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. - ABSTRACT
v
. The purpose of the study was .to investigate the ,
implementation of an elective unit called Integrating
Programﬁing into Mathematics (IPM) in the Math 28 program

]

which would teach students to program, in BASIC, solutions to

_typical end of-chapter exercises, and ® determine the .

benefits that were gained by the students in this particular

type of learning situation.f‘Because the study focused on

curriculum development and 1mplementation of the IPM /

Elect1ve, students' reactxons to the elective andLattitude t\\

4 / .
v . Fa

mathematics weré also studied.. : {7 P
The curriculum development took place in the first
semester. ‘"Five grade eleven (Math 20) teachers took part in

the IPM program in both semesters. Semester one saw an

'aireed upon course being followed'by the five teachers.
_“Evaluat1on in the second semester took the form of a

comparison w1th the’ grOup of students in the regular Math 20

classes in three other senior high schools in the same school
district. : : ;‘ = )

The f1ve teachers and a.curriculum consultant helped the
researcher to develop two manuals for utilizxng ‘'in the IPM

program: Student Manual for BASIC Language, and Student

Exercises for\Programming in BASIC - "Math 20. These.two_

manuals ‘can be used directly 1n Math 20 or as a guideline to

teachers 1ntested in’ ‘using this approach at other grade

levels., « .



/.

The analysis of r aponpes obtained ftom the students.
indicated. that the IPM students needed more.help, mdre ;ﬁn
attention, and more eTplanation from their teachers. The IPM
'students felt that progtamming was an intergsting part of
mathematics and prefetzed to do mathemat1cs with programmlng
'exetcxses.‘ f
.+ Regarding the student productxon, the results showed

Ap;

that on the uverage,‘the I1PM students ptogrammed only one

2l

‘exercise per sessxon. The actual number of ptogram wrxtten
¢

w2,

was not of the magnitude one would have thowd

productlon actually occurred. - MR ’fw%é
Concernxng achievement in mathematics, the results from
_Math 20 Test showed that at each ability. level, the mean
score of the contrql group was significantly greater (p <
@.@¢5) than that of the project group. In relating the
student production and the achievement findings according to
the Alberta Math 20 currlculum, it is apparent that in areas
.where students d1d a lot of programmlng there was a
significant difference in favpr of the project group in one

out of the three topics and no loss in the other two. .Jn

\
areasAwhere students dld very little programming, there were
sxgn1f1cant dlfferenqes in favor of the control group in twoA
out of the three topics.

The findings obtainedlftom the onblem,Solving Test
indicate that the control group‘performed significantly
better than that of the progect group on one problem out of

the five problems. Even in areas where students programmed

three or four solutions, problem solving gains were not

vi



raalized in the IPM Elective.

' Regarding the students' attitude to mathematics, the
results indicate that the mean score for each attitude scale
of'the project group was greater than that of the uonttul
group‘with significant differences on the‘Usgfulness‘and
‘foficulfy scales. t ’

The resea:che: concludes that the findings of his study
do not generally support the claims made by proponents of»‘
computer programming of mathematics exercises regarding .the
efficacy of such activity in enhancing student achievement or
problem solving capabilities. However, in a;eaé‘whgre
significant amount of programming is done better results can
be expedted ‘ It appears that the activity of wrltlng
computer progzams to mathematics exercises in the IPM

Elective is associated with the students’ p051t1ve attitude .

to mathematics.
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CHAPTER 1

B‘EKGROUND AND SIGNIFICANCE OF THE STUDY
Introduction

Recent developments in the field of microprocessing have.
resulted in astonishing reductions in the size and cost of ‘ii{

¢

computing equipment. These developments permit a close
association between students and computers in the classgﬂgm

that‘was impossible just a year or so ago.
-

Hill (1983) has stated:

If you are a teacher, there is a microcomputer in
your. future. Perhaps you ate one of the rapidly
growing band of educators who have access to. these
remarkable, self-contained units and have integrated
them into your instructional program. If not,
prepare to do“so because even a conservative e
prediction is that they are destined to have a
significant influence on instruction during this
decade and a revolutionary impact by the last decade
of - this century. o

The mere existence of a microcomputer in a
classroom does. not guarantee a gquantum leap toward
effective instruction or positive learning. As with
any technology, a microcomputer is not good or bad in
or of itself. It can be misused, inappropriately
used, even neglected. But its potential as an
instructional tool is enormous and.children ‘surely
will learn to live in a computer-pervaded world
whether or not the school plays a major and-guiding
role in that learning. (p. 14) '

Hill further states_thatithe schools- ought to becdme a 
major force in the direction of that learning.. We are éll
cﬁallenged asvteachérs, administrators, and School.offiéials
to‘réspond‘to the needs of children fdr computér‘literacy and
computer skills, and to take full advangage of a powerful new

instructional medium for concept and skill development.



There is an uzéency iﬁ the challenge. vLike many segtors'of
society, éducators are being pressed by the astonishing
.rapidity of miéfoComputer devélopment and accessibilify‘ We N
need tovleqrn from every opp;rtqnity and source so that we
are able to plan for and accomplish the task of making'the
;classroom use of micrécomputers an integral,'not a
periphéral, part of the;instructioﬁal program.

According to PRISM Canada (Priorities in ‘School

Mathematics) (Worth et.ai,,'1981): oy

——

Weaving.problem solving ‘experiences throughout the
'mathematics curriculum will develop methods of |
thinking and logical reasoning. To provide for this
emphasis, there will need to be 'a reprogramming of
‘the use of time in the classroom, more supplementary
materials, greater use of calculators and. computers
and a shift in methodology. S
' Every student ought to be familiar with the role
and impact of the computer and how to use it. This
will require that they have access to computers and
calculators "in elementary and secondary Sschool
, classrooms and that their usé-be integrated into-the

‘core mathematics curriculum. (p. 61) '

What are some of the objectives of. school mathematics
that are not being éccomplished very well, and how can

cqmpqtefs be used, to help us better meet these objectives?

’Bell.(l978) sugdests that first and foremost,‘we must take"
care to set goéﬁ goals and objectives for our school
mathematics cun&%culum and that they should influence what we
do with compute slinAschools. Conversely} he concludes that
we should also e Qillibg to extend and médify the school

mathematics curriculum to exploit fully the power of computer

‘technology in/both mathematics and mathematics education.




N | | 3

‘Computer and Mathematics Learning

Papert (198@), in his thought-provokihg book Mindstorms,

makes an eloqguent contrast. He speaks of situations in which
children's contact with computers consists of the compurer
putting rhe children through their paces.n This is "the
compliter programming the child".(p. 19). 1In thevfavored
reverse relationship: "the child programs the computer" (p.
19) .. Instead of belng 1ns;ructed, "when a child learns to
'bprogram, the process of learnl%g is transfof‘ed" (p. 21), end
"It becomes more active and self dlrected The knowledge is
“acquired for a recoonizable personal purpose. 'fhe child does
somethlng w1th it. The'new knowledge is a sou;ze of power ‘
and is experxenced as such from the moment 1t beglns to form.
.1n the child's mlnd” (p. 21) . The fundamental nature of this
transformatioh'is-capthred in‘Papert‘s stetement:,“The
metaphor ofvcomputer as a methematics speaking entity puts
‘the learner in a oualitatively new kind of relationship to an
important domain of knowleége“ (é. 20). , :Li

A

Computers and Senior High School Mathematics

Alberra Education (1983) sets ﬁorth goals of;the senior
high school mathematics program in relation to three main
expectations and heeds: those of the individual, those of the
.discipline of mathemetics and those'of society at large.

They are listed as follows:

.



<

Student Development
a) To develop in each.student a positive attitude
towards mathematics.. .

 b) To develop an appreciation of the'contribuﬁion

of mathematics to the progress of civilization.

c) To develop the ability to utilize mathematical
concep’ts, skills and processes.

d) To devélop the pbwers of logical analysis and
inquiry. '

~éj'To develop an ability to communicate mathematical
ideas clearly and correctly to others.

’

Discipiine of Mathematics

a) .To provide an understanding that mathematics ig a
language using carefully defined terms and’
concise symbolic representations.

o L

b) To provide an understanding of the conceéts,
-+ gkills and processes of mathematics. ‘

c) To provide an understanding of the common
unifying structure in mathematics. 3

“d) To furnish a mode of reasoning and problem
solving with a capability of using mathematics
and mathematical reasoning in practical
situations.| ,

,Societal Needs

a) To develop a mathematical competence in students
in order to fungfion as citizens in today's
society. e ' o FRE

- b) To develop an appreciation of the i a%;anaé and
relevance of mathematics as part ¢f the cultural.
heritage that assists people to utilize '
relationships that influengé/tpéﬁr;envircnmeht,

c) To develop an éppzeCiatibn of the role of
mathematics in man's total environment. (p. 18)

Looking at the g0515~stated,above, we can see that the
development of mathematical concepts, and logical analysis

fpr»ah understanding of the éépcépts, skills and processes of

o]
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mathematics subject:mattervshould be emphasized. In school
mathematics, as well as other subjects, we.have not been very
successful at promotiﬁg underotanding of algorithmic
procosses,'help%ng stodents leafn how to learn oo’their own,
.il}ustfating significant applications of mathematics,
teachlng problem—solv1ng heurxst1cs, ‘or fostering creativity.
We are st111 unable to motivate many students to want to
learn mathematxcs in sahool However, there is muoﬁ evidence
in the literature to indicate that computers can and should
be used in schools to- help meet these important, yet

hard- ﬁo-achleve,'educatlonal goals. Since qood

problem solv1ng activities foster understandlng of
algorithms; 1éarning how to learn; and mathematical
applications, we can‘sommarize ourqconsiderationvof these

difficult-to-achieve educational obje&tives by asking and

attempting to answer two basic questions: (1) How can using

computers in classrooms help motivateﬂstudenzo to learn

mathematics? (2) How can computers be used as an aid 1n
learning problem solving? (Bell, 1978)
A much- quoted recommendation from the Natlonal Council

of Teachers of Mathematlcs ‘(NCTM) Agenda for Action states:

"the use of electronic tools. such as calculators and
computers should be integrated into the core mathematics

»
curriculum"™ (p. 9). The Agenda 1s not defending the status

~quo. It warns “that just to use conventional material and

techniques newly translated to the medium of the computer

will not suffice" (p. 9). Drill'programs may‘have their



place but they should not be the exclusive or even major use
of computers in classrooms. Prog%ﬁms that just transfer the
. demonstrations of textbook pages to the computer screen with
no student interaction are a poor use of this medium. (Hill,

1983)

ThlS means that we should rethink the currlpulum to

)
Y

expand present goals and to formulate new goals

Bhat are now
made possible by the unlque character of the com_
m1crocomputer expands our horxzons in educat1o*“f
1ntelllgent1y it can ‘aid 1n reachlng our objectﬁg ;'
helping: students ‘understand algorlthmlt
how to learn on their own.

Hlll (1983) 1nd1cates that the most profound poxnt to be
recognlzed by schools and teachers is that microcomputers not
only aid in accomplishing established skill and concept
objeotlves but also they create new needs and goals for
schoo11ng; These goals relate to the partlcular thlnklng
proeesses (organizational, systematic, ‘and analytic) and the
skills of logic and communication that enable the student to
make use of technology effectively to solveAproblems and to.
live comfortably and productively in an informat;on‘society
and information economy. |

Hill also points out that problem-solving ability and
higher- order cognitive skllls have always been among our
educational goals. The computer provides a un1que tool to
aid in the solution of problems. Thus learning to

communicate with and through computers, and learning to



command their services in, meeting human néeds” belome
_essentjal new goals of our schoolbprograms. The limitations
of classroom brqanizati@n, school tradition, large classes,
évailable media, and standardized ‘testing, however, have m:
it difficult to plan systematically for their attéinment.
Whiie the microcomputer is not a panacea, it certainly
providest an advantage we have not had before in our attempts
to devélop good prbblem'solver§.

.

The Elective in MathHZG
, ’

One of the mechanisms to- achieve the goals of the
Alberta senidr high school mathematics program is the
elective. The elective component is a mandatory part of the
sénior high school program at the Grade 11 and 12 levels.
The elective component primarily offers an opportunity for
students to spend time on interesting and useful\areas of
mathematics.not necessaiily contained in the;ﬁi?gkand
independent core components. ' (Alberta Education, }983)

Alberta Education (1983) suggests the time allotment for’
_ the electi&e component. The elective component should be
approximétely 15 hours at the grade 11 level and 20 hours at
the grade 12 level. It is also suggested that the 15 or 20
hours of eléctives be determined according to the plans of
the individual teacher. i

For the guidelines of the elective component,vAlberta

Education suggests:



1)

2)

3)

4)

6)

The topics are open-ended so that the interests
and abilities of students may be taken into
account.

]
Student initiated projects may be considered as
an elective. ‘

A teacher should make use of any appropriate :
resources.

Electives should be included in the course
throughout the year, wherever appropriate.

These should not necessarily be taught during a
15 or 28 hour block. Where more than one
elective is inc¢luded, the time for each elective
does not necessarily have to be the same.

The elective component of the program should be
included in the evaluation of the students.

Prerequisite core material may be zequifed before
some electives are attempted. (pp. 9-10)

This elective component offers the opportunity to implement

the use of computers in the senior high school mathematics

program.

Alberta Education also suggests elective outlines which

include computer literacy. Objectives of computer literacy

for senior high school programs are stated as follows:

31,

2.

5.

Develop an appreciation of ;Qe role of computers
in our society.

Obtain basic qnderstanding of the computer as a
‘machine: its capabilities and limitations.

Develop the algorithmic process of thought.

Acquire a working knowledge of.a programming
language. ' :

Develop skills enabling the student to use the
computer for problem solving. (p. 62-63)

The objectives stated above are directly related to this

pérticular study.



W

A
W *

Elective as an Opportunity for Curriculum Implementation

The elective provides the\researchér an opportunity for’
implementing a compdter—based curricylum in the Math 2@
program. The breadth of the interface between mathematics
instruction and the computer is considerable. One particuiar
dimension of this interface is beginning to receive some

‘ .
attention; computer programming of mathematics problems. The

unaerlying‘premise is that using a computer language to apply
mathematics concepts to problems would result in a better
‘understanding of those concepts and development of‘good
problem solvers. "The assumption is Fhat using &nly the
rudiments of BASIC (Beginners All-purpose Symbolic
'InstrU:tion Code), senig; high schooﬁ mathematics students
would benefit significadtly through prdgramming the tyéical
exercises associated with each chapter 1in a mathematics
course. (Sigurdson, 1983)

Considering the goals of the senior high school
mathematics program, and the objectiveé of computer literacy,

this type of implementation is especially suitable to the

elective being used.

Harry Ainlay Computer Project
.
The study reported here was carried out in conjunction
\

with the Harry Ainlay Computet Project which was funded by
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Alberta Education. The Project provided funds for the
‘
teacher inservice which made the study possible. The testing
program of the present study was carried out in conjunction
with the larger Project. The present study was Otherwise
independent from the larger Project. Further reference to

the larger Project is not necessary and will not be made.
Statement of the Problem

The researcher proposed to develop and implement a
curriculuﬁ of an elective unit in grade 1l\mathematics (Math
20) which would teach étudents to program,gln BASIC,

. solutions to typica? end—of—chépte¥ exercises; to determine
students' and teacﬁers' reactions to the unit; and to
evaluate in what manner students beqpfit from this particular

type of learning situation.
pPurpose of the Study

The purpose of the study is to develop, implement, and
evaluate a curriculum of an elective unit and to determine
the benefits that are gained by the students. Specifically,
the study searches to answer' the following questions:

1. How much BASIC should be included in the Student
Manual for the BASIC Language? | ‘

2. what and how many exercises should be ingluded in the
Studenkt Exercises for Efogramming in BASIC - Math 207?

»

i /

/
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- subject? \

Significdance of the study

. 11

.
M l

3. Hode‘sgudentsreact to learning mathematics in the
electlve curr1culum7: Is* their reactlon to thelr
1nstm§it1onal settlng more favorable than “that of students in
regular Math 20 classes° ‘F{j

".4. How effectlvely do students engage in the electlve

¥

currlculum as 1nd1cated by the programs that they produce and

)

record on their dlsks°

5. Does the electlve currlculum contrlbute to or detract‘

fromLachlevement? How well do students learn’ mathematlcs7
6., Does programmlng computer solutlons to typlcal

end-o%epha ter exerc1ses in grade 11 mathematics (Math 2@)

1mprove students’ problem solving performance°

~ -

7. What effect does the learnlng of mathematics in the
i 0

electlve currlculum have on the attltude of students to the

o

3
[

cThere°are'three dimensions to the significance of this
study.:'One is the general'theoretical problem investigated

here of whether | ‘an experlence ‘of computer programmlng in

_ mathematlcs 1mproves-students performance on understandlng

and problem solv1ng in mathematlcs. Information-processang

theory and several studles suggest that thls should be the

/case.- A carefully- planneq,exposure for ‘the period of a

v;full—semester coursge would provide valuable data for such

|

verification. \\m»
. \ ¥
* - TRRETETS
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. A seco;g:dimension ofisignificance is the curriculum
development offthe study. Classroom teachers will be
inVO1Ved'in the process of cﬁrrlculum development and
implementation. The study w1ll produce two manuals ‘which can
be used by any senior high school mathematlcs teacher in the.
province: o L. .

l;‘ Student Manual for BASIC Language - This manual w1ll
prov1de a 4 to 5 hour 1ntroduct10n‘to the BASIC language
‘necessary for mathemat1éal programming. Th1s,type of basic
‘Jinstruction can be incorporatelpinto.any senior high school
mathematics course. |

2. Student Exerclses for Programmlng in BASIC - Math 2@
- This manual will prOV1de a collection of exerc1ses based on

e

the Math 20 course w1th typlcal solut1ons programmed n
BASIC. lhe manual can elther be used dlrectly in Math iG or
as a guldeline to teachers 1nterested 1n using thls approach
at otherfgrade levels. o
A third area of significance at‘the Provincial level is
to prov1de 1nformation for development of the "electlve
vcomponent of the new Math 20 program.; A challenge currently
ex1sts for teachers of senior high school mathemat1cs to
develop 51gn1f1cant mathematical “elect1ve" experiences for
their particular students; Clearly the integratlng of
computers into the Math 20_course is afcreative way to meet
this challenge. The computerfprogramming“compodent.will not

const1tute the total "elective port1on of the course but

would be a 51gn1f1cant contrlbutlon to it. Beyond the local
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level, matheﬁatics educators world—wide‘ere interested in the
interface problem‘betwéen the mathematics.curriculum and the »
computer. Implementing the concept of programming into the
senior high mathematics curriculum hes not been done ofteo
and will be a real contribution to the use of computers in
mathematics educatioo;

1Y .

-Delimitations

The study focuses on gtade 11 mathematics because the
provison in the Math 20 curriculum for an elective component
is the unique opportunity to test this idea. The stody is

: N

also restricted to a school whose principal and teachers\are
‘agreeable to the conduct of the study.

Limitations

In the selection of the project groups and the control
~groups within the school it is assumed that the'previous

mathematlcal experlences of the students in. each class are

Y 0

. similar. The cooperatlon and an honest effort by the
students 1in computer programmlng of mathematlcs problems is
also assumed. Another limitation is the assumption that the

flve classes would adequately represent all the eleventh

grade students in the Edmonton Publlc School Sysﬂem.
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Outline of the Thesis

The present cﬁapter has introdqped the background and
the significance of the stud?. Chapter II provides a review
of related literature and presents a rationale for the
compu >rogramming and mathematics learning. Chapter III
describes the project Qesign and research prdteduresL The
curriculum development and implementation are explained in
Chapter\TV.f The findings of the process monitoring and the
product evaluation are reﬁorted and discussed in Chapter V
and VI, fespectively. Chapter VII presents a summary of the
results, together with‘intéfﬁretaﬁions and implicétions for

practice and research.

E

P



CHAPTER II
REVIEW OF THE LITERATURE

The present chapter i; devoted‘to a review of. literature
related to the uée ofvcomputer programming aha mgthematics”
learning. The review is presented 1in fhree parts. The first
- part discusses the theoretical basis of curriculum
developﬁent and implementation, problem solving, and
attitudes. The second part describes some of the literature
felated to computer programming and mathematigs 1earning;‘and‘
the last part describes relevant research studies thatvhavé

been reported mostly in Dissertation Abstracts International.

Theoretical Considerations
Curricdltm Development and Implementation _ . .

what is curriculum development? In their book,

Developing a Curriculum, Nicholls and Nicholls (1972) ,state

that teachers need to establish very clearly what they are
trying to achieve with their stﬁdehts, then to deciae pow
they hope to do this and finally to consider to what extent
they have been successful in ﬁhei; attempts. oIn other words,
the planning of learning oppdrtunities intended to bring
about certain changes in.sthdents and the assessmenﬁ of the

. -~
extent to which. these changes have taken place is what 1is

15
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N1cholls and Nlcholls (1972) ideas of curriculum

meanit by curriculum development.

development are still true in the present education context:

Schools and teachers are frequently cr1t1c1sed for
the education they are providing and teachers are
being encouraged, or even pressured to make changes.
Most people would accept that there must be
innovation of some kind. We live in a changing

" society in" which new knowledge is constantly being
discovered and in which old knowledge is being proved
wrong. This problem of the tremendous increase in
knowledge means that there has to be an even greater
selection of what is to be learned as well as a
reconsideration of how learning should take place
with the realisation that students must be prepared
to cope with the demands of a society which is
changing so quickly. This brings with it certain
responsibilities, including that of providing for
students an education which is relevant to the
society im which ‘they live now and to the kind of
society in which they are likely to live as adults.
This means that teachers must acquire sufficient
knowledge, skill and experience to make the kind of
decisions which will enable them to do this. -Such -
expertise and experience is not acquired overnight
and continuing teacher education of this kind might
best be achieved through actual participation in
curriculum development act1v1t1es, a setting in which
theories are put. to the test in a practical
situation. "(pp. 15, 17)

They also mention that the activity of curriculum
development can be‘carried ost in a variety of settings,
either by an individual teacher or by groups of teachers
Qorking together. An individual teacher can undertake
curriculum development for his own class in a primary school
or for a subjectwfor one or more classes in a secondary
school . Obvioos advantegee derive, however, from either the
vhole staff in fairly smai} sohoolé or g;oups of teachers in

larger scnools Qorking together. There is the benefit of

their joint knowledge and experience, the benefit of their
{
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complementary skillsiand expertise, the benefit of the ideas
that‘are developed through interaction with each other -as
well ‘as the benefit of a w1der appllcation of the results of
their work” than would be the case w1th .an 1ndiv1dual teachet,
,together with the possibility of expert guidance in the
‘ process of curriculum development. (Nicholls and Nicholls,
1972) S

/ﬁ This representative field of literature in curriculum-
.deV élopment suggests that real and effective curriculum
development must go on w1th1n 1nd1v1dual schools rather than
‘by the creation of pr03ects or other 1nnovat10ns hatched out.
in some central\place detached from the realities of any
actual school situation. |

~What is implementation? Fullan (1981) has described
implementation as changing practice (with“the emphasis on
actual rather thanvassumed change). vHe ekpands the term more
fully in saying that implementation is the process of
altering existing practice in order to achieve more
effectively certain desired learning outcomes for students.
The term change, innovation, and revision are all frequently
used in .the context of descr1b1ng 1mp1ementat10n. "Change"
‘is the generic term, with "1nnovation" usually refer:ing to a
more radical 6r thoroough change than/"rev151on." In either -
'case, implementation ‘is involved when a person or group of
people (teachers,.ptincipals, school board administrators,

etc.) attempt to use a new or revised program for the first

time.
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Fullan also suggests three kinds of changes as criteria

o for observing "changiﬁ§ pféctice“ in the classroom. They are

,90531b1e use of pew or- rev1sed mater1als (d1rect
1nstruct10na1 rescurces such as currlcdlum mater1als or
technologles), possible use of new tea;hlng approaches (i.e.,
new teaching strategies or act1v1t1e§2, and the possible
alteration of beliefs (e.g., pedagogfcal agsumptions .and
theories underlylng particular new policies or programs).
All three aspects of change are hypothetlcally directed at
achieving more effectlvely some new or existing educational
goal. | |

The school culture in any country is hiéhly resistant to
change and espec1ally to change 1ntroduced from outsidé the
school. When 'outsiders' are able to 1nst1tute currlculum
changes without the cooperation and collaboration of
teachers, such changes seldom gp’emdochiy or last long.
(chsoneet,al., 1982) ' The degree to which éAy change that we
attempt to introduce into a school is likely to be effective
will largely'be'determinedjby the extent to which individual
teachers become committed to it. Kelly (1982) points out
that there is-s;mply no point in a school pfojecﬁ team, a
headteacher or eveh an enthcsiastfc group of teachersJ
attempting to introduce somevnew scheme into a school's
program unless it haé the support at least of all those
teachers who will need to be involved in the implementatioﬁﬁ

of it and preferably a good many other teachers as well, ¢

since saboteurs can work from without as well as from within.
' 3
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In particular, of course, it is vital that a project has the
support'of the heads of relevant departments, heads of
sections Qithin the school, other senior staff,and SO on.

| It is not only necessary for teachers. to be committed to
particular forms Jf currlculum change, they also need to
understand the purposes and the basic principles if they.a;e
to make them work pxopefly. If any educationél innovation is
to be successful, the teachers must understand as well as
believe in it. (Kelly, 1982)

The implioations this'literature has on implemenoetion
are several First, mathematics teachers in a senior'highv
school should participate in the process of currlculum
development, together with the possibility of curriculum

consultant guidance in the process. Second, meetings between

‘the teachers and the curriculum consultant should be arranged

for tﬁe teachers to learn, discuss, and understand the
philosophical assumptions of the study. Other meetings
should also be arfanged during the_developmental periods to
increase teacher-teacher interaction and to share classroon

éxperlences among the teachers. Third, the teachers and the

zcurzlculum consultant should work together in developing and

implemeptlng materials for utilizing in the actual classroom
situation. Fourth, a new teaching approach for teaching a
computer language and other'computer knowledge should be
introduced to the teachers during the ‘teacher inservice prior

to actual implementation.
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Problem Solving

In their book, The Psychology of Mathematics for

Instruction, Resnick and Ford (1981) have considered the

various ways in which modern information-processing
‘psychology is attempting to deal witthuesﬁions of
understanding and structural_knowledge in mathematical
learning and thinking. Their concern is to find systematic
ways of representing knowledge that also account for the
human_capaéity to reason beyond the literally given
information, to find connections ahd relationships among
different areas of knowledge, and to apply knowledge in
problém—solving situations.

Information-processing theories conceive of the mind as
possessing, in adgition to knowledge structures, a
"reéertoire of prsblem-solving strategies" that help to
interpret probléms, locate stored knowledge and procédures,
and generate new relations;gmong separately stored memory
items. These straEegies organize the‘thinking process and
call upon various components of knowledge to put together a
plan of action capaBle of solving the task at hand. To
account ﬁof problem solving.in mathematics, then, we need to
consider both the kinds of matheﬁatical knowiedge strﬁctures
students have, including the kinds of algorithmic routines
they are capable of pefforming, and the strstegies they have
for accessing their knowledge, detecting relation;hiés, and

choosing among the actions available to them. (Resnick and
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"Ford, 1981)
Greeno (1988) has discussed the problem solving process.
The process of solving problems includes an important4
component of language understanding in which the problem
solver comprehends the given information and the question.
Greeno states:

1 believe that the role of a programming language
in the development of a theory is analogous to the
role of a general mathematical system, such as
algebra or calculus, in the kinds of mathematical
models that are more familiar psychology. A
programming language provides a notation for
representing 1deas, and it provides some rather
general methods for performlng derivations...Theories
of language understandlnq and of problem solving have
too many component processes to permit a reliable
judgment of consistency an: sufficiency for observed
performance unless the theory is written out in the
form of a program and run on a computer. Then the
computer provides a way of keeping track of the
various components and their interactions. . (p.

34-35)

~

Greeno further states:

We also reallze—tpat someone who has learned to
solve a class of problems has acqulred a set of
cognitive procedures including actions that change
problem situations as well as procedures for setting
goals and for planning, and it should be recognized
that theories of language proce551ng and problem
solving already include elementary forms of learning.
When a sentence is understood, new information is
stored in memory, and thévféct or other information
expressed by the sentence is learned. When a problem
is solved, new information is generated by the system
and stored in memory about the specific
characteristics of the problem situation and the
specific goals and actions included in the solution
of that problem. The learning that occurs in
understanding sentences or stories or in solving
specific problems is a form of assimilation, where
new specific information is acquired by fitting it to
existing general cognitive structures. (p. 36-37)

The BASIC language represents a limited repertoire of

problem-solving strategies which is closely related to
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mathematical content in this particular study. The BASIC *

language provides notations for representing ideas, and it

prov}des_some rather general methods for performing problem

so i

el 3
&

In summary, from the many different perspectives through
which problem-solving can be viewed, the information

processing perspective seems especially useful in connecting

the learning of problem solving and computers.
Attitudes

An attitude is usually an internal or a subconscious
feeling about something. Attitude is not physically
tangib}e} rather, attitude is simply a word designed to
reflect how a person régards something, or how he will act
under certain conditions. It is usually expfessed as some
set of observable pehaviors. (Krulik and Weise, 1975)

Attitude has been defined in a variety of ways in the
psychological literaturé. JIn this study, attitude is used to
mean feelings about mathematics and feelings about oneself as
a learner of mathematics. Johnson and Rising (1967) state
that attitudes are fundamgntal to the dynamics of behavior
and largely determine what students learn. In their view the
mathematics student with positive attitudes studies
mathematics "&ecause he enjoys it, gets sati§fac£ion from
knowing it and finds mathematical competency its own reward"

(p. 128). Johnson (1957) emphasizes this view when he says
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that the student with proper attitudes will enter
wholeheartedly into the learning activities because he is
' sensitive to mathematics wherever he finds it and derives

; ‘
pleasure from his contacts with it.

. Reyes (198@) mentions that a variety of factors
influence students as they make decisions about how much
mathematics.td take in high school and postSecondary school.
Reseérch shows that attitudes or feelings about mathematics
is an imp;rtant factor in student decisions. Since their

decisions about enrollment in mathematics courses are

important ones and student attitudes toward mathemati

affect these decisions, an undaestanding of these attitudes
toward mathematics 1is essential. Not only do attijfudes
toward mathematics influence a student's willingnegg'to
enroll in more mathematics courses, but these attitudes also
influence how much effort a student will put into learning
mathematics after enrolling in mathematics classes.
Beginning in the elementary scﬂqol years, continuing into the
middle school years, and increasingly in the high school
years, students who have positive feelings about maghematics
exert more effort, spend more time on tasks, and are more
effeétive learners than students with poor attitudes.

In summary, attitude to mathematics is a relevant
variable in mathematics eduéation and one that has long term

effects.
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Computers and Mathematics Learning
*

There are many articles that support the use of computer
programming 1in teaching and learning of mathematics. In this
review, journal articles will be categorized into two
categories. Fifst, articles that relate to the effectiveness
of computer programming in teaching aqd learning mathematics,
'and second, articles that relate to the use of computer
prograhmiﬁg to!improve student's performances in

problem-solving tasks.
Computer Programming and Mathematics Learning

In an influehtial article that has often been reprinted
since its original publication in 1972, "Should the Computer
Teach the Student, or Vice-Versa?", Luehrmann makes a strong
argument that educational use of computers should primarily
concentrate on étudents learning to program rathe? than on
computer aided instrdction. Leuhrmann argues that learning
. computer programming provides important experiences that
enhance a student's thinking abilities and,'that not to
provide the opportunity of learning programming to all
students in our society would be to shortchange them on their
education.

Kemeny (1968), developer of the language called BASIC
and mathematician identified with the well-known Dartmouth
t ime-sharing computer center, submits that students use the

computer to more effectively learn those procedures taught

t
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theoretically in class. 1In the publication Needed Research

in Mathematlcs Educat1on (1966), he states.~"I.feei that'the

'r1ght attitude is to teach them the algorithms in pr1nc1ple
and then the right way to do the algorithm in pract1ce is to

program it for a computer. Thus a computer is being used in

]

such a way as to force the student to explaln the glven

algorlthm to a computer. If a student succeeds in thls,’he
w1ll have a depth of understandlng of the problem which w1ll
‘ be much greater than anythlng he has prev1ously experlenced"
(p. 10). | o |
Camp and'Marchionini (1984) indicate thatﬁthere is'a

roie for orogrammlng in mathematics educatlon. ‘As we
on51der the ootlons, we must make a° clear d1st1nctﬁon
between the study of programming, which belongs to the domain
of computer literacy and computer sc1ence, and the ise ot
programmlﬂg to. achieve learnlng objectives 1n mathematlcs.
Progranm1n§ in- mathematlgg educat1on is defen51b1e to the
-extent thatujt helps achieve goals for school mathematlcs.
But ;f programmlng‘ls to ‘be a general strategy for
’mathematlcs education, then partlcular attentlon must- be
glven to)format, ﬁormal1ty; and methods by which programmlng

3

ig integrated 1ntoacurr1culum and classroom practlce. The

[y

problemlwith programming in currently avallable languages is
! ' N L4

that it can be a difficult, multistep,-time—consuming‘task.

Teachers prefer devoting their time and their students' time

to learning mathematics. They recognize that programming in
' Q

its purest sense can potentially interfere with mathematics

>
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‘learning because it (1) takes\too_long,'and (2) focuses
'{attention on programming rather than on mathematics. o 2
Gamnonski (1981),points out that the mathematics
curriculum will gradnally change as a resolt of computervpse
and programming. Some content wiil be'eliminated‘or receive

decreased emphasis while computer programming and

applications receive increased emphasis and attention. These

6%

new emphases requlre early introduction of the ideas of N
procedures and algorithms. An apprec1at10n and understandina
of the algorithmic methods is necessary to build

‘:Ib

computer- programming skills. The objective is to be able to
'write computer programs at different levelsﬁof |
sophistication, depending_bn the interest and talent of>the
ind1v1dual student. | i

Lipson (198¢) says that By wrlting computer orograms
that permit the computer to process certain kfndS‘of!
information,.the student in effect teaches the'computer.
Such programming requires precision of thought and
understanding of thehinformation to be handled -~ abilities
that should befvaluabie in themselves.

