 

the same entry-skills level, have limited learning skills, 

and there is a limited number of important individual 

differences between them. When however all these factors 

vary considerably, as is the case with most mature 

students of mathematics, then probably, once again, a 

student-controlled system of presentation (such as 

information mappin~) may be superior. 

The above paragraphs are the author's general opinions 

in relation to the presentation styles of print-based 

materials which he has studied. These opinions have been 

formed on the basis of only a small amount of research and 

a larger amount of hypothesising. Hence the need for 

further research on this topic. 
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10.2.4' Studies of the Keller Plan: A search for 

appropriate systems of control. 

In section 10.2.1 of this chapter, two requirements 

for individualised mathematics courses for non-specialist 

mature learners were hypothesised on the basis of 

experiences with remedial mathematics teaching to undergraduate: 

The first of these, the need for flexible learning materials 

was further discussed in the last section, indicating the 

promising nature of the information mapping technique (as 

far as print-based materials are concerned), particularly 

for revision courses or when the participants are at various 

entry levels and with various levels of study skill. In 

this section we will consider the second requirement 

hypothesised.,:-;,namely the need for a management system that 

supplies regular human contact for the purposes of control 

and tutorial back~up. 

In the work of the Middles~x Polytechnic requirement 2 

was being met by the "clinic" atmosphere of the learning-by

appointment scheme. However, we already had evidence that 

paper-programmes, "to take away"., do not work so well in 

this system, which relies on the student to come to the 

manager/tutor. In particular the time to complete a given 

course, and the wastage or dropout rates, increased 

considerably when students studied at home. However, for 

various administrative reasons, it was difficult to extend 

the "clinic" approach to more courses and to more students. 

Croxton and Martin (19P0) at the University of Aston, 

showed most conclusively that a paper handout-based system 

of individualisation can be made to worK in undergraduate 

science and mathematics teaching, within the normal 
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administrative timetable and staffing constraints, 

provided that certain feedback loops were built into 

the system and certain actions taken to make use of the 

information being fed back. In their case, a computer

management element is introduced into the system in order 

to "personalise" the attention given to individual students 

in group tutorials. 

At about the same time, a personalised system of 

individual course control known as the Keller Plan 

(Keller 1968, Keller & Sherman 1974) was being developed 

in the USA and in Brazil. Like Croxton and Martin's scheme, 

the basic learning materials are usually paper reading 

assignments (sometimes, but by no means always programmed), 

but the control is exercised by frequent learner-tutor 

interactions. Typically, less qualified staff are used 

to do the bulk of the tutoring, the "classic" Keller Plan 

relying on tutoring (monitoring or proctoring rather, 

as the tutorial function is very closely defined) by the 

peer group. The faster students act as tutor/proctors 

to the slower ones. Alternatively a more advanced group 

is used as proctors for a less advanced group. 

The Keller Plan is very firmly based in the 

behaviourist camp, and is in many respects an adaptation 

and refinement of programmed learning to the realities, 

needs and resources of higher education. Material is 

no longer "rigidly" programmed, as the relatively 

sophisticated learners who have "made it" to the 

university do not need most material to be broken down 



so much. It incorporates human contact and discussion, 

as this is expected by this level of student and often 

required by the type of learning he is engaged on. 

Finally, it fits into the administrative constraints of 

a typical university course. 

A full account of the characteristics of the Keller 

Plan and some of the research on its use, is given in 

Chapter 6. Reviews of the research and collected papers 

on typical applications exist (Sherman (editor) 1974; 

Romiszowski (editor) 1976~~. Although most initial 

applications .were to psychology courses, many applications 

have now been made to the teaching of science (Green, 1971, 

Elton et al 1973) and also mathematics service courses 

(McKean, Newman and Purtle 1974; Romiszowski, Bajpai and 

Lewis 1976). Most studies so far have been comparative 

and have yielded positive results (though not always 

supported by.sufficient documentary evidence). 

-The Keller Plan seems to owe much of its success to 

the learner-tutor interaction. Farmer et al (1972) reported 

that the more frequent the interaction between student 

and tutor/proctor the faster the learning rate of the 

student. Neves and Romiszowski (1976) allowed choice o£ 

pr.octqrs·; · although there appeared to be a slight tendency 

for students to seek out the more lenient proctors, there 

was a much stronger tendency to stick with one proctor 

through a learning difficulty irrespective of whether he 

is lenient or severe •. This paper is attached in the 

Appendix S. 
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Thu~ the Kelle~ ~la.n, or ~o~e der~vat~ve ox lt 

might be expected to satisfy the requirement 2, whilst 

rendering individualised instruction more adaptable 

to the "traditional" course timetabling constraints. 

Alternatives to the Keller Plan, which are still 

largely prescriptive in the type of control they exercise 

and which have been used at the higher or further 

education level include Computer-Managed-Instructional 

systems and the Audio-Tutorial Approach (Post~ethwait et al 19 

The Audio-Tutorial approach has been described 

fully in Chapter 7 of this thesis. It suffers from 

limitations as far as mathematics instruction is 

concerned in that the audio medium is not generally the. 

best suited to the communication of mathematical concepts 

and techniques. Once the audio medium has been supplemented b: 

some form of visual, media (e.g. slide-tape or videotape) 

the Audio Tutorial system becomes similar to a multi-media 

programmed package approach. Its difference from, for 

example, LAP's (also described in Chapter 7) is exactly 

in its philosophy of control. .Like the Keller Plan, the 

Audio-Tutorial approach adopts the "mastery learning" model 

of Bloom (1971 ). The use of LAP's is more open-ended 

and student-directed. Thus as Hess et al (1976) commented, 

the Audiotutorial system is akin to an audio, or audio

visual version of the Keller Plan. We shall not therefore 

discuss this approach further. 

Computer-managed systems of control are distinctly 

different from that adopted by Keller. Generally they do 

not rely so heavily on human tutorial/monitorial 
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contact. By placing most testing and diagnostic functions 

"on line" the computer may substitute the monitors in so far 

as they test, diagnose and re-direct the student to 

packaged learning materials. This is the function of 

project PLAN, of the British equivalent project CAMOL, and 

was also the case in the author's work at the Middlesex 

Polytechnic (Romiszowski 196~) and Croxton and Martin's 

(1970 ) at the University of Aston. In both these cases, 

the tutors were used as learning/teaching resources to 

back up the printed self-instructional materials used 

in the first instance. This is not a role that typically 

the proctor/monitor in "classic" Keller Plan c6Urses is 

expected to assume. 

In practice however, there exist various "hybrid" 

types of Personalised Instruction Schemes which follow ·::~-

some of Keller's rules, but break others. At Loughborough 

University of Technology, for example, the monitors are 

in fact also tutors. They had both the functions of 

diagnosing the extent of learning which had taken place 

from printed study units, and subsequently tutoring 

those students who had not reached criterion standard. 

Still later, the diagnostic-control function was dropped; 

students self-marked their assignments and only contacted 

tutors when they found themselves in difficulty (Romiszowski 
• 

Bajpai and Lewis 1976). The existing system of implementation 

has drifted away considerably from the original Keller 

Model. Even the tutors are not drawn from the ranks of 

the students. They are faculty staff. The difference 

between the Loughborough scheme as now run and Croxton 
' 

and Martin's 1967 system is very small. Both use self-
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instructional linear programmed texts. Both allow 

the students to mark their own assignments and report 

their results to faculty. Both run follow-up tutorials 

on individual or small-group bases, given by faculty 

staff (teachers and research staff). The small difference 

is that the tutorial timetable in one case is planned 

on the basis of student requests, and in the other on the 

basis of a computer-assisted analysis of the results 

reported by students. 

Many unresolved questions of detail surround the 

Keller Plan. The use of peer-group monitors as opposed 

to faculty tutors is one question of difference. For 

practical reasons, related to course organisation, credit 

award systems, etc., it is easier to motivate more 

advanced students to take on the tasks of a tutor/monitor 

in American universities than appears to be the case in 

the United Kingdom. In the USA it is common to pay 

monitors, either in money or in the award of course credits. 

These methods have not been applied in the U.K. 

Theoretical viewpoints also differ, from "how can you 

expect a student who learnt a concept yesterday to 

identify the learning difficulties of another student 

today" to "learning of a concept is only complete when 

one can successfully teach it to others". The practical 

reply to these extreme viewpoints is that "it is 

surprising how often students are successful in teaching 

each other complex subject matter, and, when they are 

unsuccessful there is always the course teacher or 

professor in the background to take ov~r". 
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Another unresolved question, related to the 

"human-contact" aspect is whether the system of 

control in the Keller Plan works because the system 

involves regular contact with other human beings, or 

simply because the system involves regular control of 

the mastery of course objectives (and the monitor system 

just happens to be a practical method of implementing 

this). Certainly results such as those quoted from 

Aston, Middlesex and Loughborough suggest that systems 

without the monitorial element, and therefore with less 

frequent human contact, may be just as effective as the 

"clinic" Keller Plan with regular human contact. Early 

experiments with programmed learning, such as the Royal 

Navy study (Stavert .1967) suggested that prolonged periods 

(weeks) of automated instruction withou~ planned human 

contact were inefficient and profoundly disliked by 

students. On the other hand, research with computer 

assisted instructional systems, from the simple drill. 

and practice routines of Suppes to the complex tutorial 

and dialogue programmes of PLATO IV has shown that 

effective instruction and high motivation may be 

achieved over prolonged periods of study without .any 

direct teaching from another human being, (Suppes and 

Morningstar 1972 ·l Bitzer 1976 ) provided of course 
• 

that normal variety of activities is maintained. 

A third unresolved question is "how often should 

the regular contact take place". :We have already 

mentioned Farmer's (1972) findings of a direct 

relationship between frequency of student/proctor 

interactions and student learning rate. This would seem 
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to imply that the smaller the study unit the better. 

The extreme case is constant student/proctor interaction 

- that is, the personal tutorial. But, apart from 

the economical impracticability of this extreme·, other 

research quoted by Sherman (1974) suggests that Keller 

Plan courses may be better than tutorials. So where 

is the limiting point?. What is the ideal length for 

a study assignment? In a small study of the results of 

three Personalised courses, used for technical teacher 

training in Brazil, the author found that for these 

courses, with these students, a length of study unit 

of between one and two hours seemed to be optimum. But 

much more research is needed before generalizations 

could be made. 

In this paper the importance of the structure of 

the assignments in a Keller Plan course was also investigated 

(Romiszowski 1975). All the courses were written by 

the same team of technical experts/writers, who also 

acted as the proctors in the experiments. However the 

courses differed in (a) the length of the study unit to 

be read between successive meetings with the proctor, 

and (b) the degree of internal structuring, or programming 

of the study units. An analysis of the courses was also 

performed into the type of o~jectives or learning tasks 

which the students had to master. Although many 

factors were not controlled in this study (the courses 

dealt with different content; different groups of students 

were used; an after-the-design analysis was carried out 

rather than designing materials speci~ically for the study) 
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the comparisons showed some significant correlations 

between the efficiency of a unit and the degree of 

structure in it, and a negative correlation with the 

length of the unit. This relationship :appeared to be 

more marked for conceptual learning than for procedural 

learning. The full paper is attached in Appendix B. 

10.3 THE PROPOSED STUDY 

10.3.1 The two requirements together in the context 

of mathematics instruction 

Much of the experience with the Keller plan is in 

undergraduate courses, teaching mainstream subject 

matter to highly selected students. At this level, 

students have the required pre-requisite experiences 

and the necessary study skills to cope.with."traditional" 

reading assignments; limited tutor contact, largely 

independent study, etc. 

Mathematics however is in a unique position as 

compared to other subjects, particularly when we consider 

the teaching of mature student~ who are not specialising 

in mathematics. 

First the nature of mathematics concepts is that they 

are highly structured, highly dependent on adequate 

mastery of pre-requisite concepts in order to 

master new concepts. This would suggest the 

need for more careful structuring of any 

materials used for mathematics instruction, as 

compared to materials for other subjects. 
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Second the nature o£ the mature non~special,i.st ,i.s 

that he is generally poorly prepared on 

pre-requisites, low on basic skills, but very 

clear on his objectives. He usually sees 

mathematics as a tool for specific tasks he 

wishes to accomplish, and the learning of 

Third 

the mathematics as a necessary, but difficult 

and not very pleasant, chore. As the bulk of 

the instructional load in a system of the type 

we are discussing rests on the materials (the 

tutor only plays a supportive role), we have 

another reason for the more careful structuring 

of instructional materials for mathematics. 

the nature of mathematics is such that there 

are very clear sub-objectives. The. level 

of mastery of a given concept, relation or 

operation necessary in order to proceed without 

difficulty to new material is precisely 

definable. Therefore a "mastery learning" 

model for the control of students' progress 

through a course seems particularly apt to 

mathematics. 

Fourth the nature of the mature learner, as described 

in Chapter 4, includes a much greater wish to 

be correct at every·stage, Whereas the younger 

learner is prepared to gloss over his difficulties 

and be satisfied with lower levels of achievement, 

the !llOtivated mature learner wishes to be sure 

he has understood and mastered every step. This 

was seen to be one source of the apparent 

difference in learning rate between the young 
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Fifth 

Sixth 

and the old. The young are prepared to part

learn a topic, for the old it is "all or 

nothing". Hence the mastery-learning model 

should be highly acceptable to the mature 

learner of mathematics. 

the nature of mathematics is such that it takes 

more than just subject-matter mastery to 

identify the roots of a learner's difficulty. 

Bruner and Polya both argue (see Chapter 3) 

for the necessity of a skilled, perceptive, 

teacher to guide the student to "see the problem", 

to go "beyond the information given". Despite 

Landa's and Pask's assertions that this can 

and will be automated in computer-assisted 

instruction (Chapters 3, 8, 9) we have not yet 

reached this stage in practice. Hence, for 

the time being at least, it may seem that the 

inclusion of tutorial contact in any 

mathematics teaching scheme would be desirable. 

the nature.of the mature learner is such that 

he requires more assurance and "anxiety. reduction",· 

as he often has learning difficulties due to the 

professional importance of the particular 

course, or to previous frustrating learning 

experiences with the subject. This might also 

indicate a high need for understanding, 

personal, tutorial guidance. However, the 

mature learner is also more likely to reject 

a tutor whom he finds unacceptable. Thus 
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"good" (i.e. acceptable) tutorial support 

is indicated, but "bad" (i.e. unacceptable) 

tutors may do more harm at the post-secondary 

level than at lower levels in the educational 

system. 

Seventh the nature of mathematics and mathematics learning 

is such that .ideas have to be revised, concepts 

studied from various points of view, with a 

variety of examples, and a variety of problems 

have to be attempted to give adequate and 

generalizable practice in the application of 

techniques. Experience shows that learners 

grasp an idea from various starting points, 

require different examples and different 

quantities of practice. Not enough is known 

yet concerning these varied learning styles, 

therefore a safe "way out" is to delegate a 

part of the selection of learniqg strategies. 

(and therefore learning materials) to the 
' 

student, whilst keeping overall control over 

progress towards pre-specified objectives. 

Eighth the nature of the mature learner is such that 

he has more highly developed (good or bad) 

learni~g styles an~ study habits. Also he is 

usually clearer about the objectives he wishes 

to achieve than the younger student. This 

is all the more reason to delegate the 

selection of learning materials to the student, 

whilst keeping a yet more careful control on 
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the way he uses them in order to identify 

and improve any "bad" study habits. 

10.3.2. The hypotheses of the present study 

The proposed study attempts to investigate some 

of the factors outlined above, in greater depth. 

The main hypotheses to be investigated are that, 

when teaching procedural and conceptual mathematics 

content to mature students by means of individualised 

techniques; · 

· 1. Learning is more efficient if the use 

of the learning resources (both materials 

and tutor) are student controlled, 

rather than prescribed by the system. 

2. Learning is more efficient if the control 

testing for the assessment of mastery is 

controlled by a tutor, rather than by the 

student, 

Subsidiary hypotheses to be investigated include: 

3. That these differences are more marked in 

the case cif adult learne:.;s·thari·in the 

case cif younger learJ;lers •. 

4. That highly structured materials (whether 

allowing student-directed learning or not) 

are accepted favourably by·both adult and 

younger learners. 

5. That different students use the learning 

resources in different ways. 
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CHAPTER 11 

THE STUDY -
:..,· •'' 

11.1 THE "BASG-M" PROJECT 
.. 

11.1.1 .Introduction·- the adult education problem 

This research reported here was carried out during the 

months of August until December 1976 in Salvador, the capital 

of the state of Bahia in Brazil. The study involved both 

adults and uppeD secondary school children of 15 or 16 years 

of age studying the same material, namely, a''rnodern"mathematics 

approach to arithmetic. The upper secondary school students 

were participating in the first year of the "secundo grau1'which 

is the 15 to 18 years of age section of the secondary educational 

system of Brazil. The adults involved in the study were 

participating in adult continuing education programmes of 

evening classes designed to bring them up. to the standard of 
\ 

the secondary school leaving certificate. As adults are not 

permitted to take the secondary school certificate on this 

supplementary continuing education basis until they reach the 

age of 21, it is normal that they are accepted in these 

evening classes only after they have passed the age of 19 or 

even 20. The college at which the present study \'las based 

is a very large secondary and upper primary school, s~ate 

owned, with upwards of 8,000 students and the year group with 

which this study dealt had 600 students in 16 parallel forms. 

All these students were in the 15 to 16 years of age bracket, 

and had entered the secundo grau directly after their 

completion of the 15+ or"prirnero grau"certificate. The standard 

for this certificate is not exceptionally high and it is 

common for a large number of those entering the"secundo grau" 
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to have large gaps in their primary education and lower 

secondary education which gives them problems· in their 

upper secondary school career, 

The adults l-Tere in the age range of from 20 to 35 years 

of age, were all in full time or part time work and were 

attending evening classes at the college in order to gain 

their upper secondary certificate. They would have gained 

their primary certfficate either in a similar manner ~hrough 

evening classes, possibly as recently as the year before, 

but often several years ago, or alternatively they may have 

completed their primero grau schooling in the normal manner 

up to the age of 15 and then had left school deciding 5 years 

later, or more, to return in order to complete their education. 

11.1. 2 The birth of the BASG-M proje·ct 

The learning materials used as a basis for this study 

are a series of self-instructional texts which were developed 

in a project termed BASG-M, which stands in Portuguese for 

"Bases for Access to the Secunda Grau/Mathematics'.', This 

project is a project of the Federal Ministry of Education 

designed specifically to deal with the above mentioned problem 

that many children are entering the upper secondary grades, 

the '1secundo grau', with incomplete preparat±on>.due .'to 'PCilor 

teaching or poor atcendance or difficulties in attendance 

to any school in their earlier years. The particular 

sub-section of this project ("1:1" standing for Mathematics,) 

was a result of some work carried out by the author during 

1974 (l'i'hilst working in Brazil for the International Labour 

Organisation, within the Ministry of Education> on Secondary 

School Curriculum Design. The author's specialism in this 
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project was':the preparation of programmed instruction and 

other self-instructional materials and audio visual media 

in general, and among his functions was included the 

· training of teams of programme writers and media producers 

for the secondary educational school system. One of the 

teams trained during this period of work was a team for 

the State Secretariat of Education of the State of Bahia. 

A course was given during July to October 1974 to 30 members 

of the staff of the Secretariat, and local school teachers. 

As a result of this course the.BASG-M project was drafted 

by the Secretariat and later adopted by the Federal Ministry 

of Education. The general aim of this project was to 

produce self-instructional materials covering the pre-requisite 

mathematics that students should know before entering the 

" secundo grau'!. These materials were to be used in· the 

"secundo grau"by the teachers to close the gaps in the prior 

knowledge of the students by setting them self-study 

assignments over and above the normal classwork expected in 

the"secundo grau"in mathematics. Materials production 

commenced in early 1975, continuing to the present time ahd 

the testing of some of these materials commenced in August 1976. 

The present study was attached to the materials testing 

project in one of the colleges involved. The author had 

left the United Nations Project' in Ju.ly 1975 but had returned 

in September 1975 until February 1976 to Brazil .. when'. 

he acted as consultant to the Materials Production Teams •. 

D.uring the period from August 1976 to January 1977 he 

returned again to take part in the evaluation of these 

materials and during this period carried·out the studies 

reported in this chapter. 
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As mentioned above, the author had been responsible, in 

1974-5 for the training and supervision of the materials 

production team. Several problems were encountered in 

the production of the materials, some of which were due 

to the historical background to the BASG-M project~ 

Apart from key management and specialist positions, 

the State Secretariat of Education is staffed by teachers. 

Teachers in Brazil are employed on a 4-hour daily "block", 

(or "shift") basis. Salaries are quoted per "block". Many 

teachers• therefore work only mornings, or only afternoons, 

on one "block". Some work two blocks, but in different 

schools. It is not uncommon for a teacher to work half 

the day in a state school (relatively poorly paid) and the 

other half in a private school (better paid). Occasionally, 

some teachers work a 3-block day, though this is riot 

officially encouraged. The effects of this system are 

often somewhat negative. For example, there is a marked 

lack of "allegiance" to the school among teachers who work 

in two or even three different schools. There is a lack of 

flexibility in timetabling or "covering" during.illness, 

as teacherS.'"spare" hours are generally committed to other 

employers. And there is a lack of time for class 

preparation or mC~~rkings, as a 4-hour "block" generally 

means four hours of class contact - thus a full-time teacher 

would generally teach 8 hours a day (the extreme 3-shiftworker 

teaches for 12 hours). 

The system is however well entrenched and has a 

foundation in economic reality - few people could make ends 

meet on the very low salaries paid by the state educational 
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system. Thus the state relies on a very large proportion 

of its teachers being part-timers - either full-timers 

working one shift in the private sector in order to 

. supplement the low income of the other shift, or part

timers working for "pin-money" (about 90% of school 

teachers in Bahia are women - married or waiting to get 

married). 

The state system however offers "perks" which the 

private sector does not; almost permanent security of jobs; 

ability to transfer between jobs; great flexibility in 

working hours, pregnancy leave, study leave, etc.; 

promotion opportunities, both academic (through paid 

scholarships) and political (through the State Secretariat 

of Education and Culture). These perks, in the author's 

opinion, contribute greatly to rendering the state system 

viable.at all. The last-mentioned of these is relevant to 

the present discussion. 

Educational projects of all types, whether curriculum 

development, textbook writing, specialist teacher training, 

etc., are organised and financed by the State Secretariat." 

They are staffed by teachers selected from the system, 

generally on a 1-shift per day basis unless the 

characteristics of the project demand full time staff. 

Such projects generally pay better than the schools and 

are often avenues to promotion or better prospects. Thus 

there is a fair amount of grass-roots pressure for the 

development of new projects and, when a project is launched, 

no shortage of willing workers •. 
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Such was the case with the BASG-M project. The 

original course, taught by the author in 1974 had been 

one of the activities of an earlier project whose 

objectives had been to spread information about (and 

promote the use of) educational technology among the 

teachers and administrators of the State educational 

system in Bahia. Thirty-four teachers and administrators 

attended the course and subsequent workshops given by 

the author in 1974. 

For the reasons outlined above, most of the 

personnel involved made subsequent efforts to devise. 

projects of practical application of the systems and 

techniques they had studied. Three proposed projects 

have been taken up and are in various stages of progress. 

One of these is a course "package" for teacher training, 

specifically to train teachers in "literacy techniques" -

methods of teaching reading and writing, diagnosis of 

student difficulties, etc. - applicable at both the "young 

child" and the "adult" levels. Another is a "programmed" 

correspondence course for adults who missed the chance 

to obtain school qualifications. The third is the BASG-M 

project, already described in outline, which is the subject 

of the present study. 

This latter project was submitted to the Federal 

Ministry of Education and Culture, was adopted and receives 

financial support from the Government. It is intended, 

eventually, to make the materials available at the national 

level to any. State or any individual school who may wish 

to adopt them. The materials will eventually comprise a 
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comprehensive set of self-study modules, covering the 

whole of the school curriculum of the "primero grau" 

(the 7 to 15 age groups) in both mathematics and Portuguese 

language skills. The primary intention was to use the 

materials for revision and remedial work in the "secundo 

grau". However, it looks increasingly likely that some 

of the materials may also find application in the later 

years of the "primero grau" as."basic texts". 

11.1.3 ·The Production of the BASG-M Materials 

The historical background, outlined above, may 

serve to explain the way that the production team was 

selected and composed, and also some of the production 

problems encountered as a result. 

The BASG-M project was designed and promoted by 

personnel who had attended the original courses given by 

the author. The author was indeed involved, as a 

consultant, in the design of the project. One question 

discussed at iength was the composition of the production 

team - whether all the writers should be qualified and 

experienced teachers 9f mathematics, or whether the team 

should be composed of mathematics advisors and "professional 

writers" who were not necessarily mathematicians. 

This is a discussion which.has raged for decades among· 

the "progranuned instruction" fraternity. Most commercial 

programme-writing companies swear by the "generalist

programmer" who picks up any subject and, together with a 

subject matter expert for occasional guidance, develops 

effective ins1;ructional materials. Supposed advantages 

are that the writer, through having to learn and analyse 
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the content, pr~or to organ~s~ng and present~ng ~t, 

may have a better and fresher appreciat~on of the 

problems of the learner than the expert, who is many 

years removed from the learning process, 

The alternative v~ewpoint is encountered .~n the 

academic world. This holds that the experienced teacher 

is not removed from the learning process, He observes 

it daily and has many years of.accumulated knowledge not 

only of the subject but of the typical learning difficult~es. 

and pitfalls that learners encounter. It is better 

therefore that the experienced teachers should be the 

main producers of the materials. They may learn what 

they need to know about new techn~ques of organisat~on 

and presentation faster than the expert educational 

technologist may learn the intricacies of their subject, 

Thus the team should consist basically of teacher-wr~ters 

with the consultative aid of an educational technologost. 

The author's view, based mainly on experience gained 

from consulting to industry, is that.both approaches can 

work, but both require rather exceptional personnel in 

order to work satisfactorily. The "generalist-programmer" 

to succeed, must have a high level of ability to learn 

a new topic thoroughly, to organise it in his mind, to 

identify concepts he does not fully understand and explore 

them thoroughly by "milking" his subject matter experts. 

He cannot rely on the experts to present the whole subject, 

fully·worked out and organised for teaching. He must be 

able to winkle out the "missing links" in his cogn~t~ve ' ·' 

• 
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schema from the experts or other sources available. 

He must also have a high level of skill in the 

organisation of material for learning, in writing, in 

the use of the visual image and in all the other skills 

of the educational technologist. These are his stock 

in trade, and are not as easy to master in practice as the 

simplicity of the basic principles involved might suggest. 

The expert teacher, on the other hand, has not the 

need to master the subject, but is probably lacking in 

programming experience. There is a great danger that 

he may apply certain rules for the production of, say, 

an instructional programme, or a slide-tape package, in 

a mechanistic and unimaginative way (as one tends to 

do with any newly developing skill):. His packaged 

learning materials are often less imaginative, less 

alive, than.his normal classroom performance, not for 

any limitation in the media themselves but due to h.is 

lack of experience in working with the media. 

The situation in the BASG-M project was somewhat 

complicated, in that the personnel most closely concerned 

with the launching of the project were recent trainees 

in some (not all) of the techniques of educational . 

technology, and none of them had been specialists in 

mathematics or mathematics teaching (though they have 

all taught some mathematics as.part of the integr~ted 

approach in the elementary schools), They were generally 

enthusiastic to work in the project, but were all 

relatively young. They were therefore neither highly 
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experienced programmers nor highly experienced 

teachers of mathematics. 

The author's original recommendation was that 

several more experienced mathematics teachers (known 

to be effective teachers) should be selected and 

trained in the skills of programme writing. However, 

the politics of the situation did not make this suggestion 

easy to accept. There were various vested interests in 

involving the graduates of the original course in the_· 

project. The original structure of the project team 

thus included: five writers with recent training in the 

skills of writing (not teachers of mathematics),two subject 

experts (experienced teachers of mathematics) who were 

available to the team of writers on a part-time basis and 

were responsible for defining the content and dividing 

it into modules and lessons, a resident project manager, 

who had previous experience of projects of this type and 

also extensive prior training and experience in educational 

technology, and the services of visiting consultants 

(the author and a Brazilian colleague). 

This team did not function as effectively as was 

hoped. Productivity was low initially. The reasons for 

this were the lack of experience of the writers. T~ey 

were hesitant to make decisions on their own, without the_ 

approval of the subject matter ::experts or the consultants. 

They experienced more difficulty than was expected in 

coming to grips with the learning problems involved in 

the subject. One or two of the writing team proved to 

have their own "mental blocks" in respect of learning 
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mathematics. They attempted to write instructional 

materials to teach content which they themselves did 

not understand fully. This of course did not work. 

Slowly, the load of responsibility shifted from 

the writers to the subject matter experts. BY their 

discussions with the writers over the first few months 

of the project, the experts learnt a bit of programming 

and commenced to bring the course modules not only 

defined in terms of objectives and content, but al:ready 

organised as regards sequence, pre/post tests, learning 

exercises, etc. 

At the time of writing, the team has a radically 

different structure. Only one of the original writers 

is still working in the project, together with two new 

recruits, who are both experienced teachers of mathematics 

and have been selected for their proven excellence as 

teachers. These new recruits received a short period 

of initial formal training and are now working, together with 

the one more experienced writer who also performs the 

duties of the project manager. Other subject matter 

experts and outside consultants are still used, though 

on a slightly smaller scale than before. The new team, 

with less than half the manpower of the first one, 'is 

proving to have a higher level of productivity and, in 

the author's opinion, is producing better quality materials. 

Xt·cisotiii$ second team of three writers, (plus the 

two original subject matter expertslwho have acted as. 

the author's assistants in the execution of the research 

described in this chapter. They acted the roles of 

- 420 -



classroom teachex::; and ;i,nd;l.y;l.dual tutor/mon;l.toxs as 

required by the various ;i,nstruct;l.onal plans compared 

in the experiments. They also assisted the author 

in the preparation o,i! the alternative vera;l.ons o.f: 

the materials which are compared in one o.i! these 

experiments. The work o.i! preparing these alternati~e 

versions served as part o.i! the training o.i! this new · 

team in the use of alternative, more flexible and 

creative approaches to the preparation of self~stuay 

packages •. The products of this work are the alternat;i,ve 

versions of Module VI of the course, which are the 

subject of Experiment 4 to be described later in this 

chapter. 

The author is also grateful to this team for 

helping to smooth over various administrative and. 

political problems encountered in performing the study. 
. . 

These included·the organisation of discussions and 

briefing sessions with the staff of the College concerned 

in the study, the organisation of tutorial space and 

storage space for the materials at the college (this last 

was a complicated task, as 1600 separate books were used 

in the study - 8 volumes x 200 copies - and had to be 

available to students at any time of the day). 

There were also problems of an educational nature 

in the college, which influenced the form of this study. 

These will now be described. 
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11. 1. 'i The College and its Problems 

The Brazilian educational system suffers from a 

chronic shortage of trained teachers. However, the 

shortage is not uniformly distributed, being much more 

acute in the poorer states than in the rich industrialised 

states. For example, in the State of Sao Paulo, particularly 

in the urban area of Sao Paulo City, the educational system 

is about as well provided as in some of the poorer areas 

of the united Kingdom. There are teacher shortages 

particularly in science and mathematics. There are building 

shortages often solved by shift working, morning and 

evening in schools, and there are equipment shortages which 

generally result in a somewhat traditional approach to 

instruction based very much on the spoken word of the 

teacher rather than on the use of textbooks by students. 

However, in .general this picture .is ,,;v.ery similar 

to the more traditional and less well endowed areas of 

European educ~tion. 

In the north-east states of Brazil, however, the 

·situation is very different indeed. There were, for 

example, several states that had no secondary edu~ational 

system whatever, as recently as 1969, and incidentally two 

of these have now solved this particular problem by 
• 

television based educational systems which. do not rely on 

qualified teachers at all. The situation of Bahia, or 

more specifically of Salvador, its capital, is somewhere 

in between these two .·exttremes. · As Salvador was at one tiine 

the capital of Brazil, it has a level of cultural development 
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which is higher than exists in neighbouring north-eastern 

states. There is reasonably adequate provision of 

school. places in the urban area and its closer rural 
., 

districts, so that the problem of plain1'non-availability" 

of education is not as 'ser.i:ous in this state as it is 

in some of the other north-eastern states (Qr in the 

states in the Amazon area,for example, in the interior 

which are very very sparsely populated). However, teacher 

shortages, specifically qualified teacher shortages, are 

very much more acute than in the state of 'Sao Paulo, much 

more acute than the situation that we know anywhere in 

the United Kingdom. Equipment is also very limited, as 

are also textbooks, so that in a situation where teachers 

are very poorly prepared to teach, or indeed are not 

available at all, the educational system, although it 11 exists••, 

becomes hardly functional. In the college in question 

above it has been known for ·children to turn up to a day.~~

work and receive only one supervised lesson during the 

whole day, due to absence or lack of teachers for the 

other five timetabled lessons. In this sort of_situation, 

it is not surprising that many of the children give up 

attending school, not due to lack of basic interest or 

motivation, but on the very reasonable grounds that they 

are not receiving very much education for the trouble they 

are putting in in attending. This, therefore, is the 

general climate into which the BASG-M materials were 

injected in 1976. 
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The academic year in Brazil commences in late 

February or early March, after Carnival time, and continues 

until just before Christmas, with one month break during 

July. The author, together with a team of assistants 

supplied by the State Secretariat, commenced his researches 

during the second semester of 1976, that is, in the month 

of August. The assistants included the three writers 

responsible for the production of the materials being 

tested, plus two mathematics teachers who had acted as 

advisors on subject matter. The teachers had not been 

involved directly in the writing or the I!taterial--and'they were 

used in these experiments as straight classroom teachers, 

using the structure and exercises which they had developed 

for the programmed texGas a basis for normal classroom 

instruction •. The author, together with the three other 

writers of the material, took the role of tutors, or 

monitors, in the administration of the materials. 

The college supplied eight groups of students for 

the purpose of the current experiment. Each of the groups 

had a notional enrolment of between 35 and 40 students, · 

although due to absences or transfer to other cities, the 

actual number taking part in the experiment was somewhat 

smaller. Four of the groups were 15 to 16 year old upper 

secondary students in their first year secundo grau 

attending during the daytime, four of the groups were adults 

in the 20 - 35 years age bracket, attending evening classes 

5 days a week. In all, the college had 16 forms of 16 ~ 17 

year olds similar to the ones used in the experiment and 

students were assigned to these forms on .a random basis 

- 424 -



with no attempts at streaming or any other sub-divisions, 

This was also true of the adult classes. There were 

eight adult classes running in parallel at the time of 

the experiment, and the students who had registered had 

been assigned in a random manner on a'first come, first 

served' basis to any of these eight classes without any 

attempt at streaming or other !.sub-divisions.: Therefore', a];thougl 

the experimenter was not involved in randomizing the 

selection, he is relatively confident that the groups used 

are relatively homogeneous, and similar to other groups 

in that particular college. One thing was common to all 

of these groups. They· had entered the - 11 !'lecundo g~au 11 _ 

in March of 1976 and until the end of that semester, that 

is until the end of June, they had not received any direct 

mathematics instruction due to lack of teachers. The time 

normally allocated to mathematics on the timetable had 

been allocated to other subjects where teachers were 

available,or had simply been cancelled. Thus, in the case 

of the school students, they had passed 6 months without 

any mathematics instruction before the beginning of the 

experiment. And in the case of the adults, they had passed 

at least 6 months without any mathematics instruction but 

in some cases 5 or 6 or 10 years. 

This therefore was the first problem which the college 

in question faced an acute lack of mathematics teachers, 

and indeed it was primarily for· this reason that the 

experimenters were given such a large group of subjects to 

try out their materials on. The second problem became 
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apparent at the pre-testing stage of the subjects, to 

discover which ones were suitable for being used as 

test subjects for these materials. The objective of 

the pre-test was to select the weaker students from the 

groups and to give them extra tuition in the pre-requisite 

arithmetic knowledge that they needed before entering the 

secundo grau mathematics curriculum.· However, pre-tests_ 

showed that levels of prior knowledge were generally very 

low indeed, and it was quite reasonable not to select the 

few weak students, but to spend a few months re-teaching 

the primary school curriculum, This was equally true 

for the adults who maybe had not studied mathematics for 

many years, and for the upper secondary school children 

who had been studying the same curriculum in the previous 

year. It would seem, therefore, that the success of the 

elementary school level in teaching the modern mathematics 

approach to arithmetic had not at all been successful.. 

In the case of the adults, for most of them indeed; the 

modern mathematics approach would be quite novel as at the 

time at which they had attended elementary school the system 

of instruction had been based on the more traditional approach, 

and had only been generally introduced into the elementary 

school levels during the last 5 years. 

11.1.5 The Aims of the Experiments 

It would seem, _therefore, that our study started with 

students who were generally naive as far as modern 

mathematics wasc concerned •. Their scores on pre-tests were 

at about the 10% level in all groups, well within the 
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possibilities of guesswork. The aims of the materials 

testing exercise was to test the materials firstly· >to i.:fiind 

if they were effective as teaching instruments, and 

secondly to discover the weak and strong points in the 

materials for further revision and development. For this 

reason, firstly, normal teaching of an effective nature 

was organised in order to have a reasonable comparison 

between the materials and what one might call 1~traditional 

instruction'!. This was requested by the Secretariat of 

Education and seemed a sensible approach for the purposes 

of materials development, irrespective of the reservations 

which have been mentioned in the previous chapters 

concerning comparative studies of this nature as far as 

their generalisability is concerned. Also, in order to 

guage the quality of individual sections of the materials, 

learning times were measured for every module, and all 

responses to· all exercises in all modules were collected 

and analysed. Every module had its own tests, which were· 

often self-marked by the students, and in addition to these 

there were several progress tests administered on an 

examination basis by the experimenters. 

The author's interest in researching some of the 

more detailed aspects of individualisation required the 

design of specific experiments within the overall materials 

testing work. Fou~ of these experiments were designed, and 

they are described further on in this chapter. These 

experiments required the sub~division and comparison of 

certain groups on various treatments as regards to the 

level of control exercised over the student ':s study methods 

and over his attainment of course objectives. This also 
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required the preparation of certain alternative versions 

of some of the materials in order to test out student

directed and system-directed study methods. These materials 

are briefly described in the next section of this chapter. 

11.2 THE 1-!ATEJUALS USED 

11. 2 .1 The content o'f the course 

The overall materials planned for the BASG-M project 

will involve about 20 self-study booklets which in the 

present context will be termed "modules". At the time of 

the experiment seven of these had reached the, stage of 

completion, initial small group testing, and the printing 

of experimental copies. In fact, these are best treated 

as eight modules, because module 4 was very much larger 

than the others and was divided subsequently into two 

separate booklets - 4a, and 4b. 

These modules, or booklets, were divided into lessons. 

A lesson was the study assignment that a teacher was 

expected to give at one time to a student in order to 

allow him to study on his own prior to a further meeting 

with a teacher for discussions. 'This would normally 

,involve between 1 to 3 hours of student study time. This was 

the predicted study time prior to materials testing. In 

practice, some of the lessons proved to,be, completed rather 

faster than expected, others took much longer. Module 1 

contained 6 lessons, Module 2 three lessons, Module 3 four 

lessons, Module 4a four lessons, 4b also four lessons, 

Module 5 three lessons, Module'6 four lessons and finally 

Module 7 three lessons. This gives a total of 31 lessons, 
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A full list of the modules and lessons, together 

with their contents, is given in Appendix~- The content 

of these first modules deals only with basic arithmetic 

all the time treating it from a set theory point of view. 

In summary, the content includes the following topics: 

sets, properties of sets, operations with sets, relations, 

functions, the set of natural numbers (N), operations in (N), 

addition, subtraction, multiplication, powers, division, 

divisibility, prime numbers, factorisation, HCF; LCM, powers 

and roots. 

11.2.2 Relation of this Content to the Students 

As mentioned above, the students typically scored very 

poorly when pre-tested on the content of these 31 lessons. 

It was noticeable, however, from their results, that those 

who scored better than others gained most of their marks 

on later questions rather than on the earlier ones. In 

other words, they showed very poor knowledge of set theory 

and operations with sets and the modern mathematics approach, 

but could solve some of the more advanced problems such as 

factorisation and HCF, probably by the application of 

previously learnt drills rather than by the application of 

a conceptual modern mathematics-based approach. This result 
. 

was surprising, as it related to the students of the 15 - 16 

age group, because these students had been taught modern 

mathematics and set theory in previous years of their 

elementary schooling in the same college. It was not so 

surprising with respect to the adults in our experiments, 

as the majority of these would have left school before the 

modern mathematics approach was adopted as a general rule. 
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11. 2. 3 Style of the Materials 

The printed materials used in this experiment were 

of course all produced in Portuguese. The style is 

uniformly a linear programming approach, though not a 

strictly Skinnerian approach :to programmed instruction. 

The main difference between. Skinnerian linear programming 

based entirely on a conditioning model and the style of 

programming used in the BASG-M materials is that there 

is a much more pragmatic approach in these materials to 

the way that ~concepts should be presented. Unlike Skinnerian 

programmes which have a fairly constant frame size, the 

amount of materials presented to students in the BASG-M materia 

varies considerably from one frame to another. Unlike 

classical Skinnerian programmes which demand a response 

at just about· every step, the BASG-M materials often present 

two or three pages of descriptive presentation without any 

response required from the student. On the other hand, 

other pages may require the solution of a whole series of 

problems before moving on and checking the results of any 

of them. Finally, unlike classical Skinnerian programmes 

which generally follow a rule-example structure and are 

therefore very much of an expositive,reception learning 

nature the BASG-M materials sometimes use an expositive 

approach expecting the student to learn and assimilate 

and at other times use a discovery learning approach 

where the student has to work out the rules from given 

examples. An example of a section. of these materials 

has been included in Appendix D.The mathematical content, 

the sequence of this content, the structhre and the general 

treatment of the mathematics was dictated by the standard 
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curriculum of the State of Bahia and by the two 

mathematics teacher..:consultants who have been mentioned 

above. The author's responsibility in this project was 

limited to the techniques of presentation of the material, 

not to the mathematical content, nor to the choice of 

examples used. 

As described in Chapters9, and 10, one of the aims 

of this study is to compare alternative methods of 

presentation of material, specifically from the point of 

view of comparing techniques which are suitable for 

student-controlled use of the learning materials, as 

opposed to one which is dictated by the author or by the 

system of instruction used. Information mapping was 

identified as a promising way of presenting materials 

which allows the student to select what h.e will study and 

in what sequence. For this reason, several of the modules 

were re-written by the author in conjunction with one of 

the Brazilian writers, in an information mapping format, 

and this was used in some of the experiments described 

below. An example of the information mapping versions of 

this material is also included in Append~-P. 

11. 3 THE SUBJECTS USED·, 

As already mentioned above, eight groups of students 

were supplied for the purpose of these experiments - four 

groups of adult learners and four groups of schoolchildren. 

Students had been primarily assigned to these groups at 

the time of registration to the college. Group size in 

each case was notionally a minimum of 35 and a maximum of 40. 

However, in reality, those students who dropped out,changed 

schools or were very irregular in their attendance were 
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eliminated from the experiment so that the numbers actively 

participating were some>'lhat smaller. For the purposes 

of this study the groups have been designated A, B, c, D 

for the adult groups, and P, Q, R, S for the schoolchildren 

groups. The number of subjects in each. of these groups, 

their average ages, etc. are shown in the table below. Full 

detailed results are appended in Appendix E·~. 

GROUP TYPE MEAN AGE RANGE OF ·NUMBER 
AGES PARTICIPATING 

IN STUDY 

A Adults 28.4 18 - 40 30 
continuing 
education 

B 11 25.8 18 - 43 33 

c " 26.8 18 38 33 
.. -

D " 24.5 18 - 38 31 

p School- 15.4 14 - 16 30 
children-
secundo grau; . 

first yeal:" 

Q 15.5 14- 16 33 

R 15.2 14 - 16 . 33 

s 15.1 l4o- 16 32 

11. 4 THE EXPERIMENTAL r1ETHOD 

11.4.1 The three sections of the course 

The course materials were administered in three 

major sections, between each of which an examination-type 

test was taken. Also treatments for different groups were 
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altered bet\1een each section on some occasions. The 

three sections were 

First section - Modules I, II and III 

Second Section - Modules IVa, IVb and V •. 

Third Section - Modules VI and VII. 

The groups were assigned to the various sections 

in a variety of ways. In summary, as follows; 

FIRST SECTION 

Groups A, B and C of the adults worked through this section 

in three different modes of tutor control. Group C had 

no tutor available whatever, and Groups A and B had a 

different frequency of tutorial intervention in the 

instruction process. Group A received the materials 

module by module, and reported back to the tutor only 

after the completion of a module, <i.e. 3, 4 or 5 lessons J. 

This might take them anything up to 10 or even 20 hours 

of study. Only at the completion of a module.did a tutor 

actively carry out evaluation of what learning had taken 

place and give guidance as to which.section should be 

studied again before going on to the next module. Throughout:: 

the study time tutors were available for consultation, but 

it was up to the student to ask the tutor for help or for 

explanation, the tutor did not actively intervene in the 

learning process unless asked to do so. In between modules 

the tutor would attempt to send students back to re-study 

lessons which they had not mastered satisfactorily, and 

students would then return for re-testing, re-evaluation. 

Evaluation instruments used were a series of questions 

covering all the concepts and operations taught in the 

module. It was expected that students should reach an 80% 
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level of mastery on these questions before passing on 

to the next module. However, this was not insisted on 

if a student failed to make 80% on his second attempt. 

In this case he automatically proceeded to the next 

module and the best of his two scores was registered as 

his pass out mark.on the previous module. 

Group B received a higher level of tutor intervention. 

The materials were not given to them module by module, 

but lesson by lesson, and they then returned to be 

interviewed by the tutor before receiving the next lesson. 

This resulted in tuto~student planned interventions at 

intervals of about 2 - 4 hours of study time. At these 

interviews the tutor used the lesson post-test which was 

removed from the lessons, administering this as a check 

on the student's mastery of the lesson content. In this 

approach the tutor rigidly adhered to an 80% criterion 

of mastery, directing students back to study the lesson 

if they failed to reach 80% on this test, or alternatively 

giving some ·supplementary tutorial instructions himself. 

However, tutors were instructed to limit their contributions 

to a prompting discovery type of tutorial where they 

would attempt to guide the student into seeing why his 

errors were indeed errors, and then guiding him back to 

appropriate pages in the material where he could study 

the reasons for his errors at greater depth. One could 

equate the treatment received by Group B on this· first. 

section to roughly the Keller plan model of personalised 

instruction. The tutors used were not from the peer group, 

but they acted in the way that a typical tutor in the Keller 
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plan system is expected to act. 

In Group C no tutors were available. Students drew 

out one module at a time ~rom store and studied this in 

their own time, assessing their own progress using the 

same lesson tests as used by the previous groups and 

having available to them the module tests which ~or the 

other groups the tutor applied. Thus all the test 

instruments used by Groups A, B and C are identical. 

However. in·:.Gtoup;"c· .itJ:I:s :the student's responsibility· to 

apply these evaluation·· instruments and assess his 

progress and make decisions about what to do in the way 

of remedial study. In Group B it is the tutor's 

responsibility to do this between every lesson and also 

between modules, and in Group A it is the student's 

responsibility between lessons and the tutor's between 

modules. 

Group D was instructed by a qualified mathematics 

teacher who had been involved ·.a:,-. a subject ·expert in 

the construction of the programmes and was using the 

same exercises and the same evaluation instruments as 

were incorporated in the programme. However, the teacher 

was responsible for delivering a traditional series of 

group instructional lessons while sticking to the sequence 

and content of the programme materials used by the other 

groups. 

At the end o~ Section I all four groups took 

a cumulative progress test on all the material covered 

up till then, the results of which are included in 

Appendix E, together with other results. Also Groups A, B, 

C were instructed to note their study times on each lesson 
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and each module. These were kept to the nearest 

15 minutes, and were then summed module by module 

to give a rate of progress through the materials for 

each individual student. This data is also reported 

in Appendix :E. 

The schoolchildren groups received roughly 

similar treatment to Groups C and D of the adults. 

Groups P and Q of the schoolchildren received the 

programmed materials without the aid of tutorial 

assistance, in exactly the same way as Group C of the 

adults had received them. Groups R and S received 

traditional classroom instruction, again based on the 

content and sequence and evaluation instruments that 

were incorporated into the programmed instruction texts. 

SECTION 2 

This section is composed of Modules IV, part (a) and 

part (b), and Module V of the materials. The groups were· 

assigned to this section in the following manners: 

Group A received the same treatment as group C had received 

in Section 1 of the course - i.e. independent, free study 

of the programmed materials, without interventions from a 

tutor, (except to apply evaluation tests at the end of the 

whole section of 3 modules). Ne shall henceforth refer 

to this treatment as the INDEPENDENT STUDY PLAN. 

Group B received the same treatment as Group A had received 

previously - i.e. tutorial interventions only between 

modules; tutors role limited to guidance and prompting; 

student must seek the tutor's help. Ne shall refer to 

this treatment as the STUDENT-DIRECTED PLAN. 

- 436 -



Group C received the same treatment as Group B had 

received previously - i.e. tutorial interventions between 

each lesson: insistance on 80% mastery of each lesson 

before passing on to further lessons. We could call this 

the TUTOR-DIRECTED PLAN, but it is more convenient to use 

the previously discussed term "KELLER PLAN". 

Group D continued with classroom instruction as it had 

done with no change, 

The schoolchildrem.',<!Ji:oups P and :Q ·who had been previously 

working in the INDEPENDENT STUDY mode now received the 

KELLER P.LAN treatment. 

Finally, Groups R and S who had been receiving classroom 

instruction continued to do so in Section 2. 

SECTION 3 

Section 3 is made of of Modules VI and VII of the 

materials. In this section an experiment was carried out 

on the use of Information Mapping as opposed to the very 

prescriptive, ·linear programmed instruction materials. 

This experiment was limited to Module VI, which, 

for this pu~pose was sub-divided into two smaller modules 

which we termed VIa and VIb. As already described, 

Module VI was re-written in the Information Mapping format. 

The two versions of Module VI were kept as similar as 

possible in content, sequence, choice of examples, and 

even number of words. How this was done is explained fully 

in Appendix D. Every effort was made to ensure that the 

only differences between the two versions were the layout 

of the material and the facility, in the .information mapping 
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version, to access material in a random fashion, guided 

by the indexes. 

-.Groups A, B and C of the adults and groups P and Q of the 

schoolchildren participated in this experiment. Each of 

these groups was randomly divided into two sub-groups. 

One of each sub-groups received the information-mapped 

version of Module VIa, the other sub-group studying the 

original linear programmed version. A test was administered 

before and after study and learning times were recorded. 

The sub-groups crossed over in Module VIb; those previously 

studying the linear programmed version now received the 

information-mapped version and vice versa. 

This experiment is really an "experiment within 

the experiment". It will be described more fully below. 

However, during Section 3 of the course, the main experiment 

on frequency of tutorial intervention continued. The 

three plans of utilization were re-distributed as follows:-

Group A, which had studied Section 1 in the "student-directed" 

mode and Section 2 in the "independent study" mode, now 

studied Section 3 in the INDEPENDENT STUDY mode. 

Group B, already expos.ed to Keller :P1ari and Student-Directed 

study 1 .now studied Section ,3. in the INDEPENDENT STUDY mode. 

Group c, already familiar with Independent Study and the 

Keller Plan, now sbudied in the STUDENT-DIRECTED mode. 

Group D continued as before under classroom instruction, 

The schoolchildren groups were assigned as follows: .. 

Groups P and o·, which first studied in the independent 

study mode, and then in the Keller Plan, now studied in 

the STUDENT-DIRECTED mode. 
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Groups R and S continued under normal classroom instruction. 

This experimental structure is summarised in the 

Table 11.2 appended here which shows at which points 

evaluation tests were administered and during which periods 

learning times were measured. The structure shown here 

encapsulates four distinct experiments which will be 

defined in the following section. 

11.4.2 The Experiments 

11. 4. 2. 1 Experiment 1 - Hypothesis: that there is ·no 

difference between the results achi·eved by groups studying 

from the self-instructional texts on their own without 

· tutorial assistance and normal classroom grou2 

instruction as applied in the experiment. This 
·. 

experiment is repeated th.:tic~, (a) with adults by· 

comparison of Groups C and D during Section 1 of the 

course, and (b) with the schoolchildren by comparison of 

Groups P and Q with Groups Rand Son ·section 1 of 

the course, and finally (c) the adult groups A and D on section 

These comparisons can only be made on the basis of 

scores at the end of the sectionsas the learning times 

under group instruction cannot be meaningfully compared 

with learning time under self-instruction, because we 

have no measure of how much homework time was given to 

problems set by the teacher. A record of the number of 

classroom hours given.t.o the section was kept, but this 

is probably only a part of the total learning time for 

most students. However, this will be discussed further 

later on with the results, 
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TABLE 11.2 SUMMARY OF THE EXPERIMENTAL DESIGN 

(Note: The * symbol indicates that learning times were measured for this group) 

IPRE/POST TEST/ ITEsr (I - III)f /TEST (IV - V) I IQUESTicmAIRE ~ ~RE/POsr TEsr ~ 
~ ~ ,., 

GroUP SECTION I (MOOS. I - III) SECTICN 2 (IDDS. IV- V) SECTICN 3 (MODS. VI - VII) 

I -
, I VIa Vlb VII ADULTS Sl'UDENT-DIRECI'ED PIAN ' I 

*A 
('futor. intervention between rrodules only) 1 INDEPENDENT Sl'UDY PIAN I Al Inf.Map Prog.Inst. Keller ~- ---- - - - - - P.I. 

I A2 P~In~~ l-1!1f.MaE.!. ~ -- -------------------- --I I Bl Inf.Hap IndeE. KELLER-PIAN P.I. 
*B. ('futor intervention between each lesson) I Sl'UDENT-DIRECI'ED PIAN I -- - - - - - - P.I. §ttrly 

B2 1-·P·!.:..._ Inf-~-E!... Elan.. - - - -------
*C INDEPENDENT STUDY PIAN I I Cl Inf.Map P.I. Stucent 

(No planned tutonal intervention) KELLER PIAN - '- - - - -- P.I. _directe 
• 0 . I I C2 P.I. Inf.Map • . . ~ I 

I 
D COntrol Group 

D . ' . - . I ' tor Tests '" - 'I. ··'· 
"TRADITICNAL" (classroan group instruction, using the same course content/sequence) 

SCHOOL VIa Vlb VII 

I I p .IItt.Map P.I. P.I. Student *P INDEPENDENT STUDY PIAN KELLER PIAN 
I 

pirecte 

I Q 1----
Inf.l•1ap Plan *Q P.I. P.I. 

I -
I l .. 

R .I I R . COntrol group 
- -

"TRADITIONAL" (classrcx'm group instruction, using. the same course canter ~:/sequence), 

I I 
s 

! I 



11. 4. 2. 2 The Second Experiment - Hypothesis; that no 

difference exists in the amount of learning 'taking 

;:-•.lace, or the learning time, between adults and youths~·on 

the programmed instructional material (with or without 

tutorial assistance). This may be observed by comparison 

of the scores and the learning rates of Group C from the 

adults with Groups P and Q for the schoolchildren, on 

each section of the course. 

11. 4. 2. 3 The Third Experiment --: Hypothesis; · that the 

more fr~quent is the tutorial intervention, the higher the 

scores achieved by students on end-of-section testSi and 

the lower the learning time required to complete the section. 

The experimental design for this experiment is shown in 

the diagram below. Principally this experiment is comparing 

Groups A, B + C of the adults under the student directed, 

independent and Keller-plan modes. The experimental design 

is a 3 by 3 square comparing groups and sections. 

SECTION 1 SECTION 2 SECTION 3 

GROUP A Student- Independent Keller plan 
directed plan study plan 

GROUP B Keller Plan Student- Independent 
directed plan Study plan 

GROUP C Independent Keller plan Student-
Study Plan directed plan 

,' 
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11.4.2.4 The Fourth Experiment that Information Mapping 

format is more effective than the programmed instruction 

forma<:. in both levels of achiev;ement and diminished.lear/ling 

time·, and that this benefit to information mapping is greater 

in the case of adults than in the case of youths. The 

experimental design here involves fourseparate experiments 

one for adults involving Group A~1and the other one for 

the schoolchildren involving Group P,Q.In each case a two by 

two square experimental design has been planned, as shown in 

the diagram below. 

EXPERIMENT 4(~) (ADULT GROUPS} 

-· 
MJDULE VIa MJDULE VIb 

GR:>UP "A" 
., 

!U Infonnation maps Linear prograrnre 

(Keller 
A2 Linear Prograrnre Infonnation Maps plan) 

GroUP "B" Bl Infonnation Maps Linear Prograrrure 
(Independent 

StudY) B2 Linear Prograrnre Infonnation Maps 

GR:>UP "C" Cl Infonnation Maps Linear Prograrnre 
(Student-
directed). C2 Linear Programne Infonnation Maps 

GR:>UPD Took the tests twice as a control.but did not receive 
any instruction between tests 

EXPERIMENT 4 (b) (SCHOOLCHILDREN GROUPS) 

MJDULE VIa MJDULE VIb 

GR:>UP Infonnation Maps Linear Prograrnre p 

GR:>UP Linear Prograrrure Inforination Maps .Q 

GR:>UP Took the tests twice as a control, 

R but did not receive instruction 
between tests. . 
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11.4.3 Subsidiary Investigation 

Several other aspects o:f; the systems under test 

were investigated, though not as rigorously as in the 

four abovementioned experiments. 

Some of these arise :f;rom the needs of the sponsors .,. 

the State Secretariat :!;or Education and Culture of Bahia ~ 

to test out the overall effects of the systems on the 

participating students. Thus:~ 

(a) an overall pre-testjpost-.-test was administered, 

the same test being,msed at the start and 

the end of the experimental period (August

December 1976}, This test was taken by 

groups undergoing the experimental · 

treatments and by control groups. This gives 

a general comparison of achievement by the 

various groups, which will be presented and 

discussed briefly later in the chapter, 

(b) Attitude questionnaires were completed by 

both the adults and the schoolchildren taking 

part in the experimental systems of 

instruction. The results of the replies to 

these questionnaires are also summarised 

later on, 

Other aspects arose out of the theoretical considerations 

concerning individualised instruction and the adult learner, 

discussed at length in Chapters _2, 3 and 4 of this study, 

One of these aspects concerns the mastery-learning 

model. The proponents of this model have suggested that 
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learning to mastery should, to a large extent, eliminate 

individual differences in attainment between students, by 

allowing as much time as is necessary for each student 

to learn. The results of the author's experiments will 

be considered from this theoretical standpoint. 

Another aspect concerns the learning skills _of the 

adult learner. It is commonly asserted that adults are 

slower learners than schoolchildren, are more set in 

their ways, require to see the practical relevance of a 

topic before they can learn it effectively (to a greater 

extent than young learners). The author has therefore 

examined the results of his experiments closely from. 

this viewpoint. He had also planned to interview in 

depth a sample of both adults and children, concerning 

their learning problems and skills. This however did not 

prove to be possible. 

Yet another aspect concerns the student-direct·ed 

learning model. The proponents of this model often 

assert that no~one can know, better than the learner 

himself, how long to devote to learning a topic, how many 

exercises to study, how many repetitions, what media to 

use, etc. The teacher should observe and advise the 

student, but the "decisionsof individualisation" should 

be as much as possible the student's own decisions. This 

viewpoint is defended not only on the grounds of "developing 

initiative in the learner" (a change which would be 

difficult to measure and prove) but also on the grounds of 

"more efficient immediate learning" of the topic in question. 
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This the author attempted to observe during his 

experiments and to follow up by questionnaires and 

interviews. Once again it proved impossible to follow 

this up systematically, but some observations were 

made, which will be discussed later. 

The data on the overall gain scores and the student 

questionnaires will be presented at the end of this 

chapter. The other three aspects will be discussed in 

the next chapter. 
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11.5 ANALYSIS OF EXPERIMENTAL RESULTS 

11.5.1. Preliminary Testing of Groups 

The pre-test scores (on the whole course content) were 

su~jected to analysis on the basis of a Null Hypothesis of 

"no difference in pre..oknowledge of the course content 

between groups". 

Of the adult groups, the largest-divergence groups 

(groups A and C) gave a "t" score of 0.95 supporting the 

Null Hypothesis at the 20~ level. 

Of the schoolchildren groups, the most divergent groups 

(groups Q and R) gave a "t" score of 2.09 which is significant 

at the 5~ level, suggesting that possibly there was a 

difference in pre-knowledge between these groups not 

entirely due to chance. However, this difference, though 

statistically siginificant was not very large in absolute 

terms, being of the order of 6 percentage points~ 

Furthermore, in the experiments involving schoolchildren, 

although 4 groups were involved, only two basic treatments 

were used, the groups P and Q receiving individualised 

instruction in exactly the same formats, and groups R and S 

receiving group instruction in an equivalent way. If we 

analyse the differences between the treatment-groups (i.e. 

treating groups P and Q as one group and groups R and S as 

one group), we obtain a "t" score of 1.22 which supports 

the Null Hypothesis at the 20~ level. Therefore, considering · 

these larger groups, we conclude that there were no real 

differences in prior knowledge of the course content between 

the groups involved in comparisons in the experiments 
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discussed below. 

Below we give the details of the comparison of pre-

test scores. 

ADULTS- GROUPS A and C (the most divergent groups). 

GROUP A GROUP C 

MEAN 13.50 16.06 

ST.DEV. 10.26 10.95 

t 0.95 (NOT SIG. 20t) 
. 

Difference-of .Means-· ... 2,56: + 
~- 4,50 l90~ Cont;i;dence lJ;n)its)' 

SCHOOLCHILDREN - GROUPS Q and R (the most divergent groups) 

.. 
GROUP Q GROUP R 

MEAN 18.63 12.54 

ST.DEV. 13.76 9.52 

t 2.09 (SIG. at 5t) 

Difference of ~MS 6,09 + ,.. ·4, 87 (.9.0% C~i.dence LinJ±t$ 

SCHOOLCHILDREN - AS GROUPED IN THE EXPERIMENTAL TREATMENTS 

p & Q COMBINED R & S COMBINED 

MEAN 19.22 16.80 

ST.DEV. 11.22 9.40 
. 

t 1. 22 (NOT SIG. at 20t) 

Difference of ~MS 2.42 + 3.31 (90% Confidence Limits) -
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1L.5.2. Experiment 1 . - THAT THERE IS NO REAL DIF,FERENCE 

BETWEEN THE LEARNING THAT STUDENTS OBTAIN VIA INDEPENDENT 

SELF-INSTRUCTION FROM THE "BASG.,-M" MATERIALS, AND THAT 

WHICH THEY OBTAIN THROUGH NORMAL CLASSROOM GROUP INSTRUCTION, 

The purposes of this experiment were twofold, 

(1} It was requested by the sponsors of the project 

(the Secretariat of Education of Bahia) to evaluate 

the materials of BAS:G-M by comparison to existing 

systems of instruction. This is a step necessary 

to collect manageme~t decision.,-making data, 

irrespective of any broader research intent, 

(2) As a "baseline" for the following experiments 

(which compare the "Independent Study''· mode with 

the "Student~Directed" and "Keller''· modes of course 

implementation) it was felt necessary to establish · 

a "quality standard", however imperfect, for the 

materials, The author agrees very strongly with 

the objections made by Hartley (1968) concernin~ 

the limited "generalisability'' of the results of 

comparative studies of this nature, where little 

is known concerning the characteristics of the 

teachers, the students, the lesson activities 
• 

in the group instruction mode, etc. The author 

therefore did not wish to establish a 

generalisable comparison between individualised 

and group instruction, by Experiment 1. Rather 

he wished to evaluate the effect of the materials 

in this specific case, as compared to actually 

existing practice, in order to be able to put 



into perspective the results of the later 

experiments. The intention was to avoid the 

pitfall apparent in many research reports which 

identify'.~ "statistically significant" differences 

between certain treatments without identifying 

that despite these differences, all the 

treatments are insufficiently better than to~ 

indeed are all much worse than) exist.tng 

practices to warrant any actions to be taken. 

We wish therefore either to establish or 

reject the null hypothesis outlined above, 

Two adult groups (groups A and Cl were compared with 

the adult group·:D which underwent traditional group instruction, 

Group C received the SECTION 1 of the course (modules 

I to III) under the independent study plan, 

A comparison of post~test raw scores on Section 1, 

between groups c and D gave 
... 

GROUP c GROUP. D 

MEAN 49. 39· 47.10 

STANDARD DEVIATION 14. 51 .. 12. 70• 

t o. 672 (NOT SIG. at 20t;) 

Difference ot ~ans 2,29. i-
5. 71 (.9.0% Confi.dence Lim:lt:> " 

The t-test showed that the differences between the 

groups could occur by chance in more than 20t of cases, 

thus supporting quite strongly the null hypothesis 

outlined above. 

Group A received the SECTION 2 of the course (modules 

IVa, IVb and V) under the "independent stuqy" conditions. 

/ 
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A comparison of the raw-scores on the post-test for 

Section 2, between groups A and D, revealed 

GROUP A GROUP D 

MEAN 67.33 64.61 

ST. DEV. 8.06 . 12.51 

t o. 98 (NOT SIG. at 20t;) 

Difference of Means 2.63 :!: 4. 48 (90% Confidence Limits) 

Once again this finding strongly supports the null hypothesis. 

For the schoolchildren groups, a similar analysis was 

carried out. In this case, the groups P and Q both studied 

the BASG-M materials - SECTION 1, under independent study 

conditions with no te~cher intervention and the groups R 

and S were both taught by classroom group instruction 

techniques, by the same teacher. The table below therefore 

consideris the two pairs of groups in combination. 

GROUP P & Q GROUP R & s 
. ··----

MEAN 49.44 50.09 

ST.DEV. 16.61 11.26 

t o.ss (NOT SIG. at 20t;) 

Difference of Means 0.65 + 1. 97 (90% Confidence Limits) -
Thus, among the schoo~children, we find once again that 

the BASG-M materials appear to be equivalent to the normal 

classroom instruction given, in terms of the raw scores 

achieved on a post-test administered on completion of some 

6 weeks of study. 
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Incidentally, the raw scores have been used in this 

experiment as it proved impossible to set special pre

tests)section by section)due to the pressure of time 

during the experiment. The only pre-test set covered 

the total course content (all 3 sections). 

Although it may have been possible to split the 

sc"ores on this pre-test as between the three course sections, 

this did not seem appropriate as the pre-test (of say 

one question on a given module) would in no way be equivalent 

to the post-test (of perhaps 5 questions on the same module), 

Also, as the pre-test showed a un~f6rmly low level of 

prior knowledge ~n all topics for all groups, (and indeed 

the pre-test score differences between groups are not 

significant- see above), it seemed reasonable to use the· 

raw scores on the section tests without any.adjustment for 

prior knowledge. 

It should also be noted that the differences in the 

mean scores between groups, although not statistically :> n:. 

significant). do· in fact favour the "Independent Study" groups 

to the extent of between 2 and 3 percentage points in the 

case of adult learners, but in the case of the schoolchildren, 

the mean favours the classroom instruction group to the 

extent of about 1~ percentage points. 

11.5.3, Experiment 2 THAT THERE ARE NO REAL DIFFERENCES 

BETWEEN THE LEARNING ACHIEVED BY ADULTS AND BY SCHOOLCHILDREN, 

FROM THE BASG-M MATERIALS, UNDER ANY OF THE THREE IMPLEMENTATION 

PLANS USED, EITHER IN TERMS OF AMOUNT OR RATE OF LEARNING, 

The comment at the end of the previous section on 
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Experiment 1, suggested that perhaps adults might be gaining 

more from the BASG-M materials than do schoolchildren, The 

trend was not significant and, worse still, was based on 

an upward or downward tendency from "normal classroom 

instruction", which was probably not equivalent in both 

cases. The second experiment was an attempt to compare 

more directly the learning achieved by adults and 

schoolchildren. 

Raw scores on each section test and study times on 

each section were recorded for these groups, One should 

note that as many students did not manage to complete the 

third section of the cours·e, the data used in this 

experiment is for module VI only (the first module of this 

section), As groups P and Q received essentially the same 

treatment, it seems reasonable to consider them as one large 

group for the purposes of this experiment, as was the case 

in Experiment 1. 

Section 1 of the course was studied in the ''independent 

study" mode, with no interventions by the teacher except 

to administer section tests. The results were as follows, 

ADULT SCHOOL 
GROUP GROUP 

c . 
p & Q . 

MEAN 49.39 49.44 . 

ST.DEV. 14,51 16.61 

t 0.01 (NOT SIG. at 20'1;) 
. 

Difference of l-Eans 0,05 :t 8,35 (.90% Ccnfidence Limits) 
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As a further test, g~oup C was compared with group P 

(the more divergent of the two schoolchildren groups). This 

gave a t-score of 1.00 which though much higher is still 

not significant. Thus the Null hypothesis seems to be 

supported for adults and children under the independent study 

mode, as far as the amount of learning is concerned. 

A similar analysis was carried out for Section 2 of 

the course, which was sb.udied under the "Keller Plan". 

ADULT SCHOOL 
GROUP GROUP 

c p .& Q 

MEAN 75,90 61.82 

ST.DEV. 10.78 14.98 

t 4.78 (SIG, at It(· ! 
' 

Difference o:l; ~ans 14,08 + ~ -4 , 8 9. (9.0% Confidence IJ.mLtsl 

Once again a comparison of the group C with the more 

divergent of the two schoolchildren groups gave an even 

higher ."t" ratio--of 5.96. 

Thus, the null hypothesis is rejected. There appears 

to be a real difference in the amount of learning that aduits 

and school children achieved from the materials of 

Section 2, under the "Keller Plan" conditions. This 

difference strongly favours the adult group. In absolute 

terms the mean scores are different by about 14 percentage 

points - an amount not only s.ignificant but "worth having" in 

practical terms. The same analysis was repeated for 

Section 3 of the course, studied under the "student-directed" 

plan. Due to the aforementioned problem that not all 

• 
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students reached the end of Section 3 by the end of the 
• 

experimental period, the comparison here was made on 

module VI of the course only. The Section test (on 

modules Vl and VII) was not used. Instead, the scores 

on two tests adm1nistered during the study of module VI 

were used. These tests had been prepared especially for 

module VI as part of Experiment 4, to be described later. 

