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ABSTRACT 
=========== 

The aims of this field study are to exa~ine whether 

or not a microcomputer can be integrated into a standard 

primary mathematics curriculum and to investigate 

generally if computers should be introduced into the 

primary school with the aim of improving, 

the teaching-learning processes. 

or adding to, 

Resource limitations restricted the project to the 

use of a comparatively cheap microcomputer into a fourth 

and fifth grade mathematics programme at the school where 

I was teaching. 15 children used the machine for approx-

imately 10 minutes a day for 16 weeks. Gains on graded 

pre and post tests were compared with matched control 

groups' gains. 

Questionnaire and observation techniques were u~ed 

to attempt assessment of children's and teacher's 

feelings towards computers in primary education. 

Naturally, these devices were less exact. 

The evaluation of these efforts suggests that using 

a computer in the classroom is a viable proposition, 

providing the school has some trained staff who are 

prepared to spend a considerable amount of extra time, 

especially in the initial stages. 
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INTFWDUCTION • 

In January, 1975, I had my first hands on experience 

with an I.C.L 1500 computer terminal. (See 4.2.1>. It was 

love at first sight. I was amazed by the computer's 

capabilities especially its timing device which impat-

iently typed out, nWAITING. •••••••••••• WAITING.", when 

an instruction was slow in forthcoming. 

Since then, I have become more and more convinced 

that computers, perhaps more patient ones, could play a 

useful role in the primary school. 

This field study details the advancement of 

computers in primary education and illustrates my efforts 

at Urambi Primary School, in the A.C.T., from 1979 to 

1982 inclusive. The experimental aspect of the research 

was conducted from April to August 1981. This represents 

the first systematic use of a computer in an A.C.T. 

primary school and also the first research in the area in 

the Territory. 

1.1 STATEMENT OF THE PROBLEM. 

How useful is a computer in assisting the fulfilment 

of the various aims of primary education? 

1.2 AIMS, JUSTIFICATION and LIMITATIONS. 

The specific aim of this field study is to determine 

how useful a microcomputer could be in a normal primary 
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school. (How normal any school may be, is discussed in 

Section 4.1). This appears to be a worthwhile endeavour 

as the cost of micro~omputers continues to drop and a 

number of A.C.T. primary schools have purchased them. 

However, for these schools,. two major problems arise; 

firstly, most teachers do not have training in computer 

assisted instruction (C.A.I.) 1 and secondly, the poor 

quality of programmes to use with these microcomputers. 

Because of manpower and financial limitations, the 

project was limited to the investigation of how the 

computer could assist in the delivery of the existing 

mathematics curriculum. The resources were limited to 

myself and my class which in 1982 was a mixed fourth-

f i f t h gr a de. E~-: cept for insurance and blank cassette 

tapes, the project was not supported financially. This 

restricted the project to using my own personal micro

computer and relatively cheap drill and practise software 

which was supplemented by software which I wrote myself. 

An additional aim was to interest other members of 

the school stat f in education al computing. 

Another aim was to provide some modest research 

findings as there is still a dearth of Australian data, 

parametric or non-parametric. 

1 • 3 HYPOTHESES. 

1. That computers have a useful role in the primary 

school, as an aid, especially in drill and practice. 
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2. That computer usage in a fourth-fifth class would 

significantly improve mathematics achievement level (for 

these students who used the computer). 

3. That staff at Urambi School would learn more (than 

they prev i OLIS 1 y knew) about computers and become 

interested in them. 

l.. 4 TERMS. 

The following list of terms included to 

facilitate the reading of this field study. Most terms 

are after L,Bell (1981, pp.98-100). 

APPLE: The Apple II computer is a colour micro computer 

based on the 6502 microprocessor. 

BASIC: Beginners All-purpose Symbolic Instruction Code 

is a relatively easy to use computer language available 

on home micro computers. 

Computer: A device that can accept data and instructions 

and can act upon them. Categories are; lar~e-scale, mini

computer and micro-computer. These categories usually 

ref 1 r1ct size, cost. and power. This work uses the terms 

micro-computer and computer as synonyms. 

C.A. I.: Computer Assisted Instr1..1c:t ion. Instructional 

Programme using a computer and programmed curriculum 

materials to aid in the teaching learning process. 

(Carruth, 1970, p. 11 } . In this paper C.A.I. is taken to 

include drill and practice, problem solving,simulation 
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and tutorial (new material) modes. 

C.A.L.: Computer Assisted Learning. This term refers to 

the wider use (compared to C.A.I.) of computers and 

includes the exploratory mode such as programme 

design,LOGO and student directed work. 

C.M. I.: Computer Managed Instruction. The mode of 

instruction in which a computer is programmed to deliver 

and keep track of learning material. 

DISK DRIVE: The mechanical device which rotates a disk to 

read or store information. 

DRILL AND PRACTICE, C.A.I.: Computer use as above, 

designed to allow students to maintain and master a 

skill, (opposed t.o the tutorial C.A.I., designed for 

teaching a new skill). <Doerr, 1979, p.119). 

GRAPHICS: The way illustrations are displayed by the use 

of many dots on paper or on video. 

HARDWARE: The mechanical and electronic components. 

LOGO: A language specifically designed to allow students 

to write their own programmes. 

MACHINE LANGUAGE: The binary codes that the computer 

executes to run programmes. 

MEMORY <RANDOM ACCESS): The computer's internal storage 

which is used to hold running programmes and data. 
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MICRO-COMPUTER: A small computer based on a micro-

processor <the central processing unit based on a silicon 

chip). 

PROGRAMME ( COMPUTER): A set of instructions that can be 

followed by a computer. 

PROGRAMMED INSTRUCTION: The method of learning whereby 

the subject matter is broken into sequential units, 

usually allowing the student to progress at his/her own 

rate. Linear programmes follow one path, while branching 

programmes can take more than one route towards comple

tion, 

RUN: To execute a programme. 

SOFTWARE: Programmes. 

TRS-80: A micro computer, similar to Apple and sold by 

the Tandy Organisation. (The machine used in this study 

was a Model I, Level II, without colour). 

WORD PROCESSING: The storage, processing and 

manipulation of data or text. (Roberts, 1981, p , 21) 

1.5 STRUCTURE OF THIS STUDY. 

This section has introduced the topic namely, 

'Computers in the Primary School with Special Reference 

to Mathematics.• and stated the aims of the study, 

The following two sections 

state of the computing in 
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advantages of computers to primary education and 

different styles of teaching are also discussed with the 

purpose of illustrating why I chose to undertake the 

project, within the constraints placed upon me. 

The third and fourth sections describe the project, 

hew it was put into effect, and with what results. 
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SECTION TWO. THE DEVELOPMENT OF C. A. I .. 

2.1 EARLY EFFORTS. 

Much of the current interest in computer assisted 

and computer managed instruction CC.A.I. and C.M.I.) has 

a base in early efforts to individualize 

Lefrancois (1972, p.91) claims that Skinner was , 

learning. 

"largely 

responsible for current interest in programmed 

instruction" and whil• this was linear, Crowder developed 

branching programmes. However while Skinner had an 

obvious interest in programmed instruction, he foresaw 
. 

teaching machines as being relatively simple as his 

following quotation shows. 

"What is needed ••••• is an analysis of the 
functions to be served, followed by the design of 
appropriate equipment. Nothing we now know about 
the learning process calls for very elaborate 
instrumentation." (Skinner in Gentile, 1966, 
p. 23). 

2.2 PRESSEY'S AND SKINNER'S CONTRIBUTIONS. 

Loll Frenzel ( 1980, p.86) accredits Sidney Pressey 

as being more of a pioneer of teaching machines. In 192f+ 

Pressey invented a machine for grading mLtltiple choice 

questions and examinations. It was soon found that this 

machine could also be used for teaching. So it appears 

that Skinner's contribution was in providing instruction 

which used linear programming, 

machines. Programmed instruction, 

rather than teaching 

together with teaching 

machines, did allow for the growth of individualizing 
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education. 

2.3 DEVELOPMENTS IN INDIVIDUALIZING EDUCATION. 

Individual education 

development, The wealthy 

is, of course, not a new 

in Ancient Greece provided 

tutors for their boys. However the mass education schemes 

of more modern times have acted against individual

ization. A notable pioneer of individualized learning in 

the school situation was Maria Montessori, who at the 

beginning of the century had individual programmes, with 

clear steps at the primary level. (Werner and Bone, 1977, 

2.3.1 MORE RECENT DEVELOPMENTS IN INDIVIDUALIZATION. 

However individualization of learning was not 

widely used until the late 1950's when teaching machines 

and reading and mathematics kits were developed mainly in 

the United States. In the early 'sixties. N.A. Crowder 

was attributed with introducing branching programming 

which was a major improvement on Skinner"s linear 

programming. (Lefrancois, 1972, p.78). 

Nowadays, most quality C.A.I. uses branching programming. 

Frenzel (p.86) points out that even in the mid 

'sixties teaching machines were not popular as a result 

of the lack of quality software. According to Frenzel 

(p.88), the United States government's funding of C.A.I 

instruction started at this time. With dev elopments in 

technology, computers became much cheaper and more 
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powerful. Computers are the means by which modern indiv-

idualization can become a reality tor those with access 

to a computer. 

2.4 AMERICAN LEADERSHIP IN EDUCATIONAL COMPUTING. 

U.S. ascendancy in C. A. I became established at this 

time. Charles Siberman (Diebold, 1973, p.204) notes that 

big business took a sharp interest in the school market 

111hen Pre~sident Johnson's, "cre~ative federalism", provided 

additional funds tor education . Especially generous was 

the Elementary and Secondary Education Act of 1965. 

By the late 'sixties the PLATO, TICCIT and the . 

Stanford-Brentwood schemes were in operation. All were, 

(and still are>, very successful. See also 3.12. 

1.4.1 PLATO. 

PLATO is the abbreviation for Programmed Logic for 

Automatic: Teaching Operation. This system, at the 

University of Illinois, was sponsored by the Control Data 

Corporation and funded by the National Science Found-

aticm. It was originally based on a large time sharing 

computer and was well supported by high quality software. 

It is a very wide system of C.A.I. designed for a wide 

range of subjects for primary to university students. 

Splittgerber (1979, p.24) highlights the teacher 

designed lessons and the well structured curricula as 

being major strengths. Gentile, in an early review of 
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C.A.I., was also impressed by PLATO's facilitw to allow 

teachers, with little or no programming ability, to write 

lessons (1966, p.10). This applied to larger computers 

and not microcomputers. 

2.4.2 TICCIT. 

TICCIT stands for Time-share, Interactive, Computer

Controlled, Information Television, and was undertaken by 

the Mitre Corporation. The system uses mini-computers and 

colour televisions, differing in this respect from PLATO 

which uses a wide range of computer facilities. Like 

PLATO, TICCIT caters for many subjects from elementary to 

tertiary levels. Frenzel claims that both of these 

pioneering efforts in C.A.I. were very successful (1980, 

p.88). 

2.4.3 THE STANFORD-BRENTWOOD LABORATORY. 

Bundy (1968, p.424> in another early review of the 

state of the (computer) art, reported that much money was 

being spent on computing but not enough was being 

directed to research. Bundy recommended the Stanford

Brentwood Laboratory as being exceptional in this 

regard. This project was started in 1964 with a half 

million dollar grant from the U.S. Office of Education. 

The project was to develop and investigate C.A.I. at 

Brentwood Primary School in California. As apparent 

evidence of thoroughness, the team of fifty profess-

ionals, headed by Suppes and R.C.Atkinson, spent two 
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years 

details 

in preparation. (Bundy, 

par a.,met r i c studies, 

1968, p.428). Section 3.12 

many of which directly 

measure students' gains after using SL1ppes • materials. 

2.4.4 RECENT DEVELOPMENTS. 

It is not possible to even list the projects that 

have been developed since. these early projects. It is 

worthwhile noting that costs have fallen dramatically. 

Stretb::m et al. (Zinn et al., 1972, P173) estimad:ed that 

the cost of using TICCIT in community colleges is less 

than traditional teaching. Likewise Bitzer et al.,in the 

same publication estimated the cost of using PLATO IV at 

the University of Illinois as being comparable to a good 

private tutor. (p.35). As costs continue to fall, C.A.I. 

becomes more widespread. Bremmer and Agree (1979, p.46) 

advise that the PLATO V system is capable of transmitting 

lessons or data through t~lephone lines to micro-

computers from where they could be recorded on disk. 

2.4.5 CURRENT COSTS AND INCREASES INC.A.I. 

Ludwig Braun keeps us posted on more current costs. 

(July, 1980, p.110). PLATO is listed at $US 10000 per 

termimal and $800 a month usage fees. However lower cost 

is not the only reason for the increased use of C.A.I •• 

Another reason is the spread of educators who are aware 

of computing. Teachers being trained in aspects of comp

uting is a world-wide phenomenon. 
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2.5 EUROPEAN EDUCATIONAL COMPUTING 

2.5.1 ENGLISH C.A.I. 

' 
Ah example of these efforts in England is the 

Hatfield Polytechni~, Herts. This institution offers many 

degrees and diplomas in computing studies, notable among 

which is the Diploma in Computer Education which is 

advertised as: 

"A two year part time course • . . • . • in either the 
teaching of computing or in the use of the 
computer as a teaching aid." (Computer Education, 
Nov. 1974, p.32}. 

2.5.2 OTHER EUROPEAN EFFORTS. 

Zinn ( 1972, p.169) details the following European 

efforts in prepa~ing teachers for the effective use of 

computers. A national curriculum guide had been set up in 

Scotland, to be supported by regional computer education 

centres. A similar organisation existed in England. 

France planned to have computing systems in all schools 

by 1977. This was to be supported by trained teaching 

staff. To facilitate future educational computing, all 

Spanish teacher trainees have at least some computing 

experiences added to their courses. Wayne Green (1981 1 

p.84) updates this information reporting that both France 

and England have plans in operation to get micro 

computers in every school. 

2.6 AUSTRALIAN C.A.I. 
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present, May 1983, the Australian Schools 

computing needs of Commission is investigating the 

Australian primary schools. This followed the March 

Federal elections before which both of the major parties 

promised greatly increased funds for school computing. 