Hatfield (1983) state ~at student programming focuses
upon the learner constructing his own comouter program,
Extremely powerful learnlng experiences can occur within this

=

'contewt.

: , A
Tobin (1983) says:

~ Students must also learn to write simple programs
that are meaningful to them. Not only does this -~ ,
teach them that they .can control a computer and tell '
1t what to do, but they also begin to realize that
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the computer cannot do a desired task unless specific
commands. are given to it. Opportunities for relevant
problem solving are endless. (p. 60) :

Billings (1983) suggests that in writing procedures or:
computet programs, children actuélly develop the algorithm or
‘the .set of instruCtibns needea to éet the computer to do a
éertaih taskg These insﬁructidns‘canlbe spoken, written,
apted out, sﬁown by plctures or diagrams; and possibly codedl

and run on the computer. Children in this mode develop a

sense of control over the computer and learn a variety of

tools and techniqdes for exercising that control.
~ .

o ¥

Shumway (1983) confirms: .
1t seems patently obvious-and several master's
studies have confirmed it - that students who write

programs to do mathematics, learn mathematics. .
Because cpmputers are basically dumb, -and do exactly
as told/students teaching computers mathematics
‘(programming) learn a great deal of mathematics.

" " One can be very tempted to pumchase a fancy
computer and to buy software so there will be
"something for students to do with the computer."
Don't do it - many programs that use color graphics
and sound do mundane drill and practice. Students
should write <omputer programs. , ‘

Get yourself a computer; some short (less than ten
lines), sample programs dealing with mathematics
approachable by your students; a programming manual

"or two; and start your students writing programs.

(p. 2)

Shumway also‘makes some concluding remarks: (1) All
children shoulaﬁhave the b? ortunity to w%ﬁte and run
computer progréhg in BASIC (andé}OGO); (2) brovide small,
inexpensive, ‘portablg cohputers that can be taken home té
faéilitate developing computer literacy among teaéheré and

: i ' . . L
allow as much student *access to projrammlng- as 1s possible;

(3) Computers offer children one of the few opportunities to
@ |
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give written instructions aéé see“the consequences of their
execution; (4) Most comméiciaiiy prepared materials for
oymputers in education will;pﬁt be well received by
thoughtful teachers. Simulating probability, games, science,
or Business is effeotive{ Simolating thoughtful teachers is
not yet possible. Do not make'exteosive inyestment in
software or computer configurations that use large memory to
implement software, (5) Teaching mathematics should involve
50 percent theory and 5@ percent compoting (computers); (6)
Student progremming'of computers will allow fo; (a) computer
'literacy; (b) creetivity in mathematics;,(c) exploration of
signif&cant mathematics; (d) positive attitudes towards
mathematics; and((e)'marketable, basic skills for SOCiety
today; (7) Do not delay, the kids are ready.

In summary, the computer is a boon to both thevdeductive

and inductive learning process. In ma tics classes the

23

applications and uses of tWe computer are many. :Complex
calculations are carried out;wéod results displayedialmost
instantaneoosly.b Aftervthe computef program ie deveioped ang
usable, both the teacher and students‘can concentrate on the
‘mathematical structure and the physicel significance of the
results obtained. From toe utilization of’problem analysis
"and exploration, the stodent develops a feeling for what is
likely to happen andAthe inttinsie mathematical and physieal
prooertles of the system represented by the problem. |

Students then oa:t1c1oate dlrectly in the 1nvest1gat10n of

' the mathematics concepts and can learn by inference.



Computer Programming and Problem-Solving
L
Smithv(1984) points out that instruction in computer
programming can ‘address the issues of basic skills

proficiency, the lack of freshness in the middle .school

curriculum} computerlliteracy, and time. Being able té write
computér prbgrams is a significant component o£ éompute;’_
1i§etacy: thus programming as an iqtegral component of the
mathematics instrucfion necéSsarin contributes to computer
iiteracy. In the pr&cess of writing programs, students
gxplore aﬁd develop their own algorithms for solving all
kinds of problems. This is an extension of thei} basic
skills. They must aléo work a number of computational
Jexerciéés to make sure the computér‘is giving the answer they
want - thus gaining practice. Many facets of the basic
skills of pfoblem solving are gither taught or practiced in
computer'programming. Trial and error, an i%portant
problém—solving technique, is seldom used by students'with
conventibnai textbook problems, but it is very effective 1in
theh;omputer éblution of certain problemsf' Thinking ahead is
another ;roblem—solving competency used in;combuter
programming. Stﬁdentsvmust ask themselves at each step,'
"What will happeq if4I'do this%" Once a program 1is written,‘
they can be encouraged to askG”QWhat will happen if 1 change'
this?" 'The later question iévthe "lookiﬁg back" step in

problem solving. If programming is.integrated with the
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mathematics eufriculum/ then the extra time spent learning to
program is minimal.

Sadowski (1983) indicates that cdmputer programming
provides a unique opportunity to teach -students how fo'use
the computer as a gdgeneral purpose'tool for'problemlsolving.
Higher-level cognitive.ekills of analysis,'syntheeie,'and
transiation are called upon'in the process of developing
algorithﬁs for the computer. Teaching stqdents how to
analyze a preblem so that instructions can be writtenffot Ehe
computer requifes teaching techniques; .Knowledge about
methematics,‘a lenguage for communicating Qith the
microcomputer, and an understandlng of how the computer
interprets the program are necessary. An ab111ty to reflect
“oh one's own problem-sol&ing strategy along with
logical—thinking(skill is more important than knowing a lot
‘of mathematics or a high-level computer languege. ‘Knowiﬁj
how to use this process of‘logically.dissecting a
problem~sohg1ng strategy, developing an algorithm,
flowchartlng, programmlng, and debugglng is the key to an
endless adventure with computers and learning.

McIsaae (1979) points that in relating computer
ptogramﬁiﬁg end problem soiving an excellent case can be made
fof the use of computer programming as-a vehicle'for the
systematic algorithmic expression of the solution of certain
types g% éroblems. The development and refinementvof such

solutions is a form of training for analytic thinking which

1s applicabie to broad classes of problems. Even if one

)

P
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doesn't subscribe to this second statement, one can still
appreciate the value of computer programming as training for

. \ -
dealing with abstractions.and abstract reasoning.

Saunders (1978) points out that writing programs to
solue problems has become the principle use of the computer.
More and more people, apparently, are beginning to recognize
that student control of the computer to solue problems is one
of the most interesting and effective modes of using the
computer in education. ;The students seem to enjoy this
problem—solving mode of computer use éo much‘that the
computer;assisted instruction movement is not missed. In
addition, students and teachers have the opportunity_to
practice good thinking habits such as (1)step—by-stepv
planning, (Z)anticipating errors; and (3)solution‘checking.
Saunders‘staresffurrher that as a teacher of marhematics; he ~
feels that the computer.provides a powerful tool for helping
kldS learn about mathematics. When he designs lessons he
considers p0351ble ways for using the computer to -enhance
students' understanding of math?matical topics.. The computer
actrvity may be creating a program, or it may be a.simple
execution and interaction with a'stored program. Nor all
such act1v1t1es are successful ones, but to him, .using the
computer adds so much more excitement and interest: to the

task of learnlng and teaching than the usual textbook and

chalkbhoard.
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Norris (1981l) states:

1 would classify mathematical thinking as a form of
problem solving. It involves the analysis of given
information and the synthesis of the information to
discovery of new facts. This type of reasoning is
very difficult. I know of no better way of
introducing it to students than through the use of
‘computers. In addition, computer programs must be
very logically constructed. They are, in fact, a
proof of the computability of some result. It goes
without saying that computers demand discipline. One

cannot deviate one iota from the prescribed rules of

syntax (the computer language) or else one is
presented with an error message. (p. 24),

and

-

-

/..

My point is this: It requires a treméﬁdﬁﬁglamount
of problem-solving ability to make a computer solve a
problem. It requites the kind of analytical thinking
we want our students to learn. In addition, it is
immensely practical to learn how to program. In the
next ten years, it is likely that mostccollege

- students will learn how to program computers and,will
"~ ;juse the knowledge gained (the problem-solving

techniques) in their jobs....The analysis required to
test and debug a program is very valuable. One must
understand the structure of a program in order to
provide an adequate set of test data. Trying to
decide why the machine did what it did instead of
_what you wanted it to do is a very worthwhile
experience in analytical thinking. (P. 26)

Greenes (1981) indicates that in the area of problem

*

solving,

the computer offers potential beyond its uses'as an

instructional tool in two ways. First,.the act of developing

an algorithm to solve a particular problem, programming it,

and refining it is itself problem solving. Second, progréms

can be used to simulate mathematical or physical progcesses to

provide students with the .opportunity to analyze situations

normally not present or accessible in the classroom or school

environment. This potential enables students to empirically

!
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deveiop possible solutions to problem.

Gawronski (1981) states that a computer literate
individual should know how to write an original program. The
computer is a problem—solviﬁq tool, and writing computer
programs utilize prOblem—solQing abilities. Programming
provides a new instructional approach for teaching
mathematicql coﬁéepts,;applyihg mathemaﬁics in meéningful
settings, and increasing oébortunities for students to
develop, use, and practice their problem-solving skills.

Inman (1981) says that the teaching of;prdblem—solving
has been one of our most digficult tasks. Problem solving 1is

more than just a single skill. The ability to solve problems

‘quickly and efficiently calls on several elusive skills that

must be combined in an organized manner. The computer is a

"tool that strengthens the student's skills 'in problem

solving. 1In fact, it might be -said, forces students to‘uSe
good problem-solving techniques. | -

‘Bozemén, Altschuler, Dorazio, and Spuck (1982) indi?éte
that the coméuter has an impprtant application in the
classroom in the teaching of algorithm%c analysis, the
step—by-étep procedure. necessary to solve a probleﬁ. The
need for the clear definition of a problem solution using the
computer makes mathematics aﬁd séiencé a dynamic ;nd
individual experience for the student. It eliminateé the
tedioﬁs calculations that-may be reguired to open new areas

of investigation.

"In summary, the computer is recognized today to be a



major factor in education. It hgs been found to bé an
excellent tool in the teachingfleérning process. In the
problem-solving mode students develop their own computer
péograms for solution of a problem. In analyzing it for a
computer solution, the student gains a deeper understanding
of the problem and the algorithm for its solution. This

approach generally enhances the student's attitude and

motivation to learn mathematics concepts.

ReSearch Studies in Computer Programming and Mathematics
Learning
N
Kieren (1968) reported a two-year study conducted with
eleventh grade mathematics students +in the Computer Assisted

Mathematics Project (CAMP) in Minnesota. The 36 students

- from the first year and the 45 students involved in the

secbnd_year were randomly assigned to either a computer or a
non-computer group. The difference in the treatments wa&
that the computer class dlearned “much of‘gheir mathematics by
writing BASIC programs which involved the problems, concepts,
and skills from the regular mathematics course while the
non-computer groﬁp did not use the computer in any way.

| Kieren reported one rejection out éf eight pull
hypotheses~of no treatment effects during the first\year.
This rejection favored the mean of the computer class on the

standardized Contemporary Mathematics Test, Advanced Level.

No significant differences of treatment by previous
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achievement level interaction were found for the eight tests.
During the second year, the null hypothesis of no
differences due to treatments for the meane on trigonometry
tests was rejected in favor of the non-computer class. AS in
the first year, the test of interaction revealed no
significant differences. However, an inspection of the cell
means suggest that the computer seemed to be relatively more
effective for étudents of avetage previous achievement.
Hatfield (1969) completed a second study as a part of
the CAMP'oroject. Hatfieid's research involved seventh
jraders over a 2-year peiiod. The design and instructional
procedures are analogous to those described for Kieren's
study. Special supplementary materials were written and used
with the computer group to teach BASIC programming, to
identify the content to oe programmed, and to guide the
writing of programs, the study of output and the processes of
"debugging" or refinement toward a more general algorithm,.
Comparisons involved several constructed tests, coﬁmercial
standardized tests, and a selected problembsolving test.
During Year 1, the effecthdue to treatment as measured
by group means was significent.for only one (Numeration
System) of the 1l criterion tests. This di%ference favored
the noncomputer treatment with the greatest difference in
cell means occuring at the low previous achievement level.
During Year 2, the anelysis of treatment effect revealed
significance on one (Elementary Number Theory) of the six

unit tests and two (Contemporary Mathematics Test and Thought
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Problems) of the six post-treatment tests. These significant(
differences all favored the computer treatmeht. Comparisons
of cell means on these three tests revealed that the High and
Average previous achievement computer gfoups were especially'
favored. |

ﬁatfield (1969b) concludes that the results of these two
sfudies (Kieren's and Hatfield's study) do not support
computer-assisted problem solving as the optimal approach to
be taken in all settings. At the same time, there is
evidence that these 7th and 1llth grade students could learn
to program the coméuter to study their school mathematics.

Ronan (1971) copducted a study in Michigan. Students of
two algebra classes’participated; one group of 14 boys and 12
girls who used the computer terminals and the BASIC language,
and a second group of 14 boys and 1l girls who did not use
the computer. The nineteen-week study had very mixed
results. The computer students achieved significantly higher
than the noncomputer’students in one topic (exponential
functions and logarithms), signifiqantly lower in one tobic
(trigonometric identities and formulas),_and no differently
in three topics (radicals 1in equations, complex numbers, ana
circular functions). Ronan found that the computer students
;;d achievé significantly higher in tests Qf logic and
ieasoning than their noncomputer counterparts.

Hoffman (l971)‘cohducted a study ét two metropolitan

area high schools in Colorado. One class 1in each schools was

taught in a traditional manner without computer application,
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while the gther was taught with computer application. The
computer application involved eight computer extended .
instruction units. Students wrote programs in the BASIC
language and used time sharing telet;pe terminals located in
their respective'buildiﬁbs. Hoffman found no evidence that

computer-extended instruction significantly affected

generalizatibn skills or achievement'of second-year algebra

Y

students.

Katz (1971) directed reséarch at a high school in
Philadelphia 1in whiéh average second-year algebra students
studiedhmathematics in three ways. in one experimental
class, Ehe students wrote computér programs in conjunction
with the regular classroom presentations of 19 different
topics. Their programs were run.on the computer by computer
aides and then réturnﬁd to. the students. In a second
experimental class, the students wrote programs as in the
previously described class except that they ran theilr own
programs on-the computer. Both of these classes were
compared with a control group that stﬁdied the same topics
under traditional classroom instructional procedures.
Comparisons made among the tredtments based on mid-term and
final examinatiohs on the selected topics revealed no
significant differences among thé three procedures. The most
effective use of the computer was having students write
computer programs that were ruﬁ by aides. Actually running

-
their own computer programs did nogkappearAto enhance

students' learning experiences: |
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Jurick (1972) explored the incorpogation of many types
of computer activities into an analytic geometry course.. The
integrated course was presented to 18 tenth-grade geometry
students with a mean IQ of 134 in one private school. The
course consisted of a pretest, an orientation l?cture, 19
‘analytic geometry lectﬁreé, and a final exam. The regular
class instructor presented all lectures. The computer
ractivities included the grading of daily seven-itém,
multiple-choice quizzes; checking two BASIC homework érograms
required in each session; presenting 10 brief ten-minute CAI
segments; maintaining an internally stored student data bank;
and generating daily student and teacher reports including
prescribed activitiesl, Some time problems were apparént. An

average of only thred#AI segments was used by each student

because of the scafy'{  
réquirement of déve”l'
de&anding. Although one student did complete 29 out of the
38 possible programs, on}y'six students tried more than 10.4
Nevertheless, tesﬁ results suggeSted that the course was
moderately successful and worth consideration for future
comparative evaluations. The majérity of students felt.they
learned no more ‘than they would have in a conventional
course, although,fhey did enjoy the course.

Milner (1973) conducted a study, which lasted
approximately 15 weeks with 18 fifth grade students, at an

elementary school in nearby Pittsburgh. The study was

designed to investigate the effects of teaching computer

<



'programmlng on{oerformance in mathematlcs. 'PrOgramming was
used pr1mar11y, as a conceptual bas1s for learning
‘mathematlcs and not just as an end in itself. The research
1nd1cated the value and effectlveness of computer programmlnq‘
. using the LOGQ‘language in studying mathemat1cs. Mllner S
conclysions based on the study are as follows: 1) Computer
programming is an effectlve learn1ng resource in terms of
”;both cognitive and affective -considerations.: 2) The
Wparticulardmethod used in teaching computer program-ing 1s !
vless important than the deflnltion of‘sultableltasks and the
preparation for them. 3) The.learner—control'inherent in
this study fac111tated the acqulsltlon of problem- sulv1ng
behev1ors. 4) Some of the students whose mot1vat1on wa s
questionable in the tradltlonal clas%room were "turned on“ﬂbx
computer programmlng. o
Foster‘(l973) conducted a study w1tn 68 eidhthtgrade“
students ‘at a suburban, public school in Mlnnesotag .The study
was conducted to 1nvest1gate problem solV1ng performance-of

*

students w1th regard to non- routlne problem experiences rn #
~ which the: comDuter and flow chart were used by students as
aids. Foster concluded that computer proqrammlng (and to a
glesser extend flow chartlng) tends to support the devéﬁopment
%of selected oroblem solving behav1ors. Readlng skllls may
olay a cruc1al rote in the proper develdpment of selected‘f
problem solv1ng behaviors, espec1ally w1thg%?vef%al problem

solv1ng experlences.

Mandelbaum (1974) conducted a‘study with '92 tenth grade -
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students at a high 'school in Pennsylvania. Subjects in Ehe
control group received phe regﬁlar course of study in
‘mathe@atics. These stuﬁents had no accéss or expoeure to the
cbmputef. Subjects in the experlmental group learned to use
the computer as a proglem solv1ng tool and used the computer
rfpr %5 weeks in coﬁjuqction with the regular coqfse of study.
Mandelbaum's cenciusions regardihg'the use of the computer as
a problem solving tool for low performing tenth grade
students were: (l) students are not adve;sely affected in
their‘ability to do probleme involving computation, concep@s,
or applieatiens and (2) attitudes toward ﬁathem;tics are not
significantly improved as & result of the ﬁreatmeﬁtﬂ

Basil (1974) conducted a stuay, designed to investigate .
the effects of writieg computer programs on achlievement aﬁd
attitude.in elemeqtary calculus, du;ing'the spring‘im i973‘at
a liberal arts college lecated in southwestern I‘>ennsylvar'1'ia."v~

&

obtained from an experimental and a control group of students

. . J . ’ :
These effects were determined by a comparison of data

‘e : . -

completing anfelementary calculus course. The experimental

) !

group studied the BAéIC programmlng languag%;and used
‘1nteract1ve teré:nals fer completing an appropriate set of
calculus.hemewopk problems. The control group used‘a desk
~calculator as an aid in completing the same set of homework
‘problems., In’conclusionfzthis study revealed that students

can complete a course in elementary calculus, while

simultaneously learning a programming language and gaining



41
the‘experience of writing and debugging related computef
programs, with no significant effects on their achievement or
attitudes associated with calculus. | ‘

Andreoli (1976) coaducted a study at a comprehensive
high school in Condecticut, The experimentél group consisted
of 65 students who enrolled during tﬁe Fall(semester of 1974
in four sections of an elective cohise in computet
grbgramming. Siity-eight sﬁudent;“who were enrclled in the
same Algebra II énd Triggonometry-classes as the students 1in
the experimentalfgr)up were randomly selected to serve as tne
cont;ol group. ﬂAnélysis of variahze computed on. the
mathematical reésoning ability.posttest scores of related
tfé;tment groups‘showed:.&l) students who had taken the
progfammed instruction course in computer programming:
performéﬁ.éignifi%antly better at the 0.25 level than
students who had not téken'the course; (27 19 signifiéant

differences 1n mean performance‘between students who had been

exposed to different feedb ack Drocedures £( 3)-no significant
intera-*tions bestween types of feedback proc=2iare ani

ol ) :
mathematics aptitude level, reading level, or level of srade

o .

s A . : . .
point averagje Tn‘ﬁrevxous mathemat;cs courses; (4)

o
M
@

significant interac tlon at the G @5 level between I.72
'V P ;,. o '
anaqth%fcemblnahlon Of the feedback procedures of usin:

.

DIOGE &msmwltw anﬂ without the su;utlons for reference.

o

-

Deloatcn (1973

»

[

conducted a study with the students who

[\l
Ne)

' \ 5 : n . ';\sz' - .
were members of population of disadvantaigl students wac

were admitted throucth a special serz%f%s program in Indiana.
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The mathematics component of this program comprised a
sequence of three one-semester coufsesiwhich enroll a mdximum
of 18 studeﬁts each. The first six instrucfional session§

for the experimental group were devoted solely to instruction

'in BASIC programming. The major distinction in the

treatments was that the experiméntal group wrote and executed

computer programs involving the concepts and computational
o ey ‘ .»?J"’\; 4'5‘-, é“‘w‘-\‘ . . ' .
procedures from»;n§- ¥¥ course, while the control group did

At

not use' the compﬁt,

‘éomputer programming in the study of
the séme mathematical content. A total of eight programs

were written by the expezimental gfoup on the éopiéwof sets,
integers, rational numbers, and basic algebra. Analysis 0f3

the data tends- to support the assertion that’

WA

computer-augmented instruction has a significant positiv

effect on the mathematical attitudes of diSadvantaged
studenté. The résults of this investigation do nét‘support‘
the claims éene;ally made by’proponeﬁts of compﬁtef—augmented
instruction regarding tﬁe efficafy‘of‘such>instruction in
éhhéhcing student a:hievemeﬁt,in.general, as well as on
p;oblem-so;ving tasks and computation;l prbcedureé. it

appears, hcwever, that although the computer treatment did

not signifiaantly increase student achievement, the activity-

[®]
Fh
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o
©
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orosrams did not 1interfere with overall
development ¢cf mathematica. abilities. - That is, in view of
the past perfcrmances of this population of studenté, both
experimenta: and control éroups attained'extremely

satisfactory levels of overa.l. achievement.

5

s
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Payne (198G)‘cduduc;edv%;study at a‘public high school
in New York. Subjects cémprising the experimental group were
all 27 eieventh and twelfth grade students who were
simultanedusly enrolled in a one semester computer
mathematics course and either an“eleventh year Algebra
Two- Trlgonomekry course or a twelfth year advanced algebra
course. Control subjects were randomly picked students who
were only enrolled'ih the academic‘mqthematics courses and
who had no previous computer mathematics experience.\gyhe
study produced results, although not statistically ;
significant, which indicated that students who simuxta:eOusly
enrolled iu a computer mathematics c%urse and an academic
mathematics course achieved more of the desired goals of
mathematics educatiou‘;ﬁan students who only‘enrolled in

cademic mathematiés”courses. The analysis that came clqsest'

to belﬂg statlstlcally significant, favoring students
simultaneously enrolled in a comput&@ and an academlc
mathematics course; was the analy51s'done with hlghﬁaverage
stud2nts in the area of inductive reasoning. |

Krull (1988) conducted a study at a public elementary
‘school in Missocuri. The purpose Qf this study was to engage'
séudents in writing computer puograms which focused on five
properties in mathematicsvand to measure the effect of this
activity on mathemafics achievement and attitude towafd
schooi. One group»wh@ch sefved as the experimental group

received training in the computer programming language,

BASIC, and spent several weeks developing and writing



44
computer programs which'focuéed on specific mathematical
properties. The second group of students were enrolled in a
remedial mathematics program. The outcomes of this study
indicate that with respect to attitudes; there‘was no
statistically significant difference between the groups.
However, the experimental group did exhibit a trend toward a
more positive attitude' while the cortrol group moved towerd a
" less positive feeling a%out school. 1In addition;:general
observatlons revealed that students who were involved in
programming act1v1t1es performed better in their da11y work.

.Soloway, Lochhead, and Clement (1981) review certain
research conducted in Massachusetts in 1979 and‘l980. In
that paper t%ey review thelr attemps to'isolate the specific
factors in programming which enhance methematicai problem
solving ability. In previous studies‘they found that é‘
surprising number of engineering studente had difficulty with
very simple algebra word.problems. They have also found that
significantly more students were able to solve those word
problems correctly in the context of writing computer
programs, than in the context of simply writing an algebra
equation. They obtained similar results in comparing the
reading of algebraic equations within computer programs endu
reading of algebiaic equations by themselves. Those |
'observations suggest that computer prdgramming may focus
students' attention on the active, procedural semantigcs of

’

equations.

-

Soloway, Lochhead, and Clement (1981) also condqctedr“h
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video-taped interviews with students as they solved typical
§ .
algebra word proﬂlems: Analysis of that data supports the

hypothesiS'stated above.

. QO
Soloway, Lochhead, and Clement (1981) conclude with a

wl

speculation on the impact of their results fbr education.

They suggest that problem solv1ng llteracy can be promoted by

eachlng from an 1ntegrated algebra/programmlng currlcula.
Finally, based on compan1on research, they go on to suggest
some cognitive factors important to the choice of which

programming language should‘be taught, and how it should. be

taught: &l
Since we pelieve that one of the primary benefitse
of programmlng is that it requ?ies students to mah%“
. each step expl1c1t, we are suspicious .of the blind ™
initial use of sophisticated constructs (Pascal
language) which have many implicit operatlons.l We
speculate that in fact students do not have mental
models of the prlmltlves which compose these’ higher’
level constructs. This suggests’ that they should be
taught iteration first. using the prlmltlves, and then
graduate to . ‘the complex constructlons, as was often
done in teachlng BASIC and FORTRAN. (p.” 14)

13

Generally, the studles have been conducted from a
-l ‘ .

quantitative perspectlve and most ﬂave been recorded as
dissettatlons. The ﬁendency ‘has been to 1nvolve secondary
andlpost secondary algebra and calculus courses to determine
‘the effects computer p:ogra@mlng mathematlcs has upon
‘achievement, problem sol. g ability, reasoning abllxty, and
attitude. Most of the stuf.es were ass1gned the treatmen*s
as a non—computer tteatmef f?Jp and a computer treatment

group. The majority of re. . have 1nd1cated no 51gn1f1cant

difference netween treatment ..ouUpsS. Only a notable few of

[ QY
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the studies have used treatments in which compufer e
programming played an integral part of a total mathematics

program.

Summary
\

ThlS chapter has reviewed the ‘theoretical, basis for
curriculum development and 1mplementat10n, roblem solv1ng,
and attitudes to mathematics; computers and mathematics
learning; and specific research studies'in computer _
programming and mathématics'learniag. They cal possibly be
summarized as follows: |

1. Real and effective cur;iéulum dévelopment\and
implemehtation must go on within thé éctualrclaserOm
Ysiguation with tne active participation of teachers in the
process.

2. 'BASIC language provides a notation for representing

¥ TR :
ideas, and it‘proqLaeswsome rather general methods for
performing problem solving tasks.

3. Positive attitude to mathematlcs is an important
factor for studgnts to learh mathematics. Their feelings or
attitudes will influence their willingness to enroil as well.
. as to put“efforﬁ into learning mathematics.

4. Learnlng computer programmlng provide§ an important
axperience that enhances students’ thinking abllltles.

Programming requires'ptecision of thought and understanding

of the information to be handled. Prodi;%ming provides a new
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instfugtional approach for teaching mathematical concepts,
applying mathematics in meaningful settings, and increasing
opgortunities'for students to develop, use, and practice
their problém—solving skills.

5. Several research studies involving computer
prograinng of secondary. and post-secondary algebra and
calcﬁlds courses have been”reported. Results are
"inconclusive. The actual use of computer programming within
mathematicé programs in the reported studies varies
considerably. Few of the studies represent curriculum
development and implementation using regular classroom
teachers. In general there still remains an optimistic
outlook on the intégration of programming into the

mathematics course.



CHAPTER I1II

PROJECT DESIGN AND RESEARCH PROCEDhRES

N
s

The study which was part of a larger project developed a
curriculum for an elective unit in the Math 20 program which
would teach students to program, in BASIC, solutiQns to
typicaliend—of~chapter exercises. As was stated in Chapter

1, the purpose of the study is to investigate the

L)

-~

1mplementat1on of the elective unit called Integratlng
Programming into Mathematics (IPM) and to determine the
penefits that were gained by the students in this partlcuiar
type of learning situation. Because the study focuses on
curriculum development and implementation of the elective,
students' attitude and reactions to the elective were also
studied.

This chapter reports on a number of topics ;elated to
broject design and research procedures used in the
development, implementation, and evaluation of the elective.
Specifically, this chapter describes the design of the pilot
study, the prOJect setting, the curriculum development and
teacher inservice, the process monitoring, the product
evaluation, the control setting, the null hypotheses tested,

and the statistical procedUte employed in the study.
Pilot Study

Ianegruarx 1983, a pilot study was conducted at the

48



Harry Ainlay Composite High School, in Edmonton, Alberta,
canada. The purpose of the pilot study was to explore a
particular use of microcomputer programming in teaching and
learning of mathematics, and to determine how much class time
and non-class time students used for programming typical
end-of -chapter exercises. The researcher was also interested
in the teachers' and students'’ reaction to the proposed
curriculum. The availability of microcomputers at this
séhool meant that students were able to try (run) tﬁeir
programs as they wrote them. The pilot study of fered
computer programming using BASIC £o Math 2@ students, and‘
allowed them to program solutions to typical end-of-chapt=r
exerciges and to try their programs on microcomputers.
Inform:E reports from the teacher in the pilot study
indicated that students found the treatment a challenge. Tha
pilot étudy suggested that BASiC could be taught 1in four o
five one-hour periods. It did this by limitinj the amnuant £
BASIC for the students to learn. Once the instractlon was
completed the students were assigned weekiy proni=rs pas=d 70
thelr typica: Math 20 exercises; The pilot study
inveitigated the types and number of proolLems students cos. 3
he expected to handle. The pilot study led to the £l lowinu
con¢1usion§: P
1. That it was reasonac.e tO reash sen.sr G1an0
students the amount of BASIC needed for the
elective 1IN five peri1ods.

2. That the teacher Affariny the proigfam was Dron=

F 35
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3. That the IPM program could be offered within the

-

context of a 15~hour elective.’
Project Design

The classes which participated in thig main study were
Math 2@ classes at Harry Ainlay Composite High School. 1In
this design, five classes of students were assigned 6§%the
préjecf jroup. Hath 20 students in the projeﬁt group were
offered computer programming using BASIC language, and were
alliowead to program solutions to end-of-chapter exercises and
to try their Droaraﬁs on microcomputers avallable in their
school.

The curriculum developmen; took place 1in the_first
semestar. Five Math 22 teachars took o 1 the study in
Hotnh semasters. Semester two saw an ag:’ 1-upon course being

fyllowed by the five teachers. Evaluatilon in the second

30k *ne form of a comparison with the control group of Mat%“km

23 students in three other senlor high schools in the same

~urri~u.2m Develospment and Teacher Inservice

The curri~slum dev=lodment plan was to develop the
surriculuT over the period of tne first semester., The
researcner gave the five teachers two documents:

1. & preliminary student manual (See the final form
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of this Manual in Appendix I).

2. A preliminary set of exercises (See the final

form in Appendix II).

The teachers then met 1@ times with the researcher and a

curriculum consultant over the course of the semester to

learn mofe about the elective and, in 1§%rning( to contribute

to the development of the manual and the set of exercises.
Initially the ‘teachers were given the philosophy of the

projgram. The guigéline g%atements of philosophy ‘included:

1. The elective was to take place within a total of

a 15 classroom hours.,

2. The first four to five hours of class ‘time were
devnted to the students learning the necessary
amount for programming in BASIC.

3. Tha final remaining hours required students to
projram solu;ions to exercises.

4. Th2 exercises weré to be ‘typical gpd—of—chapter

exerclses of the Matn 20 courgevi g e

(Wal

which contained 15 Apple and*iS bommodore

(PET, SuperPET, CBM) m1Crocomputers.

" r.!

r,»

6. The first two or three Lessons coufd be,u

) - ’ : g R N
55 - o "‘; b E K -j,

in the classroom rather than ﬂn the comouter lab

demonstrations . c

essential.
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7. Students should be encouraged to read the student
ﬁanual in that they would eventually use it as a
reference.

8. This was not a course on programming in BASIC.
Only enou@% programming would be taught to meet
our specific purposes. It was not a course on
how computers function, how tpey use binary.
numeration, nor how camputers contribute to
modern society. The elective was not to
encompass computer assisted instruction,. either
drill or tutorial.

9. The elective was to be offered as an integral
part of the Math 20 course.

The possfbiiities for using the microcomputer in

mathematics teaching are numerous, but the limited time

available for the elective (15 hours) meant that a restricted

' -

focus was kept. The elective amounted to a limited exposure

to progrqmming in BASIC plus student programming of typical

Math 20 exercises. gge purpose of,the eleétive was to
.1l. promote ;n§e§itanding of mathematical cdhcepts.
2. promote algorithmic thinking processes and

~ prbblem solving.
3. illustrate a significant application of
microcomputers in solving mathematics exercises.

4. learn about Eomputers.

During the first semester teachers following a course

plan taught the elective and met throughout the semester-to
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discuss modlflcatlons to the orlglnal outline: Teachers' .
suggestlons based on their experlences were 1ncoroorated into
fhe Studeht Manualvfor\BASIC anguage (See Appendlx I) and

@

the Student Exercises for Prog;amming in BASIC. - Math 20 (See
o JRp—— .
Appendix II). \\
The currlculum con51sts .of two parts.
1. Introductlon to BASIC language and mlcnocomouter
;operatlon, The ev1dence from the pllot study was that four
to five perlods admlnlsteredaon a once per week ba51s was
amole tlme to’ glve senlor hlgh 'school students sufficient
know;edge of BASIC to enable them to program SOlJelOWS to
Vmaﬁhemaﬁics problems. Each teacher 1nv3-veu'11 the etq“y'had
become familiar with the BASIC.langdage and 1in particular the
BASIC lénguage neededvfor‘p:ogramming solgfions to
Vmathematlcs ozoblems.