They were administered half way through the module 

(module VIa) and at the end of study of the second part 

(module VIb). For the purposes of this experiment the 

results of these two tests were :combined and expressed as 

a percentage score (see table l9 in appendix E. l . 

It should be noted that partly due to the much shorter 

study time (caused by the truncation of Section 3 of the 

course) and partly due to the shorter interval between 

study and test (caused by the test being administered in 

two parts), the scores achieved on this test were much 

higher for all groups then was the case in the first two 

sections O:f> the course, This cannot however be considered 

as an effect of the superiority of the "student-directed" 

plan)due to the abovementioned two factors. However, 

the groups experienced equivalent treatment during this 

section :of the course. The results were as follows. 

ADULT SCHOOL 
GROUP GROUP 

c p & Q 

MEAN 77;12 71,50 

ST.DEV. 8.66 11.48 

t 2.46 (SIG. at 2~) 

Difference of Means 5.62 :!: 3. 7 9 ( 90~ Conf. Limits) 



once again, group C was also compared with group P alone. 

This gave at-score of 2.45, also sigdificant at the 2\ 

level. Therefore, the null hypothesis is rejected. Thei;e 

appear to be real differences between the adult and 

schoolchildren groups in the amount of learning achieved 

under the "student-directed" plan on Section 3 of the 

course. The absolute differences are not as large as in 

the case of the Keller plan, amounting propably to between 2 and 

9 percentage points in favour of the adults. 

Also, the origin of this difference is not clear. Is 

. it a real. difference in the suitability of this plan for 

adults or children, or is it partly a result of the 

superior learning achieved by the adults on the previous 

section of the course, "carrying over" to the next section? 

This question needs further analysis, which the present 

experiment cannot supply, as there were no schoolchildren 

groups who underwent the treatments in a different ord~r. 

We now come to considering the study times of the 

adults and the ·schoolchildren when using the individualised 

materials of BASG-M. 

On Section 1 of the course, the following analysis 

was obtained. 

ADULT SCHOOL 
GROUP GROUP 

c p & Q 

MEAN THlE (hours} 49.66 50.73 

ST.DEV. 13.82 12.08 

t 0.38 (NOT SIG. at 20t;} 

Difference of Means ·+ 1,07 ":" -4,67 (90% Coru:. IJmits r_ 
Also a direct comparison of the individual group P with 

C gave the same value for t, also not significant. Therefore 
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the null hypothesis is retained. It seems that no real 

differences in study times .~xist ~ between adults and 

schoolchildren when studying under the "independent 

study plan". 

On Section 2 of the course, however, the results 

are somewhat different: 

ADULT SCHOOL 
GROUP GROUP 

c (P & Ql . 

MEAN TIME (hrs) 18;56 20.62 

S~.DEV. 3,13 4. 2.7 

t 2,44 (SIG. at 2t} 
. 

Difference of Means 2.06 ± 1.40 (.90% Conf, Limits) 

A comparison of group C directly with group P (the more 

deviant of the two schoolchildren groups), yielded a 

t-score of 2.04 which was significant at the 5t level. 

Thus the null hypothesis is rejected in this case. It 

appears that there probably are real differences in the 

study time of the groups when working·on Section 2, under 

the "Keller Plan". These differences favo.ur the adults, 

who take less time (about lOt on average), The standard 

deviation is also smaller for the adult group. 

On Section 3 of the course, statistically significant 

results were also obtained • 
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ADULT • SCHOOL 
GROUP GROUP 

c. p & Q 

MEAN TIME (hrs.) 1. 42 1. 26 

ST.DEV. 0.17 0.20 

t 3.97 (SIG. at H) 

D:U;ference Of Means i-0,16 .,. 0,07 CQO% ccm;, L:lmits l 

Similar results are obtained if only groups C a~d P 

are compared. Once again, therefore, the null hypothesis 

is rejected. It appears, however, that in this case it 

is the schoolchildren groups which completed the material 

significantly faster (about 10- 15~}. This interesting 

phenomenon will be discussed later. It·may well be due 

to the very short nature of the learning task in Section 3 

as compal;ed '. to the other two sections, rather than to 
~ -·· ....... . 

factors linked with the "student.,directed'' plan of; course 

organisation adopted for Section 3, 

11.5. 4. Experiment 3 THAT THE MORE FREQUENT THE TUTORIAL 

INTERVENTION,' THE MORE EFFECTIVE (HIGHER SCORE) AND MORE 

EFFICIENT. (LESS TIME) THE LEARNING PROCESS, 

11. 5. 4,1 Introductory Comment 

The above hypothesis is not necessarily as obvious 

as it looks. Given'self-instructional, individualised, 

learning materials which are effective in teaching the 

mathematics content (verified in Experiment 1), it is 

possible that the more frequent.tutorial interventions in 

the Keller plan will not contribute to the greater 
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effectiveness of the course, Also so~e proponents ox 
the learner-centred approach would argue that the learner 

knows when he has difficulties and needs a tutor, so 

that the "student-directed" plan is the best one to 

adopt for maximum learning in minimum time, Alterna.tivel:f, 

higher frequencies of tutor intervention may lea,d to 

higher scores, but a time~penalty might be involved in 

that the tutorial time is added to and ma.y considera,bly 

increase total learning time (through sending the student 

to re-learn certain partsl, 

The second experiment ha,s already shown tha.t, J;or 

example, under the Keller Plan, adults :;;eem to lea.rn better 

and to work faster than youths, whilst under the "student~ 

directed" plan the adults learnt better, but worked slower, 

Is this connected with the differences in the two course-

management plans? This will be discusssed further in the 

last chapter. The third experiment examines in more 

detail the effects of the three different course 

management plans on the learning of the adult groups. 

The original experimental design, described earlier, 

was in the form of a. 3 x 3 squa.re, all 3. 9rou~s experiencing 

all 3 treatments, on different sections of the course. This 

design was intended to be treated as a Latin Square, 

enabling analyses of variance to be computed for the data 

as one large experiment. However, due to factors beyond 

the author's control, serious interactions between the 

stages of the experiment crept in (unequal group sizes due 

·to transfer of some students, unequal length of course 

sections due to lack of time to complete section 3, hence 

somewhat different testing techniques between sections). 

As Lewis (1968) indicates, such interactions would 

introduce serious errors into a Latin Square design. 



It was decided therefore to treat the experiment 
• as a succession of three experiments, each comparing 

three methods of course management on a particular 

section of the course; 

If each of the three experiments were to lead to 

similar conclusions, then this would strengthen the case 

for assuming the measured differences are due to the 

management methods adopted, as the groups experience 

different methods in each section. 

11. 5. 4. 2 Experiment 3, 1 ~. Section 1 of the course 

scoru: .TIME 

GROUP A (SD} 49.66% 36 .09h, 

GROUP B (K} 63,63 22.69 

GROUP c (IND} 49.39 49.66 

Analysis of variance of the raw scores 

SOURCE SUM. SQUARES DEG. FREED0!1 MEAN SQUARE 

Between : 4314 2 2157 
Groups 

Within 17398 93 187 Groups 

TOTAL 21712 95 

F = 11.53 (Significant at 1% level), 
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Analysis of variance of'the study times, 

• 
SOURCE SUM.SQUARES DEG.FREEDOM MEAN SQUARE 

Between 11984 2 5992 Groups 

Within 8517 93 910:58 Groups 

TOTALS 20501 95 

F = 65.43 (Significant at 1% level) 

Once the F ratio has indicated real differences among 

the group means (as is the case above), "the signLI;icance 

of the differences between any two group means may be 

tested by the "t -ratio" (Lewis, 1968, p.49),. 

The t-ratios for the individual group means were 

calculated and are reproduced below;-

TEST SCORES 

Groups A:B t = 4.18 (Significant at 1%) 

Dfff = 13.97 :!: 5.58 (90% Conf. Limits) 

B:C t = 4.25 (Significant at 1%) 

Diff = 14.24 :!: 5. 60 (90% Conf. Limits) 

A:C t = 0.07 (Not Significant) 

Diff = 0.27 :!: 6.44 (90% Conf. Limits) 
. 

'· .... 

STUDY TIMES 

Groups A:B . t = 8.46 (Sifnificant at 1%) 

Diff 13.40 + 2.65 (90% Conf. Limits) . = 
B:C t = 10.28 (Significant at 1%) 

Diff 26.97 + 4.38 (90% Con f. LimitS) = 
A:C t = 4.89 (Significant at 1%) 

Diff = 13.57 :!: 4.63 (90% Conf.Limits) 
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11.5.4.3 Experiment 3.2 Section 2 of the course 

SCORE TIME 

Group A (IND) 67.33~ 25,01 

Group B (S.D) 71.06 19,03 

Group c (K) 75.99 18.56 

Analysis of variance of the raw scores 

SOURCE SUM. SQUARES 

Between 713 Groups 

Within 9803 Groups 

TOTALS 10516 

F = 356.5 = 3.38. 

105. 4. 

DEG.FREEDOM 

2 

93 

95 

This is significant at the 5% level. 

Analysis of variance of the study times • 

. 

h 

SOURCE SUM. SQUARES DEG.FREEDOM 

Between 
Groups 

• 
Within 
Groups 

TOTALS 

F = 400 = 19.7 
20.27 

800 2 

1885 93 

2685 95 

This is significant at above the 1% level, 
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The t-ratios were therefore calculated for the · 

differences between the .:lnd.:l:vidual grouJ? meanS:!';"· 

TEST SCORES: 
• 

Groups A:B t = 1. 53 (Not Significant~~ 
+ ' 

Diff = 3.73 4.07 (90% conLLiJ!Iits 

B:C t = 1.82 (Nearly Significant at 5% 
level but not quite) 

Dif:e 4 •. 84 + - 4.44 (90% Conf. Limits·) -
A:C t = 3.54 (Significant at 1% level) 

Diff = 8.57 ± 4.04 (90% Conf.Limits) 

STUDY TIMES 

G roups A:B t = 5.73 (Significant at 1% levell 

Diff = 5.98 ± 1. 74 (90% Conf.Limits) 

·a:c t = 0.48 ~Not Significant} .. ; 
Diff o. 4 7 + 1. 64 (90% Conf.Limits) = 

A:C t = 5.73 (Significant at 1% level) 

Diff = 6.45 ± 1. 88 (90% Con f. Limits} 

. 

11.5.4.4 Experiment 3.3 Section 3 of the course 

.SCORE TIME 

Group. A (K} 85.33 % 1. 33lhrs. 
-

Group B (IND} 77.12 1.38 
. 

Group c (S. D) 77.12 1. 42. 
. ' 

Analysis of variance of the test scores: 

SOURCE 

Between 
Groups 

Within 
GrouJ?S 

TOTALS. 

F = 695.5 

56.5 

SUM. SQUARES DEG •. FREEDOM . 

1391 2 

5250 93 

6641 95 

= 12.31 

This is significant at the 1% level. 

MEAN SQUARE . 

695.5 

56,5 
..... 

i 
i 
J 

. I 



Analysis of variance of the study times: 

• 

SOURCE SUM. SQUARES DEG.FREEDOM MEAN SQUARE 

Between 
Groups 0.22 2 0.11 

Within 
Groups 1. 94 93 0.02 

TOTALS 2.16 95 <'> 

F = 5.5 (Significant at the 1% level} 

The t-ratios for individual group differences were as 

follows:-
,. .. ..: 

TEST SCORES 
Groups A:B t = 4.68 (Significant 1%) 

Diff 8. 21 + (90% Conf, Lim;i;ts 1 = .,.. 2. 93 

B:C t = 0 (Not Significa,ntl 

Diff 0 :t 0 (.90% Conf. Limits) 

A:C t = 4.605 (Significant at 1% level} 

Diff = 8.21 :t 2;98 (90% Conf.Limitsl 

STUDY TIMES 

Groups A:B t = 2.16 (Significant at 5% levell 
Diff 0,07 :t 0.05 (90% Conf .Limits} 

B:C t = 1.31 (Not Significant} 

Diff = 0.04 :!: 0.05 (90% Conf.Limits) 

A:C t = 3.07 (Significant at 1% level) 
Diff = 0.11 :!: 0.06 (90% Con f. Limits) . 

In summary, therefore, one may conclude from Experiment 3 that:

- In terms of Test Score, the Keller Plan was 

significantly superior to the other two 

management plans, on all course sections, 

. --------------- ~----
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- No significant differences in effectiveness 

_(Test Score) were found between the In~ependent 

Study Plan and the Student-Directed Plan. 

- In terms of Learning Time, the Keller Plan 

always took significantly less time than 

the Independent Study Plan, to complete 

the course work. 

- In general the Independent Study Plan was the 

slowest of the three, significantly so on 

Sections 1 and 2 of the course, but not at all 

different from the Student-Directed plan on 

Section 3. 

The implications of these results will be discussed 

further in the last chapter. 

11.5.5. Experiment 4 THAT LEARNING MATERIALS PREPARED IN AN 

INDEXED "STUDENT-DIRECTED" (INFORMATION MAPPING) FORMAT 

ARE MORE EFFECTIVE (SCORES) and EFFICIENT (LEARNING TIME) 

THAN EQUIVALENT LEARNING MATERIALS IN A PRE-PLANNED 

"AUTHOR-DIRECTED" (LINEAR PROGRAMME) FORMAT. 

11.5.5.1. Introductory Comment 
The structure of this experiment was described 

earlier in the chapter. The experimental design wa~ based 

on a "cross-over" 2 x 2 latin ~:?quare. Despite his 

reservations concerning the effects of interactions in ... '. 

latin squares with small numbers of rows and columns, 

Lewis (1968) quotes the 2 x 2 square as a special case, 

in which the residual effect disappears. Indeed he 
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recommends the use of this design for educational 

purposes such as, for example, the determining of a 

difference in difficulty between two tests. 

The author's data, exhibited in tables 9 to.:lJ of 

appendix E, , is organised as four sub-experiments, 

involving respectively groups A, B, C and finally 

P and Q together. Thus giving four 2 x Z squares of 

similar design. In each case the group is randomly 

split into two equal groups who study both types of 

materials on successive sei::tions. of module VI, 

Inspection of this data seems to suggest very 

strongly that the "Information Mapping" version of 

Module VI is superior to the "Linear Progr~e'' version, 

In all four sub-experiments, the Information mapped 

materials result in higher gain-scores (as measured by 

the same test administered before and after study}, and 

in lower study times. 

· To test the statistical significance of these 

observations; the author has per~ormed an analysis of 

variance, using the model for a 2 x 2 Latin Square given. 

by Lewis (1968) on pages 164-168 of his book. This 

analysis has been performed on one only of the four 

experiments, as it yielded highly significant results. 

There is no reason to suppose that the other experiments, 

with very similar raw results, would do otherwise. 

The results of the analysis of variance performed 

on Group A, were as follows;- . 
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11.5.5.2 Experiment 4.1 (a) 

EXPERIMENTAL 

MODEL 

GROUP A.l -
N = 15 

GROUP A.2 -

N = 15 

GAIN SCORES 

Mod. VIa Mod.VIb 
) I 

IM PI 

Total Total 
Score Score 
= 113 = 102 

PI IM 

Total Total 
Score Score 
= 104 = 114 

Person 
Totals 

I 

Totals 
I 

-215 

-218 

TOTALS - - - 217- - - 216 - -

TOTALS FOR TREATMENTS (DIAGONALS) 

INFORMATION MAPPING 

PROGRAHMED TEXT 

Analysis of variance 

. 

SOURCE SUM. SQUARES DEG.FREEDOM 

Between 
MODULES 0.2 1 

Between 
GROUPS 0.1 1 

Between 
TREATMENTS 7 1 

Persons 
within 
groups 61.7 28 

Remainde:~; 17 28 

TOTALS 86 59 

F for TREATMENTS= 7 = 11.67 
0.6 

(Significant much above 1%) 
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-206 

MEAN SQUARE 

0 

0 

7 

2.2 
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11.5.5.3 Experiment 4.1 (b) 

EXPERIMENTAL 
MODEL 

GROUP A.l 

(LEARNING TIMES) 

Mod.VIa Mod.VIb 
j I 

IM PI 

Total Total. 
Times Times 

615 565 

PI IM 

Person 
Totals 

I 

Totals 

I 

- .1180 

I 
I . 

GROUP A.2- I 
Total 
Times 

675 

Total 
Times 

510 

- 1185 

I 
~ 

TOTALS-- - 1290- - 1075- -- -- ---8 
1 

TOTALS FOR TREATMENTS (DIAGONALS) 

INFORMATION MAPPING - - - 1125 

PROGRAMMED INSTRUCTION-' - -· 1240 

Analysis of variance . 

SOURCE SUM. SQUARES. DEG.FREEDOM MEAN SQUARE 

MODULES 770.8 1 770.8 

GROUPS 0 1 0 

TREATMENTS 220.8 1 220.8 

PERSONS IN 
GROUPS 1016.7 28 36.3 

REMAINDER 14.46.6 28 51.7 

TOTALS 3455 59 

F for TREATMENTS = 4.27 

(Significant at 5% level). 
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The general conclusions from this analysis are 

- Information mapping improved the gain score 

achieved by students significantly. 

- It also reduced the learning time necessary 

to complete the learning task. , This result 

was not so highly significant. 
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11. 6. SUBSIDIARY INVESTIGI\TIONS 

11.6 .1 Overall Gains during the Lea'rn'i·ng Peri'od · 

In order to guage the overall effectiveness of the 

materials, a prejpost test was administered to all 

students concerned in the investigations. This was gQtle .·. 

chiefly at the request of the sponsors of the BASG-M 

project - the State Secretariat of Education of the State 

of Bahia and the Federal Ministry of Education and Culture. 

The detailed results are presented in tables 1 to 8 of 

Appendix E. The summary table, shown below, indicates 

the mean scores achieved by the various groups, together 

with the mean gain scores and the McGuigan ratios. This 

is the ratio of the actual·gain to the possible gain, or: 

McGuigan's ratio = POST-TEST SCORE - PRE .T.EST. SCORE 

100% PRE TEST SCORE 

This ratio is an attempt to adjust raw gain scores 

for the "pre-test effect". A raw.gain score will not 

discriminate between the individual or group who goes from 

0% to 50% and the one who improves from 50% to 100%. 

Obviously the second case is more desirable than the first, 

and yet the raw gain is in each case SO%. McGuigan's ratio 

on the other hand would give 0.5 for the first case and 

1. 0 for the second. It is a measure of "what proportion 

of the gap has been plugged~'~ 
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I 

SUl'II-1ARY TABLE 

OVERALL RESULTS AS MEASURED 

BY PRE/POST TEST, FOR ALL GROUPS 

PRE-TEST ADMINISTERED EARLY AUGUST 1966 

POST"-TEST AmiiNISTERED _LATE DECEMBER 1966 

. -
,. 

tlEAN SCORE HFAN SCORE GAIN M:::GUIGANS 
GROUPS l"RE-TEST POST-TEST SCORE RATIO 

CJl 
p:; 
1'1 

-~ 
1'1 
..:I 

E-t 
..:I 
p 
Q 
~ 

z 
fil 
Q 
..:I 
H 
ti:: 
u 
..:I 
0 
0 
ti:: 
u 
CJl 

. 

A 13.5 53.5 40 

B 18 59.6 41.6 

c 19.6 55.3 35.7 

D 0 
(CONTROL) 16.5 40 23.5 ... . . . 

•' 

p 17.9 54.8 36.9 
-···· 

Q 20.5 55 34.5 

R 
(CONTROL)· 14.4 . 43.7 29.3 

s 
(CONTROL) 17.8 49.5 31.7 

The data presented in this table h.as not been ana,lysed 

statistically, for a number of reasons. 

..46 

.51 

.44 

.28 

• 45.• ': 

.43 

.34 

• 39 

Firstly, the test paper used for this comparison was 
• 

one prepared by the examiners of the State Secretariat, 

independently of the author and his team of writers. Thus, 

although they were both working from the same syllabus·, 

there were some discrepancies between the paper set by the 

examiners and the treatment of the subject matter in the 

course. 
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Secondly, there were found to be certain sources 

of difficulty and confusion in the paper. Some of the 

questions were misconstrued by some of the students. 

It is therefore doubtful that performance on this 

pre/post test was an accurate measure of the learning 

which had taken place. It was not felt justifiable to 

analyse these results in detail, particularly as they are 

not crucial to the main hypotheses of the study. 

Thirdly, the overall "blanket" measure of gain over 

the whole course is of little interest due to the 

undesirability of making any generalised conclusions from 

a comparison with so many uncontrolled factors. One hardly 

needs statistics to see from the table what happened in 

the particular case under study. And one is not wishing 

to extract any generalisable conclusions from this case, 

nor would it be "safe to do so" (Hartley, 1972). 

The overall effects of this particular study are seen 

from inspection of the table. Both adult and school 

groups undergoing individualised instruction did better 

than the control groups undergoing group instruction. It 

does not seem to make much difference in which sequence 

the various individualised study plans were experienced. 

There also does not seem to be much difference between 

adult and school groups undergoing individualised instruction. 

There does however seem to be a difference between the 

gains of the adults and schoolchildren undergoing the 

"traditional" group instruction:· the schoolchildren 

appear to learn better in this system - a not too 

surprising finding1 in line with the generally held 
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viewpoints concerning adults being slower learners. 

However, it is interesting that under individualised 

instruction this difference between adults and 

schoolchildren tends to disappear. 

However, perhaps the most serious comment one 

should make on these overall results is that the gain 

scores (and McGuigan's ratios) for all the groups are 

disappointing. One would have hoped for more complete, 

more effective long-term learning from a 5-month period 

devoted to, after all, quite a small section of the 

mathematics curriculum. To what extent the post-test 

scores (and hence the gains) were influenced by the 

abovementioned weaknesses in the State Secretariat's 

test, is difficult to determine. However, this cannot 

be the only factor resulting in mean gain scores usually 

less than half the maximum possible gain (McGuigan's 

ratio o.s). Certainly the very high and uniform final 

test scores, often reported in studies of programmed 

instruction and mastery-learning schemes (e.g. a 90/90 or 

similar criterion - 90 percent of the group score at 

least 90 percent on the post test) was not even remotely 

approached. 

11.6.2 The Student Questionnaires 

At the end of the experimental period, a short 

questionnaire was given to the experimental groups A, B, 

C, P and Q. This questionnaire included, among other 

questions designed for collecting data for course revision, 

four questions concerning students' attitudes to the 

individualised systems they had experienced. The responses 

to these four questi?ns are summarised in tables 20 (adults) 
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and 21 (schoolchildren} of Appendix E. 

These results show a generally favourable reaction 

to the experience. There were however some differences 

between the adult and schoolchildren groups, 

To the first question (Did you like working with 

BASG-M?) the responses were generally favourable. Of 

the adults, 88~% said they liked the experience (very 

much or "quite") and only 4% said they did not, Of the 

schoolchildren, 92% liked the experience and just under 

5% did not. The other students were indifferent. 

To the second question (Did you find BASG-M more 

easy or more difficult than previous experiences of 

learning mathematics?) the general response suggested 

.overwhelmingly that the BASG-M materials are relatively 

easy for the students. Of the adults, 71%. found· ·the work 

easier than previous experiences, 22% found it about the 

same and only 7% felt that BASG-M was more difficult. Of 

the schoolchildren, 73% found BASG-M easier, 10% found 

no difference and 17% found BASG-M more difficult, 

So far there are no very obvious differences between 

the adults and the schoolchildren, except that perhaps 

the children (being more used to traditional school work) 

were more inclined to find the individualised approach 

more difficult. 

To the third question (concerning preferences among 

the three study plans utilised) there appear to be some 

more obvious differences between adults and schoolchildren, 

63% of adults placed the Keller Plan as their first 

preference as compared to only 40% of the schoolchildren. 

The schoolchildren favoured the student directed plan 
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- 44% put this in first place. Only 33% of adults put 

this first. There was general agreement that the .i. 

independent study plan was the least desirable. Only 4% 

of adults and 16% of schoolchildren put this plan in 

their first place. 

However, one way to treat these responses is to 

sum up the rank positions, giving a weighting to each 

score (first place, weighting of 3: second place·, 

weighting of 2: third place, weighting of 1). The 

following weighted scores are then obtained for the 

three study plans. 

ADULTS SCHOOLCHILDREN 

Weighted Percent Weighted Percent 
Score of 'Ibtal S=re of Total 

(a) Independent 
Study Plan 114 20% 96 25~% 

(b) Student-
directed plan 215 37% 144 38% 

(c) Keller Plan 247 43% 138 36~% 

TOI'ALS 576 lOO% 378 100% 

This treatment of the results does not alter the rank 

order of the three plans. The Keller Plan· still remains 

favourite with the adults and the student directed plan 

with the schoolchildren. However the differences between 

the preferences do not appear to be as marked as the 

"first-place" .choiees suggestecl. 

474 -



To the fourth. question (_concerning the learners 

preferences for presentation format} the responses 

indicated a general tendency to prefer the information 

mappirig format. This tendency was stronger for the 

adult groups than for the schoolchildren. Of the adults, 

72% preferred the information mapped version of module Vl, 

23% expressed no preference, and only 5% expressed a 

preference for the linear programme version. Of the 

schoolchildren 59% preferred the information maps, 24% 

expressed no preference and 17% preferred the linear 

programmed texts. 

• 
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CHAPTER 12 

CONCLUSIONS AND SUGGESTIONS FOR FURTHER WORK 

12.1 CONCLUSIONS FROM THE MAIN EXPERIMENTS 

12.1.1 The First Experiment 

The results of this experiment support tairly

strongly the null hypothesis that there are no difterences 

in the amount of learning achieved by students using 

the BASG-M materials, (totally independently ot tutorial 

interaction) and students receiving equivalent classroom 

instruction (in a group of 30 to 40). Clearly, this 

conclusion is subject to various critical comments, 

particularly on the grounds, discussed earlier, that there 

are so many unde.J;ined and uncontrolled tactors in the 

"classroom instruction" mode, as to render it impossible 

to generalise the conclusion, The most that can be said 

with certainty is that in this particular college, with 

these students and with these particular teachers involved, 

the learning levels achieved were equivalent, 

However, these results are encouraging for two 

reasons. Firstly, the conditions of comparison were likely 

to strongly favour the teacher-led group instruction, The 

independent study plan which we are here comparing is 

likely to be the least-favourable way of implementing the 

BASG-M materials (the later experiments confirm that this 
. I 

was so in comparison to two other implementation plans}, 

The two teachers, on the other-hand, were probably well 

above average. They had been originally selected as 

outstanding teachers suitable to act as subject matter 
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experts to the progra,mming teart), They had been involved 

in the analysis of the course content, in the structuring 

of the course modules and in the critical evaluation o£ 

the materials in draft form. These two qualified and 

well-prepared teachers taught the class:-instruction groups • 

. The tutoring/monitoring of the Keller-Plan groups, on 

the other hand, was· performed by the programming team •. :.:tn 

addition to the author, there. was one qualified 

mathematics teacher and two teachers of other subjects 

(who incidentally, at the beginning of the project were 

themselves rather poor at mathematics, even the basic 

·levels with which this experiment is concerned}. Considering 

that the tutor-less utilization proved as efficient as 

the "good" teachers, and the tutor-led utilizat.ion proved 

better still (see experiment 3} one Qould expect·~that. in 

the "real world" situation in Brazilian schools the 

materials may even prove to be ''better than the average"~ 

Secondly, the materials of the BASG-M project 

were not designed to replace teachers, but to offer a 

remedial mathematics service in a situation where teachers 

are currently unavailable, or in short supply. The 

question is not whether to implement "teacher-less'' systems 

or "teacher-led" systems. Rather it is how to offer an 

effective service with the very limited teacher resources 

available. Sometimes these resources are not available 
I 

at all, so it is encouraging that the BASG-M materials 

appear to be as effective as they are. If they were 

significantly inferior to the "average" teacher, but still 
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reasonably e!tect~ve, they would st~ll be o~ uae to 

the Brazilian _upper secondary educat~onal system, to 

cope with a problem o£ revision !or which there are no 

teacher resources allocated ofticially, 

However, the situation appears a lot better than -

this - so much that the Ministry o£ Education has now 

set up a group to study the .J;easibility o£ using some 

of the BASG-M materia~s in the lower secondary· level,·· 

as "basic" learning resources, rather than merely 

"remedial" texts. One should also mention he:J;"e that the 

materials used are the first version of the modules. It 

is planned to revise and improve the material on the 

basis of the results ox this and other studies. The 
• 

materials-revision aspect o£ the BASG-M project is not 

discussed in detail here. However, data has been 

systematically collected on student difficulties, error 

rates on problems, difficulties in tutorials, etc. wh~ch 

will be used to redesign the course, 

For the purposes of this study, the first experiment 

serves mainly to establish a "base-line", Once satisfied 

that the materials by themselves are reasonably effective 

(by "traditional" standards) we may proceed to comparisons 

of alternative plans for their utilization, 

12.1.2 Experiment 2 

I 
The second experiment yielded results which suggest 

that under the highly prescriptive Keller Plan adults 

learn somewhat better than do younger students. They also 

appear to work faster in this plan, But on the other hand 
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they appear to learn better but work slower under the 

Student-Directed plan, However, these latter results. 

are not too convincing, Although statistically significant, 

the 90% confidence limits show that the real differences 

in mean study times between groups could be quite small 

and insignificant from a practical point of yiew, 

Trends in the directions indicated are rather 

surprising f~om a theoretical point of view, If, as 

much experience suggests (Belbin & Belbin, 1972} adults 

are slower learners, are more conscientious, and have 

more learning difficulties, one would expect them to do 

less well (or at least to take more time to reach the 

same level of proficiency}, There ·is perhaps some reason 

to believe that, due to the adult's higher level of 

conscientiousness and ·self-evaluation, he may eventually 

do better tha~ the school child, but would probably 

require a significantly greater learning time, Another 

theoretical consideration, relevant to this particular 

study is that the adults concerned included a large 

number who had already studied mathematics at school, but 

had failed to learn and had dropped out of school early. 

One would expect the adult groups to be strongly biased. 

towards the less-able extreme, whilst the schoolchildren, 
.. 

though generally ~rom poor and disadvantaged backgrounds, 

were much. more representative of the normal distribution 

of abilities in the community. This would again suggest 

a probable advantage in favour of the schoolchildren 

groups. One has, however, to offset against these, the 
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levels of motivation of the two age-groups. The 

schoolchildren were certainly not highly motivated at 

' the beginning of the experimental period, They had been 

without mathematics teachers for some months and had 

been given tasks to perform with inadequate supervision, 

and with no follow~up. Indeed, the absenteeism rate 

at the beginning of the experimental period was about 40% 

to 60% of the group on any given lesson. As the experiment 

got under way, this rate decreased considerably, 

eventually steadying out at about the l!S% level, 

The adults participating in the evening ciasses 

were obviously more motivated. They were after all 

attending quite· voluntarily, paying a (small} course fee 

and in general needed the secundo grau qualification for 

progress in their job. The absenteeism rates tended to 

show this. They were generally of the order of 10%; 

remaining at these levels throughout the experimental 

period. 

A possible explanation for the generally better 

performance of the adults in our experiments may well 

be that the effects of the higher level of motivation of 

the adults more than counterbalanced any greater learning 

difficulties that they may have had. · Certainly the 

generally shorter learning times recorded by adult groups, 

could well be due simply to a lower level of 

procrastination, chatter among students and other timewasting 

activities. Such activities were often observed in the 

schoolchildren groups - quite rarely in the adult group • 

.,.. 481 .,. .. 



The reverse result, on section three of the course, 

when the schoolchildren took less time than the adults· 

to complete module VI, could be due to a variety of 

factors. It may be that one of Belbin's assertions 

\ 

regarding the adult learner is supported by this 

result, namely that adults are more conscientious and ' 

more perfectionist in their attitude to learning (Belbin 

& Belbin, 1972). After all, this should lead to higher 

scores at the cost of greater learning time - the 

result obtained. 

However, one must remember that Module VI was a 

very much shorter learning task than the previous section, 

that new-style materials were introduced during this 

module and that the groups were each split randomly into 

two sub-groups for the purposes of experiment 4. 

Therefore one would expect a strong Hawthorne effect to 

be present during the study of Module VI. Although this 

effect could well be present in both adult and schoolchildren 

groups, there may be some reason to expect it to have a: 

greater effect on a basically less motivated group, 

namely the schoolchildren •. 

Thus the faster learning time of the schoolchildren 

on the third section of the course (not a very large 

difference in any. case) could well be due to a compound 

effect-: the "Belbin" and the "Hawthorne" effects). 

The advantage to the adult group (in both mean test 

scores and in learning time) when working under the 

Keller Plan is perhaps more interesting. It appears to 

go against one of Belbin's other assertions (see 

Chapter 4) that adults work better when they have more 
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complete and di.rect control over: the~.r own learn~nSJ 

process. ·A£ter all the Keller J?lan is much more 

prescriptive, much more "·tutor-led11 than the student'='. 

directed plan. ":(et adults· seen) to take to the Keller 

Plan better than the younger students C~nd the·!· 

advantage tin mean scorel. to adults is much la,rger 

under·the Keller plan than under the student-directed 

plan .talso we have seen £rom the questionnaire that 

adult attitudes were most strongly £avourable to the 

Keller Plan). 

This result reminds the author o£ an interesttng 

.finding in a survey o£ le<1rnin9 <~nd teaching styles 

at the Middlesex Polytechnic, Students, when completing 

questionnaires, stressed strongly in one section that 

they considered "control o£ the course content and methods 

by the student body" a desirable (even essential) 

aspect o£ undergraduate courses, In another section ot. 

the same questionnaire however, when they were rating 

the performance of particular teachers, and justi£ying' 

their ratings, the same students indicated a strong 

preference £or those teachers who stated clearly what 

was to be learnt and who were most systematic (even 

autocratic) in their teaching methods. 

We also noted in Chapter 4 the survey o£ Adult 

. independent study projects (Tough, 1967) which showed 

that adults experienced the greatest difficulties 

with decision-making (the learning goals to adopt, 

the learning methods to use and how to overcome learning 

problems they encounter) and that this was where they 

sought most help from others and "would have used more 

- 483 -



help if they could have \JOt J_tl', 

Tough's findings, as well as the author's do not 

support the general assertion that adults al;'e ci,ble 

and willing to exert more control over theil1' learning, 

Whether this ;is as true in high.er level,· university 

courses, as it seems to be in vocational,techntcal 

and remedial courses is not known, Little formal 

research has been done on adult learning styles. 

12 .1. 3 The Third Experiment 

As explained earliel;', in Chapte;J;' 11, (Section 11, 5, 4 ,ll 

the originally intended 3 x 3 sguare experimental design 

was modified to three separate sub-experiments, each 

one comparing the three study plans on orie section of 

the course, This modification proved to be necessary 

due to differences-in the length of the three course 

sections~ testing methods, group sizes, etc. which 

crept into the experiment'due to factors beyond the 

author's control. Such factors included the transfer 

of students to other colleges, the unexpected closul;'e 

' of the college for nearly two weeks during the election 

period, leading to the shortening of section 3 o£ the 

course and modification of the tests on section 3, 

Each section of the course was therefore treated 
• 

as a separate experiment - a straight comparison of the 

three study plans. Such a direct comparison is.valid if 

we can assume no serious differences between the groups 

which may lead to strong interactions between groups, 

As students. were assigned to groups in a random manner 

and as the analysis of the prior knowledge of the 
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group~ with re:;pect to the coul1~e content ;~;eyea,l,ed 

no di,fferences, it is p;~;obably reasona,ble to a.ssume 

that no serious intera.ction~ exi~t between 9rou~,>s. · 

furthent)ore, a~ the bas,i.c compa.rison ;l;s re!?e'lted 

section by section, and.groups ta,ke different trea,tment 

in each section, we may have yet more confidence ,i.n 

our result:; if the :;ame trend ;!;:; shown by aU three 

sub-experiments, 

This was the case in :;ome respect!>, In a,ll three 

sub-experiments the Keller ?lan a.ppeared a.s the most 

effective study plan ,i.n term~ o! final test ~cores, 

The student-directed and the independent study ~,>lans 

did not turn out to be :;igniJ;ica,ntly di!ferent in this 

respe.ct. 

The author has a,lready coilJilJented when di:;cussing 

experiment 2, that this ,finding is somewhat at odds 

with the often stated assertion that the adult should 

have more control over his own learning. (A new word 

has even been coined .,. andragogy, This contra:;t:; with 

pedagogy. Whilst pedagogy is characterised as the '· 

"teacher teaching", andragogy is more concerned with 

the "learner learning''. A new science of andragogy 

is currently being mooted in Scandinavia. This new 

science is speci~ically concerned with the adult learner 

and the student-directed learning mode supposedly much 

better for him.l 

In the author.' s opinion, one needs to distinguish 

here the different types of adult le·arner which were 

mentioned in Chapter 4 - Lewis Elton's "Martha's and 
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:M&ry' s'~ oJ: pos·t,{lecond&r:t· educ&t;i:on, Where&:. ttre · 

university undergraduate, or the adult pa;~;t;l;c:lp&tin9' 

in continuing education £or its own s&){e, ma.y· well 

be both skilled and interested .tn taking dec;l;s;l;ons 

concerning the course of study· h.e is to follow, the · 

typical vocationally-oriented student (be he interested 

in obtaining specific job skills or merely a paper 

qualification) is often neither skilled nor ,interested 

in taking over the planning of his course. 

This may well be an undesirable phenomenon, 

indicative of the conditioning process (to follow 

pre-determined rules and procedures) which occurs in 

much of elementary and secondary education, ~erh&ps we 

. should be making every e£fort to change this situation. 

Perhaps, if we succeed in the schools, then the !uture 

adult learner will be both. m9re skilled and more 

inclined to take over responsibility for his learning. 

However, the results of experiment 3 (and the student 

questionnaires) seem to suggest that this is certainly 

not yet the case among adulmin Bahia,. Brazil, 

As far as learning time under the various study 

plans is concerned, the results are less clear-cut, 

In general however, the independent study plan required 

the largest amount of learning time. This was almost. 

certainly due to the lack of tutor guidance and control. 

Procrastination was quite common in groups working under 

the independent study plan. The author suspects that a 

proportion of the learning time logged by students 

studying under this plan was not very productively spent, 
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The Keller Plan emerges as the fastest of the 

three plans, It appears therefore that the extra 

time a student spends with a tutor (time spent on 

marking, assessment and remedial work) under the Keller 

Plan, does not carry an overall time penalty. The 

extra tutorial time appears to be more than compensated 

by a reduction in learning time, 

On the basis of experiment 3, therefore, it would 

appear that the Ke·ller plan is the most effective (high 

scores) and most efficient (low learning time) for 

adults of the type and level encountered in the BASG-M 

project in Bahia. 

The apparently non-systematic differences in 

learning times encountered in this experiment may have 

an interesting explanation which we shall consider 

later in the chapter. 

12 .1. 4 The Fourth Experiment 

As explained in Chapter 11 (Section 11,5,5.1} the 

results of this experiment (.which was conceived as four · 

sub-experiments, each of cross-over design - 2 x 2 square) 

were in all four cases apparently strongly in favour of 

the information mapping format, both in terms of 

reduced learning time and increased final test score. 

One of the four sub-experiments (.a typical one} was 

analysed statistically. This analysis revealed highly 

significant results, therefore it was not performed for 

the other three sub-experiments, as there was no reason 

to suppose that less significant results would be found. 
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These conclusions regarding information mapping 

are in accordance with the author's previous findings 

when working with a course on matrices at the 

Middlesex Polytechnic, and with the findings of other 

researchers. 

The result, although highly significant, must 

however be qualified. Firstly, one must note that the 

comparison involved only Module VI - quite a small 

module requiring only a few hours Of study to complete, 

Thus the experiment was necessarily short, particularly 

as any given student only studied a half o£ module VI 

in the information mapping format. Furthermore, the 

information mapping technique was new to th.e learners, 

whereas they had been using linear programmed instruction 
' 

materials almost daily £or several months, There must 

surely be a sttong Hawthorne effect favouring the "new" 

technique (i.e. information mapping), The experiment 

was so short that it would be unlikely that the 

Hawthorne effect would have the chance to die.,-away, It 

is difficult, in the present experiment, to separate 

out the effects that may be due to a genuine difference 

between the techniques of programming,' from the Hawthorne. 

effects. 

Secondly, the differences noted, though 

statistically significant are not very large in 

absolute terms, being of the order of 5 to 10 percentage 

points on gain scores and of about 5 minutes on study 

time (approximately a 10% saving in time}, 
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In order to gain more confidence in these 

results, a much larger experiment is required, 

involving many hours of study on each type of 

presentation. This would help to overcome the effects 

of Hawthorne, by giving students time to familiarise 

themselves thoroughly with each technique. It would 

also help to establish. any differences between formats 

more reliably. The author believes that the types of 

benefit observed here for the information mapping 

materials, would be even greater in a large course 

(in ~hich the ease of revision, ease of reference, 

clarity of presentation etc. become even more critical 

factors). However, this would require the preparation 

of suitable materials and the design•>of a new project 

to apply them. It is quite possible that this · 

opportunity may arise in 1977. 

12.1.5 Subsidiary Investigation 

Very little needs to be added here to the comments 

already made in Chapter 11 (sections 11.6.1 and 11.6.2) 

concerning the overall performance of students during 

the course and their attitudes at tne end of the course. 
' As already mentioned, the overall p~ejpost test and 

the student questionnaires were administered at the 

request of the project's sponsors (the State Secretariat 

of Bahia and the Federal Ministry) who required an 
. . 

overall report on the project. The State Secreta:o.iat 

prepared these two documents. The author had little 

control over the preparation of the pre/post test,.and 

only an advisory function in the preparation of the 

student questionnaire. 
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one m;i:9"ht, in SUil1Illa:t:Y, only coll)ll)ent thi\t 

despite the poor controls over th;l:s part o:t; the 

study and hence th.e objections to the ma.k;ln9" of 

any generalisable conclusions, .it was;.-. 

(a) encourag;lng to :t;;l.nd that the use o:f; ind.iv;l;clu<Uised 

systems of instruction as th.e sole methods of 

mathematics tea.ch;l.ng over a. long period (4~ months[ 

did not result .in either below-normal performance 

scores or negative attitudes, On the contrary· 

the performance of the experimental groups (adults 

and schoolchildren} seemed to be generally slightly 

better than the per!ormance of control groups 

undergoing "normal" (if anything, sli9"htly better

than-average} group .instruction, and the att;ltudes 

of the experimental groups to the .indiv;ldua.lised 

course was highly !avoura.ble, 

(b) discouraging that the overall gains in performance 

were only of the order of 35 to 40 percentage 

points, giving McGuigan's ratio values of the 

order of 0,4 to 0,5, In other words, it appears 

that the experimental groups learnt about half 

(or somewhat less) of what they might have learnt 

in the ideal case, It is some consolation that 

the McGuigan'' s ratios for the control groups hover . . 

around 0.3 (they learnt about a third of what 

they might have}. However, it is inevitable that 

over a long period of study (4~ months) some 

forgetting of earlier work must occur. One could 

not expect to obtain a McGuigan's ratio close to 

unity. However, for short study sessions (a few 
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hoursl .l;ollowed by C\n ;lmmedi.Cite post test, ;t,t 

is common among workers in programmed instruction 

to expect a McGuigan 1 s ratio of about 0.9 (i.e. 

students learn 90% of the content they did not 

know at the beg;l.nning), In the mastery.,.learning 

model, one is even supposed to insist on 100% on 

each unit, be.fore progressing to new material, 

In this context, one may examine the g<1ins 

obtained on the relatively short learning t<1sks (_between 

tests) in module VI. An examination of the performance 

of, say, group A (see Table 9 of Appendix E) reveals 

the :following picture, 

SUB SECTICN STUDY MEAN McGUIGI'IN' s . 

GroUP QE.... MJQUL12_ MATERIAlS GAIN RATIO ---- -------=-------~ ----------
~ VIa Info.Map. 7.7 .87 

A:! VIb " 7.6 .87 

~ VIb Lin.Prog. 6.8 .80 

A:! VIa " 6,9_ ,80 
.... . .... 

l.t~~ppears therefore that over the short~term, module VI 

(linear programme vers.ionl is ach:l.eving a McGuigan' s ratio 

of .8 and the information mapping version is achieving 

a ratio of .87 (nearly the "magic" ,9), 

These figures can be used as a rough overa,ll guide 

to the efficiency of the instructional materials. 
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One should remember that the BASG-M materials, 

as used in the present study, are the first 'trial' 

version, as yet to be fully revised in the light of. 

evaluation experience. There appears every possibility 

therefore that, in so far as Module VI is concerned;the· 

.9 criterion could be reached and indeed surpassed by 

some improvements to the materials (particularly the 

information mapping version). 

What criterion should one apply to a long-term 

evaluation of several months of learning? This is not 

at all clear. The normal "pass mark" on school 

examinations in Bahia (as in many other places) is 

taken to be 40%. However, this a norm-referenced 

measure, as well as often being highly subjective. At 

best it defines the student's rank position in the group. 

Objective, criterion-referenced tests give a different 

picture of the amount of learning which has taken place •. 

The procedures used in this study have all been criterion

referenced. We note that the mean scores on the post

test of the experimental groups only hover around 

40 to 50 percent, and the mean of the cont.rol groups 

around 20 to 30 percent. In a norm-referenced 

procedure, the individual scores would be scaled-up 

to give a mean of 50 percent for all groups. 

The author favours the use of the McGuigan ratio 

as a comparison (.particularly for remedia1. courses} as 

.it takes into account the pre-test score of the student, 

(which may vary widely in a remedial course}. If the 
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scores are objective, criterion-referenced tests, 

the McGuigan ratio can act as a useful figure to 

judge the quality of the-course, One may set a 

given value of the McGuigan ratio as an objective· 

to be reached. 

We have already indicated, that for short 

periods of .study_followed by an objective test, it 

is common to aim for a ratio of 0,9 or better. :ror 

long periods of study such as 4 or 5 months, this is 

obviously unrealistic, Some authors have set their 

aims as high as ,7 or ,75 for a one-year course. The 

author has achieved such a rat.i.o over a one-year cra!t ... 

apprenticeship course (measured on end-of-year multiple 

choice tests of the City and Guilds}, It must be stressed 

that this figure is an arbitrary choice for ·an objective. 

However, it would seem reasonable to at least set a 

target that students should retain 3/4 of the course 

content which is new to them, Comparing the performance 

of the BASG-M materials against this arbitrary target, 

one sees that there is a need for much course 

improvement in order to raise the McGuigan ratio from 

say .45 to ,75, 

It may well be unrealistic to expect such high 

levels to be ac~ieved in the current conditions of the 

Brazilian educational system. It may indeed be 

unrealistic to expect such high levels anywhere·, in 

a subject such as mathematics. After all we are not 

dealing with the simple recall of the principles and 

data of workshop theory (as was the case in the craft 

- 493 -



apprent~cesh~p cou~sest but w~th. the m~ste~y o~ 

abstract concepts and their appl~cat~on to un~~~l~a~ 

problems, A useful area of research would be to 

establ~sh "targets" tor the tea,ch;ing of mathemat,Lcs, 

These would of course be d~fferent for d~f~erent 

mathematical content - operat~ons, concepts, problem 

solving, problem formulat~on, But what exactly would 

they be? Is it not strange that mathemat~cians are 

happy to work as teachers, and yet have no sound; 

mathematically-based system for measuring the results 

of their work? 

12.2 ·coNCLUSIONS CONCERNING THE STUDY AS A WHOLE 

12. 2. 1 Concerning the mastery-learning m:odel. 

The phUosophical position beh~nd the roaste;r:y .. learning 

model was outlined in the f~rst section of this study 

(Chapter 3). Some of the research was reviewed ~n the 

second section (particularly Chapter 8}, 

Block (1971) defines mastery learning by the 

expression: 

MASTERY 
LEARNING = CRITERION-REFERENCED + INDIVIDUALISED 

LEARNING LEARNING 

by which he means that progress ~s measured by 

reference to pre-determined performance criteria and 

progress towards these criteria is guided and promoted on 

an individual-student basis, Th~s usually impl~es 

tha~ at least the learn~ng time will vary from student 
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to student, O;t:ten oth.er <\~pectl'! q,l; ;iJ;:.truct;l;on 

(methods, content etc,r will also be tndiv~dual~sed, 

Both Carrell (19631 and BlOOI\l (19681 :suggest 

that the I\lastel:y.,.learninSJ <tpplioach :;hould d;i.I\l;ln;l:;lt. 

signUicantly C.U not eli.nlinate tot<tllyl the n<!l:r?Ill<\11:'{· 

encountered individual di:f;:f:erences ;l.n atta~nment, 

we have, in group-paced "traditional"· systems, the 

following relation, 

Fixed criteria + Fixed learning t~ _. Va.Jii<'lble achievem=nt, 

The pim of the mastery learning model, as propounded 

by Bloom and carroll is to transform this relation: 

Fixed criteria + Variable learning t~ + Unifonn (high) achievarent. 
I . 

It is possible to examine the results of the author's 

experiments for signs that may support or reject th;l;s 

assertion of the mastery-learning "camp". Decreased 

variability in performance would imply a smaller standard 

deviation in test scores, ln the author's experiments, 

the Keller Plan was operated very much in the ''mastery" 

learning" mode, Students were constantly assessed, and 

were expected to reach criterion before passing on 

to new material. The only departure from Bloom's 

rules is' that a criterion of 80% was accepted as 

satisfactory on each lesson, rather than the "true" 

mastery model's 100%, The Student-Directed plan was 

much less controlled and the Independent Study plan 

not at all. If any attempt to ensure mastery was made, 

• 
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it wa:; ll)ade by the :otudent h,i.l1)13el:t;, and not. ":Ouklt. 

into" the instl;uctional systell), ~.Lnally, we il.l!iO . 

have the scores of the control 9roups, who underwent 

group-paced ~nstruct.i,Qn, 

Th.e relevant l:el3ults are 13tlii)ll)ali~sed .i,n t!t_e · 

table below •. 

GIPUl? SECl'ICN Sl'UD~ : ME1\N ST~ 
OF .COURSE. PIJ.\N .. SCQBE . .DEV:rli.TXON 

B 1 Keller 63,63 12,5 
. 

c 2 Keller 75,2 10,6 

A 
. :. 3. .Keller. . ss, 33. . .. 4,6. 

A 1 Student- 49,66 13,6 
directed 

B 2 " 71,06 10,7 

c 3 " . . 77,12. . 8,5 .. . . 

c 1 Indefl'" 49,39 14,5 
endent 
Study 

A 2 " 67,33 8,0 

B 3 " 77.12. 8.4 

D 1 "Tradi- 47,10. 12,70 
tional" 
Group 

teach,Ulg 

D 2 " 64,7 12,51 

(no .data available .for :;ection 3}_ . 

It i:; not necessary to resort to statisti.cal 

analysis to observe that there are no stunning 

differences between the standard deviations on the 

various study plans. The Keller Plan, although leading 
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to higher gain scores than the other methods, does 

not result in a diminution of the variability 

among individuals, One could object that no 

difference should be expected from mature students 

under the different versions o£ individu<~lised 

instruction, as in all versions they can take as 

much time as is required to master the material and 

they should be able to evaluate· their own progress 

by use of the self-tests, Attractive as this 

argument is (supporting the position o£ the proponents 

of student-directed learning for adults} it was not 

borne out by the previous experiments, After all 1 

significantly better mean scores were registered by 

adult groups under the more controlled Keller plan, 

·But there is no objection that can be raised to 

account for no difference in the standard deviations 

between Keller plan and the control group studying in 

a traditional system. We are left with no option but· 

to say that this experiment does not contribute any 

evidence to support the position that mastery-learning 

systems lead to an elimination of individual differences 

in performance. 

The one exception in the data is the case of 

section 3 of the course, but this can be discounted, 

Section 3, composed in the final event only of 

module VIJwas studied under the special condi~ions 

necessary for the information mapping experiment. 

Instead of a final post-test, two tests were used at 

the end of the two sub-sections of module VI. Each sub

section contained only two lessons. Under the Keller 
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Plan, the :otudent Wa& ohU~ed to Jtepeat a lesson -unt~l 

at least 80% mastery was achieved, The post.,-test:s 

followed every other lesson, Thus the mechanics o~ the 

experiment more or less a.s:m:J;ed a minimum score near to 

80% for all the group taking section 3 .i;n the Keller J;>la,n, 

This was not so for the other two plems, 

It is highly probable that the relati~ely large 

differences in standard deviation obtained .i;n the Keller 

plan (S.D = 4,6) and the other two plans (8,5 and 8,41 on 

section 3 is due to the short duration of the learn;l;ng 

task and· the fragmented nature of the test.i;ng procedure 

coupled to the continuous assessment, 

It may therefore be hypothesi.sed that i~ a· continuous 

assessment scheme is used to measure student performance, 

one may expect less variability under a mastery~learning 

model than would obtain under a non-mastery model, 

However, i~ an end-of-course assessment is made a~ter a 

relatively long course, there seems little evidence of a 

permanent reduction in individual differences among students, 

This latter ~inding is in line with the survey of research 

on the Keller Plan, reported by Kulik et al (1976). They 

found that in general, the Keller plan courses they 

analysed did not strongly affect the variability in student 

performance scores. 

However, the author has not encountered any J;esearch 

which sets up the hypothesis in the exact form stated above -

i.e. that under a continuous assessment scheme one might· 

expdct an effect but under an end-of-course assessment 

scheme one would not. Th;!.s aspect of the mastery-learn!ng «\ 

model certa!nly would deserve further ;invest;igat;!.on. 
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12.2.2 Concerning the student-directed I!lOdel 

One key tenet of the ph:l.losophy behJ.nd the student.-' 

directed model (_outlined in Chapter 31 is that "the student 

knows best" what style of learning suits hii!l, The 11)a;l.n 

argument here is that students le~t to their own dey;l.ces 

in a resource-based learnin9 system, will tend to choose 

l:earning paths, strategies and materials in general better 

suited to their needs than can be prescribed ~or them by 

a teacher or (worse stilll an inanimate system, 

The present study has shed little light on this 

argument. It is true that at course~unit. level (within a 

given modulel groups worked occasionally in the student-

directed mode. But tl:iey were "forced" to work on )?articular 

modules in that particular mode by the exJ?erimental 

structure. What if that mode suits some of the group but 

not others? 

The student-directed mode, as aJ?plied, did not in 

· general give as good learning results as the Keller plan. 

But the proponents of student-directed learning might argue 

that the student should have been involved in the decision-

making process at an earlier point, He should have been 

able to choose whether to studya given module under 

student-directed, or independent of Keller plans, The 

proponents might set up the hypothesis that "groups allowed 

to choose their learning plan, learn better than groups 

' not allowed to do so". In the author's hierarchy of "levels 

of individualisation" (propounded in Chapter 2), this implies 

that individualisation of learning plan should be extended 

to the "course" level. 
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A similar argument ~ay be applied to the use o£ 

alternative presentation styles. In this study a ~ore 

student-controlled style of presentation (info~ation 

mapping) was compared to a more system-controlled style 

(linear programmed texts}. The student-controlled style 

was.found to be ~ore efficient in general, But could we 

not achieve yet greater efficiency by allowing the student 

to choose the style which suits him bes.t, on a lesson-by-lesson 

basis? In other words, ·could we benefit by extending the 

level of individualisation of the course materials fro~ 

the "learning step" l~vel in the author's hierarchy, to 

the "lesson" leve'l? 

These are questions which largely remain unanswered. 

Some research exists, but it is sporadic and uncoordinated. 

The author feels that his hierarchy of levels of··. 

individualisatio~ (Chapter 2) might serve as a tool to 

coordinate the efforts of various researchers in the field. 

12 .1. 3 concerning the Interactive or Cybernetic Model 

Th.e final philosophical viewpoint discussed in 

Chapter 3, the cybernetic viewpoint, has not really been 

touched by the present st~dy •. 

The various systems of individualisation tested,have 

been rather mechanistic than cybernetic. They have either 

prescribed work to students by means of a, simple, 

algorithmic procedure based on percentage scores on 

standard tests (Keller Plan} or they have left the,matter 

open, for the student to deciqe between a very limited 

range of alternatives (e.g. Text, friend or tutor in the 
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student directed .lllOdel And text or J;:~;;t;end only. ~n the 

independent study modell, The:~;e has been no C~ttemJ?t to 

construct an interactive teaching system, a system th<~t 

can learn from the learner and automatically C~dapt 

its prescriptions or its presentations to the needs o£ 

the individual, The theoretical work of Landa and ?ask 

(reviewed in Chapter 3) and the practical realisation of 

interactive, computer-based learning systems (Chapter 81 

and paper-based attempts such as Structural Communication 

(Chapter 10 and Appendix Cl, suggest that this·avenue Of 

progress is likely to be most fruitful, Unfortunately 

the resources available to the author (time, experimental 

groups, access to computers) have been too limited to 

allow any practical investigations (to datel of 

interactive teaching/learning systems, 

12. 2. 4 Concerning the Mature Learner and His Learning· Sk;l.lls 

The study has produced some intersting findings, 

concerning the learner, particularly the mature learner 

studying from individualised systems of instruction. 

The often-quoted assertion that adults are poorer 

learners than younger students, seemed to be borne out 

\·~ by the control groups, studying .the same course from 

\/ the same teacher, , under a "traditional" group-paced 

instructional system. However, under some of the 

individualised systems of instruction, the adults reversed 

this trend, scoring significantly better than the 

schoolchildren groups. The greatest difference in favour 
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of the adult groups was in the Keller !;'~an, a small 

difference .in the Independent Study plan, 

As far as learning rate is concerned, the adult 

groups were not very diJ;J;e:~;ent :trom th.e schoolchildren, 

sometimes indeed (.e,g, Keller Planl taking significantly· 

less time to reach. a h;i;gherllevel of per:tormance, These 

:tindings are quite opposed to the generally held opinions· 

regarding the mature learner, but are in line with some 

of the observations made by Belbin and Belbin (_19.721 .i'\:1 

regards adult trainees in industry, notably that the 

re-structuring of the instructional system to take into 

consideration the special characteristics of the adult 

learner (.see Chapter 41 may eliminate or indeed reverse 

his appa:~;ent handicap as compa:~;ed to the younger learner, 

The author h.as noted one other aspect o:t his research 

on learning times which would benefit from further study, 

The comparisons of the three study plans, reported in 

experiments 2 and 3, have taken no account of the possible· 

interactions caused by the ·sequence in which these plans 
• were experienced. Does experience of, say, the Keller 

plan, influence the learning under a subsequent plan? 

The author believes that such interactions might 

exist - that there is an element of "learning how to learn" 

involved in any course, Particula:~;ly when dealing with 

mature students who have not been academic "high-;tliers'' 

but are now highly motivated to learn, benefits should be 

obtained by concentrating on developing the learning skills 

of the student, In a subject such as mathematics ·this 

may be more important than in factual, dE;scriptive.subjects 

as the relevant study skills are less familiar and less 
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practiced in day~to~day li~e, 

In· order to investigate this aSJ?ect, th.e authox 

plotted the learning rates for the first two sections 

of the course (_i. e, modules I to V) , calcula,ted ~n 

terms of "fra,mes studied per hour" (see the gra:pit 

attached). This is admittedly a, crude mea.sure, a,s 

the amount of work required va.ries widely between ~rames 
; 

(ranging from plain reading, to the solution o~ a, set 

of problems), However, taken module by module, the· 

measure seems to have some value (as the.closeness of 

the points to the "lines of best !it" sugge:;;tl, 

From this graph one may observe several points, 

(a) The first module was abnormally slow, This 

is accounted for by the subjects getting to know what 

was expected of them, learning to study more indeJ?endently 

from printed materials (it was the first time they had 

experienced anything like this) and by general disruptions 

in the management of the system, booklet distribution, the 

tut~rs learning to do their job efficiently, etc. Thus 

the rate of work on the first module was atypical. 

(b) Ignoring the first module however, and observing . ··. 
the slopes of the lines for the various groups on .the.-··-

rest of section one and then on section two, one may 

observe that in general the learning rate is somewhat 

higher on section 2 (modules IV - Vl than on section 1· 

(modules II- III). However, the differences in the 
' 

Keller Plan are quite small, whereas the differences in 

the other two plans are larger. The author has estimated 

the rates as follows: 
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. 

, 
t-mULES II-III f.P)ULES N-V PERCENI'AGE \ 

• INCREASE IN I 

RATE .. 

KELLER 
PIAN 24 franesjhr. 27 frarresjhr. 12.5% 

SIUDENI' 
DIRECTED 16 frarresjhr. 26 frarresjhr. 62;5% 

. INDEPENDENT 
STUDY PLAN 11 frarresjhr. 19. frarresjhr. 72.7%. .. 

It would therefore appear that qnly a part of the 

difference in rate on the two sections is attributable to 

the sections themselves. Another (apparently greater) 

part is attributable either to the sequence in which the 

plans were studied, or to differences between the groups 

themselves (e.g. that group B are generally faster learners 

than group A who are faster than group C), The author 

feels that whereas this latter variable may play a part 

in the effect·as well, by far the greatest part of the 

effect could possibly be attributable-· to a "learning-to-learn"· 

effect. Unfortunately the present study cannot sort out 

the sources of this effect. An extension of this study· 

could well examine the hypothesis that "experience of a 

more highly controlled system (e •. g. Keller Plan) teaches the 

learner to exercise "self-control" effectively_ in.a_less 

controlled system" (e.g. Student-directed or Independent 

study). ·, 

If this hypothesis were to be true, it opens .up ::.ll cu~,· 

interesting possibilities of maximising the cost/benefit" 

of a scarce resource such as teachers. By starting the 
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student on a highly control~ed, tutor.,..intensive systeill, 

one may be able to ''wean'' him to operate a s:tm.tlal:" 

strategy for h~self later on in a more independent 

(tutor-less} system, 

12. 2. 5 Concerning the Mathematical· Content· ·of ·the course 
• 

In Chapter 3 the author discussed the viewpoints 

regarding the teach;tng of :mathematics, The "opera,ti.onsll 

and "expositive tea,ching'' orienta,tion ot .1\usubel wa,s 

contrasted to the emphasis on "d;l,scove:ry" to 9'0 "·beyon<l 

the information given" ot Bruner, Other viewpoints 

were :related to this a,s were the p:ractica.l eJ;J;orts .o:e such 

workers as Dienes, Suppes, Scandura an<l Polya. The value 

(as conceptual organisers tor the various app:roa,chesl was 

pointed out o:e such hierarchical classifications a,s 

' Gagne's categories o:e learning a.nd Bloom's and 

Krathwhol's taxonomies of educational objectives, 

The author stressed h;l,s own viewpoint concerning 

the various viewpoints, namely that the extreme positions 

adopted by some writers lin an attempt to redress an 

upset balance) have done more harm than good, in tha.t 

they have swung the balance to the opposite extreme, A 

more balanced, "total systems" viewpoint i.s needed. This 

viewpoint recogni.ses tha,t the aims of :mathemati.cs teachi.ng 

include the mastery of facts, procedures (operations}, 

concepts, structures, the application of all these to the 

solution of a given mathematical problem (problem solvi.ngl, 

and indeed the formulation of a mathematical problem to 

fit a real-life situation (model building}. It :recognises 
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that all are egually i.mpoxta,nt (J,n th,e 9enexa,l :;en&eL 

but may have dit~erent relative importance~ ~n a, 

particular case ea particular ;individual student, study;lnc;J 

a particul~r topic of mathematics, learninc;J it tor a 

particular purpose}, Leal:'ning and teachJng systems should 

adapt to these pal:'ticular cases. In ol:'der to do this, 
' . 

they must be based on a compl:'ehensive model of mathematicS 

learning and mathematics teaching. A system,' in Ol:'del:', to 

learn ~l:'om reality,-must compare the reality with a 

model of that ;J;eality, 

We. are as yet only at the beginning of formulating 

a comprehensive model of the mathematics teaching/learning 

system. Such a model must encompass all the variety of~ 

types of mathematics learning. 

The present study has concentrated on only two (or 

three) types of learning - the learning of operations or 

procedures, the learning of concepts and (to a lesser 

extent) the learning of simple conceptual structures (i.e. 

set theory) • , All these types of learning can be classed as 

"reproductive" learning, in that the learner, in order to 

demonstrate mastery need only re'produce what he has · ;:·:n 

assimilated. No creative or "productive" learning has been 

attempted in the BASG-M modules tested so far. The student 

is nowhere asked to solve a problem of a type that he 

has not yet had demonstrated to him. He is nowhere asked 

to build a mathematical model. This does not necessarily 

mean that he has not, incidentally, learnt something which 

will help him in "productive" learning tasks. But if 

this occurred, it was incidental, unplanned learning. 
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The author ;J;eels strongly that ~;J; we ;ire really 

interested in our students learn;l;ng lt;product,i;ve'J sk.i.lls 

we must ;plan accordingly, 

In relation to the present study, none o;J; the 

experimental !indings will help towards the plann,i.ng 

of productive learning experiences, 

Indeed, as regards ;J;or exa.n)ple ;p;~;oblell}-solv.t.ng (.tr~J.e 

problem solving, in ?olya's use o;J; the wordl the author 

believes that the systenis he has been testing 1l)ay well 

have serious limitat~ons. 

One major justif~cation for the developll}ent o;J; 

these systems was to solve a teacher-shortage problem, 

Now, the model given for the teadrlng; o.f h.euristic problel!l

solving by ·?olya, ~s based f~:rmly on a high.ly adapUve 

interaction between the learner and an experienced, 

insightful teacher. That one can to a certain extent 

analyse and crystallise this experience ;is obvious .,.. 

Polya has done it in,l945 in his book on "How to Solve It". 

That it is diff~cult for the average or mediocre teacher 

to effectively put into practice such an interactive 

teaching strategy is demonstrated by the level of 

mathematics teaching in schools and by the products of·· 

our teacher training colleges. 

How could an individualised system cope with the 

teaching of problem-solving? Polya 1 s system is 

individualised - in the sense that it is only really 

possible in the tutorial one-to-one Cor one-to-small group) 

situation. But as the experienced, insightful, teacher 

of mathematics is too scarce a resource to use in this 

way, what are the alternatives? 
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(a) The prescriptive, teacher-less system is not a 

viable alternative as there are no opportunities for 

the two-way learning interaction necessary for the 

heuristic learning process. Systems such as the Keller 

Plan, which provide regular interactions between student·. 

and tutor, are not likely to solve the problem either. 

The essence of a.Keller Plan course·is that the tutor 

performs a simpler task than was traditionally expected 

of him. He spends only a small time with each student. 

His role is more to guide him to other study materials 

than to teach him directly. The tutor may even be a 

peer-tutor. This works fine in reproductive learning. 

But can one really expect the "student who learnt the 

topic.yesterday" to be an experienced and insightful 

tutor (on Polya 1 s modelLfor problem-solving? The author 

thinks not. After all many teachers with years o£ 

experience cannot be insightful enoug~. 

(b) The student:-directed "open-ended discovery''· systems, : 

based chiefly on· packaged cou:q;es are not alternatives for 

the same reasons as above, with the additional point th.at 

the student is burdened with diagnosing his own needs . 

and problems, which he is ill-equipped to do in a highly 

structured and abstract subject like mathematics. 

(c) The "cybern~Etics" interactive teaching/learning 

system might however be an alternative. If, as Polya has 

done in part, one succeeds in analysing the problem

solving processes in mathematics1 if, as Pask has done 

in par~, one succeeds in classifying and describing 
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learning strateg.ies and develops automated means of 

identifying them, then one is well on the way to 

constructing a mathematical model of the process of 

mathematical problem solving. Once such a model exists 

(a sufficiently complete and powerful one) modern 

computer technology is already capable of realising 

adaptive teaching/learning systems which use the model 

as a basis for exploring the learner's present state 

of mathematical competence, his learning problems, etc. 

The "machine" will then learn about the student and take 

appropriate decisions to facilitate the student's learning. 

If individualised systems, using few teachers .(not 

more than are used in traditional systems) are to _help 

with achieving the "productive learning" objectives of 

mathematical education, the author feels that they will 

need to be computer-based, interactive, heuristically 

programmed systems capable of ".learning about the learner" 

as well as "teaching about the subject". 

The present study, and others like it, have provided 

ample evidence that individualised systems can be most 

effective in teaching the "reproductive learning" tasks. 

In so doing, they can "release the teacher to perform 

the more creative tasks of teaching - the tasks which 

the machine cannot do" (as any popular article on 

programmed instruction and teaching machines of the 1960's 

would point out). 

But this has not happened. Partly, the early 

systems were crude - even for the teaching of "reproductive" 

skills. But partly, the teacherswho were released from 
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12.3 

the routine drudgery did not l?erfom the ''more creative 

tasks". They did not J?erfom them because they d.t.d 

not know how to. They still don 1t, The early crude 

systems for re)?roductive learning tasks have im)?roved, 

The interactive systems capable of some measure of 

success with "productive learning" tasks are beginn.t.ng 

to appear. '· 

Machines will continue to be refined and to improve. 

Teachers apparently, are not improving, How long will 

we wait to see the revolution? 

SUGGESTIONS FOR FURTHER WORK 

All the suggestions which follow have indeed been 

mentioned already in this cha)?ter, as and when they were 

relevant to the research be.i.ng discussed, Th.e author 

will breifly summarise the main suggestions in the 

paragraphs which follow. 

12.3.1 Suggestions Connected with the Present Study 

(a) The author's hierarchy of "levels of individualisation" 

should be used as a tool to integrate and plan 

further research work on the characteristics of a 

mathematics course which benefit from being 

individualised, 

(b) The study has revealed some interesting trends 

concerning the effic.i.ency of learning that mature 

students achieve from individualised courses, as 

opposed to the younger students. The present. 

study considers only one type of mature learner 

in one particular type of course, The research 

could well be extended to other learners and 
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other courses; to establish whether the greater 

benefit that adults glean from individualised 

courses is a general phenomenon or is restricted 

to only certain types of cases. 