2.6.1 TASMANIA AND SOUTH AUSTRALIA. 

On the Australian scene, Tasmania appears to be the 

state leading in the use of computing in the primary 

field. The Tasmanian and South Australian education 

departments supply micro-computers to primary schools. 

(Keating, p.4). John Langford reports that he witnessed 

sophisticated use of Apple Computers and Turtles in 

Tasmania. (1980, p.1). 

Tasmania's early leadership, is evidenced by the 

appearance of the education department's sponsorship of 

the BULLETIN, a magazine for classroom computing, in 

1974. The publication is now named, CLASSROOM COMPUTING. 

excellent articles on the The May, 1981, edition has 

appl i c:at ions of the Turtle, including one from Western 

Australia on how the robot can measure the inside of a 

large box (Allison and Edmiston in Wills, 1.981, pp.7-8>. 

McShane, in the same magazine notes, 1980 innovations co-

ordinated by the Elizabeth Computer Centre. The most 

interesting was placement of five Apple II disk based 

syst£•?ms in schools with the e>tpressed aim, "to 

investigate the applications of computers in primar!:I 

schoc.,ls." (p.9). Langford's, apparently ubiquitous, 
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article also appears in the same edition. (pp.17-25). 

Not to be outdone, South Australia has its 

The Computer in the educational computing magazine, 

General Curriculum, which is distributed to all secondary 

schools. Although it has a more high school orientation, 

a primary teacher's article on his use of an Apple is 

included. ( p. Roach in Sandery, 1981, pp.9-l.1). Mention 

is also made of Hartley CAE having a post graduate course 

called, the "Instructional Uses of Computers." (p.9). 

2.6.2 N.S.W. AND A.C.T .• 

The A. C. T. sent Langford to report on the use of 

C.A.I. at Speyton Primary School <Tasmania). Since then, 

the A.C.T. Schools Authority have started to support 

Apple II Micro-computers with hardware maintenance and 

inservice training. (Hutchison, Oct.1980, p.1). Some disk 

drives were available for distribution to schools who had 

purchased a 32K Apple system. (~p.1-2). Apart from 

Woodley's work in conjunction with Macquarie University, 

there does not seem to be any well supported and 

professionally executed programmes of C.A.I. in the 

A • C. T • or N. S. W •• 

However, more interest in computing in primary 

schools b!:I the A.C.T. administration is evidenced by the 

appointment of a full time computer adviser for 

government primary schools from the beginning of 1982. 



A.C.T. COMPUTER USAGE. 

Even so, the development of educationally sound use 

of computers in A.C.T. primary schools is likely to be 

slow because there is a dearth of trained personnel. Even 

though the above computer adviser was a keen primary 

trained teacher, she had had only a year and a half 

experience with computers, and a fortnight's observation 

in Tasmania. She had had no formal academic training in 

computers. 

However, advisers appointed in the second half of 

1982 and 1983 have had more experience and qualificat

ions. The A.C.T. Schools Authority, being aware of the 

growth of computing in primary schools, advertised nine 

courses for primary teachers in its January-June (1983 ) 

Prospectus. These courses ranged from staff meeting 

presentations to four day workshops. 

Additionally, since the beginning of 1983, the 

Authority has been training resource teachers to assist 

primary schools in their remedial and computer efforts. 

Langford is currently working in one of these positions. 

The Canberra College of Advanced Education, also 

being sensitive to A~C.T needs, is about to introduce a 

course starting in July, 1983, entitled, "Graduate 

Diploma in Curriculum, Computers in Education.~ This 

course is 

teachers. 

designed for primary, secondary and TAFE 
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At the end of February, 1.981, the only schools 

listed by the schools authority as officially owning a 

micro computer were Holt and Hawker Primary Schools, both 

owning a TRS-80,16K Level II. 

2.6.2,1 HOLT PUBLIC SCHOOL. 

The computing efforts at Holt had been led by 

Langford. While he had had no training in programming, he 

was ablw supported by a pupil's parent who was an 

advanced college lecturer in computing. Since 1981, Holt 

has purchased another Tand~, similar to the first, but 

Langford has been transferred to another school. At my 

su~gestion, Holt purchased an Exatron Stringy Floppy 

which is a mass storage subsystem half way between a 

cassette recorder and a disk reader. The school was one 

of the first primary schools to buy an Apple II, in mid 

1982. 

2.6.2.2 HAWKER P.S .. 

Towards the end of 1981 Hawker was awarded a 

Schools Authority grant cf over three thousand dollars, 

with whic:h p1.1rc:hased an Apple System. The school already 

had three TRS-80s, which were used extensively throughout 

the school. The main use was for mathematics drill, but 

computer awareness, mathematics games and computer games 

such as road racing were also undertaken. One computer 

had had so much use that the plastic at the front of the 

key board was very discoloured, probably by sweat. Don 
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Logan, the assistant principal, led the effort at Hawker. 

Although he too, had had no computer training (apart from 

a one week inservice course>, he had become a proficient 

programmer through his studying the manuals 

associated books. 

2.6.2.3 THE AUSTRALIAN COMPUTER SOCIETY. 

The Canberra branch of the Australian Computer 

Society has been lending two TRS-80s to local schools. 

One has been situated in the A.C.T Maths Centre, while 

the other has been on loan to schools on a fortnightly 

basis. However,the lack of trained personnel, at the 

school level, has resulted in the computer not being used 

in some schools that borrowed the system. An exam~le of 

this was Wanniassa Hills Primary School's use (or lack of 

it), in 1980. A teacher at the school reported that the 

computer sat in a corner unused for the whole fortnight. 

2.6.2.4 THE SCHOOLS AUTHORITY. 

The A.C.T. Schools Authority is responsible for, 

and arranges the loans of the Computer Society ' s system. 

Last year, 1982, it 

computer printer and an 

has also been leaning to schools a 

Apple. The Authority has also set 

up the Maths Centre in a portable classroom at Campbell 

Primary School. The Centre is equipped with a Computer 

Society TRS-80 and an Apple system with a disk drive. 

Last year the Centre had use of a Turtle. However, 

neither computing nor C.A.I. in mathematics, are the main 
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functions of the facility which was put into operation to 

instil an interest in traditional mathematics. 

2.6.2,5 THE TANDY COMPUTER CENTRE. 

The other micro computer facility, available to all 

Canberra schools, is the Tandy Computer Centre's class 

roam at Civic. The room is set up with a 17 station 

network TRS-80 system. Schools are expected to use their 

own software. Being a commercial enterprise, 

understandable (that they would wish ta make some profit 

or simply cover costs). However it does make it difficult 

for schools beginning computing. On the other hand, the 

staff are very helpful. 

2.6.2.6 COMPUTER USERS CLUBS. 

Canberra has a number of non-profit micro computer 

users clubs such as Apple, Pet, Peach, Osborne and Tandy. 

The last mentioned is officially known as the Canberra 

Micro 80 Users' Group, has an active membership of about 

45 and has been in operation for more than five years. A 

member of this organisation supplied me with a copy of 

'Psuedo Logo' which I used in my class and is discussed 

in Section 3.13. 

2.6.2.7 OTHER USAGE. 

It would be impossible to list all the contacts that 

primary children have with computers. I estimate that at 

present, (May, 1983), at least a half of Canberra's 
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primary schools have a micro-computer. Many parents, in 

Canberra's relatively affluent society, have hobby 

computers, some of which appear at schools on a casual 

basis. I used my machine at Ur~mbi and my previous school 

(before starting this Field Study). 

Some primary schools, such as St Edmunds, are 

attached to high schools which have more extensive 

systems available to them. St Edmunds have Tandy and 

Apple computers with disk drives. Interested primary 

teachers are in an ideal situation for gaining knowledge 

of, and help with, future micro computer systems. 

2.7 SUMMARY OF SECTION. 

This section is designed to survey the state of the 

art as regards to educational computing. It also serves 

as a review of the literature. The next section also does 

this and discusses the different educational styles and 

computers' educational advantages. 
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SECTION THREE. EDUCATIONAL THEORY CONSIDERATIONS. 
====== -========================================= 

3.1 MATHEMATICS IN THE PRIMARY CURRICULA. 

Most AL1stralian schools have a fairly standard set 

of aims as have been clearly formulated in the N.S.W. 

Mathematics Curriculum. They are: 

"(1) To assist the child to understand and 
interpret his environment. 
(2) To satisfy the present mathematical needs of 
the child. 
(3) To lay a sound foundation for future 
mathematical studies. 
(4) To create favourable attitudes towards and to 
stimulate interest in mathematics. 
(5) To develop understanding of fundamental ideas 
of nLllnbers, measurements and shapes, knowledge of 
language and relationships, and skill in 
computation and problem solving through ••••. 
(6) To show the contribution which mathematics has 
made and is making to our present civilization." 
(N.S.W. Department of Education, 1967, p.1). 

The same department's 1972 update of the above 

mentions no change in these aims. Urambi 's Mathematics 

Programme, as used during the.• period 1979·-1982, fol lowed 

these guidelines. These aims are also substantially the 

same as the 1978 Western Australian Department of 

Education's syllabus (pp. 6-10). However, 

curriculum emphasises structured material, 

the latter 

other than 

Cuisenaire rods, and is fully cognizant of Piagetian 

theory with regard to developmental stages. 

However, while Piaget upholds the importance of 

learning coming out of the learner's natural interests 

and experimentation, my reading of the Western Australian 
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syllabus, leads me to believe that most of the activities 

wi 11 be teacher centred. and nearly al 1 teacher initiated. 

It is my experience that this is the case in the A.C.T. 

system. 

Infants mathematics teaching in the above curricula 

emphasise the use of structured material which is in 

accord with Piaget's description of what the Pre-

operational child (2-7 

handle. (Lefrancois, 

years 

1972, 

old approximately) can 

pp. 210-·:211 >. Th~'! Western 

Australians also advise the use of much structured 

material as well as written algorisms in the primary 

school. Piaget would agree that the combination of the 

old with the new, is the optimum learning situation. This 

is in accord with Lefrancois' summary of Piaget's 

classroom activities 

(approximately 7-11 old 

need mental activity 

of the Concrete Operational 

years) child who was seen to 

as well as physical activity. 

(p.219). My view is that a computer can provide some of 

the mental activity at an appropriate level. 

The c:urric:ula mentioned above emphasise the more 

formal prescribed teaching methods which have and 

continue to dominate Western education. Generally, they 

have been, and are, teacher centred in their delivery. 

3.2 THE LESS FORMAL TEACHING STYLE. 

Far less teacher centred methods are favoured by 

'progressive' educators such as A. S. Neill and Carl 

Rogers. Rogers' view is that such educators shOl.11 d faci 1-
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itate meaningful learning which would lead. to more 

personal involvement in the learning process on the part 

of the learner. (Rogers, 1969, p.5). Neill would wish to 

add that teachers should, "spread ideas" and not i:ry to 

mould the learner in any way. <Neill, 1973, pp. 1.62-·164). 

Illich and other Deschoolers, such as Reimer, would 

argue that traditional educators have set themselves up 

as the experts who define what should be learnt. Illich, 

drawing on Thomas Kuhn, points out educational leadership 

cannot depend on having the 'right' answers, as the 

paradigm of what is 'right', changes over time. <Illich, 

1971, p. 101 > • 

Paul Goodman also decries traditional education's 

emphasis on expecting correct answers and little else. He 

notes that academic training is of little service to the 

recipient at any level of conventional education. In 1965 

he found that in any profession, college grades have no 

correlation with life achievement. Papert has a different 

conception of correct answering. Part of his emphasis is 

the construction of computer programmes that only rarely 

will be correct at. the first attempt, that is they will 

require 

correctly. 

some degree of debugging before they 

3. 3 THE MORE: FORMAL CAMP. 

rLtn 

On the other hand, trends which have been prominent 

in th&? United States and were given a boost by the 

Russian's Sputnik venture, have been favouring a more 
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formal, less creative approach, particularly in math

ematics and science. The call for more drill rather than 

the so called 'New Maths' still rages in Australia as is 

evidenced by fairly frequent articles in the daily press. 

A typical quarter page item in the Sydney Sun-Herald 

newspaper states, 

11 'New' maths 
multiplication 
are on their 
p. 11). 

goes back to basics. The old 
tables taught in primary schools 

way back.*' (Yardley, 29/3/1981, 

The article goes on to quote Marjorie Carss, president of 

the Australian Association of Mathematics Teachers and 

lecturer in education, as saying, "There comes a point 

when tables have to be learnt." Yardley's and Carss' 

statements reflect the fairfy commonly held view that 

children need more basic teaching. It is not the purpose 

of this paper to deny or support this contention, but 

merely to point out that a large body of opinion supports 

a call for higher mathematics standards. 

3.4 PROGRAMMED LEARNING. 

Many people in their quest for more basic, non

experimental, education feel that this can be achieved 

through programmed learning. This school of thought is in 

accord with the theories of B.F.Skinner and Behaviorist 

psychologists who place more emphasis on moulding behav

iour through carefully programmed learning materials. The 

Behaviorists are less concerned with explanations of 

thoughts. Their emphases are on actual behaviour and how 
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learning of skills and knowledge are built up sL1c:cess

ively in an additive progression. 

NatL1rally this type of learning is very well suited 

to C.A.I •• Vincent Glennon gives a good reason for the 

need for drill. His argument is that learning needs to be 

well consolidated to be retained and transferred to new 

situations. ( 1976, p.304). Much American education 

Californian appears to support this non creative mode. 

researcher, Goodlad and his team (1974, p.80) found that 

U.S. education was surprisingly uniform in content from 

classroom to classroom, highlighting the lack of 

creativity. They studied 158 kindergarten to third grade 

classes. 

3.5 THE ANTI-BEHAVIORISTS. 

The Behaviorists are more likely to emphasise the 

importance of some kind of reinforcement being available 

for learning to occur than the Cognitivist school who are 

more willing to speculate on the-, mental processes 

involved. This latter school places more emphasis on 

learning emanating from the learners• interests. Thus 

reinforcement is not a necessary condition of learning 

for them. Piaget implies that most, if not all, learning 

stems from the learners' interests. 