2. Progranmlng “of end of- chapter exerﬂlses.v-This

. . N . ]
»Dortlon con51sted of a551gn1ﬁg eoﬁf*udents sultanhile exerﬂdsesi
\Dased on the partlcuLar chapter under Pons1dera*1dﬂ. ,Tnln
aspect of the treatment deueeopnedf rekled heavily on tn=
teachers' Suggestions.w

The first semester meetlngs W1*H teachers fQ:ueed e
'developlng the above asoect of thektreatment This allo&ed
the teachers to explore and consider suitable exercises for

wdgra'nfnlng from each chapter. A c01%1derab’e amount of

'eurriCUIUm development work needed tO be done by- the teachers
kiand thekfesearcﬁer.

By-the end of the first term, the Student Manual for

L



n 54
gI .
BASIC Language was revised and the Student Exercises for

Prograﬁming in BASIC - Mad@.ZG/was set up based on the

. e : v . S
yteachers' suggestions. The developpl¥h characteristics, L
~ g ne § .

<
3
b

?guidelines, and implemeqtétion of g% wo manuals are
described in detail in Chapter IV.

4

Monitoring

*-Monitoring.of the study was SO limited because of it
being a part of a Iarger project which focused on the
mathematlch understandlqg, BASIC know edge, computer

awareness, attitude to computer, and over all achievement.

i

Monitoring of the study occurred 1in two distinct modes:
process monitoring and product evaluation. The first

included answering the questions: HOW do students react to
.. X . 4 E /’\ ! ,

4

learning mathematics in the IPM Elective? HoOw effectively 4o

students engage .in the IPM Elective asbindicated/by the

AL

programs that they produéedﬁahd pecorded‘on their disks? Tne

data fo;'thﬁs.asoect was handred as outlined under Process

Monitoring. The, produc*'e 'aluation addressed 1tself to the

last "four questlons Does the 1PM Elective contrlbute to or

; «
/

detract from acn1evement° How well do students lea:p
mathematics in the IPMVElectivé?‘ Does projramming computer

solutions to typical end-of-chapter’ exercises in gfade 11
" mathematics (Math 20) significantly improve students' problem

solving pefformance"JWhat effect éoes the learning of

¢
4

mathematics 1n the IDM E‘ectlvé he: e,on the. attitude of
- ;T. . i
&

.



tudents to

\ L e
the subjdct? . The.design for

spec1f1ed under Product Euaéuatloﬁ

m

this monitoring

1s
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In order to bring tnese oues*lons into sharper researcnh
focus, they are now restated_as research hypotheses 1n
operational form. They are all stated- as null hypotheses
ratner tnan as directed hypotheses since they are a.. of a

'explo;atory’natu:é. The researche:‘cop:luded tha+t there
¢ 4
4 . .
existed a possizility of sign:ficant difference in ei1ther
dire~tion fas 1indicatec in tne re.ated research s+tudies 10
K . !
Tndpcer 11 anc, tnerefcre, that a twd-té ted test was
5 -
regoired., HenlTe operaticna. nyputneses 5€ the form, H,of M
v, @nc Hooovo# M owers d Z apprupriate. 1T was cLnslters
z3/isac.e to appiy tne 9.8% leve. € signifi ince too AL
tests. However, wnerever possizle, the ~3 . ~ulated
4
oromaniiitywas a.st o flveEn.
. C :
e v L N ite
N O ‘. \
| & @

~se %% trne limited avzilablililty AE . Maen 23 2. 255<5 30
tne limited amount of ~ime for administerins the tests,
comparacie Matn 20 ciasses 1R three otherasenior nian

schools, 1in

/
were cno

n
L
3

findinz equl

school nad
28.  However
project and

same, schocl

as’.the project 3roun,

the district
t- serve as contro. grcupé. THe pProg.
ivalent control Irzubs was ensrmonus S1n

)
B

L]

~ &

(D
3

, because a significant difference petween the
. <
contros: groap mean scores nased on thelr Ma=n

its own standard for alinwinz studepts intc Math

L

o
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fihal scores was not founé (p = ©6.954) and the‘nuMber-of
students_involved‘wés large, the control group was judged to
ne adequate for purpose of the comparison. Since, there were
different control groups and diffgrent combinations of tests

for different c.asses, the control group for each test is

described separately. o ‘

Process Monitoring

1, Students' Views on the IPM Electi: -
- The study 1s the resalt of.five senior high schoot
. B | A=

5

feachars ~f mathematicd workinz togethér for a fu1l schonl
vear. ftr1n3.tnzs time the ele:ti?éfﬁas developed and .-
impléﬂente~.v The researcher was interested inqknéwing tné
1mpressicns 20 the IPM Elective. Over the seconsd
semestar wni.e tne elective ;as peling Qsed in tne five
Lassrooms, tne rasearcner was interasted 10 monitoring tne

stadents' vi2ws on the 1astructlcnal settlng in three g

[

re.evant areas. Tne first losked at the teachers’ activit

3

with respect t2 tneir explanations, . attentlion, and rasgistance
. B . . 3 . \ P - E :
t5 the stuodents. The second concerned the st%den:s' feelinys

& . - -

g

O

&

it this pa::ic¢-ar Wathema*lys.learninQ'environment aparc
fror tne teachers” ro e; 'ﬁﬁna- y, the third focused on

cises and the

scudents' 2Dinl
cgmhont. Tt WoIrK
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-

Instrument - Student Opinionnaire (See Appendix III)

e

To~determ{ne students' views concerning the IPM
Elective, the.reséafcher developed a Student Opinionnaire
which was administered to all gtudents who participated in -
the éiudyl Particularly, the opinionnaire was developed in
order tg agswér thé_folloQing questions: How do students
react to learniﬁg matheﬁatics in the IPM Elective? 1Is their
reactions to theif instructional setting  more favorable than

.

rhat of students In the regular Math 28 classes?

~The opinionnaire contains items designed to elicit
é\;";\v é& L 1 ] ’
stddgﬁts' siews on various aspects of their instructionat
e

serrinz. Twzo forms of the opinionnalre were prepared, Form A
ezt groap and Form B for the control 3roup.

Ttems 1 =2 22, incluasive, on poth forms wers identllal I~

&

permiz comparison of responses oy the two Iroups.  ‘‘ndar
discussion witn a professor 1n mathematics education, the
3§tn~“

Exer~ises. The Teacninz Scale contained five 1tems

u
soncerninz tne teacher's activitles tT promote student

learning in terms of his‘her explanation, attention,

asslistance, ahﬁthomework checkinz such.as "I would hav

more help from the teachet", and "The teachsr is 1757
exo.ain:int mathema+sics". The Learning Scale consisted of L7
1tems rezard:ny tne student's feslin: in t2rms of n1siigr

- o
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, making mistakes in mathematics, having confidence

own abilities in mathematics, liking %r disliking
and use of this type of mathematics, such as being able to
.léarn much»mathematics during this term, gaining.confidence
in doing mathematics. (The Exercise Scale consisted of five
ifeﬁs coﬁcerned with“the amount and difficulty of homework"
and ekerciseQ, and the repetitiveness of exercises such as
the teacher assigning‘too much work in the class and déing
too many exercises which seemed boring. Additional items on
- each form a?plied to the instructional settings separately.
All of the items consisted of statements to which students
responded "Strongly Agree", "Agree", "Uncertain", "Disagree",
or "Strongly Disagree". The researéher also incluaed an
open-éhded question, hoping thereby to glean some information
which would give direction to the interpretation of soae of
the results of the statistical analysis.

The opinionnaire was presenteé to a graduate student who
nad 5een a teacher in senilor high school, and to a professor
in MgthematiCS'Education in the pilot study. Minor revisions
were méde as a result. 'In January 1984, the opiniconnaire was
*5admfnistered to three classes of Math 20 sﬁudents who were
not pérticipating in the study. Tést Scorer and Analysis-
Projram (Tes% 13) was uged to estimate the reliab%lity
.

(Cronpach alpha) Jof the three scales (Mulaik, 1972). The -
relianilizy 2f the Teaﬁhlng, Learnlng, and Exerc1semgéales
were 2.73, 2,831, and G.?G,;respectlvely.v‘These coeff;c1ents

confidence in the

[
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testjs’inﬁernal consisténcy. Further, Guilford (1965)
mentions that it'is ﬁot.possible for a test to have high
internal consistency and at the same time low retest
reliability, except after very long time intervals for

test-retest. High internal-consistency reliability 1s 4n

’
’

itselfiassurahce that ‘we are dealing with a homodenequs tes+.
The items on each scale are: |
Teach;ng: 5, 7, 1@, 17,18
Learning: 1, 2, 4, 8, 9, 13, 14, 16, 19, 2?, 21, 22, 22
Exercise: 3¢ 6,'1}, 12, 15.

v

Hypothesis 1

'

There is no sianificant differences between the project
and control I1rcoup mean scores on Teacning, Learning, and

rxercise Scales as measured by the Student Npinicnnair=2.

s

Four —lasses of grade 11 students 1n another senicr nisn

school in the same school district as the project 3jragp were

t
assigned t: the control group.

anat¥sis , o 2

i

i -

TocOmpare ‘the control to the DrIjest 3JLoup;
o . R oo . ' ‘
analysils nf variamce (with unequal sampie si1zes!i-
R A IR oy e
S, L a
o . o]
'J'. ’ sl RS Ve ,\\:\1(5

T
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1976) was applied to data from these groups on the three
scales. A descriptive ‘aiYsis was used to analyze the

additional items on both forms.
I11. Student Production

’ ’ . ‘_C .
., 'Because the study developed a curriculum for an elective
‘.]\

unit in the Math 28 course which would teach students to

A

program, 1n BASICy Eolutions to typical end-of-chapter

-

exe;cises, rthe researche; was interested in knowing how
effe?tively‘students enjaged in the treatment as indicated by
thé prosrams, that tney produced>and recorded on theilr disks.
This also problaéd information as to how the curriculum

snccld be improved for future development. In atteﬁpting to

LY

search for this jnformation, 3¢ students' disks from five

~lasses. 0f the project Jroup were randomly selected and the
. LR
students' projrams were analyzed accordinqito the followiling

categor:ies

-

A. Proo.ems

1. How many exercilses were students able to handle
per term? ‘
2. what was the range of students' work?
3. Wnat type of problems did students do? (i.e.,
routine or nonroutine problems).
J .

B, Projramming

4. what types of programs did students write?
(i.e., generating numbers, applying formula, or
more complex programs) .

~

i C. St Jdent vVarlables

o 5. Did the amount of students' production vary
' with their ability levels according to their
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Grade 1@ mathematics final scores?

Analysis

Descriptive analysis was used to analyze the
students' production.

]

Product Evaluation

The product evaluation will be presented under three

headings: achievement in mathematics, problem 3olvinq, and

attitude to mathematics.
I. Achievement in Mathematics

The learning of subnject matter is é natural. objective of
mathematics instruction. pgdoes the IPM Elective contribute to
or detract from éChiévemeﬁt? How well do students learn
mathematics in the IPM Elective? Since the nature of some
topics in the Math é@ curriculum such as Sysﬁehs of Equations
are more suitable for programming than others, the’;eseaﬁcher

: W
was interested in identifying those topics where té%geﬁéciive
had the greatest affect on student achievement. To measure

students' achievement in mathematics, the typical year-end

achievement test in Math 2@ was used.

ik
,
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Instrument - Math 24 Test (See Appendix 1IV)

The Math 20 Test covers all aspects of the Math 20
curriculum with a range of cognitiQe levels focusing on fact,
algorithmic, and.problem solving le;els. It covers all
topics in the Math 208 program except the‘electﬁve. It is
used by -the project and the control quupAschools as the
stahdard méasuze of success in Math 28. This test c§nsisted
of two parts; 1@ long answer gquestions, and 30 m¥ltiple
choice questions. The 3Jrading of this test was done by the
teachers involved using standard scoring schemes for multiple

v
chaice ang lonj answers. In this particular study, the
researcher anaiyzed the achlevement scorés_according to
topics in the Alberta Math 20 éurridulum, i.e., Polynomials
and Radicals (ftem 1, 2,'3, 4, (L), 2(L)) (L means‘long
answér problémS), Relations and Functions (Item 18, 11, 12,
13, 4(L)), Coordinate Geometry (Item 5, 6, 7, 8, 3(L))Y,
~Systems of Equations (Item 19, 20, 21, 7(L)), Geometry (The
_ Circle) (Item 22, 23, 24, 25, 26, 8(L)), and Quadratic’
Functions (Itém 14, 15, 16,ll7, 18, S(ﬂ)). These achievement
categoriesfaccounted for almost all of the items on the Math
20 Tést; Variations, Trigonometry, and %tatistics were not

included, -because there were very few items in each category.

Hypothesis 2

o

There is no significant difference between the project
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and control jroup mean scores on- each achlievement catejgory 1n.

the Alberta Math 28 curriculum as measured by the Math 2@

Test.

Hypothes1is 3

There is.no significant difference between the project
and control Jroup mean scores at corresponding ability levels
(high, averadge, and low) determined by their Srade 1J
mathematics final scores, as measdred by the Matn 27 Test.

-~

Zontrol group

Fise classes in other senior high schocls, aiso 10 tae

same schoni district a

6]

the projest 3roup, were assiingd to

the contrnl group. (This/contra; group was used as the
»

1

ALrint Test alsoH.)

N

jroup for the Proolem
Analysls

Jne-way analysis of variance (with unequal sample sizes)
(Ferguson, 1976) was used to test Hypothesis 2. Two-way
analysls of variance (Scheffe, 1964 was performed to test

dypothesis 3.
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Ii. Problem 'Solving ’
*

As reviewed 1n Chapter 11, the ritéfatﬁrevsuggests that
when a student learns to communicate with theﬁcomputer by
writing programs to solve.his/her mathematics problems{
projramming 1s not the only thing he/she will learn but that
progzammingfwill encourage the development of good problem
solving skiils. Does programming gomputer solutibns to

N

typrca! end-of-chapter exercises in grade 11 mathematics

(Matn 23) significantly improve studerts' problem solving
performance? To determine students' problem solving
performance, tn2 researcher develbped a Problem Solving Test

consisting of five problems which required students to give

long answers to each problem.
Ins*rument - Problem Solving Test (See Appendix V)

The development of the Test may be described-as follows.
The original form of the Test consisted of 18 problems."The
Test Qas presented to five classes (2 problems/class) of Math
2¢ students who were not involved in the study 1n January
1984. The answers were marked accordir to the scoring.
. procedure (See Appendik V). For each problem, the students’
ahswerslwere then categorized into six categories: Totally
Correct (6 marks), Mostly Correct (4;5 marks), 50% Correct (3

marks), Mosgly Wrong  (1-2 marks), Totally Wrong (¢ mark), and

No Response (Left Blank). Based on the freguency bf

.
3
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students responded and the problems that seemed to b% Eoo»'

‘v

difficult for}students were eliminated. evén pmoblém% were 'y%wg

N : PR
N o “

left for the Test. In Aprll 1984, two teachers, whm werL f(

e
AR SR

teachlng Math 280 and were not part1c1pat1ng in the stud%} g

L]

were asked to con51der those seven problemslln ordeg to ‘:%’
choose five problems for the'Probiem.éolving Test. ‘fﬁé twé
teachers wére reminded to keep several factors in mind: the
defipition of problem solving;'the comprehensiveness of the
problems; the estimated time required to write the test.

In developing the Problem Solving Test, the researcher
chose:p:oblems whose requisite mathematics skills had already
been studied by the Students;‘ Problems were chosen from
topics that had been dealt with in the project setting. The
items ware selected from various uﬁitsvof the Wath 24
curriculum. All of the itehs involved procedures for
solution, not merely e;ercises to which a ruie is 5em3rized
and applied, thereby makina them problems. The students were
given nstructions to attemnt the solutzinn as far as
possible. |

Probiems one to five on the Proplem Solving Test
utilized the Radicals, Polynomials, Systems of Equations,
Quadratic Functions, and Trigonometry units of the Math 20
curriculum, respecztively.

The researcher scored the Problem Solvina Test accofding

to 'tha quality of answers. Fach 1tem was assijned a Mmaxinum

score of six. The general and specific scoring procedure for
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each problem is outlined in Appendix V.
Each problem was designed in Sﬂfh a way as to enable

most students to complete it 'in 10 minutes. Due to the
3! ) )
limited amourkt of time foi’adminfStration of the whole test
. " n

A

{the teachers‘ailowed only 20 minutes), the researcher

divided the test into five subtests (2 problems for each

subtest): Subtest 1 (Problems 1 and 2); Subtest 2 (Problems 2
and 3); Subtest 3 (Problems 3 and 4); Subtea; 4 (Problems 4
and 5); and Subtest 5 (Problems 1 and 5). Because the
responses of each problem of the Problem Solving Test did not
come from the same group, the researcher had rto analyze each
problem individually, not by subtest. "It so happens that
the reliability of a test is airectly related to the length
é%:the test". "In generai, longer tests tend to be more

réﬁiéble than shorter ones." (Downie, and Heath, 1974, p.

3

5o . .
.238; Sax, 1979, p. 216) So, reliability for each individual

problem was not found. ‘Thé subtests were randomly assigned

. to five classes in the project group and another five classes

~ adequate for: the purpose of comparison. %

LY

¥

in the coht:ol gﬁoup.‘ Thirty to 64 responses were obtained

K. D o . : i
ﬁ]forjeach problem. The number of responses was deemed to be

9,

"\x o

Hypothesis 4

2
There are no significant differences between the pfojéct
and; control group mean scores on each of the five problems as

b

measured by the Problem Solving Test.
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. LY

/

Contro¥ group /;

The control group was the same group as used in- 4%
measuring achievement in mathematics.
Analysis a

y

EN h

> To 1ncrease prec151on in measurement far each of the

flve problems, one- way analysxs of covarlance'(W1ner, 1962)

“was used to test the hypothe51s. The covarlaté used was the

set of Math l@ flnal 5cores in order to statlstlcally adjust'

N

the mean scores on, each‘of the five problems to account for-

1n1t1al dlfferences between grouos.

!

.

'AS rev1ewed 1n ”hapter II, the development of attltudes

to- mathematlcs is mn 1moortant oojectlve of mathematlcs
A . - »-4\

~fnstructibn. What effect does the learnlng of mathematlcs o

.8 - A ~

the IPM Electlve have “on the attltude of students to. thef*

£
sub]ect° .The’ School Subjects Aqkltude Scales was used in-® the

attempt to answer this questlon. .-
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-

Instrument -~ SchpolJSubjects Attiltude Scales‘%see Appendix

V1) - "

-t
-

The Scales ‘instrument was developed during 1978 and 1979

by V. R. Nyberg and S. C. T. Clarke of the University of =
Alberta. It consists of 24 adjective pairs. "Factor
analysis revealed three scaleS'ievaluatzon, usefulness, and
difficuity. Eldnt pipolar adjeﬁtlJes were Gdopteﬁﬂfﬁg*ea”h

. . \' o
scale" (p. 1). "The scales were developed“aﬂ’groﬁb ﬂ T
‘classroom) measures of L”dedts a;tltudes Lowaru sc k ool

* ) ‘
_subjects,  They were not 1ntewded €£or use w1th 1ndividuals“

{p. 1). "The reliability of the scalee"ﬁaxied from scale. tp

. L ] .
. sc¢ale, subject to’'subject, and arade to grade. Test—retest ¢
Qrefiabilitiés'with a one week 1nter»a1 vary . from a low of

© 2. 61 to a quﬁ of G 86. The majority-df test-retest

rellabljlgy Scores wé%; B,in %he 8.70 . o 9. BGvrange (p, 43 -
PR 3 s S
The rel*ablllty esg#mates (1nternal con51stency) for*the

»

Evaluat;on, Usefulness, and leflculty scales were reporteu

by the. apthor to be 8.91, 6.9@, and 6.82, respectively.’

There are no 51gn1f1cant dlfferences between. the PrOJect'
: : 2 ‘ &)
and control gfoup mean :scores on, Evaluatlon, Usefpiness, and

Difficulty sbales;as meaeured)by the Schobl Sub]ect Q§t1tude

: : ; : . - N o S U Lug L.
) Vo i ] ) L N . "v’\ o',’,. "tx . 4,‘7 : "‘,&A“. "
Scales. R _ ' . .o S o f_ﬁ-
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Control 'group

Y

The control group was the same 3roup as used In
] : . .

evaluation of student's opinion.

v -

My 7
i

Analysis

Jne-way analyslis of variance (with unegual sample slizes!

(Ferguson, 1975 was used to compare the control Iroup wlth

N hj

the project Iroup. ‘
. .
‘Summar
fg) L
In this chadter, a numoer of teopics re.ated to project
. he e
desian and research procedures gsed in tne develspment,
2 s bs

. ’ +
itplementaqean,kand evailuation of tne elective has heen

rzported. They could perhaps be summarized a$ £51LoWS 1

cr
[V1X
R
ul
J
[

1. The pilnt stady sugyested that BASIC coa.d 9e

in“four to five hcur periods by limiting tne amount of BASIC
, T : )
for the~students to learn.' , l

f, ‘The currlculum developmené\&o place in the first

semester. Evaluatlon in the second semester took the form of

a éoﬁparlson w1th thé control gr@up of Matn 28 students ih

three other ‘senior hlgh schools in the same schogl dlserct.

o

3. Flve cfﬁsses of MaEh 20 studgpts were a351gned to
the p;pjéct group, and were allowed to pr.ogram solutions to
’ . i :cf, i : ' N PR
end-of-chapter exercises. " B o
- ) % } : *



. ’ [
: ‘ 7@
N—

4. Monitoring of the study OCCu:red in two dlstlnct
modes; process monltor1ng and product ewaluatlon. Protcess
moq1tor1ng focused on students views on the IPM Electlve,
and_student prodycgioh. Product evaluation looked at
achievement in mathematics, problem solving, and attitude to-
mathematics. '

<4



. ' ‘ _ CHAPTER IV

””RRICTLUY SEVELOPMENT AN.D IMPLEMENTATION

OF THE IPM ELECTIVE

.
i

Five Math 28 teachers and a currizulum consultant helped
the researcher develoD twd mahuals_for'utilizina in the
. Q‘y Ct ‘ ‘ .
project. Preliminary drafts -f the two manuails had been
develioved earliler. Further development took pldéce 1n the

P

fitst semester (Septemper, 1983-January, 19847 . Both manuals

cr

;ncludéd struden ,Taterla s, ,iﬁkner lnS*[U”tl“na‘ ~u1de11ﬂe%,

and sa2lagzlons to exercises for the teachers use. In thqu

. semester *twc anwinformal observatlon was Qonduuted by the -

-

researcner to see how the‘cuPticulum»was implemented. This

. ‘ A. ‘J ’ N N '. » ‘ - . ' R “&
will pe presented under the Curriculum Implementation Y
section.. . . LR
< \ .
L}
I. sStudent Manual for BASIC Language =
. . - et I
, ) b
\ BRI '
Development = . - _ ' -

1 . . . K

) . f ’ ‘ ‘ *
The original version;of the manual was developed by the .-

L, ' . .

researqherf Aftgr a pilot study with four classpéessioné of

‘o -

v

71

. ‘ |
L ' . S : , :
chapLer, the dew eJ pment, characteristics, anéd guidelilnes of
R bl h ‘ -
tne Student Yagual for BASIC Languaaze and the Szgfentg
o . ' “#% , . . : W
,Exercises for ﬁ“ %ammrnd 1in BASI Math,2@ are des®riped. *
_ & L I
Comments on ggtﬁ manuaLs as t¥how they were\actually us2d 1n
D - ‘} . g "'41 ) »‘ . “
‘the classroors 10 the first Seﬂcqter arﬁ%@lsc ql:en. In :
. . B . ER RS L T "
: ‘ -y - \\“ﬁ
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. g2
: ) ! . i
Math 1@ students, from February to June 1983, revisions were
made. Nuring the first semesteg (September, 1983-January,
, : v _
. 1984) of the study, teachers following a course plan,

instructional guidelines, and a philosophy, taught"ne

. N, - ; ) . K o
‘elective and met throusiout the semester to discuss

nodifications to the

N3

ourse and to the manual. - By the end af
the first semesbﬁr, he manual had been revisedlBased on the

teachers' suggéstlo s and discussions of thelr suggestlons.

2,
SN A

Characteristics
iﬁ o

: To i1ncorpory

~elective 1nto tj : $20 curriculum, it was necessary, to

’ /YN v - .

¢ exclude some BASY tements and BASIC functions such as
S »

"""" 3 ©

READ, DATA, VTAB. # AB SOR. Initially the SQR (square root)

function was included in the manual, later it was considered
B

tnat students could do thlS just as easily and more >

1nformat1vely by usmg EY mo’“ﬁe}appllcable BASIC operatlon, 4 !

-
O

raising to a power. DeCreaging the number of BASIC
statements that wereakaught was necessary to prov1de !
S sufflnlewt tiwe-to~teach the necessary 1ntroductory skléas of
'féﬁﬁ&wrltlng proqrams 1n BASIC w1th1n the llm;ted time. avallable
,for the electlve. Slnce the BASIC language~for this mannal

.‘was developed relatlve to the matheﬂatlcs toplcs of the Math
. ’ % 4

2 2@ currlculum, f1ve one- hour per week perlods were tested to
’uate tlme to teach students BASIC¢ Only a few

- 4

programmlng concepts were needed to begln soIv1ng

Bl -

4 -
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z

mathematical problems. The LET, INPUT, PRINT, GOTO, IF-THEN,

-

'and FOR~NEXT statements were sufflclent.« ‘ Y

l1deas.
P

“H,‘::ﬁ.,:“ i

The manual wag. set up in five 1essons with prartxee'“

wu’
v

QUestions tO‘conclude each lesson. The out hine of lessons

(See Appendix 1) specxfles the content to be covered in each

B s
1 e

of the five lessons. These’ lessans were offered on!@ once

per week and the first three lessons were recommended to fhe
k4 o by

teachers to be conducted in the classroom rather than 1n th§b

b

~computer lab. The flrstrthree lessons will be- des ribed “'4

first, followed by the fourth and the f1feh lessons,
. T o .
N

respectively. N .
s "
\ : . , ’ e
The first three 1€ssHns. "
W ‘ 2 .
‘m . de Q 'A‘
N R . . .8 .
The teachers' experiences in offerina, the elective 1n
the first semester resulted 1n the {p}lo g sugdest1ons for

Lo T ® ’ -
the first three lessons. .These lessons contained five key
W ‘ S ‘ -

1. Components of a computer such as i&ﬁ keyboard,

memory, disk drive. Because in thisvprojecgﬁ'the studel¥s

would learnrnew to-communicate with' the computer, and to tell

N S
the computer what to-do.’ 1n terms of their orogrammlng It

A

was con51dered necessary to briefly gtve the students

fundamental concepts of how comouters haqﬁle 1nformataon.

2. Immedlate and deferred modes.{ Detailed and ébmplem

]

-

”calculatlons may be done qulckly and eas11y 1n the'

cot o -
1mmedlate-execut10n,mode.~ The screen of a mlcrocomputer

\" . ¢ TR
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prov1des the opportun1ty to check work The
immediate-execution mode provides a vgry convenlent method
for-findinq errors in deferred—execution programs. Students
may work through a prodgram dlsplaylng values of selected
varlables until they spot one Ehat dgviates from the expected
valuek At that point, they may even set the correct value
and. dlrect the computer to begin execution from that p01nt
w1th a statement i ch as GOTO 89@. |

‘,4‘ ‘

3., BASIC operatlons and program statements. Students
. lr )9 >

'ﬁﬁ;qa write sxmple computer programs by using a few BASIC

o ;)
‘o

"Jstatements such as LET and INPUT BASIC prov1des many

different statementsvwhlch allow students to assrgn varues ta | -
T R g Lo
varianles. LET is a mean for students to asslgn values to

variables,{ INPUT_ isTanother means for the students to_

P

o

s ;

-orOJlde data through the keyboard for a program to work on \
Since the students can get numBers into the1r orograms
by dssigning values to variables with the LET statement, and
‘ b
by programming with ti INPUT statement, the READ and DATA
statements were cons-derwj to be unnecessary. The,TAB, HTAB,
) and VTAB functions which pnevxde cursdy p051t10n1ng on the :
7
screen, werf also excluded Although,nlcefg formatted output
is easier to read -and 1nterpret, this is notAa~goalfof the
programming»component ‘of thls‘stddy; the goals are to teach
the logic of a prograhm and mathematical problem solving.
4, system commands. The system commahds such as LIST
'and RUN should be presented separately, spnce there 1s a,

»

jsharp dlstlnctlon between theastatement 1n a BASIC program ‘

R R . -

J
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and system commands (sysfem commands tell the computers to do
something with a program rather than perform program
instructions). | ‘ | ‘

5. Analyzing and modifying a program. It is important
for the students to completely understand how the BASIC
statements wolrk with’in the program structure, in order for ﬂ

the students to be able to write a.computer pfbgram. The

,@; 7analy21n9 and mod1fy1ng program sectlon was included in the

. »
-‘.,g . v

mhnual as an approach to teaching programmlng.

-4‘9“‘".‘. . N *

. s ‘@é,g'rw ‘; ) pr
I The ﬁ%frth 1esson
;T» o~
P ,4‘ : Yy o ,

. * A'\ L

‘aé ‘Most problems amenable to computer solutlons require
\‘ ¥

‘~& ' ;&ratlve procedures. Iterative procedures were 1nplemented

‘“3§n ‘the computer programs by de51gn1ng loops in this lesson.

.¢$7-  . (A loop is a group of jinstructions which the computar _
B * X
IR . e

P exe utes repeatedL/, until some terminating condition 1is

M»:m; i

,%?y ”Riaﬁgsfled ) In BASI;, IF-THEN and FOR-NEXT statements are

!P‘"

3 L\ = a\‘v"

used to handle the details of looplng The FOR ajd NEXT
stétementé’ allow BASIC programmers to form 1oop!\!

ith fewer ,
stgtements than would ordlnarlly*be required using the ‘
techniques of tHe'IF—ﬁHEN«%ﬁatemen&. These statements aré'
basically complex logical statements which studentg might

have 'some difficulty with in bhe beglnnlng stage. They

‘should be treated. separately.;

o 4
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The fifth lesson. ' w

L]

The main goal of the fifth lesson was the use of the
disk and the disk drive. Various system commands were '
introduced such as INIT, SAVE, and CATALOG.‘ The idea was

that a disk was a way of retaining a program for future use;Q

*revising, and/or up-dating.

Guidelines
‘Becagse the success of the elective depended on students
being able to program in BASIC after five one-hour lessons, W
\ and because the Math 20 course only allowed 15 hours, the
teachers wire reminded to adhere closely to the suggested

juidelines -for the lessons. The teachers were asked to

2

: he first three lessons in the classroom rather than

in the computer lab. Having a microcemputer in thé classroem
o, . . ' ; IS , o .

B .

for some demonstrations could be of hgip,nbht it was not
essential. Although most of this learning was logical and
made grammatical sense, the students were essentially

learning to communicate‘in a new language (BASIC) to the

»
-

computer. = While the-Learning;oﬁ méaning‘of BASICulanggage
Qas very important, a certain glement of'repgtj{}on was
. , »
* essential. ‘This repgtition was f;hnd (during the fixst
ssemester) ;o be most effgctive whgp done orally, The

§99etitidn done by students writing programs on the computer

4
was slow and unwieldy, and, therefore, not very effective.
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~d
~d

51nce the filrst exposuge to the computer lab inevitably led
to confusion for a class ot 30 students, 1t was sugqested

that teachers spend l0-15 minutes explélninq the concepts of
. y

each »f lessons four and tirse In the classroom, before

allowinj students to work in the computer lab.
Examples of Introducing Computer Programminyg

It is diffisalt to make direct claims, but DroIramming

L J
23s50n1n

a~*1.1t1es seemn to oft=i a wealtn of loglcal x !

experlences for students (Shumway,® 1684) . By detinition,

oMbt Droirammin: 1S the praocess of creatinig a set of

s

instrurtions to be executed by the computer. 'To proiranm

recqulr2s that students ki o~ what instructions the computer s

‘
anderszanis and how to JommuniTa

s that the projram

runs correctiy. In q%he[ wd®ds, students must know a !
N - s COE * ! P
. o
—~ - . & N <&
", 1in this particular case) and how to

comput=r languaije (BAS I

T P S, .
. g e L ¥ Bega g
~0se 1t.

The experilence of the'pilot study and tne deyelopmgntaifﬁ
phase verified that projrammingy simple concepts Qith a few
BASIC statements such.as PRINT, LET, INPUT, could be .
introduced within‘the first one-Mour period.‘ The “IF-THEN and
FOR-NEXT loop cbuld also be introduced with students.

.practicingthe writing o§ very simple programs in the second

oné—hour'gkriod. These guidelines gave the teachers a good

picture i huw the introdué;ion’of»computer programming could
be done in their classrooms. ; -



W
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The following methods of introducing the concepts of the

v
e

computer proyrams were introduced to the teachers-as o

. , N \ .
suggyested ideas during the teacher inservices. After solving

equations of the form Ax + B = C, with arbitary consti:t A, B

. ¥
-

and C, students can be taught how to generalize theréolution.
Such generalizations are part Qf the curriculum. Onéé“a
student has solvea the equations for x, in terms of A;ggxgpd'
~, an aljorithm has been developed for a computer solutiqﬁ to
all linear equations of this form. Here we intfoduce ’5%‘

students to compater Drogramming.,

1. Tne program in BASIC 1s:

10 LET A =

20 LET R = 2

39 LET? ¢ = 13

40 LET X = (2=73; 74 X -
53 PRINT X o
B3 END i ‘

! .
2. The tearher could discuss witn the class how the

computer executes the pro>jram. Tha teacnar shnuld then ask

) b . 1
the students to follow the program carefally one step at .a
I B 4

fine to determine the output. Other simple axanples could bhe

used as necessary to ensure that sthdents have some -

.

underétandin; of how a computer pr¥3jram is executad. Instead
of re-typing the program every time we want to change the

value of A, B and C, we can utilize the INPUT command. The
[

INPUT command gives real power to the computer programmer by

facilitating the interaction between the student and the
.

»

computer.. ' : T

N
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Projram {(First Revision)
13 INPUT A = ‘ |
2¢0 INPUT 'R . ' o ' ¥
33 INPUT
43 LET X
50 PRINT
Hd END

~

i

(C~R) /A

vx g

5, Fow

N Instead of having the program. end, we can ha

start alain without re-typing the RUN command.:' This
‘ . M

introduces the GOTO statement. 3
Proijram (Second Revision) ;ﬁw
. . ' : - »
\ 124 INPTTOA Y
] 23 INPTUT R
’ 33 INPUT O
" 43 LET X = (J-B) A
- 53 PRING X
-~ e B3 NTO LA
T0OEN
4. wnat nappens 18 A = @7 students should realize that
Py :
we Tannot d1oide by 2ert. (i we did, an error would result.