(c) The study has also suggested that the Keller Plan 

(a prescriptive approach) is more efficient than 

a more student-directed or independent-study 

approach. Whilst this was true for the more and 

the less mature students, it was more marked among 

the more mature, adult groups. Once again, there 

is need to replicate the experiment with other types 

of adult and non-adult groups, and also with other 

types of mathematical content. 

(d) The study has suggested that information mapping 

.may be a more effective technique of presentation 

of mathematical content than linear programmed texts. 

However, there are other possible ways of organising 

the material. One such way, not investigated in 

depth in this study (but considered in Chapter 10 

and in Appendix C) is Structural Communication. 

There are also various media based, audio-visual 

systems and the like, Some work exists in this 

field, but is inconclusive. More research is 

required to evaluate other alternative&, -·(as ~Tell as 

the present alternatives)on different categories 

of students and on different mathematical content. 

(e) The mastery-learning model should be further 

investigated, more systematically, to ascertain 

whether its claims to reduce individual differences 

in attainment have any basis. 
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(f) The student-directed learning model should oe 

further investigated, from the viewpoint of "at 

which level in the course should the student oe 

the decision-maker?" Is it more important that 

he should have flexible, easy to access, material 

(such as information mapping} in order to enable 

him to plan his own study sequence within a lesson, 

or is it more important that he can choose between 

information mapping or some other alternative 

materials for the whole lesson. The former has 

been the subject of investigation in this study. 

The latter has been investigated by other researchers. 

But no-one has considered the two alternatives 

together. We are back to 1' levels, o£ individualisation'! i 

Should we plan to give the student'control over the 

materials throughout a lesson, at the beginning of. 

each lesson, at both these points or at neither? 

(g) A study should be mounted to investigate the possible 

"learning to learn'' effect of an individualised 

system such as the Keller Plan. Such a study should 

indeed consider other alternatives,. Do students 

learn to be independent learners better through 

direct experience of independent learning, through 

prior experience of more controlled individualised 

systems or perhaps prior experience of group-based 

project work? 
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12.3.2 Suggestions Connected with the Individualisation 

of Mathematics Instruction in General 

(a) Increased effort should be put into the analysis 

of the mathematics teaching/learning process, and 

the construction of a comprehensive model of the 

process. 

(b) This work is a necessary pre-requisite to the development 

of more general~purpose interactive teaching systems, 

capable of learning about the learner as well as 

teaching about the subject. 

(c) The characteristics and structure of existing systems 

for the individualisation· of mathematics should be 

analysed more thoroughly, in order to ascertain the 

types of mathematical learning tasks that they are 

capable of teaching and also the necessary conditions 

for success. 

(d) The systems for the implementation of individualised 

.instruction should be analysed in order to ascertain 

the causes for the oft-observed decline in 

performance standards after some years of functioning, 

and to evaluate methods for eliminating this decline. 

(e) The objectives of mathematics teaching at various 

levels and to various groups should be more closely 

analysed and classified, in order to enable a 

satisfactory match to be made between the 

characteristics of the course to be taught, the 

characteristics of the teaching/learning process 

re.quired to teach the course and the characteristics 

of the instructional system necessary to effectively 
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realise the relevant teaching/learning processes. 

In short, research is needed towards a mathematical 

theory of mathematics learning and mathematics teaching 

·which takes into account all the relevant variables • 

• 
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J W Hamer and A J Romiszowski 

A Computer-managed Individualised Remedial 
Mathematics Course at Undergraduate Level 

. 
(Aspects of.Educational Technology III, 

Pitmans, 1969.) 

:t· 
THE NEED FOR REMEDIAL MATHEMATICS 

Enfield College of Technology has in the last few years undergone a pro
cess of expansion, both in nuri~bers of stu4ents and in the n,;,mber .and variety 
of courses offered. The majority of new courses are in business studies and 
social studies. These courses are at degree level run under t~e auspices of 
the Council for National Academic Awards. 

As soon as these courses coinmenced it became apparent that many 

students were experiencing difficulties with the course material, due to their 
wealmess in basic arithmetic. 

It was argued that a mathematics selection test, rigidly adhered to, 
w.o'uld result in the turning away of many promising students. ·It was there• 
fore decided to devise a remedial mathematics course to run in the first few 
weeks of the 1968-69 Academic Year. 

COURSE DESIGN 

The initial behaviour of the students was likely to vary from quite satis
factory competence in mathematics to near-zero competence. Obviously large 
group instruction was ruled out. Small group or individual tutorials would. 
impose a teaching load much heavier than the mathematics staff of the College. 
could cope wit~. It was at this point that the .. Programmed Instruction Centre 
was asked to help. 

In the time available it was not possible to produce a programmed 
course to fit our exact requirements, nor was this considered essential, ae 
there is a range of efficient mathematics programmes on the market. The 
problem was to select appropriate programmes, and integrate them 'into an 
efficient system to suit our needs. A four-point 'systems' approach (Romls· 
zowski, 1968) was used to design the course. 
DEFiNE TASK 
Ttiis was performed by examination <?f th~ course syllabus and schem('s of 
work and by discussion with the teaching staff involved. Twenty-two bas_ic 
mathematic skills were identified as being a pre-requisite for the Social · 
Science Course. The leve~ of p:foficiemcy was defined by specifying typlca.l 
problems~ ·These problems became the basis for a diagnostiC test. 

ANALYSE INPUTS 
Subject matter, students, resources 
All available programmes which covered the twenty-two mathematic skills 
were inspected. A final choice was made on the basis of their success and 

attitudes. 
An analysis of the existing first year students suggested that almost all 

of the following year's entry would require at least part of the remedial course, 
and about one-third would require to study a large part (over 50%) of the 
course. On the basis of these predictions, the College resources were analysed. 

DESIGN OUTPUTS 
Content, methods, media 
On the basis of analysis and try-out, twenty-two modules of programme were 
selected as the basic course content. These were reels or parts of reels of 
Autotutor,. Grundy Tutor and Bristol Tutor programmes, together with some 
texts. 

) 



Two diagnostic tests were constructed, each of sixty·six questions -
six questions for each module of the course. The acceptable criterion of com-, 
petence was to be five out of six correct. Students would· sit the first of these 
tests on their first day on the course, and the second whenever they had COf!l• 

pleled any necessary study of the first eleven modules. 
As it was expected that up to 150 students would sit these tests (In fact 

over 200 did), the marking and assessing problems were likely to be tremen
doUs. Not only ~lust the tests be marked overall, but they must be ma~ked 
six questions at a time and appropriate modules prescribed for each stu~ent. 
It was mainly for this reason that the computer was first considered. How
ever, once the computer was integrated into the system, it was possible "'to 
make use of it for other purposes, e. g. time-tabling, evaluation and progTess_ 

•I •• ' 
chasing. ·I · _.,. 

The corrlputer becaine the main control medium for the cours-~ .:._'The 
teaching media were mainly branching teaching machines (dktated b~. the · 
choice of programmes). However, the ~uman teacher was to. have a V_ery 
definite role to play In the system. He would monitor the Individual course 
prescriptions which were arrived at by the rather inflexible 'five out. of s.iX. 
correct' logic of the computer programme. Secondly, he would be available 
to give l~rther Individual tuition to any student who still co;ld not make the 

~rade after studying the appropriate module. 
The resultant system for implementation of the course is shown in Figure 

J. This Is the final form of the teaching system applied on the cours~. 

EVALUATION 
Apart from limited try-out of materials on the previous year's students, ther.e 
was no opportunity for evaluation of the course prior to implementation. The 
first year's run was to be used for eValuation purposes. This was considered 
lair as the system allowed for further tutorials if the teaching programme 
failed. 

THE ROLE OF THE COMPUTER 

The computer has therefore two main roles: (I) Course management -
marking, assessing, individual prescriptions, time-tabling, and (2) Course 
evaluation - test error ,counts, error analysis, gains, suspect modules. 

This second role is simply the standard use of a computer as a data 
store and calculating machine :- the course designer's job aid. The manage
ment role is based on the :iuthor's experience of similar systems in the United 
States during a visit in 1967. In particular, the use of computer managed 

·mobile classrooms at Albuqu_erque, New Mexico (Romiszowski, 1967), and the 
massive project P. L. A. N .. at the A. I. R. Laboratories, Palo Alto, California 
(Romlszowskl, 1967; Hawkrldge, 1967). However, the present study Is much· 
more limited, both in size and in the complexity of computer equipment em
ployed. Unlike other systems, we use a simple batch-processing installation 
with punch-card/tape Input and typed output -the Honeywell H. 200. However,. 
the system proved adequate for our main problem of h3.ndling 200 or more 
test papers as a batch in minimum time. Two punch-card girls marked 200 
tests punched cards and verified them well within two hours. Computer time 
was about four minutes. The type·out included individual course prescrip- . 
lions for each student, an error count and analysis for the test items, data 
on machine and programme requirements for the technician, and a list of 
student weakne.sses for the tutor. 

THE ROLE OF TilE TUTOR 

He haS several roles: (1) Monitoring the computer's prescriptions. 
For example, if a student who makes more than one silly mistake in six can, ' 
without a~y tuition, satisfactorily correct his work and explain his errors, 
then the tutor may allow him to skip certain prescribed modules; (2) Marking 
and assessing post-tests. He can do this quicker than the present computer 
system, and can diScuss errors and give tuitiOn immediately; (3) Giving 
extra tuition where required. 

In all, eighteen staff members were involved for a total of 190 hours 
during four weeks. Of these hours 147 were for the Social Science Course, 
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puforri1cd by the Social Science staff &ives: 

(a) Machine loading, etc. 30 hours 
(b) Testing, marking, administration, record-keeping 56 hours 
(c) Tutorials, discussions 34 hours 
(d) Time unaccounted for (including machine maintenance) 27 hours 

147 hours 

Categories {a), {d) and the bulk of {b) are routine technician grade of 
work. By assigning one full time technician to the course, teaching staff 
time can be cut by 75%. This was done in the later stages of the course and 
will be a regular part of the system In the future {Figure 1). 'This w!ll give 
a substantial saving over traditional staffing costs. On the above figures, 
staff hours : student hours on the course were approximately 1:6. The planned 
Improvements w!ll raise this ratio to I : 22 at least. Overall staffing on the 
course Is approximately I : 10. Staff-student contact w!ll of course remain 
entirely on an Individual tutorial. basis, 

THE PROGRAMMED MATERIALS 

Machine utilisation by Social Science students during the four weeks 
amounted to 859 hours. In addition, about 150 hou.rs were spent unsupervised 
at home or in the library on programmed texts. After the administration of 
post-tests, 102 individual tutorials were necessary, totalling about 34 hours. 
Despite weaknesses in some of the modules, overall failure rate after study
Ing programmes was as low as 13%. 

STUDENTS AND MACHINES 

The majority of students booked machine time and studied the prescribed 
modules very conscientiously. A small minority {about 15%) had to be chased 
up to complete the course. All other students completed the course well with· 
in four weeks. In all, 23 students, that is 12% of the intake, passed all sec
tions of the test and skipped the course altogether. At the other end of the 
scale, the weakest student studied 20 of the 22 modules, spending a total of 
55 hours on teaching machines, and a further 3! hours on subsequent tutorials. " 

It is interesting to note that those modules which were studied from 
texts were among those requiring most tutorial follow-up. When, coupled 
with the fact that out of eleven copies of Logarithm texts, _eight were 'lost' 
during the course, it is deduced that the teaching system, i! it is to succeed, 
must impose a modicum of discipline on students, otherwise there is a danger 
that work is put off Indefinitely. In future, If texts are used at all, they will 
be studied during booked sessions In the Teaching Machines Laboratory, 

COURSE EFFECTIVENESS 

In order to assess the long-term effectiveness of the cou1~nc, :t. shnrt 
test consisting of thirty of the original diagnostic test questions were st:t to 
all students after a delay of one term. These were the ·questions which had 
given the most trouble at the beginning of the course. The overall error rate 
for these items was just under one-quarter of the original error rate. Indi
vidual Items varied from one-half to one-ninth of the original error rate .• 
The cost-effectiveness of the first year is not spectacular. Cost of program-· 
mes and hire of extra machines was :ibout £400, 1. e. £2 per student. However, 
staffing costs were high, but as outlined above, now that the extent of the . 
problem Is known, these can be cut by about 75%. 

It would appear that once projected modifications are Implemented, the 
cost of running this course will be no more, and probably less, than traditional 
group Instruction - and of course much greater Individual attention is possible. 
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COUNCIL OF EUROPE, COMMITTEE FOR CULTURAL co,,OPEMTION 
' 

INTERIM REPORT ON RESEARCH INTO ALTERNATIVE PROGRAMMING 

STYLES FOR THE PRESENTATION OF THE CORRESPONDENCE,COURSE 

SECTIONS OF THE PROPOSED MULTI-MEDIA COURSE IN VECTORS 

& MATRICES 

By A.J. Romiszowski and P. Ellis. March 1973, 

The study set out to investigate the relative efficiency 

of two textual presentation styles in the teaching of 

introductory matrices material, The styles compared were 

conventional large step Linear Programming and a'relatively 

new technique developed in the United States, known as 

Information Mapping. It was suggested at the outset of the 

investigation that if information mapping seemed to teach 

better, or even as well as linear programming, then it would 

be the preferred technique due to the other advantages inherent 

in the style (ease of use for reference, easy updating etc.). 

The matrices material was already available in a Linear 

version as written at Loughborough. This material was 

validated and modified as a result of the validation at 

Enfield College, and a final version produced. The subject 

matter, as provided by Loughborough, was divided into 3'" '·. 

sections or parts. For the purposes of this study Information 

Mapping versions of the first two parts were produced at 

Enfield, and it is these that were used in the comparative study. 

It was arranged with the mathematics lecturer of a group 

of about 90 B.A. Business Studies students, that the materials 

should be introduced to the students by the authors at the 

- 562-



end of a lecture. The materials were split into two parts 

and the students were asked to take away the first part, 

and return it when completed, then take away the second 

part, this to be returned when completed. The work was on 

a voluntary basis, although it was pointed out to the 

students that it covered an area of the course to be covered 

later in the year. Approximately 50 students took the 

material away, but only 3 returned the first part. This 

stage of.the investigation was therefore abandoned. 

After further negotiations the materials were 

presented to a second group of Business Studies students. 

The experimental design was that half the students would 

initially be given Part I of the materials in Linear 

Information Mapping form. It was then planned to cross the 

groups over so that the students who received the Part I in 

Information Mapping style received Part 2 in Linear Programming 

style, and the students who received Part I in Linear 

Programming style received Part 2· in Information. Mapping style. 

A questionnaire for completion afterwards to determine 

attitudes towards these presentations was also prepared, 

A lecture was terminated approximately 15 minutes early 

and a pre-test was given to the students to determine their 

initial level of knowledge. Part I of the material was given 

out, and the student~ were informed that a test would be 

given on the material after the same lecture next week, and 

that a second part of the materials would be given out then, 

to be tested in the same circumstances in the third week, 

It was not possible to adhere strictly to this plan however, 

since many people were absent on one or more weeks, and some 
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who were present on all occasions did not complete the 

reading in time, A more flexible approach was therefore 

adopted with students taking away the appropriate texts 

and tests as they required them. 

At the moment we have 3 totally complete returns, and 

14 returns- complete for Part I. The Pre~test scores, working 

time required on text, and.Post-test scores of the students 

who have completed Part I are summarised in the attached 

table. As can be seen with the results available so far 

the students working on the Information Mapped materials 

(Unit version) scored slightly better on the Post Test; and

completed the work in a much shorter time than the students 

working on the Linear version. No statistics have, as yet, 

been carried out on this data as we hope to collect more 

returns after the Easter Vacation. 

The three completed questionnaires from students who 

have worked through all the materials show that they would 

like considerable portions of their courses presented in 

this manner, and that information mapped materials were 

either liked equally with linear programmed materials, or 

preferred to them. Obviously, however, little reliability 

can be attached to an analysis based on 3 returns, and the 

sample is probably biased since the students who have 

completed all the materials are probably those who found them 

most acceptable. Again we hope to enlarge our sample after 

the Easter Vacation, 
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However, an interim finding that Information Mapped 

materials teach at least as well as Linear Programmed \tl 

materials would suggest that information mapping could 

,profitably be used in the presentation of the matrices 

materials, especially in view of the easy reference and 

updating characteristics of the technique, 

:IlU'ORMATION LINEAR'. 
MAPPING PR:X;!Wf.lE 
VERSICN T.ima VERSICN T.ima 

Pre- Post- (miris) Pre- Post- (mins) STUDENT Test Test Sl'UDENT Test Test 
/5 /14 /5 /14 

Gibsan 1 11 30 mins. Yin 0 6 40 

Bywaters 0 9 30 Kalakoutis 0 12 80 

Mitche11 0 8 25 Strudwi.ck 0 11 30' 

Preston 1 13 ? Synac 0 8 25 

Squires 0 11 25 Missing 0 7 35 

O'Su11ivan 0 8 20 Wallace · 0 6 20 ,.· 

Argyrou 0 11 30 

Mala 0 6 45 

MEANS 0.3 10 26 MEANS 0 8.4 38 
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Factors affecting the programming 
and control of individualized systems 
of instruction (for the training of technical and science teachers

·ln a deYe!oping country) 
A J ROMISZOWSKI 

(Aspects of Educational Technology IX. 

Kogan Page, 1975.) 

• ABSTRACT 

Individualized or 'personalized' systems of instruction vary widely In 
structure and In the techniques used for presentation and control. Thoy also 
vary in what aspects of a course are lndee4 'personalized'; variable content,. 
variable learning modes, individual evaluation and feedback, or simply self
pacing. The majority of systems in widespread use are only individualized 
ln the last one or two of these aspects. 

One such system which is gaining rapid acceptance at university level, ln 
academic courses mainly, is the Keller Plan. Its popularity stems partly from 
the ease with which it can be implemented in the traditional structure of a long 

. academic course, partly from the level of sophistication of the typical 
undergraduate. 

Its applicability Is less proven l.n short, intensive courses, wlth practlcal 
rather than academic objectives and with a target population with less 
experience of studying from the printed word. 

After a brief summary of the Keller Plan, this paper discusses five 
experimental courses for technical and scince teachers which are based on a 
somewhat modified version . .-Each course consists of about 150 hours of study 
usually completed in a month. A total of 266.students were involved in the 
trials .. Four courses taught baslc subject matter (electrical and electronics 
procedures); the fifth also taught laboratory practice, lesson planning, 
materials a.nd visual alds preparation. and use, etc. 

The philosophy underlying the use of lndlviduallzed techniques In these 
courses is discussed and the rationale for modifying certain aspects of the 
original Keller Plan are examined. 

Among the points discussed are: • 
The overall effectiveness of the courses. 
The significant early drop-out rate. 
The use of the 'unitmeter' for group motlvatlon. 
The role of the monitor/proctor in the system. 
Student reactions to contlnuous evaluation and to dlfferences 

in the severity of individual monitors. 
Programming factors optimal length for study units 

'\ 
.4 

- effect or units having vacying levels or d!Cflculty 
- techniques for rapid revision of the materials, 
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. l:"llii'IIJL:ALIZED INSTRUCTION - WIIAT IS INDIVIUUALIZED? 

'lntll\"idualization' ls one of those catch-phrases of recent educational jargon 
which has been used to de§cribe so many patently different systems of 
instruction that, tinqualifled by further definitions, it often confuses more 
than it communicates. At one extreme, inP,ividuallzation is deemed to have 
taken place if students are working alone at their own pace. At the other· 
extreme the tenn may Imply a system in which any or all of the following 
factors are adapted to the needs of each individual student - pace, medium 
of presentation, study style, content, evaluation techniques. 

A simple classlflcatlon is suggested by Edllng (1970) which can be 
summarized ln Table I. 

Table I. 
Objectives 

Media School Detennlned Learner Selected 

System Detennined 'Individually diagnosed 'Personalized' 
and prescribed (!PI) (many CA! systems) 
(PLAN) (Some CA!) 

Learner Selected 'Self-directed' 'Independent study' 
(Learning resource (Project QUEST) 
centres) (Some 
multi-media kits) 

This classification, though useful, makes no direct mention of learner 
groupings or learning pace (often considered key factors in indlvlduallzatlon), 
although all the examples quoted by Edling happen to Involve self-Instruction 
or small groups under self-paced !.earning condiUons, as if this was an 
essential ingredient. 

However, it is by no means clear whether a CAI course which allows the 
learner to select his objectives, is any more or less 'personalized' than the 
system at Summerhill (Neil, 1960) which also allows the student to select the 
lessons he attends. If there is a difference then surely it lles in what happens 
within the le~son. How does the lesson adapt to the learner? Which experience· 
is more individualized, a linear programme· in which all students read the same~ 
material (albeit at theirown pace) or a traditional lesson where all tho studen~s 
have been selected by some diagnostic procedure so that the teacher has an 
inventocy of their learning problems 'i 

We might add a 'third dimension' to Edllng's model by constructing a 
hierarchy of potential individualization among media, based on the degree to 
which a medium can adapt a presentation automatically to tho needs of the 
Individual learner. This is the degree to which a given instructional system 
is a cybernetic system. 

Even in the majority of current CAI adaptive programmes now in· ·exl~t8nce, 
one sees only a limited level·of adaptability. In highly specific subjects 
(tracking skUls or Suppes' 'drUl and practice• mathematics courses, for 
example) the adaptive machine may have the edge on the human teacher, but 
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In mo:ot ac.~:hh 1nde '••pt•n Mt•ndt•tl' tll~~·lpllnc:ot tho por,.onal (-.,tor, h H·knJ ,,1, IJ\: 
cffidcnt dl:l!!IIHI•llc~ pl'llt't'dUI't•.-;. lt4 ~till hard to hc:1t. Tho nwru opt"tl•vn•h~J 
tho subject :uul thn more inqulsHlvo :Uld sophlsllcatcd tho student, tho ~rcator 
the need tor adaplivu cap:JbfHty. llonce the relative Jack ot ncceptanco or 
'traditional' programmed instruction at university level, Md hence also the 
origins of the Kellcr plan. 

THE KELLER PLAN AND DERIVATIVES 

The main features of the Keller plan Include (Ke!ler, 1967, 1968): 
(a) lndlvldual study units, usually written matter, which may be (but 

need not be) specially produced for the course, and may (but 
certainly need not) be in programmed lnstructlon form. 

(b) Self-tests which the student attempts and then discusses with a 
proctor or monitor. 

(c) Study guides In the form of detailed objectives, cross-referenced 
to the reading and practical assignments. 

(d) Individual and/or group practical work and discussion controlled 
by specially written guide notes. 

(e) The role of the teacher Is mainly that of a manager of the system, 
He has monitors to help him ln· assessing and tutoring the students. 
The monitors may be special staff but are often more advanced 
students who are given the responsibility for the progress of the 
slower ones. They usually have a monitor's guide book to help 
them. The teacher evaluates overall progress and revises the 
course materials, but he does take on monitoring when necessary. 

(f) The teacher also gives a certain amount of face-to-face classes, 
but these concentrate on cnr~chment of the course and students 
have to 'earn' the right to attend these classes by reaching 
proficiency ln certain sets of objectlves. 

(g) Prollciency In most !(eller courses ts taken to mean lOO% on 
each study unlt.test before moving on to the next one . . 

The system was llrst introduced experimentally tn the psychology departjllent 
of the University of Columbia In 1963, and in 1964 was installed at the University· 
of Brasltla (Azzl, 1964, 1965), Since then, use of the plan has spread to other 
universities and Institutions In the USA and also in Brazil, and has been applted 
to subjects other than psychology, for example, physics MIT (Green, 1971). 

Although the Keller plan is the name now in vogue, other attempts were 
being made to overcome some of the shortcomings of e:J.rly programmed 
Instruction courses; for example in the UK, Croxton and Martin at the 
Univer.slty of Aston were attempting to i.ncrease the adaptive nature of 
programmed courses by roughly stmilar methods, although also utillzlng a 
computer as a diagnostic ald (Croxton and Martin, 1970). Other examples 
abounrl which have some, though not all, of the characterlstlcs of the Keller 
plan ll:::;tcd above. In the last feW years such 'personalized' courses have 
developed an enthusiastic folto.vlng ln American untversltles and In other 
counlrll'l::l lncluding Brnzll. At a recent conferonce/workshop on personnllzec.l 
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1n:-:t111dlon In S[o Paulo, Sherman (1974) estimated that in the USA 11 ••• more 
th:m 500 professors have developed their own PSI (personalized systems of 
lnstruction) courses and their own materials. At least twice that number have · 
given PSI courses with commercially avallable materials ••• " 

WHY USE PSI COURSES? 

The acceptance of PSI courses at university level is a result of: 
(a) relative ease and speed of materials preparation (not specially 

programmed and often avallable from existing sources); 
(b) relative ease of implementation within a traditional university 

course structure (no major timetable changes, irregular 
attendance problems minimized, slower students may put ln' 
extra time). · 

The relative success, as compared with other attempts at more rigid 
programming, is probably explained by: 

(a) famlliarity of the style of the learning materials to students; 
(b) the discussion/assessment sessions "with the monitors (i) allow 

for expansion/inquiry/criticism, (ii) ensure full mastery before 
progress to new materials, (iii) make up for any deficiencies ln 
the quality of the materials, (iv) supply rapid feedback to the 
teacher, enabling him to revise or add to the course materials 
on a regular basis throughout the Year. 

These benefits are particularly marked in long, academic courses and 
especially in subjects demanding discussion and open-ended responses, 
involving 'sophisticated' learners. 

There is less evidence which supports the use of Keller-type course 
structures (as opposed to other strategies) in short, intensive courses, or 
when the subject matter is rigid, or with students not well accustomed to 
self-study from written materials. These are the characteristics of the 
courses described below. 

PSI USED FOR TECHNICAL TEACHER TRAINING 

The followlng discussion is based on the results of a series of PSI courses 
given in Brazil during 1973/74. The course materials were prepared at the 
National Foundation for Technical Teacher Training, by a team of 

-specialists trained for the purpose. The courses are intended for trainee 
technical teachers with generally limited entry experience. A full account of 
the courses is given elsewhere (Netto, 1974). Table II summarizes the 
details pertinent to the current discussion. The arguments for using a PS1 
structure for these courses ran as follows: 

(a) A crash programme of training is required to produce the technical 
· teachers required by current rapid industrialization. Traditlonil 
facllities for effecting this training do not exist. Therefore a type 
of in-service scheme is planned whereby the National Foundation 
tralns and equips a first cadre of teachers, who ln turn become 
trainers of teachers in their locality (the chain-reaction principle). 
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T "bit' 11. llct.u!• ol thrC'c lndh·l<lt~ . .tlrcd counn tor tcchnlc•l tcachcn 

• 

Course Low Tcnslon Basle Physics 
Title Electrical Electronics (Experimental) 

Installation 
(Design) 

Objectives Plan, draw, Identify the type, Use laboratory 
(and the calculate and analyse and test equipment, 
main types price an baste electronic carry out, write 
of Learning Installation for circuits. Analyse up and criticize 
Tasks) a given bulldlng systems Into experiments. 

and given needs, baslc circuits Make and use 
following norms and explain equipment and 
laid down and function of each. teaching aids, 
administrative (Conceptual and Plan a teaching 
procedures. Discriminatory unlt based on 
(Procedural Tasks - and an experiment. 

. Tasks) Laboratory (Conceptual, 
Procedures) Procedural and 

Creative Tasks) • 

Course 150 hours 156 hours 150 hours 
Length (3 weeks) (3 weeks) (3 weeks) 
(Maximum) 

Trainees 48 +51+ 42 41 44 
(Number and (3 courses) Low entry level GeneraHy low 
Background) . All experienced ·of knowledge. entry level of · 

Installers. physics. Not 
used to learning 
through 
experiments. 

Materials 39 obligatory 29 obligatory 42 obligatory 
. 

units. units. units. 
2 optional. 5 optional: 

discussion/ . . 
demonstratlon • . . 

Monitors Five monitors per course, giving a teaching ratio bf about 
10:1. All monitors were specially trained staff. 

.· 
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(b) Thus effective training systems and materials must be developed to 
enable relatlvely inexperienced teachers to instruct others. These 
'multlpHcators', as they are called, must get experience ln teachlng 
others during their course. Involving them as monitors will achieve 
this. 

(c) The multlpllcators may have to instruct groups or individuals, 
indlvlduallzed materials glve the necessary flexlbllltY, 

(d) Finally the concepts of •mastery learning', behavioural objectives 
and self-pacing are generally new to the Brazlllan educational system. 
Here ls a chance to propagate them 'by example'. 

Thus the basic Keller plan seems ideal, However there are several 
differences between these courses and the classic Keller model: 

(a) The courses as given so far have a fixed maximum tlme and are very 
Intensive. This was an unavoidable administrative constraint during . 
the experimental testing period. There ls no reason why in future the 
multlpllcators need to follow the same time-scale. 

(b) So far the students have not acted as monitors, again due to the extra 
functions the monitors have during the testing period (evaluating and 
improving the materlals). Most of the monitors were also authors of 
parts of the materials. This again should change with future courses. 

(c) Only very few optional 'motivational' lectures and discussions were 
Included (and then only to present materials which cannot be conveniently 
presented in print). They were not deemed so necessary ln a short 
course, and probably would not be very motivational as 'extra work' at 
the end of an eight-hour day of study, 

(d) However, to keep up the pace of work, and also to Increase motivation, 
a pacing device ln the form of a graphical display of all students• 

. progress was used. This 'unitmeter' proved very popular ln practice. 
(e) One comment made by Sherman (1974) concerning the success of PSI 

courses, is that the teacher must be there, constantly lnvolved, 
modifying, improving, discussing, motivating. In a sense the chain
reaction scheme will send fledgling ex-monitors out to repeat their 
training course without the presence of the teacher/author. A certain 
contact and feedback from the field Is planned, but thls will necessarily 
be sketchy as the scheme expands. How the course efficiency wlll stand. 

· ln the second and subsequent phases of the scheme has yet to be seen. 
(f) Finally, as mentioned above, the target popalatlons and the course 

contents are also very different from the classic university applications 
of the Keller plan. We shall examine this aspect in detaU later, 

SOME RESULTS IN SUMMARY 

Completion of course wlthln tlme 

Two of the courses seem to have been relatively well tlmed, The electronics 
course, however, fared badly, Analysis showed that the early units were much 
too difficult and much too long. Unit 5, for example, took a mean study tlme 
of 14 hours, and one student spent 27 hours of study on thls unit. This was 
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obviously a great error ln programming, which showed up all the more \V hen 
one notlced that the later units of the course were vecy easy and quick. The 
30% or 40% of the group who managed to struggle through the first 14 units 
then romped throuzh the remaining 15 units at the rate of 2 to 5 hours per 
unit with hardly any problems. These trends can be seen on the graphs. So 
much for the clalm that it does not matter about the quality of the course 
materials. There Is obviously a limit to the number of problems caused by· 
poor material which can be left to the monitors to sort out, 

Table Ill 

Electrical Basle Physics 
Installation Electronics 

Per cent of students 84 34 88 
who finished the 
course within time 

Per cent who did not 11 61 5 
finish or finished later 

., 

Per cent of drop-outs 5 5 7 

A further Interesting point concerned the drop-outs, These almost all 
dropped out In the first couple of days .of the courses, often claiming to have 
'prior appointments•, There appears to be a small group In the target 
populatlon which just does not take to seif-lnstructlonal techniques. It would 
have been interesting to analyse this group further, but it vanished so quickly 
that no one had the chance. · · 

lllotlvation 

It Is encouraging that the majority, Including those who did not finish all 
their course, worked systematically to the end. Progress was helped by t~e 
'unitmeters'. Students generally took pride ln keeping their position on the 
graph up-to-date. It was found more effective to allow the students ratber 
than the monitors to mark the graph. This competitlve 'wish to be graded', 
much stronger than would be found In simllar target populatlons In Britain; 
is probably a culture factor. The author has noted the same phenomenon In 
other developing countries. ' 

Role of the Monitors 

On the assessment of pru.ctlcal assignments, where the monitor's judgement 
enters, it proved difficult to standardize assessment procedures, Regular · 
assessment meetings proved neceSsary. Those variations in severity, howevert 

.did not seem to be rcficctod ln undue favourltlsm for the •tax' monitor on tho 
part of studonts (Novos, 1974), On the contracy, a student who was failed tondod 
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to sttck wlth the same monitor to be re-tested. He might change monitors for 
another study unit, however. 

A very useful functlon was played by the monitor/auth~rs, ,In revising weak 
points In the materials at evening meetings on a more or less dally basis. 
Thus, by the end of the three weeks of a course all materials had already been 
re-written in draft, ready for the next course. 

PROGRAMMING FACTORS AFFECTING EFFICIENCY 

Length of the study unit 

The three scatter graphs 1llustrated below relate the mean study time of the 
units In a course to the number of students falling to obtain a lOO% 
assessment first time off. There appears to be a certain amount of 
correlation. Longer units are more likely to give problems (or conversely ls 
it that units which give problems take longer)? 

The correlation is not very strong, however. There are several examples 
of long units with low !allure rates (mainly long chunks of descriptive material) 
but much fewer short units with high fallure rates, 

The general lesson to learn is to keep the units reasonably short, say, two 
to four hours of study. 

Effect of the type of learning task 

Clearly a unit is not difficult simply because it is long, A further factor is the 
content of the unit. There are other student-related factors too. To establish 
some kind of absolute difficulty factor may indeed be an impossible task. If 
we use the failure rate as a criterion we get the type of chicken-egg argument 
1llustrated in the last. section, How .V er, it was felt that the mean failure rate 
on similar types o[ units may yield some 'relative difficulty' figures as 
between different types of learning task. 

It so happens that certain groups of study units in certain courses deal with 
predominantly one type of learning task. An effort was therefore made to 
analyse the learning tasks within the units and to classify the units accordingly. 
For this purpose, both Bloom's taxonomy of cognitive objectives and Gagn6's 
hierarchy of learning categories was used. The results of this analysis are 
shown in Table IV. · 

Whereas not very mucp significance can be attached to this data, forth" 
analysis is very general and (as all task analyses) somewhat subjective, a few " 
interesting points emerge. 

(a) The electrical installations course appears to have the lowest levels ot 
learning task, and yet the highest mean failure rate, This illustrates 
the point that when Gagn6 talks of learning hierarchies he is referring 
to prerequisites rather than to absolute difficulty. It is quite easy to 
learn (and understand) a simple rule of grammar (such as that in 
Portuguese the adjective agrees with the noun in both number and 
gender). However, to!!!!.!!_ the rule one must first know a few nouns and 
adjectives, and it Is at this simple stimulus-response level that all the 
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sweat of language learning takes place (eg in Portuguese there are 
hardly any guidelines to help you decide U a particular noun Is 
masculln~ or feminine - you just 'know'). 

(b) The electronics course is difficult to interpret as it was so badly 
programmed In terms of study unit length. However, the flrst 14 units 
(which most people completed) are analysed here. Despite their length 
the mean error rates are lower than on the electrical lnstallatlons 
course. 1t seems that the programming quality of the electrical 
Installations course, though unlform, is unlformly poor. 

(c) The materials of the physics course would seem to be much better 
programmed, if mean error rates are a guide. A subjective reading of. 
the various course materials confinns this yiew. Indeed, th·l physlcs 
programming team had much more extensive experience and tralnl.ng, 
and had better opportunities for pre-testing their materials. lt would 
seem a slgn of good programming too, that errors (and hence the need 
for monitor assistance) should occur in the conceptual material but· 
should be almost completely eliminated from the simple procedural 
units. 

CO!\'CLUSIONS 

1. PSI courses can be cffeetlvely used for short, intensive periods as well as 
for the more common applicatlons on long courses. ' 
2. The majority of students, although unaccustomed to this style of learning, 
showed themselves capable of studying for long periods at a much greater 
intensity than on courses of a tradltlonal type. 
3. For periods of up to several weeks, motivation can be maintained without 
use of motivational lectures. Simple progress records help to maintain 
motivation, through competltlon, even where adult students are concerned. 
4. Programming factors are not as unimportant as some proponents of PSI 
would have us believe. Whereas it Is true that weaknesses in the learning 
materials will 'come out ln the wash' and that there Is always the possibility 
of ampllfication or correction by the monitors, this Is always wasteful of 
monitor time and of student time. In extreme cases (as the baslc electronlc.s 
course, for example) few students may finlsh the course in reasonable time 
(or before they lose all motivation), or alternatively monitors may lower 
standards or start 'expounding' in traditional teacher fashion In an attempt· 
to speed things up. . 
5. The length of time necessary to complete a study unit should be kept short. 
Lengthy units should be split or re-written with more self-tests and 
monitorial interventions. 
6. The course producer should be aware of the type of learning task he Is 
setting his student and of Its probable dlfficulty and necessary prerequisites. 
For this he needs to develop task analysis (preferably behavioural analysis) 
skills. 
7. Thus, whatever the case at university level, Keller-type courses for use 
at lower levels need careful programming and should therefore be prepared 
by trained programmers, 
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SCATTER GRAPHS FOR THREE PSI COURSES 

ELECTRICAL INSTALLATIONS 

Results for course Involving 42 students. 
Each '•' represents a study unit of the course. 
Vertical axis: Mean study tlmo to complete first attempt (hoUrs). ·• 
Horizontal axis: Number of students falling to obtain a satisfactory 

assessment ~lOO%), on first attempt 

w 
• 

. 9 

B •• 
7 • • 
6 • .. 
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• • 4 • • • • 3 • • • • • 
2 •• •a • ••• 
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In general, longer study units have higher faUure rates. 

PHYSICS 
Results of course lnvolvll)g 44 students, 
Axes of graph as above. 
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Note: 'Only the 14 units teaching theory are plotted here. The 14 laboratory nnd 
the 14 materials constructions units, being step-by-step instructions on how to 
perform self-checking procedures, produced no unsatisfactory assessments 
whatever the length of the unit Involved. 

ELECTRONICS 

;Results of course Involving 41 students. 
Axes of graph as above. 

14 • --) ......... 
13 

12 

11 • 
I 10 • 

9 • • • • 8 • • 
7 • • • 
6 • • ·-
5 

a • 
4-

3 

2 •• •• 1 a 
1 2 3 4 5 10 15 20 25 c 

1n general this graph supports the evidence of the earlier two graphs that the 
length of the study unit is an important factor controlling Its difficulty. 

However, the results shown here are distorted by the large number of 
students who did not complete the course. 

The cluster of 'low difficulty' Is exaggerated. All the shorter units were 
·in the later part of the course, so a diminished number of students attempted 
the final tests on these units. • 

All students attempted the final tests on the lnlt!al, long study units of the 
course. 
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Table JV. A comparison of the relative success or the PSI courses in teaching different learning t.ub 

Course 

Commentary on 
Content of Study 
Units Analysed 

Main Class of 
Objectives 
(Bloom) 

Main Categories 
of Learning 
(Gagnfl) 

Mean Initial 
Failure Rate per 
Study Unit 

Electrical Installations Basle Electronics Physics 
·-·· 

As the trainees all had (Analysis of first 14 New Information, followed by 
experience of installation study unlts only,) routine e.xperlments to verify 
work, they bad to learn Basically new material it. Also gulded Instruction on 
few new concepts. involving new ideas and visual ald preparation, lesson 
Mainly use of reference relatlonships. Having planning, etc. 
books, calculations, learnt, student uses his 
drawing conventions. Information In Intellect-

14 units 14 of 14 on 
ual tasks of analysing 

basic labora- visual 
and Identify lng. 

physics tory aid~ 
7 unlts 18 units 7 units 7 units theory expert- prepar-
theory practice theory practice ments at Ion 

Knowledge · Appll- Compre- Analysts Compre- Appll- A~pll-
cation benslon hension cation cation 

!vrultlple Chains Concepts Discrlml- Concepts Chains+ Chains+ 
Dlscrlml- + Prlncl- nation (some + Princi- Multiple Multiple 
nations pies problem pies Discrim- Dlscrtm.-

solving) inations !nations 

23.4 23.5 17 14 5.6 0 0. 
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Individualisation in Higher Education-. Introductory 
Overview 

A. J. Romiszowski, Guest Editor 

Indh·idualised instruction- what is individualised? 

ulndividualisation., is one of those catch·phrases of 
recent educational jargon which has been used to 
describe so many patently different systems of in· 
struction th· :, ur -lUJ!.ified by furthe de··· . .ltions, 
it often confuses more than it communicates. At 
one extreme individualisation is deemed to have 
taken place if students are working alone at their 
own pace. At the other extreme the terms may 
imply a system in which any or all of the follow
ing factors are adapted to· the needs of each indi· 
vidual student - pace, medium of pr.rscntation, 
study style, content and evaluation techniques. 

A simple classification is suggested by Edling 
(I 970) which can be summarised in the follow
ing diagram. 

TABLE 1. 

.. OBJECTIVES .. 
r--

SCHOOL LEARNER 
MEDIA DETERMINED SELECTED 

SYSTEM .. Individually diag- ''Personalised" 
DETER- nosed and prescribed (many CAI 
MINED CIPI) (PLAN) system.s) 

(Some CA I) 

LEARNER ''Self-directed" ''Independent 
SELECTED (Learning rcsourse study 

centres) (Some multi- (Project QUEST) 
media kits)· 

This classification, though useful, makes no direct 
mention of Jearhcr g1oupings or learning pace 
(often considered key factors in individualisation), 

:although all the examples quoted by Edling happen 
to involve self-instruction or small-groups under 
self-paced learning conditions. as if this was an 
essential ingredient.. 
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However, it is by no means clear whether a CAI 
course which allo\vS the learner to select his objec· 
tives, is any more or less .. personalised" than the 
system at Summerhill ( 1960) which also allows the 
studri"Jt to select !he lesso,.,s hl" attends. If then. 
is a ~nference t!" • .:n sa rely ;~ he.; m what happen.: 
v.:ithin the lesson. How does the lesson adapt to 
the learner? Which experience is more individual
ised, a linear programme in which all students read 
the same materhl (albeit at their own pace) or a 
traditional lesson where all the sntdcnts have been 
selected by some diagnostic procedure so that the 
teacher has an inHntory of their learning problems? 

We might add a "third dimension" to Edling's 
model, by constructing a hierarchy of potential 
individualisation among media, based on the degree 
to which a medium can adapt a presentation auto
matically to the needs of the indi\'idual learner. 
This is the degree to which a given instruCtional · 
system is a self-regulating system. · 

In the majority of current CAI programmes now 
in use, one sees only a limited levc: of Self-regulation 
or adaptiveness. In highly specific subjects 
(tracking skills or Suppes' "drill and practice" 
mathematics courses for example) the 2.daptive 
machine may have the edge on the human teacher, 
but in most academic .. open-ended" disciplines the . 
personal tutor, backed up by efficient diagnostic 
procedures is still hard to beat. The more open-· 
ended the subject and the more inquisitive and 
sophisticated the" student, the greater the need for 
adaptive capability. Hence the relative lack of 
acceptance of "traditional" programmed instruc
tion at university leYel. 

A fourth dimension to consider is the level within 
a course at which individualisation takes place. Is 
it: 
(a) at the course /el'el - do students simply exer· 
cise their option to take or not to take a gh·en 
course? Do they do this, incidentally, on the basis 
of a systematic consideration of the course objec· 
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tivcs or simply by their individual whims? 
{b) ilt rile f.:uurse unit level - course options are 
p!anr.ed in the light of the overall objectives of the 
course, the intd-dependencicS: of the units and the 
resources available. Negl!!cting the constraint of 
resources, rl!asonahle course options art: few in 
most courses with tightly defined, specific objec
tives, and many when objectives are ill·defined. 

(c) at the lesson level - lessons usualty form a 
sequence, one building on the other. If this is so, 
is it reasonable at this level to talk of learner
selected objectives? Do we mean simply that learn
ing rate, sequence and perhaps to some extent the 
methods and media, are indi:ictualised? Or do we 
mean that the learner can select some (e.g. enrich
ment) objectives, over and above the common 
core of essential objectives? 

(d) at the individual, detailed objective level - the 
options would appear much the same as at the 
lesson level (i.i!. learning rate, sequence. mdhods/ 
media) but on a more "micro" scale, and therefore 
individual choice is exercised mqre often. 

Trivial as this classification may s~em it clarifies 
some of the confusion which throws such develop· 
ments as PI, !PI, PSI, PLAN, CAI, into the same 
bag as Summerhill, QUEST, Resource·based learn
ing, student·directed learning, Dalton Plan. Open 
Access Plan, Leicestershire Plan, Audio·tutorial 
system, Siscon Project, lnter·Universities Biology 
tcactting project etc., etc., etc., and then labels the 
bag "INDIVIDUALlSATION", 

Indivi.dualisation in higher education 

Some would claim that the old Qxbridge university 
system was as individualised as higher education 
ever h1s beer" •Jl.i~ 'ver likely to be. Indh:i1ual 
tutorials, totally uptwnallectures, some of the best 
stocked libraries in the world, and every Don an 
.. individual" in every sense. Of course, not much 
teaching went on. But that was not the point -
tht! uniVersity was a "seat of learning", not teach
ing. So what's all this about individualisation'? 

The plain fact is that universities ha,·e become 
centres of teaching, although many Dons would not 
wish to recogni'ie this. The pressure for individuali
sation comes from two directions. The new 
breed of university teacher tries to adopt to 
the needs and characteristics of the individual, 
so that more students· learn more of a given 
prescribed course. Secondly, some universities are 
!'iieeking new and alternative ways of adapting the 
content of education to the interests of the indivi
dual, so that more students have more choices open 
to them. 

Don't these two pressures seem to be opposed to 
each othu? Listening to arguments at course plan-
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ning sessions, and reading rec~n t literature on the 
use/misues of beh:1viourat objectives in higher edu
cation, one might bt! led to this conclusion. 

But this is wrong! It is a result of the abovemen~ 
tioned confusion regarding individualisation. The 
two trends may take place together •. in the same 
uni1f'ersity, indeed in the same course. but at dif~ 
ferent levels. For example, whilst course options 
are being increJsed, giving greater choice of objec-
tives at that level, the objectives of a given option 
may be defined more precisely, objective testing 
instrun1ents developed, a continuous assessment 
scheme implanted, all the learning material pro
grammed around behavioural objectives resulting 
in a .. mastery learning .. model (completely elimina
ting the .. friendly .. normJl distribution curve of 
student achievement). ..What about the indivi .. 
dual?" I hear your cry. But wait! 

At a still more detailed (lesson) level, however, we 
find t.tl.-:.t students take \':trying times to achieve 
mastery. What to do with the faster students? 
One answer is to do more work with these students. 
Let them choose extra learning objectives (enrich
ment) over and above the course requirements. 
Here they can exercise their options again~ The 
teacher, in a well planned indiVidualised course, 
may find that he too has more time than before to 
devote to these high flyers - more chance to help 
them follow up their interests. 

Another answer is to employ the faster students to·
help the slower. as in the Kellcr plan. Here, theore
tically, both should gain; the slower student 
through help. guidance and discussion steps out
side the confines of the self-instructional materials; ' 
the faster student, by explaining the course con
tent, reinfnrces his own leamin~. looking at the 
matena1 ,~, new ways (if he ao ..... ~ not 1T:.o:..n·,. new 
objectives, he reaches new heights of mastery in the 
basic course) . 

Is this all a theoretician's dream? I believe not. A 
story which illustrates the potential of well-planned 
individualis..:d learning (and also incidentally the 
confusion which exists in high places concerning 
it), tells of a British technological university which 
some years ago installed an individualised (pro~ 
grammcd instmction plus group,tutorials) scheme 
for one subject (structures) of an engineering 
degree course. When the final examination was 
taken, the examiners were so shocked by. the per
formance of the students on the structures exami
nation (a greater proportion of distinctions gained 
them the previously common pass r:1te) that for a 
tong time they refust!d to believe that the results 
were due to improved teaching rather than the pre
circulation of the examination paper. 

Once they were forced to accept the reality of the 
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~ituation. they soon ··put things right" for the next which most of the other systems arc more er less 
year by totally modifying the examination. directly descended. 

0\'en·iew of lhe papers 

In Ibis special issue, J have attempted to collect a 
selection of papers which illustrate seYeral aspects 
of the ''individualisation" movement. I have con· 
centrated especially however on the systems of 
upersonaliscd instruction~· based on the Keller 
plan. The reasons for this are: 

11 appears that this plan is the first system of 
individualisation to step out of th.: ··sporadic 
experiments'' stage, and enter the .. mass imple· 
mentation" stage in many universities in the 
USA and also in other countries. It appears to 
ha\·c features which are particularly well adap· 
ted to the perceived needs of higher education. 

H is a plan v.l!iCl., in its pmer ~·n,,ns, is thP. 
closest practical application to higher education, 
of the learning principles de\·eloped in psycho· 
logical laboratories, the principles upon which 
programmed instruction was originall}' based. 

am most grateful to Dr J. Gilmour Sherman, of 
the (enter for Personalised Instruction, George· 
town University, for his help in .assembling the 
first section of this special issue, which is de\'oted 
to the principles, practices, past research and future 
prospects of PSI. 

This section is general in flavour, rather than deal· 
ing with specific applications. The opening paper, 
by Ben Green, defines PSI and justifies its use in 
higher education. James Kulik, Chen·Sin Kulik 
and Beverley Smith provide a review of the research 
into PSI. Robert Rusldn tells us how to do it and 
Gil Sherma·n closes this section wit'h an analysis of 
some of the implications of using PSI. 

Also included in this section is the paper by John 
Hess and Galen Lehman, comparing PSI and other 
systems of individualised learning, including Indivi
dually Prescribed Instruction (lP I), Learner Activity 
Packages (LAP's), Contingency Management, The 
Posthlewaile Audio Tutorial method, CA!, and of 
course the generic programmed instruction, from 

.,. 581 -

The second section of the journal contains reports 
of specific applications of individualised learning in 
higher education. Here I have attempted to include 
a mixture of papers. illustrating individualisation in 
\'arious contents and at various levels. The paper 
by Romiszowski, Bajpai and Lcwis discusses ways 
of individualising to achieve both "mastery learn· 
ing·• and "enrichment" at the· same time, ilh.istra· 
ling the discussion with two applications to mat he· 
matics sen·ice courses- one a PSI course, the other 
a .. Learning by Appointment" Pl based system. 
The paper by B. Stace describes some of the PSI 
workshops at the University of Surrey. Neves and 
Romiszowski illustrate some Brasilian experiences 
with PSI, discussing the relationships that exist 
between students and monitors. 

Ti.\. fir.":~l ~ '/l papers deal wii.lt .:.Ji..,,dualisation <H. 
different levels in the system. Andy Thomas des· 
cribes the SISCON project, which is an attempt to 
spread self-study units throughout a network of 
colleges in order to implement new courses ·and 
assist inexperienced teachers to give these courses. 
And the final paper by ~luir, describes the Open 
Access Svstem at the Atlantic Institute of Educa· 
tion, Ca;,ada. This covers the individualised 
structuring of postgraduate courses, by the selec· 
tion of course units, not only from tl1e one insti· 
tute, nor even from other institutes of academic 
learning, but from any situation within society 
which is capable of providing experiences relevant 
to the overall course objectives. 

Thus, in leaps and bounds from one level of indivi· 
dualisation to another, it is hopert the reader will 
find a useful general overview anti also something . 
of specific relevance to his own area of work. 

Refeiences 

Edling, J. V. "Individualised Instruction - A 
Manual for Administrators" DCE Publications. 
Oregon State University. 1970. 

1'\eil, A. S. "Summerhill" Hart Publishing Co., 
Jl:ew York. 1960 . 



The Preferences of Students for Particular Monitors in 
a PSI Course 

Luis Pimenta Neves, Junior and Alexander J. Romiszowski 

Abstract: PSI courses have been used in Brazil for the 
training of technical teachers. Whereas they are based on 
the Kelter Plan, they depart from the original in certlin 
aspects. The details of these courses are described briefly 
by way of introduction. 

Introduction 

The widespread acceptance of PSI courses at uni-
versity level is influenced by: · 

relative ease and speed of materials prepara· 
tion· (not specially programmed and often 
available from existing sources). 

relative ease of implementation within a 
traditional university course structure (no 
major timetable changes, irregular attend
ance problems minimised, slower students 
may put in extra time). 

The relative success, as compared to other attempts 
at more rigid programming, is probably explained 
by: 

familiarity of the style of the learning mate
rials to students 

the discussion/assessment sessions with the 
monitors (a) allow for expansion/enquiry/ 
criticism (b) ensure full mastery before pro
gress to new material (c) make up for any 
deficiencies in the quality of the materials 
(d) supply rapid feedback to the teacher, 
enabling him to revise~or add to the course 
materials on a regular basis throughout the 
year. 

These benefits are particularly marked in long, 
academic courses and especially in subjects ·demand
ing discussion and open-ended responses, in,•olving 
""sophisticated'' learners. 

There is less evidence which supports the use of 
Keller plan in short intensive courses, or with stu
dents not well accustomed to self-study from writ-
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The study examines whether there is any relationship be
tween the popularity of a given monitor and his leniency. 
It \Vas found that students tend to choose the more lenient 
monitor, but if they are failed by a given monitor, they 

.. tend to go back to him for re-assessment. 

ten materials. These are the characteristics of the 
cOurses described below. 

PSI Used for Technical Teacher Training 

The following discussion is based on research with 
a series of PSI courses given in Brazil during 1973/ 
74. The course materials were prepared at CENA
FOR (the National Foundation for Technical Tea
cher Training) by a team of specialists trained for 
the purpose (see BOR!, Carolina 1974). The 
courses are intended for trainee technical teachers 
with generally limited entry experience. A full 
account of the courses is given elsewhere (NETTO. 
W. W. 1974 ). The follo,•:ing table summarises t"e 
~f"·~a=ls pertinent to the ... ~~ne.tt Jiscussion. 

The arguments for using a PSI structure for these 
courses ran as follows: -

A c·rash programme of training is required to 
produce· the technical teachers required by· 
current rapid industrialisation. Traditional 
facilities for effecting this training do not 
exist. Therefore a type of in-service sche.me 
is planned, whereby the National Foundation 
trains and equips a first cadre of teachers, 
who in turri become trainers .of teachers fn 
their locality (the chain-reaction principle). 

Thus effective training systems and materials 
must be developed to enable the relativdy 
inexperienced teacher to instruct others. 
Also these "multiplicators" as they are called 
must get experience in teaching others during 
their course. Involving them as monitors will 
achieve this. · 
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TABLE I. Details of threi! i11dil'idua/ised courses (or teclmlcal teachers 

Course Low tension electrical ! Physics 
title installation (design) l Basic electronics (experimental) 

Objecth·es Plan, draw, calculate and price an l Identify the type, analyre and test Use Jab. equipment, carry out, 
write up and criticise experi-(and the installation for a given building and : basic electronic circuits. Analyse 

main types given needs, following norms laid i systems into basic circuits and ments. 
of learning down and administrative procedures; explain function of each. Make and use equipmer.t and 
tasks) (PROCEDURAL TASKS) '!CO:-ICEPTL'AL A!'ID DIS- teaching aids. 

i CRI~!I:\ATORY TASKS- AND __ Plan a teaching unit based on 
! LAD. PROCEDURES) an experiment. (conceptual, 

I procedural and creative tasks) 

Course ISOhr~ (3 weeks) j IS6 hrs. (3 weeks) ISO hrs. (3 weeks) 
length 

I (maximum) 

Trainees 48 +SI + 42 (3 courses) 41 44 
(no. and All experienced installers. Low entry level of knowledge Generall}• 1ow entry level of 
background) physics. Not used to learning 

!_ ___ through expE".~rr:.::ni.• 
-

Materials 39 oblig. units 29 oblig. units 42 oblig. units 
2 optional S opt. discussion/demo. 

~tonitors Five monitors per course, gh•ing a teachilig ratio of about I 0:1. Al1 monitors were specialiy trained staff. 

The muJtiplicators may have to instruct 
groups or individuals. Individualised mate· 
rials give the necessary flexibilitr. 

Fina1ly the concepts of ••mastery learning~·, 
behavioural objectives and self-pacing aTe 
generally new to the" Brazilian education sys· 
tern. Here is a chance to propagate them 
''by example". 

Thus the basic Keller plan seems ideal. However, 
there are several differences between these cours~!:l. 
and the classic Keller model: 

The courses as given so far have a fixed maxi
mum time and are very intensh·e. This was 
an unavoidab]e administrative constraint dur
ing the experimental testing period. There is 
no reason why in future the multiplicators 
need to follow the same time sca]e. 

So far the students have not acted as moni
tors, again due to the extra functions the 
monitors have during the testing period, 
(evaluating and improving the materials). 
Most of the monitors were also authors of 
parts of the materials. This again should 
change with future courses. 

Only very few optional "motivational'" lee~ 
tu res and discussions were included (and then 
only to present materials which can:10t be 
conveniently presented in print). Ther were 
not deemed so necessary in a short course. 
and probably would not be I'<IY motivational 
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as "extra work" at the end of an eight hour 
day of study. 

However, to keep up the pace of work, and 
also to increase motivation a pacing device 
in the form of a graphical display of all stu-

. dents' progress was used. This "unit meter·~ 
proved very popular in practice. 

One comment made by Sherman (197.4) con
cerning the success of PSI courses, is that the 
teacher must be there, constantly invoJYed, 
modifying, improving, discussing, motivating. 
In a sense the chain reaction scheme will 
send fledgeling ex·monitors out to repeat 
their training course without the presence of 
the teacheriauthor. A certain contact. and 
feedback from the field is planned, but this 
will necessarily be sketchy as the scheme 
expands. How the course efficiency will 
stand in the second and subsequent phases of 
the scheme is yet to be seen.-

Fina1ly, aS mentioned above; the target pOpu-. 
l2tions and the course contents are also very 
different from the classic, university, applica
tions of the Keller plan. 

The Study 

In an article entitled "The Role of Proctoring in 
Personalised Instruction" Farmer et a! (I 972) 
showed that the greater the interaction between the 
students and the monitors (proctors) the greater 
the learning rate of the student. Also students who 
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h3d more monitor·content performed better on a 
final examination. 

The present study continues investigating student·~ 
monitor interaction, but from the viewpoint of stU· 
dent preferences for a given monitor, in relation to 
the monitor's relative lenience or severity. 

Student behaviour is analysed to identify whether 
being failed on a un[t influences subsequent choice 
of monitor. 

Th·e study has been reported in full (Neves, L. P. 
1974)elsewhere. What follows is a summary of the 
main findings. 

The Course 

The course used for this experiment was the PSI 
Course in Low Tension Electrical Installations, 
which had been developed in CENAFOR. 

The objectives of the course were that students 
should learn how to design, draw up the plans 
and other necessary documentation and calculate 
the costs, of an electrical wiring installation for 
private houses, blocks of apartment or industrial 
premises. 

The course was in 39 units. It was given in a con· 
centrated period of 150 hours, 8 hours per day, 
for just over 3 weeks. (These were the hours when 
monitors were on duty). 

The Subjects 

The current experiment involved 42 course parti
cipants - one group. 41 were male and 1 female. 
Ages ranged from 25 to 50 years. The majority 
wPre practisinl! teachers of electricity/electronics at 
.:e-:!1nical scn.::..>l level, and au hJ~ ·prior trainin5 
in physics or engineering. 

The course content however was new to all of 
them, as was the PSI style of course organisation. 
Most of the subjects were available for the whole 
period of the course, but this does not mean that 
they necessarily studied a full 8 hours every day. 
Indeed, some had job commitments which kept 
them away from the course at times, but this did 
not seem to interfere with . .their rate of progress 
through the course units. Subjects could of course 
study at evenings and weekends if they wished, but 
could be assessed by monitors only in the scheduled 
course hours. 

The Monitors 

Four monitors were used, and the course co
ordinator also stepped in to help with monitoring 
when required. However, this was not often "re
quired, as the ratio of monitors was adequate to 
avoid queueing problems in general. 
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Indeed, it was usually poss!b!e for a gi..-en student 
to exercise a choice betwee!'l t!-.~ a,·ailable monitors 
without having to. wait too long. 

Thus it was logistically po;:;i1:-le for somt! monitors 
to be "favourites .. and_thu5 to work hardu, with .. 
out being overworked •. 

The four full-time monito;; we:-e not from the 
peer-group but had been s;oedal!y emplo)'ed to 
perform this function. 

Experimental Procedure 

During the scheduled course hours, the students 
worked in one room and when ready for assess
ment went to another room a~d chose one of the 
four (sometimes five) moniro::-s, '-\-·ho would assess 
the work done awarding either :a S:ltisfactory or un ... 
satisfactory grade. The criterion for a satisfactory 
grade was (theoretically) 100:0:. However, in the 
bulk of the unit tests, i:. adC.ii:ion ro some objective 
"recall .. -type questions, the:--e were a large number 
of 6•open-endcd .. problems f::1ternative layout de
signs were possible for the sJ.~e electrical installa
tion). Thus there was an element of subjective, 
assessments which the monitors had to perfonn.. · 

Students receiving an unsa:is:1ctory grade, in ad .. 
dition to discussions \\oith the monitor, had to re
peat the unit, and re-work the unit test. 

Thus the tutoring role of !he monitors was mini .. 
mal- they were primarily co~amed with marking 
and assessing the work. Students had to achieve a 
satisfactory grade on each unit before progressing 
to the next. · 

Data was collected on the ~U:7tber of satisfactory 
ancl unsatisfactory assessrr:erns recieved by each 
s.ud..!.:~. and award. ( ::. e; . .;b. monitor. T.ti '"Al 

recorded on a session by session basis (a session is 
a 4 hour period - i.e. a mor::L;g or an afternoon), 
and also acc·umulated as a n.mning total.. 

Hypotheses 

The hypotheses investigated •,~o·ere:-

1. Students would tend to choose the. more lenient . 
monitors 

2. On receiving an unsatisf:!.:to:y _assessment, stu .. 
dents would tend to cha:1ge monitors for the 
I}ext assessment. 

Results and Conclusions 

a) Were there any Preferer.ces for monitors identi4 

fiab/e? 

Preferences were· identified b some of the subjects. 
A few stayed with the sa:::: monitor for almost all 
assessment sessions. 
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Other subjects eXhibited no preference for any 
monitor, using all four about equally. 

An arbitrary criterion of preference was chosen -
a subject who chose his "first choice" monitor on 
at least 5 more occasions than his "second choice" 
was classified as ''having a marked preference ... 
(As thl!re were 39 study units, each subject was 
assessed at least 39 times, and most had to repeat 
some units, thus receiving between 40 and SO 
assessments approximately. Thus a subject with 
no preference would choose eaCh of the four moni
tors about I 0 to 12 times.) 

Using the above criterion, 23 out of the 42 subjects 
were found to haYe a .. marked preference ... 

Analysis of individual performances revealed that 
the subjects with "preference .. tended to have had 
more unsatisfactory assessments (means 8.3 per
st l:.iec :hov.in& ''pre!~>:Lnce .. anJ .1. _j tJ .... r srh_;c t 
not showing preferences). 

This correlation was quite marked, the "weakest" 
students showing the "strongest" preferences and 
the "ablestn students (no unsatisfactory assess
ments at all) choosing all 4 monitors with almost 
equal frequency. 

b) f1!ere particular monitors more popular? 

The table l1 below shows the distribution of the 23 
subjects who showed a "marked preference", 
among their "favourite" monitors. 

TABLEII. 

Monitor 

I 
c 
E 
J 

Total 

Number-ofsubjects exhibiting a marked 
preference 

IS 
6 
1 
1 

23 

These figures speak for themselves, showing moni
tors I and C as popular, monitor I being by far the 
most popular! 

C) Were some monitors more lenient? 

The Figure 1 shows the ratio of unsatisfactory 
assessments to total assessments made, session by 
session, for each monitor. Thus each of the four 
lines shown is a profile (in time) of the leniency or 
othenvise of the relevant monitor. 

Of course the ·number of unsatisfactory assess
ments is also a function of -the relative difficulties 
of units. However, this factor should result in un
dulations in the profiles which are more or less 
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Figure J. JlariaritJn in leniency of the monitors 

"in phase" for aU four monitors if they are marking 
with the same level of leniency. 

Also, an analysis of the totals of unsatisfacto-ry 
assessments, unit by unit, shows a "peak" on the 
first four units and then other peaks on units IS to 
17 and 25 to 30. · 

Comparison with results from other courses using 
the same materials but different monitors reveal 
the existence of the second two peaks in general 
(thus probably due mainly to the materials) but the 
general absence of the first peak (thus it was pro
bably due to monitor severity). 

(Note that the later two peaks do not show up 
strongly in Figure 1 because the units are studied 
at the indh·idual pace of the student so there is no 
exact relation between unit number and session 
number.) 

it is fairly safe to assume therefore that the differ
ences in "failing rates" shown in Figure 1 are 
mainly due to differences in leniency /severity 
between monitors. 

It is interesting to note the vertical line shown at 
session 12 (end of day 6 of course). This marks 
the implementation of regular (almost daily) meet
ings of the monitors (together with the course co
ordinator and a psychologist) in order to discuss 
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assessment problems and standardise assessment 
criteria. 

The effect of these meetings is obvious; although 
the most lenient monitor (!) continued to be the 
most lenient, his performance climbs towards the 
more uniform performance of the other 3 monitors. 

d) JVere the more lenient mo.nitors more popular? 

A comparison of Table 11 and Figure I shows clear
ly that the most popular monitor (I) was also the 
inost lenient. 

However, the second most populaf (C) was the 
monitor who was consistently the most strict, 
(apart from the exceptional peak during the first 
few sessions recorded by monitor E). This may 
probably be explained by the fact that monitor C 
was the only female monitor, when 41 out of 42 of 
the students were male. 

nzus :v c limited extent, the first hypothesis, that 
students will tend to choose the more lenient 
mo;zitor, is supported by the results. 

Another factor which emerged was that those stu· 
dents who did exhibit a preference for a given 
monitor tended to change monitors in the early 
units, but would soon settle down to one preferred 
monitor. Thus the monitor captures his "regular 
clientele" by his performance early on in the 
course, later changes in leniency having apparently 
less effect. This point is linked to the next 
consideration. 

c) Did subjects change monitors after an unsatis
factory assessment? 

This hynryth~ .. ts wa~ ~·;~~ested by ~l-te postulate 
that subje~.":ts ·.v'oulct ter . ...; to seek out positive re· 
inforcement and avoid negative reinforcement (on 
the assumption that satisfactory and unsatisfactory 
assessments acted as such reinforcers). This hypo-
thesis was not supported by the results. We have 
already seen that the "weaker'' students tended to 
favour one monitor, that is they "changed horses" 
less frequently, whereas the "stronger"' students 
seemed to be picking monitors more or less "at 
random". 

In particular, the frequency of change, immediately 
after an unsatisfactory assessment (i.e. for re
assessment on the same uhit) was analysed. A 
strong tendency to stay with the same monitor 
for re-assessment was identitied • 
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Thus students would in the main tend to seek re
assessment by the same monii'-'' v.-lJo had failed 
them on that unit, although they may well then 
change monitors for asse.ssmt!nt on the ne:a unit. 

A sub-group of S subjects were identitied who 
exhibited the opposit~ beha.,.·iour - a tendencv to 
always change monitors for re-::!.ssessment of re
peated units. These five also exhibited a marked 
tendency for other simplifying (but not necessarily 
instructionally effective) strategies, such as copying 
other people's work. 
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The Tutor's Role in the Individualisation of Service 
Courses in Mathematics 

(OR- Personalization in an Economic Crisis) 

A. J. Romiszowski, A. C. Bajpai, P. E. Lewis 

Abstract: Service courses are more amenable to the 
specification of precise, "job-oriented" objectives. In a 
way, the content of such courses acts as .. tools" for 
further r;: .. r'ie~. Tool<: mu~t be mastered if the•· are to be 
of use - !;cue~ tne a~·;:!i~o..:tn.>n of the ••maste1:·· l .. -.ni1,g" 
concept and one argument for indi.,.idualisation. · 

But should service courses be sole1)• .. masteryu orientated? 
Should not those students with the desire and ability to 
extend their studies beyond the "necessary and sufficient" 
be given the opportunity to do so? TI1is aim can be 
achieved in indh"iduali~ed service courses, but only if they 
are individualised in cert:l.in specific wars. 

1. Individualisation of .. Service Mathematics" 
Service Mathematics 
By "service mathematics"' we mean the mathe· 
m a tics content of a course which is not primarily a 
course in mathematics but which uses certain 
specific mathematical concepts and techniques a!i 
"tools" tu J.C!1i~ve the .:ourse objectives. The 
mathematical element in the course may be 
relatively restricted, for example the algebra and 
statistics concepts required by a sociology student, 
through the more extensive range of concepts and 
skills required by a management student, to the 
major part it plays in, say an engineering course. 

The more restricted and ma!ginal the need for 
maths, the greater is the difficulty in effectively 
teaching this element of the course. 

(a) problem of moti\'ation due to difficulties in 
establishing relevance to student objectives; 

(b) problems of the course staff themselves not 
prepared to teach the'content, leading to the 
frequent ~arming-off of the mathematics 
teaching to the mathematics department (b 
acceritua tes a) 

(c) a .. natural selection" process often occurs, 
whereby some students on the course have 
elected to stud)• this course especially be~ 
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The role of the tutor is a key factor to consider. 

The paper discusses the roles of the tutor/monitor in 
personalised courses, from the viewpoint of the "necessary 
and sufficient" or ·~ervice' objectivl'~ a::-t also the ,·iew· 
point oi"cou:"..~ enrichment" objecth·c:s. 

T"·o ongoin~ personalised maths courses are described, 
illustrating how they work, how they have attempted to 
achieve both types of objectives and how they have 
adapted to economic constraints which render individuali
sation of learning somewhat less viable at the present 
moment. 

cause they were weak in, or averse to, 
mathematics in earlier schooling. 

As McKean, Newman and Purtle (1974) observed 
when teaching service mathematics sequences for 
the social and biological sciences; i 

.. To begin with, few of the students taking the sequence 
really like mathematics: they were taking the sequence 
onl)' because of a college or departmental requirement. 
Because the student attitude is relatively negative and 
mathematical aptitudes largely minimal, most faculty 
members avoid teaching the sequence like the plague. 
\\hen "trapped" into teaching such a course the presen· 
tat ion was often sterile. 