3.6 AUSTRALIAN TRADITIONS. 

Noted educationalists such as R.F.Butts and W.F. 

Connell would agree that the Australian scene is little 
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different from the American situation as Goodlad (see 3.5 

above} describes. Freeman Butts' study tour revealed 

little or no cr~ative teaching. Butts attributed this to 

the Australian educational authorities adopting a British 

examination dominated system. < 1970, pp. vii ···viii). My 

more recent observations in N.S.W. and the A.C.T. would 

report little change, even though the systems are greatly 

changed. This, I attribute to the Australian tradition of 

deference to authority, namely, inspectors in N.S.W. and 

principals in the A.C.T •• 

3.7 PSYCHOLOGISTS' UNCERTAINTY. 

A large part of the problem is that the science of 

the psychology of learning is still in its infancy. 

Psychologists are not sure what occurs at the neural 

level in the brain when learning occurs. Likewise psych

ologists have a lot of difficulty in Precisely defining 

'reinforcement'. (Logan, 1973, p. 77). Therefore the 

question as to the relative merits of the Behaviorist and 

Cognitivist schools of thought cannot be answered with 

any degree of certainty. 

3. 8 EDUCATORS' UNCERTAINTY AND TRADITIONAL EDUCATION. 

Educators inherit these problems as well as some of 

their own. R.E.Stake would point out that many different 

people have different ideas as to what edL1cation is. This 

uncertainty plus the Australian tradition of non 

creativity has supported the traditional mathematics with 

its emphasis on rote learning of algorisms. However, I 
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feel that the community, particularly the parents, desire 

this. 

3. 9 NON-TRADITIONAL EDUCATION. 

Parkyn, ( 1973, p.17), and many others, see the 

essential aim of education as producing educable rather 

than educated people. I interpret this to mean that they 

have learnt how to learn, rather than having been taught 

computational skills and facts. Margar~:!t Mec::\d < in 

Diebold, 1973, p.345), sees an essential aim of education 

as the production of citizens who can cope with the 

modern world. However~ more modern educators cannot be 

too smug in their aim of trying to teach 'learning to 

learn' and 'psychological modernity', as both terms have 

difficulties associated with them. ' Ps!:l cho 1 og i c:a 1 

modernity' can be taken to be characterised by an openn-

ess to new experience and a degree of ambition. While we 

would e}•:pec:t this to be an outcome of educ::ation, Dreeben 

(1976, p.116), found that there was a higher correlation 

between 7 modernity• and time spent working in a factory, 

than time spent in school. 

3.10 URAMBI'S RESPONSE. 

Urambi Primary School, Kambah, ref lec:ts the un-· 

certainty above. Like most schools in the A.C.T., it has 

a school policy statement which includes a section on 

individual development and creativity, but as in most 

schools, 

grOL!PS, 

the large majority of teaching is in large 

except for remedial education. Goodlad and his 
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team made similar observations (p.94). Butts' 

creativity also hold. 

3.11 THE ADVANTAGES OF COMPUTERS. 

3.11.1 WHY USE COMPUTERS? 

comments on 

The suc:c:essful use of the three American systems 

discussed above in section 2.4, illustrate that computers 

can play an important role as an aid in ed~caticn. This 

is supported by Vinsonhaler and Bass (1972, pp.29-30), 

who studied ten major American computer assisted 

instruction (C.A.I. > programmes and found that there was 

strong evidence that traditional instruction supplemented 

by C.A.I. is far more effective than normal traditional 

instruction. Their study involved approximately ten 

thousand subjects and involved both 

language arts. 

mathematics and 

3.11.2 THE DISADVANTAGES. 

Carruth ( pp. 32-33) points out three disadvantages, 

namely that there may be alternative more efficient 

methods, tec:hnical problems and high costs. I should like 

to add that in my project, (Section 4), I found the main 

disadvantages in the lack of quality software and the 

extra time needed in setting up 

cassettes. Of course this problem 

the system 

does not occur 

using 

with 

disk drive usage, though on the other hand, technical 

problems are more likely especially if pupils tamper with 

the disks. Larger systems seem generally more robust and 
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reliable. 

At no time during my microcomputer usage in primary 

schools (1978~82) did I have any technical problems of 

any kind. Admittedly, I was only using a cassette based 

system. Joiner (1980, p.37) did have problems with a 

similar system as reported in 4.2.3. 

Carruth's point that a computer may not always be 

the most efficient teaching method is a very valid one 

(p.33). Certainly, a computer should not be used as a 

page turning text book, at least in most circumstances. 

The rapidly falling costs of all types of computers 

is mentioned elsewhere in this report. Purists, such as 

A.R.Molnar, argue that cost effectiveness is a non-

argument in education, as education is an open system and 

therefore, by definition, effects are far reaching and 

all but impossible to measute. (in Allen, 1970, p,8). 

Another disadvantage that I feel is of great 

importance, is the tendency for computers to dehumanise 

the art of teaching. This could be a problem where over 

enthusiastic teachers (or sales-people) push computers 

into areas where other methods are more viable. 

Lefrancois discusses the important concept that teaching 

is both an art and a science, and accordingly a te~t 

book, 

" is compelled to deal with 
than the art. But where science 
be employed." (1972, p.10). 
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I would like to add that a computer is also likely to 

deal with the science of teaching. Though of course, this 

may suit some students, teachers and subjects. Addit

ionally creative computer use (see 3.11.5.10 and else

where> may involve much artistic imput. 

3.11.3 THE RELATIVE OVERALL ADVANTAGES. 

The answer to the question, "Why use a computer?" 

shoLtld be answered in terms of the advantages, 

disadvantages and alternatives, with due regard to the 

subject children's needs and capabilities. In discussing 

the relative advantages and disadvantages of using a 

computer in the classroom, this study covers a range of 

educational activities rather than Just mathematics. This 

is because most primary schools with access to a computer 

would not restrict its use simply to the mathematics 

curriculum. In any case, many would argue that mathemat

ics should be spread across the whole curricula. 

3. 11 • 4 AD VANT AGES ACROSS THE CURR I CUL.A • 

While Christine Doerr (1979) does not advocate an 

integrated approach, her 

most modest home computer 

book 

can 

indicates that even the 

gainfully be used for 

teaching history, social studies, biology and political 

science, as wel 1 as the three basic subjects. She 

addressed herself to a secondary (high school) setting, 

but never-the-less all of these subjects are applicable 

to upper primary school. Fairly common social studies 

topics in the A.C.T. and N.S.W. primary schools are 
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M.A. C. O. S. and People of the.t Western Desert. Both of 

these topics Ltse simulation activities which would run 

very well on a computer. 

While A.C.T. secondary schools are taking advantage 

of many simulations and packages such as accounting, 

A.C.T. primary schools are gradually accepting simul-

ations such as Hobart's Elizabeth St. Computing Centre1 s 

"First Fleet" (Social Studies and mathematics data> 

package. Many schools received this in 1982 through a 

Department of Science and Technology grant. 

3.11.5 THE ADVANTAGES 

The advantages are as follows. Thew could apply to 

most well constructed computer assisted instruction. 

These advantages are listed, in part, in Mc:Shane (1981a, 

pp.9-10) and Bundy (1968, p.425). 

3.11.5.1 COMPUTER GRAPHICS. 

Graphics can be used with younger children as rein-

forcement for completing set tasks. McShane, (1981a, 

p.10). Graphics are particularly helpful 

children and slower learners in mathematics 

to younger 

where more 

abstract concepts can be illustrated. An example of this 

is my Programme 1, below, in which a number line is used 

to support an addition drill. Graphics, of course, can be 

used with students of any age to illustrate material. The 

old proverb, "A picture is worth a thousand words.", 

still holds true. I should like to add that a computer's 
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moving graphic could be worth ten thousand words. 

3. 11. 5. 2 FEEDBACK AND SEGUENCING. 

Mc:Shane indicates, quite correctly, that a 

computer,s strength is its ability to respond appropria

tely to students' answers. The computer's controlling 

programme can limit the number of incorrect answers it is 

willing to accept. This is also demonstrated in Programme 

1. Wrong answers can branch the programme to easier or 

remedial questions or data. Silly answers can prompt an 

appropriate message, as can slow answering. 

3.11.5.3 COMPUTER MANAGED LEARNING. 

A computer's ability to access large amounts of data 

can be used to individualize learning. My own view 

regarding computer managed instruction (C.M.I.) is that 

it is best undertaken by large scale systems as it can be 

very costly and time consuming to set up. However if the 

hardware and software are available there are 

considerable benefits. As well as the obvioLts advantage 

of the teacher and student easily being given the next 

lesson or task, they can easily see what lesson or task 

has previoLtSl!:J been completed. Spuck and Owen ( 1976, 

p.37> point out that keeping tabs on a single pupil is a 

considerable task. If the teacher is freed from most of 

the routine clerical work, more teaching time would be 

available.These authors (p.35) agree that early C.M.I. 

attempt~ may not have been very successful because of 
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limited resources. 

3. 11. 5. 4 COMPUTER CONTROLLED VIDEO. 

A computer controlled video learning situation is a 

very powerful teaching device. Questions could be put to 

a student. dL1ring or at the end of a video tape. Wrong 

answers could cause the system to branch automatically to 

part or parts of the presentation needing revision. 

3. 11. 5. 5 COMPUTER AWARENESS. 

Children become very aware of a compL1 ter 1 s 

usefulness and limitations if a computer is used in the 

classroom. My observations are recorded below, (see 

5.1).More formal tea~hing could be undertaken through a 

computer awareness c:ourse. 

3. 11. 5. 6 SIMULATIONS AND GAMES. 

SIMULATIONS. 

The advantages of using simulations in social 

science is referred to above. David Ahl (1976, p. 6) 

claims that more educational gaming should improve 

interpersonal relationships especially when peer tutoring 

is involved. He quotes a number of researchers, including 

Fletcher (1971) and Wodarski et al. (1971>, to support 

his claim. H~ sees the value of computer games as a 

supplement to normal classroom teaching in the areas of 

probability, logic, problem solving and decision making. 

( 1976, p.7). Certainly a computer is a very po~erful 



tool in its ability to allow students to make economic 

and political dee isions. (Ellinger and Brown, 1979, 

p. 53) • Hamburabi, a fairly wel 1 known computer 

simulation-game, is a good example of a simulation which 

I have found to be very appealing to year 6 children. 

LEARNING GAMES. 

There is no clear cut division between a simulation 

and a game .as the areas frequently over-lap. An 

educationally worth-while programme for upper primary 

schocll is Lemonade which allows children the opportunity 

to run a lemonade stand and make a profit or loss. I have 

seen this programme run on an Apple micro-computfo:>r. It 

was very appealing with its excellent colour graphics 

showing the actual stand. 

3.11.5.7 WORD PROCESSING. 

With the addition of a printer, disk drive and 

suitable software, a six hundred dollar (1983, Austral

ian price) microcomputer system can be used as a u1ord 

processor. This field study was written with such a 

system. Average primary pupils would have little trc>uble 

using a word processor to write compositions, poetry, 

letters or news letters. The great advantage is that 

mistakes or additions or deletions can be made easily and 

neatly. This was also one of Papert's suggestions (1980, 

p.30). A word processing microcomputer has many applic

ations for invalids. Some programmes, including simple 

word processing, are capable of being controlled with an 
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on/off switch for the very disabled. 

3.11.5.9 INFORMATION SOURCE. 

The so called 'knowledge explosion' has made it 

difficult for teachers, and especially primary teachers, 

to keep up to date with new knowledge. (Goodlad et al., 

p.5>. A computer based information system is a possible 

answer. It would be an aid to both teachers and students. 

3.11.5.9 FREEING STUDENTS OF FEAR OF FAILURE. 

Another advantage of using a computer in any form of 

C.A.I. is that many students will be freed of the fear of 

failing to reach the expectations of teachers if they 

learn using C.A.I •• Of cour se, different students learn 

in different ways but a large number are bound to find 

that this method is their preferred style of learning, 

3.11.5.10 DRILL AND PRACTICE. 

Drill and practice: A computer's apparent patience 

in giving repetitive drill is seen by many as one of 

C.A.I.'s biggest advantages. Computers can be less menac

ing than an impatient teacher especially with slower 

learners. In addition to this advanta~e, the teacher is 

released from drill activities and should have more time 

for other teaching or preparation. Poor quality software, 

such as Programme 3, purchased from Dick Smith in Sydney, 

is partly responsible for a general lack of enthusiasm 

for C.A.I •. This poor quality software is a l so mentioned 
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by American and British writers else where in this paper. 

SUPPES DRILL-AND-PRACTICE. 

Patrick Suppes at Stanford University is an acknow

ledged leader in the field of computer assisted drill and 

practice arithmetic of the type which predominates in the 

following project. (See Sections 4 and 5)a He describes 

the method as follows: 

"This kind of interaction between student and the 
computer program is meant to supplement the 
regular teaching process. After the teacher has 
introduced new concepts and ideas in the standard 
fashion, the computer provides regular review and 
practice of the basic concepts and skills." 
(Suppes, 1967, in Carruth>. 

3.11. 5. 11 FREEING THE TEACHER 

Use of a computer for drill-and-practice will free 

the teacher from much of the tedium of drill work. At the 

same time it will provide individualized work at varying 

levels. Hopeful!~ the teacher will then be able to spend 

more time in other preparation or motivating students. 

Teacher time could also be saved by computerising much of 

the teachers' book work. <See also 3.11.5.3). 

3.11. 5. 12 PAPERT AND CREATIVE COMPUTER USE. 

Seymour Papert (1980, p. 5) hopes that computers will 

not be used to teach and dr i 11 school sub,jects with 

tightly programmed soft-ware. His aim is that PLIPi 1 S wil 1 

learn to use computers rather than computers <and 

educators) programming the pupils, into learning that 
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correct answers to teacher defined mathematics, is all 

that is required. 