M TF=THEN stitemeant ~,51d be 1ntroduced to avoid this

Sproplem. ' . 1,
. proyram (Tnird ngisiop)

10 INPUT A \
200 INPUT B
33 INPUT C . :
49 I1F A,= @;THEN PRINTYBAD ﬁATA"; GOTO 14
5¢ LET X = (C-B)/A /

- 60 PRINT X )

, 78 GOTO 1d h

80 ENU oL ' B

»

s The IF-THEN and FOR-NEXT statements are best learned

by w;iting,“analyéing} and comparhm}two small illustrative

programs regarding their procedures, efficiency, and output,
- S . : .




8a

14 LET N = 1 14 FOR N = 1 TO 13

. ) 20 PRINT N 2¢ PRINT N
: 3% IF N = 13*THEN 60 3¢ NEXT N
: ‘LET N = N + 1 = 49. 'END

50 GOTO 2@ -
cu f
60 bND‘ ‘ ‘j'

o

The output of both progéggs is the saﬁé, i.e;, numbers from 1
to 13, , -éu |

| The 5bove examples, introduqing programming as an
ihfegral part of the Math 20 curriculum, allowed students to
develop a better uhderstanding of programming solutions to
exercises in mathematics. Programming concepts were
developed within the context of Math 20. Students could
become knowledgeble about developing algorithms for computer
solutions, which is one of the highest levels in the cémputer
programming process. | ‘.

o S

Comments on the Development of the Five BASIC Lesson$

In the flrst semester while the development of the &
manual was on-going, many variations existed among the flve
teachers in terms of their background in BASIC, ana,theif q"
approaches to the BASIC lessons. The researcher hadqé chance
to work With the teachers and observe the classes for l@
weeks. This gave the researcher a valuable experience and a

clear picturefgﬂkwhat "actual use" really meant. The

L . e ‘ 'ﬂ : .
fcllowing are the results of the informal observation on the
"actual use" of/}he manual.

1. Some teachers were afrald of the studenbgywho mlght

" ¥now mote about computers than they did. On the other hand,
¢ .



it-is probablyvtrue that the moere famlllar1ty the student had

.-w1th BASIC the better the chanc;s of hls truly benefltlng in_

-a mathematlcal sense from*the elective. S o ". ,
?t The teachérs should know BASIC to ‘the electlve level

and be prepared‘to learn more. The teachers shpuld also be |

’wlfamxllar with the operatlon of the computer in the lab.

3. Although the teachers were encouraged to st1ck

closely to the proposed gu1de11nes, teachers w1th ‘a comoutlng

(‘ .

background tended to stress the programmlng component of the o
.elective more and tended to go‘beyond the minimum proposed |
BASIC. - | | | |

_At Some teachers@approaChed the BASfC‘lessons”byfgoing?“w
through the4programland disCUSSing\its.features,.yhile'othersi'
A‘g;ve thézprogramlto the\students“to'copf and'run on‘the |

o , , - : Car |
. computers, or even treated the lessons as if they were

' offering a purely computer programming course. As’the time
g . . : . R )

went byf:the‘teachersbfound that the latter‘tWO approachés»
were. veryltime—consuming, and the students‘had less
‘understandlng of the programmlng cOncepts than through the.
»tirst approach W1th the second approach the’ students 51mply
copied the program pnd executed 1t: They wereﬂanx1ous towsee
the output show up on the computer screen, without | |
con51der1ng the functlons of the program.

5 Although the researcher felt there were‘obv1ous

B

1neff1c1enc1es in d01ng so, most of the teachers preferred to

have the students work in the computer lab from the beg1nn1ng.

of»the first BASIC lesson.



Characteristics o .

. manual. . /

g2

-+

6. After d1scuss1on and the sharlng of experiences

[

- .among . the teachers,'the researcher, and the currlculum -(’

consultant which occurred once a week, the teachers.became

‘more fam111ar with' the phllosophy'of the elect1ve that

allowed only 15 one—hour perlbds. They then tended to adhere
more closely to the suggested gu1de11nes.- s e o

-

IT. Student Exercises for Programming -in BASIC - Matn 20
;,\ o ; . K M
Lessons\6-15- .

~L ’ \ ) )
s . o . 1

Development '_' - ~ R «

~

r

In addition to deveyéping thermsnual in the first

semester the five Math‘ZG teachers w‘re}also.involvediin’

.col}ecting,.testing, and refining exercises for this manual,

\

-

-~

The manual 1s & collectlon of typlcal end of - chapter

'exercases, the . solutlons of whlch could be programmed

elementary BASIC 1anguage. The exerc1ses-were arranged

according to the Aiberta Math 2G currlculum. The following

are examples of the/exerc1ses that are included in the’

-
S /
/ /e

- If hix) 2xl- 4x + 3, write a program to
’ evaluate h(2) -h (- 3)+h(l)

- erte'a program to find the slope of
3y - 2x + 3 = 0. : . - \

»
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- erte a program to find the slope of the general
linear function Ax + By + C = @ and use it to
détermine the slope of any linear functlon in
standard form (Ax +. By + C = @).

—

- Given two equations of the form Ax + By + C =0 and
Dx + Ey + F = @. Write a program to.determine if
the system has a .unique solution. The user is to
input the values of a, B, C, D, E, and F

- erte ? program, to make a table of ordered palrs of
y = - 3x -+ 2 for values of «x from -5 to 5 "
M ' 1nclu51ve.

'

- Write a program to 11st sultable pairs whlch w1ll
enable you to sketch ‘the graph of
a) y = 2x'+ 3 , o
b) y = ax*+ bx + ¢ . ' .

Inhgeperal, easler ekercises were given'firsr within a
sgction. withﬁp\each’or the 11 topics of the Math 20
curriculum, three,types‘of exercises were given:

l._ Data—generating-exercises'such as solving‘speoific
equatlons (procedures) with'given-numerioal coefficients,
‘e.g., - ‘ S . |

. s
- Write a program to evaluate g(x) = 5x - 2x + 2 at >
g'(3)l g(-2), g(d). : ‘

~ ertg a program to find the slope of
3y - 2x + 3 = 0;

2, Applylng formulae exercises such as solving for a
form of an equatlon (procedure), e.g., the standard form of
the llnear ‘equation, where any numerlcal coefficients may be
INPUT, e.g.,

- Write a program to f1nd the slope of the general
linear function Ax + By + C = @ and use it to
determine the slope of any linear fungglon in -

standard form.

- Write a program to find the solution of an equatlon
of the form Ax + By + C = 0.

3. More complex exercises such as solving for a pre-set
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range of vartables or numerical coefficients, using a
FOR-NEXT 1bop, e.g.,
- Given P(x) = x + 6x + 5, write a program to
determine if the polynomial has zeros for x values
un the domain -10¢ x £ 1@.
- vaen two equations of the form Ax + By + C =0

. and Dx + Ey + F = @, write a program to determine
1f the system has a unigue solution;

Guidelines
The teacaez was reminded that thetevwere usually‘several
wayé to program any solution. The most important criterion
for a good program was whether it gave correct answers, in
some acceptable format. The student was then encouraged to.
verify his/her’own program by substituting values which gave
known answers; |

AN

L . ' . . )
Comments .on the Development of the Student, Exercises Manual

|

-

The following are the results of informal observation»in
the first Semester.k ‘

1. Mostly, the etudents Qere not . a551gned or seldom
a551gned to ‘write programs for exercises in the tOplCS
Variation, Geometry (The ercle), rlgonometry, and
Statistics. ‘ |

2. The teachers should do more in encouraglng the

students to use the program they had just wrltten to solve:

many other problems of ‘the same type. For example



1@ REM FIND MAX. & MIN. VALUE OF Y=A(XA2)+BX+C’
2¢ INPUT"ENTER A VALUE FOR A”;A_
3¢ INPUT"ENTER A VALUE FOR B";B
40 -INPUT"ENTER A VALUE FOR C";C
5¢ LET X=-B/(2*A)
60 LET Y=~ (B*B~- 4*A*C)/(4*A)
70 - IP*A<O THEN 100 S ) )
80 PRINT"THE FUNCTION HAS A MIN. VALUE'OF "Y” WHEN X'WX
99 GOTO 1190
108 PRINT"THE FUNCTION HAS A MAX VALUE OF nyn WHEN X*"X
118 END
Students used the above program to find min1mum or maximum
values of’other quadratxc functions and most of them were
able to observe, that ‘when ‘the value of A is negative the
. function has a maximum value andi&ice—vetsa.

»

III. Cyrriculum Implemeptation ,

EQen,though the program was se;‘after the first
sémester, several informal obser&éfiéns yitﬁ regara to the
runnipg of the electiQe in the second Semestef should be
mentioned. ,

1. The teachers tended to offer the elective
differenﬁly, especially:in such areas as teaching BASIC,
assignment of eiéréises, amount of_guidance ‘in programminé,
yrading of programs, and ,sstudent helpers.

2. Thé elective.wé; offéfed‘on a one-hour-per-week
basis. This ﬁour was usually spenﬁ in the computer iab.
Some teachers found it neFessary to assign computer exerc1ses
' 1n the regular mathematlcs class hour previous to the

computer-=lab hour. Students need to be encouraged to think

progréMs through before comlng to the lab perlod. In
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general,’ the.students were not given the exercises
befo;ehand. Ideally, programs should be written before the~
student,cemes to the keyboard to type them in.

3, The teachers found that the aveiage Math 2G classes
had four or five‘students4with good computer baekgrounds.
They'gid not appear to pose a threat to any of the teachers.
Some teachers made'effeetive use of them, as student helpers
both in the ciaesroom'and the computer lab.

4.'.Teachee§ of the elective aleo gener511y found four

N s s .
or five students in their classes who needed significantly

more help than others. A
sy, X E)

5. Class frustration ﬁeveléggrew during the fourth and.
fifth lessons when students began to work seriously at
enterlng and sav1ng programs.

6. The teachers found that gradlng all of the students

N,

programs; was impossible. ecause the students, themselves,
could eas1ly check whether -a program works, another approach
was to ask students to su mit ‘one program per topic for
grading.

7. Having two or more types'of computers ih the ”J
eompute: lab added greatly to the confusion a?d frustration
of lab.periods. Teachers must be completely ;amiliar with L
the operation ofvthe coméuter installation in the computef
lab. | ;
8. Teachers felt that the amount oflmathematies learned

increased as the student became;yore competent,in*programming

in BASIC. Students in the eled%ive should be encouraged to



“\ «‘. 87
4

use their time to do more mathematics not to increase'theitf,

Y

competence askprogrammets in .accordance with the goal of the

@

elective}

Summary . - e

w

- In‘this chapter, the development,’characteristics, and
: guidelines of the two manuals‘have been described. The

» L
" . comments on both manuals as to Kow they were actually used in

the classroom in the flrst semester and how they were U

7

1mplemented in: the second semester were also g1ven. They can

be summarized as follows. o : _” ' 3
1. The'reSearcher developed the preliminary drafts of
the two manuals. t

2.YTA curriculum consultant ass1sted the flve Math 20

teachers in further, development of the two manuals in the

3+
&

jirst‘semester.
3. After the first semester, the two manuals‘we:e set

‘and implemented in five classes,of'Math 2G,stddenus in the

second semester.

-

4. The Student Manual for BASIC Language 'was set up in
five lessons w1th practlce quest1ons to conclude each lesson.
These lessons were offering only a one-hour perlod per week.

\\F\\\\\\\: The Student Exerc1ses for Programmlng in BASIC -
Matg;zd is a collection of typical end-of-chapter exe;c1ses,

the solutions &f whieh could be programmed in elementary

BASIC language. These sets of exercises were given to the
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studénts‘in the femainihg.lﬁ one-hour periods of the
elective. _

6. The teachers' pfevious'knowledge and beliefs had a

large impact on curriculum implementation.

N



' ' CHAPTER V 3

PROCESS MONITORING - FINDINGS

The purpose of the monitorihg was to evaluate the
1mp1ementat10n of the elective unit and to detetmine the
benefxts that were gained by the students in this particular
type of 1earn1ng situation. This chapter reports the
findings of thé analysis of the’data on process monitoring
collected during the Evaluation Phase of the study. Process
monxtorxng looks at the students' reactions to learnlng
mathematics in the IPM Electxue and how effectxvely students

“
engaged in the electlve as indicated by the programs that
Al

they produced and recorded on theié disks., The findings are
reported under headings corresponding to the research
\ questions posed:in Chapter IIl. In presenting the findings.
related to eaéh question, the null hypothesis is presented,
the testing procedure is described, and the findings of the
analysis are given and discussed. This pattern of pfésenting
the findings will be seen again in Chapter VI, the Product |
Evaluation. \

All statistical~aﬁalyses Qere carried out on the AMDAHL
580-5860. cbmputer at the University of Alberta, using'

statistical programs developed by the Division of Educational

- Research Services, Faculty of'Education at that institution.

)
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I. Students' Views on the IPM Elective

L]

Hypothesis 1 N\

v
. : .

There are no significant differences between the project
and controtl groups' mean scores on Teaching, Learning, and

'Exercise Scales as measured by the Student Opinionnaire.

'Testinq Procedure and Findings

(AN}

-

Hypothesis 1 was tested using one-way analysis of
variance (with unequal sampig sizes) (Ferguson, 1976). The
findings of the analysis are presented in Table 1 and 2.

The probability value (Table 2) is less than 8.85 only
on the Teaching Scale. Thus Hyppthesis'l was rejected for
this §cale. For this Scale, therefore, a significant
diffe;ence was imdicated petwaen hhe two, groups. Inspection
of -the mean scorés’reported in Table 1 indicates that the
control students responded more favorably to theirl
instructiohal settings on'the Teaching Scale tﬁan the project
students did to theirs. The project and control students' '
responses'(mean scores) on the Learning and Exercise Scales

are about the same (42.54, 42.88, and 15.21, 15.88,

respectively). ‘ \



TABLE 1

o

v ‘ | ;
Summary of Analysis of Student Opinionnaire
- .
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Homogeneity
of Variance
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Teaching

Learning

Exercise

Learning

Exercise

Group

Nu

Source of
Variation

Groups
Error

Groups

Error

Groups

mber Mean

Variance S.D.

68 14.69  12.34 3.51 x = 0.179;
85 16.48 11.18 3.34 p = 0.672
68 42.54 64.97 8.06 x!= 0.423;
85 42.88 75.60 8.69 p = @6.516
68 15.21  12.29 3.50  x = 0.024;
85 15.80 12.73 3.57 p = @.878
TABLE 2
Analysis of Variance of Student‘Opinionnaire
Sum of D.F. Mean F P
Squares Square Ratio
121.22 1 121.22 18.37 0.2032
1765.69 151 11.69 ‘
4,11 1 4.11 @.06 ¢.810
10703.47 151 70.88 L
13.35 1 13.35 1.07 g.334
1892.67 151 12.53

Error
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Responses;to Descriptive Items in the Project Group

Only students in the project group responded to Items 24
to‘38 of the Student Opiniohnaire (A)'whi?h“?eferred to
mathematics and computer programming. Table 3 gives the
percentages of‘regponsés by the students'ih the'prgjeét group

to the Items 24 to 38, inclusive.

TABLE 3
Student Opinionnaire (A)
N 7

Percentages of Responses, Items 24 to 38

- - - — —— — A TGS S B e = m me

— e = — - o~ — — - —— = -+ . . —— T b T wma = W = am s e Mm = —m Gm e e T m om Sm e es m e e = S e e e

24 Programming is mathematics . 62 18 20
25 Programming & math djffer ) 22 - 25 : 53
26 Don't like mistake with progran 68 15 17
27 Have more explanation in class 62 16 22
28 Math in class without program 20 13 62
29 Work with BASIC Manual’ 3t 47 22
3¢ Programming meaningful , 31 38 31
31 Learn as much math in class 48 28 24
32 BASIC Manual too hard 21 34 45°
33 Work from problem sheet . 46 28 26
34 Frustrated yith programming 31 . 22 47
35 Short review helpful 42 - 31 27
36 Later periods not fun : 18 ; 40 42 °
37 Confidence with programming N 45 31 24
38 Programming helped math : 47 21 32

* The complete statement of each item may be found in
Appendix III (Student Opinionnaire (A)).
Inspection of Table 3 reveals that the results may be
summarized as follows. First, concerning the importanbé of

programming mathematics exercises, the majority of the
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project students (62%) thought that computer programming was
very mathematical (Item 24) and more than one-half (53%) of
these students thought that computer pgogramming did no\\seem
too different from mathematics ({tem 25). Mogt of the
students (62%) would not have preferred doing mathematics
without programming exercises (Item 28), and nearly one-half
(47%) of them thought fhat érogramming exercises in
mathematics helped them to use mathematical knowledge to
solye problems (Item 38) and also made them more sure of
themselves when they retﬁrned to the classroom (Item 37,
45%) . However, nearly the samé proportion (48%) of these
students éhought that they wouldvhave learned just as much
mathematics-in the classroom without programming exe}cise
periods (item‘3l) and more than one-third (38%) of them were
uncertain that programming mathematics exercises gave them a
more meaningful way of doing mathematics (Item 38). So
although they think programming is important they do not
think it‘helps in learning mathematics. This appears to be a
very important distinction that the students are making.
secondly, concerning the students' working with computer,
programming, the majority of the project students (68%) did
not lige to make a mistake when they did the programming
exercises in mathematics (Item 26) and about one-half (42%)
of these students thought that programming exercises in
math:matics periods were fun (Item 36), but nearly one-third
(31%) of ﬁhem were frustrated when they did programming

exercises in mathematics (Item 34). The programming activity
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seems to the students to be a mixed blessing: fun but

“/

1

challenging and frustrating. It might SGQQGSt.that it is the.

k1nd of activity that could get out of hand unless treated
l .

¢

carefully by teachers.

Thirdly, concern1ng the curr1culum materlals,‘the

[y

students foynd the currlculum materials appropriate. Close

to one—half (42%) of the. studentscihought that the short‘

reyiew of BASIC by the teacher before each 1esson was useful

(Item 35). Nearly'the‘same proportion (45%) of the_students.

) thought that the BASIC Manual was not too hard to understand,f

Y(Item 32). Concerning the teaching approach, most of the

prO]eCt students (62%) would have llked to have had more

,explanat1on in the classroom about programm1ng before they

Ny

'went to the mlcrocomputer lab (Item 27) and about one- half

(46 ). of them llked worklng from the problem sheets (Item

33) . The problem sheets were, used to help the students ‘with

1earn1ng ‘and practbc1ng programmlng, e,g., the flrst program

mlght(have one 11ne blank°for the students to flll 1n. The

»

number of blank'llnes 1ncreased in the later programs,

'Although the students found. the currlcmlum mater1als

1

approprlate, the ma]or1ty of them suggested that there should

" have been more-1h-class.1nstruct10n.~ This mlght suggest that

a more effectlve way of teach1ng programmlng would be to.

explaln the features of programmlng more thoroughly in the

‘classroom. After students are. knowledgable enough about

@

programmlng, worklng w1th the computers would be. more

1
enJOYable.and less frustrating.
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Responses to Descriptive Items in the. Control Group

only students in the cpﬁtrolAg:bup f%spéﬁded to Itémsv24
to 2§ of the Student Opinionnaife (B) which related to the
ﬁétudents' reactions to the pquibility of’kheir'havihg
éxpeiiehce in'cohputer programming in mathematics. Table 4

gives the percentages of responses by students in the control
: ‘ " A~
group to Items 24 to 26 of the Student Opinionnaire (B).
. > . : : "

TABLE 4

Student Opinionnaire (B)

Percentagé of Responses, Items 24 to 26

24.. I would like to have some
- experience in computer - - : -
programming. ‘ . 63 14 - 23

. 25. I woxld like to know more S ‘ y
" about computer programming ' SR -

and the application of : . Y

" mathematics. o ‘ 59 20 21

_26.‘ A mathematiés;coufse shqula ,
- involve computer programming. 52 20 28

R L - - T - L L L

FromlTablqAQ it is apparent that the‘majoiity of the
control group‘éﬁﬁdents‘would like to have some experience in

computer p gtamﬁing (Item 24, 63%) and would like to know

~more about/computer programming and the application of x
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‘/ . : . ’
mathematics (Item 25, 59%) . Over one-half thought that a

'm.themat1cs course should 1nvolve computer programm1ng (Item
26, 52%). So.the control group then exhlblted the same
enthusiasm for programming in‘mathematics(as the project
group{ .j o - . v

[

Comments of the Project Students on’ the ‘IPM Elective

~— . ‘
In the prev1ous sectlon students reactions were LR

.freported under several themes. The follow1ng ‘is a summary‘oﬁf

p051t1ve and negatlve comments m

pwhlch expressed their feelings regardlng ‘the themes. w’l
comments were collected from an open- ended questlon on the

~ Student Oplnlonnalre (A) .
. »

Positive Cémments
’

.
9

The,progzgt students found computer prooramming "an
1nterest1ng part of- mathematics"” They felt that the
electlve was "an enjoyable and educational exper1ence and
"would like to continue it in Math 30“ They alsé suggested
that "computer programming should become a ba51c part of the
-Math 1¢ and Math 2@ courses” They;thought that learning how
to program the computer was "fun" “"useful", and "important
to know". They feltpthat the elective Ilsl’xould'be continued".

There was "not enough time to complete the requested

programs and there should be "more time allowed on'the



computer than’one hour a week“.. This time factorvis an
interesting observation which comes up again. They also gave
a new theme of . comment that students who had some computer
background found the electlve‘"rather easy and gave more.

: hands on experience on how to communicate, {how to) interface

with the computer"
‘Negative Comments | \

- Although the project students'found computer programming
"interesting" and "useful" they thought that they "would
have learned just as much mathematlcs in tie classroom
W1thout programmlng the exercises" They thought that the
teachers "seemed[to have 1nsuff1c1ent knowledge of computer
programmlng" and/“did not help them in preparing the
programs". There should have been "more 1n—class

instruction and they would llke it if the teachers "gave

" more. 1nd1v1dual help and attention" They thought ‘that all

of them "should work with the same type of computers .This
type-of-computer factor 1is another 1nterestxng new theme 1n

student comments.

.Discussion

T

As was shown in Tables 1 and 2, the students in the
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control group{respondgd“more:favorably to their instructional

ettlngs on the Teachlng scale than/the project students did

to the1rs. This occurred probably because for a s1gn1f1cant
portion of the students the electxve was challenging and
frustrating. Also many of the prOJect ‘group students who d1d
computer programm1ng in mathemat1cs needed more help from'
the1r teachers, especxally when they were wrltlng, ‘entering,
and sav1ng programmed solutlons to exercises. But in'spite
of this reaction to the teachlng, the prOJect students
generally felt that programmrng was an 1nterest1ng part of
mathematlcs and 1t.should be more than one hour per week‘1n
order to have enough time td work on exercises. ;

Although the majorlty of the project students preferred
to do mathematics with progranm1ng exercises, less than
one-half of these students thought that programming exercises
heiped them to use mathematicaifhnowledge to solve problemsi
"This shows that.most of the students_did not see‘the .
connection between programmingi;xercises and mathematics
learning. They preferred to do mathematics with programming
.exercises simply because they thOught it important and
enjo?ed it. | |

Although the control students did not have a chance to
work withvcomputer programminggand to learn about the o
connection between programmingiand mathematics learning, the
majority of them wouldllike tofhave experience in domputer
prOgrammingvand felt that a mathematics course should involve

computer programmihg, Assuming the project group felt the



' : | | | 99
same:before the elective unit, one can safely say that the
Aeleotive did not affect the belief‘negatively..

A good‘percentage of the students ﬁeltﬁthat“they did not
get enough help and 1nd1v1dua1.attentron from teachers.
Because the computer demahds exact commands, the #tudents d1d
not like to make mjetakes when they did programmlng

A\

ekercises, and therefore felt the need for more explanation

O

in the classroom before going to the computer lab.

\

Y

lI; _Student‘ProductiOn
Thirty students'’ disks from five classes ofithe project

group were randomly selected and the'students' programs were

analyzed in an attempt to answer the‘question: How |

effectlvely do students_ engage in the IPM Elective as

1nd1cated by the- programs that they produced and recorded on

their disks? The students~who worked on the Commodore

micrécomputere had problems with the.operation of the muppet'
" system which connected eight microoomputers to one dual;disk‘
drive. The researcher estimated thatveighty percent of the
students'’ programs were saved on their dlSkS._ Very few
problems about saving the programs were found with the
students who worked with the Apple mlcrocomputers‘whloh had
their own disk drive machines. The students'lprograms were
‘analyzed and the findings were reported according to the

following guestions.
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1. How many exercises were students aple to handle per
term?

It was found that on the average the students did 12
exercises per term, |

| 2., What was the range of studentsf’work?

‘The number of studenés' programs that wefe saved on
their disks was between 3 and 29 programs. Ten percent of
the students did 1-6 programs, 53% did. 7-12 program;, 20% did
13-18 programe, and 17% did over lé'erograms.
| ‘3. Did the amoune of stuéents' production vary with
theirrability level according to their érede lalmathematiCS»
final scores? | S \ . &

The average number of student -programs in the low
'ability’level was 12 p;ograms, in the middle ability level it
was 14 programs, and in the hlgh ab111ty level the average
was 8 programs.

4. How much work did students.do in each topic

accordihg,to the Alberta Math 23 cqrrlculum?

5 The percentage of students progtéms in each Math 20

g*. R 5pp1c were: Polynomials & Radicals, 22%; Relations &

"e'Functlons, 6%; Coordinate Geometry, 27%; Systems of

Equations, 2%; Variaﬁiens, 4%; Geometry (The Circle), 4%;
Trigonometiy, 5%; Statistics, 2%; and Quadraéic Functions,
28%.

5. What types of programs did students write?

As mentioned in Chapter III, the students’ programs.were

categorized into three types. An actual example of a program
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in each type follows.
Generating number program

18 REM EVALUATE G(X) = 5XA2 = 3X + 2 .
+ 20 LET X = 3 : v
3@ LET Y = 5%XA2-3*X+2

40 PRINT"WHEN X = 3, G(3) = ";Y

5@ END : :

Applying formula program

18 PRINT"THIS PROGRAM WILL FIND SLOPE OF"
20 PRINT"EQUATIONS OF THE FORM AX+BY+C=@"
3¢ PRINT"TYPE IN THE A,B,A VALUES"

40 INPUT A,B,C

5¢ LET D=-A/B

68 PRINT"THE SLOPE OF EQUATION IS ";D

78 END :

More complex program
IG“REM ORDERED PAIRS FOR ANY QUADRATIC FUNCTION
20 PRINT"ENTER THE VALUES FOR A,B,C"
3¢ INPUT A,B,C
4@ PRINT"(X,Y)"
5¢ FOR X=-5 TO 5 STEP .5
60 LET Y=A*XA2+B*X+C
70 PRINT" ("X" ,"Y") (1]
80 NEXT X
99 END
Fourteen percent of the students' programs were
. generating numbers type, 69% were applying formula type, and

17% were more complex program type.
Discussion

It appears that on the average students did one exercise
‘per session. It shows that‘l7% of the project étudenfs did
over 18 programs, but hore than one-half of’thé'students
(53%) did only 7-12 programs. A significant amount of

students' production was done in the topics Polynomials,
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Radicals, Coordinate Geometry, and Quadratic Functions, but a
small percentage of students' pfoduction actually occurred in
the topics Systems of Equations, Variations, Geometry,
Trigonometr?ivand Statistics. It also shows that the middle
ability students did 14 programs (average), but the high
aﬁility'students did only 8 programs (average). It does
appear that the bright students did not do a lbt éf F |
programming. , Probably, the more experienced students
programmed before the Elective began, the.more programs they
can write. 1In any case, the actual number of the programs
was not of the magnitudé‘ope would have thought - very little
prodgction a;tually occurred. The researcher estimated that
on the average the students should be able to write 40
prdgrams. In Chapter VII reasons for the low’érbduction will
g

U wpe suggested.

et *'C‘i"ﬂtyy el )

General Discussion on the Process Monitoring

Although the project group students felt that
prograﬁming was interesting and enjoyable; little production
(solution programs) actually oécurred.' They preferred less
théir teachers' teaching than the control group stﬁdents did
theirs. The project students needed more help from ﬁhe
teachers when they were writing, entering, and saving their
programs. This might be one factor that prevented thém from
éroducihd a significant amount of work. They still thought

of the mathematics course and the IPM Elective as separate
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courses. They did not see the connec%%o%kbﬁtwee" the

programming exercises and mathematics learning. This led

¥

‘itﬁem to see it -as being totally separated from the Math 20

"course, less important in terms of grades which might epréip

»

what appears to be a small amount of effort given to

programming.,

-1



CHAPTER VI

PRODUCT EVALUATION - FINDINGS

TThe previdps chapter reported the findings of the
analysis of 'the data on process monitoring. The present
chapter reports the findings of the analysis of the data on

. ¢
product evaluatién also collected during the Evaluation Phase
of the study. The product evaluation concerns the
contribution of'the.IPM Elective unit to the students'

achievement, problem solving performance, and the attitude to

the subject.

I. Achievement in Mathematics

Hypothesis 2

There is no significant difference between the proﬁébt
~ o N

and control group on the total achievement mean scores on
each topic in the Alberta Math 20 curriculum as measured by

the Math 20 Test.
Testing Procedure and Findings

Hypothesis 2 was tested using one-way analysis of
variance (with unequal sample sizes) (Ferguson, 1976). The

findings of the analysis are presented in Tables 5 and 6.

Table 5 summarizes the data required for the F-tests on

104
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significant differences between means of individual
achievement topics. Table 6 shows the probabilities of these
differences. The hypothesis is rejected in févor of éhe
project group for the.Poiynomials and Radicals topic, and is
réjected in favor of the control group for Relations and
Fun;tions, and Geometry (The Circle). There were no
significant differences between the two groups on Coordinate
Geometry, Quadratic Functions, and Systems of Equations. An
inspection of the cell means reveals that mean scores of the,
project group were greater than thosé of the control gréup on
the Polynomlals and Radicals, and Coordinate Geomquy topics,
while the mean scores of the project group were lower than
those of the control group on Relations and Functions,
ngdratic Functions, Sysﬁems of Equations, and Geometry (The

Circle).
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TABLE 5

Summary of Analysis of Individual Topic on Math 20 Test

b -

- n - ——— -

Polynomials
& Radicals

Coordinate
Geometry

Relations
& Functions

Quadratic
Functions

Systems of
Equations

' Geometry
(The Circle)

T==SsTT==x=====

Polynomials
& Radicals
~Coordinate
Geometry

Relations
& Functions

Quadratic
Functions

Systems of
Equations

Geometry
(The Circle)

[ I e T T R - - - - -

Group Number. Mean Variance S.D. Homogeneity
‘ of Variance
P 133 9.38° 13.92  3.73 x'= 0.023;
C 128 8.27 13.55 3.68 p = 0.882
p 133 5.9¢  (8.76 2.96 x'= 0.0897;
c 128 5.58 8.29 2.88 p = 06.755
p 133 4.68 8.31 ° 2.88 x = 0.148;
C 128 5. 49 7.76 2.79 p = 0.700
p 133 9.98 12.58 3.55  x = 1.270;
c 128 9.92  15.33 3.92 p = 0.261
p 133 6.59° 6.50 2.55 x = 3.155;
c 128 6.84 6.97 2.64 p = 0.694
p 133 8.54 9.22 3.83  x = 0.275;
C 128 9.67 1d4.11 3.18 p = 0.603
=====‘F::::::::::::::::::::==:===:::=:::==:::::::
TABLE 6
of Variance of Individual Topic on Math 28 Test
Sburce of Sum of Degree of Mean F P
Variation Square Freedom Square
Groups 79,27 1 79.27 5.77 0.817
Error 3558.58 . 259 13.74
Groups 6.53 ! 6.53 8.77 @.382
Error 2289.740 259 8.53
Groups ' 42.58 1 42.58 5.30 0.822
Error 2082.69. 259 8.04
Groups 45.94 1 45.94 3.30 0.0671
Error 3687. 26 259 13.93
Groups 4.06 1 4.06 ©0.60 B8.438
Error 1742.91 259 6.73
Groups 83, 36 1 " 83.36 8.36 8.004
2591, 20 259 9.66

Error
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Discussion

In general, the researcher is interested in whether the
IPM Elective had any effect on the students' achievement. As
shown in Table 6, the project group did significantly better
on Polynomials and Radicals, while the control group did
significantly better on Relations and Functions, and Geometry
(The Circle). The IPM Elective had a significantly positive
effect on the project group's achievement in one particular
topic, but the control group was. better in the two other
topics. There should be sorhe explanation :or these
occurrences.. |

It is interesting to relate the student production with
the findings. In areas where students did a lot éf work (as
reported in Chapter V, 22% of the programs were in the‘
Polynomials and Radicals topic, 27%-in the Coordinate
Geometry topic, and 28% in the Quadratic Functions topic),
thefé was a significant differenée in favour of the project
) groﬁb in one (Polynomials and. Radicals topic) out of the
three topics and no loss in the other two. In areas wheée
students did very 1ittle‘work (6% of the programs were in the
Relations and Functions, 2% in the Systems of Equations, and--
4% in the Geometry (The Circle)), there were significant ‘
differences in favor of the control grbup in two (Relations
and Functions awd GeomeEry‘(tthCircle) topics) oﬁt of the

three‘topicé. Therefore, it could expected that in the areas

where students did a significant amount of work an increase

A Y
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than'three programming| exercises.

'ways, by treatment groups (progect

A : 108

in students” achievement {(of at ‘least no decrease) in that
e : ) ';,_"? ‘

"area would occur . Ideally, the animum of three programming

i
it

ic should be completed by the students in
P

order ;to: improve or ma1nta1n thelr o%n achievement. On the

‘other hand, in the IPM Elbctlve in areas where a 51gn1f1cant
- amount of work was not done, a decrease in achlevement scores

_may- occur. The IPM Elective seems to detract from

. ‘ T , O ' Nr/

X \ ' : . . Sed
achievement especially in those areas where students do less

Hypothesis 3 o

There are no significant differences between the project

and'control group mean‘scores at corresponding ability levels

vaccordlng to. thelr Grade lG mathematics final scores as

measured by the Math 2@ ‘Test..