The result was to be expected - the students acth·ely 
a\·oided as much work as possible. Performance levels 
were marginal. This resulted in grading on a curve where 
40 to 50% correct might well mean a passing grade. We 
understand that the psychometricians believe such a curve 
to be desirable, but in \icw of the fact that we had tried 
to construct our tests to cover the material essenti4l to 
the students future needs. the curve is not appropriate." 

ln addition to the problems of teaching, we there
fore are faced with the problem of testing and 
grading. If we define service-mathematics as the: 
"tools of the job" then the position adopted by 
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McKean et al in connection with grading is very 
appropriate. Tools must be usable, and this implies 
a high level of mastery of their use. 

The HMastery Learning" model, as described by 
Bloom ( 1968) and others, appears appropriate here. 
However, few university teachers accept this model 
as of universal relevance to all course content in 
higher education. Rather they tend to adopt the 
position that students should be allowed, indeed 
encoura.ged, to follow up those subjects which 
interest them most to the limits of their abilities. 

The Objectives of a Service Course 

Now here's the rub. The social science, manage~ 
rnent or engineering faculty may subscribe to the 
achievement of a precisely defined set of mathe
matical objectives. The teacher involved may 
subscribe to the "'mathematical developmenf~ of 
the students. The students themselves may hold 
objectives which range from a deep interest in all 
thi~gs mathematical, to a fervent desire to get the 
wh~le cvJrse unit behind tt.el'!l just as f;ast and as 
painlessly as possible. 

Are these objectives incompatible? We think not. 

Firstly, the "faculty" and "teacher" objectives are 
a question of joint analysis and planning. Clearly 
the teacher is employed in this "serviceu context 
to achieve the objectives of the faculty. If he can 
do this and still leave time to take students further 
into the wonders of mathematics, then by all 
means he should attempt to do so. Indeed, even in 
service courses, one should support the principle of 
planning sufficient time and other resources to 
enable this to happen for those students who desire 
it. 

But what happens in practice? All too often there 
is a Ja::-k ()f co-ordination be-tw,.on the servidng 
unit and tht.. ~acuity being servi..:ed. Planning ,;~ops 
at the stage of identifying major topics to be 
covered (calculus, differential equations 4 •• ) and 
the allocation of times and dates. Faculty do not 
specify the objectives (the operations which the 
mathematical tools will be used for) very precisely. 
They cannot therefore, be surprised if the maths 
teachers put their own interpretations and also 
their favourite bits of the subject into the course. 
Courses do not demonstrat~ clearly the relevance 
of the "tools" to the job as perceived by the 
student. Interest and motivation suffer despite all 
the efforts of the teacher. This is in nobody's 
in.terest. 

Rather, one should aim at jointly defining the 
"necessary and sufficient" learning objectives with 
great precision. Then one should plan resources in 
such a way as to enable all (or as many as possible) 
of the students to achieve these, whilst still 
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allowing the faster. more abl;;· a::-.. .1 more interestl!d 
students to eX.plore mo_r-e ..... ;d~ly. · 

This aim implies some e~em~~t ci i:1dividua!isation 
in the learning process. · · 

Secondly, the varied cbject:-:es. bc-tt:. cogn!.tive and 
affective, generally encou:.:·e:eC. !::. g::-oups of stu
dents on a service co~.:rse. co:.<,!.ed t-:> the oossible 
variety of levels of emry be::::.•·ic:.zr~ 2lso im.ptr that 
an individualised approach s:-:.m:.:d be used. · 

Furthermore there are at leJ.st two le\·ets at which 
individualisation should be ?l=oed. 

Le\'els of lndividu:tlisation .· 

In the introductory pape: to t.i.is special issue,. 
Romiszowski summarised s.cwe cf the elements of 
learning that could be (a:1d so~eri:::1~s are) ind!vid· 
ualised. 

In particular, Edling's (1970) classification, re~ 
pealed below was discussed. 

Learning rate. 
methods, media 

System determined 
Learner determined 

Objectives 

Co;,;~ 
c!e~·e:::J:..i.ed 

.-\ 
c 

Learner 
deiennined 

B 
D 

Where should a rnathemadcs service course (at 
higher education level) be idea:!y placed in this 
matrix? 

Well, the answer de;: ends o~ tb.e le'.-·el within the 
course, which we are cor.sidering. 

Looking at the sen·ice se:::,;e:-:~e as a whole, it 
for!Tis an integral p.,-':" of othtr course opt~'"lns. 

Thu.:; even in a counc ,.~n..:=.: ::,25 .:-:edit optio11:, tii." 
students choice is limited Cy o:~er factors. If for 
example he chooses the .. ;"!"Sea;c~ rnodelsr option 

. in a social science course. :.e .nzust choose the 
necessary statistics ser•ice sect~o:J.. The student 
may exercise his choi..:e by :-.ot selecting the 
research option, perhaps :naidy because he is 
unsure of coping \\iLi. sta::s:::cs. However, this is 
not really what we mean by i:iji·.-idualisation in 
this context. 

Having once chosen his o;d.o~s. however9 the 
content of the main o:::or:o::.s :ere:-r.1ine (or should 
do) the "necessary :m·d s:.:.:':"l.;!e:;.f'. objectives for 
the service sequence. It is t~:~s :l!ogi.::.al to consider 
that the student has a c::c.:..:e .a:;!c:!g the ··basic" 
objectives of the se:-vke se~::e:-.:e. He cot;li1. how .. 
ever, be given the optio:: c-: ··1.:.j:t:onal related .. 
objectives and he migl:: :.r.~eed suggest some 
himself. 
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Finally, as students vary in entry behaviour, rate 
of learning, etc. the- learning methods must at least 
be individualised in terms of the time factor. It 
may well be a good idea to offer choices of 
learning method as well, bearing in mind the 
diverse experiences in tht! learning of mathematics 
that our students ine,·itably bring from school. 

Thus we see two blocks of activities in our "ideal" 
service course. The activities related to the 
'"necessary and sufiicienf' conditions as fixed by 
the exigencies of the main option. We would find 
these in the A or C boxes of our matrix. Then we 
have the enrichment element for those· who want it 
and are ready for it. Thus these activities would be, 
at least i~ part, in the B or D boxes.· 

Considering rate, methods and media separately, 
we might visualise our ideal course as follow~: 

Learning 

Rate 

Methods 

Media 

Objectives 

Xecessary & suf· 
ficient objectives 

c 
AJC (choice by 
learner, and guid
ance by tutor) 

A/C (e.g. resource
b:;.s~d learning) 

Enrichment 
objectives 

D 

B/D (tutor adapts 
to learner within 
limits) 

B (the tutor) 

We shall leave this without much comment, merely 
as an illustration Of the possible decisions on 
individualisation which might be taken when plan· 
ning 1. mathematics course Readers may dis2gree 
with certain decisions, due to d:fferent positions 
they may adopt in respect of the philosophy of 
such courses. 

The Roles of the Tutor 

However, the one point which emerges strongly in 
the suggested scheme above, is the need for both 
individualised learning materials and able tutors. 

We use the word "tutors" intentionally, rather than 
teachers, monitors or proctors. In the study of 
McKean et al (19>41 mentioned above, a persona
lised system (PSI) based on the Keller Plan was 
installed. They used student proctors and report 
excellent results pro,·ided that the proctors are 
carefully trained and st:.pervised. Such findings are 
also supported by El ton ( 1973) and others. 

However, it would not be possible to expect 
student proctors to take students beyond the 
necessary and sufficier.t objectives covered by the 
basic self-instructional materials. Ifthis is desired, 
a mathematics teacher is required, and, due to the 
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individualised nature of the proposed course, both 
in terms of learning rate and methods, his role must 
be that of an individual tutor. 

Of course, it may be pos!'ible to arrange in a 
classic Keller plan course, that student proctors 
service the students working on the basic course 
materials, and the course professor, perhaps with 
assistants takes ovex the brighter and more ad
vanced students in order to enlarge on certain 
topics. 

As in typical service course the number of students· 
able and willing to proceed beyond the minimum 
requirements is usually limited, such an arrange
ment could make the best possible use of available 
human resources, both students and staff. 

One common reason for opting to use student 
proctors in the economic factor. There are just not 
·enough teachers on the course to staff a P.S.l. 
scheme effectively. Another economic factor is the 
argument against using expensive and skil!ed teach
ing staff for clerical and supervision tasks - often 
the case in PSI courses. 

In the U.K. recently, the economic climate gene· 
rally, and particularly the cuts in educational 
spending, have made us consider more carefully the 
cost/effectiveness of courses. In efforts to con
tinue to expand the availability of individualised 
courses, whilst keeping within cost limits, certain 
reorganisations of existing courses may need tO be 
effected. 

One development tnay be the increased. use of · 
student proctors. However, in courses which aim 
to have an enrichment content as wen as a 
"service" content there are limits to this, as 
indicated above. An alternative to consider is the 
more efficient use of the time of existing staff. 

The Two Schemes 

The two schemes described below are similar in 
several respects, but differ in others. 

They are similar in that they both are teaching 
mathematics as a service subject, to university 
undergraduates. Also they have both had to face 
up to the current economic climate and attempt 
to make savings on staff. Thirdly, they both use 
teacher/tutors rather than student/proctors as a 
upersonalising'' element of the total learning 
system. Fourthly they are both concerned with 
enriching the good student's mathematical exper
iences, whilst bringing as many students as possible 
to full mastery of the basic "service" objectives. 
Fifthly (and this is perhaps of great importance) 
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they are both based on carefully designed and vali
dated programme instmction modules. which have 
been shown to teach reasonably effectively with 
minimum, or no, tutorial backup. Now the 
differences: 

(a) The scheme at the University of Lough· 
borough is a service course in Engineering Mathe~ 
matics. 

The students involved are second year Electrical 
Engineering undergraduates. 

The content of the courses given so far are (I) 
Fourier Series, Partial Differential Equations 
and (2) Complex Variable Theory. 

The learning materials are sections from the 
programmed textbook "Mathematics for Engi· 
neers and Scientists - Volume 2, by Bajpai, 
Calus and Fairley, plus special supplementary 
materials. 

The courses have Oeen given only in the last 
year and to only a part of the total group -
about 40 out of 100. 

They were set up deliberately as personalised 
courses on the Keller plan, utilising the normal 
timetable hours. 

(b) The scheme at the Middlesex Polytechnic is 
a service, or remedial course in pre-requisite mathe· 
matical skills. 

The students are first year social science and 
business studies undergraduates. 

The course content is in 22 modules, covering 
basic arithmetic skills, powers, series algebra 
etc., as required for entry into other service 

· -;oun~es on statistics, calr;ulus etc. 

The learning materials are mainly in the form of 
programmed instruction modules, commercially 
produced but modified by us. They are admini
stered on teaching machines. In addition there 
are many programmed and non-programmed 
booklets, prepared by polytechnic maths staff, 
supplementing the programmes or giving alter
native fasttr/slower treatments of the same 
content. 

The course has been given as a standard (obli
gatory for social science) unit for the last eight 
years, during the first four weeks (or: longer if 

irown to ~~pe2!' :no:-~ simil~r to PSI, whilst still 
·maintaining. the f:exif:le timetabling. 

2. The Keller Plan :u Loughborough University 

Introduction 

One problem with s;:lf·study courses or the Ketler 
type is that they can require the presence of a 
large number of ~~ad;:mic staff, postgraduate 
students, etc. as :-.nors. Elton suggests that one 
tutor should be res;tons~ble for about ten students 
and Bridge (1973.1 mentions the presence of five or. 
six tutors, as well as un.:lergraduate tutors. at "test 
sessions". Our firs.r 3ttempt at Loughborough at 
ntnning a self-stt:.dy course in ~lathematics for 
Engineers involved twer.ty student volunteers with 
one member of acad;:mi..: staff and one assistant to 
act as tutors. Our experience tended to confirm 
the previous estim:?.tes and we felt that this was. the 
largest number of students that could reasonably 
be coped with without additio!lll tutors. Even 
then there were s.:>me difficulties with students 
waiting for tests to be marked, and for help with 
problems. lt must be admitted too that the tutors 
felt that their time could be better spent than in 
repetitive marking. even though the marking ses· 
sions did often produce valuable discussion with 
individual students. (One student, for example, 
stated that this first se!i-nud;- course was the first 
occasion on \\"hich !"le had been treated as an 
individual, as oppcsed to one of the herd, in two 
years at University. H~ attributed this to the one
to-one tutor-student si[Uation.) 

However, at a ti~e of fir1ancial stringency we 
found it difficult to :-e.:ru!t additional tutors,· and 
yet both we and the students were sufficiently 
enthusiastic about self-study courses to want to 
~·~t~ ;.;i ~hem tc lJ b:rger ;tr'Jpo:-·· m c t the total 
class of over one hu;1dred students. Experiments 
elsewhere have utii:Sed faster students to act as 
tutors to slower ones but most of our students -
despite encourageme::.t- did not appear very keen · 
to do this. 

Accordingly, for o"J:- se.:ond self-study course we 
have introduced a s.:-heme whereby the students 
mark their own tests. Thirty-five students - all 
volunteers- have s·t'ldied part of their MathematicS 
using this approach and the same two tutors were 
involved. 

necessary) of the academic year. Running the Scheme ~~ 

The course was not constructed to the Keller The students fotlo·,~,·ed a self-study course on the 
plan. It was originally a comput~r-managed traditional Keller lL~~s. apart from the self-marking 
"learning by appointment" plan, open to all innovation. We pre;-.:1reJ the standard material -
students at any hour on a come-as-you-please lists of objecti\"es for ;:J..:h Unit. a procedure for 
basis. ·Over the years, however, with the Shed- · them to follow, an ::ot:-oduction and cotnmCntilty 
ding of the computer and other changes, it has designed to put the r::.athem:ltics into the context 
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of their Engineeri::.g s!-:.:.dk~. a graded series of 
practice exarnrles. and seo 0:1. Two - or sometimes 
thret - tt!Sts w~tre dtnlo~~d for each Unit and 
detailed markb.g sd:edi.!:es prepared for each. The 
schedules consisted o! model solutions, allocation 
of marks and pass-ma:k. (We normally use 75% 
for the latter.) 

These solutions were a..-.ailab!e for students to use 
after they had atten;ted test5. If this was during 
the .. officiar· tutorb.l reriod.. a tutor was always 
present to assist in cases of difticulty. If- as often 
happened. - studer:ts •ried tests at other times 
during the week, the soiutions wen~ available for 
them but not necess:;.:-ily the tutorial assistance. In 
either case the stud.e:as :::J.rked their own tests and 
had to hand them b:;..:k. tog:nher with the test 
paper and the markir:g schedule. The tests were 
looked at bn"ejiy later - often several weeks later 
by the tutors but the onus of passing or failing 
th:rr -l"lH'>. as well ;;:i ~~! d tailed marking rest '11 

on the students. Tne original idea of a tutor check 
was simply to guard against excessive procrasti
nation. 

The views of the stuCents were obtained by dis
. cussion and questior:r:.a.i:e, particular interest cen
tering on students wl:o !:.ad experience of both the 
s~lf-study courses - the er,.: tutor-marked and the 
other self-marked. Student response and our 
general impressior.s cf the method are discussed 
below. We concentr~te >:1a!nly on the self-marking 
aspect since mar:.y discussions on other aspects of 
self-study have appe~ed elsewhere. 

Advantages of Self-~!arking 

The main advantage - according to the majority of 
the sturi~nts - was th:: far greater s:noothness with 
which tne sct.c-me ;·roceeded after self-marking was 
introduced. There w~ no queuing in tutorial 
periods, c:very minute of which could be utilised 
efficiently an i:T!portant consideration for 
students with very heavy timetables. Also, the 
students '"''ere able to obtain immediate feedback 
on their performance - ~ powerful reinforcement 
and a useful moti\'ato: i.1 a service subject. They 
were still able to discuss difficulties with tutors
indeed they had bene: C·~portunities to do so since 
the tutors enjoyed r;;:;.ch greater freedom with no 
routine markin2. For these students - a substan
tial minority _:.who ;;re~'!{ not to attend tutorial 
periods but to do tests a• ot!ier times in the week 
there was the ad\·antage. r!-:at tl':ey could be sure of 
completing and m:::k!::g a test regardless of 
whether or not a tutor hz;:?ened to be available. 

From a staff poL~t oi Yiew - apart from our 
natural antipathy to rtp~tith·e marking - we do 
feel that our time is t-etter spent in helping 
students with partict.:.la: c:fficulties and stretching 
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good students who have coped with the routine 
tests to their satisfaction. Above all, we feel we 
have been ablt> to extend self-study courses to a 
larger number of students without use of ad
ditional staff. We suggest that, with suitable admi
nistrative arrangements, two competent tutors 
should be able to deal with about fifty students. 
Since the normal University arrangements allow 
for one tutorial of twenty students for one hour 
per week it is reasonable to claim that self-study 
courses, with self-marking as a feature, are at least 
as efficient in utilisation of staff as lecture/tutorial 
methods. The former take longer to prepare initi
ally and we must emphasise particularly that the 
preparation of adequate marking schedules for the. 
students is vital to the success of our approach and 
that this can be a time-consuming process. As
suming, however, that the material can be used 
with only minor changes for several years, then 
this initial effo:~ can be ju-;~:;; .. f'! hoth '-''' P.;.f)nomic 
grounds and certainly on tne beneficial eftects on 
the students. 

Disadvantages of Self-Marking 

The main disadvantage seen by students- and this 
was only mentioned by a minority - was a worry 
that although. they might pass themselves in a test 
an outside marker might not be so lenient. They 
were particularly concerned that although they 
"knew what they meant" by what . they had 
written, and could mark themselves accordingly, 
they might not be expressing their arguments 
clearly enough. 

Another difficulty which arose occasionally· was · 
when a student tackled a problem by a quite dif- . 
fr.rent method from the .. expecttd solution:" This 
simply emphasises the importance of tutors being 
available to discuss answers. A further possibility 
is the inclusion of these alternative methods as part 
of the marking schedule for later students. It is 
usually beneficial for all students to realise that 
there are alternative ways of tackling problems. 

General Discussion 

In some ways the self-marking scheme falls short 
of the ideal. One of the major advantages claimed 
for self-study courses is the improved staff-student 
contact and, inevitably perhaps, a certain degree of 
impersonality tends to creep in when the student is 
free, if he wants to, to comp!ete the whole scheme 
without even speaking to a tutor. In fact, though 
most of our particular group of students did not 
seem to be too worried by this. To them the main 
advantages of self-study were being able to work as 
and when they chose (within the deadlines that we 
imposed), perhaps to complete the course very 
much more quickly than under a lecture system, 
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and to be tested on their understanding as they 
proceeded, thus enabling them to identify their 
difficulties clearly. Other students considered that 
the incentive value of the tests was their main 
feature and consequently that the main advan
tages were not lost by the self-marking. 

We have not experienced much difficulty with 
student procrastination. Perhaps we have been 
particularly fortunate in having sensible students, 
but most of them have realised that as the tests do 
not. under our system, count towards any final 
assessment then any serious cheating is really only 
going to harm themselves. This is not to say that 
some students are not perhaps overgenerous to
wards themselves. However, we feel that any 
sacrifice in the rigour of the system has to be 
weighed against the other considerations we have 
discussed, and against the general enthusiasm most 
of the students have shown towards a subject to 
which'engineers are traditionally hostile. As stated 
e~.rlier, we took the precaution of reading quicldy 
through the student's work at a later stage but we 
feel that this, though possibly desirable, is by no 
means essential and if carried out too seriously 
would involve an intolerable amount of repetitive 
work which would defeat the whole object. It 
might be useful for tutors to re-mark a random 
sample of· the students' work as there is evidence 
that students take more care with writing out 
answers and with marking them if they know that 
someone else will see them, particularly if that 
someone will ultimately have to assess them! 

The other obvious method of extending Keller-type 
courses to larger classes is, as mentioned earlier, to 
employ faster students to mark the work of slower 
ones. This has been done elsewhere and has some 
advantages, e.g. it encourages discussion among 
b~ .. jer~~~ 1nd is particu!arly o~nrric.lal to those ,.,t,... 
do the marking. However, there are likely to be 
some personality difficulties and we have found 
that busy students are not too inclined to want to 
spend time discussing work they themselves may 
have completed some time previously. Perhaps this 
is just a sign of the times! 

Conclusion 

We have indicated the possibility of inlcuding a 
self-marking element into self-study courses of the 
Keller type. Although not an ideal system, this 
seems a reasonable way of extending such courses 
to an increased number of students at a time of 
economic crisis. Most of our students preferred the 
"'smoothness" of the self-marking system to the 
queuing sometimes involved in the "tutor~markin.g"' 
system. Most of them preferred self-study courses 
to ledure~based coUrses, though most preferred -
as we do - a variety of teaching and learning 
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methods.·- An important criterioit for the success of 
the self-marking approach seems to be the 3\'3il3.· 

bility of detailed marking schedules as it must be 
rememberl!d that stud~nts art! very inexperienC"d 
at assessing their own work critically. The·other 
essential element is the ready :J.\'ailability of tutors 
and the individual attention accorded to students, 
particularly those in difficulties. This, surely, is 
what University teaching should involve, and we 
believe that the possibilities for this ·are optimised 
by our scheme. 

3. The Remedial Maths Course at Middlesex 
Polytechnic 

Introduction· 

For eight years now, the first-year students on th"e 
B.A. Social Science and B.A. Business Studies 
degree courses at the ~liddlesex Polytechnic, 
Enfield site (former!)' Enfield College of Tech· 
nology), have taken a remedial mathematics course. 
This course fo:m:. part of the service mathematics 
content of these degrees. There are also specialist 
lecture and seminar courses on statistics, methods 
and models, business mathematics, and so on. The 
objective of the remedial mathematics cour~e is to 
review the: mathematics pre-requisites for these 
various specialist options. As entry to the degree 
courses is Yery varied, including many mature 
students, and since there is no required rnathe· 
matics entry qualification (at least on the social 
science degree), the standards at the beginning of 
the academic year vary wildly. Thus a system of 
diagnostic tests is used, together with individu:1lised 
self-study materials (some branching programmes· 
on teaching machines, some linear programmes and 
some non-programmed booklets) and back-up 
by individual tutorials if necessary. Students study 
on a ulearning bv $1n;""'intment" c:ystem at any con· 
venient time of tht Jay. 1 nt.; are expet.!..:d to 
complete all necessary remedial work during the 
month of October, though some stragglers continue 
to work on the course during November and early 
December. 

The rationale. stntcture and initial success of this 
course has been reported in full elsewhere (Hamer, 
J. W. and Romiszowski. A. J., 1969). ·The following 
notes discuss some aspects of the implementation 
and running of the scheme, highlighting some of 
the problems encountered, and describing the 
changing role of the tutor, in our search for 
improved efficiency and cost/effectiveness. 

Running the Scheme 

(a) Original Experimental System - The Computer 
Managed System (1968-69) 
The remedial maths course was firSt offered in 
October 1968. 
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Due to the varied student population, an indi
vidualised approach was used. Students only 
studi~d thOse modules which they required. Two 
diagnostic tests were constructed, each covering 
ele,·en modules of the course materials. Students 
took the first oi these tests on their first day on the 
course, and the second whenever they had com
pleted any necessary study of the first eleven 
modules. 

As it was expected that up to ISO students would 
sit these tests (in fact over 200 did), the anticipated 
marking and assessing problems were likely to be 
considerable. It was mainly for this reason that the 
computer was first considered. However, once the 
computer was integrated into the system, it was 
possible to make use of it for other purposes, e.g. 
time· tabling, evaluatio:1 and progress chasing. 

The computer became the main control medium 
for the course. Th:! teaching media were mainly 
br;:a::r.hin~ teaching ma:~ir,,;; However, the !ntor 
hal! very definite roles to !Jiay in the system. He 
again had 3 roles. ( 1) Monitoring the computer's 
prescriptions. For example, if a student who 
makes some silly mistakes can, without any 
tuition, satisfactorily correct his work and explain 
his errors, then the tutor would allow him to skip 
certain prescribed modules. 

(2) Marking and assessing post-tests. The tutor 
could do this more Oex ibly than the present batch· 
processing computer system, and could · discuss 
errors and give tuition immediately. 

(3) Extra tuition where required. 

To allow for any possible difficulties, we time
tabled two tutors to be available when_ever 
machines were in use. This proved to be much too 
generous. The tu tors were trained in ope~ating the 
system, and were expe.cted to follow a check-Jist of 
activities when dealing with a given student. 

In all, eighteen staff members were involved for a 
total of 190 hours during four weeks. Of these, 
147 were for the Social Science Coursc,and 43 for 
business studies. An analysis of the work per
formed by the Social Science staff gives 

(a) 

(b) 

(c) 

(d) 

Machine loading etc 

Testing, r •• arldng, admin., 
record kee::ping 

Tutorials, discussions 

Time unaccounted for, (includ
ing machine maintenance) 

30houn 

56 hours 

34 hours 

27 hours 

147hours 

Fig 1. Origina/1968-69 System for Remedial Maths Course 
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Categories (a). (d) and the bulk of (b) are routine 
technician grade of work. By assigning one full 
time technician to the course, teaching staff time 
could be cut considerably. This was done in the 
later stages of the course and became a regular 
part of the system in the second year (see Figure 1). 

The course was repeated in 1969, using the same 
org:misational structure, as shown in Figure 1, but 
of course with improved diagnostic tests and 
teaching materials, as a result of the data we had 
collected in 1968. The materials were. further 
revised in 1969 as a result of the second year's 
experience, and the course was handed over to the 
mathematics staff. 

(b)The Tcacher·Managed System ( 1970-73) 

In the ¥ears that followed, certain aspects of the 
original scheme became unworkable, and the 
teaching content also evolved. So did the system 
of manag~ment and the ro1e of the tutors. 

Firstly, the .. computer-management" element was 
discarded. lt had been hoped to add flexibility to 
the course by the use of. on-line computer-marked 
testing. This would have enabled students to take 
their module tests at any time, and module-by· 
module rather than the rather large tests they use, 
covering 11 modules each. The scheme was deve
loped and used experimentally, but unfortunately 
the new time-sharing computer we expected did 
not materialise. · 

In the event, the batch processing "of student data, 
whilst very useful during the first two years for. 
course-revision purposes, was not a great time-saver 
when used simply for the inarking and assessment 
of up to 200 scripts, particularly as these had to be 
r.1arked a •. _v,vay by a ;mnc: .:ate' g·:rl using a simple 
template. In any case, most tutors expressed the 
desire to mark the tests themselves, if possible in 
the presence of the student, in order to discuss any 
problems immediately. 

Secondly, therefore, the role of the tutor changed. 
The amount of machine-loading and record-keeping 
was drastically reduced, though not eliminated. 
Record-keeping was simplified to the minimum. A 
technician was available .at the beginning of each 
day and at intervals thereafter, and the students 
were encouraged to load and set their own 
machines. · 

The course was staffed on a rota system, 40 hours 
per week during October and less thereafter. 

Tutors adopted a more flexible, less rigidly con
trolled style of working. This brought the ad van· 
tages that some tutors became much more involved 
with the success of the course, and also extended 
the aid they gave to students beyond the rigidly 
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defined objectives of .the coursl!. Tutorials would .. 
often follow-up c~rtain asp:!cts of particular rcle· 
vance in depth, would !>ugge-st further reading or 
other activities. Unfortunately, the less rigid 
control over the course administration, coupled 
with the flexible hours I which meant that. tutors 
were sometimes too busy and sometimes were on· 
duty but no students turned up) led to the disad· 
vantage that some tutors became less involved 
with the course, irregular in their attendance and 
superficial in the tutorial aid which they· g3.ve to 
students. 

Thirdly, therefore, the management of the course 
changed to eliminate this problem. As far as 
possible, those tu tors who exhibited above-average· 
interest in the course were encouraged to give more 
hours, and one member of the mathematics staff 
was assigned full-time to "the course. In addition to 
tutoring he organised the management system, 
supervised the tutorial system, identified .new 
mathematics needs J·ot covered by exiliti:tg mod· 
ules; instigated the productiori of St~Jf-study book· · 
lets for these, and generally . streamlined and 
extended the service offered by the remedial mathe· 
matics unit from simply ··course pre·requisites" t~ 
"service assistance during the course". 

(c)TIIe Secretary·Managed System (1974-75} 

All good things ha\o·e to come to an end, and with 
the advent of economic stringencies, staff and 
promotion and other changes, it became impossible 
to maintain the same team of course tutors from 
year to y~ar, nor to have a full-time staff member 
involved, and the total number of tutori:1l hours 
had, if possible, to be reduced. 

This was possible, without serious effect on the 
C!:J~nt~, of the tut,ri~t !."-:1ck·up of the CC'Ilf!"'. by 
the transfer of au noh·leaching duties irorr. the 
tutors to a secretary. · 

· The day·to-day course running is entirely managed 
by a secretary, who, although not using all her time 
on this job, is located permanently in the remedial. 
mathematics room, and is available at any time for 
the distribution, collection and marking of tests, 
distribution of programm~s. loading of machines, 
re-testing, and ·arranging individual tutorials \Vhen· 
required. The tutor:i no longer att~nd the remedial 
maths room, but are avai!J.ble by telephone 
appointment in their offices at appointed hours. 
The total tutorial hours now timetabled are 20 per 
week. Tutor-utilisation is now much higher There 
are occasional queuing problems, when students 
have to wait a day or two for an appointment, but 
these are not severe. On the other. hand, the 
problem of tutors arriving for a session ·~just in 
case" a student happens to turn up, ·has been 
eliminated. 

• 
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So m!! of the •·im!!'!ediacy·· o( instant tutorial~ has 
been lost. 0:'1 the otl:er hand, the continuity and 
premanence of the ser..-i.:e offered by the secretary 
avoids earlier problt:ms and frustrations encoun
tered when a tutor just did not turn up for a 
session. 

Tutors still encourage wirier study, and the use of 
opHonal booklets and modules on.advanced topics 
is on the increase. 

The secretarv is able to run a similar uremedial 
English for -oyerseas students"' scheme and per
forms other tasks when the demand from students 
is slack.· Both schemes are eventually to be trans
ferred into the proposed media sen•ices section of 
the library. when they \vill be open to use by a 
wider audience. 

Discussion 

The advantages and disadvantages of each system 
of running the scheme. have been indicated above. 

Some general observ2tions will help to put these 
comments in perspective. 

During the eight years and throughout all the 
changes, the lerel of 8 5% mastery has been 
required from and has been achieved by the 
students on e2ch IT!.odule. As the course was 
refined annuall~; in the light of feedback received, 
both the study tir.1e on most modules, but 
especlally the need for tutorial back-up have been 
progressively reduced. This has left more time for 
·•enrichment" tutorials. This point, in addition to 
the gradual eliminat~on of clerical and technician 
tasks .fJ"om the role of the academic staff, has 
improved the staff/student hours ratio considerably. 

In 1968 staff/studer. t hours were I: 5. In 1975 the 
ratio was 1:10 (academic staff only). These figures 
are the ratio of the total number of academic staff 
hours given in the fL.-st 4 weeks, to the total hours 
put in by students in the first 4 weeks. 

However, looking at the system in terms of full
time-staff-equivalent,' in 1975, the equivalent of 
just over one full-tiMe teacher (plus about half a 
secretary) for 1 mor.th, serviced the remedial maths 
needs of 221 students (of whom about half needed 
some tutoring or cou:lselli!lg) on a totally indi· 

. viduzl basis. 

As a summary of the trends, a few figures taken 
from the three phases of the course's history are 
given below. "Weak students" are those who 
required remedlzl wc-rk on at least two of the 11 
modules in either test. 
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Year 1968 1971 197S 

Test 1 
Students completing 200 220 221 
Weak students 98 100 94 

Test 2 
Students completing 200 14S 142 
Weak students 102 82 62 

Total self-study hours (on 
programmes) in first 
4 weeks 787 686 490 -· 
Hours of supplementary 
tutorials given in first 4 
weeks 34 73 52 
Hours of Academic Staff 
theoretically available 
during the 4 weeks 190 160 80 

Note that, although student numbers (on Test I) 
have remainec! ;P.asonably constant. 

(a) -The drop-out rate (Test I to fest 2) has 
varied. In J 968, participation was compul
sory for both Business StUdies and Social .. 
Science students. This remained the rule 
only for Social Science students in following 
years. 

(b) The time spent on self-study materials has 
decreased- partly due to improved efficiency 
of the materials and partly due to increased 
involvement of tutors in the decisions of 
what work would be most yaluable for a 
given student. 

(c) As a result, the number of tutorial hours _has 
increased. The peak in 19 71 corresponds to 
the presence of ·a particularly enthusiastic, 
full~time tu~or responsible for the running of 
the course. Many tutorial hours are now 
extension and/or el)richment, over and above 
the basic skills taught in the self-study 
modules. 

(d) However, due to the re-organisation of the 
administration tasks involved in the course, 
the timetabled hours of mathematics staff 
have been more than halved and furthermore 
as tutorials are run by telephone appointment 
in the tutor's study, any timetabled hours 
not utilised by students are not lost to the 
tutor- he may get on with other work. 

Conclusion 

Over the eight years of experience with the course 
it has been observed that the most critical elements 
in the system are the human elements. , 

Individual groups in individual years have partaken 
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and profited from the course in relation to the 
importance attached to this by their course heads. 
Notably, in Social Scienct!, active progress-chasing 
by the course heads and some tutors, avoided the 
drop-out rates observed with other groups. 

In the day-to-day running of· the course, the most 
positive comments made by students centred 
around the "personal and flexible" nature of the 
course- "we get more individual attention than in 
any other part of the degree course". Also, the 
strongest criticisms occurred when occasionally 
students could not get hold of a tutor when 
required, or a tutor did not turn up. 

The tutor's role, as originally planned, was found 
to be not very motivational for most tutors 
(particularly the technical and administrative 
aspects). 

The present system, which ensures the smooth 
running of these aspects as much as is possible, and 
whi::!t ensun~s regular hours of service, appt:ars · 
more efficient to students and more acceptable to 
staff. It is hoped that the slight loss of immediate 

, personal contact between tutor and student will 
not be too big a price to pay for efficiency. 
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Computer-Generated Examinations 
and Tests 
AJ Romi<zowski (with contributions from G Lippey,IBM Corporation, 
~ Toggcnhurger, Los Angeles City Unified School District) 

lntnduction 

App::·:ationl of the conipulcr to iu~tructiuri vary from the :~ophistic:.1tc'l 
computer·h:ucd sclf-imtruction:tl systems, such as PLATO, through 
<'omput~r-rnanage•lsyslcmJ; sucl1 :tJ; PI.AN, to <-·ompulr.r "lm<"k·Ull'sy:ctcnu 
fnr the leachrr, UliUlllly taking the form uf IIUIUe ;tu(OIO:tlic !i(~Hring, 
ranking, nr <liagno!ltic t~ylltt'm!l. l·:x:nnplc:. of these latter sy11h:nu abound. 
One et n mention two UK examples of the 1960s- the computer-marked 
and "ttlidated programmed instruction systems used for remedial 
math.:matics teaching at the then Enfield College of Technology and for 
a university course in structures at the University of Aston. These latter 
systems used the computer purely in a data·processing role and could be 
classific;d together with t.ther applications of the computer to the 
replacing of routine clerical functions, such as school record·kecping, 
processing of psychological tests, even salary payments. The compilation 
of te'"ts, by computer, from a previously prepared and stored bank of 
suitable test items, is yet one more such routine application. Yet~ it is 
one which has become common only in recent years, despite the relative 
simplicity and cheapness of its implementation and its potential usefulness 
to te:Jchers. 

Computer Applications in Instructional Systems 
The diagram below illustrates the continuum of computer applications to 
instructional systems and suggests how responsibility for the management 
of the system rests at one extreme largely with the instructor, whilst at the 
othe~ ~xtreme most of the key functions of the instructor have been 
dele~~1.ed to the computer. 

An example of a fully computer-based system is PLATO IV. The student 
interacts with the computer, which is the store of the instructional 
material, the presentation device, the evaluator of progress and the 
decision-maker concerning the rate and content of instruction. · 

PerhJf s one of the most developed computer-managed systems is 
West' 1ghouse's project PLAN, in use in many areas of the USA and also in 
some developing countries. In this system, the teacher teaches by more o-: 
less traditional methods, with considerable media support, selecting 
altem~tive optional lesson plans and materials for the individual student's 
need:;. Students complete post-tests Cor a unit on mark:sense response cards, 
whicl. are 'posted' into a reader in the classroom. Thus there is direct 
stude·.t-cornputer interaction at the test stage. The functions of the 
computer are to mark, assess, grade and comment on the individual stUdent's 
tests, a 1d also to compare his progreu with that of other typical students 
In th• past. In doing thi1 the computer has access to stored information on 

-4 A Continrtu.rn of Dd~gtJtion 

C.omputer-hattd Computer-managed Computer Supp~rt 
lnlltmctJonal Instructional to Jnatn~ctional 

Systems Systems Systems 

'Pl:1to IV' Project 'Plan' As ton 
Examples: Stanford Enfield 

'Drill + Practice' 

~ DlagnO!tC Instructor • Jrutructlonal Computer Computer with computer -2 
i Needs: support 

.;: Instructor 
Select Content, Computer with computer 

~ McUtods, Media: support 
·~ Instructor and Instructor and ~ Instruct.: Computer s other media other media 

~ Standard tests Instructor 

~ 
Test: Computer and computer with computer 

support 

previous success with the present material by other students, previous 
performance on other material (by this student and other students), and a 
variety of personality and aptitude test data. A diagnosis and prescription 
for further work is prepared, including a suggestion as to which of the 
available optional media is likely to be of most value to the student. The 
teacher can also call up other services, in order to aid in the revision of the ,. ··-- -------- _,., _,__. _,__,_ ----- _ .. _ 

; ., 



An intermediate example, between PLft.,.TO and PLAN, is Patrick Suppes's 
'Drill and Practice' arithmetic system. This system gives practice in routine 
arithmetic procedures, once the basic techniques have been taught 
(possibly by traditional classroom instruction), The student is presented 
with an exercise by the computer. His response is used to select the next 
exercise- either more complex or more simple, depending on his success. 
The basic instructional materials are not stored in the computer, but a 
collection of carefully graded test questions is stored, and it is the computer 
which selects the questions for the student, on an individu~lized basis. 

At the other extreme of our continuum, we have systems such as the one at 
Aston University, which used the computer simply as a calculating machine. 
Students take normal, objective paper-and-pencil tests after self-study 
sessions. These tests are marked by the students (or at certain key points in 
the course, by the teacher) and the raw results are fed into the c:omputer. 
The computer produces profiles of progress for individual students and 
profiles of effectiveness for individual study units. It is entirely up to the 
teacher, however, to interpret these profiles and to plan remedial actioru. · 

The system in use at Enfield College of Technology (now Middlesex 
Polyte-.~ .. +nk) was intermediary in that it used paper-and-pencil t.ests, 
marked by a scoring key, but the raw reSults were processed by the 
computer to give not only student profiles, but also individual student· 
prescdptions as in project PLAN. However, the Enfield system used a 
hatch-prcceBsiltg computer to assess a lengthy test and procJucc a 
prescription for UJ) to two weeks' work at a time. This lack of scn5itivity 
was one ·Jf its weaknesses and led to the :tbandonmcnt of the computcl"" 
gencratc•l prcscril>tions in favo~r of a tutor-m;magcd system. 

The ab< Vl mentioned projects illustrate quite we11 the main preoccupations 
of workr rs on the computerization of instruction. First and foremost, they 
have atv•mpted to computerize the decision-making process of the teacher. 
Secondly, they have attcmpied to use the computer as the medium of · 
commum.:ation with the student, either at the testing stage or for both . 
testing and instruction. It is not surprising that these ha.ve been the main 
areas of research. The first one is obviously of great interest to 
programmers, systems analysts and students of human decision-making 
alike. Work has resulted in the development of simple·to-usc programming 
languag.:s for conversational interaction with the compUter, and in 
insights -.nto the problem-solving and decision-making processes in the 
human brain. 

The second has led to developments in man/machine interface hardware, 
and in some instances to a level of adaptiveness in teaching which was not 
hitherto possible. 

Howcve1. progress on the first has necessarily been slow, and implementations 
have sornr:times met with strong opposition from teachers. The_ second as 
yet incu.-~ a very high cost, due to the large amount of computer time and 
large number of terminals necessary to instal a sizeable computer·based 
instructional system. These reasons have combined to result in the 
relatively slow growth of CAI systems application on any large scale. 

The practical needs of existing educational systems might have been served 
better, and applications of computers in education might have spread 
faster, if more emphasis had been placed earlier on developing support 
systems f')r our existing teachers- support in the routine functions which 
teacher~ n·ust perform, but which are time-consuming and therefore often 
neglectec.,. 

Computer-Generated Tests 
The area of routine teacher activity which has been subjected to computer 
support for some time, is the marking of tests and the processing of test 
data. In rr.cent years, attention has been given also to the construction of 
tests by coJmputer. Much of the pioneer work was performed by Gerald 
Lippey L1 the IBM Corporation and Frank Toggenburger, coordinator of 
the Educational Systems and Programming Branch of the Los Angeles City 
Unified School District. Their work has led to the development of a 
'classroe>n• teacher support system' (CTSS). This system attempts to fulfil 
the follu•ving requirements of today's practising teachers. 

Most imr ortant,.it must be economically feasible. It should not, therefore. 
depend on communications-oriented equipment; while a conversational or 
remote ;ot,-entry implementation might be desirable, it should be able to 
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provide adequate service using a messenger or the internal mail, It should 
accommodate to the existing classroom and school environments; for 
example, it should not require extensive modification of existing teaching 
r;tratcr.ic~ or school logistic patterns. lt should, therefore, he posdb1c to 
introduce the tcadu·r service to, or remove it from, a classroom or school 
wilhout disruption. lt alsn should he possible to mn.intilin the service for 
any single school or c1a.<~!l at vr:ry low uaotgc: thcrr should he no minimum 
threshold for usage in~orar as a single teacher is concerned. Finally, it Is 
essential that the service he optional; :tt any time, the teacher should be lhc 
.'iolc judge of whether or not to take ;ulvantagc of it. 

J.ipp~y ami TCJgp;enhnrgC'r itlentiry que!itions ns one or the teacher's key 
tonl:h In addition to their tr:ulitinnal fun,:tlon for f{fl\(tlng, qucstl()I\S arc 
frequently usc(l to stimulate student interest, to guide the learner through 
a sequence, to guide the teacher (behavioural objectives), to diagnose 
student weakness, to diagnose instructional weakness, to measure 
achievement, and to practise new skills and concepts. Convenient access to 
a variety of questions appears to be a need common to all teachers. 

Published tests provide much useful information, but do not satisfy the. 
teacher's needs for flexil>ility and relevancy to immediate classroom goals. 
He usually desires to use questions frequently and for the many purposes 
mentioned above. He wishes to set for himself the objectives of the 
questions, the frequency of their use, and their content. However, he is 
understandably impatient with the Clerical duties that go along with 
obtaining and scoring his own questions. 

A centralized collection of questions could be maintained in machine
readable and machine-retrievable fonn. Questions could be classified, and 
selected according to criteria specified by the teacher. This service would: 

{a) Allow many teachers to share a collection of questions. Thus, 
they all benefit from the advantages of speciali.ed contributioru. 

(b) Operate completely under teacher control, supporting the teacher 
rather than imposing structure. 

(c) Enable the quality of questions to be improved by centralized 
coliection of feedbaCk from teachers and students with 
subsequent question revision. 

(d) Reduce clerical work associated with preparing exercises and 
tests. 

(e) Provide scoring statistics that are seldom produced by teachers. 
(f) Operate at low cost. 

A preliminary investigation of this concept took place in 1968 at lBM's 
Advanced Systems Development Division. Near the end of 1968, personnel 
from the Los Angeles City Unified School District and IBM discussed .the 
possibility of embarking on a joint study to build and test a prototype 
version. In 1969 a working agreement was reached between the District and 
lBM's Systems Development Division. System functions were to be 
specified jointly. IBM would develop the computer programmes, while the 
District would prepare a collection of questions and take responsibility for 
an operational aspects. 

Thr Classroom Teacher Support System 
Franl< Toggenburger describes the CTSS as follows: 

CTSS was ficld·tcstcd in one senior high school early in 1970 and wa~ ma(IC 
avaiiJ.h1e to summer-school teachers lhc following summer. SinC't 1971 it. 
ha!ll...!ell operating in all of the district's 49 senior high school~ anti in 30 or 
the':(;. junior high schools, SC'rving about 300 tc:t('h('r~ of 'Unitccl State-s 
llistory'. This subject was selected in preference to otl1ers because it was 
felt '.:•at the subject w:~s nol 01s well-structured or ohjcctivc :~:~~other are:~s, 
such as matlu or science. Succetisful use in this disdpline wou1cl tend to 
iHi~urc succc:~~ll in most other ~uhjccl ;area~. 

The item collt•ction wa~t protlur:ed in the ~mmmt'r of 1909 hy 20 experirnced 
tcaclh.:rs and 3 clerks under the tlirectiurt of o\ curriculum spcdalisl. This 
group produced approximately 8,000 items that covered the 8 major units 
of tho: revised course oC s~udy. . 

I . 

- 599 -



The services which CTSS makes available. to teachers are: 
(a) Items are rctricve'l according to criteria set by the teacher. Items 

stored in the system arc classified among several dimensions. The 
items selected are listed as an 'exercise'. 

(b) The teacher may specify and receive a modification to an existing 
exercise. Items can be deleted or new items can be added to produce 
a new 'generation• of the exercise. This process may' be continued 
until the list of queStions meets the teacher's needs. 

(c) An exercise may be printed on reproduction masters for use with 
a spirit duplicator when desired. 

(d} Upon request, the system will create several copies (or 'versions') 
of an exercise with the items scrambled. · 

(e) Each exer-cise includes a list of 'references' which contain 
information associated with the items retrieved. Two references 
are given for each item. 

(fJ Student answer sheets, including those for multiple versions, can 
be scored. Answers to exercises are remembered by the system, so 
scoring keys need not be submitted. The teacher may add items 
of his own to be scored. 

Communications between teachers and the data·processing centre go through 
the existing District internal mail, which services each school once a day. 

Iterr.a are classified for retrieval in the following ways: 
Cour e. This identifies the item collection from which retrieval will take 
place. 
Category. This is the basic subjcct·matter classification tystem. It is 
simil<!t' to the table of contents of a book. The teacher selects category 
null"'.~ rs from a published index when filling out a request block. 111e 
cate"'-' >ry retrieval system is arranged hierarchically so that when a high-Jeve' 
cate~ >ry is specified items in all subordinate categories are eligible also for 
sclection. 
Dif{':;</ty Level. One of the three levels of difficulty is assigned to each 
item. 'fhe teacher may apecify one of these. 

Behaviour Level. Items are classified according to whether they require 
'knowledge' only_ or 'application of knowledge'. A teacher may specify 
this. 
Keyword. This dimension can be used like the index of a book. Up to three 
words or phrases can be associated with each item. The teacher may select 
a keyword number from an index of keywords and specify it as one of the 
criteria for selection. 
X-Dimcnsion. Thb: dimension was built into the prototype in anticipation 
of future needs. 

In CTSS, random selection is used to reduce the number of eligible items 
when too many are available. That is, if more items than he has rC:quested 
match the teacher's specifications, items will be selected at random from 
those eligible. If fewer items are found, some specifications will be relaxed 
in an attempt to meet the teacher's quantiiy objectlves. Behaviour level, if" 
specified, is disregarded frrst; then any difficulty level specification is 
disregarded. No other teacher specifications are relaxed. 

Further Applications 
There is a growing interest in the USA in the use of CTSS or similar 
computer-generated testing systems. 

The CTSS prototype is available to other educational institutions; 
programmes, documentation, and some of the existing item collections may 
he obtained from the Los Angeles City Unified School District. Several 
other institutions have installed CTSS and more data banks of questions 
arc becoming available. Also, systems of a similar nature have independentlY 
emerged at various other locations, chiefly in institutions of higher learning. 

·A handbook is now available entitled Co,;.puter·Assisted Test Construction. 
This is edited by Gerald Lippey, who also has produced bibliographies on 
the subject and lists of over 100 existing computer-based test preparation 
systems. 
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It would seem reasonable to expect an upsurge of interest in corOputer• 
based test preparation in the UK, particularly at this moment in time when 
economic pressure on education severely limits the funds available for 
expensive projects such as CAI, but when many institutions, particularly irl. 
higher education, are equipped with under·utilized computers. 

Furthermore, as Gerald Lippey points out, 'test generation is a natural 
component of more sophisticated computer· assisted instructional approaches. 
A few of the existing automated test construction activities are, in fact, 
parts of larger computer·managed instruction systems. These more 
extensive systems usually include pedagogical decision·making elements, 
such as diagnosis of learner difficulties and prescription of assignments. 
Some of them enable students to proceed through large units of instructional 
material independently of each other;Those who wish to begin with a small, 
simple system and grow toward a comprehensive system may find test 
construction a convenient starting point, since it can stand alone under 

teacher cc'ltrol as weU as fit into an integrated computeramanagcd 
instructkm system at a later time.' . 
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Educational Technology in Brazil: 
A Latin American Case Study 
A J Romiszowskl 

Introduction 
The sub-title of this chapter does not mean to suggest that as far as 
educational technology is concerned, Brazil is typical of the rest of Latin 
America. Being by far the largest country, the only one where Portuguese, 
as opposed to Spanish, is the official language, and perhaps the most 
diverse in terins of cultural, ethnic and economic factors, it may well be 
the exception, rather than the rule. However, there are several factors in 
common with other Latin American countries, and just about all local 
educational conditions which exist in other countries in the contin..::nt can 
also be found in certain parts of Brazil. Also, it is probable that Brazil 
(with the possible exception of Mexico) is the current leader in Latin 
America, in the practical use of educational technology. Therefore, it will 
be useful to trace some of the current trends, in order to see where the 
continent as a whole may be heading in the next few years. 

Factors Affecting Brazil's Use of Educational Technology 
Brazil's pre-eminence springs from several factors. Most notable among 
these is that the last decade, which has seen the growth of a practical set 
of educational technologies, has been a period of exceptional growth for . 
Brazil - industrial growth, population growth, urban growth, growth o£ . 
needs for trained manpower, and growth in the educational and material 
aspirations of the population. -

As a result, there has been a considerable growth in education and training 
services. The private sector has supplied many specialist training needs (eg 
language, computer staff) but the state educational systems have also 
expanded. 

However, educational provision still lags well behind the needs in most 
states of the Federation- a gap which shows no sigu of being rapidly closed. 
Indeed, it has been publicly admitted by the Federal Ministty of Education 
and Culture that the current and future educational needs, both cultur.J 
and vocational, cannot possibly be met by traditional methods alone, and 
that new technologies of teaching must be investigated and used when 
appropriate. 

A second factor which has stimulated projects employing educational 
technologies, is the great variety both in the educational problems and the 
extent of educational provision between regions. Most Latin American 
countries have a great span between the very rich and the very poor
educational progress is geared towards expanding facilitiCs to an increasingly 
greater proportion of the population •. But Brazil has the especial problem of 
the ju><taposition of relatively rich regions (such as the states of S~o Paulo 
or Rio), with:-. vowing middle-class population, highly industrialized, 
70 per cent u1 .. an dwellers, already equipped with a network of schools not 
inferior to soxrc European countries, and very poor regions (such as the 
states of the !l<orth East of the country) with no middle class, a largely 
illiterate, run~, scattered population and hardly any state school system. 
These glaring .. :gional differences have resulted in .some of the more 
ambitious prCJt'Cts of the last few years, which attempt to create whole new 
educational systems based on new· methods and media. . . 

A third contriuulory factor is the US influence in Brazil, both in industry 
and in education (particularly at the university level), which has meant that 
new ideas emanating from American learning laboratories soon found their 
way into Brazilian academic circles. Perhaps some of these ideas stayed too 
long in acadenic circles before they were applied -we shall discuss this 
later, Howeve,, suffice it to note that the published literature on, for 
example, pros ammed instruction, was as prolific in Brazil in 1968 as it 
was in Britain. just about all the cclassic' American books on the subject 
had been translated and published in Portuguese, and were widely read by 
students of education.lt is intercEting also to note, however, that although 
in the late sixties the theories of programmed learning figured much more 
prominently in teacher-training courses than they did in Britain, there was 
no great produc.:tion of home-grown programmed materials at the time. 
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Brazilian prof'I'rmmes appeared in print. This w<ss probably due in the main 
to the general scarcity of educational textbook publishing - few schools 
could afford any books at all, students bought their own books, and 
programmed texts would be rather expensive items. But a further 
contributing f::.ctor is _the organizational set-up of Brazilian schools and of 
education in general, which render it unlikely for innovations to come 'from 
below•. 

Some Backs•ound on the Brazilian Education System 
In theory, ed..rcation is not over-centralized. Although the federal 
government e:-tablishes broad curricula~ academic and administratiVe norms, 
it is up to the individual states to implement them as they see fit- a bit 
like the British system of LEAs. (Indeed, the number of students under a 
typical state's control is often not very different from a typical LEA·- for 
example, although the state of Bahia is much larger than France", its 
population is similar to that of Paris.) The state ministries, or 1Secretariats' 
are, however, p ,litical organs, elected, so to speak, on the state governor's 
ticket. They f erefore tend to be staffed by bureaucrats rather than 
educationalists, particularly at the higher levels. This fosters the inevitable 
tendency to standardize and institutionalize procedures in education. The 
matter is not helped by the existence in the schools of a much more rigidly 
defined hiera:o:~ty, similar to a management hierarchy. The typical 
well-endowed choQl will have a head, who administers; an 'orientator', who 
plans curricul; tests students and gives guidance; a school psychologist; 
and several •supervisors', who see to it that the teachers do their job 
effectively. p;.;.11.1Iy, a large proportion of the teachers in certain states have 
not had any I- rmal teacher training. . 
All these fadOrs combine--to create a tefidCDCY to look 'upwards' Cor 
decisions. TI1c individual development of new ideas at the 'grassroots' level 
is rare. 

Tho Mnjor. Trcndr 
'l1u18, In 11mmn:trize, educational technology In nrazU Is at pre~c-nt npplled 
tn lnq~r·tn:nlr. orfldnlly 11pon:tnrt•l pruJ-:c:IA, rnthr.r thnn ntl R RC!Ilt'rnllrend 
throu~hulll echu:uthm. · 

M:my ur tht<IH" pruJrc.'lllll-r<" l'tiH)I)liOT("CI hy lhr l·'rtlr"rl\1 Mlnllllry, c•r olhrr 
National h(•cllr.s, hut they nrr mnl,,ly lmpl("mcntr.d lll the &tale levd nnd 
\l.lmally n rn·~·,portion or thr. funds nrc: providc:,f hy the: relc:v:mtslate 
5ccrctarlat. Some (see previous paper by CJ.tadwick) also have international 
·backing. · 

As is the rule in developing countries, the big initial growth area was in the 
application of educational television. In the richer states this has developed 
as an adjunct to the existing school system, much as ETV is used in the 
USA or in Rritain, and possibly more for prestige reasons than to fulfd a 
real educational need. In some of the poorer states, however, TV has 
become the essential backbone of the educational system. 

Recent years have also seen the development of individualized systems of· 
instruction, firstly in higher education hut now also applied in secondary 
education and technical or professional training. 

A further recent trend has been a return to the radio as the major factor Jn 
educational broadcasting. 

On the specialist training front, developments are seen in the use of 
scif-instructional texts, slide·tape presentations, simple simulations and 
games, group dynamics techniques, etc. More complex and sophisticated 
(eg computer-based) training systems are rare. 

On the hardware front, indeed, there is not much activity. Thankfully, 
Brazil has been spared (so far) the appearance of special-purpose teaching· 
machines. Such developments are held back by the general poverty of the 
educational market. It is hoped that as schools get richer, they will also . 
become wiser than the USA or British schools which invested in sophisticated 
machinery without software backup. Unfortunately, other very useful 
hardware is also in scarce supply. Although radio and TV are fairly 
widespread in schools, few schools have slide projectors or mm projectors . 
and overhead projectors arc almost unused below the further education 
level. A Brazilian·madc OHP has only recently come on the market but so 
far sales arc mainly to univcrsitie• and specialist training institutions. A 

·recent (19 74~ survey of language laboratories in we in SAo Paulo revealed 
20 installations in a city the size of London- and almost all of them in 
privatcly-own·cd language schools. 



Finally, a very strong trend has been the acceptance of the 'behavioural 

objectives' ueed.lt is.the rule, rather than the exception, for any 
document;; explaining courses or curricula, to begin with a statement of 
the objccti··cs in behavioural terms. The Federal Ministry requires this on 
official snhmis11ions; state srcrctariats thcr<~forc r!'qnirc it from schoob: 
aupcrvbun•; •here fore rcquire it frum indivitlu;al te:u.:hcrs. As is the cotse with 
many crcr·:s, huwcvf'r, nil hough thrrr. ;ue many who KO through the mntinns 
or writing objectives, those whu then 'live hy their ohjr-C'tivcs~ ;,I.(' mlhrr rew. 
'l'ht. n1u~ uf hrhnvlonrnl ohjrc:t1vr.11 h1111 Otlrr;uly hrc:omr 'imultuliuttaliud' in· 
llrnt.llln p~rhnp:t 1' grt'nlrr rxlrnl thnn Jll:t In lhc tJSA or Euwpr. M:my 
l~ave furgndr.n why they nrr. Alaling ohjt-cliVt'll a tall;. some nt>ver knew. 

Sorno Notnblo Projects 

1. Tolevisior·based Education In the State of Maranhilo 

Whilst the khcr :il;ltcs have dcve.lopcd I~TV on the US or Ruropcan model, 
as an adjtm:t to normal teaching, the State of Maranhffo in 1968 really had 
no 'normal teaching' to build upon, especialty at the secondary level. Only 
about 4 per cent of the 11 to !9 age groups were in full·timc education 
provided by the state. There was a general lack of school buildings, tcach.erS 
and the whole infrastructure _of a traditional school system. · 

In 1969 a pilot project was launched, using 'IV as the backbone of an 
education<tl system, administered locally by specially trained organizers . 
who are not qualified teachers. Titis was sufficiently successful to become 
the basis of the state's educational system - a system which relies on TV 
and supporting written materials for all basic teaching,·using local churches 
or halls as 1.1eeting places and rapidly trained "oricntators' for motivation, 
discipline, testing and feedback. 

or course the system has problems, not least due to the unspectacular 
quality of the rapidly-produced programmes, and the unreliability of the 
very basic 'nousehold'·type reception equipment. However, these are 
problems .-..hich can be eliminated in time, provided the necessary feedback· 
is collected and resources applied to programme reformulation. There are 
also some problems with the role of the 'orientators' who in some cases are· 
dissatisfied with their mainly administrative role in the system. Perhaps 
there could be a planned evolution of the orientator into a qualified teacher, 
by a programme of in-service training. However, despite these various 
reservations, the Maranhio project is notable in having in a very short 
period o£ 1 ir.1e created a system of secondary education where virtually no 
system exi• ~ed before. 

2. Project SACI - TV Education by Satellite 

This proje~t is perhaps one of the few exceptions to the general observation 
above that 'lrazil is not engaged in educational hardware development. 
Project SAt:I is a 'spin-off' of Brazil's space research programme·. As such, 
it Wa5 func!.:d by the Ministry of Technology rather than the Ministry o( 
Education. This was fortunate in that it was funded rathc·r generously, hUt 
unfortunatt in that its position outside the educational bureaucracy will 
probably limit its impact. 

Like other cduc:ltional satellite projects around the world, the Brazili:ut 
project aims to beam educational broadcasts nationwide, bou~cing them 
from a communication satellite. Advantages of such a system mcludc 
cheapness (as compared to the short-range microwave transmissions used 
in nonnal systems), total coverage (even of outlying, sparsely populated 
areas), centralized studio and production facilities, etc. The viability.of 
such a system in Brazil should be greater than almost anywhere else m the 
world. Unlike the Indian satellite project, for example, there are no !ocal 
language problems. India, with a much smaller land area,- has 3 offictal 
languages plus over 40 others in local use. Buzil eff~ctively has only one. 
However, not all authorities are in favour of the proJect. A~g~ment~ 
against arc partly political, partJy based on the fact that ex1stmg m1cr?wa~e 
systems already reach the majority of the population in a country ~h1ch 11 

over 70 per cent urban#dwclling. It is not certain whether th.e .sat.zlhte • 
education project will become a permanent element of Braz1.l1~n educat~on. 
However, project SACI has developed the software and spec1ahst rece~tlon 
hardware, which could eliminate the above-mentioned problems assoctated 
with the Maranhio experience. 
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The State of Rio Grande do Norte,,also among the poorest or the North· 
Eastern states and also with a very underdeveloped school system, was 
chosen as a test-base for project SACI. Special transmission equipment was 
installed and special battery-operated, tropicalized TV receivers were 
developed. The software team, trained and aided by USA stafft spent 
several years developing film, radio and written materials for the primary 
grade of school, covering \'irtually the whole curriculum. In addition, 
teacher-training materials, mainly in programmed instruction form, were 
deVeloped, so that the teachers could train themselves on an in-service 
basis. Since 1965, this system has become the educational system of the 
State of Rio Grandc do Norte. Transmissions are by microwave, not via 
satellite, so they reach only the capital and nearby districts. However, 
most of the state's' population live in this area. The programmes are of a 
very much higher standard of production than in Mar<lnhao and the 
equipni.crit more trouble-free. The system, even when using microwave, is 
eminently transferable to other states. So far, however, there are few 
signs that it will be transferred. 

3. Adult Education by Radio 

Educitional radio, of course, has existed in Brazil for some time. ·A 
particularly successful programme, aimed at primary and secondary school 
levels, is Projecto Minerva. This presents a daily menu of mainly cultural · 
and enrichment programmes which, in addition to use in 5Choo'ls, have 
captured a sizeable adult audience. 

A more recent development, however, has been the appearance of 
radio-based educational systems. A good example is the State of Bahia 
which ·offers adults a second chance (or of!cn a first chance) to complete 
their basic education, The state's educational radio Institute, -'IRDEB', 
produces~ records and broadcasts a complete school course, up to the 

15·year age ."r."·mp. Participating adults, who must be over 18, meet in group! 
together wit:'. a trained leader to Jistc:n to the: broadcasts and to carry out 
supplementa")' activities, participate in discussions, etc. The role of the 
group leaders in this case is somewhere between that of a teacher and the 
purely admir.i'\trativc role of the: group leaders in Maranh3o. Over 100 
groups exist ~hroughout the state and several thousand adults have qualified 
through thes-e: courses. The state is now experimenting with a correspondence 
course back·up to some radio programmes and with radiovision. There are! 
no current pl:ms in this state to go for educational TV. It is generally felt 
that televisio .. 1 would give few, if any, benefits over the radio courses, would 
cost much more and would reach a much smaller proportion of the 
population in this very large state with many sizeable towns outside the 
reach of TV signals. 

4. Correspom!unce Courses· 

Whether corrl!'spondence courses in general can claim to be among the most 
important developments in educational technology is doubtful. However, 
the few mentioned here are notable because they are all using materials 
and systems developed by educa~ional technologists, and two of them 
actually teach the principles of educational technology. 

Tite first is a. .·ecent project- an attempt to extend the adult education 
system oHer<d by IRDED in the State or Bahia to advanced secondary 
work (the 1S..!':"undo grau' as it is called), thus enabling adults who missed 
school to qualify for the professions or for university entrance. Unlike the 
'primiero grau' course described above, this is purely a correspondence 
course- no radio., no group meetings, contact with your tutor main1y by 
post unless you live close enough to call in at the office. Materials for this 
course are still in production, although some subjects were first offered in 
August 1975 on a validation basis. The teaching materials are being 
prepared in a variety of styles, The science and mathematics courses are 
in the form l'f programmed instruction texts and 'newspapers' containing 
enrichment ~.ni reference materials. Some other disciplines are in a more 
'traditional' !'urnat, although all materials are undergoing a fairly rigorous 
validation prucess - the first versions 'are offered free of charge to students 
living sufficiently close to enable them to appear for personal tutorial/test 
sessions with the authors of the modules. Numbers this year are limited to 
200 per subject, in order to cope with the work of validation, but several 
thousand students per annum are expected in the future. 
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in the State c..i Rio Grande do Sul. in the south·of the country, and in 
the federal capital of Brazilia. Both these regions arc richer and more 
endowed with traditional school systems, but, as in the rest of the country, 
there is a chrCJ:""lic shortage of trained teachers. In both these projects, 'lay 
teachers' recc-1,·e in~service training based mainly on programmed 
corresponder • .::e course material and occasional meetings with tutors. 
The Rio Grart Je do Sul project also uses radio broadcasts. 

The basic m:.tc.rialS in this state are linear programmes and much illustrated, 
almost cart01 n·style booklets. In Brazilia, a style of programming akin to 

information mapping is used. The content of both these courses places 
great stress on teaching the trainee teachers to apply a systems approach, 
to plan courses around clearly defined objectives, and to plan for feedback 
ancl continual course revision. It is the intention in both states that all 'lay 
teachers' should qualify in the near future, through the medium of such 
courses. 

5. Personolizcd Systems of Instruction 

TI1e paper by Shcrman in this Yearbook describes the Kcllcr Plan, or PSI, 
and itll origim; in a psychology course at the University of Urasilia in 1961. 
Sinc:e then th~ u!lc of the l(dlcr plan hall Hprcad to several other 1lra1.ilian 
univrrsiti<",.~; and to some olher disdplinc~. Rrccnlly it has ahm heen U!led 
in tcadtcr traiAing ·- .-.pec.:irically the training of physics and tcchnicotl 
teachers. Once again the aim is to develop in-service training, but this time 
on an individualized basis. The graduate· of a course goes to teach in a given 
school or district. He arrives equipped with personalized course 1naterials. 
His local colleagues study the course, and he acts as their tutor/monitor. 
When these teachers graduate, they repeat the course with other colleagues. 
This •pyramid selling' approach to teacher training is the basis of a · 
federally-sponsored project to train science and technical teachers, which 
is being executed by the National Centre for the Development of Technical 
Teacher Training (CENAFOR). 

Some pilot courses have been run with reasonable success, although a 
number of snags have cropped up. For example, it was observed that 
although in theory the written learning materials of the courses need not be 
perfect (as there is a tutor/monitor to help out), in practice the quality of 
the learning materials was the cardinal factor controlllng the efficiency of 
the course. 

These courses are not •classical' applications of the Keller Plan, in that theY 
have to date been run as short, intensive courses (which necessarily apply 
a certain amount of forced pacing) and have used the authors of the 
learning materials and hired helpers as monitors (as opposed to using the 
peer group). nlese modifications have been forced by administrative 

. constraints and by the need to evaluate and improve the basic materials 
bt:fore wider dissemination. Once the courses are repeated at the local 
level, by graduates of the first courses, the self~instructional nature of thci 
materials will enable either an intensive •off~the~job' or a more spread out, 
self·paced, 'in·service' system of implementation to be adopted. 

Thus the PSI type of course has spread in Brazil from higher education, 
where it was developed, to teacher training and technician training. 

6. Application In Technical and Industrial Training 

In North AmCrican and European -experience, the larger industrial coursea 
arc often among the pioneers in the use of new training techniques. 'lbe 
llra7.ili:m picture is slig.htly different, partly because Brazil has a young 
industrial system, growing rapidly but as yet employing a relatively small. 
proportion of the population, partly because the bulk of Brazilian larger 

industries ,1'!'•: multinational. Thus at the lower lev"els of operative and 
scmi·skille~ personnel, the human resources supply problem is generally 
seen more ao; a selection than a training problem, and at the higher levels 
of managenacnt1 the typical solutions are the importation of syst~ms and 
techniques ~cvclopcd overseas. [t is in fact the middle region -middle 
managemeflt and skilled technicians- where the greatest human resources 
'gap' exists,':md as industry expands the •gap' between available and 
required hu;nan resources is growing very rapi(Uy indeed. The problem is 
accentuated by the 'academic' tradition in education, which renders 
non~univers.:ty 'technician' qualifications very much second-class ones. 
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'SI·:NAC'- the National Services for lnclmlrb.l and Commcrdal l.rarning. 
These organizations operate a network of lc<.:hllic:tl colleges, extremely 
wcll·equippcJ and staffed in general, but no longer adequate to cope with 
industry's Jtccds. In attempting to extend the numbers of students on 
courses bot'. SENAI and SENAC have for some time been developing both 
group- and self-instructional systems. Both organizations have supported 
teams of writers to produce programmed texts. SENAC had at one time 
fiv~ teams in various parts of the country. SENAI has produced a range 
of well-structured manuals, some in conjunction with the International 
Centre for Technical Training (CINTERFOR). These manuals are in use 
in organizat~ons outside SENAI and in other Latin American countries. 
Several moss-media and/or correspondence training schemes have been 
implementcJ in order to take technical training to a wider population. 

A more radical move to meet the skills' shortage was taken by the 
government a few years ago, when a law was passed which, in effect, 
obliges all courses in schools to include a vocational component ~ every 
school-leaver, even if he is aiming for academic study at university, must 
also qualify in a trade or profession. Needless to say, the law has not bem 
very fully implemented. Indeed, a growing body in the Ministry of 
Education i.::~~ coming round to the idea that even with a massive (unlikely) 
increase in resources devoted to education, the objectives cannot be fully 
implementr J, and certainly not by simply expanding the traditional 
systems of education. However, some interesting and potentially useful 
spin-offs so far have been several large task-analysis projects, in order to 
define the c::mtent of the necessary new courses, and federal funding for 
several pilot schemes of on·the·job training aided by correspondence, 
media, or Keller-plan courses. · 

7. Applicat'~n to Medical Education 

At the School of Medicine in the Federal University of Rio de J aneirn, · 
there is the Department of Medic'al Education, and within this a Nucleus 
for Educatiunal Technology in Medical Education (NUTES). This Nucleus 
also acts as •he Latin American Centre for Educational Tech1;1ology in 
Medicine (U.ATES), with support from the Pan·Amcrican llealth 
Organizatio·1. Consequently, this nucleus is well funded, and has developed 
many intere11ting projects, not least of them a programme of stafF training 
in the prepar ttion and use of teaching aidJ, particularly slide-tape 
prcsentatio ·•· video--tapes and transparencies, as well as written course 
units. The emphasis is on the design of the message, rather than the 
hardware/production problems. A workshop, based on a systems approach 
to course development, is run regularly. The vast majority of the tl"aching 
staff of the School of Mcdkine have participated in workshops, and many 
have produced a considerable 3mount of self-instructional and audio-visual 
teaching materials. Workshops have now been run for other departments, 
other universities and indeed other Latin American countries. 