His great contribution to computers' use in 

education is the LOGO computer language which can be used 

to control a robot which is capable of drawing geometric 

shapes. The robot, known as the Turtle, is about the same 

size as a microcomputer system. Chris Brm1.1n ( 1981, 

pp.56-57) details Papert's ten years of experimentation 

at the MIT and states that even children who cannot read, 

can use LOGO symbols to interact with the computer. This 

is surely more creative than teaching children by drill 

and practice. Margaret Wilson is impressed that six year 

olds can use LOGO (1980, pp.3-5). 

Papert ( 1980, passim>, is clearly in the Piagetian 

anti-Behaviorist camp as described in 3.6 (above). 

However Piaget does not wish to answer the question as to 

whether cognitive development can be acceleirated. 

( Copeland, 1974, Papert acknowledges this 

difference with Piaget, saying that development can be 

accelerated if children are supplied with the necessary 

equipment to stimulate intellectual growth. He claims: 

11 We sh a 11 see 
consequences 
obstructing 

of 
the 

time and time again that the 
mathophobia go far beyond 
learning of mathematics and 

learning to use computers can 
learn everything else .••• " 

science. • • • . • that 
change the way they 
<Papert, 1980, p.8). 

THE WEST LAFEYETTE PROJECT. 

An of the more creative Lise 
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micro-computers is indicated by Nancy Robertson, who 

reports that mathematical logic was taught successfully 

to 5th and 6th graders at West Lafayette, IN., U.S. Ltsing 

a TRS-80 micro-computer. (1981, p.52). She deplores the 

facts that a lot of mindless drill is being under taken 

on the machines and that much poor quality software is 

being used. (pp.52-53). The aim at West Lafayette is to 

use the computer to develop ," •••• higher level thinking -

reasoning. 11 (p.53). Chris Brown reported that keynote 

speaker at the Harvard Micro-computer conference, M.I.T's 

Professor Schwartz, stressed his desire that micro-

computers be used as an 11 intelh1ctual amplifier". (1981, 

p.54). Brown continues, that Papert's research shows 

how this amplification is to be undertaken (p.56). Papert 

uses computers and Turtles to provide young children with 

a situation with emphasis on graphic:s and computer 

lan9L1age, with an aim to developing cognitive skills. See 

above. 

3.11.5.13 MOTIVATION. 

Whether the creative or the traditional modes of 

teaching using a computer's assistance are used, for me, 

one of the computer's greatest assets is its ability to 

provide motivation. Much of this is covered in the 

preceding parts of this section. Swenson and Anderson 

refer to the... primary reinforcement effect of visL1ally 

stimulating material on tt1e video screen and the 

computer's ability to give reinforcement at the ideal 

time, namely 0.5 seconds after the correct response. 
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(1982, p.137). Of course, for many students, just an 

alternative method of learning is motivation in itself. 

3.12 LEARNING GAINS. 

The evidence that C.A.I. significantly improves or 

assists the learning process is varied. Most well known 

(and well publicized>, studies report positive findings. 

All of the following research in this section is 

American research where C.A.I drill and practice has been 

used to supplement the existing programmes, and the~se 

results are compared to similar programmes which are not 

computer aided. 

3.12.1 POSITIVE FINDINGS. 

Catherine Morgan's study with nine primary schools 

in Montgomery County over a one year period reports 

significantly positive mathematics gain with all the 

grade 3 to grade 6 groups involved, when the pupils were 

given 20 to 30 minutes of C.A.I. a week <Morgan et al., 

1976, pp. 16-18). Four control schools were used. Using 

the OWN C.A. I. programme she found that most improvement 

was made by below average 3rd and 4th graders and above 

average 5th and 6tt1 graders ( P=0. 05 N=l 91210). 

She also reported that 87% of the teachers who used 

the C. A. I. in the tour basic operations, expressed a 

favourable overall attitude. Further she stated that the 

teachers using the C.A.I. reported that 90% of their 

students enjoyed working in the OWN programme. (p.1). 
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Carruth (1970, pp.6-7> quotes results of Stanford 

Univerity's 1969 mathematics drill and practice C.A.I. 

programme in which more than 500 pupils from grades one 

to si:-: used computers and made significantly better 

(p=.01) improvement than controls in all grades. Carruth 

also quotes G.F. Stovall (p.6) who made similar findings 

with 200 sixth graders in Mississippi at the same time. 

Carruth found that sex was not a significant variable, 

but intelligence and previous mathematics ability were 

< pp. 11 9-· 120 ) • 

Vinsonhaler and Bass ( 1972, pp. 29--:52} have 

summarised the findings of seven major mathematics 

projects and three major language projects involving over 

eight thousand and nearly two thousand primary school 

subjects respectively. After between three and ten months 

they found that, 

"Generally, CAI groups show performance gains of 
one to eight months over groups receiving 
traditional instructions." (p.29). 

All of the mathematics projects used C.A.I. of between 5 

and 15 minutes a day to supplement the traditional 

programme. The authors emphasised that they had not 

studied the long term educational benefits. 

Most of the C.A.I. in mathematics was based on 

Suppes' work. When this was extended to a two year period 

by Abramson and Weiner, no consistent pattern of gain was 

found except that high ability pupils covered signific

antly more work (1971, p.4). The authors admit to a, 
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"lack of the desired degree of experimental control". 

(p.2). However, a very favourable attitude to C.A.I, was 

reported by a, "large percentageN, of pupils, parents and 

teachers. ( p. 5 >. 

A project with no control group was George Litman's 

Chicago experiment with 477 disadvantaged grade 1 to 7 

pupils. This ten minute a day for six months project was 

aimed to give drill and practice based on a curriculum 

which looks remarkably similar in structure to the N.S.W. 

Mathematics Syllabus as outlined above. He claimed that 

more than 90½ showed improvement of more than an extra 

month's attainment as measured on a standardized test. 

( 1973, pp. 3-4). 

3.12.2 NEGATIVE AND MIXED GAINS. 

Splitgerber (1979, p.22) claims that although 

students using C.A.I. proceed faster, the retention rate 

of learned material is less than 

instruction. Vinsonhaler and Bass, 

under traditional 

despite their many 

positive findings above, warn that Dick and Latta (1969} 

found that 8th grade mathematics concepts were more 

effective!~ taught using programmed material than C.A.I. 

< in Vinson haler and Bass, p. 31 >. 

Judi th Edwards and her associates found that suppl-

ementary C.A.I drill for year long periods, did signif-

i cant ly improve primary mathematics scores in five 

separate e}:per i men ts. ( 1975, pp. 147--8}. However, two 

similar experiments produced mixed results when learning 
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time was the measured variable. (p.149). 

studied 300 

, 5 and 6 

Californian, 

Ii.Ji th problem 

B.W. Searle (1974, p.377) 

mainly blacks, in years 4 

arithmetic based on Suppes, Stanford work. The main 

conclusion was, that there was need for further study 

(p.383). J.D.Price using Suppes' drill and practice 

arithmetic did report that best results were found with 

Negro and low income groups (in Weisgerber, 1971, p.299). 

Gentile's early call for more parametric testing 

( 1966, p.19), is still pertinent. He summarized three 

non conclusive C.A.I. reports (p.17). 

As can be seen from the two sections above, the 

results are not conclusively in favour of C.A.I. as there 

is still a dearth ot long term, conclusive, parametric 

data. Care also needs to be taken that the Hawthorne/Orne 

Effect does not spoil the findings. 
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3.13 SUMMARY OF SECTION. 

This Section has discussed traditional and prog

ressive education with a view to examining mathematics 

and computing within the context of the primary school. 

It goes without saying that different schools will have 

different aims. Obviously, more progressive schools will 

attempt to gain the advantages of creative computer 

usage, while traditional schools will tend more towards 

C.A.I •. Hopefully many schools will see the advantages in 

using both approaches. 

The Section also serves to explain many of these 

advantages. Some of 

motivation and extra 

these 

learning 

advantages, particularly 

gains, apply to drill and 

practice mathematics and this is why I have chosen to use 

a computer to assist in delivering a traditional math

ematics curriculum. (Though severe resource limitations 

also influenced this choice). The project in the follow

ing sections details these efforts. 
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SECTION FOUR. PROJECT DESIGN. 
============================= 

4. l THE PR(l,.JECT' S AIMS. 

The aim of the project was to integrate a micro-

computer into my fourth and fifth grades' mat hem.;;, ti cs 

programme which followed the broad guidelines of the 

Urambi Mathematics Curriculum. The specific aim of doing 

this, as stated in Section 1.2, was to see how useful a 

microcomputer would be in a "normaln primary school. 

While it is true that Urambi was chosen because I was 

working there, my twenty years of primary teaching exper

ience leads me to Judge that the school was fairly close 

to average. This experience includes Sydney schools and 

both large and small country schools. Even so, the choice 

of one school to represent as average, other Aus.tral ian 

primary schools,is fraught with problems as is ~ny non

random sample. (The main problem, of course, is tha i: it 

may be biased. ) 

4.2 THE PROJECT'S BACKGROUND. 

4.2.1 MY BACKGROUND IN COMPUTING. 

My first contact with computing was a second year 

course of computer sc:ience at the University of New 

England in 1975. However, it was not until early 1978 

that I had my first thoughts of using a personal micro-

computer. These were aroused by Tandy's newspaper 

advertisements offering computers for under a thousand 
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dollars. Unfortunately the principal of the school where 

I was teaching, was vehemently opposed to my applying for 

branch of the A.C.T. a grant from the curriculum 

<Interim) Schools Authority to finance the school buying 

a computer. Significantly, in May 1983, this school is 

seriously considering buying a microcomputer. 

4. 2. 2 THE EGiU I PMENT, 

I purchased m':J own TRS-80 4K LevE~l II micro

computer early in 1978 and since that time it has had 

occasional use in my classrooms. At the time I was teach

ing a year 5-6 class. The programmes used were Radio 

Shack's Maths 1 and Micro Chess 1.5. A Level II machin~ 

was favoured as it, among other advantages, featured a 

stronger BASIC language, had a better and safer saving of 

programmes, and featured larger letters on the display 

video. The larger letters are four times as large and far 

easier to read. About a year after the original purchase 

a 16K chip was inserted into the co~puter. This allowed 

the separate parts of the above mathematics programme to 

be strung together for more convenient loading from 

cassette tape. 

4.2.3 PROBLEMS WITH CASSETTE USAGE. 

Joiner and his associates reported having difficult-

ies loading and saving programmes using the Tandy 

system's cassette recorder, 

ienc:ed no similar problems. 
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occur with disk usage and disks also have the advantage 

of being many times faster. 

4.3 COMPUTER USAGE AT URAMBI. 

In 1979, I was transferred to Urambi, a government 

primary school, in the south of Canberra. At this school 

I again used my computer and gained the support of the 

principal in applying for a similar machine through the 

Schools Authority's Curriculum Development Projects 

Scheme. The application included requests for more 

supporting equipment such as a printer, · a systems desk 

and programmes. Before I formally applied for the grant, 

I obtained the support of the school board and the upper 

primary staff (years 4 to 6) who agreed to attend 

inservice courses run by myself. 

Unfc.1rhmately, the application for the grant was 

unsuccessful and I had to use my own machine if I wanted 

to use a computer in the classroom. This entailed some 

difficulties with storage, maintenance and travelling to 

and from school with the computer. Insurance was covered 

by a special arrangement with the school's P. and C. 

organisation. 

4.4 THE EXPERIMENT. 

My aim was to use my equipment to integrate C.A.I. 

into thri Urambi mathematics curriculum and report my 

findings in the context of a small scale experiment where 
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variables between the control groups and the experimental 

group would be difficult to (ideally) manipulate. Thus, 

computer assisted instruction complementing the tradit

ional learning would be compared with traditional learn

ing. Despite my bias towards computing and C.A.I., I 

attempted to be as objective as possible. 

To measure the differences in the gains, both 

control and experimental subjects were tested on the same 

or very similar, standard mathematics tests before and 

after the experimental procedure as detailed below in 

section 4.4.3. Table 1 shows the stratified sample where 

students in my class were paired on their pretest scores 

and randomly assigned to control and experimental groups. 

The control subjects from other classes were selected 

from a large pool of similarly aged pupils and matched to 

the pairs in my class. 

Kerlingf?r recommends a similar experimentc:\l design 

where schools or classes are variables. (1966, p.307). 

This paradigm is very suitable for isolating the effect 

of a particular teaching method. Kerlinger goes on to 

describe the pretest-posttest technique with control and 

experimental groups, 

research. (p.308). 

as the •classical design" of 

I had the school principal's permission to conduct 

the experiment. A fortnight before the experiment began 

the parents of the children in my class were informed in 
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the weekly school news letter that I would be using a 

compt.tter to supplement the normal mathematics programme. 

Included in the letter was a note to the: effect that 

simi 1 ar work had been done in previous years. Only one 

parent approached me about the use of the micro-

computer. He had his own hobby computer and was quite 

favourably disposed to the use of computers in the class 

room. Unfortunately, his child was excluded from using 

the computer (and from the control group) as previous 

computer usage would have introduc:ed a contaminating 

variablE:a 

4.4.1 EXPERIMENTAL DATES. 

The experimental aspect of the study took place 

between the 9/4/1981 and 14/8/1981, the dates of the pre-

and the post-testing. Not including the holidays, this 

was a period of sixteen school weeks. 

4.4.2 THE SUBJECTS. 

The subjects were my 1981 class which was made up of 

7 fifth class pupils, 4 boys and 3 girls, and 22 fourth 

class, 13 boys and 9 girls. No children left during the 

ernperiment although two new pupils arrived dLtring it. 

These children were not used as experimental or control 

subjects. 

4.4.3 THE TESTING. 

The children were given two standard mathematics 
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tests, A and B (See Appendix>, as a pre-tests and post-

test. After the pre-tests, the scores were averaged and 

the pupils with similar scores were paired. (The test was 

designed as a fair exercise of normal fourth and fifth 

grade arithmetic, with some third and sixth grade 

questions. Each consisted of 50 questions, with 6 being 

of approximately third grade level and 7 of approximately 

si>:th grade. ) 

4.4.4 GROUP FORMATION. 

4.4.4.1 CLASS GROUPS. 

Each child in my class was randomly paired with 

another child in the class who had a similar score. The 

average difference between the pairs of scores was 1.5, 

with no difference being greater than 3.) Using the name 

in the hat technique, the children from each pair were 

randomly assigned to either the con i:ro l or the 

experimental groups. These became Control Group 1 and the 

Experimental Group. Kerlinger (1966, pp.309-310) uses a 

similar experimental design. 