Testing Procedure and: Findings

- .

The students in both project and control groups were .
dfv1ded into three subgroups, each on the basls of the Math

lG flnal scores. The Math lG flnal scores were used to rank

the Math 20 students with the 33rd and 67th percentlles

marklng the d1v151ons 1nto hlgh gverage, and - low ablllty

groUps. The Math 20° Test scores were then c1a551f1ed two

gand control) and by

‘ablllty groups, .and a two- way analy51s of varlance was

n
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performed (Scheffe, 1964) .

. The findings of the analysis of Hypothesis 3 are
S ' Vi
presented in Table 7 and 8. ‘From.theg&indings, it is
. . A : !
. apparent that for each ability group, thé" mean score of the

contral group was greater than that of thejbioject@group.‘
. ) . . ) - nq’ ?b’

Table 8 shows that the treatment effectjwaé~sigdfficaht (p

~

9.044) while the interaction effect was not significant (p
: , _ @ .
#.964). Hence the findings did not support Hypothesis 3,

. therefore, it was rejecéed. At each ability level, the mean
scores of the cont:ol'group was signifi~antly greater than
o . : 8 '
that of the project group. .
. . . TABLE 7

.SumMéry of AnalySisJof'Ability Groups on Math 20 Test

High Average Low Total
. ~Ability Ability Ability
“—-"-""‘_'-""-—-""——»"_"-;.-_- "'"——-"""—"-"---_—‘—‘___——"'——"—"-—'_‘/

Obs. No. 44 45 44 133
Project  Mean e 63,64 ‘51.51 44.66 ° .53.48
Variance 169,82 ©137.71 - 180,23 - 204.16

 Obs. No. . 42 44 42 128
Control - Mean 67.38 54.43 47.45 56.39

Variance  188.10 154.67 173.08  236.67
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TABLE 8

Analysis of Variance of Ability Group on Math 28 Test

Source of . Sum of .D;F. Mean = F p
Variation Squares Squares Ratio
Treatment 648.26 1 648.20 4.89  0.044
Ability Group 16730¢.00 2 8363.38 52.76 0.000
Interaction 11.56 2 5.78 g.04  9.964
" Error 40420.00 255 158.51

Total 57810.90 260 222,34

Discussion
|

The results reported iﬁ this section do not geherélly
support the qlaims made by pfoponentgﬂQf computer programming
of mathematics eXercises regarding the efficacy of suéh
activity in enhancing students' mét?ematics learning. It is
ép?afent that at éach ability level, the mean scores of the
_éontrol group were significantly greater than that of the
project group. ‘Eveh if, as might 5e expected, thé average
ability groﬁp studénts did a lot dfvprogramming in -
‘Polynomials and Radicals, Coordinate‘Geometry, and Quadratic
Funcfions,ffhe improvement in these three areas would still

Al

not affect the overall achievement score since these three
~areas accouqted forkonly 4l% of the‘overgll achi;vement
score, The evenness‘of achievement differences across
ébility levéls suggestsAthat the one héUr per week spent oB

the IPM Elective which meant one hour per week less in the

regular mathematics course negatively affected all students.
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II. Problem Solving
Hypothesis 4 : »

There is no significant difference between the pféject
"and control gr- iean scores on each problem as measured by

the Problem Solving Test.
Testing Procedure and Findings

Although the subtests of the Problem Splving Test were
randomly assigned to five ciasses in @®he project group and
another five classéS»in the cpntrol group, the difference
between the two groups for each problem due to their previous
Math 1@ final scores would ;t}ll be expected. This
hypothesis was tested using one-way analeis of covariance
(Winer, 1962). The covariate used was the Math 10 final
score in order to statistically adjust the meén scores on
each of ;he fiVe.problems to account for initial differences
betweén groups. |

The findings of the analyéis are presented in Tables 9
and 10.. Taple 9 summarizes the data reqq%%kd for the F-tests
on significant differences between means of individual
problems. Tableil@ sho@s the probabilities of these
differences. Table 11 is included to show the comparison of
findings obtained from an analysis of covariance and those

obtained from an analysis of variance on each-criterion

variable alone.
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The findings indicate éhat thé contiol group performed
significantly better than the broject group-on‘Pfoblem ¥4
}Quédrgtic-?unctions), therefore, the hypothesis was rejected
on Proélem-#4. An inspection_of the cell meaqs reveals that
. the projeét group mean écores onvProblem'#l (Radicals) and
_ Problem #ZV(Pblynomials) were greater than those of the‘
con£r01 group, but the diffezepces were not sta&istically
significant. The control group mean scorés were greater than
those of”the project group on Probleﬁ $#3 (Systems of
Equations), Problem #4 (Quadrétic Eunctions), and Problém #5
(Trigonometry), but only on‘P;oblem #4 was tﬁe difference
statistically significanf. The results obtained from an
analysis .of covariance.are similar to'phOSe'obtAined from an
analysis of variance.'
"~ TABLE 9
sdmmary’ of Analysis

of Individual Problem on Problem Solving Test

Problem Group ‘Number Mean Variance Math 10 Homodéneity,
: Mean of Variance
41 ©p 41 - 1.68  2.37 66.51  x = 1.211;
Radicals C 43  1.58 1.68 ~  65.67 p = @0.27L
$2 P 46 3.57 . 3.27 65.48 xl= @.923;
Polynomials C 49 = 3.49 3.13 62.84 p = 0.88¢
‘ . 2
#3 - p 7 46 2.61 3.84 65.80 x = 1.519;
Sys. of Eq. C 54 2.89 5.59 63.39 p = €.218
44 P 32 2.13  4.11 68.16  x = ©.280;
Quad. Fnt. C 59 4,00 3.48 66.49 p = 6.600

45 P 31 4,58 4.5
Trigonometry C 43 4.95 ‘3;38 66.88 p! ¢.390

o
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TABLE 10

Analysis of Covariance

‘of Individual Problem on Problem Solving Test

113

Problem Source of, sum of D.F. Mean F P
- Variation Squares Square Ratio .

#1  Groups . ¢.17 1  8.17 6.08 0.771
Radicals Math 1@ (Cov.) 1.59 1 1.59 8.79 0.377
/ Errors 163.75 81 . 2.02 '
$2 ‘ Groups 0.01 1 g.01 9.00 ©.962
Polynomials Math 1@ (Cov.) 5.35 1 5.35 1.68 0.197

Exrrors ’ T 292.18 92 3.18
#3 Groups 5.32 1 5.32 1.29 ©.259
Systems of Math 10 (Cov.) 63.35 1 63.35 15.33 0.000
Equations Errors - 400.91 ° 97 4.13 :
#4 .~ Groups 79,95 1 79.95 24.16 0.000
Quadratic Math 13 (Cov.) 38.26 1 38.26 11.56 @.001
Functions Errors 291.25 88 3.31
#5 Groups 2.49 1 2.49 g.78 @.381
Trigono- Math 18 (Cov.) 49.30 1 49.30 . 15.35 0.04090
metry Errors '228.08 71 3.21

Do =====
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TABLE 11
Analysis of variance

of Individual Problem on Problem Solving Test

Problem Source of Sum of D.F. Mean F | p
“ Variation Squares Square Ratio

T #1 Groups @.22 1 9.22 .11 @.744
Radicals ,« Errors 165.34 82 2.02
$2 .uﬁroups . 8.13 1 2.13 .04 0.840
Polynomials Errors 297.55 93  3.20 ‘
#3 Groups 1.94 1 1.94 0.41 0.523
Sys. of Eq. Errors 464.29 98 4.74
#1 ) Groups ©  72.93 1 72.93 . 19.7¢ ©.000
Quad. Fnt. Errors 329.50 89 3.79
45 ° Groups 2.50 1 2.50 ¢.65 0.423
Trigonometry Errors 277.45 72 3.85 ‘

____._._—======_=__-_.—_.___-.._—________-_.__..__.._._.-.—__—____.-_--___._
E====== = S==SD====-=== E TSN oSN ESRSERSEEEESEEEZESRssmss

Discussion '

The findings indicate‘%hat the cintrol group performed ..
signif?cantly'better than the project group on Problem #4.
fQuadratgc Functions), but no significant differenées.wefe
found on the othei problems. ‘Although the project groué did
more programming in Quadratic Functith"than the others,
rétget than improve problem solving performance, such
activity seems to have detractéd from'pérformqnce in this
;rea. In the other four areas fhere were no significant
 differences. These findings do ﬁot indicate that the IPM

Elective gnhahces student perforﬁance on'problem solving

tasks. In particular even in"areas where students program
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three or four solutlons, problem solving gains are not

realized in the IPM Electlve.

. ‘ . .
ITII. Attitude to Mathematics -

&

Hypothesis 5

There are no significant differences between the project
and control group mean scores on Evaluation, Usefulness, agd
Difficulty Scales as measured by the School Subjects Attitude

Scales.
Testing procedure and Findings

Hypothesis 5 was tested using-dne-way anaiysis of
variance (with unequal sample sizes) (Ferguson, 1976). The
analyses are presented in Tables 12 and 13.

The summary of data relevant to the analy51s are shown
“in Table 12. For each attltude scale, the mean»score of the
project group was greater‘than that of the control group.
Table 13 shows the probabilities that these differences
occurred by chance to be 0.241, ¢.005, and 0.016 for the
Evaluation, Usefulness, and Difficulty Scales, respectively.
For the last two scales the probabilities are less than the
51gn1f1cance level of @.05 adopted for the study. Hypothesis
5 was therefore rejected for those £wo attltude scales. The

mean scores of the project group on the School Subjects 3

Vs
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Attitude Scales were significantly greater fhan those of the
cohtrol‘group\on the Usefulqess aqd Difficulty Scales. The
Aprojeét gtbup thought that mathematics was more useful, more
importani, and easy.
TABLE 12

Summary of Analysis on School Subjects Attitude Scales

Scale Group. Number Mean Variante S.Db. Homogeneity

’ .. .of Variance
____________________________________ st o Ll i e e o e o

" Evaluation P 75 25.19  48.02 6493 _ix = 8.073;
c 85  23.87 51.04 7.14 p = '9.787

Usefulness P 75 34,71  37.10 6.09 x'= 1.585;
c 85  31.72 49.40 7.63 p = 0.208

Difficulty P 75 20.96  37.90 6,16 x = 0.001;
C 85  18.41  37.63 6.13 p = 8.978

e e e e o e e o e e e e e o o o e Ym e S . M = M R N T E M Em E M EmE NS T m o EE SRS EmmEmm===
ErErTZEr TSI S SST NS TS S SSCoSCSAS RTINS SCSoNSIXSISIITSSICSRTIRISES=S===

'TABLE 13

%nalysis of Variance on School Subjecté Attitude Scales

Scale - ‘Source of Sum of  D.F. Mean F-~ )
: Variation Squares Square = Ratio
——————- e e e oo ~——--
. ' ) | , . .
Evaluation Groups ) 68.75 1 68.75 1.39 g.241
Error 7840.87 158 49,63
Usefulness Groups  355.66 ., 1  355.66 8.15 @.005
. Error 6894.68 ‘158 43.64
Difficulty  Groups 258.42 1 258.42 6.84 ©.010

Error 5965.38 158 37.76
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Discussion

Although ﬁhe control’ group's achievement mean score was
significantly greater than that of the project group at every
ébility leyel, the mean score for each attitude scale of the
p;oject-grpup was greater than that of the control group with
significanf di fferences on the Usefulness and Difficulty ’
scales. Obviously,.the IPM Elective had a‘positive effect on
students' feelings toward mathematics. Programming exercises

seems to be positively associated with the students'

attitudes to mathematics.
General Discussion on the Product Evaluation

The findings of‘this project do not generally support
the IPM Elective in enhancing student achievement or problem

solving capabilities. However, in areas where a significant
_ . ‘ : .

ambuht of wdrk is done better results can be expected. . It
also appears that the activ;ty of writing compdter‘programs
to mathematiés exercises is positively associated with the
-students' attitudes to mathematics. Sucﬁya;claim is madé
because, althoﬁgh the'project students responded
significantly less favorably to their instructional settings
on the Teaching Scale than the control students did to
theiré, they still had more positive attitudes to mathematics
especially in the areas of usefulness and difficulty. It is

also interesting to note that'although the project group
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‘

scored significantly lower in achievement and in one area in
problem solving, they indicated that they found mathematics
easy. The findings seem to show tﬁat the programming

activity of the IPM Elective'itseif enhanced thé students'
attitude and motiQation to iearn mathematics. Or perhaps
éompared to the challenge of programming, mathematics seems
easy. In any case the IPM Elective significantly cﬁanged’thev

students' perception of mathematics..

1
¥
v

"(’ ‘,-‘y



CHAPTER VII N

RESULTS, INTERPRETATIONS, AND IMPLICATIONS

%;“ : ,
e
@' ‘u‘f‘“ '

I. Purpose and Design of the Study

The purpose of the study was to investigate.the
implemenﬁation of an elective unit called Integrgtiqg
Programming into Mathematics (IPM) in the Math 20 program
which would teach students to program, in BASiC, solutions to
typical end—of-chapter-exercises, and to determine the
benefits that were gained by the students in this particular
type of learning situation. Because the study focused on
curriculum development and iﬁplementation of the IPM ‘
Elective, students' reactions to the elective and attitude to
mathematics were also studied.

The classes which participéted in the‘IPM program were
- Math 20 classes. In this design,'five classes of students
were assigﬁed to the IPM program.. |

The curriculum dévelopment took place in the first
semester. Five Math 2@ teachers took part in the IPM progfam
in both semesters. Semester one saw an agreed-upbn course
being followed by the five teachers. Evaluation in the |
second semester took the form of a comparison with the group
of students in the regular Math 20 classes in three other

senior high schools in the same school district.

119



120

II. Summary of Results

The results of the project were initially reported in
Chapter 1V, V, and VI. They are presented in the present
section in the context of summéry of results investigated by
the project to provide a basis fof the interpretations drawn

by the project.
CurriculumNDevelopmént and Implementation

Five Math 2@ teachers and a curricdlum consultant helbed
the researcher to deyelop two manualé for utilizing in the
IPM program. The development took place in the first
semester (September, 1983-January, 1984), and the
inplementation took place in the second semester

(February-June, 1984).
Curriculum Development
:1. Student Manual for BASIC Language

The manual was set up in five lessons with practice
Y
questions to conclude each lesson. These lessons were
offered fdr a one-hour period per week. It was-recommended
that the figst three leséons be conducted in the classroom

rather than in the computer lab. The first three lessons

contain five key ideas; components of a computer, immediate
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and deferred modes, BASIC operat&ons and proéram statements,
system commands, and analyzing and modifying a program. The
fourth lesson contains the iterative procedure statements
(IF-THEN and FOR-NEXT) for programming. The use of the disk

and disk drive is included in the fifth lesson.

2. Student Exercises for Programming in BASIC - Math 20
~

The manual is a collection of typical end-of-chapter
exercises, the solutions of which could be programmed in
elementary BASIC 1anguage; The exercises were arranged
according to the Alberta Math 20 curriculum. In general,
easier exercises were given first within a section. Within
‘Aeachvof fhe'eleven topics of the Math 20 curriculum, three
Eypeg‘of exercises were given; data generating exercises such
as solvidg specific eqdatiohs (procedures) with given Csw
numerical coefficients, applying formulae exercises such as
solving for a form of an equation (procédure), and more
complex exercises such as solving for a pre-set range of
variables or numerical coefficients. The criterion for a
good program Qas whether it gave a correct answer, in some
acceptable format. The students were then encouraged to
verify their own programs by substituting values which gave

known answers.
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CurriCulumﬂQb;ervations ' - ‘ ; w

Although cufriculum.observation was not formélly a part
.of this project, some informal observations should bé,
hentioned. | “

l; The‘five teachers t;nded to offer- the IPM élective
difféfently, especially in such areés és,teachiﬁg BASIC,
assignmentaof exercises, amOuntEof guidanc;'in prbgramming,.
gf%ding ofﬁp;ograms, and studenf hglpers. |

2.° Some teachers found itﬁnécessary to assign computer
exercises ih she regﬁlar mathematics class hour previous to’
;.the.computér labvhour; Students needed to be encouraged to
think progféms ﬁhzough before coming to the‘lab pgridd; o

| ,3' Sohe teachers made‘effeffiye'use of §tuden£§ who had
good'éomputét backgrounds as sé&ﬁent helpers both in the |
‘classroom ;nd'thg cquputer laby- | °

4.‘ Class frdStpation levels E&ew dﬁring the-fourtﬁ and

f;fth leSsonglWhen_égﬁéenﬁs.began to work sérfoule‘at

L]

entering and saving programs.. y

RN
\,

5. Having two or more types of compuﬁérs in'the‘ﬁ
computer lab added greatly to the confusion and-frustration
of lab periods. Teachers must be completely familiar with

the operation of the computer installation in the.computef K

~ lab.
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’5"}‘“ '. .
Process Monitoring

»

1. ﬂStudentsffViews on the IPM’'Elective

.

)

]

How do students react to learning mathematics in the IPM
. - "

Elective? What are théir ;éactions to their/instruétional'
setting? | . ' ' ' /f |

_ The analysis oftthe respénses obtained'ffom the firstA23
items of the Student Opinionnaire ((A) and (B)) indicated
that thefstpdents in‘the IPM progrgm needed mofe help, mdré
attention, and more explaﬁ%fion.from'their teachers.

.The IPM students' reactions to computer programmf%g and

mathematics learning items indicated the IPM students felt

——

that programming was ag/in$g£¢stiﬂg part of mathematics and
’iE should he more tth‘ohe hour per week in order to have
enougb:tiAe to work,on'exefCises. jThe students also
mention;d'that there should hévelbeen more in-class

: 8 ,
instruction.. Thé majority of the IPM students preferred to
do mathematiecs with programming exercises, butyless than
‘,oﬁe-half,of them tﬁOught that prog;amminé exercises helped
'them to use mathematical knowledge t- olve'problems.

'The‘studéntS' reacti;ns in the regular classes to the
possibility of their having experiences in computer .

T , ,
.programming in'mathematics revealed that the majority of ,
3 %hgse studehts would like to have experience in cbmputer‘ ®

programming. They felt that a mathematics course should
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involve computer prbgramming.
2. Student Production

ﬁbw“effectively do students engage in the IPM Elective?
Oon the average; the. IPM students did only one exercise

per session. It does appear that the good mathematics

\

students did not do much programming, but the average
students did more programming than the other two groups. In
any case, the actual number of programs written was not of

the magnitude one would have thought; very low production

7
actually occurred.

prodact ,Evaluation

¥

he)

1.  Achievement in Mathematics

4

Noes the IPM Elective contribute to or detract from
achievement? How well do students learn mathematics?
In the areas where the IPM students did a significant

amount of progrémming an increase in students' achievement
; - £
(or at least no decrease) #in that arq%bpould be expected.

§

The minimum of three programming exercises

.....

‘per topic should '
be completed by the students in or¥der to improve or maintain_a

N .
their own achievement. On the Q@her hand, in the IPM

Elective in areas where a significant amount of work is not

done, one would expect a decreasegn achievement scores. - The
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IPM Elective seems to negatively affect achievement
especially in those areas where students 'do less than three
prdgramming exercises. The uniformity of achievement

differences across ability levels suggests: that one hour per
week spent on tne IPM Elective which meant one hour per meek

less in the regular mathematﬂcs course had a negative affect

on all students.
2. Problem Solving

Does programming computer solutions to typical
end—ofechapter exercises in grade eleven mathemarics (Math
2@) improve students' nroblem solving performance? The
resulte do not indicate that the IPM Eleetive enhénces
stndent performance on problem solving tasks. In particular,
even in areas where students programmed three to f

e £

solutlons, problem ‘solving galns were’ not reallzed in the IPM
} ﬁg

W ,.

Elective.
3, Attitude to Mathematics

What effect,dees the learning of mathematics in the IPM
Elective have on the attirude of students to the subjecg?
The findings indicate thdr the students in the IPM Elective
find mathematicsveasy and'useful. The findings seem to show
that the programmlng act1v1ty of the IPM Electlve enhances

the students' attltude and motivation to learn mathematlcs.
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III. Interpretations
The Meaning to the Students. ¢

The IPM students preferred to do mathematics’w}th
urogram$in§. There are a number of reasons for this

ik . - X
prefeﬁ@%ce. One possible reason is becausevpf the popularity
‘of the microcomuuter in society. Another possible reason‘is
that they found worklng with ‘the computer to be a challenge.
In the programmlng mode, they have to des1gn an algorlthm for
thé’computer to handle (or perform) the instruction that they
provide to the computets. This induces the‘stuaents to view
programming as an important activity, even though they did
not éee‘the relatlonship betueen programming and mathematics
learning. They u&ewed the Elective as a se?arate course from
the regularﬁmathematics course and felt that‘lt was not.so
important:(in terms of grades) to spend time on the Elective;v
They’were'frustrated by not having enough help from the
teachers. Thetefope} the students lost their ¢ommitment td'
the Elective in terms of programming activity even though
they still saw it as an important activity. Lost cummitment
is reflected in low productivity. Perhaps, if the teache;s g
would have been able to show the connectlon between ’
mathematlcs learning and programmlng or could have 1ntegrated
‘1t more into the regular mathemat1cs course, then students
might have seen it as more 1mportant. Being a part of.a

mathematics course would guarantee the possibility of a

significant amount of programming activity. As it was the
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students (and even teachers) probablyﬁtreated the IPM
Elective as an extra hour to the mathématics program. ‘The
range of accomplishment was much broader 'in the Elective than
in the regular mathematics course. Onlyvstudents who were
quite good at. programming were able to get a 51gn1f1cant
amount of work done in the hour. Perhaps the students who
did well were students who had a background in programming.

| The results of this project do not generally support the
IPM Elective in enhancing student achievement. However, in
areas where a significant amount of programming is doné there
is some evidence of better achievement.

In the problem solving area, the result of this stud§
holds little hope. The results seem to show that the IPM
Elective is rather hard to implement and w1th1n the context
of senior high school mathematics it is difficult to get
enough programming activity to improve problem soiving
performance. .

In the Elective,Qas the students gained experience in
programming mathematics exercises, they seemed to see the
application of mathematlcs and programming as a way to apply
mathematics; This caused them to view mathematics as a more
important, valuahle, and necessary subject which resulted in
their seeing mathematics as a useful subject. )

. The IPM students felt that mathematics was easy. There
are several possible reasons for this. One of them is
perhaps that they compared the mathematics course with the

IPM Elective. Other possible reasons are: programming

activity in the IPM Elective might help students develop an



128
algorlthmlc view of mathematics wh1ch would be more
understandable and more manageable; or they might" feel that
the five—hoor Math 207(exclud&ng oné-hout,electlve) ea51er
than the six-hour Math 20 (including one—hour:eleotive in
. regular mathematics program) in which they haéato learn more
concepts and‘do mora work; ‘or the& migﬁt feel the five-hour
Math 20 plus one more relaxing hour'of the IPM Elective was
easiet‘than the fi;e—hour Math 20 plus one-hour elective in
anotﬁer topic in difficult mathematics. Hoﬁever, the
programmlng act1v1ty in the IPM Elective seems to be

associated’ w1th the students' p051t1ve feellng toward

mathematics .
The Teacher Variables

:Most of the interpretation about teachers comes from-the
Procegs Monitoring; However, because the researchér spent a
oonsiderable amount of time in the lab, some of his informal
observations are stated below. . V

3

Efficiency. The teachers did.not adhere closely to

suggestad guidelines, especially in the first five lessons in
BASIC. Teachers should teach the Elective as a more integral
part of the regular mathematics program. They should assign

homework regularly and get thefstudents to read the BASIC

Manual.

Major Undertaking. The teachers found the IPM Elective

to be a major undertaking. The Elective needed carefully

-
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tﬁought—out teaching strategies such as theluse of problem "
sheets to guide the students"learning of programming.
Teachers Qhould keep in mind that ;tudents should learn to
write the compﬁter programs but should not play with the
cbmputers. The computér lab‘generatés stddent excitement and
teachers must try harder to capitalize on this excitement.
The assignments should be followed up more regularly by the

teachers.

l

The Computer‘Concept. In the IPM Elective, the computer
.1s used as a tool not as a focus of ihe study. In the
prpject.situétion, the computers were not fully operational.
" Hours were spent getting the £001 to_work. Computer
malfunctions add frustration to a demanding‘prbgramming task.
Teachers' familiarity with the co;puter lab\operétionAis
essential. |

| Teacher variables play an'ihportant role in the process
of curriculum development and implementation. Teachers'
 knowledge and preparation shapes the everyday activity and‘

learning atmosphere in their classrooms which contributes a

great deal to students' learning.
Curriculum Implementation !
A general impression is that the degree ¢of curriculum

implementation was not high in this project. The researcher

would .like to express some comments on the process of
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implementation used by the five teachers in the IPM program,
1. The curriculum that is developed by teacher (s) does
not necessarily get used by the teacher(s). The five senior
high mathematics teachers helped the reseatrcher develop the
two manuals in the first semester, but they did not implement
(or use) them very effectively in their classes in the second
semester. From the researcher's understendlng this is
because they were very busy with the regular mathematlcs
’course, putting their effort into the regular mathematics
course.‘ Perhaps the IPM Elective was a whole new idea for
them. Even though they participated in the process of
curriculum development their ownership of the curriculum was
still not high enough for theh to become committed to it.
| 2. Teachers"previous knowledge and beiiefs have a
lérgehimpact on curriculum implementatiOn. The five teachers
had very different backgrounds in BASIC. Some had a good
background in BASIC while the others had none. Their
knowledge and beliefs in"presentrﬁg the BASIC lessons'
crucially affected their apprOaChes to the{BASIC\tessons
which resulted in too much t1me belng spent on the BASIC
lessons. Because of thls the students haad less tlme for
programmfng mathematics exercises which played an important-
. role for students' mathematics learning in the IPM Elective.
Perhaps to have the teachers implement the IPM program more
effectively more time may be needed for the teachersitoflearn
" the process of implementation. |

3. Teachers should be better prepared for the role
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change, especially their new role in the computér lab. The
researcher experienced a wide range of teacherg' capability
in handling the students in the computer lab. 1In the first
semester the researcher helped the five teachers in the
computer lab one hour a day, five days a week. All teachers
were asked to conduct the first three BASIC lessons in the
classrooms and before going to thé lab they should have do;e
15 minutes of class-instruction. But all éf them preferred
to have the students work in The lab from the beginning of
the first lesson. Some teachers did the suggested 15 minutes
class-instruction before having students work in the lab.

The researcher found that once the students got into the lab
the teachers could not get all the students"attention when
they wanted to explain something that seemed £o be a common
problemlor difficulty for the students_in writing programs.or,
operating the machines. They had to supervise the students -
individually at their stations. Many times gefore Létting,.
the students work w;th the machinesy th; tgachers had to
resort to turning the main power switch off in order to get
}all”of the students; atteﬁtion when they wanted to expléi; or
»teach in the lab. . "
4, Teacher in-service did not focus enough on raisihgA
the“teaﬁhers' cbmmitmegt and increasing their understanding N
of the program. Even théugh ipitially teachers were willing
to take part in the program, their laék of commitment

throughout the program played an important role in curriculum

implementation.
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P

5. Instead of being integrated as a unit into the

‘regular mathematics course, the IPM Elective was treated as a

separate course from the regular mathematics course. The
teachers gave less importance to the Elective than to the
mathematics course. Thefefore, the teachers did not assign
homework and did not assign the students to read tgé BASIC
Manual regularly. They did not even follow up the previously
assigned homework. Because of a limited amount of time
available, the teachers often let the students continue to
the next lesson without finishing the previous lesson. If“
the teachers would have foilowed more closely the suggested
guidelines for the fi}St five lessons of the BASIC Manu;l;
the remaining time for programming mathematics exercises
mightphave been enough for the students to‘accqmplish ﬁore.
The students,should'have been ‘assigned homework 1in the
previous hour'so that they could think a program through on ;
sheet of paper befor; coming to the computer lab. The fact
is the teachers found this difficult to do because they(%ad a
1ot of work and also a lot of content to be covered in the
regulgr;mathematics course. |

6. Developing a curriculum separaté from the regular
mathematics program will probably lead students to think the
separate program'is less valuable. By attaching the IPM

Elective to the regular mathematics course, the students'

motivation and commitment to the Elective was affected.
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Iv. ‘Implications for Practice

The reseércher wogld like to present the implications
for mathematics teachers for continuing use of the IPM
program. The implications are derived from experiences with
the IPM Elective in teaching and learning mathematics and
from what is known about how to change educatiobal practices.

1. The IPM program can be offered again the way 1t was
offered in this g;oject, if special attention is paid to:

a. Teacher preparation. Teachers need to be
computer literate, with expertdise especially in thé areas of
compuéer programming and the operation of the/computer.

"b. Integrating the IPM program into the regular
mathematics curriculum. The emphasis should be on curriculum
that develops mathematics learning through progrémminé rather
than to introduce programming.

c. [Regularly aséigning and following up on homework.

d. ASsignihg the student%‘to read and use the BASIC
Manual as a reféfénce.

e. Grading the students' activity iﬁ tt, IPM program
as is done in the regular mathematics course.

2. The IPM program can be changed to be fully
integrated into the mathematics program. One 'possible idea
is the first five BASIC lessons could be written into
mathematics textbooks. Learning mathematics through
programming must be a part of the textbooks used by teachers

and students. Mathematics teachers usually have neither the
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time nor the means to collect and sort through resource
materials and programs related to computers and mathematics.

3. With the above two possible practices, the .teachers .
must keep in mind thét the-priméry purpose of the IPM program
lis to develop mathematical éoncepts and skills through
programming experiences. First and foremost, a programming
enhanced mathematics curriculum must 'be a mathematics

v’

curriculum. As such, the computer becomes a tool for

teaching and learning mathematics rather than an object of

instruction,
V. Implications for Research

The researcher would like to suggest some ideas for
pursuing research in the area of curriculum development and»
implementation which are drawn from experiences in the
present project.

1. since the teachers are the most important
contributors to curriculum development.in our schools,
further curriculum study with teachers in actual classroom
situations is recommended. Ideas and approaches should be
carefully prepared and conducted in the in-service training
of teachers. A bettér implementation procedure should also
be developed. - féﬁ

2, Information processing research that particularly

looks at the effect of programming mathematics exercises on

students' approach to solving mathematics problems is
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recomménded.

3. ‘Another area\of research is to develop new
curﬁiculum approaches which would incoborate mathematics
curriculum’and programming activity. One possible idea is to
integrate programming iAﬂBASIC into the first unit of a
mathematics course and allow students to learn mathematics in
later units through programming.

4. One conclusion of the study was that the
implementation process was not effective. 1In parﬁicular,'the
effects of teachers' and students' reactions to the
implementation was poorly undergtood. A study that has the

same design as this study couldgje undertaken paying more

?

attention to teacher and studﬁntﬂf‘
process. 3
5. IOne hypothesis suggested by the study is that the
real impact of computers on mathemmatics is an attitudinal
one. A study on programming mathematics exercises to enhance

students' attitude to pathematics 'is also recommended.
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BASIC, an abbreviation for Beginner's All-purpose Symbolic
Instruction Code, i% a commonly used computer language. Different

computers use different versions of BASIC.

1.1 COMPUTER: ELEMENTS

The computer elements are

KEYBOARD > PROCESSING —————> SCREEN

3

MEMOURY 4———){ DISK DRIVE

\

KEYBQAFD provides information to the processing unit.
SCREEN (or printer) displays the processed information or data

from the processing unit.

DISE DRIVE (or cassette tépe) is usgd‘to store information you
have in a computer memory ohto a disk (or magne;ic tape).

P?OCéSSING occurs in the microprocessing unit (MPU). The MPU
obtains a ﬁommand f;om Memory and then'executes it., Besides adding,
sﬁbtraciing, multiplying, and dividing, the_MPU can move
information from-one spot in the computer to another. In other
words, not only can it ;ork with numbers but with letters and
symbols as well.

MEMORY .is where the MPU finds its instruc;ions and the data it

1.s to work with. There are two maln types of memory - Read Only
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Memory (ROM) and Random Access Memory (RAM). '

ROM: A memory’that has a program permanently written into it
and cannot be modified by the user. The computer ﬁan never write
any information into this memory; it is a "read only" memory. ROM
is pre-programmed to undé?stand the language (commands) which allow
the computer to carry out ceﬁtain functions. The contents of ROM
afe not lost when elect}ical power goes off fpr any reason.

RAM: A memory system that cbnsists of addresses. These ‘-

addresses may be "written to or'read from"

during prograﬁming or
program execution. Data is placed in specific locations. BASIC
statements go into these specific locations when you write a
program-and,are'retri;ved when you execute the program. Everything

in RAM vanishes if electrical power is lost for any reason.

1.2 FUNCTION KEYS

1). CTRL (Contngl) KEY: TO stop execution of a program hold

down the CTRL key and type C. If this doesn't work press CTR key

(o3

then RESET key.

2). ARROW KEYS:

Right Arrow Key (—>): The right arrow key moves the cursor one
space to the right and rereads any character it has passed over
back into computer memofy.

Left Arrow Key («—): The left arrow key moves the cursor one
space to the left and erases each character it has passed over from
computer memory, even thoughffhé character still appears on fhe

screenvs
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3). RETURN KEY: The RETURN key must always be pressed after

each statement or command is typed. This key transmits the typed

statement or command to the computer memory.

1.3 IMMEDIATE AND DEFERRED MODES

Statements may be entered into the microcomputer in either
Immediate Mode or Deferred Mode.

1). IMMEDIATE MODE: When a statement is typed into the computer

and is executed as soon as the RETURN key is pressed, the computer

is said to be in IMMEDIATE MODE. The only way to repeat the
_statement is to Te-type 1t into the ~computer. Using the

microcomputer in this mannér isvvery similar to using a calcu{atcy.

An Example of IM@FDIATE MODE: .