This Nucleus is also concerned with the development and use of computer
assisted instruction for the teaching of medical diagnosis, etc. 

Conclusion - A Look to the Future 
Brazil is in an interesting position 'ed tech-wise'. Unlike i:he iJSA of 
Europe it dots not yet have a fully-developed and entrenched educational 
system {or systems). There are needs to be filled at all levels. 

Unlike many third-world countries it is not in the position of being too 
poor to do much about its educational needs. 

The federal government has publicly stated that the recognized needs 
cannot be filled by a simple extension of traditional methods and systems. 

Both federal and state organizations now exist to foster, guide and firiance 
the devcJopmcnt of alternative systems and appropriate technologies. 
Important among these is PRONTEL {originally standing for the National 
Programme of Tcle-cducation), now empowered to promote and coordinate 
any type of educational technology project. Other official organs exist, 
sometimes overlapping or competing in their a:_eas of activ~ty. 

However, despite the typically Latin American bureaucratic jungle which 
leads to some duplication of effort, some empire building, and a lot of 
wasted time, the will to improve c!ducational methods is very strong at 
all levels. 

Given these three factors of need, resources and willingness in almost 
excessive abundance, one can forsee a very busy and interesting future Cor 
educational technologists. 



THE TUTOR'S ROLE IN THE INDIVIDUALISATION OF MATHEMATICS 

A.J. Romiszowski. 
Paper presented at the 1976 Conference of the National 
Society for Performance and Instruction, Atlanta, Georgia. April 197 

lTRODUCTION 

Mathematics has been one of the major targets of attempts at 
individualisation. In the early days of programmed instruction, 
more programmes were published on mathematics and on 
mathematics-related subjects than on all other subject areas 
together (Cavanagh and Jones 1966). This was ascribed to 
the relative ease with which mathematics could be programmed 
due to its logical structure and "correct" answers, as well 
as to fairly.marked agreement on instructional objectives 
and teaching methods as compared to some· other disciplines~also 
large target populations of students as many courses require 
similar mathematics content, etc.). 

J. 

This trend continued for several years (Cavanagh and Jones 
1970) and not till 1972 did other subject areas come to the fore 
in instructional programme publishing (Hamer, Howe and 
Romiszowski 1972), due at least in part to the saturation of 
the mathematics market. 

It is strange therefore that this explosion in systematically 
produced and (presumably) field-tested instructional materials 
has not been accompanied by a parallel rise in the effieiency 
of mathematics instruction. Why is it we still can't do 
mathematics?! 

The truth is that the instances of large-scale and long-term 
implementation of mathematics instructional systems based on 
these new materials are few and far between. And not all the 
projects which have got off the ground have led to improvements 
±n the standards of mathematical attainment. 

So it seems that some of the assumptions about the 
mathematics "market" may not be very sound. 

(a) Perhaps it is not that easy after all to programme 
mathematics instruction successfully? Perhaps the 
fact that you can define your objectives with ease 
and clarity does not necessarily lead automatically 
to good instructional programming? Perhaps the 
programmer needs more than a clearly stated 
objective and an exercise-design model (e.g. 
demonstrate; prompt; release), in order to ensure 
success? Perhaps inspired programmers of 
mathematics are as rare among programmers as 
inspired teachers of mathematics are among 
teachers as a whole? 

(b) Or perhaps the differences in teaching approaches 
among mathematici&ns are greater and more 
important than we assumed? This would account in 
part for the low rate of acceptance of programmed 
materials. Although it is quite possible to 
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programme mathematics in the "discovery" 
method, few published programmes have in fact 
done so, and programming has grown to be 
recognised as the antithesis to "discovery". 
Also the "modern maths" movement, in its 
re-emphasis on "understanding" rather than 
mere computation, has tended to view programmed 
instruction as of very limited application. 

[NDIVIDUALISATION 
VIA 

\UTOMATION OR 
HUMANISATION :? 

However, just about all groups are agreed on the need 
to "individualise" the teaching of mathematics. Of course, 
the meaning of "individualisation" varies from simply (a) the 
need to allow the student to progress at his own pace, through 
(b) variety in the instructional methods· available to students 
to (c) options in the choice of objectives or content, etc. -
-- depending on who is using the term. This leads to some 
confusion arid has led writers to attempt to define and classify 
types of individualisation (Edling, 1970) (Gibbons, 1971). 

Programmed Learning in its basic form provides individualised 
learning rate only, and in attempts to keep the more valuable 
characteristics of P.I. whilst rendering instruction yet more 
individualised, innovators have gone in two directions, (1) towards 
greater automation through the use of computer-based-learning, 
and (2) back to the well-tried but ·eMpensive individual tutorial 
as part of an integrated ··man/media system. 

~XAMPLES OF 
•1EDIA/TUTOR 

SYSTEMS 

We shall not consider the application of computer-assisted 
learning to mathematics in this paper, but shall concentrate on 
those systems which use the human tutor as one of their components. 
Examples include I.P.I. at the Primary Levels of education (Lindvall 
and Bolvin, 1967) (Scanlon, 1970) and the team-teaching system 
based on Autotutor programmes employed by some schools in Surrey 
(Surrey County Council, 1969) at the secondary level. At the 
higher education level we have various learning-by-appointment 
schemes as the one used for remedial mathematics at Middlesex 
Polytechnic (Hamer and Romiszowski, 1969), audio-tape and tutor 
schemes such as the Postlethwait Audio Tutorial System 
(Postlethwait. 1972)and reading assignment and tutor schemes such 
as the Keller Plan, .also called P.S.I. - Personalised System of 
Instruction, (Keller, 1968) (Sherman (ed.), 1974). 

rHE KELLER 
PLAN 

The Keller Plan is of particular interest to those engaged 
in higher education as it has gained rapid acceptance and fairly 
widespread application in a way that earlier types of programmed 
instruction did not. As Sherman (Sherman, 1976) puts it: 
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"There must be disciplines and subject matters as 
yet untried in a P.S.I. format - but I cannot 
think of any. With no particularly reliable data 
I would estimate that more than 1000 professors 
have developed their own P.S.I. course and-their· 
own materials. At least twice that number have 
given P.S.I. courses using commercially available 
materials." 

Even if the data .is not too reliable it is certainly 
impressive, A little analysis of the characteristics of the 
Keller Plan (Romiszowski, 1975) suggest that this acceptance 
may be due to 

(a) the relative ease and speed'of maberials preparation 
(not usually specially programmed) 

(b) the relative ease of implementation within a 
traditional university course structure. 

( 

The relative success, as compared to more rigid styles of 
programming is probably explained by 

(a) familiarity of the style of the learning 
materials to students 

(b) regular face-to-face meetings with the 
tutor/monitor. 

In short, the Keller Plan invokes very much less· 
disruption of the existing system and is therefore that much 
easier assimilated into it. 

IMPORTANCE OF 
GOOD 

MATERIALS 

However, there are two factors in the Keller Plan which 
have sometimes caused controversy. These are the occasional use 
of non-structured poor-quality materials for the study 
assignments and the quite common use of members of the peer-group 
(faster students) as monitors/tutors for the slower students. . 
The former factor has been criticised by the proponents of P.S.I. 
and is the sign of a poorly designed course (but we sho~ld 
remember that the sort of material which is quite acceptable 
to an undergraduate may be totally ineffective with other target 
audiences who are less sophisticated learners - as far as 
mathematics is concerned, many adults are unsophisticated (learners: 

'HE USE OF 
'EER-TUTORS 

The latter factor is held up as one of the major strengths 
of P.S.I. and certainly without the use of student-monitors 
many P.S.I. schemes would be totally unworkable on economic 
grounds. 
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However, can we glibly assume that the student who 
mastered a particular topic yesterday is automatically qualified 
to assess, correct and perhaps tutor his peers,learning the 
same topic today? The research supporting the use of peer-tutors 
in Keller-Plan courses would suggest that the answer ·is ·"yes", 
but there are some disconcerting "no's" as well to cast some 
doubts. 

Particularly in mathematics teaching, if it were that easy 
to act as an effective tutor, why do we have a mathematics 
teaching problem. Surely, well-designed instructional materials 
(which do exist) used as the basis of a P.S.I. course should 
lead to-efficient mathematics learning despite the shortage of 
teachers. But we don't really believe this do we? 

EXPERIENCES WITH 
I?ERSONALISED 
MATHEMATICS 
SERVICE COURSES 

Successful applications of P.S.I. courses in mathematics do 
exist (e.g. McKeon, Newman and Purtle, 1974). Similarly, two 
personalised courses analysed by the author in a previous paper 
(Romiszowski, Bajpai and Lewis, 1976) seemed to be achieving 
stated objectives effectively. However, experiences with the 
courses seemed also to suggest that the role of the tutor may 
be quite critical in such courses. The two schemes were:-

(a) The scheme at the University of Loughborough · 
is a service cours.e in Engineering Mathematics. 

- The students involved are second year Electrical 
Engineering undergraduates. 

- The content of the courses given so far are (1) 
Fourier Series, Partial Differential Equations 
and (2) Complex Variable Theory. 

- The learning materials are sections from the 
programmed textbook "Mathematics for Engineers 
and Scientists - Volume 2, by Bajpai, Calus 
and Fairley, plus special supplementary materials. 

- The courses have been given only in the last year 
and to only a part of the total group - about· 40 out 
of lOO. 

- They were set up deliberately as personalised 
courses on the Keller plan, utilising the normal 
timetable hours. 

(b) The scheme at the Middlesex Polytechnic is a service,. 
or remedial course in pre-requisite mathematical skills. 

- The students are first year social science and 
business studies undergraduates. 

611 -



- 5 -

- The course content is in 22 modules, covering 
basic arithmetic skills, powers, series)algebra 
etc., as required for entry into other service 
courses on statistics, calculus etc. · · 

- The learning materials are mainly in the form of 
programmed instruction modules, commercially · 
produced but modified by us. They are administered 
on teaching machines. In addition there are many 
programmed and non-programmed booklets, perpared by 
polytechnic maths staff, supplementing the programmes 
or giving alternative faster/slower treatments of 
the same content. 

The course has been given as a standard (obli.gatory 
for social science) unit for the last eight years, 
during the first four weeks (or longer if necessary) 
of the academic year. 

- The course was not constructed to the Keller plan. 
It was originally a computer-managed "learning by 
appointment" plan, open to all students at any 
hour on a come-as-you-please basis. Over the years, 
however, with the shedding of the computer and other 
changes, it has grown to appear more similar to 
P.S.I., whilst still maintaining the flexible 
timetabling. 

Thus both courses are based on programmed, validated materials. 
Both are modular. Both use tutorial support. Both have been 
run successfully (the scheme at Middlesex Polytechnic for a 
period of 8 years). But neither have used peer-tutors. At 
Loughborough, the students themselves were unwilling to take 
on this task. At Middlesex, staff were often unwilling to 
delegate this task. Marking, yes - but tutoring, definitely 
not. Thus, to satisfy economic constraints the assessment of 
student work (the marking) has been delegated - at Loughborough 
the students mark their own tests and decide if they need 
tutorial help; at Middlesex this is done by a clerk/secretary. 
But the tutorial work which may be needed to follow-up the 
self-study modules is jealously guarded· l.by the mathematics 
specialists. Tutors have justified this_as for example:-

- giving greater freedom to follow up the students 
particular needs, 

- being able to adapt the tutorial in the light of 
experience, in a way that a peer-tutor would be 
unable to do, 

- being able to test "real understanding" as opposed 
to the routine procedures tested in the programmes. 

Such comments may reflect presumed inadequacies in the objectives 
and content of the programmed materials, as viewed by the tutors 
from their own idiosyncratic viewpoints. Or they may reflect 
some real limitation in written programmed materials, even when 
supported by relatively inexperienced tutors, which only a 
highly trained and experienced teacher of mathematics may overcome. 
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It would seem a good idea to examine this latter 
possibility a bit more deeply before discarding it and glibly 
assuming that mathematics teaching is no different from 
any other teaching. 

)ME LIMITATIONS 
f PROGRAMMED 

INSTRUCTION 

.An article by Biran (Biran, 1967) gave a check-list of 
characteristics of a learning problem which would make it more 
or less suitable for solution through programmed instruction 
(the term is used here in the restricted sense referring to 
printed, small-frame, self-instructional materials). Ex.cerpts 
from this check-list are reproduced in Table I. 

On first glance, the factors seem to be balanced strongly 
in favour of using programmed instruction for the teaching of 
mathematics. But a more detailed analysis would suggest that 
some aspects of mathematics are less suitable than others. 

0 

Certainly when we consider problem-solving and the learning 
of problem-solving skills. In this area of mathematics teaching 
there is no unique answer. The problem may have a unique answer 
but there may be many ways of arriving at the answer. When 
teaching problem-solving we are at least as interested in the 
process of arrival at the solution, as we are·in the solution 
itself. And identifying the process that a particular student 
is attempting to use certainly qualifies as "difficult to test". 

Again, mathematicians are well aware that it is much more 
difficult to teach a student to formulate a problem in 
mathematical terms than to then calculate the solution. It is 
the synthesis of mathematical models that gives major learning 
problems. Also the judgement of the merits of alternative 
solutions - the evaluation of steps taken or to be taken as an 
important factor in mastering efficient problem-solving 
strategies. · 

Thus here is one area of mathematics - the learning of 
problem-formulation and the evaluation of strategies for 
problem-solving where it seems that the self-instructional mode 
is perhaps not the ideal. 

Biran then goes oq to contrast algorithmic and heuristic 
problem-solving strategies. In this context, an algorithmic 
strategy is one composed of a set of procedures which, i~ 
followed correctly, are guaranteed to lead to a solution. (_Such 
a set of procedures - actions and decisions - may often be 
presented as a flow-chart, but this is not obligatory). A 
heuristic strategy, on the other hand is-a set of procedures 
which may, but are not guaranteed to, lead to a sdllution. 
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Guessing the answer is a heuristic strategy, albeit 
generally a most inefficient one. "Guesstimating" however 
may be a legitimate step in an efficient strategy. 

But, "working it out using log. tables" is algorithmic. 
Algorithmic strategies may be memorised "off the job" or 
even "looked up" when necessary, whereas heuristic strategies 
generally develop through experience. Hence the limitation 
of a printed text as a mode of instruction. 

HE HEURISTIC 
EACHING METHOD 

A learner may learn an algorithmic procedure step by step, 
through demonstration. Or he may discover it through experience. 
Thus he may learn an algorithm by a heuristic strategy. Once 
he has learnt the steps of the algorithm, however, he may apply 
it almost mechanically- the learner's "problem" now is simply 
·to identify the given problem as of the type for a given 
known algorithm. 

Already in the last century a method of mathematics 
instruction was in vogue - called the "Heuristic Method" and 
exhibiting all the characteristics of what Gagne refers to as 
"guided discovery" (Gagne, 1965). 

Describing the heuristic method in 1906,·Young writes 
(Young, J.W.A. 1906):-

"the heuristic method is dominated by the thought 
that the general attitude of the pupil is to be 
that of a discoverer, not that of a passive 
recipient of knowledge. The pupil is expected in 
a sense to rediscover the subject though not· 
without profit from the fact that man had already 
discovered it. The pupil is a child tottering 
across a room, not a Stanley penetrating into the 
heart of Africa..... · 

••••• It is the function of the teacher and of the 
text so to present the things to be done, so to 
propose the problems to be solved that they require 
real.discovery from the pupil; that at the same 
time the steps are ~1ithin his power and that he 
attains at the e~d a good view of his subject." 

Young also lists some of the tricks and dangers in the 
application of the method, giving the following example: 
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FALSE HEURISTIC TRUE HEURISTIC 

.·Is ABCD a parallelogram? What sort of figure is ABCD? 

Is is true that the What do you know about the 
diagonals of a parallogram diagonals of such a figure? 
bisect each other? 

Is therefore AE equal to What lines in the figure are 
EC? therefore equal? 

How does this knowledge help 
us in our (main) problem? 

HOW TO SOLVE IT 

The heuristic method did not seem to enjoy growing 
popularity as little is heard of it until it is formulated 
much more clearly in the excellent book "How to Solve It", 
(Polya, 1945). (It is interesting to note that this book 
enjoyed small hardback sales until 1971 when it first appeared 
in paperback form and soon after became one of the set books 
of the Mathematics Foundation Course at the Open University). 

A summary of the stages in the application of the heuristic 
method as outlined by Polya, appears in Table II. A study of 
this table gives some insight into firstly why the method is 
now creating belated interest and secondly why the application 
of the method may be difficult by automated self-instruction. 

Firstly, any reader versed in current educational technology 
thinking will immediately recognise a parallel between the four 
stages outlined by Polya and the four stages -

Define the problem 
Design a solution. 
Implement experimentally 
Evaluate 

- of the "Systems Approach" as it is called - the systematic 
application of scientific method to practical problems. As 
currently the systems approach is "in" among educators and is 
being applied to course design, for example, its application to 
the teaching of mathematical problem solving seems "obvious" 
rather than "revolutionary". 

Secondly, the application of the method necessarily involves 
very careful and detailed observation of the problem-.solving 
processes that the student is attempting to employ. In order to 
guide the student along a fruitful path, the teacher must choose 
the questions to ask and the prompts to give in the light of the 
student's overall behaviour with respect to the problem- not 
just his last response, but his response-pat~ern. 
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Attempts have been made to programme and automate such 
learning/teaching activity in computer-based learning systems, 
but in limited areas of application and with limited success. 
At present, the most readily available (and for a little time 
yet, the. cheapest) instrument for carrying out such conversational, 
heuristic teaching is still the human tutor. Polya himself says:-

ROM HEURISTIC 
0 ALGORITHM 

"If the teacher wishes to develop in his students 
the mental operations which correspond to the 
questions and suggestions of our list, he puts 
these questions and suggestions to the students 
as often as he can do so naturally. Moreover, 
when the teacher solves a problem before the class, 
he should dramatize his ideas a little and he 
should put to himself the same questions which he 
uses when helping the students. Thanks to such 
guidance, the student will eventually discover 
the right use of these questions and suggestions, 
and doing so he will acquire something that is 
more important than the knowledge of any 
particular mathematical fact. " 

We have already mentioned that what was learnt heuristically 
may be later applied algorithmically. Opinions vary on how 
algorithmic procedures should be taught. At one extreme, there 
is the argument that provided the practical constraints allow it, 
algorithms should not be learned but should be looked up in -' 
reference material (Lewis, Horabin and Gane, 1967); another 
camp maintains that regularly used algorithms should be learnt 
by demonstration and practice (Gilbert, 1962)f yet others 
maintain that in problem-solving at least, learners should 
construct their own algorithms (Landa, 1974), formulating them 
through a heuristic, problem-solving approach. Such a guided 
discovery approach carrie& a penalty in terms of learning time, 
but pays dividends in terms of long-term recall and transfer 

" to other tasks (Gagne, 1967). 

But in problem-solving, there always remains the stage 
of formulating the problem, of identifying which of the learned 
algorithms are appropriate for the particular case. Duncker (1945) 
showed that problem solvers use a variety of heuristic strategies, 
ranging from mechanical (often time-wasting) ones of "putting 
the problem in a recognised field" and trying all the algorithms 
one knows in that field until (hopefully) one hits on the right 
one, to systematic or organic strategies of the type described 
by Polya, gradually re-stating the problem and successively 
identifying what is necessary with growing precision, until the 
appropriate known algorithm is identified (or, if not known, 
may possibly be discovered anyway). Peel (1960), points out the 
difficulty in distinguishing between the two extremes by mere 
inspection of the written work of pupils. Often both extreme 
strategies will lead to the same result. It.is necessary to 
accompany the problem-solving process stage-by-stage in order 
to guide students into the use of the organic, more systematic, 
more powerful strategies. Once again we see the limits of 
purely self-instructional, written materials. 
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SUMMARY 

SOME POSSIBLE 
IMPLICATIONS FOR 
rEACHING OF 
~ROBLEM SOLVING. 

From the above considerations it would seem reasonable 
to hypothesize that 

(a) The teaching of mathematical problem-solving 
strategies should not be best taught by ' 
programmed self-instruction. Programmes have 
been written with such objectives and have 
succeeded in some cases, but this does not 
imply that other, better modes of instruction 
do not exist. 

(b) Neither should materials/tutorials systems 
based on peer-tutors be particularly better. 
We might expect such systems to be very_ 
effective for the direct teaching of 
algorithms (as in the teaching of arithmetic 
or algebra by traditional methods), and for 
the teaching of mathematical concepts and 
concept structures (schernas), but we would 
expect them to be less effective in teaching 
heuristic approaches to problems. ' 

(c) It is also probable that systems employing·-
human teachers who are not trained and · 
skilled in the use of heuristic methods, will 
not be much better at achieving such objectives. 

(d) Two avenues of progress should therefore be 
possible: 

either (a) the general body of mathematics 
teachers develop skills in the: 
teaching of heuristic problem
solving, 

or (b) Computer-based, conversational 
teaching programmes will become 
so sophisticated (and so cheap) 
as to render the mathematics 
teacher unnecessary. 

Whi'Ch will happen first? .· 
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TABLE :( 

Excerpts from the check-list of characteristics in 
favour or against the use of programmed self-instruction. 

FACTOR 

STUDENTS 

CONTENT 

OBJECTIVES 

Types (BLOOM) 

CHARACTERISTICS IN 
FAVOUR OB P.I. 

Beginners ••• 
General interests ••• 
Homogeneous initial 

repertory 
Lacking in Study 

skills 

Symbolic/mathematical 
Tightly logical •• 
Difficult to learn •• 
Retention important 
Problems with unique 

answers 

Clear and distinct •• 
Easy to test · 

CHARACTERISTICS AGAINST 
USE OF P.I. 

Advanced 
Specialised needs 
Heterogeneous initial 

repertory 
Well developed study 

skills 

Descriptive 
Loosely connected facts 
Easy to learn 
Retention not essential 
Problems with many 

answers 

Diffuse/interdependent 
Difficult to test 

------------------------ --------------------------
Knowledge 
comprehension 
Analysis 

Application 
Synthesis 
Evaluation 

~----------------------- --------------------------
Algorithmic 

problem-solving 
strategies 
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Heuristic 

problem-solving 
strategies 
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' 

First. 
You have to understand 

the problem. 

Second. 

Find the connection 
between the data and. the 
unknown. 
You may be obliged to 
consider auxiliary problems 
if an immediate connection 
cannot be found. 
You should obtain eventually 
a plan of the solution. 

Third •. 
Carry out your plan. 

Fourth. 
Examine the solution 

obtained. 

TABLE II HOW TO SOLVE IT (Poly a, 1945 )_ 

. ~-' 

UNDERSTANDING THE PROBLEM 

What is the unknown? What are· the data? What is the condition? 
Is it possible to satisfy the condition? Is the condition sufficient to 
determine the unknown? Or is it insufficient·? Or redundant? Or 
contradictory? 
Draw a figure. Introduce suitable notation. 
Separate the various parts of the condition. Can you write them down? 

DEVISING A PLAN 

Have you seen it before? Or have you seen the ·same problem in a 
slightly different form? 
Do you know a related problem? Do you know a theorem that could be useful? 
Look at the unknown! And try to think of a familiar problem having the 
same or a similar unknown. 
Here is a problem related to yours and solved before. Could you use it? 
Could you use its result? could you use its method? Should you introduce 
some auxiliary element in order to make its use possible? 
Could you restate the problem? Could you restate it still differently? 
Go back to definitions. 

If you cannot solve the proposed problem try to solve first some related 
problem. Could you imagine a more accessible related problem? A more 
general problem? A more special problem? An analogous problem? Could you 
solve a part of the problem? Keep only a part of the condition, drop the 
other part; how far is the unknown then determined, how can it vary? Could 
you derive something useful from the data? Could you think of other data · 
appropriate to determine the unknown? Could you change the unknown or the 
data, or both if necessary, so that the new unkn.own and the new data are 
nearer to each other? · 
Did you use all the data? Did you use the whole condition? Have you taken 
into account all essential notions involved in the problem? 

Carrying out your plan of 
that the step is correct? 

CARRYING OUT THE PLAN 

the solution, check each step. Can you see clearlJ 
Can you prove that it is correct? 

LOOKING BACK 

Can you check the result? can you check the argument? 
Can you derive the result differently? Can you see it at a glance? 
Can you use the result, or the method, for some other problem? 



APPENDIX C 

STRUCTURAL COHMUNICATION AND INFOID.ffiTION MAPPING: 

DESCRIPTIONS AND EXAXPLES. 

1. Structural Communication - description. 

2. Example of Structural Communication applied to 

mathematics. Extract from the materials used 

by the author in a preliminary evaluation. 

-3. Information Mapping- description. 

4. Information Mapping explained by its originator •. 

Example of the technique in practice. 

5. Example of Information Mapping applied to Hathematics: I. 

Material used by the author in a preliminary evaluation. 

6. Example of Information Happing applied to Hathematics: II. 

Material developed by the author for use in a comparative 

study of information mapping and linear programmed 

instruction. 
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' APPENDIX C 

1. STRUCTURAL COMMUNICATION 

This technique has been developed by the Centre":" 

for Structural Communication, Richmond, U.K., notably 

by A.M. Hodgson and his collaborators. (Zeitlin and .. 

Goldberg 1970; Hodgson 1971; 1972; 1973; 197 4; Egan 1972), 

The roots of this technique are in cognitive and 

field psychology, with a touch of cybernetics, although 

Hodgson sees it as basically an extension of skinner's 

programmed learning principles to the area of higher 

order cognitive processes. 

To relate these two, generally opposed fields of 

psychology, Hodgson constructs a model of types of thinking, 

Egan (19741 describes this model as follows; 

"The model distinguishes four more,or+less discrete 

levels or kinds of intellectual activity, I will 

try to indicate the distinctions by reference to 

common experience of reading. 

t CREATIVE 
8 ~ 
·.-! Q) '@ CONSCIOUS l~ 1~ J.~ SENSITIVE ~-~a ~ ~ g 8 ~.~ 6 AUTOMATIC .J . 

Automatic thinking is the lowest level they distinguish, 

and it may be recognized in that frustrating 

experience of reading a paragraph and then realizing 

one has not "taken in" a word of it. Nevertheless, 

it is proper to say that one has mechnaically or 

automatically read the words. 
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Sensitive thinking is that of commonest awake 

experience; in reading, it is recognizable in the 

typical condition of reading and understanding 

the meaning of what is read. 

Conscious thinking represents that stage of. 

heightened critical awareness that we recognize 

in reading and synthesizing what is read with 

other ideas and areas of knowledge. It is this 

kind of thinking that is usually referred to 

rather vaguely as "creative". 

Creative thinking is marked by spontaneity, in 

which one's reading sparks new insights that 

are not accountable for by any evident lines of 

association. This rare kind of thinking is 

perhaps most vividly described as the "Eureka!" 

experience. 11 

Hodgson sees behavioural approaches to instruction 

(e.g. P.I.) as relevant to the automatic and sensitive 

levels (involuntary habits and reproductive thinking). 

He sees the need for a cognitive approach at '.the conscious 

and creative levels (productive thinking). 

"Hitherto cognitive field theorists have been in 

an awkward position when trying to combat 

behaviourist claims about the proper method 

of studying and promoting learning. 

Behaviourists have been able to shrug off 

criticism by pointing to linear and 

branching programs and experimental results 

showing their efficacy in improving learning, 

while field theorists have lacked any technique 
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drawn from their theories that contrib\ltes· 

anything like as directly to pedagogy, They· 

have been restricted to reasserting in a 

variety of forms that the most effective way 

of teaching subject matter is "with due 

regard not only for coverage but also for 

structure", Without techniques that can implement 

these .recommendations such arguments have 

little more effect on behaviorists than calling 

names. J.S. Bruner, who is the most visible 

proponent of a "structural" approach to learning, 

has given us Man; A Course of Study, but this is 

a whole curriculum (whose efficacy is enormously 

difficult to measure reliablyl and not a 

technique that teachers can readily use in order 

to encourage effective learning of all kinds of 

subject matter. Structural Communication (.S,C,l 

is, however, just such a technique. " 

Structural communication is based on the concept of 

a "guided dialogue", Hodgson (1974} defines this as 

follows; 

" In depth communication, the tp:re' factors in judgment~ 

conception and disposition are worked on and loosened 

up by a process of reciprocal action in which 
• 

aspects of the message are explored, 

contradicted, negotiated and correlated between 

the people concerned, This process is known 

in classical terms as 'dialogue•. When there 

is present in the communications process 
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insight and expertise in the discipline of 

dialogue itself, then we can refer to the 

process as 'guided dialogue'. The basic 

philosophy of structural communication as 

a technique, is that it is the medium of 

'guided dialogue' which needs_ adding to 

the currently available technologies of 

communication and learning. This is a 

richer concept than feedback, since feedback 

can operate a process that is nothing but 

conditioning. 

In a guided group dialogue we can discern· 

the following elements: 

(a) Each learner is challenged to think 

for himself. 

(b) Each has to face the real facts of the case. 

(c) Each is making skilled inferences from the 

facts •. 

(d) Several inter-related perspectives are 

considered. 

(e) Alternative solutions to each problem are 

raised. 

(f) The positive imagination of each learner 

is brought into play. 

(g) The coherence and consistency of the 

propositions of each learner is analysed. 

(h) Exchanges are adapted to individual differences. 

(i) An optional consensus is reached with 

·commitment to act. 

(j) No learner is left out of, or dominates 
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over, the group. 

We can simplify the process of dialogue to a cycle 

of directed challenge ('Will you take this up?'), 

responsive environment ('Tell us how you see it') 

and reality testing ('Is this really what you 

intend, mean, feel etc,?'). The cycle is shown 

in Fig.l. 

Fig.l - Cycle 
of Dialogue 

Directed 
Challenge~ 

1 ~Reality + ;;, Testing 
Responsive.,... 
Enviroment 

To be effective, a guided dialogue should set a 

challenge which is seen to be pertinent, 

motivates and appeals, and has just the right 

level of difficulty to 'stretch' the learner 

without overwhelming his capacity. The 

responsive environment should be related to 

the theme of the dialogue, compr~hensive 

towards that theme and rich in the scope for 

expressions of different reactions to the 

challenge. The reality testing should be 

based on analysis of relevance, consistency 

and as far as possible on an impartial view 

of the alternatives for viewing the theme. " 

This concept of an interactive (to some extent) 

dialogue brings S.C. close to the cybernetics viewpoints 

concerning dialogue or conversational prpgramming. It 
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is perhaps not quite so ambitious as the attempts to 

automate the instruction process. Certainly Hodgson 

does not accept the "must be better than a live tutorial" 

criterion which Pask (1972) sets for CAI. He states 

that a study unit written in s.c. "approachesthe 

flexibility of a well conducted live tutorial", 

The basic element of·s.c. is called a Study Unit, 

and each of these consists of six interdependent 

parts. The simplest kind of study unit may .. •be· · 

contained in a booklet of about 12 - 20 pages. 

Typ'ically study units are designed for about 

one hour's work. They may be used individually, 

or they may be designed for group interactions. 

Below I will name each section and describe 
-. 

its role in the communication. 

INTENTION: This is pretty well self-descriptive. 

The author uses it to describe what the study 

unit is about, and may use it to specify certain 

"behavioral objectives", or provide an "advance 

organizer", or, if it is one of a series,. 

identify its context and role. 

PRESENTATION: Here the student first comes into 

contact with the subject matter of the study unit. 

In the simplest units this is a written text, 

rather like a chapter of a book, though rather 

more condensed than is usual for a book that 

lacks the following sections of a study unit. 

- 628 -



INVESTIGATION: This section usually comprises 

between three and five problems about the 

subject matter of the Presentation. Each of 

these problems takes a different perspective 

on the material, and the student attempts to 

resolve them by composing a response from the 

next section. 

RESPONSE MATRIX: The matrix is a set of 

between about 12 and 35 "items" that restate 

in concise and randomized form the significant 

elements of the study unit theme as outlined 

in the Presentation. Usually these items will 

be statements of facts, theories, formulae, 

parts of strategies, and so on, depending on 

the subject of the study unit. 

The student's task is to compose from the 

matrix an appropriate response to the challenge . 

posed by each problem, There is nothing on the 

face of any item that will tell him to which 

problem or problems it is relevant or in what 

combination of items it should fit, Each item 

may be considered a "signifier" of semantic 

content more fully expressed in the Presentation. 

Thus each item should carry a fairly rich 

semantic load. From his reading of the Presentation, 

which is designed to create conditions of 

"readiness", the student will be drawn to 

see complex sets of relationships emerge from 

the random matrix as he concentrates ~n it with 

a particular problem in mind. 
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DISCUSSION: Th~s ~s ~n two p~rts, ~irstly, 

there is the Guide th~t ~n~lyses the student's 

responses ~nd directs him to the ~ppropri~te 

discussion co~ents v which !or.m the second 

p~rt of the Discussion section, The Gu.i,de·, 

in its pr~nted tor-m (there ~re m~chines that 

automate all this ~ moving the student 

directly from his response to the appropriate 

comments} poses diagnostic "tests••, as, tor 

example; ";I::!; you included ;in your response 

items 10 and 18 read co~ent P'' or 1 ''If you 

omitted from your response items 1 and 11 re~d 

coi1)Il)ent K", The student w~ll thus be directed 

to those cornrnents th.at tor.m the author's 

response to the student's response, 

The possible variety of co~ents is hardly 

less than are available to a teacher in ~. 

classroom, and because of the author's control · 

over the construction o:f; the problems and 

response med~urn, they. may discuss h~s responses 

with the student in great detail and focus on 

h~s diff~cult~es with great precis~on. One 

may des~gn a dozen or more comments for each · 

problem, of wh~ch any typ~cal student might · 

be directed to only two or three, 

VIEWPOINTS; At the conclusion of the discussion 

the author addresses the student about the · 

material of the study unit. He may use this· 

section to indicate his own biases and suggest · 

further reading,that will present another 
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viewpoint on the material. He may use it 

also to present a general overview of 

the theme, which might introduce a more 

sophisticated investigation of the material 

in a subsequent study unit. " 

An example of a study unit is shown at the end 

of this appendix. It is taken from a text by Fyfe and 

Woodrow (1969) entitled "Basic Ideas of Abstract 

Mathematics". The author has used this text with students 

at the.Middlesex Polytechnic, in informal comparisons 

of several programming techniques (the results of 

these comparisons are reported briefly in Chapter 10 

of this study). One finding of a somewhat discouraging 

nature was the apparent difficulty with which these 

students adapted themselves to working with the s.c. 

study units. They found the very condensed nature of 

the presentation difficult and ·did not find it easy 

to refer back to the presentation when in doubt over a 

problem posed in the investigation •. Also, they were 

inclined to omit reading all the discussion comments which 

were indicated by the discussion guide. Whether this 

is a characteristic finding with s.c. units presented 

in text form is not known. Certainly Hodgson (1971) 

reports remarkable success, both in terms of learning 

and motivation from groups of managers using S.C. units 

on management case studies. These were administered by 

correspondence, with computer-generated discussions to 

each individual's response pattern. Pe:haps the text~ 

format and the individualised self-study mode of usage 
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at Middlesex Polytechnic had some influence on 

attitudes. Perhaps also the technique is better 

suited to open-ended, case~study based, discussion~ 

generating topics such as management, than to more 

highly structured topics such as mathematics, Finally, 

perhaps the characteristics of the students at 

Middlesex (non-specialists in mathematics, attempting 

to revise some basic pre-requisites for statistics 

and calculusl were possibly less motivated to 

participate in a "dialogue", and more attuned to 

receiving a "prescription", 

Be that as it may, the students, participating 

in a seminar/self-study course on modern mathematics, 

during which they experienced linear and branching 

programmed texts, structural communication units and 

information mapping units, ranked the acceptability of these 

alternatives as; 

1. Information Mapping 

2. Branching texts 

3. Linear texts 

4. Structural Communication units. 

This ranking was confirmed by their comments 

on a questionnaire and also by their choice of alternative 

·units. It should be noted that no great significance 

is attached to these findings. The units used were 

all "off-shelf" commercially distributed materials in 

no way equivalent in content, quality (however that could 

be measuredl, style, etc. Also the group size was quite 

small - twelve students. 
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A further experience related to s.c. has been in the 

teaching of teachers, writers and training officers on 

workshops both in the United Kingdom and overseas. 

The author has for some years included sessions on 

S.C. (and on other "new" techniques for programming 

self-study units, such as Information Mapping or 

Mathetics) in "Programme Writing Workshops"· and a variety 

of Educational Technology courses. He has noticed.that 

whereas the rationale behind s.c. and the concepts 

involved are readily understood and generally accepted, 

few trainees manage to apply them well in practice. In 

the author's experience, based on 12 years of practical 

experience of teaching programme writers, it is generally 

more difficult to teach a novice to produce an ~$.C. unit 

thari -a · unit of linear programmed instruction. By 

contrast, it is generally easier to teach him to produce 

acceptable units in the Information Mapping format. 

One final point concerning the convenien'ce of 

using s.c. in a text presentation; the author has 

already mentioned that some students at Middlesex 

Polytechnic tended to "skip" some of the discussion 

comments, others occasionally··:read them all. This can 

be controlled in a machine-presentation format or a 

computer-based format. Special machines have been 

developed by the Centre for Structural Communication, 

which obviate the necessity of presenting all the 

discussion comments to the student. An individualised 

comment is structur~d "in response to the student's 

response". On this basis, it is much more convenient 

to use S.C.,much faster, can be studied by individuals 
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or discussion groups, etc. In this form, S.C. 

qualifies as a technique £or the programming of· 

interactive "dialogue" type CAI materials. 

V 

.. 
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APPENDIX C 

' 2. - EXAI1PLE OF STRUCTURAL COMMUNICATION APPLIED TO UATHEHATICS. 

EXTRACT FROU THE 11ATERIALS USED BY THE AUTHOR IN AN 
EVALUATION AT THE MIDDLESEX POLYTECHNIC. 

WORKISG THROUGH A STUDY UNIT 

How is a study unit organized? 
Each Study t:nit is a communication on a unified 
theme. The theme is expressed by means of various 
scctio~IS, each section playing a different role in the 
communication. The purpose of these different 
sections is to set up a dialogue between you and 
the author in a way which permits a variety of 
conYersations to take place. These com·ersations 
are built around problems which elaborate the 
theme of the Study Unit. By indicating your ·own 
understanding of various problems you enable the 
author to "talk back" Wyou about his own view 

•' of these proolerr.;. These are the s~c,i;:-'1;; 
ISTEST!OS. This briefly describes the theme which 

the author intends to discuss. From this you can 
rapidly judge whether the Study Unit is of interest 
to you. 

PRESE:-:TATIO~. This gives a carefully considered 
outline of the theme, and any subsidiary themes. 
From this you can assimil~te the primary content 
of the author's message. If you are already familiar 
with the material you can use this section simply as 
an aid to recalling information. 

t:-.·vESTIGA1Io:-:-. This leads to an exploration of 
the theme in greater depth. Problems are posed 
which draw your attention to some of the more 
subtle points in the theme and enabie you to 
develop your understanding. This section is 
worked on in conjunction with the response 
indicator section. 

RESPm;sJi I:O."DICA10R. This is a set of about 
twenty meaningful items, all of them relevant to the 
theme as a whole. They provide the basic vocabu
lary for you to "talk back" to the author. For any 
given problem, the relevance of these items changes 
in such a way that a particular combination of N 
items (where N is a \vhole number, certainly 
greater tqan one and usually less than ten) builds 
up a statement gi,·ing adequate discussion of that 
problem. 

DISCt:SSIO~. This is in two parts. Firstly, a 
msccssio~ Gt:JDE which provides the logical in· 
formation that enables you to find which como1ent 
the author considers most suitable to your response. 
Secondly, a set of DISCUSSION comtENTS which pro
vides the ""rehearsed dialogue" of the Study Unit. 

Working. through a Study Unit 

VIEWPOINTS. The treatment of any theme by any 
author always reflects his point of ~iew. This may 
not be the only admissible point of vie"'· This 
section therefore provides a more direct statement 
of the way the author looks at the theme and 
describes, if required, the more subtle features of 
the theme. You make up your own mind on the 
validity of his viewpoinL 

In what order are the sections studied? 
The sections are usually arranged in the order in 
which they arc described above. This is not neces
sc.:-!!1 the on~·-~t ~11 v.hk:h :~h. mt·c:" useful tc s~~·~Y 
them. If you prefer doing problems to straight 
reading then you might start at the ll'YESTIGA1ION, · 

using the PRESc"NTATION as an information retrieval· 
aid. If you are concerned first of all with the par· 
ticular "slant" of the author, you may read the· 
VIEWPOIN1S first. At any time you may make 
cross reference to any other section. All the-se 
procedures are correct and desirable uses of the 
Study Unit. In any case some Study Units may 
present sections in a slightly different order. The 
diagram below is provided to assist you to picture 
the main relationships of the sections. 

How does the DISCUSSION lturlf.T 
Each problem in the INVESTIGATION· can be adc· . 
quatcly discussed with a number of possible t"om· 
binations of items chosen from the RESPONSE 

INDICATOR. These problems are not intended to be 
"tests". This means that you may use a variety of 
ways to arrive at a decision on a given problem; 
You can start with a small combination and build 
up a more complete picture. You can make a 
broad attempt and narrow it down. If completely 
at sea, you can try anything at random and then.scc 
if the comments help you to !llake sense of iL · 
When a decision on a given attempt at a problem 
has· been reached, the following procedure is 
recommended: 

1. Write down the code numbers of the items 
chosen for your response. 

2. Turn to the DISCUSSION Gt;IDE and locate the 
information concerned with the problem ·you arc 
working on. 

s .· 
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3. You will notice that each problem in the 
DISCUSSION GUIDE has a number of stages. For 
exampl.e: 

I. I ja, 7, 9 or 18) A 

2. Qj4,8,10or19)B 

3. Q \Any 2 of 2, 6,11 or20) C 

etc. 

These stages are to be interpreted as follows: 
Stage I above means: If you have included any 

r)r all of the ite~s 3. 7, 9 or iS, then re~d C~Jrument 
A. 

Stage 2 above means: If you have omitted any or 
all of the items 4, 8, 10, or 19, then read comment B. 

Stage 3 above means: If you have omitted any 2 
or more out of 2, 6, 11 or 20 then read comment C. 
(This implies that if you hav~ chosen only one of 

Note: The line immediately abore should read • 
! (This implies that if you have omitted only one or 
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ABSTR.\CI :\L.\THEMATICS 

Abstract m~tbematics concentrates interest first on 
awareness of what tools are being used, and then on 
what ne~essary or possible results follow. From the 
co:::tstructions formulated, structures appear that 
are also reieYant to other mathematical situations 
that at f.rst seemed different and umelated. Then 
unificatio:~ becomes possible at still further levels 
·of abstraction. 

In fact, ::!ll mathematics is abstract. It is a selec
tion of c.:>ncepts (ideas) and the building up of 
systems by Yirtual action. To take a very simple. 
example: the numeral2 is a symbolic representation 
equh·alent to the sound, or written form, of the 
word "two"' It .ould a I><' be symt-;otis~d as •• or : 
but the idea, or concept, of two is a mental con
struct. It does not "exist" in any material sense. 

The abstract. system may be thought of as a store
liouse. Part of it is static-useful for comparison 
with situations of life and society, either in parallel 
with them or for giving fresh insights. Another part 
of the system is dynamic, and can be used actively 
as a model that simulates some movement or opera
tion that is taking place, or that we want to effect. 
The abstract mathematical simulation is manipu
lated by its own rules; conclusions or ·results may be 
reached, belt they are still abstract. By a return to 
the actual problem it is possible to verify whether 
the mathematical solution is valid and useful; at the 
same time a judgment will be made to decide if the 
model was well-conceived, adequate or faulty. 

The user of the storehouse is one who has a good 
knowledge of what it contains, why and where, and 
who knows how to combine its contents. The real 
mathematician is one who glimpses what it does not 
contain-yet-and is struggling to fill one of tl>ese 
gaps. 

. . 
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In planning this topic .book, we decided that the 
fundamental idea is that of sets. On the "static" side, 
the other tools needed are a sood grasp of number 
systems, infinite and finite, and the structure that 
arises from the operations of either addition or 
multiplication, together with ideas of identity and. 
inverse. On the Concept Map (page 8) tl1ese steps 
are represented by the chain of arrows connecting 
Study Units I, 2, 5 and 8. On the "dynamic" side. 
from sets we move to relations and mappings, with 
the idea of function. Vectors and matrices are other 
tools of action. The relevant Study Units are I, 3, 4, 
6 and 7. Having put something into the storehouse. 
w~ ?re now JJ.J ~ !'Osit;0n to tr~ke demar.U~. A 
broader understanding of algebra is offered in the 
final Study Units 9 and·IO. 

A topic book such as this can be profitable only· 
to a student who really wanl~ to learn what it has to 
offer. He has to make an effort, in his own way, to. 
develop strategies oflearning that suit his mind. The 
Presentations of each study unit are limited by 
space, and rather condensed. A second, and even a 
third, reading may be required to absorb themes-. 
sage and to become familiar with new notation. 

Exercises to be worked are.restricted to a few self
teaching questions (described by the letter J:I!!Q). 
Their limited number was decided not only by 
shortage of space. We believe that experimentation 
with one's own ideas is both more efficient and more 
fruitful than doing examples conceived by scmeone 
else. The student is therefore strongly advised to do 
all the few key examples that are suggested, par• 
ticularly those that call for exploration and inven- · 
tion. 
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Study. t:nit I 

SETS 

Ir-.'TENTIO~ 

Set language is basic to mathematical thought; its 
ideas and notations are described in this first Study 
Unit. 

Whe.n sets have been defined, operations are in
troduced so that the sets can act on one another. An 

PRESENTATION 

Introduction and notation. A set is any collection of 
"objects .. , known as the elements of the set. The 

.··· s~t must be,. Jl d~fined, S-' that th~r ~ is _,.:: doubt 
which elements are included in the set,· or excluded 
from it. There also has to be a universe of discourse 
that gi\'es the context within which to consider the 
set and its complement; the complement being the 
set of the excluded elements. 

A set is equal to another set only if both sets have 
the same elements. It is not' necessary for the ele
ments in the two sets to be arranged in the same 
order. Also, repeated elements are ignored. Thus, 
if a set A has elements 4, 2, 3, I, and a set B has 
elements 1, 4, 3, 2, 2, I, we can say that A = B. 

There are different ways of naming a set: 
(i) the elements of the set may be enumerated by 
being shown within braces. The set above could 
then be written {I, 2, 3, 4}, 
(ii) a set can be de~cribed by a sentence, e.g. "all the 
people in this room whose birthdays are in June", 
(iii) a formal stateme11t can be given, e.g. 
S = {x!x = 111 - I; 11 is a natural number} 
is read: "S is the set of x's such that x = 211 - I, 
and 11 is a natural number". · 

The set described formally under (iii) could be 
described by the sentence: "S is the set of positive 
odd numbers", or be enumerated as 
s = {1, 3t 5, 7, ••. }. • 

The symbol: is used to say that certain elements 
are in the set. Thus, 5 E S is read as: "5 is an element 
of the setS". 

The unh·erse of discourse, called 8, is the larger 
set of which other sets are parts. These parts can be 
·called subsets pf e. . 

. ' .- 639 -
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algebra of sets emerges and certain "laws" arc 
obeyed;usesare found fort his algebra. In particular, 
the understanding gained is needed for Boolean 
algebra in Study Unit 9. 

Operations. Two (or more) sets can interact if they 
belong to the same universe 8. 
(i) ln:_tsection~ .:.e ,.:os: o':-'kus :•.mparisor. is !C' 
seek the elements which two sets have in common. 
The set of common elements is called the inter~ec
tion of the two sets. Intersection has the symbol n. 
Within 8 = {0, I, 2, 3, 4, S, 6, 7, 8, 9,} we can 
have S = {1, 2, 5, 6, 7} and T = {1, 2, 3, 4, 7}. 
Then S n T = {I, 2, 7}. 

It may happen that two sets have no common 
elements. In such a case the sets are said to be dis
joillf, and their intersection is empty. For example, 
within 8 defined above, take P = {1, 7} and 
Q = {5, 6}; then P n Q ;=cp. 1> is called "the 
empty set". Note that if X = {0, I, 2} and Y 
= {0, 3, 4} then X n Y = {0}. Now, since 0 is an 
element of tr, {0} is not the same as q,. However, tf· 
is sometimes written { }. 
(ii) Union: another action on two sets is to ask for· 
the set of elements that are in both sets. This opera
tion is called union, and has the symbol v. In the 
examples above, S v T = { 1, 2, 3, 4, 5, 6, 7}; 
P v Q = {1, 5, 6, 7}; X v Y = {0, .1, 2, 3, 4}. 

Subsets. Every set is a subset of its universal set 8. 
A subset is a set which contains some of the ele
ments of another set. The symbol used is c:, which 
is read either as "is a subset of" or "belongs to".· 
In a visual sense, a subset is contained within the 
set from which it was derived. P = {I, 7} is a subset 
of S, or T, of S n T, of S v T, as well as of <5. We 
can write P c: S, P c: (S n T), etc. It is 3lso true to· 
write S n P = P and S v P = S. Check. this. 

A set is said to be an improper subset of it>elf. All 
other subsets are proper subsets, and •P is a proper 
subset of all sets. 

9 
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There is a "power" set of every set. This is the set 
of all the subsets of the set. For example, the set 
{I, 2, 3} has an improper subset {1, 2, 3} and the 

:seven proper subsets, {I, 2}, {I, 3}, {2, 3}, {I}, {2}, 
{3}, and </J. The set which has these eight sets as its 
elements, is called the power set of {I, 2, 3}. 
f:iQ I. List the subsets that form the power set of 
{A, B, C, D}. 

Venn diagra"'s. By drawing. two c~ more closed 
shapes (not necessarily circles) that overlap, it is 
possible to illustrate definitions and operations on 
sets. The universal set If is shown in fig. 1.2 but not 
in fig. 1.1. · 

- SUT 1111 Pnq 
Fig. 1.1. Venn diog~oms .. of union ond in~e!'" ~ 

.section 

· Complements and relatil'e complements. It has a!· 
ready been mentioned that a complement is a set of 
elements contained in the universe If, but not in a . 
particular subset of it. For S = {1, 2, 5, 6, 7}, its 
complement not-S (called S') in&' is S' = {0, 3, 4, 8}; 

///,- ,. 
"'/P~ T In E 

~T-...5 

Fio.1.2. Th~ difft.rence between T' ond T'S 

./ '*"'" 
Study Unit 1 

Sets 
PRESE!'TATION. 

similarly, T' = {0, 5, 6, 8, 9}. Also, S' n T' = {0, 8}. 
~Q2. Enumerate the sets P', X', P' u X' .and 
(P u X)'. Notice the notation and the results; make 
Venn diagrams if you have difficulty. 

The relative complement is a compa,ison between 
two sets. Not-S in T means the set of elements of 
T which are not also inS. This relative complement,· 
symbolized as T ._ S, is {3, 4}. Not-T in S is 
S ._ T = {5, 6}. Fig. 1.2 shows the difference in 
mea ·'ng bet we.·:: ;:• an1 :" - S. 
r:Q3. Make a similar diagram to show S' lind 
S ._ T. Also find out whether you agree that 
S ._ T = S n T' and T ._ S = Tn S'. 
1!1Q4. Draw a Venn diagram of three intersecting 
sets P, Q, R. There are eight regions including the 
part of If outside P, Q, R. Describe these regions in 
terms of the symbols P, Q, R, P', Q', R', and n. 
e.g. the middle region is P n Q n R and the outer 
part ofP is P n Q' n R'. 
II'!Q5. Experiment with these ideas and notations. 
What special results do you get if: (a) the sets Tand 
S are disjoint; (b) S is contained withln T? 
CQ6. Satisfy yourself that Q' n R' = (Q u R)' 
and find similar relationships for P' and Q', and for 
P' and R'. 

Laws. There are certain propositions or Jaws that 
apply to numbers and the operations + ~md x . You 

· have always used them in algebra but may be un
aware of their existence. The same laws apply to 
union and intersection, union taking the place of 
addition, and intersection taking the place of multi· 
plication. This is shown in table 1.1 on page 11. 

• 

Illustrations, by means of Vcnn diagrams, show . 
whether or not these relationships are reasonable. It 
must be emphasised that an illustration is not a 
proof. 

The last Jaw is the most surprising, since it is 
not true for algebra: e.g. 
6 + (4 X 7) 'I (6 + 4) X (6 + 7) • 
Fig. 1.3 reveals that it does make sense with sets. 
EQ7. Illustrate all the other r~lcs for yourself, and 
also the following special ones: 4>' = &', r!' = cp, 
S u S = S, S n S = S, S u S' = tJ, S n S' = </>, 
S u </J = S, S n.<fl = q,, (S')' = S; De Morgan's · 
Laws: {An B)' =A' u B'; {A u B)' =A' n B'. 

. t 10 
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Table 1.1 

LAW 

. co=utath·e 
.I 

NUMBERS a, b, C 

a+b,;b+a 
a.b = b.a 

SETS R, S, T 

i . . 
: 2.SSOCiall\'C 

I 
a + (b + c) = (a + b) + c 

a. (b. c) = (a. b). c 

SvT=TvS 
SnT~TnS 

Rv(Sv1) = (RvS)vT 
Rn (S n 1) = (RnS)nT 

distributiYe a. (b + c) = a. b + a. c R n (S v 1) = (R n S) v (R n T) 
Rv(Sn1) = (RuS)n(RvT) 

~snT 

@, RU(snT) iR' 

l==l 

1111 RUS 

-RUT 

•(RUs)n(RUT) 

F19. 1-.3, The se~ond distributive. low foo- 5e.ts 

Number of elements in a set. Example: 100 people 
were asked if they watched TV and listened to the 
radio and, if so, which they preferred. 13 said 
"neither~', 72 said uTV'' and 59 said "radio". How 
many of the 100 both watched TV and listened to 
the radio? A new use ofVenn diagrams can help: 

c =100 

Fig~ 1.4. 

TvR 
T 
R 

on solving, 

t + b + r = 87 
t+b =72 

b + r =59 
b = 44 

Note that r; b, r stand for the number of elements. 

- 641 ·..; 

Theorem: Call n(1) the number of elements in T, 
n(R) the number of elements in R, n(T u R) the 
numb~rin (Tu R), n(T n R) the number in (T n R). 
Then n(T u R) = n(1) + n(R) - n(T n R). For 
example, since 87 = 72 + 59 - n(T n R), hence 
n(T n R) =., 44. 

l"lQ8. Work out the same corresponding theorem 
for three sets. 
EQ9. Find or invent some problems of this kind 
and try out different ways of finding solutions. 
eQIO. How does the theorem read if T and Rare 
disjoint sets? 
laQll. A survey of 1200 families disclosed that 900 
had a car, 800 had a TV set and 250 had a boat. . 
100 of the families had all three, and 600 had both a 
car and TV. 140 had a car and a boat. If the same 
.number of families had none of these things a; had 
only a boat, calculate how many had only TV and 
how many had both a boat and TV but no car. 

·a 
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INVESTIGATION 

The following problems ha\'e been designed to 
help you to develop your understanding of the. new . 
ideas and symbols which have been presented. Each 
problem can be answered by constructing a response 
using some of the items on the RESPONSE INDICATOR. 

Problem 1 
What remarks can be made about one set that is not 
the empty set?_ 

1-'roblem l 
n(A) is the number of elements in a set A, and n(B) 
is the number of elements in a set B. It is further 
stated that the sets A and B arc disjoint. What items 
on the RESPONSE INDICATOR describe this situation?. 

' 

12 

-~"' 

Problem 3 

Stlllly Unit I 
Sets 

INVESTIGA liON 

Two sets P and Q have some common elements. 
What operations, laws or problems on P and Q can 
usefully be illustrated or solved with help from Venn 
diagr•ms?. 

Problem 4 
s = {1, 2, 3, 4, 5, 6}, A= {I, 2, 3}, n =·{4, 5, 6}. 
What can you say about the sets A and B 1 

·. 
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De \!organ's iaws well defined 

. 

1 . 2 

I 
complement in 8 there are subsets 

I 
. 

5 6 

distributivity relative complements 

9 10 
. 

A-B=A 
and sum equal to the 

B-A=B union 

I 

. 
13 14 

. ' 

contained within associativity 

. 
n. 18 

I~ . 

~ .. ~:~~~w~H~-~ -· - 4 

-- ... - . -- -~--· ~ 
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·-·~ 

elements ·are natural 
numbers 

3 
. 

intersection of two 
sets 

7 

. 

equal to all sets with 
. the same elements 

' 

11 

elements or element 

15 
. 

problems and 
theorems on numbers 

of elements in sets 

-

19 

Study l'nit I 
Sets 

nrsrossr. I'<nt\.~ 1 o~ 

commutativity 

4 

within a universal 
set & 

8 

union of two sets 

. . . 

12 

intersection is the 
empty set.</> 

. 
16 

4> is a subset. 

:2!1 --
13 

.................. - ... -...... ;...._. ·-~ 



l 

·/ 
·' 

• 

' " 

I: 

I. 
.I 

.. . ' 

DISCUSSION GUIDE 

Problem 1 .. 

1. I lt,3,4, 7,9,10,12,13,14,18 or 19) A 

2. 0 12, 5, 6, 8, 11, 15 or 20) B 

3. I 116or17) C 

4. I 12, 5, 6, 8,11, 15 or 20) D 

Problcn,2 

I. I ~. 17; 2, 6, 11 or 20) E 

2. 0 1_!3, 14,16 or 19) F 

3. I !7, 8, 10 or 12) G 

4; :r [i~1Q, 12, 13, 14, 1_6 or 19) H 

DISCUSSION COMMENTS 

A 

..... 
.I *f!• 
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DISCUSSION . 

Problem 3 

!. JI 19, 13, 14, 16, 17 or 18) J 

2. 0 L!, 7, 10, 12 or 19 > K 

3. I 14,5 ora) L 

4. I 11, 4, 7, 10, 12 or 19) l\1 

.·roblem 4 

I. · I 11, 4, 9, 18 or 19) N 

2. 0 !3, 5, 7, 8,12,-1; 16 or 11) p 

3. I [i 6, 10, 14_ or 20) Q 

4. I 13, 5, 7, 8,12,13, 16 or 11) R 

proper subset; if there are two or more elements, 
there will also be other subsets. It must be con
ceived as belonging to some universal set within 
which it has a complement. 

We are concerned here with a single set and cannot 
assume that we know anything about its elements 
other than that there is at least one. Operations con
necting two sets are no use, thus "laws" are ruled E 
out. It is by no means necessary that the sets A and B 

B 
A set other than q, must have at least one element 
and be defined within some universal set in which it 
has a complement. Can such a set have less than two 
subsets? 

c 

should have numbers as their elements. The situa
tion could be, for example, the boys and girls in a 
classroom. Does "contained within" mean disjoint 
or its opposite? The other items are not exactly · · 
wrong, but they have no relevance to the question. 
Check them one by one to make sure that you under
stand why. 

Whether you were right to include these items de- F 
pends on how you were thinking. Since a set Aim- To evaluate the relative complements A - B and 
plies its complement A' within C, we can say that B- Aisonewayofshowingthatthesesetsaredis
A c: S and also that An A' = q,. joint; another way of stating the same fact is by 

D 
It is important at the outset to be clear about what 
is implied in mentioning a set. It is equal to all other 
sets with the same elements. It is well defined, is an 
improper subset of itself, has the empty set as a 

14 

noting that A l"\ B = cp. Since the number of ele
ments in the sets was mentioned, we can refer to 
the theorem: n(A v B) = n(A) + n(B) - n(A n B). 
What does this become for disjoint sets? What sen
tence can you make now, as you read the altered 
formula? 

-·""'--··:-··-··--- -~---- ··~ .. 644 .... ., --· ---
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G 
We cannot operate on, or compare, two sets unless 
they are within the same universal set. To answer 
this question, we do have to think about union and 
intersection. One way of stating that the sets are dis· 
joint is to think about the relative complements. 

H 
One of the interesting things about set language, 
perhaps confusing at first, is that there are often 
several ways of stating the same fact. On reflection, 
you will no cl•:mbt agree that this i1 ::ls<> true of 
language in general and is not absent lrom other 
branches of mathematics. 

For disjoint sets A and B, An B = cf>; A-B 
=A and B-A= B; n(A v B)= n(A) + n(B). 

J 
Associativity is a law concerned with three elements 
and so cannot be demonstrated within the context of 
two sets. The same remark applies to the distributive 
law. The other items refer to disjoint sets, or to one 
set that is a subset of another. Reconsider your 
answer in view of these comments. 

K 
These items refer either to illustrations in the PRE· 

SE!>.1ATIO:<, or to self-teaching questions. Make sure 
that you can use the Venn diagram technique to 
illustrate each of them. 

L 
Commutativity of P and Q means P v Q = Q u P, 
and P n Q = Q n P. This may seem too easy to 
require visual representation, but you would be 
right to mention it. 

Fig.1.5'. 

.. 

Study Unit I 
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DISCL'SSI0:-1 

Fig. 1.5 shows a useful way of representing sets, 
but it is not an operation. The complements of P 
and Q in .7 could be shaded in the same diagram, 
but again, this is not an operation. 

Read the question again, 11nd reconsider whether 
you were right or wrong to include 5. and B •. 

M 
Although they have been considered together in this 
question, you are advised to distinguish in your- mind 
between "operations" and "laws". It is also useful 
to b~ 'JUite sur~ -.vhich of ~he laws ~re appticah!~ to 
algebra, an~ w,hich are true only for sets. 

N 
The laws of sets and the theorems about number of 
elements are always true, but it is difficult to see why 
you should want to use them, or mention them, in 
the answer to this question. . 

p 
We first notice that the elements are natural num
bers and that the sets A and B lie within the universe 
of/!. It can also be said that A and Bare subsets of 
/!or contained within/!. The complement of A in 8 
is B and the complement of B in If is A. Also, 
A v B = /! and A n B = cf>. The relative comple
ments are those of disjoint sets. 

Q 
You may include these items if you wish, but they do' 
not say anything important about this situation. 

R 
What is also true here is that B = A' and A = B' •. 
How can De Morgan's laws be written if B is re
placed by A'? (Hint: find out what (A')' means.) I?o 
these laws now give If = If for one, and </J = cp for 
the other? So they are still true? De M organ's laws 
are also used in Boolean algebra. 

IS . 
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VIEWPOINTS 

The ~tudy of modern mathematics forces us to bring 
into awareness the assumptions we are making, the 
operations we are using, and the "laws" which 
limit freedom but give the ground for action. 

In a first course, such as this is, there is new sym
bolism to be memorised. What is more significant 
is ability to use the new symbols meaningfully.Ifthis 
can be done, there has been a gain in the under
standing of ideas. For example, it is necessary to 

;·-
"}' 

• 
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Stu<ly Unit I 
Sets 

Vlli\'I'OI)';TS · 

distinguish between definitions, such as the meaning 
of a set, its elements, its complement; the operations 
of union and intersection; the laws from· which 
simple or complex actions give inevitable results. It 
may be a surprise to realise that there are different 
kinds of algebra, and that the algebra of sets is not 
necessarily concerned with sets whose elements are·. 
numbers. 

~ 
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APPENDIX C 

3. INFORMATION MAPPING 

This technique has been developed, by Information 

Resources Inc., Lexington, Hassachussetts, U.S.A., notably 

by Robert E. Horn and his collaborators (Horn et al, 1969, 

Horn 1973, 1974). 

The roots of this technique spread into every 

psychological "camp". It draws its principles from the work 

of such diverse workers as Gagn{, Piaget, Lumsdaine, Skinner, 

Briggs, Ausubel and Glaser. It knits these principles into 

a set of rules and procedures for the preparation of written 

materials which may serve the purposes of instruction, of 

revision or of reference. It may also serve as the basis of · 

organisation of material for a dial-access, computer-based 

information system. 

If one was to attempt to classify information mapping 

into one of the major philosophical camps, defined earlier 

in Chapter 3, it fits best in·the "student-directed learning" 

category. A manual of information· maps, somewhat resembles 

an atlas of geography maps. Each map has a definite purpose, 

clearly defined, Each map attempts to present the "·shape'1 

or "structure" of the information it contains, and for this 

purpose it uses certain standardised conventions. Finally, 

just like in a geography atlas, one will find maps which 

give the "global" view ("overview" maps, summary maps, 

·"structure" maps) and other maps which give more: detililed 

information on certain aspects of the whole topic (individual 
• 

·"concept" maps, procedure maps, compare/contrast tables, etc.) 
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The whole manual is cross-indexed and cross-

referenced to facilitate the student's choice of the· 

material he needs to read. Thus the student·can apply 

his own learning strategy to the material, going from the 

particular to the general, or vice-versa, from the simple 

to the complex, or vice-versa, from rules and principles 

to examples, or vice-versa. The student may follow a 

holist or a serialist learning procedure. Furthermore, as 

all exercises (feedback questions) are to be found on 

separate, labelled pages, he may easily skip them, to use 

the manual as a reference text, or select those he feels 

he needs to self-evaluate his learning, or read these 

pages first, to diagnose which sections he needs to review. 

The technique is obviously worthy of attention, particularly 

in the light of the author's observations in Chapters 2, 

3 and 4, namely that at the level of the individual learning 

steps of a course, the methods and materials used should 

be flexible and adaptive to the learners individua~ 

learning style,. and that this requirement is even more 

important for the mature learner than for the younger learner. 

The flexibility of use should adapt it ~Tell to the 

varied needs of a typical group of adult learners, coming 

from different backgrounds, with different levels of prior 

knowledge. 

The emphasis on the presentation of the structure of 

the topic, and of each concept within the topic, should make 

it particularly suitable for the presentation of highly 

structured subjects, such as mathematics. Indeed, the 

technique was first experimentally applied to the teaching 

of mathematical concepts (Introduction to Probability., 

Horn et al, 1971). 
- 648 -



The author utilised a section of the abovementioned 

aext on probability, in a small informal comparison of 

alternative methods of programming. This was already 

mentioned in Chapter 10 and in the previous section of 

this appendix. The "information mapped" materials were 

better liked than the other forms of programmed materials. 

Also, potential authors learned to produce materials in 

this s~yle of programming more rapidly. 

The technique was applied by the author in some 

research on the teaching of vectors and matrices, performed 

as part of a project for the Council of Europe (reported 

in Chapter 10). This indicated that the. use of information 

mapping, as opposed to linear programmed texts, may improve 

learning and cut learning time in individualised courses 

of instruction. This experiment was replicated on a larger 

scale (but with adult "second chance" students as opposed 

to undergraduates) in the research reported in the present 

study (see Chapters, 10, 11). 
~ 

In order to give a more detailed account of the ideas 

behind information mapping, and to illustrate its application 

to mathematics, the author is including in this appendix 

several examples of the technique. 

The first example to follow is a part of Chapter 1 

from "Int:oo-ducti:on tp Information Happing" by Robert E. Horn 

(1973). This extract, reprinted here by permission of the 

author, uses the technique of information mapping to explain 

the principles on which it is based. 
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The second example i-s a part of the instructional 

materials used in the abovementioned comparison of the 

acceptability of information mapping and structural 

communication, It is a part of the course "Introduction 

to Probability" (Horn et al, 19711._, 

The third example is a section of the information

mapped version of the course on matrices, produced by the 

author and his research assistant, Paul Ellis, and used 

in the comparison of information mapping and linear 

programm~d texts, performed for the Council of Europe 

(Romiszowski and Ellis, 1973}_,. 

• 
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CHAPTER1 INTRODUCTION TO INFORi·iATION NAPPING 

OVERVW: OF THIS REPORT 

IntroC.;;:ti0n 

This 
Chapter 

The l\ext 
Chapter 

. . /·: 
I' 

APPENDIX C 

InfolTiation mapping is the name given to a method of organ
izing and displaying information for lenming and ref0rence 
purposes. This report describes the research and develop
ment work that has been done 1dth the method in preparing 
self-instructional books. It also discusses exploratory 
l·:ork with simulated displays for computer-assisted instruc
tion. This report is itself Hritten in a modified information 
map form. 

\~c describe 1-1hat information mapping is, hm~ it began, and 
hmt it Has deri vcd from learning research, educational tech
nology, and other fields of knm~ledge. · 

TI1e process of Hri ting information map books is explained and. 
illustrated.Hith sample pages. Some content characteristics 
of a set of information-mapped materials arc reported. 

--- ---- ------
... 

,, .'~ 

4. - INFORMATION MAPPING EXPLAINED BY ITS ORIGINATOR. 

EXAMPLE OF THE TECHNIQUE IN PRACTICE • 
. , 

EXTRACT FRmt' THE "INlrRODUCTION TO INFORHATION MAPPING" 

(HORN ET AL, 1973) • 

• 
•. f 

.·-
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OBJECTIVES OF I~FORl·t~TIO~l l·:~PP HlG 

Introduction 

Basic 
Aims. 

·. 

In the past t1>enty years, 1~e have seen a significant increase 
in rcsearc!l projects concerned Hith the man-information inter
face. The reasons for this scarcely need repeating. We 
have n:ore infor.~ation to handle in almost every job and 
discipline. l11is information is increasingly complex. 
People s1d:ch jcbs 1:1ore often, thus requiring more and speed
ier retraining. Technology changes; men must learn to· use 
the nclL Tr.e information-generating capabilities of the 
computer have surpassed a~l predictions. 