A problem in the design was that this control group 

would have some contact with the computer by being in the 

classroom and also having contact with the e>!Perimental 

group, Because of this problem, another control group 

made up from children from classes outside the exper

imental classroom, was used. 
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4.4.4.2 CONTROL GROUP 2. 

This control group was made up of children from 

three different classes of the same grades as the 

experimental and Control Group 1 subjects. Though they 

were members of the same school they did not have any 

previous computer experience at home or at school. 

Because a high (0.86) product-moment correlation was 

found between Tests A and B, only one test was given. 

This high correlation suggests that the tests were 

reliable. My twenty years primary teaching experience was 

the criterion on which I Judged the tests as a valid 

measure of a given pupil's khowledge and understanding of 

the school's mathematics curriculum. 

These children, the out of class control group, were 

matched to children 6t similar scores in my class. The 

scores of the out of class control were different to an 

average of 1.0 from each in the exp•rimental class pairs' 

average.In no case did the out of class control indivi

dual differ from the average of its matched pair by more 

than 2 points on the test scores. The scores for the pre

test follow: 
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---------------------------------------------------------
TA:BLE 1. SCORES FOR PRE TESTS 9TH AND 10/4-/1981. 

----------------------------------------------------------

Experimental Controls in Controls in other 

grOLlP class classes 

S1 42.5 S15 43.5 S29 41 

s·-, ..:.. 41. 5 S16 38.5 930 39 

S3 39. 5 S17 36 S31 37 

S4 34. 5 S18 35.5 S32 36 

85 34.5 S19 33 S33 35 

S6 33 S20 32.5 834 34 

87 31.5 S21 32 S35 33 

SB 30.5 S2:2 29 S36 30 

S9 28.5 S23 26.5 S37 28 

S1121 27 .. 5 824 27 S38 28 

S11 25 S25 25.5 S39 24 

S12 22:. 5 S26 25.5 S40 23 

S13 17.5 827 13.5 S41 17 

S14 13.5 828 10.5 S42 11 

---------------------------------------------------------

Pupi 1 s were mat c:hed on their pre test scores. For e>:ample 

S7 experimental subject, was matched with S21 a control 

subject in my classroom and both of these subjects were 

matched with S35 a control subject in another classroom. 

Where-ever possible children were matched with other 

children of similar age, grade and sex. However matching 
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was based solely on mathematics achievement as revealed 

in the pre-test. E.G.Begle in his address to the Canberra 

Mathematics Association 29/3/1976, told the audience that 

previous mathematics ability is the best predictor of 

future mathematical achievement. Daloz (1978, p.23) 

agrees with this. No experimental or control child had 

used C.A.I. before. 

Another problem with the design, that I was unable 

to overcome, was the difference in teaching styles of the 

other teachers who taught Control Group 2 children. A 

larger scale experiment would have allowed a minimising 

of t~h is factor. 

4.4.5 EXPERIMENTAL PROCEDURE. 

All groups had normal maths, mainly based on the 

Urambi School Mathematics Curriculllm and the standard 

school arithmetic text books appropriate for their math

ematical attainment level. 

4.4.5.1 THE EXPERIMENTAL GROUP. 

However, the experimental group used the Tandy micro 

computer for 5 to 10 minutes a da~ during the experiment 

and had (a corresponding time> less normal classroom 

mathematics. The computer was situated in a back corner 

of the class and e ►tper imental chi 1 dren had the use of a 5 

minute egg timer. 

THE SOFn~ARE. 
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The programmes used by the experimental group are 

listed in the appendix. Descriptions of each follow. 

Programme 1: This was an addition drill using two 

addends. It started with two random unit numbers, incre

menting them by one or two when five answers had been 

correctly answered. Six wrong answers caused the computer 

to stop functioning and give a score. This programme, 

written by rn~self, had the feature of showing a number 

line relevant to the question at hand, and telling the 

children from where to start counting. As well as the 

obvious mathematics being learnt, the children became 

familiar with the computer using this programme. Within 

two weeks many had lea'rnt how to RUN the c:ompL1ter by 

themselves. While the main objective of the programme was 

to teach addition, a supplementary aim w-s to consolidate 

understanding cf the base ten number system as shown on 

the number lines. The programme took more than 40 hours 

to write and debug. 

Programme 2: The second programme was a fairly 

common number guessing game and was modified to choose 

numbers between one and any chosen limit. David Ahl 

(1979, p,123) presents a similiar game. The chi 1 dren' s 

aim in the game was to guess the number in the computer's 

memory in the minimum number of tries. The edL1c:at i onal 

aims of the game were to consolidate the base ten number 

system and to introduce chi 1 dren to the unnamed concept 
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of the binary search. 

Programme J: This programme was purchased from a 

Sydney and was 

The programme 

Di c:k Smith compL1ter shop in 

'Maths/Spelling Cat. X-3662. 

pure drill type, drilling lhe four basic 

entitled, 

was of the 

arithmetic 

operations for Australian grades three to si :-, • The 

original programme itself was of very poor quality and 

even needed minor debugging. Four faults were as follows: 

1) A pupil could get all the questions wrong and still 

receive the instruction, uGOOD WORK. TRY A HIGHER LEVEL." 

I removed the "GOOD WORK" message. 

2> "SIMPLER", was spelt incorrectly but due to a prog

ramming fault, it did not appear. This is listed on line 

700. See Programme 3 in the Appendix. 

3) Pupils attempting fifth or sixth grade multiplication 

or division needed a pencil and paper to work out the 

answers. 

4> Poor quality English was used. A question was framed, 

"WHAT'S IT TO E,E THEN ?" 

The Dick Smith programme was used because it gave a 

wide coverage of primary mathematics as taught at Urambi 

and most other schools in the Territory. In fairness I 

should add that it cost less than ten dollars in 1979 and 

was considerably more suitable, as a mathematics drill, 

than Tandy's equivalent, "Math 1. Catalog Number: 

26-1701'. This American package of three cassettes was 

available at the same time, for near!~ forty dollars. In 
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fairness to the Tandy Corporation it should be stated 

that they now market a much improved package, 'K-8 Math 

(Vol. 1). 269-1715.' which sold in Australia for $250, in 

December, 1982. I did not have the resources to run this 

package. 

Programme 4: I wrote this small programme to 

illustrate numbers incrementing by one in any chosen 

base. Once the programme was RUN the children were not 

required to respond. The programme was used by the 

children to check sequences of numbers that they had 

composed. For example, a pupil could choose a base 2 

count at any chosen speed, to a limit of 111111. A base 7 

count would stop at 666666. 

Programme 5: This multiplication drill was 

modification of Programme 1. Actually it was more than a 

mere testing programme, like Dick Smith's, as it gave a 

list of products. If the question was, "3x4=u,the follow

ing products might be displayed, "4 8 12 16", or,"4 8 12 

16 20". On reflection, the English in this programme was 

a 1i t t 1 e terse. The first question, "WHAT TABLE?", could 

have been framed, "WHAT TABLE DO YOU WISH TO LEARN ? 11
• 

Programme 6: This was a demonstration of the 

computer finding the factor of any given number and came 

from Larry Hatfield (1979, p.55). Some of the brighter 

pupils were surprised at the time that the computer took 

to list the factors of larger numbers. The computer would 
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ask, "WHAT FACTOR?" and if "6" was answered, the display 

would be, "1 2 3 6 11
• 

Programme 7: This programme was aimed to give 

practice in arithmetic problems to average children in 

the experimental group. It used the four basic oper-

at ions, asking questions such as, "16 rose bushes in 4 

rows. How many in each row?" If the pupil answered 

wrongly, the programme would display, "Wt"<ONG. THIS IS 

DIVISION." As expected, the top and bottom one or two 

pupils either found it too easy or too difficult. I wrote 

the programme but the idea of giving the clue of the 

operation required, came from Patrick Suppes' Stanford 

work (Searle, 1974, p.372). 

The programmes are illustrated by the following 

diagrams which represent printed impressions of the image 

as it appeared on the video screen. All characters were 

slightly more than twice the height and width except 

Programmes 2,3 and 6 where they were approximately one 

and a half times the printed size. There was al~o twice 

the space between the lines of characters in all of the 

programmes. 

It is obvious that the appeal, to both students and 

teachers, of any microcomputer depends on the strength of 

the software. Dunkley has developed a checklist for the 

use of teachers in assessing software which is summarised 

as follows: 
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Software should; 

1) support your educational objectives. 

2) allow development building on students• existing 

levels 

3) allow the student to exit from a programme in order to 

keep the frustration level low. 

4} use graphics effectively. 

5) not cram text. 

6) allow for student typing errors. 

7) give students prompt when errors are made. 

8) reward correct responses. 

9) provide concise information regarding the task(s) 

being undertaken. (After Dunkley, 1982, pp.14-15) 

In using the Programmes (as detailed in section 4.4 . 5.1) 

my prime conaideration was to support my educational 

objectives which were based on Urambi's Mathematics 

Syllabus, Programme 1 was designed to hel p the weaker 

members of the class. To cover point 2) above, Programme 

3 was used, despite its shortcomings, as it catered for a 

wide range of abilities. 

Point 3) was not covered although pupils had the 

option of leaving the computer, restarting or using a 

different programme as they wished . Point 6) also could 

not be accommodated in mathematical programmes though the 

children soon learnt how to erase mistakes before thew 

were entered into the computer's memory. 
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THIS IS A GUESSING GAME. I'LL THINK 
OF A NUMBER BETWEEN 1 AND ANY LIMIT YOU WANT. 
THEN YOU HAVE TO GUESS WHAT IT IS. 

WHAT LIM!~ DO YOU WANT? 

I'M THINKING OF A NUMBER BETWEEN 1 AND 100 
NOW YOU TRY TO GUESS WHAT IT IS. 
? 50 
TOO HIGH. GUESS AGAIN. 

? 25 
TOO HIGH. GUESS AGAIN. ~ 

? 12 

TOO HIGH. GUESS AGAIN. 

? 20 
THAT'S IT. YOU GOT IT IN 7 TRIES. 

GOOD. 

(:\Gl\.."'lY\ 9 
do\. 
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1 

WHAT IS YOUR NAME ..•. ? DES 
NOW SELECT WHAT YOU WANT TO DO 

ADDITION = 1 
SUBTRACTION = 2 
MULTIPLICATION= 3 
DIVISION = 4 

WHICH ONE • ••• ? 3 
I . 

NOW DES YOU HAVE TO CHOOSE HOW HARD YOU WANT THEM 
3RD GRADE = 1 
4TH GRADE = 2 
5TH GRADE = 3 
6TH GRADE = 4 

WHAT'S IT TO BE THEN? 

3RD GRADE 
4TH GRADE 
5TH GRADE 
6TH GRADE 

= 1 
= 2 
= 3 
= 4 

WHAT'S IT TO BE THEN? 4 
39 * 37 = 

? 99 
SORRY, YOU GOT IT 
? 999 

WRONG, HAVE·ANOTHER TRY 

MRONG AGAIN, HAVE ONE MORE GO 
? 999 
WRONG AGAIN, TRY A NEW QUESTION 

47 * 49 = 
? 999 
SORRY, YOU GOT IT WRONG, HAVE ANOTHER TRY 
? 

39 * 43 = 
? 999 
SORRY, YOU GOT IT WRONG, HAVE ANOTHER TRY 
? 999 
WRONG AGAIN, HAVE ONE MORE GO 
? 999 
WRONG AGAIN, TRY A NEW QUESTION 
WELL NOW, LET'S SEE HOW YOU WENT ... DES 
CORRECT FIRST TIME 0 
CORRECT SECOND TIME 0 
CORRECT THIRD TIME 0 

WRONG 10 

DES TRY A HIGHER LEVEL 
DO YOU WANT ANOTHER GO ...• YES - 1, NO= 2? 
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4.4.5.1.1 INITIAL EXPERIENCE. 

For the first week the children were allowed to play 

Space Invaders, Othello and a car racing game. Woodley 

(1980) would disagree with a computer in the classroom 

being used for games. However, I decided to use them, as 

most of the children had not handled a computer before 

and this seemed a good way to familiarise them with the 

keyboard. Space Invaders and the car racing game had the 

advantages of being quickly played and very popular. I 

must admit that my decision to buy my microcomputer was 

largely influenced by its ability to play chess. Games, 

therefore, seemed a good starting point for the pupils. 

Othello had the advantages of being deceptively easy 

to learn, while allowing the children to develop their 

own stratesJ ies to either beat the computer or an 

opponent. The complexity of these strategies are classif

ied into levels by Peter Frey (1980, pp.62 and 64). Many 

children had discovered the simpler strategies in the 

first u,eek. 

l+.4.5. 1.:2 SECOND AND THIRD WEEKS. 

For the ne>~t two weeks the chi l dr-en worked in pairs 

for ten minutes attempting Programmes 1 and 3 on altern

ate days, Roland Boyes has ~reduced evidence that showed 

that pairs of children were just as effective as single 

children after two weeks. His study involved ten year 
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olds L1sing C.A. I. in arithmetic (1974, p. 32). Sally 

Larsen (1979, p.59) makes similar observations. Hakansson 

and Roach also encouraged children to work in pairs at 

their Apples in order to create a dynamic environment 

(1979, p.54). When the children used Programme 3, Dic::k 

Smith's, they were permitted to choose whatever grade and 

operation they wanted. 

D. D. E,arnes 

controlled C.A.I. 

investigated the effects ot learner 

in multiplying two to four digit 

numbers by one digit numbers (1971, p.5). No significant 

differences were found between learner controlled and 

teacher directed groups (1971, p.57). The recommendation 

was that children be given at least some control because 

generally they are given very little choice in the class 

room. By allowing the children to choose their grade 

level and operation in Programme 3, I hoped to generate a 

freer learning atmosphere. This was achiev ed as evidenced 

by a child who experimented with feeding the computer 

wrong answers. A couple of children fed the computer with 

humorous names. In doing this the~ were learning the 

capabilities of the computer and that it was only a 

machine that could be fooled. Daniel Barstow (1979, 

p.117) agrees that there should be ample time to play 

with the computer. 