2). DEFERRED MODE: Programming occurs in DEFEKRED MCIPE, making

it the most frequently used mode. When statements are stored 1r
memory as they are typed in and are executeabonly when the conrmarc
RUN is typed, the computér is in DEFERRED MUDE. The ldi;tingulsh:ng
difference betweeﬁngMEDIATE and DEFERRED MODES is that statererts
in DEFERREﬁ MODE are preceded by a line number.

An Example of DEFERRED MODE:

10 PRINT"WHAT IS YOUR NAME?" (hit RETURK key)
RUN (hit RETLURN key)
WEAT IS YOUR NAME?
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.4 UTILITY COMMANDS-

These are basically Immediate Mode commands that are often
useful in the execution of a program.

1). HOME: This command clears the display screen and positions

the cursor to the upper left-hand corner of the screen. It does nofl

Wi
, Lo

erase é program from memory. In programming, the HOME command 1is
usea to start any new disﬁlay on the screen. |

2). NEW: Because ghe computer stores ﬁrograms in its memory,
you must specifically instruct it to erase an old program from
memcry before you typé in a new program. Do this by typing in NEW
then hit RETURN kev. If you forget to type NEW, your new progranm
will be mixed 1in wjthlthe qld program Etill-iﬁ memor) = command
NFw erases the contents of RAM. It aoeé not clear the reen nor
3695 it erase anything that 1s on your disk.

1.5 PRINT STATEMENT

N

1f vou want the computer to display something bn the screen
during program executliorn, you must issue a PRINT command as part of
the prograrc statement. Tc define what you want the computer to
print, type in the PRINT command and enclose whatever you want
displaved 1n gdotations ("."). If you#want to print the result of a
r

calculation do not use quotes (see line 10 below). You can

abbtreviate” the PRINT command by typing in a question mark (7).,
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Examples of PRINT:

.._._.._._.__...__-___.-_._.._—'___.,—'.._—,.--—_.._._.—__,,,...—-.—__—.._.______,_,

30 LET C=6 N
40 PRINT"PROBLEM 2" £
50 PRINT

60 PRINT A,B,C

70 PRINT A/2 B/2, c/z
80 PRINT

90 PRINT A;B;C

100 PRINT A+1;B+1;C+1
110 END

RUN

PROBLEM 2

1 2

246

A ncote for PRINT ctatement
1).’Anyth1ng placed between quotation marks will be
printed exéttiy as typed.
.2). A comma tellsvthe computer to dividekt%e lineﬁeh

-

(N the screen so that variables or messages are. -’

(:i;;77 printed 15 spaces apart. S ‘;,ﬂ

3). A semicolon tells the computer to prlnt che 11ne

A
W

on the screen with no space between each \arlabﬂe
or message printed. — .
4). A PRINT statement with no messages wlllgleeée‘one
blank line in the output. i

1.6 BASIC OPERATIONS.

BASIC .Operations: In BASIC, numbers are operatad ‘on,. b}

;‘3 fg’\ﬁ W
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arithmetic operations. These operations must be in a form that
understood by the computer. A list hpi operations and

corresponding notation in BASIC is given below.

e e e e e e e e e e e e e e e e e T T mn M el e dem e mm o e s o

Operation BASIC Notation
Addition +
Subtraction -
Multiplication *
Division /
Raising to a power A

In -BASIC an operations symbol cannot be omitted. For example,
the product of A ana B must be writtes A*B, not AB. The order of
operations in BASIC is thé same as in Algebra;

The following examples iilustrate the correct notation of some

expressions and also the value of each expression.’

[
Expression BASIC Notation Value of Expression
2(8+2) 2%(8+2) 20 - ,
(3-1.5)?* (3-1.5)A2 ., . .25
4x9+4 (4%9+4)/(15-5a2) &k -4
15-5* e
oy i
N,

f??ﬁggNOTATION

ﬁ E notation is the cohputer equivalent of scientific notation.
The 6utput of a program in BASIC generally contains a maximum of
nine significant digits. When there would be more than nine
significant digits, thegtomputer~will round off and shift to E

notation. Three examples of E notation are given below.
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Number - . Scientific Notatlon E Notation
580,000,000, 000 . - ~5Bx 10 5.8F + 11 -
4,280,920,616 4.280920616 x 10"  ~  4.28092E+ 0%
0.0000264280 2. 64280 x 197 s .2.64280E - 05

1. State the*commahds required by your computer to:
(a) Clear the computer memory. ‘ .
(b) Clear the.screen. ' ; N

s

‘2. On your computer system vhat operatlons are requ1rec to:
(a) Transmlt a typed statement or command to the
computer memory’? | |

(b) Correct a character in a line before the RETURN key

»is:pressed? ‘ ‘
. &

ce -

() Move cursor left one character
3. List the f1ve arlthmetlc operatlons used 1n BAQIC and

 their BASIC symbols. : ‘ , R -
4. Each of the following expressions is incorrectly written 1n

‘BASIC. Reurlte “each expre551on u51ng the correct BASIC notatlon

(a) S5X (b) 184 %_2' : (c) 2(X+§)

(d)x; fry (e) 2 + X2 + 3X
5. State whether each of the folloulng statements is irn:
1mmeoiate Mode or Deferred Mode.-
(a) 10 PCINT "(1045)/3 = ";(1045)/3 (hit RETURN key)

RUN (hit RETURN key)
(10+5)/3 = 5.



(b) PRINT "20-15 = ";20-15 (hit RETURN key)
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20-15 = 5

Predict output of the following program.

10 PRINT"EXERCISE #1"
20 PRINT 2,4,6 | ~ | . | |
30 PRINT"1";"3";"5" | | . AR
RUN | | . .

. Write each of the following numbers using'E notation.

(a) 7,600,000,000  (b) 0.001278123  (c) 0.0000000005
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LESSON 2 i ar
2.1 REVIEW OF LESSON 1

2.2 COMPUTER PROGRAM ’ <

A computer program consistS'o{ a series of instructions
o @ ) (; 4 N
- : . o
required to solve a specific problem cn a computer. The purpose of

a computer program 1s to put instructions ar¢ data into the
computer (input); hzve the-computer do the execution, and get the

%

resulté out bf the computer (output).: _ T | ,

The standara BASIC language consists of about twenty stezterent
‘types, such as LET, PRINT, and coTO. Fach statement in & EATTC
prbgram hac a line number which jdentifi%s the Tine and alsc.’

: . . 4 .
specifies the order 1in which the staterents are to bes executec b

v . g > .
the cocputer. The prcgram belcw shows how various statenents are

s,
used
* o -
10 LET X =5 - Assigns 5 to yEalue cof \X.
20 LET Y = 7 . Y - Assigns 7.to be value of Y.
"30 PEINT X*Y,X+Y - Computes & prints the valués cf- -
40 END X*Y and X+Y. o '
i ‘ - line 40 tells the computer tc
terminate the prograr. N
2.3 SYSTEM COMMANDS "

1). LIST: To display a progrém\currently stcred in memory, type

LIST, then . press RETURN key. There are' two types cf LIST commands.
. . . ' ' .
Notice that if the LIST command does nct have a lire rumber, thern

P
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1t will list everything in the memory.

Arn Example of LIST:

LIST .

10 PRINT"4 + 5 = ";445

20 PRINT"8 - 2 .= ";8-2

30 PRINT"3 * 9 = ".3%*9
40 PRINT"10 / S = ";10/5

5C END L

" Sectional listing 1is also possiblé. The LIST ¢ommand followed
b§ one line rumber will result in that line being listed. A LIST
,tomﬁanc with two line numbers separatéd.by‘a comma will result in

. §jsi1ng two lines and all the lines between them. For example,

LIST 10,30 ' N | -
10 PRINT"4 + 5 = ";445 &
20 PRINT"8 - 2 = ";8-2
30 PRINT"3 * 9 = ";3%9

 fIhi5’1ast'séctiQné1'listlng.méy also be written LIST 10-30.

,2). RUN: This comménd(instruct§ the COmputef to execute your

prograﬁ, stérting at the lowest line number and terminating when
either an ENU statement, or the highest line number is reached.
Type RLN, press/RETURN key. Notice that'RUN qpﬁménd‘doés not
have a . line number., .

Examples of RUN:

10 PRINT"HELLO" ‘
20 PRINT"HOW ARE YOU?"
30 END '

EUN

HELLO

KOWw ARE YOU?
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3). END: This command causesi)a program to cease execution, and

returns control to the user. - '. ,
“&4). REM: REM stands. for remark. A REM statement is put in to
reminW the ‘programmer of the type of the program. It does not

affecﬂ‘thq execution of .the program. The general form of the REM
statement is as follows:
Y

u

line number REM comment

An Example of REM:

16" REM FIND AVERAGE OF THREE TEST SCORES | “
20 PRINT"TEST SCORES. ARE 4, 6, 8" ‘

30 PRINT"AVERAGE = ";(4+6+8)/3
40 REM CALcuLEgEs AND PRINTS AVERAGE
50 END R

e o o e = i e e n e e e e — — e e o o  m e e o o —— =

5). DEL: The DEL command is used to delete a line or a group of

sequential numbers from a program. A DEL command with two line
& ’ .

. .
‘numbers separated by a comma will.result in deleting the two linecs
and all the'l?hes between them,

An Examplé of a group of sequential line DELeting:

LIST - .
10 REM.** FIND.THE SQUARES OF 10 AND 20 **
20 LET N=10

30 PRINT N,Na2 ’
40 END '
DEL 20, 30

LIST,

10 REM ** FIND THE SQUARES OF 10 AND 20 **
40 END - -

e e e e e e e e e e e  ————— —— ——— o — — ——— o —— —

-
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An Eiample of one line DELeting:

e e e e e e e T T e e e e  —  — —— — —  — — — — ———— . — o

DEL 10,10
LIST
40 END

Another way bf deleting a single 1ine‘in a program is to.
simply type the line number of the line,youlwant to delete and
press RETURN key. |
2.4 VARIABLES

A variable is a symbol thét is used in“programming to
‘Tepresent a number (or other quantitiqsf%ot discussed here.} It
refers to that place in the computer.memory where the number

S w.
is stored. In other‘words, a variab}e can be}?hough; of as an
address that designatés a Jocétion in the memory. This location
contains a value which may vary as the program is being execﬁted.

In BASIC, a variable may be represented by a‘single»letter

sﬁch as A, B, C,..., 2, or two letters such ésHAB, AC, BC,..., or a’
" letter folfowedlby a single digit such as AO, Al, A2,..., BO, BIl,
"B2,..., Z9. The first letter of a variable must'always be

éiphabetit and mﬁst be typed without quotation marks (" "),

4 .

\

2.5 LET STATEMENT

Specific values can be assigned to a variable by using a.LET

statement. Consider each of the following programs.
¥ ! N

10 LET A = 2 ' ' -1
20 LET AB = 8 :
30 LET Al = 5
5 40 7 (A + AB)*al -
50 END
RUN
50
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Y a value in terms of the variables

10 LET A~

20 LET C = 5

30 LET X = 10

40 LET Y = X*A + C
50«PRINT "Y = ";Y
60 ENU

.____...—__-_-_._.—_....__._..-.._._.—-._—_.—_—__-._____....—...__._—._____.._4._._

The equals sign tells the computer to assign the value of the

expression on ‘th

e right to the variable on the left. The left “side

of the.équation must‘have only one variable. Variables may appear

.on the right side of the equétion as above. However, each variable

should-be assigned & sbecific value prior to the statement in line

40.

¢

Consider the following prqgiams.

..__.--_.._.__...,___.____..__._...._.._

10 LET X
20 LET Y
30 LET A
40 PRINT
50 END
RUN

10 LET X
20 LET X
30 PRINT
40 END
RUN

Tre above program shous that &he'use of the equal Sign in

'programming»dl

> 0N
) -4+
()
@]
~
vt
I

ffers from 1ts ‘tse i algebra (In algetbra, XGQFEQ

O A

v N > . . o . B 3
R PR ﬁ, Ot s T '
N oo B . w7 " T
- . . a - . 3
LU N P

X and Y are assigned as follows.
X = & Y = 2
The value of 5*Y+20/X 1is then

* computed and assigned to A in
line 30. This value 1is then

printed in line 40.
Output , 3

by

“%

TR
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)

GOTO is the simplest branching statement; it UNCONDITIONALLY

2.6 GOTO STATEMENT ®

causes program execution to branch to anywheré in the’proé}am
specified by the GOTO statgment.rThié may be anthere above or
beyond th; current point of progrém execution. Once the GOTO
4 - : .
!statement'has bé%ﬁﬁexecuted, program executibn continues
o v

sequentially from the line number indicated in the GOTO statement.
. M»”

Consider the following prbgfaﬁ.

40 GOTC 20
5C END

Line L0 introduces a GOTO.statement. The computer will return
to line 20 each time it comes toO 1i€% 40. You may RUN the above
program on your computer to see more output..The GOTO statement‘
has a general form as follows. |

J

line number GOTO line number
e—

1. SLaté the systeh commands required by your computer to:
(a) Display a program on the screen. |
(b) Execuﬁe a program} ' : .
(c) Deiete a 3ing'frOm a program.

(d).Teéminate a program. = ~
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2. Each of the following programs contains at least one efror
Find each error and write a correct program.

(a) 20 PRINT 6(5+4)  (b) 10 PRINT 3a2  (c) LET A=6

15 END 20 END LET Y=A*3
. . 30 RUN - PRINT Y
) END ‘

3. Determine whether each of the follow;ng is an acceptable
BASIC numeric variable. Write yes or no.- |
(a) X (b) XY (c) A8
(d) 3X (e) B74 (f) DIF :
4L, State whether each of the fol]owing is an acceptable LET

statement. Write yes or no.

(a) 20 LET Al=6 (b) 20 LET 8=X

(c) 20 LET X=2*%X ' (d) 20 LET A+B=Z
.(e) 20 LET N=R-1 (f) 20 LET X/2=7/2

5. Show the output of each of the f%}lowing programs.

(a) 10 LET N=3 (b) 10 LET T=4
20 LET Y¥=5 20 PRINT T,TAZ2
30 LET Y=Y+7 30 LET T=T+3
40 LET X=Y+N 40 PRINT T,TA2
50 PRINT X : 50 LET T=T+l
60 END- 60 PRINT 3*T
: 70 END S
: o
€. Each of the following programs containhs at least one error.

Find each error and write a correct program,

(a) LET X=7 (b) 10 LET X=Y+1-
LET Y=X+46 20 LET Y=2
PRINT X+Y _ 30 PRINT XY

END 40 END

(c) 10 LET X=7
T 20 LET Y=A*X
30 PRINT Y
40 END

5
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3.1 REVIEW OF LESSON 2

3.2 1ngpf STATEMENT

Tée INPUT statement 1is anothér way by whiéh data ma
entered into é computer without having to modify the LET
statement after each RUN. The INPUT statement is used to
information from the user who inputs information into th
computer via the.keybqarg. INPUT gah request values for

combination'ofbvariables; Once you have co;rectly entere
information, the RETURN key mus; be pressed so that the

information may be processed and acted upon by the compu

An Example of INPUT:

y be

obtain
e
any

d the

ter.

59

O enter.

10 PRINT"ENTER VALUE FOR A'"; -Identifies value t
20 INPUT A -Requests value for
30 PRINT"ENTER VALUE FOR B"; -Identifies value t
40 INPUT B -Requests value for
50 LET C = A*B ~Computes the value
60 PRINT"C = ";C : and assigns to C.
70 END : 60, the value of C
RUN : printed.

ENTER VALUE FOR A7 12 ‘ ‘ z

ENTER VALUE FOR B? 5
C = 60

A.

O enter.

B.
of A*B
In line
is

e e e o — — — — B - -

10 PRINT"ENTER VALUES FOR A,B";-Identifies values to enter

20 INPUT A,B : ‘ -Requests values for A & B.
30 LET C = A*B : -Computes the value ot A*b
40 PRINT"C = ";C and assigns to C in line
50 END : 80, the value of C is

RUN printed. ¢

ENTER VALUES FOR A,B? 12,5 "o
P -— ’"\ r\
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3.3 ANALYZING PROGRAMS R

Please consider the following programs.

(1)

10 LET X = 5

20 LET Y = 10*X + 7 f
30 PRINT Y

40 END

From the above progran at

line 10, the variable X 1s assigned tc have & value of
line 20, the variable Y 1s assigned tc be equal tc 10X+
line 30, the value of Y 1s computed then prantec.

line 40, END corzand causes the prograrn to stop executiosn.

10 REM FIND AEEA OF A SQUARE,
206 REM GIVEN LENCTH OF S1DE
30 PRINT"GIVE ME THE LENGTH OF A SulAR:’

40 INPUT S . {
50 PRINT S, SAC :

Fror the above prcgran at

line 10 and 20, the REM statements are used tc describe the
type‘éf ihe prograrm:

line 30, identifies value to be entered.

line 40, requests value for S (side).

line 50, prunts values of length & area of the square,

line 60, tells the computer to restart the program at line 3C.

(If you want to stop running of the above prograrn; press CTPL &

C or CTRL & PESET keve sirultanecusly.)

——
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3.4 MUDIFYING (RE-WRITING) A PROGRAM , T

If you want to run the above program (1) many times you could

medify it by jnsefting'INPUT and.GOTO commands., The results would

be
1¢ INPUT X o - Requests value for X
20 LET Y = 10*X + 7 - Computes value of 10X+7 and
3G PRINT Y assigns to Y. Y i¢ printed.
40 GOTO 10 - Tells computer to start at
S0 end line 10 again,

TFie¢ now means any number can be put in at the INPUT line, and
line 40 tells the computer to restart at line 10. The program, in fact

will never reach line 50. To stop this program you must press the CTRL

-

& RESET keys simultaneously.
A better program should have line 5 .which alerts the person

running the program to enter the value for X.

S PREINI"ENTER VALUE FOR X"
10 INPUT X

20 LET Y = 10*X + 7

30 PRINT Y

40 GOTO 5

S0 END

Now, line 40 tells the computer to restart the program at the

UENTER VALUE FOR X" line . o - ,

L
Y
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10
20
30

t ) y\%"
v
1. Show the .OUtpUt Of Lhe fo]lowing‘program_ .’ .’
HOME . . -
PRINT"ENTER BASE & HEIGHT"; : "
INPUT B,H . .
LET A=B*H £y

40
50
60
70
’ 80

PRINT"BASE" ,"HEIGHT",6 "AREA"
PRINT B,H, A '
GOTO 20
END

%

2. The following program contains at least one error. Find each

error and write a correct progranm.

- 10
: ; 20
30
40

3. Modify

PRINT"ENTER VALUES A,B";
INPUT A;B :
PRINT"A*B = " ;A*B

END

the following prograr so that a perscn running the

. program will know to enter values for 4 and B. Show the ouvtput of

program.
10
20
30

40

50
60

INPUT A

INPUT &
PRINT"A+E = ";A+E
END

4. Fill in the appropriate INPUT statement in lines 20 and 40U of

the follo&ing program so that the values of A and B can be keyed'intg

the computeramemory during execution of the program.

10

20
30
40
50
60

PRINT"ENTER VALUE FOR A";

...............

PRINT AA2;BA2
END <
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5. Describe (analyze) what various programs are doing.

W

1. 10 LET X = 25 .. 5.0 T A -5 4843 -2
20 PRINT X 20 PRINT A
30 END ' 30 END
2. 10 LET Y = 1 6. 10 LET 2 = 10
20 LET € = 50 20 PRINT Z
30° PRINT 30 LET 2z = 2 + 3
40 PRINT C,Y,C+Y 40 PRINT Z .
50 END 55 END
3. S LET M = 5 7. What happens in the above
&4 ® LET M = M+2 questions when you add
10 PRINT M 50 GOTO 10
15 GOTO 7 ’
25 END 8. What happens in question 6
. when you add '
50 GOTO 30
4. 10 LET X = 37
20 LET Zg= X+4 _
30 PRINT X, 2 9, 10 LET C = 1
40 END . o 20 LET D = 3
S 25 LET F = C + D
R ¥ 30 PRINT C, D, E
e ‘ 40 LET C = C + 1
G, ‘ 50 LET D =D 4. C
SR . 60 GOTO 25  °
. o 70 END
10, 10 PRINE "TYPE A NUMBER" | 13: 10 REM AVERAGE OF 3 NUMBERS
20 INPUT N . : ¢ 20 PRINT"TYPE FIRST NUMBER"
30 PRINTiNa 2§N$ N*N 30 INPUT A
iAU EhD ‘{% : R 40 PRINT"TYPE SECOND NUMBER"
¢ ; o : 50 INPUT B ’
..10 PRTNT "TYPE FIRST NUMBER" 60 PRINT"TYPE THIRD NUMBER"
15 “INPUT M. B 70 INPUT C
20¢PRINT "TYPE .SECOND .NUMBER" 80 LET M = (A + B + C)/3
25 IhPUT N : 90 PRINT "AVERAGE IS "; M
C30LET S = M + N 100 GOTO 20
40.PRINT "THEIR SUM IS ";S 110 END
© 5Q PRINT - - :
60 GOTO 10 s 14. 10 REM FIND VALUE FOR Y=5X+7
70‘EhD ‘ o : 20 PRINT "ENTER VALUE FOR X"
o ‘ , . - 30 INPUT X
2. 10 LET N =13 40 LET Y = 5*X + 7
20 PRINT N 50 PRINT X;",";Y
30 LET N = N + 11 ' 60 GOTO 20
40 GOTO 20 70 END

50 END



4.2 IF-THEN STATEMENT

- s . S B
. The I1F-THEN statement makes a-comparison of two numbers. It

s 0 L . ‘ ) S . ‘ |
© tells the computer. what to do, based on the results of the
v . . . .

-

comparisén.

R . ' ) . . N ‘ ) ) * . \\
The usual form of the IF-THEN statement is as follows..

I algebréic sentence THEN-line number

If the algebraic sentence is trué,-then‘;he'compuier proceeds

"

to the line number followihg THEN-. Ifgthé algebraic sentence 1s
false tﬁé,computer simply goes in normal sequence to the next line.
However, instéad of & lihe'nUmber after THEN a command may be

written. qu.exémplg,‘

A

"NOTE: X IS NEGATIVE" . - ~.~

- . . . . . : E..‘
10 IF X. <0 THEN PRINT
20 LET Y = 15/Xx° =

v o

© " 8o if .the value for X is less than zerphthe‘screen will print

fhg;méssagé;and“procged"to;;ige 20. If X is, .say, 5, {he’programt§
. o . . @ o o - -~ - . - R
L T A , . e S

rﬁgwillycontinue to - line 20 (without pripting,hnything)'and'assfgn Y©

Lhefvaiuetof-ISQ—S which is 3._Thislbr&éfa@, tﬁen;;ﬁoﬁiq:aLert the

. [~ - . ,‘% . coa! o . ’ R e :
.- user t¢ negative values of %. L T R
‘f‘Tﬁe algebraic sentence in the IF-THEN statemgnt‘ﬁust use ‘one
~ the following symbols:
L . T h% o h )
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(5]
BASIC S)mbol &; Meanln@
14
= is equal to
< is less than N
<= is less than or requal to
> is greater than
>= is greater than or egual to
< is not equal to '
Example of IF-THEN: ’ .
. g .;fh‘ ) 3{,‘\
‘ . , R

_________________________________ S TP ____; ' "
Write -a program which finds the square root of & n@ﬁ%er %; :

If the number is negative, instruct the computer to

print hO REAL SQUARE “ROOQT. Use INPUT statememt

10 PRIhT”GI\E ME A NUMBER"

20 INPUT A ST
30, IF A<O THE\ 60 S ~-{Test liné]J ' .
40 PRINT AA.5S . . -[Print sg. root of A]
50-GOTO -10 ' ~-[Why is this |GOTO
60 PRIBT "NO REAL SQLARE ROOT" statement necessary/ )
‘70. GOTO 10 g , :
* 80 END‘
.3 EOR-NEXT LOOPS ; L oy, 6 : R
o _Loops are often urltgen in a nrogram 't O dlrect the computer Lo
. ‘a 4 @ . o
repeat a portion of the program a certain nuymber cf times Consider
,,qhg'fgllow%ng”flow chart (For a descrlptlon of the flouchart
hsymbolé“seg Flow Chartin ,’page 34 )3 and program - !
, A 10 LET Nel - ° - -
. ‘ ~ 20 PRINT N;
L ' 30 #F N<13 THEN 60
LETN =1 . 40 LET N=N+2. » : o
‘ 50 GOTO 20 : . - S - e sl
60"END . | ' - ' o
The same looping procedure can be 7o
accomp11shed by u51ng FOR and NEXT E ;
: o A St
10 FOR N=1 TO 13 STEP 2 PR
20 PRINT N PN ]—FOR hEXTfloﬁp e
30 NEXT N . © ~ ° L W
40 END, ‘ ' ¢ L
S : . ﬁ%w‘
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A FOR-NEXT loop must bégin with & FOR "statement anc. enc

a ¥ . Lt
with a NEXT statement. The variable vuwscd in each statement must Le

the same. Any nunber of lines mayuappcarfbetueen-the FOF =staterernt

ang thg%%EXT statemeht .’

The general form of the FOF statement is as fcllows.
l\"“ o .

FOR \arlable

1

Number TO Number STEF Number

2

1f the step 1is hot indicated, the computer will actomaticell

7l

I

. use a step of one, The seccnd nurter must be greater than the fir
nurber unless the step numbter 1s negative. The three rnurbers red
alsc bepvariabies thet’have hac values assignec tc’ ther frevicue v

Wher the corputer executes a FOFP-NEXT 'locp, the corjuter
¢ ’ . ’
automatically tests the value cf the \arlatxe Ec( tire 1%t .=

incremented. If it ic less tharn or equal tc the second nurter

"listec¢ 1t the FOF statement, the cor;L ter increzses the veld

1

the indicatec. stef ard continues -n the locp. (therwise trhe

cemputer goes tc. the fairst &Latemén:'following the NEXT ctatererns

ot »

that c®n be executed.: _ 5
An example of FOR-NEXT ‘ ‘ o
‘ . ) , ,
o ** hrlte a progran that computes Y values for the equatich

4w Y = Bx% - 30x + 25 when x = 1, 1. 5, 1.5C,,1.75,..., 3.

~-10 PRINT"X","Y"' - | éﬁv ,,,)
. 20 FOR X=1 TO 3 STEP .25 : |
30 LET Y=8%XA2-30%X+425
‘e -+ 40 PRINT X,Y :
* SO NEXT X | o | _
‘ »60‘END SR o 1

14

.



only two

—

ways that they can appear in a program,.

Negted qups

Ind_pendent LOQE_

cross. : cross.

FOR X : ‘ [FOR X
FFOR Y : NEXT X
[:NEX1 Yo | FOR Y
NEXT ¥ ° ' LNEXT Y
he loeops do nect The loops do not
They are

.not nested.

Suppose X=2, Y=10, and Z=15.
# ‘ .

State

3 . v ' o
cc*;u'{r'w;ll gc ro aftrer it executes the
: X .
fav 30 IF X I THEEN 50 ¢y (b)) 40
' L0 FEINT P i} 5C
¢, 30 IFT X+¥Y<Z TEEN Y Q) >C
LT FREINT YAZ+YAZ
e 26 IF Y =12 THEN 40 (£) 20
30 FEINT  X%Y o 30
” k) b C’

Us€ the pcrtldl progran

A arnd B will be prlnted

1 4
prirntec
(a) A = 16, B =5
" o(b) A = &, B'= 8
(C)A=]3,B=18
3,

Givelthe

®

10
20
30
40

50

60

70

IF A

167

Not Acceptable

FOR X
FOR Y
NEXT X

NEXT Y

These loops cross.

what line number the

IF-THEEN statemert,

IF Y«
BFINT
IF YA2D>ZAZ

KT Y

|

Y THEN

PRINT X+4Z

€ rlght toe tell whether A

e

\a be of ans

>B THEN 5C

LET A=A+10
LET B=B+2

IF K

$=B'THEN 60

PRINT A"

PRINT B,

END

SC THEN 90 ©
N ‘

IFY<Z THEN

[

.

TEEN 70

~1
N

=]

¥
13

B,

v@riablesi.

. . . ’ ST o
Write the output of each of the following programs.

'(a)'loyﬁiT'A 1

20 PRINT A,AA3

30 LET A= ZA+2

40 IF A<7 THEN 20
50 END

(

b) 10

20
30
- 40
50

LET Xs5
PRINT X
LET X=X-2
IF X¢<>-1 TH
END

o

[



-

(c) 10
20
30
40
50
60
70
g0

LET §

:(_"
- LET 'N=1
LET S=5+N\

IF N=4 THEN 70

LET N=N+]
COTC 3C
PFINT S
END

the following lists to the variable X.

wrilte &

(a)

»

Please

(b
10

N S Ty
Ly, 2.5

—d
"

N s
+

-
try o O
b 4
el Y e
n

,,
i
b

v

22]
-
Lol A )

?

R

Oy

I

6. 7, & (b) O
S ... le (d)

¢o the fellbwing.

times.

_5'15,:5} 2

‘following programs and

2. 4, 6, 8

—Ly .

(a) Write a program Lo print your mame 10 times.

168

‘4. Write a FOR statement thlat dssigns the numbers in each of

4
i

Q

oy

prograf.

Thern shcw the ovtput of each
L o s . .
LA (t) 10 FUF M=3 TO 25,STEF gy
) = ‘20 PRINT ™ \ Y
yeh 0 30 NEAT M
D40 PRINTOMAZIMALS
A .50 BN
e 1 ror =1 TU ®eSTEl ©
<, o 20 FOF Y=2 TO & ®TEF gy
- b S0 FRIAT X*Y ‘ s
- &0 NEXT X
L SC NEXT Y “
TR . 6C'§ND

Write a prOgraﬁ to request a name and print that namc

@

1 4
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- 5.1 REVIEW OF LESSON M

5.2 SYSTEM COMMANDS TO~COMMUNICATE TO THE DISK

w

1). INIT: The INIT conmand js used "to prepare a disk in orderv

that programs can be stored on«it. khen you purchase a new dlsk for

the purpose of saving Programs Q} datag it is complf ank and
. l \, _ ’
therefore will do nothlng Before you can. stofel‘ : 2 ."m disk,,
it must first be. "IhITlallzed‘ 1f you‘want to ' LRk K that
5 a o W . , ) : . N ) : -

. 1 . . ¢
has programs on 1t, 1t rust also

CAUTION! When & disk iS»INI "everything stored on it 1is

erasec. Make wsure you do¢ not INI e"a disk ‘that contains data
. o ‘ ‘
' . N " o -

you v o gl
)t 3 E . : - . . . .

The INIT command stores on the disk any program that is in

merory-when you use it. This becomes the "greeting program' which

. 1s autormetically run every time you put”theg!§sk in the disk drive
' / t ) - v - N : N

. C ! . TR - . 5 BN RS
anc¢ turn on the power. The'"greeting_progra:% can be as simple or

] . -

.complex as you desite., The file name‘%f,?he greeting program must be \

) &) | B ) . . ‘ I3 f . . ]

specified when Jou use the INIT ctommand., It is+ your responsibility 7
. 5 L o . o e

-to make sure ‘that” there 1.5 al¥aw5‘e prbgram"by‘that name; on the.,disk.

.

If 5d@wdelete the grEetlng pfogram, you‘@ill see the error message

$
FILE NOT FOUND every time, you turn the machlne on. fhe only way to.

e W N
stop that” errorgmessage is to. put a program on that dlsk wlth ihe_

»

. . v !
greeting's file nameugyhat mlgh% be dlfflcult to”~ do 1f you do not

I

know, or cannot remember,¢what f11e name was 3551gned because there
. 4 . o
is no way of determining what the name of the greeting program is. B

»
- [}

*
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The best sclutiof 18 prcvéntion.wAlways specify the same ‘greeting ’

program file name when you initialize your disks. The standarc

I . A BTIEaN
_greeting program name 1s HELLO, S
. Vo :

To initialize a new disk first put the q)stem Master Disk in /

the disk drive then turr the power orn, remove it from the drxx(,‘;&'
’ " ) \ \‘ :‘\\ N
and replace it with a2 rew bl‘ankqdisko(or a used dls'k). Use thb'_NE;\gj
Comrand tc clear the memory, then type 1n a greeting prograr. It 1s
’ B ’ " . - ' Y N .
aygood jdea tc test run thé greeting program before it is stored on
- \'\\ 1 / : - N

the disk to ensure that it does what you want ﬁt to do:s New enter

the command: INIT EELLG. Mare sure that the 4}%\& docr is shut and

presa thgww?TfFK key. o L W
- | : g & ’
An Exeryle of INIT HELLO: L S _
. - -
e m i m e m = - B e m - = o
NEw 4 ‘ ) ‘ 2
1 P(V‘ ot e
20 Pr NTUMICHEEL JACKSON. . ove. . % FEBRUAFY 2/ 88"
30 BIRTMATE 20- PRGORAMNING EkEntstC” *
e E D .
_____________ B e e m e DG e e oD mm e mmmm oo m— oo oo — o=

’w 25;vCATALOG: To see what prograﬁs are on the disk, use the tf
CATAL?G command. Simply type CATALOG, then press RETURN keﬂﬁ%nd a
v e e

list of file names will appear on the screen. ' N

TLE

b). SAVE: The SA}E commahd stor@w programs onto a disk. To

B o

store 'a program you have in.computer memory, type in SAVE -a flle

name folloued by a comma and dlsk drive number then press RETURh

; , B .
key. The file -name may consist of up to 30 characters. Every f11e

»

7name must begln ulth a letter "The disk should whlr and clack as
v"the flle i% ‘being- wﬁltten onto the dlSk When SAVE %% flnlshed the

BASIC prompt and cursor will reappear on the sqreeﬁ Type-CATALOG

to see if yOUr,program is 1lsted on the dlskmdlrectory.

«
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An Example of SAVE:

Since you must type a file name every time ybﬁ wish to run the
r .

program, it is to your adwantage to keep it 'as short as possxble

Make Sure, . -however, that the nameafelates to the program S0 Lhat at

e

a later da&é }ou hlll have no dlfflculty rememberlng 1ts contents,

\; $hg£#OAD command loads programs 1hto computer memory.

t

#{.}TT 1 5; C’f)?h ma n d d o .:

>
Wl

vmohputer memory, type in LOAD, a“filevname folloued b) .a comqa and

Rvt run the program. To load a prograw into

(PR I R s W et s B
L . : e R g e T B i L}
/ﬂ: v g ’ i i

disk drive number tmen“press BgTURﬁ kéf(“'
An Example of LOAD: .