Researchers arc follmdng many lines of inquiry in an a.tterr.pt 
to augnent the ability of human beings to interact 1~ith their 
ne\'/ infor:r,ation environment, Hard1·1are and softHat'e extend' 
in many ne:> and r.ore flexible directions. Retrieval special
ists are seeking ne;~ Nays of indexing, abstracting, sorting, 
storing, and retrieving information. Con:puter-drivcn display 
units are becoming 1ddcly available. Time-sharing is 
enabling cc;;-"::uni tics of Horkcrs to share the smne data base, · 
F.:;/chologis·~~ and tTai,1~;lg c:;.t".:!c..:ia!;.sts ha·,re $iven mud1 4i:01'"'J 

attention in recent years to .the practical p:roblcms of holf 
htU!lan beings learn. Enormous efforts arc ·under 1~ay to refine 
progra-;u~ed instruction and computer-aided instruction i.n a 
larger atte::,;:t to _produce an "instructional technology." 

· As one. response to the burgeoning educational demands; 
information mapping has emerged as a system of organizing 
data bases for self-instructional and reference purposes. 
Research· and development on information mapping have been 
concerned 1-~ith these objectives: · 

to make learning and reference 1~ork easier and . . . 
. O,U~CKer. · 

to make the preparation of learning and 
reference materials easier and quick~r. 

to develop economical procedures for designing 
and naintaining (e.g. ~pdating) training and 
reference materials 

2 
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H;Fc~;.:::;-:o:l i·:J,PPING: ITS SCOPE 

·· .. 

Basic 
Cc:1ce:-: 

BookS 

Co::puter 
Data Base 

.. --. ·-····~· -. 

Information mapping is a system of principles for identifying. 
categorizing, and interrelating the information required for 
learning-reference purposes. 

TI1c system can be applied to production of books for self
inst1'Uction or to the specification of data bases for conpute: 
aided instruction. ~lost of the research and devclop1~:cnt 11ork 
described in this report 11as concerned with information-r.mppe< 
books. · 

Information map books are learning and reference mnterials · 
in 11hi eh categories of information are consistently ordered' 
on the page and arCJ clearly idCJntified by marginal labels. 

TI1e arrangement of information blocks is dictated not only by 
logical analysis and classification of subject-matter concept: 
but also ty ruul:lr.::j s 0f t.1H' contingcncic:-~ :r-e-quired f.n~ S'.'Cc~s: 
ful learning and reference use.· 'I11erefore, in 3ddition to 
basic c?ntent material, information m<Jp books also have: 

introductory, overvie11 and smmnary sequences 
diagrDms, charts, trees 
feedback questions and ans1~ers in close proximity 
to material to be learned 
self-tests and review questions 
tables of contents; alphabetic indexes and local 
indexes 1~i th connections to related topics 

Through our studies 1~i th a book version of an information 
mapped subject, it has become cleal' that similar techniques 
could effectively organize a data base for computer-assisted 
instruction. 

The data base 1·1ould be composed of separable labeled blocks 
of information together 1~ith their interconnections. This 
would afford a flexibility in using only those parts of the 
system that are required for a particular purpose. 

The flexible block-identified data base could be rearranged 
for: 

initial learning· 
for the naive student 
for the sophisticated student ·· 

relea1~ing or review 
reference use 

3 
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Ill A BOOK FOP."!, INFOR:·V\TION f<IAPS ARE. 

r Stored this 11ay ••• 

• • • on printed pages 
; . 

na::~e. 

C·~ fini tion 

e :< ::::-.pl e 2 

connections 

.. 

.and displayed this \~ay. 

, .on the same pages 

name 
definiticn 

~;,:_+-
example 1;--t--
example 2 

· examnlc..:e:......;;3.--l---
connections 

. . 

BUT WHE:l USED IN A C0:•1PUTER; THE SAi·IE INFOR!·tn.TION f<IAPS. . .. 
·1""··-, --:;;;~tared th;=;~-a-y-. -.-.. -.-... =·----r-~.-~~d n~;J===:-.;1.,;~ayzJ ·i;lT.-~·-r.-.~,-o-. --

the fo 11 o1·1i ng ways. • • 

. . .1n interconnected networks 
of electronically coded 
infor.nation blocks ••• 

C.efinition 

formula""-\ .· .. . .example. ,1 
nse-----""'\ · !-example 2 

--------..: n a. me · 

review-:--- r.\ ---example n 
qucst1on 1 

answer feedbac~ question 1 
answer 1 

feedback question 2 
answer 2 

feedback ~ucstion 3 
answer 3 

connectioni • 
~rercquisitc 

next related 

.. --:-: 

. . 

. . 

. as progrmm:=d i nstructi on-like 
sequences. • • 

NAME 
DEFINITION . 
EXAMPLE l 
FEEDBACK QUESTION l 

FEEDBACK QUESTION.l 

ANSUJER l 

.or as information map reference. 

EX!>MPLE 3 
COf\'NECT I ON 

. and in sever a 1 Q!her ~ays dependi 
upon learner control and·dynamic 
display capabilities. 

-----~------~----!--....~. = .....,.., _____ ,....,.,.._, __ 

4 

• 
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VISIBLE AND IN'IISIBLE FEATURES OF· H!FORi·1ATION f·!AP BOOKS 

. . 

Introduction Information maps for self-instructional books are conspic
uous for their physical features, the format in t·:hich they 
present information. 

visible 
Features 

Invisible 
Features 

.. .. . . 

An equally important aspect of such information maps, hO\·:ever, 
is that the content itself is selected and organized according 
to a set of underlying principles. 

Tite method of presentation and the organization of content 
may be· thoi.tght·. of os the visible :ntd invisible featu1·cs cf a 
mapped page. 

The more obvious visible characteristics arc these: 

information is presented in blocks 

narginal labels identify the kind of information 
in each ljlock 

a consistent f01nat is used for each kind of in
formation: p:rocedures fol101~ one format, concept 
maps follott another distinct format, and so on 

· flmctional and t:niform headings and subheadings 
arc used to make scanning easy and to speed up 
reference· tmrk 

·each information map begins on a neN page and, 
in programs for initial learning, most 1naps occupy 
single pages 

. feedback questions and ansuers are located in close 
·proximity to the relevant infon:tation maps 

a local index at the bottom of maps provides page 
nt.L'nbers for quick location of prerequisite topics 

('The last t1w features are not used in technical reports:> 

The arrangement and scquencing of materials presented in 
inforrn~ti on rnap formats are the result of: 

detailed specification of learning and reference··. 
objectives in behavioral terms 

. specification of prerequisites for the subject-matter . . 
area 

continued on next page 
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VISIBLE A:m IilVISIBLE FEATURES OF INFORnATION NAP COOKS, continued 

(continued) 
Invisible 
Features 

. 

"""3;:"--(" .. _,_ • ---·';··-- ----- ----···---- .. ---- ... 

classification of the subject matter into component 
types (concepts, procedures, etc.) 

definition of the contingencies required for success
ful learning and reference 

\ 

6 
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ORIGINS OF INFORr•:ATION I~AP FEATURES 

Introduction 

Fields 
Dra1m 
Upon·· 

Coming 
Up 

In the effort to design more efficient materials for lca1~ing 
and 1·efe:rence, we drm> upon accumulated knmdcr.lgc in science 
and technology, Research findings, generalizations, r,nd 
proccr.lures from many areas \~ere consir.lered with a vi.e11 to 
their possible practical value for instructfon or reference. 

Gradually we evolved the set of guidelines and rules for 
organizing and displaying infonnation that 11e no11 refer to 
as inforr.mtion r.w.pping. TilCse guidelines have their origins 
in such areas as these: · 

logical analyses of subject matters 
learning research findings 
te:J.ching practice 
progrmmned instruction techniques.· 
display technology 
hu~an factors researCh 
co;:-;;:u;,;.c:"i.ions tecl;:li,tucs, il...:ludi:l!; eZft.(.;tive 
l·::iting principles 

The i!!!plications of the various ideas 11cre trnns lated into 
practical form and 11ere documented as rules or procedures for 
preparing information maps. 

Example: A cmmnon research finding is that learning . 
is enhanced 11hen practice exercises and ansi1ers are 
given in close proximity to neN material. TI1is finding 
becomes the basis for the information map rule that . 
a page of feedback questions and answers should generally 
be inserted after each map of ne1~ information. 

In the next fe1·1 pages, 11e drm~ 1.1pon the fie; ld of education 
to illustrate h01~ certain information map features 11ere 
dcri ved. \•:e also outline briefly the process of designing 
and developing learning materials in book form. 

The next chapter traces the actual process of 11ri ting maps 
from the present set qf guidelines • 

. 7 
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l!lFORi·:hTIC:l :.::,p FEATURES DERIVED FR01·i LEARNING RESEARCH AND TEACHiilG ?RACTIC~ 

Introductic:J Although information r.mp features have thci1· origins in 
several fields, there is no doubt that their principal . 
foundations lie in euucation and learning research. Cn the 
chart belo~<, He indicate briefly some of the findings that 
led to the design of certain information m.1?. features •. 
This chart (which is not intended to be exhaustive) is one 
example of the research support behind infol'Jn:!tion r,:~,:·;>ing. 

Naturally, the evidence is not all of equal strength, but 
1-:e have tri'ed to lning. to bear on a practical task so;;:c of 
the most promising factors. · · · 

Because the experimental basis for some map features is 
extensive, He. cite 1·:herever possible resem·ch revie1·1 articles 
t'o put the reader in touch Hith the main sources of evidence. 
In the citations below, such major review. articles are 
marked by asterisks to distinguish them from reports of 
original re:;earch. 

These results of educational 
research lead to 

• • • these ilnplications far the 
design of instructional m~tcrials. 

Active responding generally 
aids lea1.ning. C> 

Insert feedback questions after 
introducing new materi;:tls. 

• (Lumsdaine and !•lay*, 1965; 
Briggs*,l968; Glaser*, 1965) Locate ans11ers conveniently nearby. 

TI1e act of ;;ri ting responses 
helps so~e learners. 
(Edling*, 1968) 

Feedback or kn01;ledge of results 
(or 'reinforcement') often 
facilitates. learning by: 

confirning or correcting 
learner's understanding 
pro~•iding a rnoti vational 
effect 
i"-proving scannin~ be
havior 

(Lull'.s daine and ~!ay*, 1965; 
Smith , 1964; Gagne and Roh1~er*, 
1969; Glaser*, 1965) 

-····:· .. -.·-······ ·- ........•. 

continued on next page 
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INFORNATION f.iJl.P FEATURES DERIVED FROH LEARNING RESEARCil AND 
TEACHING PRACTICE, continued 

TI1ese results of e,lt:cntional 
research lead to • . • 

The insertion of questions, 
"test-like events," after text 
se~.cnts has a positive effect 
on learning. Giving knol·l1edge 
of results further increases 
the effect. 
(Gagne and Roh1·1er*, 1969; 
NcKcachie*, 1963) 

1 
Self-te~ts, pretests faci.Htate 
rctentioa. '
(G1ascr*, 1965; Briggs*i 1968; 
· Bloom*, 1963) 

In concept learning, a variety 
of cxar.1ples prOJT:ctcs learning. 
(Gagn!S and !l.oh1-:er*, 1969; 
Lumsdaine*, 1963) 

Instructions arc useful in 
calling learner's attention to 
important features .. 
(Gagne and· Roh1;er••, 1969; 
Gagne, 1965) 

Judicious use of underlining 
often helps to focus attention 
on key elements. 
(Hershberge"r and Terry; 1963) · 

. 

C> 

C> 

C> 

C> 

r---·-- ----------
.•. these bplicntior.s for the 
design of instructional DatcTials. 

Use feedback questions after maps 
1~i th nc11 information ~nd use sets 
of' revicH questions after natural 
clusters of mnps and at the· end 
of topic trentr~ents.: Provide 
ans1;ers as Hell. 

Use exanip1cs and nonexur.!ples to 
point up differences and similar
ities among concepts. 

Use introductory paragraphs 
or previe~-:s to alert learner to 
importance of upcorning ideas. 

Underline important 1;ords in 
definitions. 

continued on next page 

. 

.. ~ . 
9 

- 659 - .... 



·~-;-

. ' 
' 

• 

I:lF:::"~,._:-r:~; :·:'.? FEATURES DERIVED FR0:·1 LEARNING RESEARCH AND 
T~;:~r~;s PR~CTICE, continued 

T..-:ese =~s::~ts of educational 
. . . 

"C~ei::;" er !~belling nppcars 
I t~ a:= :y a!c-:~ting lenrner to 
natt.r:~e c= U?coning infor:n:1tion 

..! • - • h. h h' a::u :.:::c:::-::ung !.r.t \oJ at 1~ 

le?.~:~g task is. 
(Glas e:::-•, 1965) 