4.4.4.1.3 THE REMAINING TIME. 

However, only having one microcomputer, time was 
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limited and targets were given after this introductory 

period. B~cause C.A.I. time was limited to 5-10 minutes a 

day the experimental group undertook the normal class 

mathematics programme missing approximately 5 minutes 

each day, when they were using the computer. The balance 

of the time came out of other subjects. However, at no 

time did any student miss new work. Mostly, the computer 

was used by faster students who had finished their set 

work or while the rest of the class was undertaking 

transcription work. The targets to be completed on the 

computer were as follows: 
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----------------------------------------------------------
TABLE 

GROUP 

INDIVIDUALLY PRESCRI E,ED MATHS. EXPERIMENTAL 

S1 5th and 6th grade multiplication and division. 

S2 5th grade multiplication and division. Base 

numbers. 

83 4th and 5th grade mult •• 5th division. Base 

numbers. 

S4 4th grade division. 5th multiplication and 

division. 

85 5th grade subtraction and multiplication • 

S6 4th grade multiplication and division. 

S7 4th grade multiplication and division. 

S8 4th gr.;:1de subtraction, multiplication and division. 

S9 4th grade subtraction, multiplication and division. 

810 4th grade multiplication. 5th addition and 

subtraction. 

811 4th grade subtraction multiplication and division. 

S12 4th grade subtraction multiplication and division. 

S13 3rd divis •• 4th addition, subtraction, 

multiplication and division. 

S14 3rd divis •• 4th addition, subtraction, 

multipication and division. 

Originally, I had planned that the experimental 
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group would use the computer only in the normal math

ematics lesson, however this proved impractical as once a 

programme was running, it was easy to leave the computer 

in operation. In fact, at times it proved too easy, as I 

sometimes became involved with the normal classroom 

lesson and forgot about the pupil on the computer. This 

allowed the pupil or pupils at the terminal to use the 

computer for more than their allotted time. Mostlw how

ever, other pupils would complain that they were waiting 

for their turn, and this would stop any children spending 

too long at the terminal. 

4.4.5.2 CONTROL GROUP 1 

The control group in my classroom did similar math

ematics work, except that they did not use the compute~, 

except for approximately ten minutes a week for music and 

non mathematical games. They had individually prescribed 

work as detailed below. This was set on the black board 

or from text books. Approximately the same amount of 

pupil time was spent on this work as the C.A. I •• 
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----------------------------------------------------------
TABLE 3. CONTROL GROUP 1. INDIVIDUALLY PRESCRIBED MATHS. 

----------------------------------------------------------

S15 4th and 5th g. subtract .• Number halfway between two 

given numbers. 

S16 Checking work. 5th grade subtract., multiplicat. and 

di vi ~.ion. 

S17 Checking work. 4th and 5th grade subtraction, 

multiplication and division. 

S18 Checking work. 5th grade subtract., multiplicat. and 

division. 

S19 4th subtraction, multiplication and division. 

S20 4th multiplication and division. 

S21 4th subtraction, multiplication and division. 

S22 4th multiplication and division. 

S23 4th multiplication and division. 

S24 4th subtraction, multiplication and division. 

S25 3rd subtraction. 4th subtraction and division. 

826 4th subtraction, multiplication and division. 

S27 3rd subtraction. 4th subtraction, multiplication and 

divisicm. 

S28 3rd grade subtraction , multiplication and division. 

All of the individually prescribed mathematics was 

based on each student's results in the pre tests. 

Subjects 16,17 and 18 had made careless mistakes and were 
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given lessons on how to check work either by repetition 

or by using the opposite operation (e.g. division checked 

by multiplication). 

4.4.5.3 CONTROL GROUP 2. 

The control groups in the other classes did normal 

arithmetic as defined in the Urambi Mathematics Curric

ulum and spent approximately the same amount of time on 

mathematics in the classroom ~nd at home <as homework}. 

4.4.6 RESULTS. 

4.4.6.1 POST TEST. 

Following are the results of the post tests which 

were given on the 11th, 12th and 14th of August. Because 

some children were absent on the first day of the test, 

the testing was spread out over four days. 
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---------------------------------------------------------
TABLE 4. SCORES FOR POST TEST, 11TH, 12TH AND 14/8/1981. 

----------------------------------------------------------

Experimental Controls in Controls in other 

group class classes 

81 46.5 S15 46 S29 36 

S2 46.5 S16 39.5 S30 44 

S3 42.5 817 34.5 S31 35 

S4 46 818 40.5 832 31 

S5 41.5 S19 37.5 833 37 

S6 41.5 S20 35 S34 39 

87 38 821 39.5 835 31 

88 36.5 9.-..·? ..__ 40 S36 26 

S9 39 S23 26.5 S37 34 

S10 39 S24 33 S38 24 

S11 31 S25 41 S39 32 

S12 32. 5 826 32 S40 31 

S13 26. 5 827 25 S41 27 

S14 20. ~5 S28 8.5 S42 12 

---------------------------------------------------------

The post-tests were exactly the same as the pre-

tests, (in order that differences over the experimental 

time could be found. The tests covered a wide range of 

achievement and mathematical areas}. The experimental and 

control group in my class were given the two matched 

tests and the scores were averaged. The control group in 
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the other classes attempted either Test A or Test B. 

4.4.6.2 THE GAINS. 

The increase <or lack thereof) was calculated by 

subtracting the pre-test from the post test, Tables 1 and 

4 respectively. The amount of gain is shown below. 

----------------------------------------------------------
TABLE 5. GAINS MADE IN MATHS SCORES FROM APRIL TO AUGUST. 

----------------------------------------------------------
Experimental Controls in Controls in other 

group class classes 

S1 4 S15 2.5 829 -5 

82 5 S16 1 830 5 

83 3 S17 -1.5 S31 -2 

S4 11. 5 S18 5 S32 -5 

55 7 S19 , ... 5 S33 2 

S6 8.5 820 2.5 934. 5 

S7 6.5 S21 7.5 S35 -.. 2 

S8 6 s·-:,-, 
k-'- 11 S36 -4 

S9 10. ~:i 823 0 S37 6 

S10 11. 5 S24 6 S38 -L► 

S11 6 S25 15.5 839 8 

S12 10 826 6.5 840 8 

S13 9 S27 11.5 S41 10 

514 7 S28 -2 S42 1 

---------------------------------------------------------
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4.4.7 DISCUSSION OF RESULTS. 

4.4.7.1 FORMATIVE EVALUATION. 

When the children were asked which programme they 

preferred, a 

problems. This 

large majority chose Programme 7, the 

may have been because it was added to the 

C.A.I. in the second month and thus had less usage. 

No programme seemed to be unpopular, but I did over 

use the Dick Smith tape as it gave such a wide coverage 

of the mathematics skills required by the Urarnbi curric

ulum. This did lead to some of the children becoming a 

little bored with it. Even so, many other children were 

still volunteering to do the programme up to the end of 

the experiment. 

At no time were any of the experimental group forced 

to use the computer. They were told that they had the 

right to refuse to use it. Only twice during the exper-

iment did pupils say that they did not wish to use it, 

and this was when they had pressing commitments with very 

overdue home work. On the other hand, there were always 

children willing to spend their playtimes and part of 

their lunch times using the computer loaded with math

ematics programmes. 

It is obvious that the appe~l, to both students and 

teachers, of any microcomputer depends on the strength of 

the software. Dunkley has developed a checklist for the 

use of teachers in assessing software which is summarised 
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in section 4.4.5.1. Within the financial constraints of 

the experiment, I attempted to use the best software at 

my disposal. 

4.4.7.2 NUMERICAL ANALYSIS. 

Improvements in the mathematical ability were 

measured using the 'Before and After Control Group' 

design. This design using pretest and identical post-

test, 

similar 

is recommended by Kerlinger as being useful in 

educational experimental designs. ( 1966, 

pp.307-309). The virtue of this design is that it can 

show the improvements in both the experimental and the 

control subjects and thus (hopefully} isolate the effect 

of the independent variable, namely the C.A.I. usage. 

Both groups of controls' gains were combined and 

compared with the experimental group~• individual gains, 

so that the average of four controls, two f r om each 

group, were compared to the average of two experimental 

scores. S1 and 82 were compared with S15, S16, S29 and 

S30. SLtbjects 11, 12, 13, 14, 25, 26, 27, 28, 39, 40, 41 

and 42 were left out of the numerical analysis because of 

the variability of the scores of S25, S26, S27 and S28, 

as shown on Table 6. The excessive variability of these 

latter scores, prevented them from being included in the 

t test calculations. 
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---------------------------------------------------------
TABLE 6. VARIANCES IN GROUPS OF GAINS (SEE TABLE 5 >. 

----------------------------------------------------------

E>:perirrrental 

group 

S3 

84 

S5 

S6 

S7 

S8 

S9 

S10 

S11 

S12 

S13 

S14 

3. 1 

2.8 

1.6 

Controls in 

class 

S17 

S18 

S19 

S20 

S21 

S23 

824 

S25 

S26 

S27 

828 

2.6 

3.9 

6.5 

Controls in other 

classes 

S31 

S32 

S33 

534 

S35 

S36 

S37 

S38 

S39 

840 

3.8 

4.1 

3.4 

A dependent t test showed that the Experimental 

group had made significant gains oveir the! control groups 

( t= 3. 87, N= 5, P= 0.05). A similar finding, showing 

significantly better improvement in the test scores b~ 
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the computer user group, was made when the Experimental 

Group was compar~d to Control Group 1 (t= 2.58, N= 10). 

Again, similar significant results were obtained ~hen 

matched controls' gains were averaged and compared to the 

matched experimental subjects' gains, e.g. 815, 829 and 

S1 respectively. ( t= 9. 20, N= 10>. Kerlinger (1966, 

p.309) uses this technique to compare differences between 

pre- and post-tests. My variation was to average the 

scores of each of the matched control subjects, for 

example 815 and S29. This was done with the aim of 

providing a larger and more stable pool for comparision 

with the experimental subjects. 

To overcome the parametric qualifications of the t 

test, Sign tests were also used. The t-test results were 

confirmed by the Sign tests which were able to include 

all subjects in the calcLtlations, (N= 14, 

is illustrated in Table 7. 

84 
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---------------------------------------------------------
TABLE 7. GAINS MADE IN MATHS SCORES FROM APRIL TO AUGUST. 

----------------------------------------------------------

Experimental Controls' scores Sign 

group averaged 

S1 4 S15, S29 -1.25 + 

S2 5 S16, S30 3 + 

S3 3 S17, S31 -1.75 .... 

S4 11. :i S18, S32 0 + 

S5 7 S19, S33 3.25 + 

S6 8.5 S20, S34 3.75 + 

S7 6.5 821, 835 2.75 + 

se 6 822, S36 3.5 + 

S9 10.5 S23, 837 3 + 

810 11.5 S24, S38 2 + 

811 6 S25, S39 11. 75 

512 10 S26, S40 7.25 + 

S13 9 S27, S41 10.75 

S14 7 828, S42 -0.5 + 

---------------------------------------------------------

A comparison of the experimental pupils' gains with 

Control Group 2's, showed far superior results for the 

former CN= 13, P= 0.01). The signs are shown in Table 8. 

This table also shows the Experimental Group when 
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compared with Control Group 2 in relation to the Sign 

Test. The results were significant but to a lesser 

degree. <N= 14, P= 0.09). 

---------------------------------------------------------
TABLE 8. GAINS. SIGNS (+) AND (-) WHEN COMPARED TO 

EXPERIMENTAL GROUP. 

----------------------------------------------------------
Experimental 

group 

81 

S2 

S3 

4 

5 

3 

S4 11.5 

S5 

S6 

S7 

7 

8.5 

6.5 

S8 6 

S9 10. ~5 

S10 1L 5 

S11 6 

S12 10 

S13 9 

S14 7 

Controls in 

class 

S1~5 

S16 

2.5 (-·) 

1 (-) 

S17 -1.5 <-> 

5 S18 

S19 

S2121 

S21 

4.5 (-) 

2.5 (-) 

7.5 (+) 

822 11 

823 121 

82'+ 6 

(+) 

(-) 

(-) 

S25 15. 5 < + > 

S26 6.5 <-> 

S27 11. 5 ( +) 

S:28 -2 (-) 

Controls in other 

classes 

829 -5 (-) 

S30 5 (0) 

S31 -2 <-> 

S32 -5 (- > 

S33 2 <-> 

S34 5 <-> 

S35 -2 (-) 

S36 -4 (-) 

837 6 (-) 

S38 -4 (-) 

839 8 ( +) 

S40 8 <- > 

S41 10 C+) 

S42 1 (-) 

--------------------------------------------------------

The non parametric Sign test was used as it was able 

to ignore the excessive variability of S~bjects 25? 26, 

86 



27, 28. Whether parametric or nonparametric analysis 

should have been applied to the gain, was a problem which 

often appears in this sort of study. In using the t test 

above, I was given some support by Kerlinger who wrote of 

t tests: 

"The evidence to date is that the importance of 
normality and homogeneity is overrated." Cp.258). 

However these results should be viewed with some 

caution as some aspects of the experimental design, such 

as the different teachers' teaching styles and emphases, 

naturally could not be standardised. Another reason for 

the comparatively poor results of Control Group 2 on the 

post-tests, appeared to be the lack of effort that some 

pupils displayed in attempting the post test. It would 

appear that many fifth grade pupils are not keen to work 

for an outside teacher (as compared to their own) when 

they know that the results are not part of their 

assessment. This effect seems more pronounced towards the 

end of the year. Woodley appeared to have had the same 

problem with similar aged Sydney children. (1980, p.4). 

In addition to the above problems with Control 

Group 2, Control Group 1 results may have been contamin

ated by the subjects being in the same classroom as the· 

computer. A less significant gain is found if a Sign test 

is used to compare the experimental group with the in 

class control pupils <N= 14, P= 0.09). 
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4.4. 7.3 CHILDREN'S c:;)UESTIONNAIRE. 