LOAD SQUARE,D1 (hit RETURN key)

S U e e i i e

5). DELETE: The DELETE command erases files from the disk. Use
. C
this command only when you are certair vou will no longer require
that particular prograh. To erase a :1iil» from your disk, type the -
’l*ﬁLBJE’command‘followed by the . file narv oﬁ~the progtem 'you wish to
:} . R ; ) ) N / (@
erase frem your dlsk : ' N ' ‘

\8 . . -

An Example of DELETE . ' ”

6). RENAME The RENAME command changeS‘the name of any file on
—_ -

the disk. To use the RENAME command, type in RENAME tﬂe name of .

PSR

the‘old file followed by a comma and the new gpame you wish to glve

. , .
IR AR : u / ’ oy
. B . N +
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the file. Make sure that the new name you are giving the file has
not already been used on that disk.

An Example of RENAME: : )

This wilgﬁchamge”the program named SQUARE to DOUBLE.

5.3 USING A’PRINTE&

"~
To have you!' prog,rarr pr1nt on the printer. »

s

Lgad )ou? prograq 1nto corputer memory.

Type FR#I (EitJRETLRh ke\) W

[

., Then hold do?n ﬁWRL key and press 1

Type (J&w}ETLM key) | .

\

'“gnore the dQPLax error

’Thep p{pg'LIST (hit RETUKN key).
fﬁyj. b ' ’
e

;(33 SLpFﬁuﬁ program ofito a disk. “
() Dlsplay a,iist‘of file names on ohe scroen.
{c) Changeié-pfogram name.
(d) Remove a program from a dlSk
2. 1f you want to store a program named ”PROBLEM #1" onvto
your disk, what format of command you should type 1n7‘

3. To remove a program named "EXERCISE #2" from your disk, -

wha;Aformat of commpand you should‘type in?'

o 4
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.

. . Flow Charting

A flow chart is a.diagram that, shows a step-by-step procedure

.

for solving the problem. Its purpose §s to clearly define an overall.

plan so O‘fp you can mote readily visualize the logical flow of the

¢

program.

s

The shapes which.are used to draw flow charts have special

meaning's.

An coval 1s used to begin or end a program.

A parallelograr shows 1nput or output. It

i%gusvd with - FEAD or PEINT?staLements.

4

vs (firgcessing operations.
It is 'used with LET. &atements.

& -

w5

A diamond, shows a decision. Arrows show

how .the flow c3¥tinues. It is used with IF-THEN o
statements, N 4 .
* .
A circle is used to connect shapes when =« . ﬁ\a’
\ B ) . .
. o - S s ' .
drawing an arrow is inconvenient. With an ,

1
appropriate‘letté% or number inside, one.circle A : -

denotes an exit from one part of the flow chart,
L

whilke a second circle indicates the entry to



AN

L3

another part of the flow chart, thus maintainming

a continuous flow of logic.

Consider the follow1ng flow chart of the progran on the right

which prints the even numbers fron 2 to 100 1nclusive and

number

Fa)

100.

PRINT N

“.

10 LET N=0
20 LET N=N+2
30 PRINT N
40 I1F N=100 THEN 60
5¢ GOTO 20
60 END
RUN -

-

4

(\

)

stops

at
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PRINT 6%(5+4)

ND

Student

Manual

Answer Key for the

Vi FUN ¢) DEL d)

‘b)Y 10
20 END
RUN

b) Yes c) Yes d) No
b) No c)-Yes d) No
J A o e

- B »41:,”“3 i * . ) l
3 VLﬂ ,:w' p ; . “%

PRINT 3al

©

END

1

)

10
20
30
L0

LET. A=
LET -Y=
PRINT Y
END

e Y

,e) No

e)‘Yesi

/
£

*

. .
by HOME
VETURN hey
cursor to that position and correct the ¢ harac
the Lett Arrow key
+ ) ’
100 -
Ccartion »
//
Teoa power A
PRG/ 2 ) 2% (X+Y) d) 3.5%Y e)7l+Xxfr2+43%)
. MG ! Teowediate Mode
- et
v .
e boLL 7=l lae~02 c) Se-1lu
.
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: 5. a) 19 bh) & 10 .
' 7 44
“y 24
. 6. ,a) Add line number b) At line 30 PRINT X*Y
( ) ‘\'czlrlahlv A must be given value before line 20
Exercise 3
1. Exanple output.
ENTEr BAST &VHEIGHT? 2,4
EaSt . sHETGH AREA
e b
L . ., . i .
2. At line 204 change A;B to.A,B
S, 10 PRINTUENTEE & VALUE FOR A" )
o 50 BEINTU"ENTEF A VALUE FOR B"; .
£ L, En m&f"
1}}"“7 i—' -
E p
R ',\)’ ’
Exercive &
S-St m o ‘ '
1. a) line 50 b) line 90 «¢) line 70
-t ¢) line 60 €) line 30 f) line 70
Z. a) Both values of A and B will be printed, 19 and S
bl Only value of B will be priﬁited, lO\
’ c)‘ On{ly value of B will be printed, 20
-, - . M .
- - 3. 8) 1 1 - b) 5 c) 10 .
. 3 27 3
L8 125 1
“2) FOR. k—l TOE . .° ° 'b) FOR X=0 TO 8 STEP 2
-. c) FOR X=2.25 Fo 18.’Ls"ra&,v_2§; © d) FOR™X=<5 TO ¢ §TER 1.5
. }? ) , . .' '7 B
; %/4 A ; -~ -
. 5 \ . N
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‘Wﬂp. o L .

5. a) 10O FOR x=-10 TO 1 b)Y At 2line 10, delete in front of STEP
Qutput: 1 , Outputﬁlﬁ -
; <#5
7
25
729 5.19615243
¢) At line 40 NEXT C d) At line 40 NEXT Y
SO0 NEXT X
Output: &
5 Output 2
6 4
7 8
8 16 q’
. a) 10 FOR X=1 TO 10 b) 10 PRINT"WHAT IS YOUR NaE?"
20 PRINT"(YOUR NAME)™ 20 INPUT X$
30 NEXT X 30 FOR X=1 TO 10 R
40 END 40 PRINT XS
50 NEXT X .
60 END ‘
Exercise 5 .

i

| &) SAVE b) CATALOG  c) RENAME  d) DELETE

2. SAVE PROBLEM #1

A} ¢
3. DELETE EXERCISE #2

W% -
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" APPENDIX II
e o : . 9

STUDENT_EXBRCISES’FOR PROGRAMMING IN BASIC -‘MAxﬂ‘ze“
- WITH :

SOLUTION PROGRAMS
-
— — ey
s X
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Topic 1 R

has zeros

values of

| f o ‘-', Polynomials &
1. Evaluate g(x) ;v5xz— 3x + 2 atvgtB), g(eé), g(d). |
2. 1f h(x) = 2xlfq4x + 3, evaluate,h(2)—htl3)+h(1): ) \
'3, Find the zero of the following li'néar f'un‘cati'p‘ns .
a) y = 3x - 6 K ‘
b) .y =ax + b
L, Calculate app;oximatersélupiéns for the following equagions by
trying different values for x. F}fstAugg.ianéer to find whete
‘hthe value of the polynomlal changes %ién‘énﬁ_lhen narxo@ down
this fange. B , : ) ’/ - o |
&) a- bx + 3 =0
ﬁ)IQ?— x - 6. =0 a 2_ ‘ ﬂ/
chax%# bx + ¢ = 0 | fﬁcj ,;‘
5. Given P(x)ﬂ:i:zf 6x + 5, deterhine if the\poiynomial
for:g values 1in the‘ddm;in —ﬁO(x(&O. -
€. iake’ahtéble of ordgre; pairs of X,; sz_~3} + 2 for
. w { ¥
frog -5 to 5 ;nclusive.‘f ) .
7. Write a prograﬁ;tol :/ E )
a) derive a table of values using GOTO
b) derive'ordered pairs usiné FOR-NEXT i
c) derive ordered p;lrs using STEP
d) ‘derive ordered pal;s for any qu¢dratlc function of the “form
. 1' . // \ )
/1 y = ax + ‘bx:f?+ c ' / ’ o
8¢‘Factor Xz+ 5%/+‘6 l y// ;
. : / -

x ¥

143
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Topic 2 :

Evaluate (V2 )ﬂ (JS )f

Radicals

.‘w(itg the Yol}owing as single numbers. /
2) V16725 b) -\144/9 R //
o) ¥izs/66 @) Yei/625 R
Evaluate y = 2°x for integral vélues/if‘x from 1 toHIO; |

Given any mixed radical, write it as a complete radical.

eg. SN2 = . 2¥3 = 7, als =2

-

-

.. Evaluate a radical of the form :
’a) EJ;'kv vb) EV;; or (%f;)v'. -

N ) | . .

Topic 3
Relations and Functions
For the function y = Ix + 2, 15&{12, ;éNbstate the range.
For ihe funétion‘y = ff —Lgxgb, erbstate_the raﬁgeﬁ
List the y valﬁes for;the equation y = 3x14 2 given‘~5$x<7,'xe‘
Liét thg ordered pairé for y = -3x + 7,'where'—2.0gx<—0.é}
x changihg in steps of»O;Z. Priﬁt the equation at the top and
tﬁen list the ordered pairé in 2 céluhns titled
‘x \'ALU.EAS : Y VALUES
Evaluate y in theiequa&ion y = x?4 7x + 2 for any x the user
: !

wants to'input. Write the program so that, the usey‘will be

given suitable instructions, &nd dutput that will be
understandable. -2
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Topic 4
'CoordinatelGeometry‘
The Straight Line

Find,$ﬁe slope of 3y - 2x + 3 = 0. A
Find the slope éf the:éeneral,linear functioq Ax + By +fC.= 0
and use it 'to detérmine the slope of anyvlingar function‘in |
standard form (Ai<4 By + C = O)L‘ —_ o .

Given the two points (6,1) and (-2,3) determine the €&quation

- of the liné passing through these points.

Find the x- and y-intercepts of y = 3x + 70
Deiermine if the two equations are par%llgl.
¥ +‘6x - 15 = 0, 2x = 5 ; y.
Find ﬁhe x- and y-intercepts of an equation of the form ' '

Ax + By + C .= 0. 1f the eguation does not have a particular

‘intercept, a message should be displayed'on the screen telling

¢

the user why . The user is to input théayalyes of A, B,\and C.

..For a pair of.straight lines described;bj the equations _\

&
Ax + By + C wa , ] .

P

0

N

Dx + Ey + F

determine whether the lines are --parallel

pexpendiculaf

|

neither of these.

The ugéf is t0 inputlthe values of A, B‘.C,VD, E, and F.

Write a program:uhich will list suitable pairé which will-enable
you to sketch a grgph of |

a) y = 3x + 6 -
\

b) y = mx + b



Find the

S
Find the

_Thé user

Find the

and‘(C,D

-

Topic 5

Coordinate Geometry

G

distance between (lﬂZ) énd (5 -2).

dlstance betueen ‘the point (A, B) and the po1nt (C,D).

is to xnput the values of A B C; and D

~

coordlnates of the m1dpo1nn between the p01nts (l B)

). The user is to input A,’B.fCt and D.

Write a prdgram for ‘the siope~betwegp the points (-3,5) & (7,2).

.'Writg a

colinear:

.
R '

programc to ¢gtermine~if the following three points are

(1,2}, (2,4), and (5,3).

]

fOpic 6 ) oy

" System. of Equations

. »,

Solve the following systems of equations by the method of

substituti

bx -

Q&

on.,

3y = 6, y =3

Determine whethér the following-éystems are independent, dependent,

< :
inconsiste

'a) y = 3x
-b)x2xi¥ y
c) y = 2x
d) y = 3x

.~ GCGiven two

CUAx 4+ By +

Dx + Ey +
determine

input the

nt.

+ 5, 2y = 6x % 5

-1, -4x + y = 11

+ 1, y = x°

+ 5, 2y = 6x + 10
equations 0f tﬁe form

C =20

F=20

.

if the system has a unique solutlon:

values of A, B C, D E, and F.

The user is to
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A, _ ;T?pic 7

]

Variation

How far apart are two people afteh}b hours if they travel in

Fh; same direction at 10 km/hr and 15 km/hr? ° _ . / i
The formula for blood.pressure aégording to age is . -
P = ]OO%(I/Z)A‘ where A is age. Make a chart'in S year \/

intervals from.10 to 80 years.

Solving any problem involving direct variation when the,genoraf
equation is in the form y = cx, where ¢ is the constant.
N . . * ’X .

Solving any problem invoiving inverse variation when the genera

A)

equation is in the form y =u5[#.-

Topic 8

Geometry

The Cifcle
N

A point P fs_25 cm. frym the centre of a circle of radius 7.cm,

LY

Y

v

Find the distance fromf point P-to’ the point of tangency.

A circle hés radius S‘em. A chord is 6_cm.,long. How far is the

-

"chord from the centre?

- . ‘ ‘ Y -
Given a central angle, determine the measure of the fnscribed -

>

angle. Give the' user suitable instructiofs and an understandable

, - ‘ .,

answer. - o . . v

N

Finding the length of an arc given thé measure of the sector

angle and the radius.

Finding the area of-a sector given the measure of the sector

R ~ "\ o
angle and the radius. = //
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Topic 9

Trigonometry
1s 8 t;ianﬁie of sides 3‘cm, 10 cm, and 11.32 cm a right angle
tfiaﬁgle? | |
Given A ABC with " A = 30, B = 60, and C = 90 and & = 1, b = 3,
¢ = 2, find sin 36: cos 30 tan 30 sin 66 c05 66' and tanlbd.
What is the velue ef sin © 1f (3 8) lies on. the térm1nal s1de
of angle 6.
1f eesihe 64= 0.7 find velees of sin 8 and tan 9; Assume 8 is

between Oand 90, ' ' _ ﬁ*'

Given an angle @ in degrees, vrlte a program to convert it to

’
'

. radians. ' o ,

Write a program that will dispiay sin ©, cos 6, tan 8 if tﬁe'
angle 1s inputlin degrees.
- . .
Topic 10
Statlstlcs ' B

Place the following numbers in groups of width 1000

500, 2503, 3682, fo}z, $296, 10362, 9827, 8365, 5021, 5932,

6289, 8921, 7660, 4032. e .

Find the frequency in eagh’ category

Find the mean of any given serles of numbers -

’

. Flnd the megii? of any glven set of 5 nupbers. The user is to

1nput the numbers in ascend1ng or descendlng order, ie. sorting.

DetermlnehJoe S percentile if on a test he was ranked 18th out



" The user is to input A, B, and C.
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Topic 1!

Quadratic Functions

- . . .

Find the axis of symmetry for y = Lx® 4 Gx 45,

.. Find the vertex, axis of symmetry, and the point of

intersectjon with the y-axis of y = 4x 4+ bx + 5.

. _ o ’ 2
Find the maximum or minimum value of y = -3x - 6x + 5.

-

co .y : 2 ' :
Given an equatioa of the form Ax + Bx + C = 0, determine 1ts

;oots[ Check, and display an appropriate message on the screen

»1%&05@&%@

telling the user whether the equation has f?§¢TQMFH
) 9‘;4 vk} Y

b

—'no real roots
- one real root
- twp Teal roots.

~

. e .
Deterrmine the range of y = &4x + Lx + 5

. Wraite a brogram to ]ist'suipable pairs which will enatle you to

sketch the graph of

2 .
a) y = X , ~

b) y = Sx°

-2

) v =(1/3)x

d) y = 2x + 3
2

e) y = ax + bx + ¢

Evaluate the discriminant for

2 -
a) y = x - x - 12 - .
2 ' - :
b) y = AX - 4x + l ‘ "
s : .
c) y = ax_+ bx + ¢

{(Have the computérs print the characteristics of the roots.

Real, non-real, etc,)

‘»@%

i



o ~ sdlution Programs

Topic 1
. Polynomials
Pzéblem 1 |
10- REM EVALUATE G(X) = 5XA2-3X+2

20
30
40
50
60
70

PRINT"ENTER A VALUE FOR X";
INPUT X

LET Y=5*(XA2)-(3*X)+2
PRINT"X = "X", G("X") = "Y.
GOTO 1@ ‘ :
END

Problem 2 .

10
20
30
40
50
60
70
808
90

REM EVALUATE H(X) = 2XA2-4X+3

FOR I=1 TO 3

PRINT"ENTER #"I" VALUE OF X";
INPUT X (I) -

LET H(I)=2* (X (I)A2)-(4*X(1))+3 >
NEXT 1

FOR I=1 TO 3

PRINT"H ("X (I)") = "H(I)

NEXT I ‘

18@ LET Y=H(l)-H(2)+H(3)

118 PRINT"H ("X (1) ") -H("X(2)"™)+H("X(3)") = "Y

120 END

Problem 3

10
20
30
40
50

60
70

REM FIND THE ZERO OF FUNCTION Y = AX+B
PRINT"ENTER VALUES FOR A, B";

INPUT A,B

LET S=-B/A

PRINT"Y = @ WHEN X = "S .

GOTO 10. : .
END

‘Problem 4

10
20
32
T 40
50
60
78
~ 88

REM APPROXIMATE SOLUTIONS FOR A(XA2)+BX+C
INPUT"ENTER VALUES FOR A, B, C";A,B,C
PRINT"Y = "A" (X~2)+"B"X+"C :
INPUT"ENTER A VALUE FOR X";X

LET Y=A*(XA2)+B*X+C
PRINT"X = "X": Y = "Y
GOTO 480

L3

END

g’

186
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Solution Programs

187
Problem 5

10 PRINT"P(X) = XA2+6X+5"

20 FOR X=-1NTO 10

30 LET P=(XA2)+(6*X)+5

48 IF P=0 THEN PRINT"X = "X,"P = "P
58 NEXT X E .

68 END

Problem 6

18 PRINT"Y = 5(XA2)-3X+2, -5<¢=X<(=5"
20 PRINT"(X , Y)" )

3@ FOR X=-5 TO 5

40 LET Y=5%(XA2)-(3*X)+2

50 pRINTu(nxh'"Yu)n '

6@ NEXT X

7@ END

Problem 8

18 PRINT"FACTOR POLYNOMIAL OF THE FORM (XA2)+BX+C"
2¢ INPUT"ENTER VALUES FOR B,C";B,C ¢
30 IF C<@ THEN .70 '

40 IF B<@ THEN 60

50 FOR M=-B TO B:GOTO 80

63 FOR M=B TO -B:GOTO 80

78 FOR M=C TO -C .

"8@8 IF M*(B-M)<>C THEN 160

9G PRINT"XAZ+_"B"X+"C" = (X+"H") (X+I|B_M")"
1308 NEXT M:GOTO 140

119, END -



So(ution Programs

"\ ' . 188
. Topic 2

Radicals
Problem 1

18 PRINT"EVALUATE RADICAL OF THE FORM (AA(1/N))aC"
20 INPUT"ENTER A VALUE OF RADICAND";A

3@ INPUT"ENTER AN INDEX OF RADICAL";N

48 INPUT"ENTER THE EXPONENT NUMBER";C

5@ LET Y=(AA(1/N))~C

68 PRINT" ("A"A(1/"N"))A"C" = "y .

! 78 GOTO 14 .
8@ END ‘ ' ' 7
& . ’

Problem 2

"18 PRINT"EVALUATE RADICAL OF THE FORM AA(1/N)"
20 INPUT"ENTER A VALUE OF RADICAND";A
3@ INPUT"ENTER AN INDEX OF RADICAL"™;N
40 LET Y=AA(1l/N)
5@ PRINT A"A(l/"N") = "y
.68 GOTO 1@
7@ END

¥

Problem 3

1¢ PRINT"EVALUATE RADICAL OF THE FORM Y = 2(XA.5)"
20 FOR X=1 TO 1@

3@ LET Y=2*(X~.5) .

4@ PRINT"X = "X,"Y = "y

5¢ NEXT X

60 END

Problem 4

10 REM WRITE ANY MIXED RADICAL AS A COMPLETE RADICAL
20 INPUT"ENTER A POSITIVE REAL. NUMBER"}A
T @ INPUT"ENTER A VALUE OF RADICAND";B
//”’30 INPUT"ENTER AN INDEX OF RADICAL"™;N
5¢ LET Y=(AAN)*B ' .
60 PRINT A"*("B"A(l/"N")) - "YIIA(l/I'N")"
78 GOTO 1@
8¢ END



N ' Solution Programs

189
- Topic 3

Relations and Functions
Problem 1

13 PRINT"EVALUATE Y=3X+2, 1<=X<#12"
20 FOR X=1 TO 12

30 LET Y=(3*X)+2

40 PRINT"X = "X,"Y = "y

50 NEXT X

63 END

Problem y2

19 PRINT"BVALUATE Y=X 2, -4 <=X<=4" » !
280 FOR X=-4 TO 4

30 LET Y=X~A2 ’ ‘

40 PRINT"X = "X,"Y = "y o r

50 NEXT X

6@ END

Problem 3

1@ PRINT"LIST THE Y VALUES OF Y=3(XA2)+2, =5<=X<=7"
20 FOR X=-5 TO 7 '

30 LET Y=3%(XA2)+

48 PRINT"Y = "Y

58 NEXT X . S

6@ END

Problem 4

13 PRINT"LIST THE ORDERED PAIRS FOR V=—3X+7 -2.08<=X<=~-0.8
20 PRINT"X VALUES","Y VALUES"

30 FOR X=-2.0 TO -0.8 STEP @.2 “

43 LET Y=(-3*X)+7 :

"S@ PRINT X,Y '

6@ NEXT X . ,
78 END . ‘ .
Problem 5 i
\J ! .
13 PRINT"ENTER A VALUE OF X FOR Y= (X~2)-7X%+2"
20 INPUT X :
30 LET Y=(X~2)-(7*X)+2
40 PRINT"THE ANSWER IS Y = "Y
58 GOTO 1@

68 END “ o



L

* Solution Programs

N Topic 4
'+ Coordinate Geometry

(The Straight Line)
‘ \ v .

Problem 1 {.

10
20
30
40
50

REM FIND SLOPE OF 3Y-2X+3 = 0
LET A=-2

LET B=3

PRINT"SLOPE = ";-A;"/";B

END '

Problem 2

19
- 28
30
40
50
60
70

REM FIND SLOPE OF AX+BY+C = 0§

INPUT"ENTER VALUES FOR A, B, C";A,B,C
PRINT"LINEAR FUNCTION: "A"X+"B"y+"C" = @"

IF B=0 THEN PRINT"SLOPE IS UNDEFINED.":GOTO 24
PRINT"SLOPE = "(-1)*a"/"B ‘

GOTO 20

END -

Problem 3

10
20
30
490
50

REM TWO POINTS EQUATION
LET Xl1=6:Y1=1
LET X2=-2:Y2=3

END

Prowrlem 4

19
20
30
49
50
60

.

REM FIND X- AND Y-INTERCEPT OF Y=3X+7
LET A=3

LET C=7

PRINT"X-INTERCEPT IS ("(-1*C)/A",@8)"
PRINT"Y-INTERCEPT IS (&,"C™)"

END

Problem 5

10 PRINT"DETERMINE IF Y+6X~-15=0, 2X=5+Y ARE PARALLEL"™

20
30

-

LET A=6:B=1
LET D=2:E=-1

4G. LET M1=-A/B

52
60
79
80
90

LET M2=-D/E b

PRINT"M1 = "M1,"M2 = "M2

IF M1=M2 THEN PRINT"LINES ARE PARALLEL":END
PRINT"LINES ARE NOT PARALLEL"

END

PRINT"THE LINE IS y-"Yl" = "(Y2-Y1)V/" (X2-X1) " (X=-"X1")"

190



"

10 PRINT"FIND X- AND Y-INTERCEPTS OF AX+BY+C

Solution Programs
, - ‘ - 191
Problem 6 ‘ :

o

20 INPUT"ENTER VALUES FOR A, B, C";A,B,C ,
30 IF A=¢ THEN PRINT"NO X~-INTERCEPT. LINE // TO X-AXIS":
' o , E GOTO 10
40 IF B=@ THEN PRINT"NO Y-INTERCEPT. LINE // TO Y-AXIS":
- | L g . .GOTO . 19
50 LET M=-C/A - '~ . ‘
60 LET"‘N=—C/B A » - RN - o )
7¢ PRINT"X-INTERCEPT IS ("M",0)"
80 PRINT"Y- INTERCEPT 15 (@, "Ngﬁ"

.90 GOTO 1@ , v
- 198 END '

- Problem 7-

10 PRINT"DETERMINE AX+BY+C @ & DX+EY+F=0 ARE PARALLEL"

20 PRINT"OR PERPENDICULAR"
30 INPUT"ENTER VALUES FOR- A, ‘B, C";A,B,C
49 INPUT"ENTER VALUES FOR. D, E, F";D,E,F

SGJIF B=0 AND E=@ THEN PRINT"SLOPES OF B .LINES ARE

. ; \ UNDEFINED"'GOTO 19

6@ IF B=0 THEN PRINT"SLOPE OF 1ST. LINE IS UNDEFINED":GOTO 10

7¢ IF E=@ THEN PRINT"SLOPE OF 2ND LINE IS UNDEFINED":GOTO 10
80 LQT M1=-A/B: M2=-D/E
9¢. IF M1=M2 THEN PRINT"LINES ARE PARALLEL": GOTO 18
108 IF M1*M2=-1 THEN PRINT"LINES ARE PERPENDICULAR":GOTO 10
110 PRINT"LINES ARE NEITHER PARALLEL NOR PERPENDICULAR":

, ] GOTO 16
120 END ; L L I

fad



v Solution_Prééiams

v o S o » : 192
; ' . Topic 5

1

goordinate‘Geoﬁetry
Problem 1

16 PRINT"FIND THE DISTANCE 'BETWEEN (1 2) 'AND (5,-2)™
20 LET X1=1:Y1l=2 | . o
3¢ LET X2=5:y2=-2. - . -

40 ,LET D=((X2- x1)»2+(Y2 Yl)AZ)A 5

50 PRINT"THE DISTANCE = "D - N

68 END = :

Problemfz

. 18 PRINT"FIND DISTANCE BETWEEN POINTS (A,B) AND (C,D)"
. 20 INPUT"ENTER ‘A VALUE FOR A";A . - -
© 30 INPUT"ENTER A'VALUE FOR B";B
40 INPUT"ENTER A VALUE FOR C";C
'5¢ INPUT"ENTER A VALUE FOR D";D
60 LET X=(C-D)A2.
76 LET Y=(D-B)*2
80 LET 2Z=(X+Y)A.5
9¢ PRINT"THE DISTANCE BETWEEN THE POINTS = ";Z
106 GOTO 10 :
" 110 END

T

’ Problem 3
16 PRINT"FIND THE MIDPOINT OF (A,B) AND (C,D)" R ,
N 20 INPUT"WHAT IS THE VALUE OF A";A . ‘ -/
' 3¢ INPUT"WHAT IS THE VALUE OF B";B R
40 INPUT"WHAT IS THE VALUE OF C";C A
56 INPUT"WHAT IS THE VALUE OF D";D - ' /
68 LET X=(A+C) /2 o ‘ /
70 LET Y=(B+D)/2 L : L /
o 8¢ PRINT"THE MIDPOINT IS ("X, ry") " /)
<= 9¢ GOTO 186 \ | | | /
108 END , S i - . /



i
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Solution Programs.

193
Topic 6

System of Equations ' '

Prpblem 1
10 §EM * SOLVE SYSTEM OF EQUATIONS BY SUBSTITUTION
20 LET Y=3 .
30 LET X= (3*Y+6)/4. . |
40 PRINT"4X-3y = 6, ¥ = 3" '
58 PRINT"X = "X _ i o
60 END ~ 4
Problem 2
1¢ REM DETERMINE WHETHER LINEAR -SYSTEM OF THE FORM AX+BY c
. 20 REM AND PX+QY=R ARE CONSISTENT, INCONSISTENT, DEPENDENT:
3¢ REM OR INDEPENDENT AT
40 INPUT"ENTER VALUES FOR A, B, C";A,B,C ‘
5¢ INPUT"ENTER VALUES FOR P, Q, R";P,Q,R. :
60 IF A<>@ AND B<>@ AND C<>@ AND P<>0 AND Q<>G AND R<>G
THEN 16@
76 1IF A<>G AND B<>0 AND c @ AND P<>@ AND Q<>8 AND R=@ T
. , . THENﬂIQG
80 IF A<>0 AND B<>@ AND c @ AND P<>0 AND Q<>8 AND REOB ¢ o
L ‘ THEN;I?GL'“
938 IF A<>@ AND B<>@ AND c<>0 AND p<>e AND Q<>ﬁ AND R=G .
R : THEN{ZG@ o
160 I¥ A<>@ AND B=0 AND C<>@ AND P<>G AND Q 37 AND R<>E . :
S ' THEN. 2280~ -
110 IF.A=@. AND B<>@ AND C<>@ AND P=0 AND Q<>G AND R&>@ - e
L , THEN- 240 f‘
128 "IF ‘A<>0 AND B=0 AND C=0 AND P<>@ AND' Q =@ AND R=0: THEN. 260
13¢ IF A=J AND B<>@ AND C=@ AND P=@ AND Q<>@ AND R= =3 “THEN 260
140 IF'A2§M AND B=8 AND C<>@ OR C=@ AND P=0 AND Q<>@ AND
- 4 T R<>@ OR R=@ THEN 280
15¢ IF A=0 AND B<>@ AND C<>@ OR C=0 AND P<>@ AND Q=0 AND
. ‘ R<>@ OR R=@ THEN 28¢ i
IF A/P=B/Q AND B/Q=C/R THEN 260 B \ %@
17¢ IF A/P=B/Q AND B/Q<>C/R THEN 2780
188 IF A/P<>B/Q THEN 280 .
19¢ IF A/P=B/Q THEN 260
20¢ IF P/A=Q/B AND Q/B<>R/C AND R/C=@ THEN 2780
216 IF P/A<>Q/B THEN 288 ‘
228 IF A/P=C/R THEN 2690
230 IF A/P<>C/R THEN 270
24¢ IF B/Q=C/R THEN 268
250 IF B/Q<>C/R THEN 278
26@° PRINT"THE SYSTEM IS CONSISTENT AND DEPENDENT"'END
270 PRINT"THE SYSTEM IS INCONSISTENT":END
28¢ PRINT"THE SYSTEM IS CONSISTENT 'AND INDEPENDENT": . END



Solution Programs ‘
’ - 194
Problem 3 '

1¢ PRINT"DETERMINE IF AX+BY+C = @ AND DX+EY+F = g"
20 PRINT"HAVE A UNIQUE SOLUTION"
3¢ INPUT"ENTER VALUES FOR A, B, C";A,B,C
404 INPUT"ENTER VALUES FOR D, &, F";D,E,F
5¢ IF A/D=B/E AND B/E<>C/F THEN 'PRINT"THE SYSTEM HAS NO
- : - ' - SOLUTIONS":GOTO 19
68 IF A/D<>B/E THEN PRINT"THE SYSTEM HAS A UNIQUE ‘
: ' - SOLUTION" :GOTO 1@
7¢ PRINT"THE SYSTEM HAS AN INFINITE NUMBERS OF SOLUTIONS":
« : - GOTO 18

\

- 80 ENI?



Solution Programé

, 195
i .Topic 7 '

Variations :
Problem l o o

180 REM DISTANCE BETWEEN TWO PEOPLE AFTER 6 HOURS

- 20 LET D1=6*10

30 LET D2=6%*15

"40 PRINT"AFTER 6 HRS PERSON . A TRAVELED "D1" KMS."

5¢ PRINT"AFTER 6 HRS PERSON B TRAVELED "D2" KMS."

63 PRINT"DISTANCE BETWEEN 2 PERSONS “I'S "D2-D1" KMS."
7@ END :

Problem 2

16 PRINT"BLOOD PRESSURE FORMULA IS P = 1@0+(1/2)A"
2¢ PRINT"  AGE","CLASS AGE","BLOOD PRESSURE"

3¢ FOR A=18 TO 75 STEP 5 |

40 LET P=100+ (1/2)% (2*A+5) /2

5¢ PRINT A"-"A+5, (2*A+5)/2,P

60 NEXT A

70 END

Problem 3

10 PRINT"SA2 VARIES DIRECTLY AS TA3, S=2 WHEN T=4"
20 PRINT"FIND S WHEN T=8, FIND T WHEN S=16"

30 PRINT"SA2 = C(TA3) OR C = (S~2)/(TA3)

40 LET S=2: T=4 : *

58 LET C=(SA2)/(T~3)

6@ PRINT"C =."C

78 LET T=8: S=(C*(T~3))~A ‘
80 PRINT"WHEN T=8, S="S , ¢
9¢ LET S=16: T=((S542)/C)A( 1/3

190 PRINT"WHEN S=16, T-"T

.11@ END '
Problem 4

10 PRINT"X VARIES INVERSELY AS YA2, X=3.,5 WHEN Y=5"
20 PRINT"CALCULATE VALUE OF Y WHEN X=14"

30 PRINT"X = C/(¥YA2) OR C = X(YAa2)" . .

49 LET X=3.5: ¥=5

50 LET C=X*(Y~2)

60 PRINT"C "C

78 PRINT"Y (C/X)~.5"

8@ LET X=14 '
9¢ LET Y=(C/X)~.5 :
108 PRINT"WHEN X = 14, Y = "Y
119 END. ' : :



Pro

10
20
3@
40
5@

‘Pro

10
20
30
40
5@

Pro

10
20
30
49
50
60

Pro

10
20
30
40
50
60
70
88
9¢
100
110
129
130
140

- 158

Solution Programs
196
Topic 8
Geometry
(The Circle)

blem 1- . _
PRINT"FIND DISTANCE FROM POINT P TO POINT OF TANGENCY"
LET A=25: B=7 , .
LET C=(A"“2~-BA2)}A.5 . g v

PRINT"DISTANCE FROM P TO POINT OF TANGENCY = "C" CM."
END

blem 2 7\

REM * DISTANCE FROM CHORD TO CENTRE OF A CIRCLE_

LET A=5: B=3 o ~—

LET C= (AA2~-BA2)A.5 .
PRINT"DISTANCE FROM CHORD TO CENTRE OF CIRCLE = "C" cM"
END ,
blem 3

PRINT"GIVE ME.A -CENTRAL ANGLE IN DEGREE"Y;

INPUT C ,

LET B=C/2

PRINT"THE INSCRIBED ANGLE = "B" DEGREES"
GOTO 10

END

blem 4

PRINT"GIVEN SECTOR ANGLE AND RADIUS, FIND ARCLENGTH"
PRINT" (USE PI = 3.14159)" .