often 

For s c::e ~~iuCs of rn.atcrials J 

~~~rts o: t~e information are 
\palu~le. 

(:Oelc!::a:1, 1965) 

Si:c:plc sentence structures in 
the- acti Ye voice Make learning 
easier. 
(Gag::e a."ld Rolwer*, 1969; 
Cole::1an, 1965) 

:·---·-- ., . ----··-··-
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• . . these implications fc:::- the 
design of instn:c~ional l7.n.tcl·inls. 

Use marginal labels and 
infornative map titles. 

l.use J5.~ .:;r~ms r"'cl dr.,·.~ings to l illustrate concepts ~1d ~rocedu~es 

Use tables and verbal matr1ces 
to display concept relations. 

In general, use active voice 
and sb•ple sen1:e;1ces. 
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ORGI\iHZATION AND INTEGRATION OF INFORt·:I\TION Ii'.PORTAiiT FOR LEARNING 

Introduction 

Theoretical 
Discussions 

. . . · 

Implications 
for 
Information 
Map Books 

··-· .. 

~ - . ._... .. -·---:- --.--· .. -- . - . . - -----· 
-· 

Son:e important features of information mapping oNe their 
origins to a topic of current theoretical interest among 
learning psychologists - namely, the logical <~nd psychological 
structures of knm~ledge and their impact en learning and 
:retention. 

Piaget .had long ago speculated that "learning is 
facilitated by presenting materials in a fashion mnennble 
to orgnnizatien" (Flavell, 1963), but it is only in recent 
years that psychologists have actively taken np the problems 
of hm~ cognitive structures develop and of the 1·ole of organ
ization in learning and retention • 

The 'atomistic' approach of most programmed instruction ma-· 
terials has been criticized (Stafford and Combs, 1967) and a 
firm case made for the advantages of "meaningful organi:ation 
and holistic presentation of ma"terials • .,· 

. In" a symposll.:::i on "Educat.:.on and the !:ltr<:c\.urc of Knm~l~::l~e•; 
(Phi De_lt.a Kappa, 1964), P.H. Phenix remarked: "It is 
cliffictil t to imagine hm• any effective learning could tnkc 
place without regard for the inherent patterns of what is 
to be learned." 

. Dav.id Ausubei (1960, 1963, 1964, 1963) has developed a logical 
and psychological case for believing that learning and long
term retention are facilitated by 'org:mizers' which provide 
an 'ideational scaffolding.' He has nm• amassed considerable 
e::q>erimental support for his hypotheses. 

The well-kn01m studies of Kat on a (1940) Ni th college students 
pointed up the importance of organization for learning and 
for retention. 

.·. 
The relation of organization of materials to ease of learning 
also finds support in the area of verbal learning research 
(Undernood*, 196 6). 

Although many issues remain to be settled by research,· a 
strong case can be supported both logically and empirically 
for the advantages of organizing and integ~ating·features in 
materials for learning. Both verbal and· graphical means can · 
be used to inject a sense of organization and direction into 
a subject-matter presentation. 

In the practical effort to design effective learning materials, 
l>e have incorporated a number of features intended to help the 
learner integrate and organize the ideas for niore efficient 
storage in memory. These are listed on the next page, 

·11 
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• 
FEATURES TO AID IN ORGANIZATION Aim INTEGRATION 

Introduction TIHl following list of features designed to promote integra• 
tion of concepts and reladonships contains some that t"e 

List of 
Features 

;. -:----------- ____ "' ____ - ··--· '-

have already adopted on other grow1ds. For instance, the 
guidelines. called for practice questions and anst<ers through-· 
out the text because learning research suggested their 
value in several :·:ays; but questions can al~o be phrased 
to encourage integration of ideas over sections of learning 
materials. 

Examples of maps shot,ing some of these features are given 
in Chapter 2. 

revietvs and prcvie1vs: to take stock of the· 
ideas developed up to that point and to prepare 
the ground for relating them to nCt; concepts 
about to be encountered. 

introductions to each map: to relate netv idea to 
previ.:·J~ -:once.pts or to familiarize with l'lature 
and importance of netv idea , 

recaps or capsules: 
the essential ideas 
in nutshell form 

to summarize succinctly 
of rules or principles 

. tree diagrmns: to sketch the. ideas and pro-. 
cedures of a topic so as to shO\v the role of 
each and its links to others .·. 

compare-and-contrast tables: 
similarities and differences 
that are sometimes confused 

to point up the 
between t1;o concepts . 

summary tables: to chart in easy reference 
. form the main concepts of an area . 

revlei; tests after short sets of maps and at. the 
end of units: to promote the integration of 
several concepts and to practice using them in 
problem solving 

prerequisite charts: to shm; schematically the 
paths the learner can take through a subject 
matter in order to reach the learning objectives 

12 
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HIFORl•lATION l·Lll.P FEATURES FOR EASE OF REFERENCE 

Introduction 

List of· 
·Features 

.... 

. .. - -· -.. ~ ........ ~. ·-·--··--·---·-· 

In designing book-type materials for initial learning, \{C 

added features to facilitate the retum to l<lcas previously 
encountered, an activity that is often frustrating liith 
conventional texts 1-:here the contents of the paragraphs are 
unlabelled. Common sense, human factors research, and · 
graphic technology ,,·ere used in formulating aids for easy 
access to the learning materials. A list of thc.se aids 
appears belo11. 

It is clear also that these same' features \iould be important 
for reference manu:tls or job ::dds. If information map 
materials were designed for those purposes alone, some of 
the introductions, explanations, and examples needed for 
initial learning l·:ould be omitted. · 

Again 1~e note that some of the ·features needed for easy 
reference purposes have already been mentinncu as desirab)e · · 
on othc1· grouub. For exan.p"'~• lab.::ls on .~H,.'ormation blo;:ks 
aid in quick retrieval· of .ideas but they also serve to alert 
the learner to the nature.of his learning task and 
prepare him to take in a specific kind of information. 

Tables or contents for learning books are organized 
and formatted to .speed location of topics and special 
features. ('This report uoes not use the standard · 
format but follo"s certain ESD report requirements~ 

A predictable format for each type of map 
(concept, procedure, etc.) facilitates location of 
needed information. 

l·iap headings in consistent· typography help in 
scanning for page topic. 

~larginal labels .help not only in locating· the kirids · 
of information sought but also in skipping those 
not required. 

Local indexes at foot of each map permit quick · 
location of concepts relevant to the given map. 

Decision tables display the choices appropriate 
for each :possible situation . 

. Surrnna1y tables assemble main facts and relations 
for easy revieH and reference. 

continued on next page 
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(con t i:l'..:ed) 
List of 
Features 

. 

i·!AP FEATURES FOR EASE OF REFERE:lCE, continued 

• 

Capsules provide "kernel" statements of key rules 
or concepts 

Flow charts shmi graphically the sequences of events 
in a process 

Indexes ::lid information retrieval. 

; '• 

14 
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OTHER PARTS OF THE INFORi·iATIOil VJ\P SYSTEH .. 
Introduction 

.. -· 

Curriculum 
Planning 

The Prerequi
site Chart 

• 

So far He have been concen1eu with ~;hat informittion maps 
look like, h01; they got that way, and h0\·1 they arc 1;ritten. 

llut the process of 1~riting cannot begin unti 1 fund:~mcntal 
curriculu;<! plans arc worked out. Furthermore, the cnu of 
the writing task is by no. means the cnu of the production 
process -- a crucial part of that pToccss is the 5erics of 
t:ry-and-revise cycles through l·:hich the product is Tcfincd 
and the lenrning outcCl~es are brought closer to the program 
objectives. · 

The information mapping system, then, incluucs gtiidclil\t)S for · 
cun·iculum planning and for developmental testing. 

Once the subject-matter area of the project has been agreed 
upon, a series of interrelated decisions must be scttleu, 
including the type of audi en cc for which the program is in
tended, the ccnditions uncit.Jr whic:, J.t is to be used and ;o 
forth .. ll'hcn the scope of the program has thus been defined, 
charts shm;ing the nature of the 1;ri ting task are evol vcd · 
through the follol;ing steps: 

TI1e nature of. the subject matter is explored and the 
potential topics arc listed. · 

The learning objectives for the specific program 
are determined and are stated in bchavioral terms. 

The topics that arc required to meet the specified 
learning objectives are organized into a schematic · 
display called the "preliminary prercquisi te chart" 
a chart working backward "from the objectives to the 
topics that are required to meet those objectives. 

Analyze the nature of the learning tasks and plan 
the teaching strategies for achieving them. · 

Revise the prcrequisi te ·.chart to shoi~ the assembling 
of concepts into the net1wrks of associations. 
building tm~ard the final instructional goals. 

Tilis chart: of the topics and their sequencing plus special 
learning r:taterials serves as a guide to the writer in his 
task. TI1e process of 11riting is illustrated in Chapter 2. 

continyed on next page 
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C-,, .......... ~--s 
l~:.:{ .'"'r.:"<.i 

.Successive 
;..pp::C·Xi::".:l
:ions . 

OF THE I!IFOR:·~ATIO~: !1AP SYSTE!·1, continued 

. . 

Because teaching and 1~riting are both arts, we do not expect 
the first draft of a learning program to be totally success
ful. l~e rely heavily on the iterative process -- cycles of 
tryouts 1;i th students and revisions of the matcTials in re
sponse to thcil· reactions. 

TI1e most i:r.porta.'lt aspect of these tryouts is that the 
feedback questions and sets of revic1~ questions spoccd 
throughout the program give us immediate evidence of the topics 
that need m;:cadmcnt or expansion. 

Developmental tryouts and revisions are key tools in the 
production of cffecti vc information-mapped materials. · 

• 

"') .. · 

• 
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~li\NAGE~!f:NT DECISIONS PACKAGE 1:\FOR.\L\TIO>:' 
A.'lO PLANS -

as hook, arti clc, . 1\'hat is the su'J j ect Jr.atter ~-; START final report, 
and general scope of the etc. 
project? -. 

tj\ 
What general sche<.lule . 
is required? USE INFOR:<t\TIO~I 

FltO~I DATA BASE . l'v11at ·general funding . 

scale is contCJ.:platcd? . prescnted.on 
display scope .. . 1111at :2ersons assigned 

to job? . parts printed 
. 

Vi 
in hard copy 

-

' ;· CURRICULT.D-1 DECISIONS 
• ,Au\Jl) PLANS \ 

. General Perfori:!a:1ce TYPE FINAL ~1:\NUSCRIPT 
Specifications, including ·OR E:ffER INlO DATA BASE 
. use 

~ . users . conditions Of USe 
. objectives .of use DEVELOP~ !ENTAL TESTING 

. Specify the learning ob- Try out sequences of in-
jectives in behavioral foTmation blocks to test 
terms communication. 

. Analyze the nature of each _£ .,, . t learning ta.sk and the -· I 
strategy for achieving it Revise 

1·1here indicate( 
. Prepare preliminary Pre-

Tequisite Chart, sh01-1ing 
topic sequences and 

. 
COPY EDIT 

relat'ions . 

'(/ 
Check for style, grammar, 
punctuation, readability, 
format. 

WRITE INFOR.\~TION BLOCKS 

~ Use rules and formats ~ provi<.led in Inforr.1otion SUBJECT ~~TIER/PROCEDURAL EDIT 
~lapping Policies 
book. Rcvie1-1 accuracy of subject-

- """ matter content ~nd a·dh e ren cc .... j to information mopping procedures , 

17 • 
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De'.:e 1 :·~::~=--: al 
Testi::.; 

S:.:~jec~
!·!a.tter 

EVOLUTION OF THE- HlFORi-'IATION f·iAP SYSTEM 

1·:e .have mentioned hm·: the guiclclincs and processes of 
the information map system first came to be fomulatcd. :Jut 
the initial statements 1vere only the beginning of a dc·:clop
r.:ent process that continues into the present. 

TI1c rules and guiclelincs were tried out in the preporation of 
learning materials in several subjcct-mnttcr areas.· As 
these pro<lucts took shape, they 1-:cre sub j ectad· to tryout· 
and-revise cycles 1-lith college-age subjects. TI1e stut1cnts' 
responses to feeclback questions throughout a given 1:1ap series 
gave us a basis for continuing improvement of the .learning 
units. But more i:npm·t::mt in the early stages ~<as the 
value the responses had for refining the system itself •. 
Rules 1·1ere amended, format policies \Vere changed, ·nciV pro
cedures ~~ere introduced. ·TI1e system continues to evolve 
gradually as our experience grmvs and as ncH si tuaticn.s are 
encountered. 

So far we have aoplicd the system mainly to topics in nath
ematics. TI1c major part of our experience ~<as gainecl in 
:·:riting, te::r:i\;, and rcvicting a -:.:;c p['gl· i:-tt:"'t ... ductio:1 tt' 
sets ancl probability. TI1is book of mapped learning 1;1aterials. 
constitutes a ten hour self-inst1~ctional course; it served· 
as the main research vehicle for the studies reported in · 
Chapters 3 to 7. 

It 1~as also an important influence on the development of the 
system itself. ~laps from this work are shm~n in Chapter 2 
to illustrate the 11riting process and to shm{ the nature of 
the learning materials. 

Other subject areas Nith. which the system has been tried are: 

SUBJECT ~!ATIER . APPROX. rJO. 
OF !7\FO)!APS .. 

Computer prograll'ming 75 
Tne binary number system 60 
Convrs, an experimental computer 

language ISO 
Canard, a simulation language lSO 
Introduction to descriptive statistics 75 
Introduction to matrix algebra 35 
Permutations, combinations, and 

the binomial theorem so 

continued on next page 
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THE CONTINUING EVOLUTIO:l Of THE H:FORt·iATION f.'"'-P SYSTEl1, continued 

(continued) 
Subject
~!at ter 
Experience. 

-.Comment 

• 

- ·--·- .. --··- ······ ··- ··-··-:-· .. --. • 

• 

A 1dder range of topics was explored by :1 group of gr:tduate 
students in a stt':lr.ler school course in 1967. They prepared 
brief units on: 

basic cc:Jcepts of operant conditioning 
some topics in American history · 
a variety of educational research concepts and 

. procedures 
t1m dentistry topics: how to extract a tooth, and · 
pedodontology 
a topic in chc!~istry: tile structure of the atom 
the :•:unsel calor system in art 
da-rkroom proceJure in photography. 
several topics in mathematics · 

E:xperi.ence Hi th other subject areas 1~ill. undoubtedly raise 
ncH classific:\tion and display problems for which guidelines 
will have to be devised. But ''" expect ·thot tl•e main 
impetus to ti.<! evolution of the :;ystem will come from 
continuing research. · 

. 

· . 
. . 

/ 

. 
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APPENDIXC ' ... 

? •.. -:-.EXAMPLE OF INFORMATION MAPPING APPLIED TO !1ATHEMATICS: I 

-. 

Material used by the author in: an evaluation' of 'the' 
applicability of the technique to undergraduates .. 
at tli.e Middlesex Polytechnic, ·(Extract from Horn,· 1971) 

.. .. 

. ...... 

TO THE STUDENT , 

About This 
Book 

Spec! fie 
Pre
requisites 

.•. 

What 
Level 

.. ·,. 

- . 

. . . ...... 

This Information Map book is an Introduction to elementary -
probabil lty theory for students In the behavloral sciences, 

lt presents those probabi ll.ty concepts that are the groundwork · · 
for a proper understanding of modern statlst,cs. - · 

This book Is designed to-be adapted by you 
- . 

• 

- . 

for your <w:,·, pu··~oses, ;;h .. ther -:;'"'Y be lrltla: learning~ 
review, or--reference 

for your-own level of proficiency, whether-you ·are. a _ 
novice ln'mathematlcs or a competent student of the subject 

for your·own choice of mastery level, whether you want· 
only to survey the-major Ideas of the area or to become 
proficient ·rn the subject •. -_ . 

. . . 

The pages have a consistent structure, clearly lnd,lcated by 
marginal labels. Their format makes it easy -for you to 'focus.· 
on the kind of. information you need. 

The only ski I i_s you need to use this book are: 
. 

arithmetic operations, Including a.moderate · 
facility with decimals and ·fractions 

: ·"'": ·, -~ ,.). 

. a mode~t acquaintance 'with algebraic expressions • 

This book is appropriate for students at many levels of · · 
mathematical competence. In the basic treatment, I ittle ·formal· 
mathematical training is assumed--yet the clear labelling of 
information blocks enables the competent mathematics student to 
scan quickly • 

• 
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I 
U N 1 T. I· INTRODUCTION TO PROBABI~ITY 

SELF-TEST: Use this self-test to see how much of this unit you need to learn.· 
Page numbers below· refer to pages in the unit where the topic Is introduced. 

I. A cube has ~ identical red sides and 2 Identical green sides. We throw this 
cube 3 times in succession. 

A. List the points of the sample space. 

B. List the points of the event "at least two red sides appear." 

C. Define the complement _of the event In B. 

D. Are the events "at least' one red 
one green side appears" mutually 

side appears" and "at least 
exclusive? ,., 

E. Write the event "exactly one 
. Jof elementary events. 

green sI de appears"· as the urilon 

[Page 8 

[Page· 13 

[Page 34 

[Page 30 

[Page 20 

2. An urn contains 3 red ba 11 s numbered one to three and 2 b 1 ack ba 11 s numbere~ 
four and five. We draw a ball at random from the urn. · 

A. Assign probabilities to the elel)lentary. events~ ,. 

[Page 39 

·B. Find the probablll ty of the event "a. ball with an even number 
Is drawn." .. . .. 

c. 
[Page 43 

Find the probabi 1 ity of the complement of the event "a ball with 
an e1ren number is drawn." 

' 
[Page 48 

ANSWERS: 
. 1] A) {RRR,RRG,RGR,RGG,GRR,GRG,GGR,CGG}: B) {RRR,RRG,RCR,GRR}; C) "less. than 

two red sides appear" or {RGG,GRG,GGR,GGG}; D) No; E) {RRG}u{RGR}u{GRR}. 

2] A) Since the ball is drawn at random we can assume all outcomes .equally llk 
so P({R1}) = P({Rzl} = P({R3}) = P({Rl):) = Pl{R5}) = 1/5; B) P(even) = P(Rz 
+ P(Blt) = 2/5; C) P(odd) = I - P(even) = 3/5; ·DJ 2 to 3; E) P(RIE) • · . 

. P(RnE) 1/5 1 . · .. 
.,. P(E) = 315 = Z • . 

I 
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UNIT 'I , .. SELF TEST <Continued) 

3. We have two bags of marbles. The first bag contains 7 white and 3 black 
marbles, and the second bag contains 4 white and 6 yellow marbles. 

A. 

.. -' 

B. 

' 
If we choose a bag at random and then draw a marble at random 
from the bag selected, what is the probability that a white. 
marble is drawn? . 

If we choose a marble at random from the first bag and then·· 
independently choose a marble at random from the second bag,. 
what is the probability that at le~st one is white? 

[Page 67 

. ; [Page 69· ·· 

. C. '·tf we choose two marbles at random from the first 
. is the probab i I i ty that they are both b Jack? . ' 

': :·l ,/ ... J 

bag, what 

.,,, 
. ' [Page ·-. 
· D~ If we choose two marbles at random from the second bag, what 

. Is the probabi I ity_ that they. are ot' different colors?. 

[Page 75 

.. 
--.. 

If we choose· a· marble at random from the first bag and then· 
independently choose a marble at random from the second bag! · 
what is the .probability that neither marble is white?.. . . 

[Page 78 .. : .- ' : .... -· .. . ·;:• ---------------, .. ,, 

. ' 

··: -· ~- .·-'' . 

. •-· .. ··. ~. . ._ _- ' - ~- '. 
-·.• 

... :·· ,_.·, . 
....... ~- .,, . :..: . 

. ·. •;''."..;,_ 
-.·-:·+ .-- ._.-. 

~-~ ·_ •. ' o.· .. ; .·•, ,. 
;. :': 

. ;_ : 

. ,. ~---.. . .. 
. .... ~ -; .. 

,.•. 
.·., ,. 

·: ... --:· .. ·.--
-. '•· ,' ' ... . . -~. ,., : .. 

.o .. 

... 

. . · ._ ... --,._ 
. ·. 

. ' . . ' . . 
f,.-- .. --··.-.;. 

· .... .- .. 

.. . . .. . ; 
·:-~ - -- . - . . --... 

ANSWE~S: · 
. ' ·:· 

: ; . 

.,• --·· 

, .. 
.' .··: · ..• 

... 
' . , .. _,.,. .. _,. ...... ·:··- .. , ........ . 

.· ·!:' I • - . . . . ·. \· .: . ·;, 

.. 
. . . 

'· , -· 

.., ' 
·: _, .. _,' · ....•.. 

. . . . . 

3) . A) P (W) = .7/20 + 4/20 =, 11/20 " .55; -

..,._ .. '·, ··-·· 

., 

\ 
,·.'. 

.. .. '· 
. -..... . 

. '· 

B) ,f'(W
1
uw

2
) = P(W

1
) + p(W

2
) - P(W

1
nl-{

2
) = .7 + .4- .28 = .82; 

C) P(BlnB2~ = P(B 1 )P(B2 jB_~) = (3/10)(2/9) = 6/90; 

_D) P(Y 
1
nw

2
) + P(W

1
nY

2
) =. (4/10) (6/9) + (6/10) (4/9) = 48/90; 

E) P(W) = PlB
1

nY
2
);. (.3)(.6) = .18 • 

. ·' .'' ; ' ' .. 
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PREVI~W OF PROBABILITY THEORY 

Importance 

lntui tive 
Ideas 

Relation to 
Rea I l.'o rl cl 

; .. 

I Probability theory is the foundation for the statistical tools 
that-are so much a part of the_ modern scene. Physical and 
sociat·sciences, engineering and business rely on statistical 
methods to advance their search for knowledge• To use statis
tical techniques correctly, the scientist or _professional man 
must know something about the nature of the underlying con
cepts. The pages that follow will introduce the key Ideas of 
probability theory. 

Many probability -terms are in common daily-use; We match 
coins to see who ~1i 11 buy. coffee at coffee-breaks and we expect 
to win ab0ut ha If the time. we· ta I k about the sma 11 p rob ab 111-
ty of getting a perfect hand in bridge and about the large 
probability that it wi 11 rain on the day we plan a picnic: 

O•Jr intuitive ldaac of probablP ty. ha·~., ~u~r, in r.cmmc.i' with 
the mathemati ea 1 theo-ry but they lack precis ion, cannot cope -
with complex problems, and sometimes even lead us a·stray. 

. -. 
One element apparent in our intuitive ideas of probability Is 
the. notion of uncertaInty -- In each case. the event cannot be· 
predicted with confidence. This property of uncertainty Is a 
key attrjbute of the events with which probab_illty theory-Is 
concerned. . We often say the events are 11 non-determi ned11 or 
"random." Probability theory devises models for describing 
such random phenomena. 

' A characteristic of mathema_tical theory ·is that it is not 
-directly concerned with real situations but only with concep
tual models of them. Just as the theorems of geometry are 

I statements about an idealized model and not about the actual
physical triangles we draw, so also do the postulates of proba,
bi lity theory· refer to an abstract, hypothetical world. When 
we apply the ideas of probabtlity to a real situation, we are 
in fact building a model of the situation, a mathematical 
represe-ntadon.. . ., . . 

'. - .. ' · .. : .. 

1;, model building we can define an ideal world where conditions 
can be simplified so that the central issues of a problem stand 
out·. We assume that dice are perfect, for example, and we 
assume t_hat they are fairly thrown. Then we compute ·the proba-_ 
bility of getting a certain result, given these assumptions. · 

·. 

• Whether or not the answer is accurate for describing actual - · 
,.results with a real pair of dice depends on how closely the 

1 real conditions parallel the assumptions of the model. 

I \Jhen we apply probabi 1 i ty ideas to th~ data_ of scient! fie . _ 
• experiments, we are using a certain probability model to help· 
l intetpret the. results. The accuracy of our interpretations will 
i depend on how closely the assumptions of the model fit the - · I conditions of the experiment. 

I To apply probability theory correctly to . i requires a thorough understanding of- the 
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SIMPLE EXPERIMENT synonym: "experiment" ., 

Introduction 

Example One 

Definition 

'· '· ·• 

.. ··' ,/ 

Ex.ample Two 

Comment 

.• ·_ .. - ... 

.. ·.-

.. , 

Many acts lead to a distinct result each time they are 
done but the specific result cannot be predicted. A tossed 
coin will land either·heads or tails but we cannot predict 
which with certainty. ·such "simple experiments",can be 
described by telling 

. what Is to be done (I .e., the procedu.re), and 
what is to be observed and recorded •. 

Procedure: roll a pal r of dice •... 

Observe: what numbers.show, or are face up, after the dice 
stop rollln!!· 

A simple experiment is a well-defined, repeatable procedure 
that leads. to a clearly speclf_ied result having the. foJI0<1lng 
.,ropertl es:. . 

. it is capable of being observed and recorded each 

. time the exp.erlment is ·performed . 
it .cannot be· predicted with certainty.: .·: 

~rocedure: on a production line, 
they have. been made. 

examine products after 

Observe: the· number of defective products. 
' , .. 

lt should be noted·that a simple experiment may be either 
theoretical (imaginary)_-or·actually carried out. In either 
case we know what the possible outc~es could. be but not r:.··,"-::J 
lJJhich one will actually occur. · · 

As a term used in elementary probability, the simple . 
experiment bears slight resemblance to experiments In the 
sense used in science where a more elaborate series of trials· 
are carefully carried out under varied, speCified .conditions • 

..... 
. ' . '. ·-

., ___ . . . 

.· :. ... ' 

. . 
·,·· 
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OUTCOMES OF A SIMPLE EXPERIMENT synonym: ·"sample point" 
. ·, .·. ' 

·-·-·-----· .. ·-···--·;-.· -"---------------------"-1 
Definition· 

•.··. ·. 

'•· 

»otatlon 

·-· ... ~-··.···: 

. ... , .. 

Conment 

Example One 

L 
i 

.... 

j Exampl~ two 
I . 
. . 

• ·- .-; ,' < 

,._. 

Related 
Pages 

',; ' ..... 
.- ·.-·· 

. :· ... 

Each possible distinguishable result of a simple experiment 
is called an outcome. 

Outcomes are sometimes represented by a lower case "o" 
and subscript notation. Thus we may write 

{ol' o2, ••• ,on} 

as the list of all possible outcomes of an experiment. . .· ·' . 
Sometimes outcomes can be represented by a word or some other. 
symbol enclosed in braces: 

•1' 

{hot, cold} . 

{all red dogs} 

Notice that·the outcomes are' distinctly separate, non-over
lapping results. By definition, if one occurs, no other out
come.can occur also. This concept is particularly-important 
when we come to assign p rob ab i 1 it I es. · · 

,I 

A_simple experiment is to toss a tack into the air and to 
see how many times it falls point up and how many times it 
falls pointdown. The only possible outcomes for any one 
trial are: . -. . ' ...... . 

. {up, down} 
·": 

An urn con.talns five numbered grey balls and five :11Jmbered 
white. balls, thoroughly mixed.-. 

···. '-···. 
..;· .: .· 

,• . 

' 
A simple experiment Is to draw out one ball while blindfolded. 
The outcomes for this can be represented as follows (using 
"G" for grey and "W" for white and subscd pts to te 11 the · 
balls apart): • . 

{Gl' Gi, G3' G4, G5' Wl' W2' W3' W4, WS} 

simple 
_experiment, 4 

(contInued) 
' .· -· 

.. 

. ~ . 

'. 
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' 
OUTCOl·1ES OF A SIMPLE ~XPERIMENT {continued) 

Example Three A die is thrown three times and we observe whether or not a 

Example Four 

Example Five 

.. ·. : .. 

. . 

one turns up. Since we are not interested in any number but 
one, we can write 1 for the result of a one, and I (or "not one" 
for any other number on the die_ <2,3,4,5,6). The outcom~s are 

{111, 11J, 111, Jll, lTJ, )'1), )')'1, JJJ}" 
where 11 f means three ones turned up, 11)' means the fl rst two 
throws turned up one and the last some other result, etc. 

A married couple is asked whether or not they are registered 
to vote, and the results are recorded. The outcomes of this 

. experiment a~e:. 

{RN, NR, .RR, NN} 

where R stands for registered and N for not registered. 

A coin is tossed three times. 

Each column represents a possible outcome of 
.the experiment. 

lst toss © 
2nd toss ®· 
3rd toss ® 

® 
® 
@ 

® 
@ 
® 

<D 
@ 
@ 

@ 
® 
® 

The outcomes. of ·this experiment can be written 

{HHH, HHT ,- HTH, H"!T·· THH, THT., TTH, TIT} 

·@ 
@ 
® 

@ 
@ 
@ 

; . 
where HHH indicates .that the first, second, and third toss all 
~esulted in heads, HHT indicates that the first and second 
toss resulted in heads and the third toss in tal Is, etc. • 

. 

.. 

\ . 

• 
.... 
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F E E D B A C K Q U E S T I 0 N S : 

[Outcomes of a simple experiment] 

' 

, I. A professor asks a group of three students one question that requires a 
"yes" or "no" answer. ·If we consider this process a simple experiment, 
J.ist all the pos~ible outcomes, u"sing Y for "yes" and N for "no." 

·2. A maze is constructed so thaf each path·'has two forks and at each fork. 
jhere are three alternatives: straight (S), right <R>, left (L). A mouse 
is placed in the maze. What are the possible paths he can' take .<t .e;, 

·.possible outcome·s of the experiment?) 

' . . ~ .. 
·.-.·. .. 

. . 
-··-··-

' . 

;: 

. ... . • .. 
..- .. 

-- ·>· 
•. -.:· i ·_ .· ' .. _ .... ' •'. ., 

. ·, .. ····.· . ... ·.- .. , 

,_ ... 
. · ... : 

__ .... 

:··. : ... _, 

'. 
. . 

.;'' 
···.' 

' . . . 
·. -.:_ ~-- · . 

..... 

..... _ 

. ,· ; > 
. . ,..--.. ·-:. : .. ,._ ·:: 

·:. 
.. .· 

.·· 
.··, . . ' ' .-.· ' .r. 

. ' 

ANSWERS: 
I] 

2] 

\ 

.. '· 
' I ,• 

{ YYY,YYN,YNY,YNN,NYY,NYN,NNY;NNN } where{ YYY indicates that tne .. 
first, second, and thi"rd students all answered yes, etc. · 

{ SS,SR,SL,RS,RR,RL,LS,LR,i.L } where SS indicates that the mouse 
went straight at the first and second forks he came to. 

• 
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SAMPLE SPACE :. ' I I . 

. . . · .. 
''

1·synonym: "sample des.crlptlon synonym: "outcome" 
-- ---·-·· ·---- .. -. . . . ... space" .. _ ......... . 

Introduction 

Definition 

. -

No tat! on 

.. · .. 

Example 

Non-examp I e 

Related 
Pages 

In a simple experiment, a number of distinct outcomes are pos· 
sible. The outcomes that are actually observed must be inter· 

• preted in relation to ~11 possible outcomes. A special terf1! 
is used for this set of a 11 possible outcomes. ,. 

-· A sample poh1't ·is a. single A sample space Is the set of 
all possible distinct outcomes element of a sample space. 
of an exper.lment. Every separate possible out 

come of an experiment :ts•- . 
'· represented by a s lngle . :. · ., . . 

sample point. 
.•: 

Note: "Spao•" In the term 
sample space ooes not rei"r to 
any physical dimension. It Is 

·' 
.. 

merely a term given to a col- ' ... -.. 
lection of outcomes of an .. 
experiment. _ 

. 

We frequently let the capital letter "S" stand for a sample 
space. Sample points are represented by words or _symbo Is con-
tained in .braces. 

. '· 

s ~ {H,. T}- .. -
is read, ''The sample space consists of the samp I e points 
H and T .• 11 

The experiment is one toss of a coin. To describe the set of 
possible outcomes in the sample space, we can use the symbols 
{H 'T}. These are the only two sampl_e points. . . 

The experiment is to select a child from a fourth grade cla_ss •. 
We cannot write the sample space as {boy, girl, age 8, age 9} '· 
because-we would not have distinct outcomes. If we were 
interested in both the age and sex of the chll d selected, our 
sample spa.ce would be {8 yr. old boy, 9 yr. old boy, 8 yr. old 
girl, 9 yr. old girl} (assuming there were no other. ages 

(J represented in the 4th grade). · ··. · · · · ' .· · '"· ·' c: .. 
-•· .... 

. . 
. ·· .. · •. 

,. 

simple· 
experiment, 4 , 

outcome,· 6 · 
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' 

. ·•·. 
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<· 
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• 

.. ' ' . 

·-· 

' . 

-· . , 

·, 

•. . .. : 

F E E D B A C K Q. U E S T I 0 N S: .· · 

-.·.: .· (Sample space 

I. .. Describe .. the sample space for the following experiments: 

· A; A card is drawn from a standard deck of 5~ cards. ·. 
. :. 

Sample point] 

a.·., A boy Is chosen from·the freshm;;~n class at a particular all-male 
· college. - ,_.· ... 

... -.·-···--·-------~----~------ - - . 

9 

. . . . c.·. A mol.!_s_e }s chosen from a group of laboratory ml ce to run a. maze. .• , 
: . ---·---- ... 

• < • • • ~- _. L~ ·--f· 2 $ i (;::." -~.;_:- ~ . 
t . . •• 
• • • • · • • -· ·! J • '• • I . 

2. ''c·heck·.·each true statement: 
A •. 

~; 

~---"')he elements of a sample space are called sample points •. 
. ... ·: .. 

_______ A sample point represents one or more possible outcomes of 
an expei'lment. .. ! . 

c. _______ Words or symbols enclosed In braces are used to represent· 
the sample points In a sample space. · . 

'!. 

~---· '· . -i"' 

' ,·; .. { 

.-_· _·.<. 
. ·-- ., 

. .• -. .._ ' 

. --~: ---_._ : .... 
i"" ·. 
--~---!.-. .. -· 

.. ·. 

-·-. :-

.. 
,·. :.-; ·.)_' .. __ ·;' .. 

. . 

.. ::.··. .•. . : ... , . 
· .. -; .. _ ..... 

.•. 

:· ·, . 
. -~- . ,.· . 

. _ .. _ 

' .. · 

. .. _ .:.: 

. 

'· 

. . . . 

. ·,. 

ANSWERS: 
1] A) S =All the ea rds in the deck; . •" 

. . 

.. ·' 

J 
B) S = All freshmen at that college;.· 

C) S ·;.·All mice in the laboratory. 

'&l:--·Ar'frue;·---·8) Fa ls·e (a sample poInt represents 
·. outome of an experiment); C) True. 

·~ .· 
,·-

•. 

. ~ . . 
; · . .. •. . -.. -,; .. 
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exactly~ possible_ 
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HOW TO USE A TREE DIAGRAM TO FIND THE SAMPLE POINTS IN A SAI·1PLE SPACE 

Introduction To insure that all the points In a sample space have been 
counted, it is best to go about the task of identifying them. 
in a systematic way. One useful method Is the~ diagram. 

G 
I 
V 
E 
N 

Write out a list of the 
sample points In the 
.sat:lple space. ' 

STEP PROCEDURE 

I . Give a name or a short
hand symbol to each of 
the kinds of things. 

EXAMPLE 

The experiment Is tossing. a coin 3 
times. 

Heads will be labelled H, and 
ta i Is I a be 11 ed T. 

r--··-t--- --·-"<",--------+---~ ---· --·---·---------
2. From a starting·point draw 

a branch for each possible 
result In the first step 

3. 

4. 

5 •... 

·. ' 
.. ·.· 

Related 
Pages . 

. · .. -

"·.· 

Next from the end of every 
branch draw another branch 
for each outcome that could 
occur on the second step of 
the problem. 

Do the same for additional 
steps and write a 11 the 
branch labels at the end 
of each branch. 

To find the sample points, 
follow ecch path from 
start to finish, listing 
the branch _labels • ." • 

.. 

sample po~n~, 8 

First 
Toss 

Second. Third 
Toss ·Toss 

·. H< 

- . T<T . .. . . . 
' 

'' ... r <··" • .. ·· . , T 

samp.l e space, 8 

680 

HHH 
HilT 
HTH. 
HTT 

' 

. . T. 

THH 
THT 
TTH 
TTT 

outcome, 6 

- . 

HHH 

HHT 

HTH 

HTT 

THH 

THT 

TTH 
' 

TTT 

-

I 
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. ~ .... 

.. ,. .. 

. . ;• 

··_.I 

--~ 

,,:. . 

.... -.... 

-:·. 

. ·-·· 
-.;-

A coin 
first. 

. ,-· 

11 

F E E D B A C K Q U E S T 0 N 
I·: .<: ·. 

[Tree diagrams] 

is tossed five times or until a head appears, whichever comes·· 
Use a tree diagram to find the sample points ·in this experiment. 

' 

' . 

'·-

) 

' . 
·~ 

\ 

. '· .. 

:: .· 
~ '' ; . 

... .• 
:) . 

-~-'d. .. '-' .· 

~::- .· 
. ·j~: 

'":- t ~-

->~ .. ' . . : • ... 

• :-} 'I 

' . 

.. 

.•. -~ 

, 
{. ·• 

--.-_.: 

··,. 

.• 

:·;
:,_ 

. .. ' 
. . 

' , .. ... :--.· 
, .. • 

····~, . 

.... 

. •. 
··.-

,;1;[: . 

:,. 

.. .. : ,: : 

-· ~ ·-··. ·-
. ~- . '· 

.. ''i;":. 

· __ ."£.1 
:_' 

ANSWER: 
:' . 

. I] 

.. 

.'. 

. ... :,. ... 

., ...... "'"' ~ ,• 

First 
Toss 

Second 
Toss' 

' . . . . . . T C:::::::::: 
·-=::::::: Trc::::::::::= ~ . T~H ~ 
· H H · 

Third 
Toss 

• 
The points of sample·space are: 

. . 

. {H,.TH, TTH, TTTH, TTTTH, TTTTT} 

.. ~ 
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R E V I E W. Q U E S T I 0. N S - · 

' .... -- .. (I] 

I. An urn contains two red and three green balls. A ball Is selected fro~ 
the urn and its color noted. List the elements of the sample space; 

2. Check which of the following Is not a property of the result of a slmpl 
experiment. · 

A. lt. cannot be predicted with certalnt)'• 

B. ___ 'lt must support some scientific theory;· 
. ·: . 

C. :ft Is eapable of being observed and recorded each time the 
experiment Is performed. · 

•. ~ 

3. A die Is rolled and the resulting number Is observed. 

A. List the elements of the sample .s.pace s .. 
•· 

B. Llst the sample points In s that are even-numbered results. 
. 

c. Llst the .sample points In s that are results greater than five• 

If. A shipment· of 100 precls!a"n instru.ments reached a eertaln laboratory.·· 
Suspecting that some may be defective, a scientist decides to select· 
three instruments In succession. As- soon as he comes across one that·· 
Is defective he will reject the shipment. Otherwise-he will accept lt. 
List the elements "of the sample space and check those that ·would result 
In the return of the shipment. · · 

. • . 

. ·-,_: 

: . -~ . 
. . •' -~-

.-~--

.. 
·.- . -· 
. ":'(" 

ANSWERS: 

1} {R,G}·. '. . 
' .. 

B • 
A) S a {1,2,3-,4,5,6} ; . B)·. {2,4,6} ; C) {6} 

2] 

3] 

If] 
-.1' ./ ./ 

{GGG, GGD, GO, 0} where GGG means all the ·Instruments are good, 
means the thl rd Instrument inspected Is defective, etc. 

I 

.. 
. I 

:_-_·, 

. ~ 

GGD 

; .. 

--~~-·· ---~= .. ·:----~~:_::__.,.~ ----- --~-------· ------ 682 -, 



APPENDIX C 

6. - EXAMPLE OF INFORMATION MAPPING APPLIED TO MATHEMATICS: II 

Material developed by the author (in conjunction with 
P. Ellis) for use in a comparative study between 
information mapping and linear programmed instruction. 

MATRICES 

UNIT I ------

NOTE: This material is based on a linear p~ogramme developed 
at the Centre for the Advancement of Mathematical 
Education in Technology (CAMET), University of Technology, 
Loughborough. The original programme was developed 
specifically for an adult education project of the 
Council of Europe. This version was prepared as an 
alternative presentation format. The content and 
examples in the two versions are identical. Only the 
layout and organisation has been modified. 
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CNTRODUCTORY NOTES TO THE STUDENT 

1h.is !.fa trice s 
Unit 

Content 

What Skills 
you need 

This unit has been written to investigate the possibilities 
of teaching mathematical ~~te~ial by means of a technique 
known as 'information mapping'. 

Since this is designed as an investigation, some 
people will get the material presented in a different 
format, but everyone will cover the same information 
on matrices. 

This unit will relate matt"i.ces to charts, and will tell you 
.w~at matrices are. Some of the· technical terms used in 
referring to c.amces 1dll be explained, and the ways that 
matrices can describe networks will be shown. 

The next unit will cover some methods of manipulating 
matrices. 

You do not need to know any mathematics other than addition, _ 
subtraction, multiplication and division. 

' 

• 
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PRE-TEST ... 

Plos3e cooplete this test so that we will have some idea how much you·already 
know abo~t matrices. Don't worry if you cannot answer any of the questions, 
the unit that follows is designed to teach all these points. 

t. Whn.t io the o~er of the matrix 0 : ~] 
2. Give the address of the number 4 in the matrix in Q.1 

3. Construct a sqwro matrix with 3 colUIIlils, with all -the elements of the 
matrix being t. 

4. Write down the distance matrix for this road network. - the arrow represents 
·a ono way road 

.. 

A= ~ 2] . 4 2 .. ·. 
6 0 . 

·- !' 

. . 
What is .the transpose of A? 

.. 

' 
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SlUG CHARTS - A REVIEW 

Introduction 

lotho<is of' 
fsing Charts 

.. 
~/hen tiro sets pf variables are to be compared, data is often 
presented in the form of charts, 
Examples of typical charts are Fi1o:uros 1, 2 and 3. 

METHOD ' EXAI!PVi:S 
1. A particular entry in In figure 1, by looking for the 
a chart Ill8Y be extracttd intersection of the 'Blackpool' 
by referring to the row row and the 'Hours of sunshine' 
and column in which it col~r.n we can read off that 
occurs, Blackpool hnd 75 hours of' sun. 

The arrows illustrate this 
· reading off, 
Similarly Bristol to Carlisle 
is 272 miles in the mileage 
chart (Figure· 2) 

2. All the data elenents (n) Fi'g,1 - Look along. the 5th 
for one variable may be row to find the weather at 
considered together. To Lerwick - it is clou,ly, wet 
do this you take either and cold, 
a~ A whole row 
b A whole column · ~l<.,~,..Fig,1 - Look down the 1 at 

· ~ to find o•1t the amounts .. 
I of sun receivE~d at the towns, . 

- Weymo~th with 11.0 I-,ours 
received the most, 

, 
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THE DISTANCE CHART 

Introduction 

Diagram 

Al te rllll ti ve 
Presentation 

This is Figure ~. This is an in•eresting case, as the labels 
of the rows and columns are the sqma. As a result one can 
find each <Ustance entry tlrice. (the distance froo A to B 
is the same as the distance from B to A). -

Aberystwyth 
Bnrnstaple 
Bircinghnm 
Brighton 
Bristol
Cambridge 
Cnrdiff 
Carlisle 
Carmarthon 

Each entry is found in corresponding positions in both 
the shnded ant the unehaded part of the table. The shaded 
part of the table "mirrors" the unshnded portion, The table 
thus possesses a certain symcetry about the diagonel line 
drawn in. 

A different form of presentation is shown in fi5~e ;. This 
has discarded the duplicated entries resultir~ in a triangular 
chart which has been labelled along the diagonal, The arrows 
ahot the row and column indicated by Bristol. 

To find the distance from Brighton to Cardiff' the row and 
column required_ares 

Brighton collli:IIl, Cardiff' row 
'rbe entry here is 176 

. ' 

(There is no entry in the Brighton row, and Cardiff' column, 
- that was in the part that was thrown away), _ 
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1EED3ACK QUESTIONS • 

1) Use figure 1 to findl-

c The highest rainfall, and where this occurred 

al The oaxii:lUI:l tenpera ture at \~eyt~outh 
b The rainfall at Lerwick 

d The highest oaxioun teoperature, and where this occurred. 

2) ~lhich of the following best describes the weather, 
at (i) Blackpool (ii) Uhitstable (Use Figure 1) 

al Cold, Wet and Cloudy · · · · 
b Sone sunshine, cool, and a little rain 
c lfarn and sunny 'd th a little rain · · 
d Sunny, dry, but cool. · · .... 

3) Use figure 2 to find 

.. 
a) The distance fron Barnstaple to Cardiff· · · 
b) The distance frori Carcarthen to Birninghno 

4) Use figure 3 to find the distances 

a) 1~~stapl~ to Canbridge 
b) Carlisle to. Brighton. · 

·'· . 

.. 
MlS~IERS: 1) 

0 . .· 
(a) 55 F (b) 0.~3 ins. (c) 0.43 ins. at 
Lenlick (d) 59 F at Jersey. · .. 
• 

2) (i) Blackpool = (b) Sone sunshine cool and 
a little rain. 

(ii) ~lhitstable =(c) Warn and sunny with 
a little rain 

3) (a) 136 ciles (b) 129 nilos. 

4) (a) 239 nilea (b) 350 niles. 
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f!P.T~IX (Plurd tWI'RICES) 

Definition 

rgotation 

Use 

Example 1 

Example 2 

Bxample 3 

I 

.· 

A ractanrruiar array of nuobers. 

The array is enclosed in square brackets:-. [ J 
Matrices arise fro~ physical situations, that is from data 
that can be presented in charts, . 

They have several mathematical properties which can be used 
irt manipulating the data, \-le will be learning about these 
properties, and we will apply them to the real physical 
situations from which the data a~ose, 

are all exa=ples of 
matrices 

~ omitting the row and colunn headings in figure 1 (WeRthor in 
Britieh towns) the following matrix is obtained . .. . -10.9 0 52 .. 

7.5 0.04 54 
8,1 o.oo 54 
a,a 0102 59 
0&2 0.43 . 48' 

· a.6 0 57 
l11o0 0 55 

10o8 0.10 57-

Figure 2 (Distance chart) can be converted into a catrix .thus: 
.... - . 

0 214 114 244 121 211 100 . 218 45 ° 

214 0 180 198 93 239 136 365 202 
114 180 () 160 87 100 102 193 129 
244 198 160 c 136 105 176 350 242 
121 93 87 136 0 118 43 272 109 
211 239 100 105 118 0 174 256 225 
100 136 102 176 43 174 0 275 65 
218 365 193 350 272 256 275 0 262 
45 202 129 242 109 225 65 252 0 .J ..._ .. " 

UOTE: the dashes in the chart have been replace<! by zeros· 
(the diHtance between a toun and itself is 0), Zeros are 
used because '0' is n nuobcr '-' io not (see ncfir.ition of 
a matrix) 

. ·. 

. 

~--------~---------------------------------------------: 
con 
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MA.TRIX'tPluro.l HATRICES) (cont'd.) 

Non Example .. 

·.·. .. · .. • 

Fir,ure 3 does not give a matrix since 

214 . 
114 f80 
244 198 160 
121 93 87 
211 239 .100 
100 139 102 
218 365 193 
45 202 129 

136 . 
105 148 
176 43 174 
350 272 256 
242 109 225 

275 
65 262 

is n triangular array, not rectangular~ 

• 

• 
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ORDER OP HATRIX/T"iPES OF liATRICES 

INTRODUCTION 

DEFINITION 

EXAJ.Il'LE 

--· --.... 
"'-. 

\ 
SPECIAL ' 
EXA.rll'LES - -· _.\ 

·(a) SQUARE 
MATRIX 

(. ) SINGLE ROW 
(Row Vector) 

(c) SINGLE 
COLUMN 

(Column 
Vector) 

COMHENTS (a) 

(b &: c) 

I 

ilhen discussing charts we talked of~ and col=s. 
1-!atrices are also oode up of rows and colUI:l.:!§• 

The ORDER of a matrix is the number of rows and coluons 
it has. The rows are stated first and the col"'"'"S second. 

[l 5 7 i] J 1 4 is called a ~ x 4 matrix, as it has 
2 4 ~ rows and 4 coluons •. 

Its ORDER is ~ x 4 •. 

~ 
4 n is of the order 3 x ~. It has the s~e nul:lber 
5 of rows and columns. Such a Datrix is called 
6 

.. 
a SQUARE z:.a. trix. 

[1 2 3 ~ is a single row of_ numbers. .. 
Order 1 X ~. 

- -· --

m 
-

is a single coluon of nunbers. 

Order 14 x 1. 

Square matrices have aoce special properties (see }lil.PS 10 & 11) 

Single row and single colucn catricea are also referred-to as 
row and column vectors. Hore infomation on these is civen 
on MAP 7. 

• 
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FEEDBACK QUESTIONS 

1) ~Trite down the natrix forrlcd by leavinP,' the row and 
colunn heacUngs out of the followin;; table: .. 

STOC!K L!ST 

Floral Abstract Plain 
.. 

Plates 58 94 102. 
Dishes 64 86 45 

. 

2) ~That is the order of these Tllltricesi 

(i} [l 2 ~] (ii) 

~ 
0 ~J 5 1 
2 ' . 

') ~ich of the followin; are square oatricea? 

(i) - (ii) (1 ~J (iii) l] 16 ~J ' 1 1 0 
i 7 0 1 0 
I ~ 

1 0 1 
' .. 0 0 0 

·· .. '-

! 

4) ~Thich of the following matrices are row vectors, and 
which colucn vectors? 

~ 
~i~ c?. n {ii) [!] ~i:i.~) [' 0 2 7"1 (.:v} [4 0 j 7] 

LO O·O 0 oj ..... 
. 

ANffiiERS; 1) [58 94 
64 86 

102] 
45 .. 

2) (i) 2 X 'l (ii) 'X' 
') (i) and (iii). 

4) (ii) is n volunn vector, (iv) is a row vector 

.. 
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RO~I VECTO ;S Ai-lD COLUNN VECTC'aS · 

I~ll':iODUCTIOU 

EXA!-!PLE 1 

EXAl-!PLE 2 

.---------------·-·----------. 
Raw vectors cay be conbincd t~ ~~c lnrger watrices ~~d so 
r..n.y colunn vectors. .. 

It is also passible to split ~ t~atrix into row 7ectors or 
colu::m vectors. 

The costs of raw naterinls, labour, and tr~spo~t for one 
oonufacturcr ore: 

in England (is 45 5] 

[20 101 
·.~---

in Gemony 30 ' 
- •J 

These row vectors can be coobined into a single l:(l rix 

e5 
45 1~] 20 30 

. . 

The oatrix (~ 1 n can be thought of as. 
4 

' 

(a) - 5] 'and [2 :sJ two row vectors; l3 1 4 

OR (b) three coluon vectors [U [1} [H 
Wher. y:.·J. use a chart listil'~ :1eather ccnd.l. ti:..,o; end to·.rt.3, 
as in Figure 1 , to read off the we a thilr at a to·.--n - you ar, 
effectively splitting it into row vectors. If you look 
down the coluons to find the highest tenpera~~ or the 
shortest sunshine, you are effectively splitti~ it into 
coluon vectors • 

. 

----------------------------------------------------------------

• 
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ADDRESS IU A HA.TRIX 

INTRODUCT.ION 

DEFINITION 

Ii' lie wish to identify n pnrticulnr position, or data· 
elecent in a natrix we nay nnne the row and colunn in 
which it is found. 

The row and oolu~ nu~bers in which n particular cleoent 
is located, nake up the ADDRESS of the eleoent. 

' Row first, i!olunn second. : 

~owe and colunns are nuoberod fron the top left corner 
of the natrix. 

(a) The nunber 7 is in !"'ii 2, colunn 
Its nddress is 2121 

3 2 0 

2. [~ cb&J 
(b) The nuober 5 is in row 2 colurnh 3. 

Its address is 2,3. r . 
~-------------------------------------------~ • 

.. 
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FEEDBACK QUESTlONS ' ,.· 

1) Convert the follmdng natrix into 

(a) Row vectors . .. 
' . 

(b). Colu"l1l vectors . 

n 4 
2 5] 

,. : 

2 7 3 
1 3 3 

• 
2) Conbine these row vectors to cake a larger catrix 

[2 1 3] [4 7 5j 

3) Give the address of the nunber 3 and tha n~ber 7 in the. 
following matrix 

u il 1 5 
0 2 
3 4 . ', . .. 

_. 

.... 

ANSWERS: 1) (a) (3 4 2 5] (b) [!] UJ [~J ~l . (1 2 7 3] 

(4 1 3 3] 

-2) p1 n 4 7 

3) Address of 3 is 31 2; Address of.7 is 1,4. 
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IEADIHG DIAGONAL 

. : 

INTRODUCTION Bone technical te~a deed apply only to square matrices;.., 
This is one or·thoaa terns;,. - .. . . 

DEFINITION The leading diagonal is made up of'the elenents in a square 
matrix llhich have the same row and column numbers. 

' 

DIAGRAM In the following representation of a 3 x 3 catrix with the 
elements represented by stars, the elements forming the 
leading diagonal have been joined by a line 

I •. 

['* . *] ' * * * * *'* :-. 

EXAIU'LE In this matrix the elements of the leading diagonai all 
have the value 1. .. . 

n n 
·-

0 7 ·' 
1 0 ... 

0 1 
0 6 ' 

~ -- - - --
. •.' 

'.' '• .. 

. . 

. . 
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. ' 
:!YH!{ETRIC MATRICES 

. 
OESCR:tPUON A symmetric matrix is a square catrix in which, if the row . 

and column number are exchanged, an .equal elo~ant is found. 
If the relationship is shown diagrancatically, it is seen 
that the equal elements are syocetrically placed about the 
leading diar,onnl. 

I>IAGRAM ['75-·- ..• 
: :X*": ~Leading diagonal . 

In this representation of a matrix the eynnetrically placed 
equal elements have been indicated by double arrows • 

. 

[i 2 i] 5 

' is a symmetric matrix~ You can confirm this either by visur!lly 
inspecting the symmetry about the leading diagonal, or ~ 
noting down that the values at ~2 and 2,1 are the sane {2) ,, 
the values at 1,:5 and :5,1 are the same (1), and the values at· 
21:5 and :5,2 are the same (:5). · . 

. 

comwT The mileaee chart in Fig. 2 foms a eyocetric na trix, since the 
dist~n~c, from n-r~· town to ... ~.,y 'lthor is proci.a.::l~ the SSI:lCJ if 
the journey is made in the opposite direction. 

. : . 
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~~BACK QUESTIONS 

1) Write do;m a 3 x 3 I:Ia trix with all 11 s in the leading 
diagonal end O's everywhere else. 

. . . . 

2) The square catrix below is not SYT.",etrio because one 
pair of elenents is not equal - give the addresses- of · 
the eleoents that are not equal. 

[" 0 

n ' 2 2 1 
0 1 3 
3. 4 4 

.. --.. 

3) Uhich of the following square catrices are synnetric? 

(i) 

D ~J 
(ii) 

~ 
3 4] (iii) [~ 

2 0 

~l 0 5 1 3 
4 0 3 1 

0 4 

I 
., 

4) Conplete the followin,; oatrix to t~ake ti syrunetrio =trix 

~ ; 5 •] 
.·. 

• • \ 

5 4 ~ 4 8 7 
.. 

I . 

AUSi/ERS: 1) 
[g 

0 ~] 1 
0 

2) The eleoent at 3,4 is not equal to the 
elooent nt 4,3. 

3) (i) and (iii). 

4) 

[l 3 5 

i] 2 4 
4 3 
7 6 
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REPLtESENTING llET\iORKS BY 11EANS OF l1ATRICES 

INTRODUCTION 

PROCEDURE 
TABLE 

SPECIAL CASES 

• 

COMHENT 

' 
lhtrices nay be used to describe the relation~r~ns within a 
network, nn~ thus can he used to aunnarisc ne~•orks, whether 
they be about roads, social relationships, electrical 
connections, etc. • 

·. . 

G A netl~ork of relationsh:Lps EXA!IPLE 
I with arrows showing A 11 . B 
V directions of connections 

~~· E which are one way only, 
N ~lagni tudes nay be denoted• 

5 
Distances = oiles. 

STEP PROCEDURE EXiJ'.PI8 . . 
1 List the startinr, points To 

down the left hand side A :a c D 
and the finishing points A 
across th~ top Fron B 

c 
D 

. 

2 Work out the distances • A ·e- :a . = 4. 
between each starting ;. -.c· = 6 
point and each finishing A --tD· = 11 (via c) 
point. etc • 

. 

3 Enter the values you A B c D 
obtain. i:! your chai··•· A 0 4 6 11 
putting zero's for the B 4 0 3 8 
distance fron any point c 61!> 0 5 
to itself'. . D 3 7 5 0 

4 Write the chart as a [0 4 6 'i] natrix ,.,. 4 0 3 
610 0 
3 7 5 

. • 
In sone networks a link nay either exist, or not exist 
but no oagnitudes are assigned in this case car~J out the 
procedure above, but for your entries place 1 indicating 
a U.u;t link, 0 indicating no direct link. 

Thus A B 

[l 
1 

!] 
I 

D f5=1~s represented .by 
0 1 
t 0 
0 0 

l1atrices will be synnctrical ji thoro are no one way 
connections. 

- ,:;QQ -



DRA\/ING A NETIIORK FROI! THE !1ATRIX REPi!ESENTil!G IT·. 

INTRODUCTION 

PROCEDURE 
TABLE · -

CONUENT 

: 

Just as matrices may be dralin up to represent a network, so 
the process may be reversed, so that from a matrix of the 
type representing open links uith a 1 and closed links by a 
o, the network being represented can be worked out 

G A matrix representing open EXAI1PW 
I ~~d closed connections in 

[! 
1 1j V a network by 1 1 s e.nd 0 1 s 

E respectively. 0 0 1 

1 o I n -' 

STEP PROCEDURE EXAI1PLE 

1 Assign the points labels and A B c 
I put them in alphabetically, A 0 1 t top to bottom, and left.to B 1 0 0 right. 

' c 0 1 0 

2 Write 'From' in the left To 
hand margin, 1To 1 at the top A B c 

From A 0 1 1 '•. 
. ' B 1 .0 0 

c 0 1 0 

3 Place dots representing the A 
points on a piece of paper, • 

• B 
.. 

sr:.~ label -t~om clockwis~ 
in alphabetical order o· 

4 Join the points with lines, 
and indicate one way 

A connections uith a single PB arrow. Connections 
working both ways may 
either.be left unarrowed, c .. 

1 or may be given two arrows 
~- but state which. 

T1~0 way connections 
= unarrowed 

The network may be too involved to be easily laid out 
if more than 4 or 5 points are involved· 

• 
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TRAliSPOSB . 

DEFINITION 

NO UTI ON 

3XAI1PLE 1 

EXAMPLE ; 

COMHEUT .. 

The transpose of a given oatrix is obtained by interchanging 
the rows and·columns. • 

· Thus the element in row 1 column ;, novea to row ; colu::m 1 
the element in row 2 column ;, moves to row 3 colu::m 2 

· and so on, 

The transpose of a natrix is denoted by addinh the letter 
·T to it thus: 

The transpose of 11atrix A, is AT 

·T Read A as 1 the transpose of A1 

If /I. = 

IfB 

IfC=(3579) 

[

1 1 
0 1 
1 0 . 

. 

If you are dealing with matrices representing networks,. 
taking the transpose of a natrix.would be equivalent to 
reversing the direction of any one way links. 

D= r~. ~ ~1 = ~ lo 1 OJ f\ · 
cWB 

• 
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REVIEvT AliD PREVIEW 

IN"rRODUCTION 

PAST 

FUTURE 

This infornation nap is designen to help you retrace the 
idem covered so fnr, ann tell you what you will be learning 
next, It is hoped that it uill help you to get a clearer 
picture of how the idens fit together~ · 

VTe have showed the ~rays in which data can be presented in 
the forn of charts, and how oatrices can be derived fron 
chnrts. 

1'fe defined a natrix as n rectangular array of nunbers 
enclosed in square brackets, nnd nentioned special cases of 
natrices such as square nntrices, row vectors and colunn 
vectors. 

Row vectors, or colunn vectors n~y be coobined to·forn larger 
nntrices, or oatrices ony be split into row or colunn vectors. 

Order of n natrix- its nuober of rows nnd colunns 

Address of an elenent - its row nunber and its colunn nuober. 

Special Properties of Square Mn.trices: 

*Leading dingo~~l conposed of elenents with sane row nnd· 
colu.'1!l nuobers 

*Synnetric n~tricos, with equ.~l elenents synoetrically 
placed about the leading diagonal, 

The 1\bility of llatrices ·to represent networks was shown, and 
you <~ere sh<.oW"n how to ac:·ive a nn-,;rix t'ron r. network, an~ n 
network fron a oatrix. 

Finally the transpose of a natrix was defined, this being 
the nntrix resulting if the row and colunn n~,bers of the 
elenents in a nntrix nre interchanged. 

Now you know whnt nntrices are, nnd sane of their properties, 
we are ready to go on to see sone wnys in which nntrices can 
be nl'lnipulnted, nnd ho\·T this cnn help us to deal with the 
datn represented in the natrices. 

;.. 702 -
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/.DDITION OF l!ATRICES 

'· 

, 

DEFINITION The addition of n~triccs involves nnding·togethor corresponding 
elencnts of the initial nntriccs, to produce tho ele:::ents of 
tP.e ::nm natrix, 

' 

NOTATION If t~10 natriccs, 1, and B, nre nddcd together "t:J f:Jr;:l r..a. trix S, 
we write 

s = A + B 
tle say that S is the su~ of natrices·A and 3, 

' 

' 

(i) The natrices nust be of the sa~e order, The su:"i is n 
natrix of the sane order 

(ii) Add corresponding elencnts to produce the elenent in the 

I 
corresponding position in the SUI1 'na.trix, 

EXAiiPLE A = ~80 90 501 APPLICATIO!h A r.ronuf~cturL'1g 
20 105 125 ' conpnny produces T. V sets end Hi Fi .. 

nnplifiers, It hns factorias in 
England, West Gar::my end Italy.· 

B= b60 94 63] Production on ~.:j days was 
30 101 104 Production, Dny 1 • 

Find tho sun S of n~trices Englnn:l ·;;. Ge r.l<'l-ny Italy 
A and B ' 

S=A+B=G~g 184 113J 
T.V. 80 • 90 . 50 

206 228 Hi Fjj 120 I 105 I 125 
' 

Production, Dny 2 

England ·w.Gernany Itnly 

T.V. 60 94 63 
r 

Hi Fi 130 I 101 I 104 • 
.. If n nannger wishes to f. ~ m~ the 

- production over ~he ~.;o dnys, the 
charts for n~.ys 1 ar..d 2 cnn be 
converted to ~~trices - the result 

• being PP.trices A a'1d B. · The sun 
nntrix S, thei: represents :;:reductio 
totalled for the t'.;o days. 

NON EXAMPLE ~ ,~] + oo 4 2~1 = 
Cannot be'· dent; when working with 

10 10 rmtrices pure ~n·:l sinple, because - the order ?f 't!:e tw~ n'ltrices 
is not the s~t-:.e. 

COH!'IENT The use of nntrices in nclrli tion of infor:".!! tiJr; found in charts 
and tnbles is quickcr thrill rcwri ting the 't1."::.1£- co::plete with 
headings, although obviously this snving is ::?st pronour.ced if 
lnrgc. t.'\bles arc used, or there nre a l~rge r.~~~er of nd~itions 
to be cnrried out, -- --~- ·····--· .. --· - 7n~ - •. c --
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SPECIAL CASE OF :1.DDIT:!:OIT OF i:L~.J:IRICEli}"l DIFFETIE:·iT ORDERS· 

IIITROD UCTIOH 

RULE 

EXAliPLE 

It is sonotincs p'>ssibL· +;:, n~.rl together '1!1triccs thnt' o.ro not 
of the sn:lff rmlcr, if, ~.::''. or.ly if, it is possible to retu."'l to 
the dntf\ Hhich gave ris·:, t0 tiEl n·~trix. 

TW•) nntrices which nrc rwt of th<:: sl'.ne or<\er c"tn be nnnod if by 
rct•1rninf, to the dntn t:w ~11trices were <lcriven froo, it becones 
possible to conplete or.o of the '''ltriccs by cnlnrging it to the 
so.no order 1\S the other ~ntrix. 

' 

The production ~ntrix describing the nmiber of T.Vs, nnn Hi Fi's 
produced in En&lan<l, \TE>nt Ger:mny, n::1d It11ly for the first two 
nnys of !'\ ueck is: 

s = 184 
206 

If the production figur&s for Itnly nre not nvnilnblo for the 
thir<i. <1~.y, the produc. tion rm. trix for this day night be 

c* = ~~ 65 
~03 

831 
120j 

Dy the rulc>s of nntrix ~:'.<'.ition, s .. nnd C cry.nnot be nddcdt -They 
f\rc not of the stvw or~or. 

Dut if )TO know there hn<l been a strike, nnd there hnd been rio 
production in Itnly on the third rlny, )IC could conplete the 
production ~ntrix thus 

., c [ 6<; 85· o
0
J. I = 10 ~~ _ 

Now we hnvc natrices of the s~1e order, ~1hich cnn be 

s + c = [
140 
250 

184 
206 

-704 -
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r 65 
228_ + 1203 

85 
120 

f205 
1_358 

added. 

267 1131 
325 228j 

I . 
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SUITABILITY OF H.\TIUCES FOR ADDITIOH 

IilTRODUCTION A point to bear in ninr1. uhen dealing with r-2-triccs fa that it 
nay be possible to add nntriccs, but not be s~t~ble if the 
sun is neP-ningless. 

' 

DEFINITIOn Two natrices are suitable for n<ltli tion if t~!? su!; is ncaningful 
in terns of the dnta fron l·lhich the n!\trices were drnwn. 

L 

ANALOGY When dealing with nunbers we cnn add 2 r_ni 3, but if we hnve 
2 centinetrcs and 3 ninutcs, we cannot nake 5 of anything. 

c 

EXAMJ?LE Two people cnunted the nunbers of pedestrians walking along a 
road in two consecutive hours. They got the. f0llowing results. 

. . . 
Observer A Obser-;er B . 

Nunber of Pedestrinns !i1r~ber of Penc- trinnj:l. 

Children Adults Children i...1ults, 

Male 5 7 Male 10 13 
FEmale 13 ! 16 Ferw.lel 8 TO 

' 

1~1 h 
.. 

The two na trices ~· 5 and 13] aerived fron this 
13 10 

.. 
data could be added to obtain n neaningful result~ 

• 

NON EXA!IPLE Two people counted the n~~bcr of pedestriaas walking along a 
road in two c0nsccutivc hours. Ho'wev-er, t!l~v <lirl not a2'rce 
on the cnteROries to be recorded• 

Observer A Observer D 

~unber of Pedestrians j"),~i'-TIG .. !i~~2r of Pedestrinns 

Children Adults c·~ Children Adults T ?-A vEl. 

I • 
·Mole 5 7 East tO 13 

Fennlc 13 16 West I 8 10 
I 

There would be no point in adding the natrices 

[,~ ,~] [10 13] 
.. 

and '8 10 sir.ce the 

en tegories are different. 

Mnthennticnlly thouP,h it is perfectly p:ss~~le to aM. the 
natriccs to obtain the sun nntrix [15 20] 

21 26 

I I 
- 705 -
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FEEDB;,CK QUESTIONS 

1) Given thnt the production fi,;;u.res for n manufacturing 
company with several factors were ns follows for'Uednesday 
of one 1~eek: 

T.V 
Hi Fi. 

England 

65 
103 

~T.Gemnny 

83 
120 

Italy 

86 
93 

And that the mntrix S, representing theproduction for 
Nonday and Tuesday of th!lt 1·reek, combined, is · 

' 

s = f140 184 1131" 
L25o 2o6 . 228 _ . 

Find the mntrix representing production for the three days 
totalled. 

2) n* = [10 15) 0 0 . 
16 7 

* Find D + E, 

E = 

3) 'fuich of the following mntrices can be ndded? Add those. 

i) [1 ~] nnd 
~. 4 

iii) [1 2 1] 
0 0 0 

" 3 4 2_ 

r1 2 
L4 5 

(ii)[1 3 6J-
2 5 9 

r, o 1] 
nnd LO 1 1 

; fl (iv) [~ ~ ;] and fj :] 
1d. t_?6 

4) In 1~hich of the following situations is it suitable to ndd 
the matrices derived from the data? Add the matrices where 
it is suitable, 

(i) 8- 9 n.m. 9 - 10 a.m. 

··~ ·!:Ut>ler ot Pede .. triens llumber of Pedestriane 

D, (~ E.C. Tlultl Hale Female D,RI!tT•o l1ale Female 

East 5 7 East 10 13 
~Test 13 16 \'Test 8 10 

(ii) ~leans used by people trnvelling to work. 

Car ~us Train root 1 
O.~r.-.~~10 1 
tr:~vc:u ... ~. Car us !Train Foot . 

"'Hale 10 4 7 3 l Ls-s.), r .... ,.,. ?t •. J) 8 3 0 18 
Fe!lale 2 8 6 4 I 3 ,..,:J-.... .-.; ... ovtr 12 6 12 0 
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ANS\IERS 
,_ 

1) 040 184 113 J ~ 65 83 86-

1 
= G05 -267 19tl 250 206 228 + 103 120 93 358 326 ;321 - ' 

2) n* + E = Lg "] ~e ;J= ~~ l] 0 + 6 0 

16 7' ' 12 13 ._28 -
3) The matrices in (ii) can be added, so c~~ the matrices 

in (iii) _ 

(ii) [~ § ~ J + [~ ~ D = [~ ~ ,6 J 
(iii) [i ~ n + [i r ~J = rr· ! n 

4) (i) 11atrices are suitable for addition, (ii) r!a trice a 
unsuitabl11 

(i) = [15 20] ·..; ..... 

21 26 :·' 
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DEFINITION Two matrices are s~id to be eqQ~l if: • 

(i) they nre of the sace order 

(ii) each element of one, is eqQ'll to the corresponding 
element of the other. 

EXAMPLE G 3 51= G 3 n 7 9 ' 7 

NOU EX.Al·IPLE 1 

·V 
1 

u IT 
1 0 "1 is not equnl to 1 

.. 
. 1 1 

since theJ' have different nu!ibers of rows 
different order). 

(they are ot 

NOll EXAMPLE 2 G 3 n is not equnl to I} 5 ~] I 
7 7 

.. 
.. 

because the elements at addresses 1 ,.2 And 1,3 nre not equnl. 

RELll.TED 11APS Order of catrix (7) 
. 

Address in a inntrix ( 10) 

i 

• 
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EQu.\LITY OF HATRICES 'IO T:tBIR ?:t~-I:SPOSES 

IllTRODUCTION As has been ~cntioned e~rlier, the transpose of n matrix is 
obtained by interchnn~n'i ro:·1s nnd colu=s. • 

A= [~ 3 ~] T . 

[LU 4 A = 
. 

Except in· special circumst~nces n.'ltrices are not equal to 
their transposes •. . .· 

DEFINITION ;\ matrix is equal to its transpose if when i ~s ro~1s !l.lld columns 
are transposed the mntrix is unchanged (i.e. an equal·catrix 
results). . . . · 

RULES (i) Unless the n.'ltrix is square its trans;ose will not even 
be of the same order, and thus cannot possibly be equal 

(ii) Only in tl~e special C·'lse of square ~ntricas which nre also 
symrnetric will n ~n trix cque.l its trnns?Ose~ 

EXAllPLE 
G = ti 4 ~] 

GT = 

~ 
4 

~l T· 
2 2 G=G 

. 6 5 5 " . 

'ON EXAMPLE 1 
A 

=n 
3 H AT ':' 

~ :] 4 
. 

.. 

Ab not a square m!ltrix, its transpose is thus not even of; 
the so.me order. 

. . 

NON EXA!·lPLE 2 G 
2 ... eT [~ n c = ,j = 

. 
C is not a s~etric mntrix- it is thus not eq_ual to 
its transpose • . 

RELd.TED MAPS Transpose (17) 
Symmetric l-!ntrices ( 13) 
Eque.l Job. trice a · ( 1 06) 

.. , 

- 'io9 -
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~!ATRIC?]S ADDED TO TaEIR TRAITSPOSES 
·. ; . 

• ..,-

DESCRIPTIO~i l'lhon a rea trix is ~.dded to its own transpose, 1\ symmetric 
ootrix nlwnys results, 

.. 
. 

EXAI1PLE. H = ~ Jj HT = [r !] 
H +HT = ~ ~J 

CO~ll>!ENT This is n P,eneral rule true for the addition of any matrix 
to its own transpose. --. 

RELATED f.!APS Symmetric lfutrices . ( 1}) 

( 17) 
.. 

Transpose 
· . 

• 
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FEEDBACK OUESTIOl!S 

1) t·lhich of the follmdnP, c:1trices nre eq""'ll? 

A =[; 2 ~] B = ~ n c = I; 3 ~l 2 1 . ..... 

D = r~ 
2 n E = g 3 ~] F = GU 3 1 
1 

2} ~lhich of the following is equnl to its transpose? 

0 ~ 1 B =- u 
_,;.-, 

G n A= 1 2 3 c = 1 3 2 .J 2 1 

3) ~lh'-lt t;.rpe of r::ntriT. do you obbin if y:>u add a matrix 
to its tr(lnspose? · ·• 

/d!Sl/ERS: . 
1) C = B, '· B =F. 

2) B is oqunl to its 
.· T 

. tt:mspooc B 

A= u 1 G •'- [i u c = G n CT = u ~] 1 

3) A syCQetric ~~trix. 

- ..,,, 



SUBTRACTION OF nATRICES 

INTRODUCTION Subtraction of ~atriccs is subject to rules similar to those 
controlling addition of matrices. 

• 

DEFINITION The addition of ~~tricos involves subtracting corresponding 
eleoents in the second ootrix froo their counterparts in the 
first matrix, to form the ele~ents of the rcsulting·matrix. 

NOTATION If ~atrix B is to be· subtracted froo matrix A to fom 
matrix C, we write 

' C=A-B -
'. 

"llatrix c equals oo trix A minus oo trix B". 

RULES (i) The matrices oust be of the s!lt:le order. The rcsul t is 
a matrix of the s~me order. · 

(ii) Subtract corresponding elements to produce the eleoont I in the corresponding position in the resulting matrix. 

EJWlPLE 
-

11] 
I AI'PLICATIOl!:- In li wholesale warehouse, A= 20 

35 21 

1 

there arc 3 different sizes of TV sets, 
24 27 both black (\Ild white and colour. At the · 

B =D n 
beginning of one day the stock was . 

Black &: White I Colour 

15" 20 11 I C=A-B 

c =r2o 11

1 

r3 !] 
18" }5 '21 I 

I .J 35 21 - 7 21 11 24 . 27 
24 27 6 

- . - l.. This can be represented by matrix A. 

c = ~7 6] the day the following numbers of sets ~1ore 
28 19 despatched to retailers 
18 19 I Black & White Colour. 

15" 3 5 

18" 7 2 

21" I 6 
I 

8 

This cnn be represented by ~~trix B. The 
stock at the end of the day is then 
represented by catrix C. 

' Black & \'/hi te Col6ttr 

I 15" 17 >6 
. 18" 28 19 

21" 18 ! 19 

NON EXAHI'LE 
[16 181- G-~ is not posnible since the oatrices are 4 4_ . of different order. . 
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NEGATIVE NU!<!BERS - A REVI!ill 

INTRODUCTION 

.APPLICATIO:IS 

HOW TO USE 
NEGATIVE 
NUJ{BERS 

I 

This nap is designed to renind you about neg~tive nunbers. 
If you do not understand this nap, then refer to your 
supervisor. 

Uhen dealing with a quantity that io.ny increase or decrease 
it is often.convenient to refer to the decreases es 
ncgntive increAses 

: 

e.g. If I pay £3 into ny bank·nccount; there is an increase of £3 
If I withdraw £2, then ~he balance decre~ses by ~2. 

or we may say it increases by -£2• 

An increase of £3 followel by a decrease of £3 leaves the· 
balance unchanged. 

. . £3.+ (-£3) = 0 

· In general we can say that when using negative m.1r1bers, you can 
reverse the sign in front· or the negative nu~ber and then use 
the number as a nomal nunber. Thus ·· · 

3 + (-3) 

3 - (-3) 

is the sane as 3 - 3 ,; 0 · 
• 

is the stme as 3 + 3 = +6 

Two mnus nunbers added together give fl ninus Yalue in the sane 
way tht~t two positive nunbers added together !live n positive 
value, Thus 

If you start off with n negative nunber then add a·nunber it 
iR ns though you started belolf zero, thus 

(-3) + 10 = +7 

since you have started below zero, 3 of the + 10 nust be used.· 
to cance_l out the -3, to get to zero,- the re=inder is + 7 • 

• 

. 713 .... 

.. 

. .. 



- 112 -

FEEDilliCK QUESTIONS 

D = 1) c = u7 6J-28 '19 
18 19 

Find natrix E, if E = C - D. 

2) Find where possible: 
' 

(i) ~' n ~ jJ (ii) r , 12 . 1 :; 
6 7 2 -

3) Calculate the following 

(i) 5 + (-:;) 
{ii) (-2) + (-4) 
(iii) (-2) + 7 
(iv) 2 + (-6) .· 

ANS~IERS: 

u -~~ 1~]- u ~l = 
1) E =·C - D = 

18 19 5 . ... 
2) (i) iopossi ble (ii) 

:;) {i) 5 + (-:;) = +2 

(ii) (-2) + (-4) = -6 
(iii) (-2) + 7 = +5 

(iv) 2 + (-6) = -4 

·. - - 714 -

u 6 1] 1 :; 4 
6 2 4 

., 

• 

. ' 

u- u 0 

~ 0 
0 

. • . 

.. 

~5 1~1 25 
13 12 



FEEDBI>CK QUESTIONS ' . 

1) When n record of stock for one iten is ~de there are 
increases nnd dccre~scs as follows: 

Day 11 2 3 4 5 

Incrense:+2 -3 +5 -3 -2 

If initinlly the stock wns 11 itcns, then: * ....... -

After 1 dny stock was 11 + 2 = 13 
After 2 days stock wns 13 + (-:5) = 10 
After 3 days stock wns 10 + 5 = 15 
J,fter 4 days· stack was 
After 5 days stock uas 

Conplete the table. 

2) · (a) Conplete the follouing table (net ir.:re'lse in stock = 
nunber received - nunber despatched) 

Day NU!:lber Nunber Net Increase 
Received Despatched In Stock 

11onday 0 . 7 -7 . 

Tuesday 20 12 -1-8 
Weds. 0 5· . . 

Thurs. 12 17 
Fri•lay 10 

' 
0 

. 

(b) What is the overall incre~se in sto~k in the above 
exru:~ple? 

3) In a warehouse the stock of one itec was 8, first thing 

1) 

on Monrrny norning. If the increases for each dny of that 
week were -5~ +3, -2, +17. -7, find the st-::>ck nt end of · · 
work on Frid11y • 

. 
After 1 day stock wns 11 + 2 =13 
After 2 days stock was 13 + (-3) =10 
After 3 days stock wns 10 + 5 = 15 
After 4 dnys stock wns 15 + ~-3~ = 12 
After 5 days stock wns 12 + -2 = 10 1 

2) · (n) ! Nunber l<unber .~et ~::c=en.se I Day Received Despatched in Stock 
l•londay 0 7 -7 
Tuesday 20 12 -t8 
tlednesdily 0 5 -5 
Thursday 12 17 -5 
Frida:r i 10 0 I +10 

(b) -7 + 8 - 5 - 5 + 10 = +1 Incren.se of 1 

3) 0 + (-5) + 3 + (-2) + 17 + (-7) = 14 

•. - 715 -
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CALCUMTI!IG STOCJ: C!iJ\.!lGES USIHG HATRICES 

INTRODUCTION 

PROCEDURE 
TABLE 

I 

The stock levels of· several itens represented in matrix 
forn can be n~nipulated in the sane way as stock levels 
of single itens. 

G The nntrices representing EX!J!PLE: . 
I stock received, stock 

fg 1i]. V despatched ~nd initial articles 
E stock levels - calculate received: 
lf final stock level. ·-

ntticles 

G*l despatched: 

' ' 
initial n J] stock: 

STEP rROCEDURE EXAHPLE. 
' 

~. 
.!. 

n n 1 Calculate the net 

1~J increase in stock by -
subtrnctinff the . 

' articles despatched 
nn tri:i: fron the 

~~l articles received = t§ I ::.ntrix I 

! -2 -7j 

~ ll.dd the net increase 

~ J] + [-§ -~J nntrix to the 
initial stock -2 -7 
natrix. This gives 
the.nntrix for the 

'[! ~n final stock level. = . 

. 

- - 716 -
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THE SKEI'f SYI·Il-:ETRIC l!ATRIX 

. 
DEFINITION A skew synnetric natrix is n square nntrix in -~~eh only 

the sign of the elenent changes when row end colu:-:n nu-:1bers 
are interchanged. The elenents in the lending diagonal 
nust be zero. 

EXA!1PLE 

[-l 2 -n 0 
-1 

Note thnt: elenent at 1,2 is 2, eleoent at 2,1 is -2 
elenent at 1,3 is -3; elenent a~ ·3,1 is 3 
elenent nt 2,3 is 1, elenent at 3,2 is -1 

NON EXAI1PI.E 

t~ 
2 

-3] ' 
0 . 1 is not n skew synnetric nntrix since the 

-1 -1 elenents in the leading dia~n~l are not 
all O's. 

PROPERTIES \1hen a skew n.~trix is added to its transpose a zero natrix I 
of the sane order results. 

' 

A= t~ 2 -~] • To -2 -i] .o A = 2 0 . 

3 _, 
-3 1 0 

T 

~ 
0 o"1 1. A+.'\= 
0 gj a zero natri% of ori'.er 3 x 3. 
0 

1--

CO M! lENT 01s in n skew nntrix rennin unchanged since -0 = o. 

REL.~TED Mt.PTS Lendin.; Diagonal 

~m Synnetric !1atrices 
Transpose 

• . 
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. 
FEEDBACK QUESTIONS ' 

1) (i) If the ontrix reprcsentinff iteos received bi a 
warehouse is 

-0 0-J 
12 0 

..._24 6 
nnd the nunber despatched. is f"~ 

· L7 
cnlculnte the net incrense in stock. 

(ii) Find the stock at the end of the doy if nt the 
bosinning it wns 

L
-8 . 6]. . 4 10 . 
4 3 .. 

2) Conplete natrix B to nnke it skew synoetric. 

B=[~~:~J'i 
• 0 • 

3) \lhot is the result of 'ld<Ung n skew synnetric mtrix to 
its mm transpose?. 

4) \lhich of the following nre ske'w synnotric? . •. 
·,. 

(iT 4 5J(iil0 1 -2] (iii) ~~ 0 -4 0 -2 -1 .0 -3 
2 -5 0 2 3 0 .. 

ANS\-IERS; 

1) (i)[ 0 ~ I - [~ ~] = 
[-5 -3] . 

12 10 -4 
24 17 1 .... 

(ii) [1 1~l r-5 -3] -u~ ~J ., . 

+ 10 -4 
17 1 21 .· 4 .... -

2) 1:0 3 4] -3 0 0 
.:4 0 0 

3) a zero nntrix of the sllrle order; 

4) (ii) is skew sy~~etric. 
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INTRODUCTION 

llOTATION 

PROCEDURE 
TABLE 

USE 

... 
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• 
Since there is nore than one foro of nntrix '-~ltiplicntion, 
oul tiplicn':ion of n nl'\trix by ono ntL-'"1ber is cnlled 
"oultiplicntion of n nntrlx by n scalar" in orC.er to nnke 
clcnr what forn of ~~trix nultiplicntion we are talking about • 

.. 

If the nn trix 1• ·is to bo nultiplied by 6, wa write 

6A 
. 

this ncnns 6 X A. 

More generally,. if. i1 is n 011 trix, nnd k is 'I nu:1ber (or scalar) 
we write the result of nultiplicntion ns kJol. 

; 

G A nntrix, to be I EXI,l!PLE: 
I nultiplied by n 

I I so 90 50 1 V scalnr A= . 120 
E I 100 120 

N Find 5A I 
I ' 

; . 
PROCEDURE STEP • EXAMPLE 

I 

1 

1 

Uultiply ench 5 x G~o 90 50J elenent in.the 120 100 120 
Mtrix by the 
nur1ber to li X 80 5 :c 9" 5x5('1l produc.,. the "' 5 X 120 5 X 100 5 X 12<:1 elenent in the 
corresponding 
position in the 

=: ~00 450 250] resultant nntrix. 600 500 600 

Suppose.that b80 90 50] represented th!:l production 
20 100 120 

figures for various i tens, on ench day for n week of 5 days. 
Then 5A, or 

~400 450 250] 
would represent the total· 

600 500 600 

production for the week. 
. 

. - 719 -
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TAKII!G A C01ll!OH ELENE!JT FR0!1 A I!ATRIX 

IllTRODUCTIOll 

PROCEDURE 
TABLE 

I 

L 

This procesa is by ~my of being 
a nntrix by a scnlnr. 

G A nntrix, whose eleoents 
I cnn be divided by a 
V cannon factor 
E 
N 

STEP I PROCEDURE 

1 Divide each elenent in 
the initial nntrix by 
the co~on fnct~r to 
produce the corresponding. 
elonent in the resulting. 
nntrix 

2 Uri te <l.own the nunber 
that the resultant 
natrix nust be nultiplied 
by to get back to the 
initial nntrix; (The 
r;unber '-"' the con'lCY" I factor) 

- 720 -

the reverse of" nul tiplying 

EY.Al1PLE: 

b80 90 50J A= 20 100 120 

I 
.. .. 

; 

EXAHPLE .. 

Take the co~~on factor 
10 out of" the above nntrix 

~0 9 12 10 1n 

.. 

. 

. G8 A = 10 X 12 9 5] 
10 . 12 

.. 
. . 
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FEEDBACK QUESTIONS 

1) Hultiply 

[~ ~] (i) 2 X 

(ii) 5 X li 1 .~J 4 

(iii) 
,..... 

3 2 10 X L4 3 
5 6 7 2 
7 10 6 8 -

2) Take a connon fnctor fron 

(i) u ri] (ii) 25 ~l 15 
40 30 . 

. . . . . 

11 ~S'r~rts: 

1) (i)-T~ :J . (ii) ~g -~ 2~1 (iii) r~g ~g ~g ~]-
~~ L7o 100 6o eo 

(ii) 5 X [~ ~!] 
..... 

- 721 -



APPENDIX D·· 

THE "BASG-M" MA.TERIALS U:;>ED IN THE AUTHOR'S EXPERIMENTS 

1. Explanatory Notes 

2. List of Modules and Lessons used in the Stu~y 

3. Lesson 6 of Module I of the BASG-M materials 

4. Lesson 1 of Module VI of the BASG-M materials 

5. Lesson 1 of Module VI: Manuscript of the 

.alternative, information-mapped, version of the lesson. 
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APPENDIX D 

1. EXPLANATORY NOTES 

This appendix lists, and includes examples of, the 

materials developed by the programming team trained and 

supervised by the author·, in the Secretariat of Education 

and Culture of the State of Bahia, Brazil, and later use~ 

by the author in the research described in this study. 

Section 2 of this appendix lists the seven modules 

(composed of 31 lessons) which the author used in his research. 

In all, this material ran to nearly 1200 small booklet pages 

(or "fnames"). }lost of these "frames" require an active 

response from the learner. However, unlike the "Skinnerian" 

style of programme writing, the "frames" of this material 

seldom require single-word, sentence-completion or blank-filling 

responses. Most of the responses require mathematical work, 

often one frame requiring the working of a series of problems' 

which may take the student some time to complete. 

The material was of course produced in the Portuguese 

language. No translation exists. It was felt that for the 

purposes of this study, some sample sections of the material, 

in their original Portuguese version, would serve to illustrate 

the style of the presentation format. 

It should be noted that the BASG-M materials are (or are 

going to be) much more extensive in their coverage. The 

modules used in the experiments were those already printed 

and bound at the time of commencement of the project. At the 

time of writing, the number of completed modules is about double, 

- 723 -



and production o£ further modules continues, 

It should also be noted that the BASG-M mater~als were 

initially conceived for use in the first year of the upper

sec;:ondary level (the "Segundo Grau"l with students o£ about 

15 or 16 years of age, The level o£ language in the modules, 

the style of presentation (occasional cartoonsl and the rate 

of progression was geared to the characteristics o£ 

Brazilian students in this age-group. 

The author has been using the materials with adult 

students as well. These adults, 'in the age range from 18 to 40 

did not differ appreciably in their language skills or 

mathematical abilities from the originally intended target 

population. Indeed, if anything, they were below the cultural 

level of the typical 14-16 year-olds in schools at the present 

time. It was felt therefore that the mat~rials would be 

suitable (though with some reservations as regards the 

occasional cartoons). In practice, very few adverse comments 

were received from the adult groups as regards the style of 

the materials. Indeed, more adverse comments were made by the 

schoolchildren participating in the research, 

However, there were few adverse comments, as compared to 

the favourable ones from either age group. As the questionnaire· 

results reported in appendix E show, the attitudes of the 

participating learners were generally favourable to the 

materials. 

In Section 3 of this appendix, is the 6th lesson of the 

first module of the course. It deals with the "set- of the 

parts of a set", "set of sets", and the "universal set". The 

content is primarily conceptual. Therefore there are not 

many problems to work, but rather questions to answer, sets 
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to form, possible sub-sets of a given set to identify or 

list, formal definitions to learn and state, etc. 

In Section 4 is the first lesson of the 6th Module. 

This deals with common factors. It is part conceptual and 

part the application of this and other previously learnt 

concepts. It therefore includes a higher proportion of 

problems to be worked. 

Incidentally, each lesson has its own post-test which 

can be student-marked, or extracted and administered by the 

teacher. These have not been reproduced in the examples. 
' 

In• 'the last Section 5 of this appendix, the author wishes 
I~ 

to illustrate the process of preparation of the information 

mapping''version of Module VI. He has included a copy of the 

original manuscript and paste-up for the information mapped 

version of Module VI, lesson 1, in order to enable the reader 

to compare this with the linear version of the same lesson. 

The manuscript version has been included to illustrate how 

closely the information mapped version follows the original. 

All the printed parts of this exhibit were cut from a copy 

of the original version. The handwritten words have been 

added. The author has also added, in English, translations 

of some of the paragraph, or "block"- titles, to aid the 

reader in understanding the structure of the information maps. 

Inspection of the two alternative versions shown in 

Sections 4 and 5, will reveal that:-

(a) all the problems and exercises worked by the 

learner in one version, are also included in 

the other version, 
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(bl all the concepts taught in one version are 

also taught in the other, 

(c) some repetition of definitions or facts has 

been eliminated from the information mapped 

version. The student who needs to read a 

definition twice, can refer to it again with 

ease. There is no need to re-print it. 

(d) some extra sentences, mainly instructions, 

summaries and block titles, have been added to 

the information mapped version. These do not 

increase the academic content of the lesson. 

They are all aids to organisation and clari~y 

of the original content • . , 

(e) thus, the amount of reading that a student has 

to perform is about equal in both versions ~ 

they have about the same number of words. 

(f) however, this does not mean that all students 

will read the same amount. The organisation 

of the information mapped version encourages 

the student to select only those parts that 

he needs to read. 

(g) in connection with the latter, one can analyse 

the structure of the two versions as follows: 

linear programme:- 25 frames, in a linear 

sequence. All students are expected to read 

them all, in the sequence in which they are 

presented. If a student feels he needs to 

re-cap, it is difficult for him to find the 

appropriate frame. Finally, the m~terial 
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is very fragmented. No frame presents the 

"whole story" of the concept of "common factors". 

information maps;- 10 pages, which include 

3 pages of feedback questions and 3 pages of 

answers to these questions. Thus all the 

"academic content" is concentrated on four 

pages. These are titled 

1. The concept of "common factor of two 

natural numbers" 

2. Formal definition of "common factor" 

3a.Extension of the concept - common factors 

of 3 or more numbers. 

3b.How to determine the common factors of 

3 or more numbers. 

Thus the student requiring only to refer.to the chapter, 

need only read 4 clearly titled pages. The student making 

reference for revision purposes may not even read all 4. He 

may also pre-test himself on the feedback questions to "discover" 

which pages he needs to read and later "evaluate" his learning. 

Not only have these four pages clear titles, they also 

have a clear structure. 

1. A "concept" map 

2. A "fact" map 

3a,,A combined "fact" . and "concept" map • 

3b,A "procedure" map. 

There are rules and hints for authors on how to write 

any one of these and a number of other "standard" types of 

information map (see Horn, 1974). 

Finally, the author should state that he does not 

consider the information mapped version which was produced 
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as a "model" example of a set of information maps. ·Certain 

desirable components such as an indexed network of the 

concepts taught, cross-references between maps, etc., have 

not been included as it was felt that then the new version 

would depart substantially from the original version. After 

all, one could supplement the linear version by indexes and 

references. The author wished to concentrate on one factor 

only - the layout of the information being communicated. 

(linear or structured). Also, in the re-write, it became 

obvious that the original content could be much improved, 

by choices of other examples of problems, etc. This was not 

done for the same reasons of maintaining equivalence between 

the two versions. 

. . 
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APPENDIX D 

2. LIST OF MODULES AND LESSONS USED IN THE STUDY 

The material used was originally bound as seven volumes 

or modules. However, due to its very large size, Module IV 

was split into two volumes (IVa and IVb) before the 

beginning of the experiment. These modules are only a part 
I 

of the total material being prepared by the BASG-M project. 

The experimental course was divided into 3 sections 

as follows: . 

Section 1: Modules I, II, III. 

Section 2: Modules IVa, IVb, v. 
Section 3: . Modules VI, VII. 

The content of the modules is as follows:-

SECTION I Module I 

Lesson 1 The concept of a "set" 

Lesson 2 Notation used to represent sets 

Lesson 3 Graphical representation. Venn and Carrel.· 

Lesson 4 "Belonging to a set" 

Lesson 5 The parts of a set: its "sub:;sets". 

Lesson 6 "Set of sub-sets". "Universal Set" 
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-.· "J! ... - Module II 

Lesson 1 Union of sets. 

Lesson 2 Intersection of sets 

Lesson 3 Difference of sets 

Module III 

Lesson 1 "Ordered pair".' "Cartesian· product". 

Lesson 2 "Relations" 

Lesson 3 Relations (continued) 

Lesson 4 ,;Functions" 

SECTION 2 Module VIa 

Lesson 1 The ... set -'~N" • 

Lesson 2 Addition in "N". 

Lesson 3 Subtraction in "N". 

Lesson 4 Multiplication in "N". 

Module VIb 

Lesson 5 Powers and Indices 

Lesson 6 "l1ultiples", "Common Hultiples", LCM. 

Lesson 7 "Exact" Division 

Lesson 8 "Inexact" Division. 

Module V 

Lesson 1 "Divisibility" 

Lesson 2 "Prime numbers" 

Lesson 3 "Factorisation" 
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SECTION 3 Module VI 

Lesson 1 

Lesson 2 

Lesson 3 

Lesson 4 

Common £actors 

Highest Common factor lHCFl 

Practical procedure for determining HCF 

Practical procedure for determining LCM 

Module VII 

Lesson 1 "Square root" 

Lesson 2 Operations with powers and roots 

Lesson 3 "Numerical expressions" 
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APPENDIX D 

3. - LESSON 6 OF THE MODULE I OF THE BASG-M MATERIALS' 
I c . 

I , . 

( 6' LICAO) 

(· CONJUNTO DAS PARTES DE UM CONJUNTO . ~· 
·~-·. _-_C_O_NJ_UN_TO_UN_IV_t::R_S_O ______ _____..,/ 

Na licao "Partes de urn Conjunto'' voce estudou a definicao de subco,; 

junto de um conjunto e, a partir da definicao, identificou subconjuntos 

de um conjunto, em varies exercicios, lembra-se? Pois bem, agora va· 

mos determinar os subjconjuntos de um conjunto dado. 0 pr6prio no

me da liciio facilita nosso estudo: Conjunto das Partes de um Conjunto. 

A seguir, estudaremos"CONJUNTO UNIVERSO, que e urn conjunto do 

qual se parte para a formacao de outros conjuntos. 

Boa Sortel 

- 732 -
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128 

.. , .... 

Vamos estudar como determinar TODAS AS PARTES DE UM CON

JUNTO. 

Considere o exemplo B NI r, s J. 

Se indicarmos por X uma parte qualquer do conjunto B , pode ocor

rer o segu inte 

Se r ~enmce a X 

. ~ s pertence a X , entao X 

e~ .. 
s nao pertence a X ; entao X 

X , entao X 

Se r nao pertence a :X: 

e <_ s pertence a 

s nao pertence a 

={ r, s} 

={ r} 

={s L 
=I } 

129 

X , entao X 

Va em frentel 

Podemos resumir as informa<;:oes do quadro acima, fazendo urn esque

ma denominado · "arvore", e que !he dara condi<;:oes para determinar 

facilmente TODAS AS PARTES DE UM CONJUNTO. 

Passe ao quadro seguinte e vera. 

..... , , .... - -· 

733 ·:.. .. 

I. 

· .. ,. .. ---:: 

. . 
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:.·- .,, . 
:1 

.. ···_ . 
• ' • ~. c • 

Ai_nda o mesmo exemplo: B = t"r, s \ 

Considera·se as pergunt~s: 

r pertence a parte X, de B?. 

s pertence a parte X, de B7 

e escreve·se SIM ou NAO conforme o elemento perten9a ou nao ao 

subconjunto X. Assim tern-se: 

~X = { r, s L~_ 
s 

1\t.qo x = { r l 

t:_x- l s } . -
s 

lv4o x = { } ou llJ. 

. Logo, voce pode concluir que as partes de X, do conjunto B, sao: 

\ r, s } { r } {s ! { } ou /0 

·--~---~~--··· , 
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132 

:·.. ., . 
. ·-"~ 

" . 

' ' 

Vamos agora determinar o CONJUNTO DE PARTES do seguinte con· 

junto: 

M =~Jar, bar} 

· Armamos primeiro o esquema denominado "arvore": 

Lembre-se da pergunta: "pertence a X?" 

Jar 

~' 0 
. sYX ={bar} 

bar~ 

1t-1o x =I } ou .0 

Feito isto, voce ja pode dizer que as PARTES DO CONJUNTO M, siio: 

. ' 
NaturaJmerite para voce compJetar o quadro acima, oJhou para extremi· 

· dade~ da direita da "arvore" e viu que as PARTES DO CONJUNTO M, 

siio: {Jar, bar}.{ JarH barH } ou ~ · · . · 

. 

--,_-,...-~ ........ , .... ~~---: .... ~----:!'-·:-·---~ ----:--~ 



. . . ... , _ ....... -····-- - .~ .... ~-

1 33 Lembrando-se que foi vista nos quadros anteriores, complete o esquema 

abaixo e determine todos os subconju,ntos do seguinte conjunto: 

Para facilitar, fa~a a pergunta: pertence a X?· 

Lembre-se: X e uma parte qualquer de S. 

Portanto, os subconjuntos de_§ sao: 

......... ... . 
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TT" ",'., '_ . . , ~ ..... -: .. ~ .. 

/ 

, , 

Agora voce vai determinar as partes do conjunto T = {6. 2. 9}. a partir 

de urn esquema semelhante ao do quadro anterior. 

OBSERVACAO' 

Lernbre-se da pergunta 

"pertence a X? .. 

,', 

Depois que voce completar a arvore. ja e capaz de dizer que os subcon. 

, juntos de T. sac: . 

!6.2.9H_. __ ,_ --,--,---

• 

.... , ----,~----" -"-"- ---'-'--"-----_ .. _- - ........ , .. "----_ .. "~' . 
", ".'" • . , "- 737 -

.--....... 
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135 
A solu~ao do quadro anterior esta logo abaixo. 

Mas, so confira depois de ter feito todo o esfor~o para resolve-la. 

.. 

6 

.. 

Os subconjuntos de T sac: 

. 
{a.2,9}. {s.2}. [s.9J. {aJ. {2,9}. · 
{2}. [9}·{.} ou %. 

. .. -· 
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.. 
., ... 

. Nos quadros anteriores, voce determinou todas ·as partes dos conjuntos: 

M ~{ lar, bar}· 

s={a.6,4l 
T = { 6, 2, 9l 

·. 

Entao podeni responder SIM ou NAO ao que se pede, colocando Sou N 

. nos quadrinhos abaixo •. 

Be subconjunto de B? c:J 
M e subconjunto de M? D . 
se subconjunto deS? D 
T e subconjunto de T? 0 

- 739 -

o conjunto VAZIO e sub-· 

conjunto do: 

conjunto B? 0 
conjunto M? c:J 
conjunto S? c:J 
conjunto T? c:J 

• 

. .. 
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. 

I 
I 

138 

. ' ; 

. ' 

Natutalmente sua resposta foi SIM a todas as perguntas. Logo: 

B c B 

M c M 
e 

s c s 

T c T 

lsto leva voce a concluir que: 

.. 

Oualquer 

conjunto e 
parte de si mesmo 

Ma is uma vez responda: 

· F e subconjunto de F7 

~ c B 

~ c M 

{i5 c s 

~ c T 

0 conjunto VAZIO e 
parte de qualquer 

conjunto 

0 conjunto vazio e subconjunto de F7 

740 -
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...... 

/ . ~ .. 

------ --------------------·-. 

* Resp. Si m, para ambas as perguntas . 

. 

Como todo conjunto e de si _mesmo e tern sempre o 

conjunto ------ como uma de suas partes, entao, para qual-

quer conjunto X , temos: 

(x c x) e(.0'c·x) 

• 

741 ~ 
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* Resp. subconjunto vazio. .. .. 

Aten,:ao para 9s seguintes exemplos: 

A={ 2 l; parte~ de A: { 2 }e{ } .. I 
j•. 

B = { }; partes de B: { } . 

Sendo todo conjunto parte de si mesmo ·e o conjunto vazio parte de 

qualquer conjuhto, conclui·se: '·~ ·- . 
·.·· 

' / "'\ 
. 

I 
A UNICA PARTE UM CONJUNTO 

DO CONJUNTO VAZIO t UNITARIO TEM COMO 
I 

0 PROPRIO CONJUNTO PARTES 0 CONJUNTO ' ' 
\ VAZIO VAZIO E ELE PROPRIO 

\.. / 

141 Agora determine as partes do seguinte conjunto UNITARIO: 

D = ~ 1 ; partes de 0 : __ _ 

.. 



142 

·. 

143 

/ 

'-

• .. 

/ 

* Resp. ~ 1 } 1 \ i 

Neste quadro e no que se segue, daremos mais alguns exemplos de 

conjuntos, para voce determinar suas partes. 
.. ' 

;r ' CONJUNTOS TODAS AS PARTES 

. F = { x; x e capital da Bahia l 1 Salvador}{ 

' 
I'C ={consoante da p~:avra "ai"} I { 

,p={*l { 
./ 

. ·. :. . 

Ainda mais alguns exemplos, para voce determinar o numero de elemen

tos e de subconjuntos existentes em cada urn deles. 

' CONJUNTO N? DE ELEM. N? DE SUBCONJ. 

K = { consoante, da palavra "ai" ~ 1 

•' 

D ~ { 1 l _1_ 2 

B={r.s} 4 
. 

s =la. e. 4} 
./ 

·' . 
7.43 ,. 
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144 Aqui estao as respostas dos quadros anteriores. 

Todas as partes de F: {Salvador} , { } 

Todas as partes de K:{ } 

Todas as partes de P: I * } , { } 
' 

( Conjunto 
. ....., 

N? de elementos N? de ,subconjuntos 

, K ={ consoante da palavra :'ai"} _Q_ 1 

o ={ 1 } ' 1 2 
' 0 

1 

s={r,s} ,' ', _2_ 4 
3 8 s =~a. a. 4l 

~ 

1 45 Voce jil estudou NOTACAO {lic;:ao 2) e deve estar lembrado das varias 

maneiras de se indicar um conjunto. 

' 0 

Considere os conjuntos abaixo: 

Observe que M e: 

A = { x; X e animal ~ 

V = { x; x e animal vertebrado} 

M = { x; x e animal mam ffero} 

subconjunto de V 

e 
subconjunto de A 

~~ ... ~,--,_-·_·-_-_ .. _ .. ____ , ·-------·-
;:~:: .. ~ ..... ·· 

... ~- . ~ 
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. 

147 

.. · .•.. 

. ;J .. 

. i 

. ' 

. 

Diz-se que M e subconjunto de V e que M e subconjunto de A . 

ESCREVE-SE 

/ 
Lt:-SE . 

. M e 0 conjunto dos X pertencentes 

a V , "tal que" x e mam ifero. M ={x EV;xemamifero} 

M =~X E A; X e m am ifero } . M eo conjunto dos x pertencentes 

a A • "tal que" X e mam ifero. 

Consideremos, entao, o conjunto: , r· · 
. . _,.).,./ 

A ={ 1, 2, 3,4, 5, 6, 7, 8, 9 } 

e seus subconjuntos: · 

B = { 3, 6, 9 } 

c ~ { 4,? } . 
D ={1,3,5,7,9} 

•, 

Usando uma notat;ao semelhante a do quadro anterior, podemos diz\)r: 

B = 1 X _§_A; xe multiplo de 3 } 

C =~X_§_ A; X e multiple de 4} 
D =! x_§_A; X e imparl 

"':";-------- ---------. .. ...... ------:-. ..... --·--· . .,,_ ..•.. 

- 745'- -. 
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I' , 

' ' 

Baseado no que acabarnos de estudar, voce ja e capaz de fazer sozinho o 

que se pede: 

Considere o conjunto: 

U = l x; X e rnes do a no } 

Escreva a listagern dos seguintes subconjuntos de U: · 

A = \ x E U; x tern 30 dias f 

B = { ~ E U; x pode ter 28 dias l 
C =[ x E U; x tern 31 dias } 

Responda: 

A =,{ 

B = 

c =. 

J 

' . 

·····~- .... ~,._,. -~-.--····~·~--···~-·-·-·--~ 

746 
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I i~ 

Resp.: A = { setembro, novembro, abril, junho } 

B : { fevereiro ~ · .·· 

C = { janeiro, mar~o, maio, julho, agosto, outubro, dezembro } 

Ate agora, nos estudamos conjunto determinando todas as suas partes. 

Aqui nos veremos que todas as partes de urn conjunto formam um novo 

conjunto, o qual se chama: 

( 
) . 

~' c CONJUNTO DAS PARTES ) 

Passe ao quadro seguinte e veja como e simples. 

~------..,..... ·~----~...._.---····· --· .----------···· . ·----. --~-

- 747 .,. . 
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. ' 

1 50 Ja vimos que existem conjuntos cujos elementos sao tambem conjuntos. 

Agora observe este exemplo: 

SUBCONJUNTOS 

de 

E 

Podemos tambem formar um conju nto cujos elementos sao os subcoil

. juntos de E: 

A este conjunto chamamos conjunto das PARTES DE E.' 

lndicamos este conjunto atraves do sfmbolo: . 

{f( E I que se le: PARTE DE E 

assim: · 

. - 748 -
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• 

.. 

. 

Logo, como ja se afirmou, existem conjuntos cujos element os sao tam

b~m conjuntos e, em particular, conjuntos cujos elementos sao as partes 

de um outro conjunto. Esta no~ao e importante. Vamos repeti-la jun

tos: 

·. 

Existem conjuntos cujos elementos sao tambem 

e, em particular, conjuntos cujos 

sao partes de um outro conjunto. 

Para fixar melhor 0 QUC voce estudou flOS ultimo< auadros. determine 0 

conjunto das partes do conjunto B , sendo: 

Entao, voce podeni determinar o CONJUNTO DAS PARTES bE B,. 

assim 

{f(B) ={ { 1,6l,{-· ,-,-· ,_: .-. ,-,-} 

749 -
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* 

-

. . 

•• 
·+n<~o 

. , 

~B) = { l } . { 3}, \ 1}. (a}. f 3, 1}.!3. a}.\ 1, a },!3} Resp.: 
. . , 

'· 

. 

,. 

Para voce completar: - •, ... - ., 

. . 

Dado o conjuntb S = { consoante da· palavra "que·l 
.. 

o CONJUNTO DAS PARTES DE S 6: · 

~S) ={ s} 

• 

r:-.....,.,.-__ ... __ .,._ ~-:- ,_._ ~--,-....-..,~~--~-~---;:-..,so·---~-·:·-·------:-·-:·-----:-----·--~- ----·· .... --~ -· · ----... ····. ···. 
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* 

' 

; ~ ... 
. ' 

' Leia corn aten~ao antes de fazer o que se pede. 

Considere o conjunto F ~ { 1, 2, 3 } 

Determine o conjunto das partes de F: · 

.. 

Nao se esqu e9a de usar o 

slmbolo. g>l F) 



---·"-·. ···- __ ... ---··· .' ,· i 

155 
Resp.: 

conjunto das partes de F:. 

156 

Exercite um pouco. 

a) Determine o conjunto das partes de V, sendo: 

V = .{ numero par entre 4 e 6 ·} 
' . i-

b) Determine o conjunto das partes de M, sendo: 

.M ~{ bola, bela l 

. ·.:·:.:- .. 
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~ .... ':"1 . . 
~-----
·•. 

. . 

Confira suas respostas: 

\ . 

a) coma V = Ji!} · 

tern-se ·. 

~V)=·~ 

753":. 
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. --·r· 
~--'----

. ' 

C ~ONJUNTO UNIVERSO ) --------

G 

Agora, teremos oportunidade de trabalhar com varies conjuntos ao mes-. 

mo tempo. lsso pede I he parecer complicado, a primeira vista. Mas voci!,. 

mesmo chegara a conclusao de que e simples e interessante, lendo com 

aten91io e seguindo sempre as nossas instru(:(ies. 

Vamos lii? 

·. -·~ ... ,... . . . ···-· . _,. ........ . ... 

754.-
• 
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... 

.. 

Considere os conjuntos: 

A = { 1, 2, 3, 4, 5, 6, 7, 8, 9 } 

.· 8={3.6,9,12,15} 

c = {4. 8, 12, 16 } 

e a expressao: 

"x e numero par" 

Partindo do~ conjuntos A , B e C e considerando a expressao "x . 

e numero par", podemos formar outros cOnjuntos. Por exemplo, o 
conjunto M : 

M ={x .E: A; X e numero par J 

Tambem o conjunto 0: 

D = l X E B; X e numero par } 

. I 

E ainda o conjunto: 

p = t X E C; X e numero par } 

755'..; 
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~' ... .- ..... ,. ____ . - . 
~ •. '-----..,._-

:_ .. , -. 
-

' ...... " ..... -. 
•-.-

-' ' 

\ 

Lcmbre-se que haviamos considerado os conjuntos: 

A = i 1, 2, 3, 4, 5, 6, 7, 8, 9 } _ .. 

B =\3,6,9,12,15} 

c ={4.8,12,16} 

PRESTE ATENCAO, RACIOCII\iE E COMPLETE 

Se M = l X E A; X e numero· par } 

• 

M ={ -·-·-•- } 
Se D .:.{ x E B; .x e numero par } 

o={-· ·-} 
Se p ={X E C; X e numero'par} 

p =~ } --·-·--·-.-

-----'-'· -------------.----- --- .. 

756-'-
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. ' 

* 
Resp.: M = \2. 4, 6, 8 I 

D ={6,12! 
-I · t P - 14, 8, 12, 16 1 

' " 

I,;Oir.o voce pode obser.ar," mesma ex!Jressao "x a numero par", deu 

origem a 3 conjuntos distintos: M , D e p • 

Para formar cada urn desses conjuntos, voce partiu, em cada caso, de 

urn outre conjunto mais geral. 

A esse conjunto mais geral, da·se o nome de CONJUNTO UN I VERSO, 

ou simplesmente UN I VERSO. 

Assiin: 

0 conjunto Universe de M e A 

0 conjunto Universe de 0 e B. 

0 conjunto Universe de p e c 
' ' 

~ 

~--------~--- ------.-------· .. - --···---------·-· 
!' ••• 

..... 757'-
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Veja o mapa do Brasil. Voce vai precisar dele para o proximo exemplo. 

Considere o conjunto: 

B = { Amaz~nas, Para, Minas Gerais, Sergipe, Goias, Mato Grosso, Ba-

hia, S. Paulo 1 · . . · 
Forme um outro conjunto, partindo do conjunto B, considerando 

a expressao: 

"x e estado do Brasil que nao e banhado pelo Oceano Atlantico". 

Aproveite a "dica" e consulte o mapa: 

s =l X E B; X e estado do Brasil que nao e banhado pelo Oceano 

Atlantico". } 

S = \ Amazonas, ----- --·--} 

~----=--:-----:--------·--------~· . ----~----~ -----.. 
~ ... ' 

758 -
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1 65 Sua resposta s6 poderia ter sido: 

166 

----'--
.. 

. .. · 

S ~ ~ Amazonas, Acre, Minas Gerais, Qoi<ls, Mato Grosso ~ 

B eo UNIVERSO de S , 

ou o Conjunto UN I VERSO 

de S 

.Agora, preste atem;:ao para este exemplo, pois ele vai exigir um pouco 

rn•is de raciodnio. 

Observe os conjuntos: 

. A ; { animais vertebrados } 

B ; { animais m am iferos } 

Considere a expressao: · · 

411
X e ave" 

Sejam . D o conjunto determinado no Universe A e, C , no 

Universe B • Tem-se: 

D ~{x E A; x e "-:-l 
c ; {X E B;. X--l 

-..... -·-:---~,.. ------·- . -' -· ---------~ .~ .. · . 

:_· 759· -
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168 

Voce deve ter completado: 

D =txE A; x!avel 

c ={X E 8; X ! ~ l 
lembre-se dos conjuntos universes considerados: 

A ={"animais vertebrados} 

B ={ animais mamiferos \ . 

'• 

REFLExAO QUANTO AO QUE ACABAMOS DE ESTUDAR 

~J A 
1 SAS¥~ determina.yao dos conjuntos 0 e C por listagem · (enunciando 

seus elementos) nao seria conveniente. Veja porque: . 

~----. -~-. --······: 

Em rela9ao ao conjunto D , voce teria grande numero de elementos, . 
pois toda ~ve e vertebrado. 

Ouanto ao conjunto C , voce sabe que nao ha nenhuma ave que seja 

mamifero. logo, o conjunto C e urn conjunto vazio •. 

·--··· ....• .. ··--···-· --.,--·· - ···--· ··------ .•... - . 

760 -
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.t .. 

• l"·• 
_;. 

Leia corn atencao e completa: 

Sendo A = {X E U; X e palavra dissilaba \ 

Determine as listagens ·de A , considerando 3 conjuntos 

universos diferent.:s 

a) U = \ tres, dado, balanca, bola } 

~) V = { Joao, Ricardo, Pedro, Carlos \ . 
--

c) X ={ palavra que nomeia estacao do ano} 

a) A.= 

. b) A= 

c) A= 

.,., 761 0::0· 
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170 Resp.: 

... 

171 

-·~·-· ............. , .. . 

/a) A = j dado, bola! 

. 

b) A ~! Joao, Pedro, Carlos J 1 

\... cl A = { verao ! 

Adiante, voce encontranl uma serie de exercicios, que lhe ajudarao 

bastante a fixar melhor todas as informa~oes estudadas nesta li~ao. 

Concentre-se e responda cuidadosamente cada questao. 

Boa sorte 

. . 

~---~---r···- ·--------- .. ---·····--·- -------- 762 ,,,..., ... 
···~ ; . ' 

. ' 
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Exerc fcios de revisiio 

1 - Represente de 4 rnaneiras diferentes: 

I) A, conjunto dos algarisrnos romanos 

Ill B, conjunto das cores da bandeira do estado da Bahia 

Ill) C, conjunto dos nornes dos continentes. 

2 - Assinale corn X, quais das afirmar;:oes abaixo sao corretas: 

.. 

a) Os elementos tie urn conjunto sao representados por pontris, 

escritos sobre a linha do diagrarna. 

( . ) b) Os elementos de urn conjunto sao representados por pantos na 

parte exterior do diagrarna. 

) cl Os elementos de urn conjunto sao representados por pontos no 

interior do diagrama. 

l d) Os elementos que nao pertencern ao conjunto sao representa

dos por pantos, escritos no interior do diagrarna. 

3- Determine os seguintes conjuntos, sob a forma de listagern: 

A = nornes de estados do Brasil cuja sigla tern a tetra A l . ( . s 
B = { emissoras de TV de Salvador} 

C = ~ P; P e pais da America do Sui de area rnaior que o Brasil l 

-·-···· _·....:._:_·-.·-'· _-_ ---·---··-·- ·-- ..• ·---· 
• 

·- 763 
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E 

4 - Complete as lacunas abaixo de maneira adequada, usando uma das 

segu i ntes expressoes: esta contido, l:ontem. 

al !s. 1! ........ .. A 

b) B........... {lJ 

cl { 6, B } o •••••• o •• { S } 

d) ! 1. 4 1 ..... 0 • 0 0 { 1. 2. 3. 4 } 

5 - Considerando o conjunto E (no gratico abaixo), colocar sabre o 

tra~;:o o sinal adequado escolhido qentre: 

E.~.c.ct. . 

. o 

.f .a. 

1l a A VI) {lJ A 

Ill a E VII) f f I {m, p} 
Ill) {a} A VIII) e A 

IV) { a} E IX) {p,t,o}_e 

V) { b} A X) {m, e, d} -{m. a} 

• _ _;,.. _____ .____ - ........... ~· --. 

764 
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6 - Escreva os conjuntos abaixo por meio de uma propriedade corac· 

teristica de seus elementos. 

a) _ \ janeiro \ 

b) ! Salvador, llheus, Alagoinhas, Feira de Santana } · 

c) ! Brasilia \ 

7 - Utilizando o diagrama de Venn, representar os seguintes conjun· 

tos: 

a) A = \7, 9, 0 } 

b) B ={ 1, 2, ~.4~ 

8 - Sendo A = ~ x E U; x e palavra que se ;nicia corn a letra A} 

determine a listagem de A, sendo o universo: 

a) U = ! estados do Brasil } · 

b) U = { sentidos } 

c) U = ! meses do ano } 

9 - Se~d~ A = { x E U; se consoante da pa;avra paciencia l 
determine a listagem de A, sendo o universe: 

a) U =! a, b, c, d, e, f, g; h I 
U ;, { i, j, I, m, n, o, p } 

U ={ q, r, s, t, u, v, x, z I 

·-·····-·'"'' ---··. ·- ····-----· . "' 7 6 5 ·~;.- .... 

.. 
. . '·.···. 
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175 Respostas: 

1 -a) A = ~ I, V, X, L, C, D, M } 

A = ! x; x e algarismo romano } 

A = ! a, b, c, d, e, f, g ·} 

A = ! algarismos romanos } 

b) B = ! azul, ve•melho, branco } 
B = 1 v, a, b } 

', 

B = { x; X e cor da bandeira do Estado da Bahi~ } 

B = { a, b, c } 

cl c = ! Asia, Africa, Ame~ica } 

c = { a, b, c, d } 

c = r X; X e nome de continente l 
c = { nomes dos continente~ } 

2- (X) C 

• 

.,,.. __ 
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~ • .' f 

3 - A = { Amazonas! Para, Maranhao, Alagoas, 

Ba h ia, Acre } 

B = { Aratu; ttapoii J 
c = { l . 

4 - a l esta contido 

b) cont~m 

cl contem 

d) esta contido. 

5- I) a ~ A 

--

VI) zc A 

11) a E E VII) { t} et {m, P} 
·{a}~ Ill) A VIII) .e E A 

IV) {a} c E IX) { p, f, 0} 
V) { b} c A X) { n, e, d} 

6 -a)\ x;xeonomedo1?mesdoano ·\ · · 

7-

b) \ x; x e nome de cidade do estado da Bahia \ 

cl \ x; x e capital do Brasil \ . 

.1 

~---.-···-·-· 

c E 

:::> { m,d} 

.2 

.4 

...... :...-. 
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• 

8 - A1 = {Ama,onas, Alagoa>, "'ere \ 

A2 = {audi~o} . 

_ A3 " ! abril, agosto } 

9 - a) { a, c, e } 

b) { I, n, p } 

elf l· 

I 

.,...,..------~,.------~.,_... .......... ,,,.,_ .. .,,_.,,_-. 768---·- •· .. .. ··.-- . - . 

• 
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BASG 

Parabens, chegamos ao final do 1? m6dulo onde estudamos os seguintes 

assuntos: 

Nocao de conjunto 

Notacao 

Representacao grafica 

Pertinentia 

Partes de urn conjunto ou subconjunto 

Conjunto das partes de urn conjunto e conjunto universe. 

Continue corn o mesmo entusiasmo nos m6dulos que se seguem e voce 

vera come e born e agradavel estudar Matematica. 

Adiante por favor! 

' 
-~~----~------- -· 
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APPENDIX D.· 

4. - LESSON 1 OF MODULE Vl Of THE BASG-~ 

HATERIAL. :< 

THE ORIGINAL LINEAR PROGRAMME VERSION 
• 

·' .-•: ..... 
. , 

.,., . 
... . 
-~-~-. ~ 

nlV[SORES COMUNS ENTRE DOIS OU MAIS NUMEROS ..•. 

'•' 

.. ·. 
'. 

/ 

Uma nova licaol 

.J··· ~ • 

... · 
•• 

--~ .. .' .... 
' 

. :.-

3A SG 

·,. , 

. , ___ 

, 

0 que. apresentaremos aqui sera bastante simples, para voce que ja 

estudou como determinar os divisores de um numero natural qualquer. 

Com facilidade voce determinanl tambem o conjunto dos di~isores 

comuns de do is, tres ou mais numeros natura is. 

- 770-

) 
;: 

,, 

\ __ 

. I 



1 

2 

Temos os numeros l30I e IJ]]. Que faremos oara determinar os 

numeros natura is que sao divisores comuns ae ambos? 

Primeiro, considere os conjuntos: 

(divisores de 30) e (divisores de 18) 

D(30) = { 1, 2, 3, 5, 6, 10, 15,30 J 

D(18) = { 1, 2, 3, 6, 9, 18 } 

;.- . 
Agora responda: 9uais os elementos comuns aos do is conjuntosr • 

* Resp.: _!. ~. ~. 6 

. ·. 

,· 

elementos comuns aos 

conjuntos: 0(30) e D(18) 

DIVISORES COMUNS 

DE. 

e 

- 771 -
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4 

5 

. ' 

. 

I 

Resp.: 30 e 18 

Um numero natural X sera DIVISOR COMUM de ·30 e 18 

se x pertence a intersecao entre 0(30) e 0(18) 

I INDICA·SE> X E [ 0(30) n 0(18)] 

Tendo identificado os elementos comuns aos conjuntos 

0(30) e 0(18) voce pode determinar o conjunto dos OIVISORES 

COMUNS de 30 e 18: 

o1301 n o118l "'{ ·-·-,_ ,_ } 

. ·., . . 

* Resp.: 0(30) n 0(18) = J, .?. ~. §. . 
• 

lndica-se o conjunto dos OIVISORES COMUNS de 30 e 18 por 0(30, 18L 

e escreve-se: ·. 

( 0(30,18) = 0(30) n 0(18) •. } 
.. 

- 772 -
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6 
Atraves do diagrama podemos o.bservar melhor: 

! ' • 

0(30) 0(30, 18) 

0(18) 

N 

A parte hachurada no diagrama, representa o conjunto dos naturais que 

nao sao OIVISORES de 30 nem de 18. 

/ 

• 

\ . 



7 

Voce agora ja e capaz de determinar o conjunto dos DIVISORES 

COMUNSde: 

Complete os espacos: 

0(24) ~{ 1.-.-.-.-,-.• -.-1. 
0(32) ={-· ,-.-i-_.-.-} 

0(24,3'2) ={-,-·,-·-} 
D(Q) = { 

0(9) = [ 

O(o, 91 = { 

0(7) ={ 

0(6) = [ 

0(6, 7) = I 

- 774 -
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Configura os seus resultados: 

@ 
"'!"" 

0(24) ={ 1, 2, 3, 4, 6, 8, 12, 241 
I I I I Logo: 
I I . I I 

0(24, 32) 
0(32) = { 

... ~ J. ' } 
1, 2, 4, 8, 16,32 

= { 1, 2, 4, 8 } 

@ 
D(O) 

D (9) 

@6(6) 

0(7) 

= l 1; 2, 3, 0 0 0 0 0 20, 0 0 0 } 
D(Q, 91 =. { 1, 3, 9 } I I 

I I 

= ~ 
~ L } 1, 3, 9 

= { 1 } 
= { 1, 2, 3, 6 } 

0(6, 7) 

I 
I 

= { ~. 7} 

Se dissermos para voce: 

"um numero natural x pe~ence a inters~ao entre,0(24) e 0(32( 

Coma voce faz esta indica~ao? 

-[ J 
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10 

. 

1 1 

¥ Resp.: X E [ D(24) n D(23)] 

.. 

Atraves dos exercicios anteriores, voce determinou apenas, os divisores 

comuns de alguns pares de numeros naturais. 

. 
Agora, veremos a definicao dos divisores comuns de do is numeros 

natura is quaisquer • 
.. 

Passe ao quadro seguinte. 

Dados 

dois numeros natura is quaisquer a e b, urn deles pelo menos, 

diferente de zero, diz-se 

DIVISOR COMUM de a e b 

urn numero 

X E N tal que 

X E D(a) e·x E D(b) 

isto significa que 

X E [ D(a) n D(b)) 

I ndica-se por: 

D (a, b) o conjunto dos DIVISORES COMUNS de a e b 

Escreve-se: 

( D (a, b) = D(a) n D(b) 

- 776 -
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12 

13 

. 

Para fixar a defini9ao do quadro anterior, vamos repet(-la. 

Ajude-nos, completando. 

Dados do is numeros natura is quaisquer a e b, um deles pelo menos 

diferente de zero, 

diz-se DIVISOR COMUM de a e b, um nu~ero x . -? N, tal que; 

x E D( ? ) e x E D( ? ) isto significa que 

x E [ D(a) _'?.:...• -D(b)) 

' 

. . 

* Resp. e. 
.. . '?la): D(b): n , ',. .. . - ., 

'. -· .. 
" 

? 
Ainda considerando D(a) e D(b)• indica-se por D(_;: _ _) o conjunto 

dosDIVISORES COMUNS de a e b e escreve-se 

1-
D( ll ? I • ) = • , 

• 
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u I * Resp. · 

1 
- -

1 , D(~,.QF D(_<!, b) = D(a) n D(b) 

15 

-·· 
. 

-

EX ER C fC I 0 S: 

I - Entre os conjuntos seguintes apenas um eo ~onjunto D(3, 6) 

·Marque X ao lado direito da indicacao do conjunto correspon

dente a D(3, 6) 

1 \ 1;2. 31P I f1.3l p 
111,2,6\p' 

. 11 -Complete usando os sinais E e .t 

a) 7 _D(7,5) 

b) 9 _D(18, 27). 

c) 10 __ D(20,'150) 

d) 5 _D(35, 15) 

Ill - Dado ·co·~j<~nto de divisores de do is numeros, identificar a listagem 

dos elementos dos conjuntos dados: 

D (3, 7) 

D (8, 6) 

D (5, 7) 

D (3, 4) 

0(15,30) 

D (7, 5) 

D (4, 3) 

• 
D (30, 15) 
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16 

' 

,. 
' 

17 

! 
' ' 
' i 

(1}-~· 
( 11}- a) if: b) E c) E d) E 

. ( 111}-

•. 

"'.'":., .. "'·· 

. . 

Voce deve ter notado, que ate agora s6 determin,amos. os divisores 

comuns de dais numeros natura is. Agora, vamos determinar os divisores 

comuns de tn)s ou mais numeros natura is •. 

e 12 se: 

Veja coma se precede: 

Dados os numeros natura is 3, 6, 12 determinam·se os conjuntos: 

D(3) = ~ 1, 3 } 

D(6) = { 1, 2, 3, 6} .· 

0(12) .= { 1, 2, 3, 4, 6, 12} 

Diz·se que um numero natural x e DIVISOR CO MUM de 3, 6 

D(3) 

X E ~0(6) 
0(12) 

·isto significa que: 

x E [ D(3) (') D(6) (') D(12l] I ou que x e [ Dt3, 6! n o1121] I 



18 

19 

Ainda esfamos falando sabre o conjunto dos DIVISORES COMUNS de . 

3, 6 e 12 

I nd ica-se par: Escreve-se: 

I D(3, 6, 121 I D(3, 6,12l = D(3, 6l n D(12l · 

o conjunto dos ~ como D(3, 6) = { 1, 3 } 

d
.. . 
lVI sores comuns tern-se 

de 3, 6 e 12 D(3, 6, 12) = { 1, 3 f () D(12) 

e finalmente: 

10(3.6,12) ={ 1,31 

.. 

Siga o nosso raciocinio e determine os DIVISORES COMUNS de 6, 8, 

16. 

V a completando convenientemente: 

lndicando-se par X urn nu· 
mere natural divisor cornu m • 

de 6, 8, 16 

lsto significa que: 

COMPLETE x E [o(6l n D( l- D( 1JI ou x E [o(6, 81 _ D(_)] 
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20 

* 
Resp.: 

~0(6) 
X E D(8) I x E [o 161 n o181 .c!_ o1161] I I x E [D(a, 8l ~ D(16l] I 

D(16) · 

Determine os conjuntos: 

D(6) = { } 

D(b) = { J 
D(16) ~{ ~ .. 

D(6,8) = f } 

t . 

~ 78]. .. 
. · 
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21 

- - ... ---·---·--- -· --·· ·-···---·--

~ --· ___ .___ 

.. 

Resp.: .. • { .!. 1. ~.~ } D(6) = 

D(8l = { !.1. _1,.§. } 

0(16) = { !.l . .1.§, 16 l 
~(6.8)= { !.1. } 

Voce conferiu suas respostas? Otimo! 

Uma vez que voce ja determinou os conjuntos 0(6, 8) e o(16), fica 

mais facil determinar o CONJUNTO DE DIVISORES COMUNS de 6, 8, 

16. 

S6 para lhe ajudar, daremos algumas "dicas" e voce deve completar 

quando se fizer necessario. 

D(6, 8, 16l = [ D(6, 8l n D(16l] 

ou 

0(6,8,16) =! 

Final mente: 

0(6, 8, 16) = { __ } 

" 782 " 
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22 

* Resp.: [0!6,8,16) = ! 1, 2! n o(,6l I; D(6 8 6l 
. ' ' 1 

Revistando o que foi estudado ate agora. Dados tres numeros 

natura is a, b, c e os conjuntos: 

c 

D(c) 

Diz-se que: 

-- ----um numero natural x ---
\ 

\divisor comum de a, b, c se X E D(a, b) n D(c) 

ESCREVE-SE 

D(a, b, c) = D(a, b) n. D(c) 

INDICA-SE. 

D( b ) o conjunto a, , c 

dos divisores comuns 

de a, b, c 
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I 
I 
\ 
i 23 

24 
Considere os conjuntos: 

D(6) = { 1' 2, 3, 6 } 

A definil;:ao que 

foi dada para o conjunto dos 

divisores comuns de trl!s 

numeros natura is se aplica 

para mais de trl!s. 

D(24) = i 1. 2. 3. 4. 6. 8. 12. 24. J 

D(15) = { 1' 3, 5, 15 } 
D(18) = { 1' 2, 3, 6, 9, 18 } ' . 

E determine: a conjunto dos DIVISORES COMUNS de 6, 24, 15 e 18 

b(6, 24, 15, 18) = { 

• 
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25 

,. 

Confira sua resposta, acompanhando o nosso raciocfnio: 

o(6, 24, 15, 18l = [ o(6, 24l n o(15l J n o(18l 

como 0(6, 24) = { 1, 2, 3, 6 } 

tern-se: 

0(6, 24, 15, 18) = D 1, 2, 3, 6} n o(15l] n o(18l 

ou. 

o(6,24, 15, 18) = { 1,3 }. n o(18l 

e finalmente: 

0(6, 24, 15, 18) = { 1, 3 } 

• 
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APPENDIX D 

5. LESSON 1 OF MODULE VI OF THE BASG-M MATERIALS. 

COPY OF !1ANUSCRIPT FOR THE ALTERNATIVE, INFORMATION" 

MAPPED VERSION OF THIS LESSON. 

The reader may compare this version with the linear 

programme version shown in the previous section of this 

appendix, in conjunction with the explanatory notes in 

Section 1 of the appendix. 

~ - . 
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0 C 0 /o1f1 v' 11-t rl 1 
f I 

COMUM de ·30 e 18 
-

se X pertence a intersegao entre 0(30) e 0(18) 

. -I INOICA·SE>. x E ( 0(30) () D(18)) 

Temos os numeros l3oj e [1lli. Que faremos oara determinar os 

numeros naturais que sao divisores comuns ae ambos? 

· ... 

i' 
• . i 

lndica-se o conjunto dos OIVI50RES COMUNS de 30 e 18 par 0(30, 18) 
I 

e escreve-se: 

( D(30,18l = o13ol n o118! ) ·. 

Atraves do diagrama podemos o.bservar melhor: 

0(30} .0(30, 18) 

.. 

0(18) . 

N 

' 

A parte hachurada no diagrama, representa o conjunto dos naturilis que 

nao sao OIVISORES de 30 nem de 18. 

- 787 -
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i. 
·I 

I 
i 

• 
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! 
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i. 

I 
! 
i ,. 
I 

"i 
! 

i 

I. 
1. 
! 

' I 
!· 
' I 
\ 
I 

l 

j_ 

Voce agora ja e capaz de determinar o conjunto dos DIVISORES 

COMUNS de: 

-~ .. cb . 
Complete os espar;:os: . 

D(24) ={ 1 . ·... . . . I .-,-- ,__._·,--,-·-·-·. 
• 

D(32) ={-,-·...:.._,_· .. -. ·-} 

0(24,32) ~{-·· .-·· .. -:-J 
. D(ol =J 

· .. [ .· 

.. 

D(g) . ' ' 

D(o, 9l ={ 
,. 

D(7) ={ 
D(6) =t 

D(a, 71 = I 

Se dissermos para voce: 
. . · .. · .. '· . 

(. 

"um numero natural x per~ence a inters~ao entre,D(24) e 0(32!" 

Coma voce faz esta indica~ao7 

-[· J 
- "700 -

Ex 



I 
a.' . • l 

I 

.f 
I 

I 
. I 

! 
I : 
! 

: 

0(24) =.{ 1. 2. 3. 4. 6. 8. 12 24 I 
I I I 1 

1 

I· I I I· . 
;,..j./.1' 

0 !32) = l 1, 2. 4, 8, 16, 32 '} 

.. ~~~~~~·~.;:.,,~"'--. 

Logo: · 

0 !24, 32) = f ~. 2, 4, 8 } 

, .. ~-- ... ,_,. __ ; .•. 
. • .. 

D(O) = ~ 1;2, 3, ...•. 2o -}-- _, ..... . 
_l_._l .. _, ••• · · t '/ · · · . · O(o. 9_l- =. { 1, 3, 9 } · 

0(9) = ~ 1~;.9} . - ~--'·"' ···- .. 

0(6, 7) = { 1 } 
... -- --- --

0(6) ;, {-1. 2. 3. 6 c-.;:-:-,:---
- t . s 

0(7L = { ~~ 7 r . •. 
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. . (._ 
; l~Sl d C\.(p:v 

(~tj(t(v,tT/,)1< 

' 

tv' crCi.e~ 
( lo<o i»TM'. 

(.__ ---------------· --~---

C.O'M V /'A I I 

. Atraves dos exercicios anteriores, voce determinou apenas, os divisores 

comuns de alguns pares de numeros naturais. 

Agora, veremos a definic;ao dos . divisores comuns de dois numeros 

natura is quaisquer. 
. )'. . . : ... 

.. 

Dados 

do is numeros natura is quaisquer a e b 1 um deles pelo menos,. 

diferente de zero, diz-se · 

I ndica·se por: .· 

DIVISOR COMUM de a e b 

· urn numero 

x . E N tal.que • 

x G D(a) e x E D(b) 

isto signif.ica ql!e 

x E [ D(a) n D(b)) 

• 

D (a, b) o conjunto dos DIVISORES COMUNS de a e b 

Escreve-se: 

( D (a, b) = D(a) n D(b)) 

L • 

.• . 

.,. _.7_90_ ~--------·----- ··----·---·---·- . --· -·-· 
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1 
'1)- Entre os conjuntos seguintes apenas um eo conjunto D(3, 6) 
\ ' . . . 

· Marqu~ X ao lado direito da indica9ao do conjunto correspon· 

dente a D (3, 6) 

1 \ 1.2.3\P 

! (11)- Complete usando os sinais E e -~ 

. . . 

a) 7 _: __ D(7; 5) · 

b) 9 _0(18, 27) .· 

c)10_· _0(20.'150) 

d) 5_0(35, 15) 

· .. :. 

.. 

{111;- Dadc. ·conju~to de divisores de dois 

numeros, identificar a listagem 

dos elementos dos conjuntos dados: 

Ajude-no2.__corrr@etando. 
~ . --- ·- - =z 

' . 

D (3, 7) 

D (8, 6) 

D (5, 7) 

D .(;3, 4) . 

D (15, 30) 

. D (7, 5) 

. D (30, 15) 

.. · 
, . 

.. ·, 

i 

I 
{I) 

Dad os do is numeros natura is quaisquer a e b, urn deles pe!o menos 

diferente de zero, 
I 

I 
I 

um nuniero X --N, tal qu'e; diz.se DIVISOR ·coMUM de a e b, 

x E D( . 1 e x E · D( 1 isto significa que 
. . 

x E [D(a)---D(b)] 

Q f) Ainda considerando D(a) e D(b)· indica-se por Dt_ •. ..:..l o conjunto 
. . 

dos DIVISORES COMUNS de a e b e escreve-se 

I 
I 
I G= - 791 - . L.::=-_1_ --. ·---~ 

' 



I 
1 

.. 

! . 

I . , 
I 

. ' 

l
j . 

I 
! 
; .· 

(')-~· •' ·· . 

(u}- a) ~ b) E cl E 

(11~ a 

. . ' . . 

. . ' -. 

·""" . . ~. . - '.: ' .. 

(1) . . ' . 

. ,,., ... 
. ' . J" . . '.' 

... 
. ··. ·_. --- . . -.. : --.. ·- ..... . 

. · ... 

(u). ·.···•···.·· .. - --.--• 

\ D(~ • .2F I D(a, b) = D(a) n D(b) I. 
~- -~-

( ___ _ 
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E"F,~I ~:A-D 1. 
( pCFt~V•li•·~ 

c-y~ e-ri c 
I 

( (VO fltTt~) 

.>oE 1J.. P ,!.. o 
(EX A-MI•,~ 

. . . . . . 

Diz-se que: 
_...

~-

:tit F' hi' c•.A D 

urn numero natural x ._--
\ 

. divisor cornu m de a, b,. c se X E D(a, b) n D(c~ 
\ 

ESCREVE-SE 

I> D(a, b, c) = D(a, b) . n D(c} 

INDICA·SE 

D(a, b, c) o conjunto 

dos divisores comuns 

de a, b, .c ·. 

. Oiz·se que urn ~umero natural x e DIVISOR CO MUM de 3, 6 

e 12 se: 

> • 

·isto significa que: . 

. ·· . . • 0(3) . 

X E ~ 0(6) 

• > 0(12) 

• 

X E [ 0(3) n 0(6) n 0(121]1 ou que x E [ or3, s1 n o0 21] I 
.----'------,··1· .. 

lndica-se por: 

1 0(3. 6. 121 1 

o conjunto dos I 
divisores comuns :. 

de 3, 6 e 12 
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.._ .... · e&vvvO .. &t-~(1/ltt'L ~-ctlf.-~·MU;J, e-.~<~». ~tiL-t ~>4_:1j~ 

" "' -~- _, evrO I J.. \fi.:QCl)vll V • d d ' ' d . d'. 
11, ,

1 
oce eve ter nota o, que ate agora so etermmamos os 1V1sores 

~.~~~~- . . cornuns de do is nurneros naturais. Agora, varnos deterrninar os divisores 

cornuns de tres ou rnais nurneros natura is. 
~- -· - . ...,._. -····---¥··· .···· ··--·---····-···"''" ~-

f M te.cU ~·ctV\t ;...: ....:..P.;;fi..;S..;S_:o:;,.;5~-------+--E,;;..-_x_E_fi.,_;~..;..P_;;L~D~----
<f.t. d c.tMiU) '.j· . I 

. I 

3 

~ 

DITDo I]Es f'/i.JJ.Icnos t'/nrufl~i5: 

DETEfi M I f/Fll\. 05 

eorv :ruji!To~ o o.s 
[)I V t SOil cS . 

J)ETERNif-1~({. R 

/NTEA 5 E {ii o DE: 
C(UifLt(VI?R DOIS 

DESSEs e.oNJUNios 

DETERMitJfl~ fl ttiTeRSE''fHD 

ENTftE o CD('J rvriTo 
PETc~MilllflDD EM Pf15So ~ 
£ 0 'ic/iC[IAo CotJ trL.itiTO 
DOS DtvrsoRE5 

·········-··~~ .... 

Dados os nurneros naturais 3, 6, 
deterrninarn-se os conjuntos: 

D(3) = ~ 1, 3 } 

D(6) = f ~· 2, 3, 6} 

D(12) .= { ~. 2, 3. 4, 6, 12} 

Dt3, 6; 121. = o(3, 6l n oo2J 

corn~ 0(3, 6) = l1.,3} 
tern-se • 

D(3,6,12) ={1,3r n· 0(12) 

e finalrnente: 

I I Dt3: 6, 12) = { 1, 3 \ I 

. A definic;ao que · 

LOG-o: 
PI1S5o 3 PoD£ s El\ 

ij EPcTI Do Plffl R U f\1 
C{lli11\To 1 [(VitvTo} cT~1 

.. 0~ I! JY J!"f 0. - . . . ·- .. 
- 794 -

foi dada para o conjunto dos 

divisores cornuns de tres 

numeros natura is se aplica 

para rnais ~e trh 

Et<EMPt..O~ 

t r 

' i 
l 

I 
t 

D (~ ~ l!l-,8) = D(~6,t'-) [) D 

C~~o D8. = [I;_~/ ~ 1 8 J 
[) ( 3, 6, /fJ-, 8) .:::. { .J "; .. ·. 



i 
I 

' . ' 
l . 

I 

.. ,· 

. i 
i 
! 

' ' 

' I . ~ . 
' 
i 
i r 

Ext:: !Gc ic:..t os . Ex: 
. . 

V a completando convenientemente: 

. /-be l. 

<om~ xE~ _._._·_ 

lndicando-se par X . um nU· . 
' . 

mero natural divisor comum • 

de6, 8,16 

lsto significa que: ·. , .. 

X E[D(6) n 0(_)-D(_JJI ou I xE [0(6, 8)-· o(~_)] 

Determine os conjuntds: . 

0(6) =r· __ } 
D(el = { ·--- } 

D (16} , r __ .;__ __ ..,..-_··I : · 

0(6~ 8}= f } 
.. ---.-- ·- -- --

0(6,8, 16) =I } 

. Considere os conju nto,s: · 

i 
! 

I 
' ! 

0(6) = { 1, ~.3!6 }. 

0(24) = f 1,2,3,4,6,8,12,24!. 

• 

I o115). = { 1,3,5, 15} 

I 

! 0(18)={1.2,3,6,9,18} 

, E determine: o conjunto dos OIVISORES COMUNS de 6, 24, 15 e 18 

0(6, 24, 15, 18) = {. 
' . 
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'i 
/Zc..s- fo.ST4S- EKe f<_c;. i C../ o 8 

1. 

2 .• 
' 

' 

o181 = f 1.1 . .1. 8 } : 
' .. !•. 

0(16) = { }.£. _1. ~. 16 L .. . ' 

0(6.8)= { !.1.} .· 
... 

:I o 16, 8,16! = { 1. 2 l . n o(16l I:· o,6, 8, 161 

Confira sua resposta, acompanhando o nosso raciocinio: 

D(6, 24, 15, 181 ;,. [o(6, 24i n ol15l J n ol18l · 

como 0 (6, 24) = { 1.~.3,6} 

tem-se: .. ·.• 

0(6, 24, 15, 18) = D 1, 2, 3, 6,} n o081 

ou. 

0(6, 24, 15, 18) () 0(18) . 

e finalmente: 

0(6, 24, 15, 18) 

- 7Qf> -
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APPENDIX E 

DATA FROM EXPERIMENTS ~ 

\ 
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Student 
?.ef.No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

GROUP ".1\" N = 30 

. 

R E S U L T S ~·.,.--·--! .1--:--Tri--:N:-·E-· -r--(-::-H_O"U_R-:-S-)..----l---'--
Pre- Test Test I Post Nod H:xl l'!od I t-:od 
test (I~III) (IV-V) Test I. II III. IVa 

10 65 

10 I 50 

20 70 

0 

5 

10 

; 30 

40 

55 

20 60 

. 15 45 

20 ... 50 

15 65 

1.0 40 

15 55 

0 40 

0 40 

0 :so 
40 80 

20 60 

10 25 

0 45 

15 40 

15 65 

10 45 

40 80 

15 50 

10 35 

20 40 

15 50 

5 30 

30 

10 

40 

50 

60 

80 

65 

70 

70 

70 

50 

70 

65 

I 75 

80 

65 

I so 
70. 

. i 60 

75 

70 ,. 
' 65 

70 

i 75 

55 

65 

65 

60 

65 

80 

60 

70 -

50 

85 

50 

45 

40 

45 
4" .:J 

55 

85 

50 

30 

45 

60 

40 

55 

60 

50 

40 

70 

45 

50 

50 

90 

55 

70 

40 

85 

30 

80 I 40 
' . 

65 50 

I 

24 

20.5 

17.5 

15 

20.25 

18.25 

21 

12 

20 

25 

20.5 

17.25 

20· 

16 

21.25 

22.5 

19 

21 

17.75 

20.5 

13.5 

21.5 

20.25 

122 

1
19 

19.5 

16.25 

20 

18.25 

19 

10 

7 

5 

.13 

10.5. 

8.5 

4 7 

8.5 10 

6 8.5 
.. 9 

3 

11.5 

5.5 

12.75 

5 

5.5 

12.5 

10 

12.5 

15 

14.5 

10.25 

7.25 

5 

2.25 

1.5 

14.25 3.5 

ll. 25 2.25 

14 3.25 

10.5 2.25 

14.5 ' 5 
I 7.25 10.25 9.5 

10.5 13 "6.25 
12 

7.5 
2 t 

! 1.25 :. 

7 10.5 10.25 

6.25 9 7 
13 

9 

I 

1 .3. 5 
' 
! 1.5 

7.5 10 15 17 4 

.: 3 
l\ 

4. 5 5. 75 ' 13. 5 14. 5 
8.5 

9 

6 

8 

11.25 ,, 9.25. 12 

11.5 I 1.2:; 10 
•' 2 

1.5 

2. 
I 9.75 ;10 

11 

6.5 8 

7 10 

2.5 ,6 

6.5 11 • 

. , -

.L ... :o 
: 

9 

r~ 
11.25 

7. 5 10.25 ~11. 5 

12 11.75 . 9 

8 10.5 3.5 

7 10 : 9.25 

5.25 9.5 11.75 

7 10.5 l.'). 25 

11.25• 

15.5 

11 

12.5 

10.5 

13.5 

4.25 

2.25 

3 

1.5 f-

3.5 

15 3. 7~ 

12.25 2 

11 2 

11.5 2.25 

15.25 3.25 

12.2~3 2 
6.75 9.25 11.75 14 3 

8.25 10.25 ; 8 10.5 . 2.2~ 
!-----~-+----~--~--~--~---+--~.---~- -~-i . :i ! . -·1 ~ q ~ ' ., . 

MEANS 49,7 ~6-7.3 153.'5 iii9.3 j ?.o i 9.8 jJ 10~1 i 12·;2 -~2~7: 
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Stude..11t 
Ref.No. 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50. 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

GOCJUP . "B" 
N =-33 

RESULTS ·T I !1 E (H 0 U R S) 
·-:--I-:=--'---,---jr--,--,--,------- -r------ --------r--------,---., _ _, 

Pre- Test Test Post Hod ~:od 1-:cx:l. tv!od l·!od ,.:..;u 
Test (I-III) (IV-V) Test I II 'III IVa IVo V 

15 

20 

15 

10 

25 

20 

25 

5 

25 

10 

20 

20 

15 

15 

1 25 

I 1s 

I o 
30 

15 

lC 

25 

11: 
! 25 

I~ 
i 15 

15 

10 

20 

40 

70 

50 

60 

85 

70 

45 

65 

65 

65 

85 

.65 

45 

so 

70 

60 

60 
. 55 

65 

75 

50 

60 

65-.. I 
I :~ 
l 
j! 75 

[60 
! 45 
I 

I ~: 

65 

95 

80 

70 

70 

65 

60 

1 80 

75 

75 
I 50 

65 

90 

'65 

60 

70 

75 

I 70 

50 

40 

90 

so 

65 

so 

so 

40 

35 

80 

50 

~0 

45 

50 

80 

40 

50 

60 

60 

45 

10.5 

9 

10.25 

13.5 

9.5 

8 

12.5 

14 

13 

9.25 

17 

11.25 

9 

12 

8.5 

15 

14.25 

10 

9.25 

70 40 lO.:t· 

75 45 14 

90 70 10 

70 40 12.25 

70 50 9.5 

60 58 

. 60 65 

60 50 

70 - 75 

13 

14.5 

10.5 

9.75 

4 

3.5 

4.25 

6 

3 

2.5 

5 

8.5 

6.25 

3.25 

7.5 

5.25 

3.5 

4.5 

2.25 

. 9:5 

7 

4.5 

3.75 

6.5 

4' 

5 

3.25 

6.5 

8 

4 

3.5 

80 75 10.75 4.25 

65 70 14.75 -6 . 

7.5 

3.25 

5.5 

8 

5 

3.25 

6.25 

8.75 

8.25 

4 

9 

6 

4.5 

6 

4 

10 

-8.25 

5.5 

4 

6.75 

5.25 

9 

7.5 

7.75 
10.5 -

a 
6.25 

4 .. 5 

9.75 

6.5 

9 

5 

8.5 

11 

9.5 

(' 6.5 

. 8.25 

5 

10 

9.5 

I 
I 

11.5 2 

8.25 : 1.25 

9 t 2.5 ' 
12.5' -~:25 
9.5 

7. 25 

6.25 

9.75 

7.5 

10 

7.25 

9.25 

1?..25 

10.75 

7.5 

8 

r7 

.13 

:11.25 

3.25 

2.25 

1.5 

3 

1. 75 

-1 

1.75 

3.25 

4 

4.25 

1.5 

2.5 

1.5 

4.75 

4 

6.75 ; 4.75 

7.25 : 8.5 

2 

6 ! 7.25 
i 

7.25 7.5 8 

3 

1.5 

?.25 

4 

6.5 

5.5 5.25 1.5 -
I 

9.25 '!1.0.25 3.5 

11 7 

5.75 12 

4.5 6.25 

5.5 7.75 

i 8.25 
I -
'10.5 
I ' 7.5 

8.25 

2.5 

9.25 5.75 6.5 . 1.75 

60 75 70 11.5 5 9 8.75 2.5 

62 0 85 90 95 13.5 7 8 

7.5 

6.5 

7 

8 2 

8.25 2.5 · 63 1 2o 9o 8o 65 1o.s 3 4.5 
1---·---- ~~------+----+--..!---ft---1---f---- 1----+---+---

1 . I 

[j 1S l ·-63:6 j 11;1 ~ 59.6l 
1
u.5 ; s·:o 

1
• 6.3 7.7 ~8. 1 MEANS 2.6 

- 799 -
---.. -.... 
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. -,.f 

"'<;;ii 

~ . 
. 

,. 
., 
~.. I 

~ .)·;. 
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...\...'~'>,:. 

i.t.':J 

~ ....... 
~~~ . '' 