The questionnaire (see Appendix 6,1+), was completed 

by the children in my class, control group 1 and the 

experimental group. The results were not informative as 

conflicting answers to the first and last qL1estions were 

given by three of the experimental group. Some children 

in the control group wrote that they found computer math

ematics boring despite the fact that they had not under 

taken any. 

question). 

(They had been told not to answer this 

This questionnaire was completed after the experi-

mentation period, and after some computer awareness 

lessons ha~ been undertaken. 

4.4.7.4 OTHER VIEWS ON ATTITUDE. 

My opinion is that the experimentil group children 

enjoyed the computer usage. As evidence of this, I can 

report the eagerness of children to use the machine, even 

in their recesses. Jari Thompson carried out an evaluation 

of the project shortly after the experimental period. She 

wrote, 

"My observations coincided with the children using 
the four operations program (Programme 3). This 
was towards the end of the four months thc:~t the 
children h~d been using the computer. An egg tjrner 
was used to time each child. At this stage I found 
that the children were very anxious to use the 
computer." (1981, p.2) 

4.4.7.5 THE PRINCIPAL'S SUPPORT. 

Although the school's principal, Clive Ellison, was not 
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formally requested to evaluaie the project, he did take 

an interest in it, and was sufficiently impressed with my 

C.A.I. that he applied for another Schools Authority 

grant and asked me to map out a programme of computer 

awareness and C.A.I •• This application for two thousand 

dollars was unsuccessful. In August 1982 the school 

purchased from its own funds an eight hundred dollar Dick 

Smith 16K computer. This cassette tape machine was 

similar to my own and ran the same programmes. At the end 

of the year the school placed an application for the 

purchase of an Apple II computer with a single disk 

drive. 

4. 4. 7. 6 STAFF G!UESTIONNAIRE. 

The school's teaching staff were asked to complete 

the Computer 8L1rvey (see Appendix ). The results 

displayed a great lack of knowledge regarding computers' 

capabilities. A varied amount of uncertainty was also 

reflected in the answers. This was despite my 

demonstrating my system and programmes at two staff 

meetings and numerous invitations to view the system 

working in my classroom. A majority of the staff did not 

accept these offers although two teachers (who did not 

have control children in their classes) did use the 

computer in their classrooms for four or five afternoons 

each. 

4. 5 SUMMARY OF SECTION FOUR. 
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The significantly positive findings tend towards the 

acceptance of Hypotheses 1 and 2, namely, ·'that computers 

have a useful role in the primary school' and 'that 

computer usage in ~Y fourth-fifth class would sign-

ificantly improve mathematics achievement'. (Naturally, 

these research findings apply mainly to C.A.I. drill and 

practise.) However, the confounding variables (namely 

the Hawthorne Effect ~nd the problems with the controls) 

take some of the shine away from these findings. 

Even if there had not been any significant results 

from this work, it is my opinion that much benefit was 

derived by the pupils having some hands on computer 

experience, which would have added to their computer 

awareness. Though this was not a part of the school's 

curriculum, no doubt it will be in the future, 

Enjoyment is one measure that does not lend itself 

to statistical analysis too easily. While the children's 

questionnaire bore inconclusive results, Jan Thompson's 

assessment revealed that the pupils appeared keen to use 

the computer after four months of intensive work on it. 

Likewise, the staff questionnaire did not bear much 

information, except that the staff had a very wide range 

of opinions on computers. Therefore, Hypothesis 3, 'that 

through my computer efforts, staff at Urambi School would 

learn more about computers and become interested in them' 

~emains unproven. Ideally, this questionnaire should have 
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been given both before and after my project. This may 

have given more information to prove or disprove this 

hypothesis. Some evidence was provided b!:I the principal. 

He was sufficientlw confident that a computer would be a 

useful addition to the school that he allowed me to 

purchase a computer with school funds. Thus, the school 

became the first primary school district 

( Tuggeranong} to own its own computer. Additional 1!:l, even 

though he knew that I was leaving the school, the 

principal ordered a second more e>:pensive machine . This, 

I feel, 

that I 

is some measure of the interest and knowledge 

had built ·UP. (No new staff with knowledge of 

computing had arrived at the school during my four years 

there). 
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SECTION FIVE CONCLUSIONS. 
===============-=-======= 

5. 1 DISCUSSION AND RECOMMENDATIONS. 

The significantly better improvement made by the 

experimental group and the fact that they appeared to 

enjoy using the computer, support my contention that a 

microcomputer could be a very useful aid to supplement a 

normal mathematics curriculum. The numerical results are 

somewhat questionable because of the small number of 

subjects and the Hawthorne Effect. However, the results 

are supported by a majority of parametric studies cited. 

In addition the children also benefited from some hands 

on computer experience. 

5.2 COMPUTER ALLOCATION. 

Because of these (mainly) positive results and the 

advantages listed in Section 2, 

school could gainfully use at 

I am sure that every 

least a couple of 

micro-computers (and some suitably trained staff). The 

use of my computer and the school's (after August, 1982) 

leads me to believe that I could use two computers in any 

upper primary classroom and expect that they would be 

fully used five days a week. The computer was even used 

on sport afternoons by children who did not play sports. 

Helen Frey ran a project that was very similar to 

mine, in aims and length, with second grade mathematics. 

Although she did not obtain statistically significant 
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results, she wrote that it seemed a worth while exercise. 

Although she is a professor of education, I feel that 

most second grade pupils need concrete materals rather 

than C.A.I. drill. Piagetian theory would tend to support 

this. (See section 3.1). On the other hand, LOGO could be 

used gainfully by many second grades. Papert and Wilson 

would sL1pport these efforts. <See section 3.11.5.12). 

I realize that I have the background and enthusiasm 

to run two computers in one classroom. However, I feel 

quite sure that schools could gainfully use at least two 

computers per six primary classes. This would allow 

pupils some time at the key board. This raises the 

question as to how long pupils should spend at the 

computer. Of course, the two main variables in trying to 

answer this question are, the interest level of the 

programme and the attention span of each child. <In my 

experimentation the availability of the computer was also 

a factor.> Leonard Nasman (1978, p.295) suggests that 

normal mathematics cannot compete with Space Invaders and 

that educators should be using the benefits of technology 

to revolutionize teaching. For my part, I would like to 

write a programme that combined Space Invaders with 

classroom mathematics. Bundy <1968, p.425) gives some 

indication as to the answer to the above question. Bundy 

states that, "grade school ct1 i 1 dren" experience 

deterioration in additional gain after more than 20 to 30 

minutes of C.A. I., but he also warns that there is great 

variability in how long children will work voluntarily. 
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However,, it is clear that C. A. I. does have the 

capacity to hold a child's attention and support the 

learning process. In the short term this is because it is 

novel. Logan and Ferraro (1978, p.5) would explain this 

in terms of unusual stimuli leading to less extinction. 

Fred Bell 

reactions 

(1975, p . 18) 

to C.A.I. in 

studying secondary 

mathematics, found 

novelty aspect made the computer ver~ appealing. 

students' 

that the 

The computer's ability to support the learning and 

teaching process, in the long term, cannot depend on 

novelty. To be successful in the longer term, it must be 

based on well written software, appropriate to each 

individual's needs and interests. None of the programmes 

that I used in my experimentation were really as 

sophisticated as I would have wished. The Dick Smith 

Mathematics programme asked questions such as 345x67= 

Obviously such a problem cannot be sol v ed by 

students without pencil and paper . McLaugh 1 in ( 1978, 

p.46) illustrates similar questions in a muc:h more 

professional way, setting her problems out vertically, 

allowing the answerer to work out intermediate steps. The 

student is even alldwed the option of placing the answer 

from left to right or visa versa. Dick Smith's programme 

did allow for the use of the individual 's name. But 

again, McLaughlin illustrates her greater sophistication 

when she points out that use of the child's name can be 

over used (1978, p.48). The Dick Smith tape, 

this. 
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A major criticism of all the mathematics programmes 

that I used was that none of them used one of the comp~t-

er's greatest strengths, graphics. Robert Davis (1980, 

pp. 7-10) demonstrates what a comprehensive programme 

such as PLATO can produce. This sequence, teaching simple 

fractions, has a dart bursting a balloon when the correct 

fraction is entered. Dunkley (1982) gives a comprehensive 

checklist cf what teachers should look for when bu~ing 

computer software, 

section 4.4.5.1. 

5. 3 THE FUTURE. 

part of which 

5.3.1 IMPROVEMENTS IN SOFTWARE. 

is reproduced in 

Probablw the most immediate future development in 

C.A.I. will be considerable improvements in soft ware. 

Indeed if improvements are not forthcoming in the near 

future, C. A. I. wi 11 be greatly retarded in its develop-· 

ment. There is however some controversy regarding who 

should be writing the educational programmes. McShane 

feels that they should be written by computer profess

ionals who can write in the more difficult machine 

language which execute faster than BASIC (1981, p. 51). 

Woodley dis<l:\grees, hoping that teachers wi 11 take the 

lead (1980, p.9). Gentile (1966, p.10) might remind us 

that the PLATO language allows teachers to programme 

without very much training. 

5.3.2 THE TWENTY FIRST CENTURY. 

I feel that those teachers who fear that they may 

lose their employment as computers become more common, 
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are misinformed. Certainly the small teachers' survey 

that I undertook revealed some antagonism. Many of the 

computing journals report that, (poor) "teachers who 

could be replaced by computers, ought to be." This 

emphasises, among other things, that teachers can leave 

the drill to computers. Mike Smith (1974, p.92> sees most 

of the teachers' work being done in small groups, with 

much learning being undertaken on slide films, tape 

recorders and computers. The trend to well prepared 

presentations in the primary school has already begun 

with educational television. 

5.3.3 PAPERT'S VIEW. 

Papert also has an encouraging view of the future. His 

hope is that computers will speed LIP chi 1 dren' s 

intelle~tual development which will according to Chris 

Brown ( 1981, p.56), "intensify our personal relation-

ships, especially with our children." That is, inter-

active graphics and symbols will hasten the development. 

5.3.4 EQUALITY OF OPPORTUNITY. 

C.A.I. has the potential to reduce the gap between 

the affluent and the underprivileged in educational 

opportunity. Naturally, access to some kind of computer 

is necessary, but as computing costs continue to fall, 

this becomes more and more feasible. John Mello estimates 

that in the U.S. the upper income areas' schools have 

access to 30% of the C.A. I., while the lower areas have 

12% (1982, p.56). Clifton Chadwick sees the computer as 

supporting mastery learning which allows for more 
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formative (continuous) evaluation. This, he correctly 

claims, will break the so called, 

summative testing (1979, p.10>. 

'Social Darwinism', of 

R. Buckminister Fuller <in Diebold, 1973, p.201) 

also has an optimistic view of the future. He predicts 

that bet-1:er education and improved technology will result 

in economic improvements which will in turn be able to 

invest more capital in education. Education will be, 

according to Fuller, " •.• number one amongst the great 

world industries." Illich and many Deschoolers would not 

be too happy to see this, but future increased investment 

in edLtcation woL1ld be welcomed by most people. 

GENERAL SUMMARY. 

Predicting the future is a risky task, as obvious

ly the world is changing at an ever increasing rate. 

Predicting future educational developments is particu

arly risky. Very few people would have guessed in 1972 

that a majority of A.C.T. primary schools would possess 

(or be seriously considering puchasing) their own micro-

computer. Alvin Toffler says that a major aim of 

education should be to teach people to ad~pt. He also 

notes that there is an irrational resistance to change 

(1975, pp.11-13). This partly explains why Australian 

primary education has been so slow to computerize (in any 

of its forms). This of course is changing. When I started 

my experimental project, there was less than a handful of 

computers in regular use in Canberran primary schools. 
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The microcomputer that is being bought by most 

primary schools is the Apple II which is well supported 

by adequate software. However, I believe that the lower 

cost Tandy that I used in my project was well worth the 

effort that was expended. Evidence for this can be found 

in the results obtained and the other C.A.I. projects 

referred to in this work. 

Admi+.:teclly, the .bulk of these projects were larger 

scale, drill and practice. However, like the majority of 

Australian teachers, I see the need for at least some 

drill for average fourth and fifth grade students. With 

better resources, I would have also offered my pupils the 

freedom and diversity that Papert and Toffler (p.251) 

hope that computers can give. Even so, as a researcher 

who attempted to be as unbiased as possible, I c:an state 

that I consider my project to have been worth while. 

Evidence for this is also provided by the results 

obtained and the high levels of motivation that the 

computer generated over a sustained period. 

Thus the main conclusions drawn from this field 

study are that computers can improve the quality of the 

teaching learning process at least in primary mathematics 

and thi:'.~t their role will become increasingly more 

important in the future. 
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APPENDICES. 
============ 

Children's Questionnaire 

Has the computer helped you 
with maths? 

Can a computer without a programme make 
decisions? 

Can a computer without a programme do maths? 

Is a flow chart a programme? 

I enjoyed using the computer. 

I would have liked to use the computer more. 

Computer maths is boring. 

Computer maths helped me. 

Yes/ No 

Yes/ No 

Yes I No 

Yes/ No 

Yes/ No 

Yes I No 

Yes/ No 

Yes / No 

Please list the things that you liked about the computer. 

••111 ■ IIUMltlllrDDts•••fl•P1t••····••• .. • ■■ O ■ lll ■ dlllilldm1,1,lfS,ll.ll ■■ N1tad ■■ aa 

■■■ Dua ■ a11 ■ oaat11:tac•aa-111•••••••r•••"•••••• .. iaaa11111a.a;- ■ aa1ti:inn ■■■ a• 

Please list the things you disliked about the computer. 

■■ a.au11• ■ .u•111r ■ •••••#1 ................. •••••• ....... .c1.a•••••••••••••• 

a ■■■ a ■■■ u •• ■ ••••II••• it ■ • a II ■■■• ■■• ■■•■■ It 1111 •••a•• a a :Ill•• ■■■■■ a a 

<N.B. THIS IS A COPY. ORIGINAL WAS IN THIS FORM BUT TYPED 
AND DUPLICATED. ) 
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Children's Questionnaire (Numbers of answers of 
------------------------ experimental group) 

Has the computer helped you Yes I No 
with maths? ( 11) (2) 

Can a computer without a programme make Yes I No 
decisions? (0) < 13) 

Can a computer without a programme do maths? Yes I No 
(4) (9} 

Is a flow chart a programme? Yes I No 
( 11 ) ( 2) 

I enjoyed using the computer. Yes I No 
(10) ( 3) 

I would have liked to use the computer more. Yes I 
/ No 

( 11 ) (2) 

Computer maths is boring. Yes I No 
(4) (9) 

Computer maths helped me. Yes I No 
(8) (5} 

Please list the things that you liked about the computer. 

•••••••••••du•••••••••••••••••••••• ■ 1111a,ppa:a1r ■ a ■ rr•••••i:1:••a• 

■ ·••a IIOOIIDII ■ 11 ■ .d tt11•11 ......... 1ta••·••a••·· ·••.a • .,.,. ............ . 

Please list the things you disliked about the computer. 

• ■ • 11 A ■ • au It ■• a a a Iii# If a .Ill d ■ • d 111• ■ ■ 11 • ;a N ■ • 11 ■ 11 a• ca a• ■ "• :11 a ;au ■• a• .:a•••• .. 

••••••••.u.■ 1ru ■■ er1111a11a11••••• .. •••••1t••••••••••.,11••u ......... a.11 ■ •• 
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n 
r-" c· t·, r l r i..\. iY\ h\ 2.. I 'L,.,,',7' ____ , ...... 

5 CLS~PRINTCHR$(23)~ADDITION DRILL YEAR 4." 
10 FRINT"**********************":PRINT:PRINT 
20 X=INT(RND(5))+U: Y=INT<RND(5)>+U2 
25 IFY>40 GOTO 40 
30 FOR A =X TOX+Y+INT(RNDC5) ):PRINTCHR$(23)A;:NEXT:PRINT:PRINT"COUNT "Y"AFTER "X 
:PRINT:PRINT 
40 PRINTCHR$(23)X"+"Y"=";:INPUT Z 
60 IFX+Y=ZTHEN 130 

D 70 IF T=2 THEN 80 
""- 75 CLS:PRINTCHR$(23) 11 l.Jf-<OMG~ TRY AGAIN.":T=T+1:PRINT:PRINT~GOT025 

80 CLS:Z1=X+Y:PRINTCHRS(23)"WRONG. "X"+"Y"="Z1:T=0:PRINT:PRINT 
90 IF D=1 THEN 100 
95 D=D+ 1 : GOT020 
100 PRINT"PLEASE STOP. YOU SCORED ";N 
11(1 GOTO 110 
130 N=N+1:IFN>5 THEN U=U+l 
140 J=INT<RND(45)) 
143 IF J=l THEN 147 
1',5 GOTO 150 
146 IF J=l THEN 147: GOT0150 
147 FOR H= 1 TO 100 :PRINT~JACKFOT !":NEXT:PRINT:PRINT"PRESS ENTER TO GO ON." 
14-B INPUT: GOT020 
150 IFN>10 THEN U2=U2+1 
160 FORB=1T0100:PRINT"RIGHT!•:NEXT:CLS:PRINTCHRSC23)N:PRINT:PRINT:GOT020 

, , ..... ..,~-... - ... .-.-. 
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1 CLS:PRINT"THIS IS A GUESSING GAME. I'LL THINK" 
2 PRINT"OF A NUMBER BETWEEN 1 AND ANY LIMIT YOU WANT." 
3 PRINT"THEN YOU HAVE TO GUESS WHAT IT IS. ":PRINT 
6 !NPUT"WHAT LIMIT DO YOU WANT 0 ;L 
3 CLS:PRINT 
9 L1=INT<LOG<L>ILOG<2>>+1 
10 PRINT"I'M THINKING OF A NUMBER BETWEEN 1 AND "L 
11 G=l 
14 PRINT"NOW YOU TRY TO GUESS WHAT IT IS." 
15 M=INT(L*RND(0))+1 
20 INPUT N 
21 IF N>0 THEN 25 
22 GOSUB70 
23 GOTO! 
25 IFN=M THEN 50 
30 G=G+1 
31 IFN>M THEN 40 
32 PRINT"TOO LOW. GUESS AGAIN.":PRINT:GOTO 20 
40 PRINT"TOO HIGH. GUESS AGAIN.":PRINT:GOTO 20 
50 PRINT"THAT'S IT. YOU GOT IT IN "G" TRIES. 11 

52 IF G<Ll THEN 58 
54 IF G=Ll THEN 60 
56 PRINT"YOU SHOULD HAVE BEEN ABLE TO GET IT IN ONLY "L1 
57 GOTO 65 
58 PRINT"VERY"; 
60 PRINT" GOOD. 11 

65 GOSU.P. 70 
66 INPUT"HIT ENTER TO GO ON ";RT: GOTO 1 
70 FOR H=l TO 10:PRINT:NEXT:RETURN 

\oL. 
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Pr t) 9 ~---~~~\ 11\2- ?:. 
10 REM* INTRODUCTIONS AND INITIALISING* 
20 CLS:PRINT"HUL~O, MY NAME rs TRS-80" 
30 INPUT"WHAT IS YOUR NAME ...• ";AS 
40 FOR N=1 TO 3 :A(N)=0:NEXT N 
50 N=0:E=0 
60 PRINT "NOW SELECT WHAT YOU ~~NT TO DO" 
70 PRINT" ADDITION = 1":PRINT" SUBTRACTION = 2" 
80 PRINT" MULTIPLICATION= 3":PRINT 0 DIVISION = 4" 
90 INPUT"WHICH ONE •••• ";O:PRINT:PRINT:PRINT 
100 PRINT"NOW ";AS;" YOU HAVE TO CHOOSE HOW HARD YOU WANT THEM" 
110 PRINT" 3RD GRADE = 1":PRINT" 4TH GRADE = 2" 
120 PRINT" 5TH GRADE = 3":PRINT" 6TH GRADE = 4" 
130 INPUT"WHAT'S IT TO BE THEN";D 
140 IF N=10 THEN 600 
150 N=l\1+1 :F=1 
200 REM* CHOOSING THE TWO NUMBERS* 
210 IF 0<3 THEN 270 
220 ON D GOTO 230,240,250,260 
.230 X=RND(S):Y=RND(10J:GOTO 400 
240 X=RNDC10>~Y=RND<10):GOTO 400 
250 X=RND(11)+9:Y=RND(11)+9:GOTO 400 
260 X=RN0(31)+19:Y=RND(31)+19:GOTO 400 
270 ON D GOTO 280,290,300,310 
280 X=RND(9):Y=RNDC10-X):GOTO 400 
290 X=RND(100):Y=RNDC10):GQTO 400 
300 X~RND(41)+9:Y=RND(41 ) +9:GOTO 400 
310 X=RNDC401)+99:Y=RND(401)+99:GOTO 400 
400 REM* PUTTING THE QUESTION* 
410 ONO GOTO 420,430,460,470 
420 G~X+Y:PRINT X;"+";Y;"=":GOTO 480 
430 IF X>Y THEN 450 
4L►0 G=X: X•-=Y: Y=:G 
450 O=X-Y:PRINT X;"-";Y;u=":GOTO 480 
460 0=X*Y:PRINT X;"*";Y;"=":GOTO 480 
470 Q=X:X=X*Y:PRINT X;" DIVIDED BY";Y;"="; 
480 INPUT A:IF Q=A THEN 530 
490 F~F+t:ON F-1 GOTO 500,510,520 
500 PRINT"SOFrnY, YOU GOT IT ~mONG, HAVE l:11\!0THER TRY" :GOTO 480 
510 PRINT"WRONG AGAIN, HAVE ONE MORE G0°:GOTO 480 
520 P::HNT"t~FWNG AGf\IN, TRY A NE:t.J G!UESTION" :E==E+l :GOTO 1.l►0 
530 PRINT"WELL DONE ";A$:ACF>=A(F)+l:GOTO 140 
600 REM* CONCLUSION* 
610 PRINT"WELL NOW, LET'S SEE HOW YOU WENT ..• ";A$ 
620 PRINT"CORRECT FIRST TIME";TAB<25);A(1) 
630 PRINT"CORRECT SECOND TIME";TAB(25l ;A<2> 
64C] PRINT" COFrnECT THI RD TIME"; TAl?, ( 25 >; A ( 3) 
650 PRINT" t,JfWNG" ;TAB(25) ;E:PRIMT:PRINT 
660 ON 11-A(1) GOTO 670,680,680,690,690 
670 PRINT;AS;" TRY A HIGHER LEVEL":GQTO 710 
680 PRINT"TRY A HIGHER LEVEL, BUT BE MORE CAREFUL ";AS:GOTO 710 
690 PRINT"TRY AGAIN, BUT BE MORE CAREFUL ";A$:GOTO 710 
700 PRINT"TRY A SIMMPLER LEVEL";AS:PRINT:PRINT 
710 INPUT"DO YOU WANT ANOTHER GO ...• YES = 1, NO= 2";B 
720 IF B=l THEN 40 
730 PRINT"WELL MOVE OVER AND LET SOMEONE ELSE ON" 
740 GOTO 10 
750 END 

l 01 



3 F:-:::!2) 
5 INPUT"BASE USED IN COUNT";B! 
8 2=1:-t-·1 
10 INPUT"TITLE";T$ 
30 INPUT "SPEED OF COUNT C1-10)";S 
40 INPUT"START AT ";N 
70 FOR A= N TO Z 
75 FOR :e. =N TO Z 
80 FOR C = N TO Z 
85 FORD= N TO Z 
90 FORE= N TO Z 
95 FOR F=--=N TO Z 
100 PRINTA;B;C;" ";D;E;F 
102 FOR N0=1 TO 8*1000 
103 NEXT NO 
105 CLS 
107 PRINTTS:PRINT:PRINT 
110 NEXTF:NEXTE:NEXTD:NEXTC:NEXTB:NEXTB:NEXTA 
120 GOTO 70 



c:, 
~ 

Pre o c tt iYi ffN~_ S 
- . ~I ----.__ ___ , ____ _ 

5 CLS:PRINTCHRS(23)"MULTIPLICATION DRILL" 
10 PRINT"**********************":PRINT:PRINT 

INPUT"WHAT TABLE ";TY:PRINT:PRINT 15 
17 IF TY=0 THEN TY=2 
20 X=INT(RND(S))+U: Y=INT(RND(S))+X 
25 IFY>40 GOTO 40 
32 
40 

FORA1=1 TO Y:PRINTA1*TY;:NEXT:PRINT:PRINT 
PRINTCHRS<23}X"X"TY"=";:INPUT z:PRINT 

60 IFX*TY=ZTHEN 130 
70 IF T=2 THEN 80 
75 CLS:PRINTCHR$(23)"WRONG. TRY AGAIN":T=T+1:PRINT:PRINT:GOT025 
80 CLS:Z1=X*TY:PRINTCHRS(23)"WRONG "X"*"TY"="Z1:T=0:PRINT:PRINT 
90 IF D=l THEN 100 
95 D=D+l: GOT020 
100 PRINT"PLEASE STOP. YOU SCORED ";N 
110 GOTO 110 
130 N=N+1:IFN>15 THEN U=U+1 
140 J=INT<RND(45)) 
143 IF J=1 THEN 147 
145 GOTO 150 
146 IF J=1 THEN 147: GOT0150 
147 FOR H~ 1 TO 100 :PRINT"JACKPOT !":NEXT:PRINT:PRINT"PRESS ENTER TO GO ON." 
148 INPUT:GOT020 
150 IFN>10 THEN U2=U2+1 
160 FORB=1T0100:PRINT"RIGHT!":NEXT:CLS:PRINTCHRS(23)N:PRINT:PRINT:GOT020 

··••·-----·-·--··,..,_ ==---------
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20 PRINT~INPUT "FACTORS FOR WHAT NUMBERu;N 
30 FOR D==l TOM 
40 IF NID<> INT(N/D) THEN 60 
50 PRil\!TD; 
60 NEXT 
70 GOT020 
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CLS:PRINTCHRS(23)»PROBLEMS":PRINT:GOSUB 950 
TA=0:F =RND(4):ON F GOTO25,95~190,300 
GOSUB 950 
PRINTCHR$(23);P~ROSE BUSHES.";X;"ROWS.HOW MANY IN EACH ROW"; 
INPUTA~IFA=P/X GOTO 1000 
TR=TR+l: PRINT'1 ~mo,,~G. THIS IS DIVISION": IFTR=l GOT030 
PRINT"THE ANSWER IS ";Y:PRINT:GOT025 

95 GOSVP..95'1 
100 PRINT"DAVE HAD ";Y;"ROSES." ;X;"ROSES DIED. HOW MANY ROSES ARE LEFT";:INPUT 

A :IF A=D GOTO 1000 
110 TR=TR+l:PRINT"WRONG. THIS IS SUBTRACTION":IF TR=i GOT0100:PRINT"WRONG.THE AN 
SWER IS ";D:GOT095 
190 GOSIJ.B950 
200 PRINT:PRINT"I HAD";x;~ROSES AND";Y;"GREW. HOW MANY ARE THERE NOW";:JNPUTA:IF 

A=S GOTCll 000 
210 PRINT"WRONG. THIS IS ADDITION":TR~TR+1:IF TR=l GOT0200:PRINT"THE ANSWER IS" 
;S:G(iT0190 
32)0 GOSUB950 
310 PRINT:PRINT»THERE ARE ";X;µROWS OF ROSES WITH»;Y;"IN EACH ROW. HOW MANY ARE 

THERE NOW";:INPUTA:IFA=P GOTO 1000 
320 PRINTttWRONG. THIS IS MULTIPLICATION":TR=TR+l:IF TR=! GOTO310:PRINT"THE ANSWE 
R IS "; P 
330 GOT03/l.!0 
950 X=RNDC5)+1:Y=RND<5)+7:P=X*Y:S=X+Y:D=Y-X 
960 RETURN 
1000 TR=0:TZ=0gN=N+1:CLS:PRINTCHRS(23)"GOOD WORK! YOUR SCORE IS ";N:PRINT:GOT020 
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