. 
~ 
~~ 
·-·.~. ~"'. 
-~· . 

~ 
! 

Stud RESULTS 
Ref. 
No. Pre- Test Test 

Test (I-III) (IV-V) 

69 15 55 80 
70 25 so 80 

I 71. 20 50 70 I 
! 72 0 40 60 i 
I ' 73 I\ 30 65 80 

I 
7'4 20 ' 35. 85 
75 0 40 75 
76 25 70 90 
77 15 45 80 

: 78 0 so 85 
! ~ 79 25 ; 30 60 j '. 
' 

I 
80 I 15 40 60 ' 
81 20 70 80 

I 
82 10 30 85 
83 40 70 90 

I 84 10 50 85 . 
; 

i i . 85 I 20 I 65 85 
i ' . 86 ' 0 40 65 I i 
I 

I 87 5 70 85 
88 20 70 75 

I 

I t19 10 25 60 

90 40 70 90 I 
I 91 ' 15 40 80 

I 92 0 45 60 
I 
j 93 0 30 60 I I l 94 15 35 70 I 

' I ' 95 I 15 35 80 ' ' i I I 96 . 25 60 85 

97 15 65 . 90 

98 15 45 80 

I 99 25 35 60 

60 lOO 10 45 
i 
I 101 . I 30 65 75 
~---··· ···-- .. ' ·- ---·--·· ... .. 
! I I 

j. ' • • 

I; 19,6 I 49.4 i 75. c 
' t_' ; I ' ' ,. l • i . i -· __________ ;-

. 
Post 
Test 

40 . 
35 I 

45' 

30 

80 

80 
1 

40 
i 

80 l 

40 

65 

35 

35 

80 
.1 

i 

70 I 80 ' I 
85 ' ' 
60 

40 
35. 

40 • i 

50 : 
80 

50 

40 

45 

so 
60 I 

I 80 

80 
I 

55 

I ~ 60 

30 
I: 
I:-50 

--·· 

.... ~·--- -----

TDIE (HOURS) 

Hod Nod Nod 
I II III 

16 s. 5 

23 6 10 

29 11 15 

22 8 12 I 
25 10 15 I 

' I 
35 15 18 I ' : 

{ 

l 30 I 13 16. 

I 32 14 11 

28 12 16 I 
12. 3 ' 9 

I 
! ! 

32 14 • 18 it ' 
• I 

13 ;I 27 9 ; 

18 i 
5 I 9

11 
! I I 

30 ' 12 l 
I 17 I 

20 I 8 12 

34 ' 18 22 
'· 

24 .6 11 

29 13 16 •· ' . 
I 

17 4 9 ' 

19 ! 
8 12 ! 

' i i 
'2.3 10 15 

28 11 15 

13 2 4 

31 12 17 I i 

I 33 ; 
19 18 I 25 9 13 I 

i l 27 ' 10 16 ' ! 21 6 I 10 ' ! . 
30 ; 12 17 ! 

I . I ! 26 i. 9 ' 13 . 
36 ; 15 19 

. 

28 ' 13 ' 16 
' ; 

29 11 15 

N = 33 

Nod ~·lod 
Iv,,. /Vt 

6.5 8 

8 9.5 

9.5 10 

8.5 7.5 

8.5 9.25 

9.25 10.25 

8.25 8.5 

7. 2,5 8.5 

7 8.25 

5 7 

7.75 8.25 

6.25 7.5 

6 7.5 

9.25 10 
I 

7 8. 25 

11.5 10.5 

9 9.75 

8.5 9.25 

5 7.25 

6.5 . 7. 5 

s.s 6.25 

7.75 8.25 

5 7.5 

9.5 11.25 

9 10 

7.5 8.75 

6.5 8 

6.25 7.25 

7.5 8 

7 8.25 

8.25 8.75 

7.25 8.25 

7.75 8.5 
--·- .. -- .. ;.o:··- -··----·---- ___ 1 .. ··---- -- -· .. ······· 

•i \. 
I 55.3:: 26 l 10 i 13.8 :·· 7.6 I 8.5 !i ! . ., I .. 

Hod 
V 

2.5 
3 

3 

2 

. 3. 2 

3.5 

3 

2.7 

2.5 

1.5 

.2.5 

2 

1.5 

3 

2.5 

3.2 

3 

3.~ 

2 

1.~ 

1. •. 5 

2.5 

1.2 

3.2 

3.5 

2.5 

2 

2 

2.2 

2. ~ 

2. = 

2. ~ 

2.: 
·-
i 2. 5 

! I • i_,_ ··--·· --· ----·-----~---

- 8oo -



GROUP "n'" 
N = 31 

Stud • RESULTS '' TIHE (HOURS) 
Ref .1 

I 
No. iPre- I Test •rest i Post ! Hod Hod Ho9- ~·!Od :-!od Hod 

'lTest i (I-III)'( IV-V)! 'l'est f I II III IVa. I'lb V ' ; , I t . I ' 103 15 i 25 50 20 I 104 15 55 65 35 ; I 10S - i 6S 70 4S 
106 s i 45 35 50 : I ! 

I 
107 20 ' 3S ss 20 ! 

I 
108 10' l 

' 
20 so 45 

109 15 l 40 4S 3S ! 
110 20 ! so 70 40 i 
111 25 4S 80 80 
112 2S 35 60 40 

114 5 45 70 20 

115 30 6S 80 4S 
116 20 so 60 30 
117 15 60 7S 50 

118 15 35 60 2S 

119 15 60 80 60 
I 

120 - 50 1 70 30 

121 10 4S I 60 25 I. 
I 

122 so I 80 so 
1.2 3 30 40 60 60 
124 4S 60 40 .. 
125 10 60 80 25 
126 25 65 70 40 

128 10 30 6S 3S 
129 20 75 75 3S 
130 15 3S ss 35 

131 10 45 75 40 

132 40 40 25 ' 
134 2S 40 6S 3S I 

I 
135 10 60 60 70 • ' I 
136 15 so 85 . 45 I 

•~• r-··--• --··"'"' ~--~ ... -··· ·-·-- ......... , I ' 16.S 47.1 6~~~ .J 40 i 
'--:---- L-. ....•. ~ -·-- ·' 

• ··' 

- 801 -
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GROUP. "P" 

N = 30 

: Stud RESULTS · o TH1E (HOURS) . , · 
'Ref. - ----------------------~--------------;------------------4 
! No. . Pre- : Test Test 0 Post · Mod ·"Mod Hcid Mod Hod !1od 1 

: Test '(I-III)i (IV-V)~Testi I. I II: III! rva IVb i V 

i 
3 · 137 , 1s , 45 i 4o · 21 9 I 14 , 1. s , 9 

! I ~ l I ' 
, 138 , l 10 ! 60 ' 60 ~60 20 8 I 13 6 ' 7.25 2 

i139 ;; 4o I 9o; 9o )9s :29 1 11! 1s 9.s i10.s 
l 'I I 1 ' ! 
' 140 I\ 20 l 70 ; 65 . 1 65 ' 18 i 5 , 11 5o 5 o 7 . \ 
'·· 141 ' i I I I i ' I ii o10 35 70 ;80 i 31 ! 12 i 16 10 112.5' 

3.25 

1.5 

3. 75 I 
t 

3.25 i 143 ! . 30 : 45 i 70 ° 60 l 26 i 10 ,~ 14 ' 8.5 ; 9 

i14sl!1o 

1

1 35: so :4s !14 j 4 ,i 11 4.5 i6.2s\1.s 
!146 ,, 20 3s i 10 10 3o 12 16 9.s i11.2s; 3.s 

I' I I ' ' ! I I 
i147 15 40 

1
; 60 j60 i 21 6 i 11 6.25 7.5 12 

I 148 I 0 50 ! 40 I 45 I 29 ! 13 I 

0 

17 : 9. 5 10.75 °,~ 3. 75 
1
1149. I 2s 4o I 40 I ss ! 33 

1

1 14 li 19 
1
i. 10 ° 11 s 3 s 

150 ! I - 30 I 35 ! 35 ! 31 I 13 16 i 9. 25 9:751 3. 

!1s1l'l1s 45 1 60 :60 \22 1 8 13:6.75 5.25 2 
1

1152 1 251
1 

4
3

5
0 

ill 4
6

5
5 

:so ·,17, 5\ 10~-6 7.25,1.5 
153 i 5 45 I 24 ' 7 I. 13 8.25' 8 I 2 

l1ss .1 3o l 3s 1 65 : 6o ' 34 14 ! 21 110 12.s : 4 

!156 20 i 50 'I 65 ·,·40 ! 28 I 11 I 17 i 9.5 11 3.25 
I \I \ I I 18 . 
'1115587101' 30- 35 I 45 . 50 '32 i 17' 9.7510.75 3.5 

35 60 40 ! 30 : 12 i 16 ' 9.25 10.5 3.25 

i ~:~ 11 :~ :~ I :~ i :~ ! :: I : [': I ; . 25 :::, :. 5 

1161 30 ' 40 I 70 j 60 ! 25 i 10 I 171 8.25 9.25 3 

i 162 '!I 10 50 70 145 33 I 14_ I 11 110 12 3.25 

:163 I 10 40 60 45 li 29 : 13 : 16 9.5 11.75 3.25 

I I I' i 12 11 I,'~:: jl 3o so 1s 6s I 31 11 9 11.s 3.7s 
1o 3o ss 6o I 3s 10 

1 
19 11 12. 2s 4. 2s 

1167 15 35 40 50 i 20 6 : 14 7.25 7.75 2.25 

i 168 10 45 I 45 45 I 30 13 i 16 I 8.75 9.5 3.25 

1169 25 90 ! 30 • 65 I' 23 I 7 j 141 3.25 8.75 2.5 

l17oo--rj+-1-o-+- ~-=~---~· 65~--tL~9_40_1~_01!~ 1S._4_9·2_so~ ~o:_:___~:s 0-
. I ' ' I I I 

l~\ ~-7-:~_ol 04~: ~----l._~7 ·-~ __ 0 _1s4 .• 8 11 26.3 . 9. 9 14.1 li a.1 9. 6 1 ~0: 9 .... 

- 802 -



GROUP "Q" ' 
N = 33 

l Stud , i RESULTS ·· · i TI!1E 

!
I Ref. t. , 

(HOURS) 

No. I Pre- Test : Test ' Post •· Mod 

1tTest (I-III): (IV-V)! Test 11 I 

I 172 IT,, 5 : 65 ' 65 I 40 j 24 

1.' 173 20 ; 50 ! 70 j 60 l 32 

174 10 ~ 25 55 1 25 i 25 

11s I u. I 45 60 so '1s 

176 2o I ss 6o 1s 26 I 25 I 40 65 50 22 177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

35 i ss 8o I 6o 127 

,;_; 35 40 60 135 
20 so 90 55 29 

2
4s

5 
I 60 80 ss 119 

• 45 10 1 65 31 

20 I 60 60 I 55 18 

50 I 55 I 60 40 I 33 
15 ! 50 45 ·l ' 50 26 

I I I 10 j 45 70 I 35 35 

20 i 4o 8s 1s I 2s 
10 ,, 35 55 40 32 

15 30 35 40 23 

3 s 7 s 80 7 s I 30 
25 60 80 70 14 

15 25 35 45 27 

10 55 70 70 24 
I 10 l 75 65 50 18 

10 20 75 65 29 

10 55 85 70 34 

10 40 60 60 26 

25 55 70 50 31 

45 85 90 95 35 • 
45 40 1 so 40 20 

.:.. 

10 

20 

0 

70 l 55 30 30 

90 l, 45 40 29 

60 70 65 122 
70 ! 90 60 27 

i : ., 

MEANs 1 2o.s l 52.9 ~--~~:~ _ _._.ss~ /26.8 

Mod 
II 

Mod ' . 
' III , 
i 

Hod 
IV a 

rlod , Mod 
IVb I V 

8.75! 2.5 I 1: 1 ~: :! 
li 

14 ;I 

8.5 

9 

8.5 

I 
9. 5 I 3. 

9 9 

4 

10 
6 il 5,5 I 7 

l.t 
14 tl 8.5 l 9.5 

I 
l 

2.75 

1. 75 

2.5 

8 12 l J 7 i 6. 5 2 
I I i I I 9 14 '' 9 10. 5 3 

14 ,! 21 110 1 12.5 
11 15 9.25110.25 

8 12 6 l 7. 5 

12 

5 

16 

10 

14 

9 

14 
:,7 

11 

2 

11 

8 

4 

11 

14 

9 

11 

14 

8 

12 . 

11 

17 

7 

18 
I
! 9.5 ~ 12.25 

5.75 7. 

9.75,11.5 
I ' 

14 ., 9 i 9. 75 

18 _,j10 .. 75h2.25 

14 .,! 8.25'! 9.5 

18' . 9.75 10.5 

14 

16 

5 

15 1 
12 I 

1 I 
17 

18 
: 

14 ; 
I 

. ' 16 J 
! 

20 

; 

7' 6.75 
) I 

9.25110.25 

5 .. 25! 6.75 

9 !11 

8.5 ! 9.25 

6 
i 
I 6.75 
I 

9.25.10.5 

10 :u. s 
i. 

7.5 l 8.5 
9.5 !11.751 

I . 
11.25112.5 

7.25! 7.25 
I 

8.25 9.5 

8.25 10 

3.75 

3.5 

1. 75 

3.25 

1. 75 

3.25 

3.25 

4.25 

2.75 

3.5 
2 I 

3.5 

1.25 

3.25 

2.25 

1. 75 

3.5 

4.25 

3.75 

3.75 

3;75 

2.5 

3.5 

3.25 

7 

10 

14 

17 

15 

12 

14 : 

6.5 7.251 2.25 
1.s I 8.7s. 3.2s 

I I ! 

! 9.8 jl4.3_ .. 't 8.3- j_ 9,5 

- 803 -



GROUP "R" 
N = 33 

'I RESULTS . t : TIME (HOURS) Stud:l .. 
. I; 

Ref.' 
Test I Post r !Mod • Pre- Test 1 Mod Mod Hod Hod Mod No. : 

' Test (I-III) ( IV-:V) 
1 
Test ! j I II III IV a IVb V 

' ' ' 
i ' 

. 
205 i 25 40 55 i so l ' • ' ' I 206 ; 10 35 I 50 I 30 I 

I 
I 

207 I 0 30 I 40 50 
I 

208 I 10 35 I 75 60 ' 
I 

209 I - 50 ! 70 45 

I ' 
210 

. 
10 45 60 35 

! ' 

211 
' 

15 25 60 60 

212 : 10 . 60 65 55 
• 

213 I 10 50 50 35 • . 
214 0 40 50 35 

215 10 50 70 30 

216 I 
I 

20 50 50 35 

218 I 10 55 60 40 

219 l 10 25 SG 30 

I 
. 

220 - 50 55 35 

221 20 55 I 60 45 

222 'I 15 75 

I 
60 40 ' 

223' - 40 60 40 

224 14 40 80 55 
' 225 20 50 70 80 

226 20 50 60 40 

227 10 50 50 35 

228 
I 

15 65 60 45 

229 25 50 70 40 

230 10 50 55 30 

231 j - 60 45 20 

232 I 10 40 50 30 ! 
I 234 15 50 65 70 \ 
I . I 236 20 40 55 35 i 

237 15 20 40 40 -. 
238 20 40 60 - 50 

239 45 . 70 90 85 

241 - 40 45 35 ) 

I -·-·· ··- -. 

' 
-. 

I 
. 

J 

1 
46.2 _Lss_. 64 

-
MEANS j 14.4 43.7 ' . 

.... -L 

- 804 -



GROUP "S" 

N = 32 

Stud!; RESULTS 1: TIME (HOURS) 
Ref. I: 

Test i Post !:Mod 
. ' 

No. • ·Pre-: Test ' Mod Motl Mod Mod Mod 1 • t I 
j 1Test) (I-III)j (IV-V)~ Test 1 I II III IV a IVb V 

j I ' I I 

l 243 15 I 50 

I 
65 65 

• 
244' 20 

' 
55 70 65 

• 
245 25 l 55 70 60 

246 10 I 40 70 50 

247 I 25 I 80 85 75 
I ' 248 15 35 65 35 

249 30 55 55 50 

250 I 20 45 65 40 
. 251 I - 65 75 75 

' 
253 30 45 50 50 

254 10 '40 50 35 

255 20 40 45 25 

256 10 60 65 ,30 . 
257 65 65 20 10 

' ' "·-· 

258 20 65 60 35 

259 - 65 75 75 
' . 

261 25 I 50 75 75 

262 10 60 70 30 

I 
263 10 50 60 45 

265 20 65 80 80 

266 55 85 80 70 

I 268 30 60 70 50 

I 269 - 55 50 30 

270 10 65 .75 50 

271 - 40 55 30 

272 10 50 55 50 

273 - 90 80 80 

274 15 55 65 .30 

275· I 20 55 75 50 -
276 20 65 60 50 . 

. 
' 277 15 40 55 40 

278 10 40 50 40 
--·- ) 

~~- L~7·~1_55.8_~~-~ 49.5 / 
'-~~, 

16.0 50.9 62.0 46.6 

- 805 -
·--· -------· .. --- --- . --------- . ----- ... 



DE'i:'iHI.ED RESULTS 0? ~:OiJULE VI ( INFOR~IA'fiO;-; 1'!.1\Pi:'ING EXPRR-'lR''T) 
- . ..1 J.. ··'" 

·' 
GROUP "A" (ADULTS) 

VIa ' VIb 
Stud Prc Po~t Time l I' re- Post Tir,ne 
·Raf. Test Test Gain UHns) Test Test Gain Hins Treatments 
No. (10) I (10) ( 1Ci) 

' ; 

1 2 8 r 40 ll 0 8 8 30 I 0 

' 2 1 9 8 45 I 3 9 6 35 
4 0 8 8 50 3 8 5 30 

!i, ' GROUP Al 6 1 8 7 40 .4 9 5 30 t: I I' 8 3 9 6 50 3 8 5 40 ~ 
12 1 8 7 45 1 8 7 40 

1 

(VIa) - Inf.Hap. 
13 0 10 10 40 0 8 8 40 (VIb) - Lin.Pros 16 2 9 7 45 3 9 6 45 
18 0 9 9 40 0 8 8 40 
20 1 10 9 40 1 . 8 7 35 N = 15' 

21 1 9 8 40 l 1 9 8 40 
22 0 8 8 I 30 I 0 8 

I 
8 35 

23 2 8 6 40 l 1 8 I 7 40 I 
I ' 27 3 8 5 35 ' 2 8 6 . ' 40 I ' 

28 0 9 9 35 r 0 8 8 45 j 

I 
I I ' 1.1 8.7 7.7 41 '· 1.5 j 8.3 I 6.8 38 I ) 
' I 

I . ~ ··-··--· --~· - -·-·· 

3 2 9 7 40 2 9 7 25 
5 2 8 6 I _3!:; 2 8 6 -!5 

7 3 .:: 5 50 2 So 7 35 
9 0 8 8 45 1 9 8 30 

GROUP A2 
10 3 8 5 

I 
50 2 9 7 35 

11 0 8 8 50 1 8 7 40 (VIa) - Lin.Pro" 
14 0 8 8 45 Cl 8 8 45 (VIb) - Inf.Nap. 
15 2 8 ' 6 50 1 9 8 20 
17 3 10 7 45 2 10 8 45 

15 N = 
19 2 9 7 40 2 8 6 30 

124 
: 

1 8 7 35 • 2 10 8 45 . 

125 2 8 6 45 ·1 9 8 - 25 
26 0 9 9 45 0 8 8 20 . 
29 1 8 7 50 0 9. 9 45 
30 0 8 8 50 1 10 9 25 

I 

il.4 8.3 6.9 

' 
45 1.3 8.9 7.6 32 I . ---- - _, --- .. , 

~--··· . .................. ~-,-

- 806 -

--·· --·------. -----·--·---- ---·- - -··--



DE'£.:\ I LED RESULTS OF. ·NODuLE .VI: ( INEOR!-mTIQN 1-li'.P:ei:;r; :::X?E:U:S~T) 

GROUP "B" (ADULTS) 

, VIa 

Stud .~--~re-i Post • . i 

VIb 

Post ; T' . I I Ref. !Test Test • 
No. : (10) \ (10) i 

T~me ;Pre- 1 
Gain ~ (Hins) 1 Test l 

;· -!(10)1 

i ~ne 

Test. Gain i(Hins 
(10) I 

! 
32 I 2 
33 . l 0 

35 

36 

37 

40 

43 

44 

45 

·18 

50 

51 

53 

155 
58 

1 59 
I 

J. . 
131 

134 
!38 

\ 39 

141 
142 

!46 
I 

!47 
' • 
'49 
I 
i52 
i 
)54 

56 

57 

61 

62 
63 -

I 1 
i 2 

i 0 

li 

J 

1 

1 

2 

0 

2 

3 

1 

1 

0 

3 

4 

lil.4 
~-

r-
1 

1 

3 

2 

2 

1 

2 

0 

0 

1 

1 

I 
0 

I 1 
j 2 
' ! 0 
: 1 

i 
i 
I 
l 
J 
i 
I 

__,.. 

I 

1.1 l 

9 

5 

7 ~-
l 

7 ~ j 

8 I 
1~ I. 

8 

8 

9 

8 

7 

9 

6 

8 l 
- 9 _j ___ 

I ? . 9 I 

7 I 
8 

I 
10 

8 

8 

8 

7 

7 

6 

7 

8 

8 

7 

6 

8 
7 

7.5 

7 ; 45 :.·1 2 i 
: . :~ I ~ I I 

: I :~ ;! ~ 
:

7 il 50 ' 
5o 

11 
45 11 

7 l "45 :l 
56 jj 40 : i 

6 40 
I 

5 ' 35 I 5 40 1 -

4 5. ij 
8 1 50 ·! 

6. 5 i 43 I -- -
i 6 50 

·.l 
7 45 

7 45 

6 50 
• 

6 55 
.. 

7 45 

5 50 

7 45 

6 40 • 

6 40 
. 

7 45 -
8 50 ! 

6 35 

4 45 

8 45 i 
6 45 

• 
6. 4 l 46 ' • : 

2 

2 

0 

3 

2 

0 

1 

0 

1 

2 

1.2 

1 

0 

2 

3 

4 

3 

2 

0 

0 

0 

1 

1 

2 

-2 
-0 

0 

1.3 

6 

6 

8 

8 

7 

7 

6 

6 

7 

7 

8 

6 

8 
i 
l 9 

l 7 

10 

I 7.2 
-·· .. 
I 8 I 

~ 8 
' I 

9 I 
9 

9 

10 

8 

7 

8 

8 

8 

9 

10 

7 

7 
8 

8.3 
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' 
4 I 
6 I 

I 
6 • ' 

I 
5 t 

l 
7 I 6 

! 4 

4 . l 
' I 

7 ' 4 

.6 

6 

7 . t 

9 
I 

6 ' I 
I I 8 

I 6 .o I 
I I 

J 
•7 j 

I 8 • ! 
i . 7 I 

I 

I 6 

5 

7 I 
6 ; 

7 
: I 8 ' i 7 ' 

7 I 
I 

8 i 
B· i 

5 t 

' ! 
7 
8 

i 
7.0 

-

.r .:> 

45 

40 

40 

45 

40 

50 

45 

45 

35 

40 

40 

35 

40 

30' 

45 

I 
-~ 
t 
•• ; I 

11 '. q 
!" 

L 
!: 

I 
lt q 
!I 
• 
' • ! 
' I 
I .. -.--
1 

41 i 
I 

40 . j 
' A- ' .:> 
' 

30 
i 
l 
I 25 I 

20 

45 

20 

35 I 
' ' 40 

35 

45 

40 

40 

35 

40 ---=;) 

36 . 

Treat:::ents 

GROUP Bl I 
(VIa) - Inf.Nap. 

(VIb) - Lin. Pros 

N = 16-. 0 

------ ·-·· 

GROUP B2 

(VIa) - Lin.Pro 

(VIb) - Inf.Hap 

N = 16 



l VIa VIb ' ' 

' 
-~re_l Post I Gain 

Stud; 'rime- ·rre- Post Time 
Ref._: Test Test Gain (Nins) 'l'es t Test (!\ins) Treatments 
No. ' (10)' (10) ( 10) (10) 

I 

70 ij 0 I 9 9 40 1 8 7 45 
I 71 I 0 I 7 7 45 0 7 7 40 

73 I 2 i 8 I 6 50 1 8 7 30 I 

! 
.. 

74 3 8 l 5 50 2 9 7 45 l: I ! 
I :, 

I 
75 0 i 8 1 8 45 1 I 6 I 5 55 ' 

. \ I I 
: ' l 77 1 8 ,; 7 45 3 8 • 5 ' 40 GROUP Cl ' • i I I 

78 i 0 9 9 40 0 . 7 l 7 ! 45 

I 
i ' Inf.Hap. - (VIa) 

81 1 9 8 45 2 6 4 I 35 
P. I. (VIb -

83 0 8 8 50 0 6 6 50 l i 
85 0 6 6 55 2 5 

I 
3' ' 35 

87 1 7 6 55 1 8 7 45 
N = 16 88 2 7 5 45 1 7 I 6 45 

89 0 6 6 "I 0 7 7 ' 45 I I , 
i ' 

l 
~ 

I 
I 1 

91 i ' 3 8 5 50. . 3 9 6 I 50 
96 

11 
0 5 5 35 2. 7 I 5 I 40 . 

I I I 4oJ 98 0 7 7 35 
. . 

6 I 
6J L 0 j ' - _, 

- ~-·-- ·: ... ... __ 

) 

! ,I 0.8; 7. 5 i 6. 1 I 46 I 1. 2 1 7.1 ' 5.91 43 . I 
... ·-------·-' 69 l 0 7 i 7 40 1 ' 9 i 8 ' 40· ' . l l ' 

I ' I • : 72 f 2 9 7 ' 50 0 7 7 40 - I 
l 

I i I ""G 

l 
• 7 .6 ss 0 g 8 ,, 

' • ·- .J 

I 
; 

79 2 7 5 55 2 9 '7 30 
.. 

i 

I • : 80 I 0 6 j 6. 50 1 8 - 7 30 i I ' GROUP C2 

I 
82 ' 2 6 4 45 2 10 . 8 1 40 I I : i 

~ ' ' ' 84 2 8 6 50 2 9 7 ' . (VIa) 25 P.I. -I 86 0 7 7 55 1 9 8 40 Inf .Nap·:.. (VIb) 
I .. I ' 90 I 1 8 

i 
7 

l· 

50 3 10 7 so 
' 92 3 8 I 5 40 1 9 8 30 I ! ! 

! I 'i I N'= 16 93 1 8 7 45' 2 9 I 7 40 l ' ' 
94 0 6 6 • 50 0 8 8 30 -

' ' 95 I 2 8 6 I 55 2 8 6 25 
I I 

'I 

97 7 7 35 
. 

9 9 45 0 

I 
0 

99 ! 2 8 6 40 2 9 7 35 I 

I .lOO I 3 10 7 50 1 9 8 25 ' i 
l 
I 

I 1. 3 I 6. 21 ' 1. 2~ 7. 5' I I 7.5 48 t 8.75 36 
l .. 

' -- ···--~-·- . --·-- ------·---
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,._. .......... ._ ..... _. ...... __ ., .... ~.,_ 
'l'REATHENT - INFOR~!A'l'ION HAPPI>lG - 1!0DULE (VIa) 

- LINEAR PROGRA!-1~\E - NODULE (VIb) 

I. H. 
I N = 30 · 

:I 
:, HODULE VIa 
:i 

Stud..\t 1 
R f ,pre- 1 Post Time 

1 
e • 'Test ; Test : Gain. (Hins) i 

No. ii(lO) J (10) ! 1 

I· 
137 11 2 

" : ~ 138 0 ; 
" 139 ' 0 

140 il 2 
'I 

141 i 0 

143 

145 

146 

147 

148 

149 

150 

1151 

152 

153 

155 

156 

157 

158 

159 

160 

161 

162 

163 

165 

166 

167 

168 

169 

170 

0 

3 

2 

0 

l 3 

'I 2 ,, 0 
'I 
i 
I 2 
I 2 

0 

I 1 
' I 2 i 
i 2 

2 

0 

2 

2 

0 

0 

0 

0 

2 

1 

0 

2 

1.1 

I 
I . 
I 
I 
' I 
I 
' 

7 

9 

5 ' 
' i 

8 i 
6 ! 
7 

8 

4 

7 

8 I 
6 I 

: .I 
' 

5 l 

7 I 
8 

5 

9 ! 

9 
I 
i 

8 I 
9 

6 

8 

8 

6 

8 

9 

6 

6 

6 

7.1 

I' 5 30 
11 9 30 
I 

5 40 I 
6 40 

6 35 

7 45 

5 35. 

2 30 

7 50 I 5 35 

I 4 30 

5 40 

4 45 
! 

I I 
i 

6 I 40 
' I j 7 ' 50 ! 

I : 
7 45 i I 

I 
3 ' 40 i ' i 7 I 50 

: l 7 40 
' ! 

8 35 I 

7 40 

4 45 

8 35 

8 30 
6· 40 

8 40 I 
-

7 35 

5 35 

6 40 

4 40 
~.: 

6.0 39 

Pre-. 
Test i 
( 10) ! 

0 

0 

1 

3 

2 

1 

2 

0 

1 

1 

2 

3 

1 

3 

0 I 

1 

2 

3 

0 

2 I 
0 

4 

2 

2 

1 

2 

0 

2 

2 
.2 

1.5 
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p. I .. 

HODULE VIb 
1.: 

Post 
Test 
(10) 

8 

7 

5 

10 

-7 

8 

9 

9 

8 

9 

9 

9 

7 

6 

5 

7 

6 

8 

7 

5 

8 

7 

8 

6 

8 

7 

6 

7 

4 

:> 

7. 2 

Time .·1 
·Gain 1(Hins) j i 
! ·i '' 
! ; • ! I 
I I 1' 

I 
! 

I 
I 
: 
i 

I 
I 
I 

8 

7 

4 

7 

5 

7 

7 

9 

7 

8 

7 
.. 6 

6 

3 

5 
t.; 

4 

5 

7 

3 

8 

3 

6 

4 

7 

5 

6 

5 

2 

3 

5.7 

' 
i 
' 
' L 

I 
1 
I 

30 

20 

45 

30 

45 

40 

20 

30 

40 

50 

'35 

35 

40 

30 

20 
4 _r; 

20 

30 

40 

I 40 
30 

I 
45 

40 

I 30 
' I 40 I 

50 

30 

45 

45 

20 

35 

I. 

'· I 
' ! 
i 
I t. 
I 

I 
! 
I 
j I 

' . i 

: i I, 
I 

I I 
I' d ': i: 

I 

TABLE 12 



TREA'l'HENT - -LINEAR P~OGRI\!1!1E ; ·- ~!ODULE (V.i:a) 
- INFORMATION MAPPING - l·iODULE ('Jib) 

P.I, I,M, 
- . 

tiODULE VIa l!ODULE VIb i: ;------.-------+:----------Stud.:. ~ 1 

Ref. Pre- ·Post . Time j f Pre- Post . Time 
No. Test Test , Gain ;(Hins) 11' 

. (10) (10) l 
Test Test Gain !(Mins). 
< 10 l . < 10 l ! ' I 

172 

173 

174 

175 I 

' I 
176 ' 

177 

' 178 

.. 179 

0 

0 

1 

2 

2 

1 

c 
2 

! 
180 1 

. 2 .: 

8 ! 

8 

8 

9 

8 

7 

8 

6 

. ' 

2 : 40 

1

- o 7 

8 25 1 6 
i 

7 ' 35 i 1 10' 
6 I 55 I 0 6 

! 
7 I 40 0 I 7 

7 

5 

9 

6 

7 i 
3 7 i 35 1 "4 

1 I 35 o 2 2 

6 ; 35 3 i 9 6 
. ! 

5 ! 50 0 ' 8 8 

30 

20 

35 

20 

35 

20 

25 
35 

40 

. 
i 

! I 
' ! 
I ' i·l 
; I 
I , 
I ' 
! 
! 
I 
' ' 

7 
! 

181 
i 

2 

i. 182 

! 
5 1 50 0 55 

I 
25 I I 

3. 
' 183 ., . 2 
I i 
; 184 il 2 

" ' 185 I 

' 186 . 

i 2 
' ., 

., 0 

i 187 2 
I ' 

i 188 2 
' 

189 0 

190 ' 0 ; 

191 ' 2 

·5 

7 

6 

8 

9' 

9 

4 

4 

7 

8 

2 50 I 2 6 A 
I 45 
I. , 

5 : 60 I 2 9 ~ 40 

4 '· 45 1 8 7 45 . I 
6 ; 30 3 8 5 30 

9 1 4 5 2 8 6 20 

7 I 50 o 8 • 8 . 30 

· 2 45 0 9 I 9 25 
i 4 55 2 7 5 25 

1 1 6o 2 -9 : 1 35 

6 50 1 8 7 45 

i 192 : 2 ' 4 2 45 0 8 8 40 ! 

•I 
19 3 :I 0)_ - ! 78 . 7 50 1 7 ' 6 25 
194 7 45 1 9 8 35 

195 il 0 ;". 7 7 30 3 7 : 4 25 

I 19 6 i I 0 8 8 50 2 9 I 7 40 . 

! 197 :. 0 7 7 60 l 1 6 5 30 

i 198 li 2 8 6 40 I 3 10 1. 4o 

1199_!1 o-- ... a a 55 j 2 10 8 35 

l
l 200 :: 1 5 4 45 1 -8 7 20 

I .. 
I 
! 

201 'j 3 8 5 45 l 1 7 6 45 

~----~-1_._1_~1-_G_._9~ __ 5_.e~ __ 4 __ 5_·~ ___ 1_._2_L __ 7_._5~ __ 6_.3~ __ 3_3 __ , 

- 810 -

N = 30 

TABLE 13 



TOTAL STUDY TIMES ON SECTIONS 

. ' GROUP A 

Student Section 1 Section 2 Section 3 
Ref. (Hod I-III) (Mod IV-V) (Mod·~ 'Vron1yl 
No. 

1 47 hrs. 32.35 hrs. 1.2hrs. 
2 38 20.5 1.3 
3 31 14.25 1.1 
4 26 30.25 1.3 
5 38,75 23.5 1.3 
6 32.75 29.75 1.2 
7 41.5 21 . 1.4 
8 20.5 34.5 1.5 
9 37.5 23.5 1.2? 

10 48.5 15 1.4 
11 38 26.75 1.5 

. 

12 32.5 .17. 5 1.4 
13 37.5 36 1.3 
14 26.25 31 1.5 . 
15 41 23.25 llV 

16 
.. 

43 18.75 1.5 
17 34.75 23.25 1.5 
18 40 31.25 1.3 
19 31.75 22.25 1.2 
20 37.5 25.5 1. 25 
21 22 20 1.3 
22 39 28.25 1.1 
23 38 30.25 1.3 
24 45.75 23.25 1.3 
25 37.5 21.5 1.2 . 
26 36.5 23 1.1 
27 31 30.25 1.25 
28 37~5 24.5 1.3 
29 34.25' 28' 75. 1.6 
30 37.5 20.75 1.25 

- 811-



·' 
TOTAL STUDY TIMES ON SECTIONS 

GROUP B . 

Student Section 1 Section 2 Section 3 
Ref. (Hod I-III) (Mod IV-V) (Mod VI only) 
No. 

31 22 hrs. 22.5 hrs. 1.5 hrs. 
. ' ~2 15.75 17 1.5 

33 20 19.25 . ll4 
34 27.5 27.25 1.5 

35 17.5 20.75 1.3 

36 13.75 15.75 1.'4 

37 19.25 12.25 1.4 

38 31.25 '22.5 1. 25 

39 27.5 15.75 1.25 

40 16.5 23 1..4. 

. 41 .33~ 5 14 1.25 

42 2;!.5 21 l.&.S 

43 17. 27.25 1.7 

44 22.5 24.5 1,6 

45 14.25 15.5 ·. 1.5 
.. 46 34.5 18.75 1.2 

47 29.5 13.5 1.3 

48 20 27.75 1.3 

49 17 24.75 1.3 

' 50 19.5 ·' 13.5 1.3 
. 

·. 51 . 27.25 18.75 L.4 -· 

52 19.25 ·14.75 1.25 

53 24.5 17.75 1.4 

54 16.75 12.25 1.5 

. 55 26 23 1.3 

56· 33.5 17.75 1.5 

57 20.25 26.25 1.25 . 

58 17.75 15.75 1.1' 

59 20.5- 18.5 1.4 

. 60. - 30 14 1.4 

61 .. 25.5 18.75 1.3 

62 28.5 16.5 1.4 

63 18 .,;. 17.75 ' 1.5 
• ' 
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TABLE 16 

GROUP STUDY TIMES ON SECTIONS 

• 
GROUP C. 

Student Section 1 - Section 2 Section 3 
Ref. (Mod. I-III) (Mod IV-V) (Mod VI only) 
No. 

69 26 hrs. 17 hrs. 1.3 hrs. 

70 39 20.5 1.4 

71 55 22.5 1.4 

72 . 42 18 1.5 

73 50 21 1.2 

74 68 23 1.6 

75 59 19.75 1.7 

76 57 18.5 1.7 

77 56 17.75 1.4 

78 24 13.5 1.4 

79 64 18.5 1.3 

80 49 15.75 1.3 

81 32 15 1.3 

~2 59 22.25 1.4 
•. 

83 40 - 17.75 . 1.7 
-84 74 25.25 1.25 

85 41 21.75 1.5 

86 58 21.25 1.6 

87 30 . 14.25 1.7 

88 39 15.5 1.5 

89 48 13.25 1.5 

90 54 18.5 1.7 

91 19 13.75 1.7 

92 60 24 1.2 

93 70 22.5 1.4 

94 47 18.75 1.3 . 

95 53 16.5 1.3 

96 37 . 15.5 1.25 

97 59 17.75 1.3 

98 • 48 17.5 1.25 

99 70 19.5 1.25 .. 
lOO 57 17.75 1.25 . 
101 55 18.75 1.6 

~ -- .· .. '· - 813 -



'. 

TOTAL STUDY TIMES ON SECTIONS 
• 

GROUP P 

Student Section 1 Section 2 Section 3 
Ref. (Hod. I-III) 

. 
(Mod IV-V) (Mod VI only) 

No. 
' 

137 50 hrs. 19.5 hrs. 1.0 hrs. 

138 41 15.25 0.8 

139 55 23.25 1.4 

uo' 34 14 1.2 

141 59 26.25 1.3 

143 50 20.75 1.4 

145 29 12.25 0.9 

146 58 24.25 1.0 

147 38 15.75 1.5 

148 59 24 1.4 

149 ' 66 25 1.1 

150 60 22 1.25 

151 43 14 1.4 

152 32 14.75 ' 1.2 

153 •. 44 18.25 1.2 . 
155 69 26.5 1.5 

156 56 23.75 1.0 

157 67 24 1.3 

. 158 58 J 23 1.3. 

159 42 18.25 1.25 

160 27 13,75 1.2 

161 52 20.5 1.5 

162 58 25~25 1.25 

163 58 24.5 1.0 
' 

165. 'ISO 24.25 1.3 

166 64 27.5 1.5 . 

167 40 17.25 1.1 
' 

168 59 21.5 1.3 

169 44 14.5 1.4 

170 55 23.25 1.0 
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'1'Al:lLI> 1 ~ 

TOTAL STUDY TIMES ON SECTIONS 

GROUP Q 

Student Section 1 Section 2 I Section 3 
Ref. (Mod. I-III) {r-1od IV-V) (Mod VI only) 
No. 

172 45 hrs. 19.75 hrs. 1.2 hrs. 

173 64 21.5 0.75 
174 48 20.25 1.2 
175 25 14.25 1.25 
176 50 20.5 . 1. 25 

177 42 15.'5 0.9 
178 50 22.5 1.0 
179 70 26.25 1..2 
180 55 23 1.5 
181 39 15.25 1. 25 
182 60 25 1.6 
183 30 14.5 1.7 
184 67 24.5 1.5 
185 so - 22. 1.0 

•. 

186 67 . 27.25 1.1 . 
187 48 20.5 1.3 
188 64 23.75 1.2 
189 44 15.75 1.3 
190 57 

) 

23 1.6 
191 21 13.25 1.6 
192 53 23.25 1.4 
193 44 20 1.25 

194 29 14.5 1.3 

195 57 23. 25. 0.9 
196 . 66 25.75 1.5 

• 197 49 19.75 1.5 
198 58 25 1.3" 
199 69 27.5 1.5 

200 42 17 1.1 
201 . 59 21.25 1.5 
202 55 21.5 1.3 . ' 
203 41 16 1.2 

204 51 19.5 1.3 

- 815 -
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(TEST (a) + TEST (b) ). 
' 

EXPRESSED AS A PERCENTAGE. 

GROUP A GROUP B GROUP c 

Student Canbined Student - Canbined Stu::l.ent Canbined 
Ref. Score Ref. Score Ref. Score 
No. No. No. 

1 80 31 75 69 80 
2 90 32 75 70 85 
3 90 33 ss 71 70 
4 80 34 80 72 80 
5 80 35 75 73 80 
6 85 36 75 74 85 

7 . 85 37 75 75 70 
8 85 38 95 76 7"'' . ~ 
9 85 39 85 77 80 

10 85 40 85 78 80 

11 80 41 85 79 80 

12 80 42 90 80 70 

13 90 43 70 81 75 

14 •. 80 44 70 82 80 

15 85 45 . 75 83' 70 

16 90 46 75 84 85 

17 lOO 47 70 85 55 

18 85 48 80 86 80 

19 85 49 70 87 75 

20 90 so 80 88 70 

21 90 51 65 89 65 

22 80 52 75 90 90 

23 80 53 85 91 85 

24 90 54 80 92 85 

25 85 ss 75 93 85 

26 85 56 85 94 70 

27 . 80 57 85 95 80 

28 85 58 75 96 60 

29 85 59 95 97 80 

30 . 90 60 70 98 65 

61 . 65 99 85 

62 75 lOO 95 

63 75 101 75 

- 816 -----··--···· -··· -··-··· ... . . 



'' 
QUESTIONNAIRE 

ADMINISTERED IN LATE DECEMBER 1966, ONEE ALL 
SUBJECTS HAD FINISHED STUDYING MODULE VI. 
(N = 96 ADULT LEARNERS IN CONTINUING EDUCATION) 

1. How did you like working 
with the self-study 
materials of BASG-M 
during the last 4 months? 

2. In comparison with your 
previous experiences of 
learning mathematics, 
how easy or difficult 
did you find the work 

-with BASG-M? 

LIKED VERY MUCH 

QUITE LIKED 

INDIFFERENT 

DID NOT LIKE -

HATED IT 

-· 
VERY MUCH EASIER 

SOl1EWHAT EASIER 

NO DIFFERENCE 

SLIGHTLY UORE 
DIFFICULT 

UUCH MORE 
DIFFICULT 

31 

54 

7 

4 

0 

19 

49 

21 

7 

0 

Tick Order 
3. You have studied 

the materials in 
the 3 ways described 
here. Please place 
these in your order 
of preference, by 
ticking the 
appropriate columns 
1, 2 or 3. 

4. You studied parts of 
module VI in two 
alternative styles of 
presentation; the, 
programmed texts we 
have been using all 
along, and the 
"information maps". 
Please indicate your 
preference. 

- (a) 

(b) 

(c) 

1 

Independent Study -
Without teachers help 4 

StudY directed by you 
- Teachers available 
when you want them. 32 

Keller-Plan - Your 
work carefully 
monitored by teachers. 60 

PREFERRED THE 
PROGRAMMED TEXT 

NO SPECIAL 
PREFERENCE 

PREFERRED THE 
INFORI1ATION MAPS 

- 81,7 -
·----~--------- -- --··- ------ -· .... -_..,.......---,--

2 3 

10 82 

55 9 

31 5 

5 

22 

69 

• 



QUESTIONNAIRE 

ADMINISTERED IN EARLY DECEMBER 1966, ONCE ALL 
SUBJECTS HAD FINISHED STUDYING MODULE VI AND 
HAD S~ARTED MODULE VII. (N = 63 SECONDARY 

SCHOOLCHILDREN) , 

1. How did you like working 
with the self study 
materials of BASG-M 
during the last 4 months? 

'-.._.../ 

2. In comparison with your 
previous experiences of 
learning mathematics, 
how easy or difficult 
did you find the work 
with BASG-M? 

3. You have studied 
the materials in 

(a) 

' 

LIKED VERY MUCH 

QUITE LIKED 

INDIFFERENT 

DID NOT LIKE 

HATED IT 

VERY MUCH EASIER 

SOHEWHAT EASIER 

NO LlTFFERENCE 

SLIGHTLY MORE 
DIFFICULT 

MUCH MORE 
DIFFICULT 

-
' 

Independent Study -

1 

the 3 ways described 
here. Please place 
these in your order 
of preference, by 
ticking the 
appropriate columns 
1, 2 or 3. 

Nithout teachers help 10 

4. You studied parts of 
module VI in two 
alternative styles of 
presentation; · the 
programmed texts we 
have been using all 
along, and the 
11 information maps 11

• 

Please indicate your 
preference. 

(b) 

(c) 

S'fudy directed by you 
- Teachers available 
when you want them. 28 

Keller-Plan - Your 
work carefully 
JOC>ni tored by teachers. 25 

PREFERRED THE 
PROGRAMHED TEXT 

NO SPECIAL 
PREFERENCE 

PREFERRED THE 
INFORMATION MAPS 

. ' 

- 818 -

22 

36 

2 

3 

0 

9 

37 

6 

8 

3 

Tick Order . 

2 3 

13 40 

25 10 

25 13 

11 

15 

37 