PRINT"IF SECTOR ANGLE IS IN DEGREES PRESS 1,"

PRINT" IN, RADTAN PRESS 2“; _

INPUT X

IF. X=1 T

INPUT"EN

EN 90
ER SECTOR ANGLE IN RADIAN";S

TER SECTOR ANGLE IN DEGREE";D
D/188)*3,14159

NTER RADIUS OF THE CIRCLE";R
*g

PRINT"THE ARCLENGTH = "L

LET S=



Sol\ﬂtibn Programs
197
Problem 5

10 PRINT"GIVEN SECTOR ANGLE, FIND AREA OF SECTOR"

20 PRINT"(USE PI.= 3.14159)"

30 PRINT"IF SECTOR ANGLE 1S IN DEGREE PRESS 1,"

40 PRINT"IN RADIAN PRESS 2";

5¢ INPUT X

.60 IF X=1 THEN 90

76 INPUT"ENTER SECTOR ANGLE IN RADIAN";S

80 GOTO 110

9¢ INPUT"ENTER SECTOR ANGLE IN DEGREE"; D

10@ LET S=(D/180@)*3.14159"

118 INPUT"ENTER RADIUS OF THE CIRCLE";R

120 LET A=.5*% (RA2)*S ,

13@ PRINT"AREA OF THE SECTOR = "A" SQUARE UNITS"

140 GOTO 1@ i .

158 END 'W\w§ e
v

~ A}



‘'Solution Programs

Problem }

1o

" 60

20

30

40
- 50
60
70

REM DETERMINE WHETHER A RIGHT ANGLE TRIANGLE

198
Topic 9

Trigonometry

INPUT"ENTER VALUES FOR SIDE A, B, C";A,B,C

80
8@
80
NOT SIDES OF A RIGHT ANGLE TRIANGLE

PRINT A" "B" "C" ARE SIDES OF A RIGHT ANGLE TRIANGLE"

20

30 IF AA2+BA2=CA2 THEN
4@ IF AA2+C*2=BA2 THEN
5@ IF BA2+CA2=AA2 THEN

PRINTA" "B" "C" ARE

7@ GOTO 20

80

9¢ GOTO 20

1860 END

Problem 2

16 REM FIND SIN A, COS
2¢ LET A=l: B=3A~,5: C=
3¢ PRINT"SIN 30 = "A/C
40 PRINT"COS 38 = "B/C
5¢ PRINT"TAN 38 = "A/B
60 PRINT"SIN 68 = "B/C
7¢ PRINT"COS 68 = "A/C
8¢ PRINT"TAN 60 = "B/A
90 END ' .
Probldm 3

1¢ REM FIND SIN A

20 LET X=3: Y=8

30 LET 2=(XA2+YA2)A.5
40 PRINT"SIN A = "Y/Z
5@ END

Problem 4

16 REM COS A = @8.7, F

28 LET X=.7

30 LET Y=(l-XA2)A.5

40 PRINT"SIN A = "y

50 PRINT"TAN A = "y /X
63 END

Problem 5

19" REM CONVERT DEGREES

A, TAN A, A=3@ AND 68 DEGREES
2 , . .

IND SIN A AND TAN A

= 2

TO RADIANS

PRINT"GIVE ME AN ANGLE IN PEGREE";

INPUT D

LET R=(D/180)%3.,14159

PRINT D" DEGREES =
GOTO 20
END

"R" RADIANS"
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- Solution Programs

199 -

L]
Problem 6

18 REM INPUT ANGLE (DEGREES), DISPLAY SIN A, COS A, TAN A
20 INPUT"WHAT IS YOUR DEGREE ANGLE";D.
30 LET R=(D/180)*3.14159 '

40 PRINT"SIN "A"™ = 'SIN(R)
50 PRINT"COS "A"™ = "COS (R)
6@ PRINT"TAN "A™ = "TAN(R)
7¢ GOTO 20

88 END



S{lution Programs
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200
~ Topic 10 7
Statistics

Problem 1 ‘ |

10 REM THIS PROGRAM WILL PLACE NUMBERS IN CLASSES OF NIDTH

90

109
110
120

139

1489
150
160
176
189
190
2008
216
220
23¢
240
250
260
279
280
290
300
310
320
330
340
350
360

Pro

19
20
30
40
50
69
70
80
94
100
1140
120

REM 1080 AND FIND FREQUENCY IN EACH CATEGORY AND YOU- :
REM CAN MODIFY THE PROGRAM TO FIND MEAN OF GROUPEdeATA'y
REM YOU DON'T HAVE TO MAKE AN ARRAY OF THE DATA = oo
INPUT"HOW MANY NUMBERS DO YOU HAVE";N LI
DIM X (N) ‘

FOR I=1 TO N

PRINT"ENTER YOUR #";I;" NUMBER";
INPUT X (I)

NEXT I ‘ ' ”
INPUT"WHAT IS THE LOWEST NUMBER";A
INPUT"WHAT IS THE HIGHEST NUMBER";B
LET K=INT ((B-A)/18006)+1 L
PRINT"NUMBER OF CLASSES = ";K;" (CLASS w1
REM DELAY THE PROGRAM

FOR D=1 TO 15@@:NEXT D \
INPUT"ENTER A LOWER BOUNDARY OF THE LOWEST CLASS";M \
LET C(J) =0 ,
REM COUNT FREQUENCY FOR EACH CLASS

FOR I=1 TO N

FOR J=1 TO K :

REM L=LOWER BOUNDARY, U=UPPER BOUNDARY

LET L=M+1000* (J-1): U=M+1800*(J)

IF L<=X(I) AND X (I)<U.THEN C(I)=C(J)+1

NEXT J ’ o

NEXT 1 v
pRINT"::::;:=================‘===="

PRINT" CLASS ’ FREQUENCY" .
pRINT"::::::::::::::::::::::::::" .

FOR J=1 TO K

PRINT L;"-";U;" ", C(J)

NEXT J . ’ ‘ o
pRINT"=============:::E:::::::::" :

PRINT" ' " TOTAL ";N

blem 2

REM FIND MEAN OF ANY GIVEN SERIES OF NUMBERS
PRINT"HOW MANY NUMBERG DO YOU HAVE";N
INPUT N :
LET Y=0
FOR I=1 TO N .
PRINT"ENTER YOUR #"I" NUMBER";
INPUT X (I) o
LET Y=Y+X (I)
NEXT I
PRINT"MEAN = "Y/N
GOTO 240
END '

A
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Problem 3

19
20
30
490
50
60
70
80
90

REM FIND MEDIAN OF ANY GIVEN S5 NUMBERS

PRINT"ENTER 5 NUMBERS IN ASCENDING OR DESCENDING ORDER"
FOR I=1 TO 5 :

PRINT"ENTER YOUR #"I" NUMBER";

INPUT X (I) .

NEXT I ‘

PRINT"THE MEDIAN IS "X (3)

GOTO 20

END

General Program for Problem 3

10
20
30
49
50
60
70
80
9@
100
110
120
130
1409
150
160
1740
180
190
200

219

220

Pro

193
20
30
40
508
60

REM THIS PROGRAM FIND MEDIAN OF ANY GIVEN NUMBERS
REM WITHOUT SORTING THE NUMBERS ‘
INPUT"HOW MANY NUMBERS DO YOU HAVE";N
FOR I=1 TO N
PRINT"ENTER YOUR #"I" NUMBER";

INPUT X (I) .
NEXT I
REM THIS LOOP SORTING THE NUMBERS
FOR I=1 TO N-1

FOR J=1+1 TO N

IF X(I)<X(J) THEN 150

LET X=X(I) ~

LET X (I)=X(J)

LET X (J)=X

NEXT J .
NEXT 1 ¢

IF N/2=INT(N/2) THEN 200

LET M=INT(N/2)+1

PRINT"THE MEDIAN = "X (M): GOTO 3@

LET M=X (N/2)+X(1+N/2) :
PRINT"THE MEDIAN = "M/2: GOTO 38

END

blem 4

REM DETERMINE PERCENTILE

INPUT"HOW MANY STUDENTS IN THE CLASS";N
INPUT"WHAT IS YOUR RANK";R

LET A?((R-l)*lGG)/N

PRINT"THE PERCENTILE IS "A

END '
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Topic 11

Quadratic Functions

Problem 1 & 2

30

10 REM FIND AXIS OF SYMMETRY, VERTEX, POINT OF
20 ‘REM_INTERSECTION WITH Y-AXIS QR\Y=A(XA2)+Bx+c
30 INPUT"ENTER VALUES FOR A, B, C";a,B,C
40 LET X=-B/(2*A)
5¢0 LET Y=- (B*B-4*A*C)/(4*A)
68 PRINT"THE AXIS OF SYMMETRY IS X = "X
70 PRINT"THE POINT OF VERTEX IS ("X","Yy")"
86 PRINT"GRAPH INTERSECTS Y-AXIS AT (@,"C")".
99 GOTO 30 ’
188 END
Problem 3
10 REM FIND MAX. AND MIN. VALUE OF Y= A(x»2)+sx+c
20 INPUT"ENTER VALUES FOR A, B, C";A,B,C -
30 LET X=-B/(2*A)
40 LET Y=- (B*B=-4*a*C)/(4*A)
5¢ IF A<@ THEN 80
60 PRINT"FUNCTION HAS A MIN. VALUE OF "Y" WHEN X = "X
78 GOTO 90
80 PRINT"FUNCTION HAS A MAX. VALUE OF "Y" WHEN X = "X
90 END
Problem 4
18 PRINT"DETERMINE ROOTS OF A(XA2)+BX+C = @"
20 INPUT"ENTER VALUES FOR A, B, C";A,B,Cc™
LET D=(B*B)= [4*A*C) ’
40 IF D<@ THEN PRINT"EQUATION HAS NO REAL ROOTS":GOTO 18
50 LET X=-B/(2*2a)
69 IF D=0 THEN PRINT"EQUATION HAS ONE REAL ROOT:X = "X:
. GOTO 10
70 LET x1=(—B+(DA.5>)/(2*A):X2=(-B-(DA.5))/(2*A)
80 PRINT"EQUATION HAS TWO REAL ROOTS: X1="X1", X2="X2
93 GOTO 10

1@ END
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Student Opinionnaire (A)

204

Express your feeling with regard to Math 28 course just completed.

SChOO]..--.--.o....-.-..o..-...-..-.-—....-..;H&}le.....Female..oo-

1.

2.

19.
ll.
12.
13.

“14.

15.

1 was abie to do most of the exercises by myself...SA
I had trouble with most of the lessonS...ecscccscseSA
We did too many exercises which sé;med boring......SA
It bthérs me to make a mistake in mathematics.....SA
The abplications_that the; teacher introéﬁced

were especially interesting...,.............w......SA
The teacher assigned too much work in the class....SA
I would have liked more help from the teachi;....l.SA
1 was able to do mathematics without much

coaxing by the teacher.c.seeeeeesccssscssossscscsessSA
I was able to learn much mathematics during

thiS term..-.-..-......-......o.-.....A.....-..‘....-SA

The teacher. is good at explaining mathematicS......SA

N .
The teacher assigned too much homework......css....SA

Many of the exercises took 'too much time to
understand thoroUghly..eeecereseescassssssssssessssSA
I see little use of this type of mathematics.......S5A
The mathematics period seemed to00 loNg.....cceccec..SA
There are too many repetitive exercises in

mathematiCS-.-.\.‘..?..-.o..........-.o..--..-o......SA

L

A

A

0]

U

D

D

SD
SD
SD

SD

SD
SD

SD

SD

SD
SD

SD

SD

SD

SD

SD

Py |



16.

A

After»studying mathematics I am interested in

«"acqu1r1ng futther mathematlcal knowledge...........SA

17.

18.

19.

20.

21-.

22,

23,
24,

25.

26,

27.

28,

29,

30.

%
I dldn't get ,enough individual -attention..eceeeeses SA

The teachefﬁ

R

The way we dld mathematlcs gave mq/an

i

umcomfortable experlenees-a.ooooonootoouuo.o..c..o.SA'

I now feel better about mathematics

than I did beforeooco.o'-oo-.oc.’otlo’c.‘a!-.o.o.c.-.;cSA

In‘Math,2G;'I garned confidence of doing

»
' ‘e « SA
6 €5 6 60 665 008 0 E6 908 ORS00 E eSS

méthematics;...,;.;
I l#i'ke doing méthe atics..“.‘.._..........-..:.I'...OQSA
I plan to. take‘ma hematics next'year......l.......,SA

°

Computer programmlng is very mathematlcal..........SA

Computer programmlng seems too dlfferent

. from mathematlcs...................................SA

1 dldn t ﬂlke to make a. mlstake when' I<61d

the programmlng exerc1ses in mathematlcs...........SA

I would have 11ked to have had more explanatlon

in the classroom about programmlng before I had

gone to‘the m1crocomputer lab.......;..............SA
I would rather have done mathematlcs in the

olassroom in the usual-way, without programming

eXEICiSeSc.'ou.’o.-o.ooobcoo--c-.loo.‘o-o.o-o.ooo...SA

I liked worklng from the BASIC Manual..............SA

4Programm1ng exercises in matheﬁatlcs gave me

Y /

.a more mean;ngful way of doing mathematrcs.,.g-.j..SA

Vs

*

EAR 2

m%ecked my homework suff1c1ently.......SAv

205
sD

SD

SD

- SD

) 'SD-

SD
SD

SD

-SD

§D

SD

SD

- 8D

SD



31.

32 'S
33,

\‘_34 -

- 35,
36.

37'

38.

39.

I would have learned just as much mathematics in

206

thé~classroom without programming exercise periods;SA AUDSD

The BASIC Manual was too hard to uﬁggrstand......;.sA'A UD SD

I liked working from problem sheefé;iqa............SA A UDSD

I was frustrated when I did programmingp:

The short review about BASIC by the teacher

" exercises in mathematiCS.....,.....,1;}i;ﬁ.,§£{§..,SA A U D-SD

before each lesson was US€fuUl.eeeessesccidioseseassaSA A U D SD

Later programming exercises in mathematics
o '

periods were not-as much fun as the earlier ohes...SA A U D SD

The programming exercises in mathema..cs peribds

made me more sure of myself when I returned to -

th‘e ClaSSIOCm.....39’.....-.o-.....o'..-o.-..o..._..’...SAAU,«D SD

| . . v
Programming exexcises in mathematics helped me

to use mathema;ical knowledge to solve problems....SA A U D SD

Other. comments - (Please indicate, if any.)

'
!
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Student Opinionnaire (B) _ 207

Express your feeling with regard to Math 2@ course juSt completed.

\
[

SCh001.........-....;..\.;..o.;.o..-.-.----....Ma.le..‘...Female....--

, .

&

1. I was able to'do'hosf of the exércises by miself...SA“A U D SD
2. I héd trouﬁle'with most of the leséons...........;;SA AU D-SD'|
3; We did too many éxe:cises which seemed boring......SA A U D SD
4, It botﬂers me to make'a mistake in méthematics....;SA A UD SD
5. The applications that the‘teacher iptroduced

were especially intéresting.................f..z.,.SA A UD SD

v :

6. The teacher assigned‘téo much work .in the ¢1a§s;.;,SA A UD SD
7. I would have liked more help from’the teacher...;;.ék A ﬁ D SR
8; I was able to do*mathematicé without much . - | @

'cbéxing‘by the teaéhér...;...r..;..........,.......SA A UD SD

9. I waé able to learn huch,héthematics’duriné' |

this term...........;..Z...;.....................,.SA A U D SD

10. The teacher is good at explaininé mathematics....;;SA A U D SD

11. The teacher assigned téo much hOMEeWOIKeeeeaosasesssSA A U D SD

12. Mény of thg&exércises took too much time to \ R

" understand thorouéhly.;.;...,......................SA AUDSD
.13. I see little use of this type of mathematics....:..SA AU D SD
14. The mathematics period seemed too 10NgieeesecesssssSAA U D SD

15.—There are too many repetitive exercises in

mathematics.........'...'.‘..“')........l‘..ﬁl........S.vAAﬁDSD



16.
17.

18.
19,
20.
21.
22.
23.
24.
25.

26.

27.

. . . 208
After studying mathematics I am interested in
. . ,

acquiring further mathematical knowledge€.....ce....SA A U D SD

I didn't get enough individual attention...........SA A UD SD

: : y
The teacher checked my homework sufficiently.......SA A U D SD

The way we did mathematics .gave .me an

umcomfortable eriences......-........:;.......i.SA A& U D SD
I now feel betcer about mathematics

than I did befOre.oQo...o.n".loto.’....-o..'o.'o..o.SA A“UDSD

In Math 2@, I gained confidence of doing

vmathematics-......-o‘..d..noo-oo'.la.o'.‘ottn.oo;o.-oc.SAAUDSD.

I like doing mathematiCS..eseesesecesesasesccecsesseSA AU D SD
I plan to tqke'mathematicsAnext yeié........;.a....SA A U D sSD
I would like to have some experience in computer

pngIamm:ing..;............;...-.--;-o--vo.;...'.....SAAU'D SD

I would like to know more about computer

programming and the application. of mathematics.....SA A U D SD
A,maﬁhemétiCS course should: involve computer

pIOgraMing.i...........--...-.o.o....o..-..-.-.A...S_AAUDSD

Other comments (Please indicate, if any.)
O.'.........'........'..'.'..........'.'.'.....'..-..'.:.......
e 6 86 56 060 » 8 09 0606 060 0 0 8 00 e 8 9 0 6 60 606 9 08606 0060 2P O CEOEO OSSR s L3 3 )
. §opin e
......Q..............'.’...'..‘.’........"."......;..Q..‘.....
-...’........‘....‘..............‘..".‘......‘......‘_........‘.'

oooo.aoooo..o..Ao-ooooonoo.oo'l..onoooo'ool...c.o..oo.o.o.:..n
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.Time:
Total Marks:

Number of pages:

»

210

// :
- MATH 20 ’

. JUNE, 1984 FINAL
\&‘ N ”

2 h ' Name:

103 ' Teacher:

]

INSTRUCTIONS TU STUUEMNTS

This examination CONS1sts nf two parts:

Section A:

Section B:

3

LONG ANSWER WUESTIONS ...43 marks
Partial marks will be given in this
section. SHOw YOUR WURK!'

MULTLIPLE CHOICE ‘ ...60 marks

No. partial marks will be awarded.
Each question is worth 2 marks, Use
the ANSWER SHFET (the last page of -
this booklet). Indicate your choice
of answer by placing an "X" through
the appropriate letter. RemoVve the
answer sheet for convenience and
place it in the booklet when you
are finisned.

CALCULATOKS ARE PERMITTED N

-

THIG TABLES ARE ATTACHED
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MATHEMATICS 20

1. In simplified form

A.

q.

3.

6.

7.

[ 4

B.

A.
B.
C.
D.

’FINAL - JUNE, 1884

11!6 - 6

M equals

aJ3 - 02

211

10
1146 - 18
10
11J6 - 6
46
146 - 18 .
46
1 3 §
P(x) = x - 6x“ - 7x, then the zeros of the polynomial are
0, -1, 7
0, 1, -7
-1, 7
1, -7
- ) 3 2
F(x) = -2x° » 4x° - 17, then F(-2) equals
~49
-17
1
15

One iyctor of

4q
8
7
5

X

X

x

X

-

A

-

+

(x-31-1 15 -

le

15

13
7

The slope of a line parallel to x = 7 is

A.
B.

C..

D.

1
-1

undefined

0

T

The slope of & line perpendicular to 2x - 3y + 7 = 0 1is

The equation of &
X - 8X15 1§

,

line passing through (2,
!

2

) and parallel to'the



10.

11.

12.

13.

14.

15.

The

A.
B.
c.
D.

Page 2

equafion of the 1line passing through

2x + Y
x + 2y
2x + Yy
x - 2y

x-intercept of 3 is -

8 = 0
3=0
3 =0
6 =0

+ 1

The mean for the following.set of values

{34; 53, 13, 41, 34, 47} is

A.
B.
cC.
D.

The

A+
B.
cC.

‘D.

45
34
37

37.5

relation which is NOT a function is

{1, 2, 0.0y, (1,-23}
(¢-3.3), (0,00, (-3,-3)}
2

y = -x

y= 4

1f f(x) = x2 -1, then f(a) - f(a+l) is equal

A.
B.
cC.
D.

-28 -1

1
-1
2

2

a

1)

11 G = {(-2.-4). (0,0), (3,6)}} the domain of

v 2 o)
4}
y < 0}

16}

b
L}

L
| R

roots of a quadratic -equation are -2 and

possible equation is

minimum value of "f(x) = 3x

B. YL- ,
cC. y
.D. -4
For vy = -
A, {ye&R,
B. {XéR-
C. ‘{y €R,
D. {chL
If the
a, 3x2 -
B. 5x2 +
C. 2x2 -
D. 5x2 -
The
A, =7
B. -1
C. 1

7
D. - 3

x - 10 =0
7x - 6 = 0
3x = 5
7x = 6

2 ., 6% - 4 is

212
(4, =2) and having an

to

the inverse of G is

[, []

, then a



17.

18.

1y.

21.

25.

. f(a) = dixs 512

Page 3 ’ 213

The function y = 5x° = 4x - 1 is NEGATIVE for

‘A, x ¢ - goOrx)
B, - % « x < %
c. - % ¢ x <1
D. x ¥ =~ % or x > 1

2x-1

€ 1
The equation x+3

- X231
Zx1 8s

A. no real roots

B. one real root .
C. two real, and uneygual roots
D. three rea}l and unequal roots

N

A certain quadratic function has a maximum value of 5 and has 1t
axis of symmetiry gi‘i¢l: by the equation x = <. One pqssible equation
that satisfies these conditions 18§

A, f(x) = -d(x-5)% + 2
2

B, f(x) = 3(x+2)" - 5

2

b, fox) = - Fx=22% + 5
The solution set for tne system'{ + 4y = <2 and y = 0 1s

(<, 0)

.y =0 B

Qoor tne emply St

x + 4y = -2 R

oNno >

eolut . Xx-3y=0
The solutiorn sel o lhe systienm By=0 1S represented by
A. one point
b. twO points
C. =a line
D. ¢ (or the emply sel)
James and Marj bought a lottery ticketl and won $500 0UV. Since they
paiad different amounts for the winning ticCKet, James received $50
QUL more than twice what Mar) recelved. James received

A. 8100 LUU
B. $&15u 00v
C. .$300 000
D. $350 00U

In the diagram at the right e
1S 8 d1am8ter with measure 2. If
/CAB_= 60" tnen the measure

of AC equals

.

A. 1
B. JZ : . : B
c. J3
D. 2

In & circle of radius 17 c¢cm, a chord is 8 cm from the centre of'tne
circle. The lengtr of the chord 1is :

A. 34 cm

B. 30 cm .

C.. 16 cm ’
D. 15 cm



24.

25,

.26.

27,

b,

24,

30.

Page 4 ' 214

For the circle with centre O, LAOB - 72°, and radius 10 cm the area
of the shaded sector, in squaré cm, is

A. - 4

B. 10%

C. 20~%

D. 40+«

The degree measures of /A, /B and 1C, 8

respectively are

A. 4B, 66, 66
B. 66, 34, 30
C. 56, 94, 30
D. 56, 34, 90

For the circle with centre O M
and tangent TS, if /TPM = 46 ?T
then LNRP equals

[o]
A, 23
B. 442
c. 467
D. 92

Given sin & = % then a value for sec © could be

3
Ao 3
B, 4
o]
5
c. 2
, 5
b 32

In tne diagram 10 the rignt,  the value of x 1s

A. b sin ©

o]
Cose

C. ¥ 1an ©
D. 8 cos & '

g
The volume (V) of s cylxnderﬁvarles Jointly with respect to its
lengt (L) ana 11s cross-sectional area (A). If k is a constant of .
propertionalaty, the correct equation describing this relationship

1§

A,V = Kk(L+Aa)
B, V = kLA

v o kL

c. v 4
kA

D Vo=

The gravitational force of attraction (F) between two objects
varies 1nversely -with respect to the square of the distance (d)
between them., If  the distance between two masses is tripled, the
new force between them will be

3F

F

B. 3
. 9F
F
D. 3



Pngé 5
LONG ANSYERS

1. Determine the solution set for J4 - 3x - x = 12.
(4) )

2. Simplify and state the non-permissible values:

5 N 3 2

2:2-75-4 2!207I*J 12-1—12

(4)

S
¢

3. A triangle has vertiges A(-3,-1), B(4,3) and C(11,-6).

the length of tne mediad “fyom B to AC.

(4)

4. If f(x) = 2x;3 , tuen evaluate f—l(—l).

" 215

Determine

4 #



5.

/ o . 216
Page 6

»

Determine the value of two numbers with a difference of 6 1f the

sum of their squares is to Be a minimum.
g "

o

(5)

Gonzo 1s planning a motorcycle trip into tire mountains. He plans to
take 3 hours longer going up the mountains (& distance of 400 km)
than coming down (&- distance of 300 km). To accomplish this, he
must travel JOkm‘n taster coming down. How long will the entire
trip take? s
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7. bSolve the following systems:

a)y 3x -~ 2y = ¢

3
Y'Ex*fi
(3}
b) x2 = - yz + 1
y = x2 + 2
(4
\
E. For the «circle with centre ¢, determine the values for the

variables indicated,

an

(4)
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218

9. From a helicopter the pilot sights two foregt fires, both dgirectly
west, at angles of depression of 42° and 5°. 1f the helicopter is
flying at an altitude of 200 m how far aparti, to the pearest km,
are the forest fires?

(4) §{

1u. &) Complete the following frequency distribution table by
determining the class boundaries and the relative frequencies.

(2)
T ]
Class Class I requency Class Mark Relative !
Boundaries Mark X frequency Frequency }
puvem———" S g —— i ekidinh S :_;_,
54 3 162 i
S S - [N S |
61 7 427 I
' 68 ® 544 I *”
RS S SO UUN SRS S !
75 ! 2 150 .
TUTAL - | 20 - - 1.00 .
b) Determine the median for the above data.
(2)

\
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fotoee: Sin wy ™ e st w: { ~
2 0000
X e ’ 1,000C
2 s §1.3¢ 1.0002 §7.29
: oy 20,68 1.0008 28.6¢
; 10823 1.0 1.0014 19.0€
-0 1634 1.0024 .3c 0
: l“;}si NN TS 1.0036 11430
, R 9.5668 1.005% [ AL T
. iees 8.2055 1.007% 8. 0443
. e .88 1.0092 10184
63928 1.012% 62138
0 L1386
n Riovd 5.7508 1,0184 54713
n ‘e 5.2408 1.087 5. 184
" 260 0.0097 1.0223 0.7044
" s RV 1.0263 €318
N 4.1336 1.0306 .00
" :::: 38437 10383 ERZ 1]
y o 34200 1.0403 pRTI
" “iosc 34203 - 10487 32709
1 25e o 1.236) 1.051% 3.0727
20716 1.0876 v 2.9042
;“) ::z‘s 29738 1.0842 2.747%
n o 1.7904 10711 2.60%1
1 o 2.4695 1.0788 2.478)
n e 2.359) 1.0864 1.35%s
. z.nu& 1.0%4¢ 2.2460
:: :;:: 2362 1,103 2000
" . 2.2002 1,126 1.050)
b e ﬁun 122 19626
" ‘ 1301 1.1326 1.8807
2.0627 1,404 1.804C
;Cl 2.000C 11807 1.2
” 1.:.:5 (BT [N TR
» vt 11797 1.60C2
o 14360 1192 1.839¢
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; e e
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) 1.805C 12868 1,248
« 18887~ 1.305¢ 11918
" 1.824) 1,325 1804
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. l.l’i) 1.36%) 1,072
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‘ 139l 1.45¢ BTN
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:; 1305¢ 1.685° 83
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C1.238) 1.7e32 RETTN
25 1.220€ 1438 L7000
12060 1,788 e, .
E‘ 1gle 1.83¢° HA5¢ :
. 1175 1887 L6249
8 NTYY] 1.9¢0¢ 4005
[ 34 bo1s4s 1.00(x &7
"y 1.1434 1.0¢2° L854).
¥ [BERS 2138 8317
43 11203 22027 509t
11 ITRArSY 2.26°¢ .77
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:( i [T 2458 NYLY
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18 425 o 1622 40087 R
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B K11 10184 §5.7588 L128)
3 9817 1.012% 6.292% L1804
[H K] 4] 1.00%8 7.1883 L1408
n 2 1.0075 $.2088 S
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M 957 1.0C24 W L0895
» K110 1 wan L824
s 9994 1.000¢ 2888 0349
33 K11 1.00C2 $7.00 0174
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" NAME! L BLOCKi__* __ TEACHER:

RAW SCORE! ., PERCENT;

. : '
INSTRUCTIONS! Indicate your answer with an X. e.g, A B x D

1. A B.C D
. 2, A B C D
3, A B COD
4, A B C D f y
s, A B C D j
& A B C D t
7 A B C D p
& A B C D
" % A B C D
10. A B C D
11. A B C.D
. 12 4o B C D
13. A B C D
1. A B C D
45, A B C D,
’ 1. A B C D .
17 A'B € D ’ \
f 18. A B C D
. r 19 A B ¢ D
2. A°'B C D. -
21, A B C D
22 A B C D
23 A B D
24, A B n
25. A B
26. A B C D
27 A B C D L.
2. A B C D
29. A B C D
. A B C D 8

-
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Problem Solving‘Test 222

Problem $1: (Radicals)

Two rectangles have,dlmen51ons in metres expressed as radical

: expre551ons. —

i
c B R — a

I1f the dlfference in the lengths of their dlagonals is 2,
find the dimensions of the rectangles.

Problem #2: (Linear Egquations)

A track for running footraces is in the shape of a rectangle
with a semicircle on each end. The length of the rectangle
is 10 times the width. What is the length and-width. of 'the
rectangle if the distance -around the track is to be 1500
metres? (T = 3.14) -

T

Problem #3: (System of Equations)
The unit's digit of a two-digit number is 2 greater than 3
times the ten's digit. If 4 is added to the original number,
this sum is equal to 4 times the unit's digit. Find the
original number. ' . o '

Problem #4: (Quadratic Functions)

A restaurant makes a proflt of $160@ per day per le when
there are 30 tables in use. When mdre tables are added, the
average proflt per table per -day decrgase by $2° for each
‘extra table. What is the total number 5f tables that will
provide the maximum daily profit? What is the maximum . -
profit? : ~ o

Problem #5: (Trigonometry)

A pilot and his copllot are flying at an altltude ‘of 1732

feet directly above a tower. The pilot Mmeasures the angles.

of depression to a tower due east to be 30 degrees while the

copllot measures the angle of depression to a tower due west

_to'be 6@ degrees. How far apart are the two towers that they
sighted? (43 = l 732) :
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General Scoring Procedure for Problem Solving Test

1. Students are awarded the maximum scores if the
correct answer 'is given, and only correct answers receive

maximum scores.
b

[

s

cSﬁld lead to a correct solution but was incomplete or
cbntained an error.

3. Students are awarded partial scofes for éhowing an
'underéfanding‘pf the problem.

4.>S§udenﬁs are awarded péztial scores for making
correct statements about the problem but not discovering a
mé;hod of obtaining the correct solution.

5. Stuéents are éwarded.no scores for incor:ect
statements about the problem or not responding to tﬂe‘

problem. - “ i "

wﬂ 2. SEudents are awarded partial scores for work which

223 .
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o

Scoring Procedure for Problem Solving Test

Problem #1 (6 marks) B .

The length of diagonal AC, in metres, is given by

aC = WZx T 1) + N
= 2x + 1 +'x
= 3x + 1

AC =v3x + 1

[1 mark. for this equation]
The lepgth of diagonal QS, in metres, is given by
0s =*(¥% ) + (1)}
= x +1 |
"0s =Vx + 1
(1 mark for ®His eqﬁation]

Thus, we obtain an equation ‘

Bx + 1 -Vx +1.=2

[2 marks; if this equation is obtained]

VEE’:ni = 2 +Vx + 1

3x + 1 =4+ 4K T L+ (x + 1)
2x - 4 = 44x +1 '
x‘- 2 = éV;_:—i"

[1/2 mark if student has the above simplified equation]

X~ 4x + 4 = 4(x + 1) -
1 ' : :
X = 4x + 4 = 4x + 4
xz- 8x =

a
[1/2 mark if student has the above simplified equation]

a

X = @ or x - 8

8
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“[1 mark; if this solution is obtained]

Thus, using x = 8, the'dimensions of ABCD are
272 m. X417 m. and of PGRS are 1 m.X 292 ‘m.-

— - — S S S WP M e dne e G b AN M wm e e G GER e SN e W GeS M ATD ED W R M G e ) TR M TER ST S e S s e o

‘Problem #2 (6 marks)
10 %

[1 mark for the diagram]

"Let x be the width

The length is 10x
[2 marks; 1 mark for each unknown]
16x + 10x + 27 (x/2) = 1500

[2 marks; if this equation is-obtained]’

20% +Tx = 1560
(26 +T)x = 1500
(23.14)x = 1500

x = 1500/23.14

X = 64.82 .

[1 mark; if this solution is'obtained]
Thus, the width and the length of the rectangle
are 64.82 m. and 648.2 m., respectively.

@~ — o > —— . - . - - 4 A - A . > A a S NS M = i S S
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Problem #3 (6 marks)

Let x be the 10's digit

Let y’ be éhe‘l's digit
5 ; . { ) )
. [1 mark for naming the two unknowns]

I}

Yy 3x +'2
10x +y + 4 = 4y

[2 marks; 1 mark for each equation]

10x + 3x + 2 + 4 = 4(3x + 2)
13x + 6 = 12x + 8
x = 2

[1 mark]
y = 3(2) + 2
y = 8
}[1 mark]
Therefore, the two-digit number is 28.
[1 mark; if the solution is obtained]

- A o . - T - — e T -, —— e ) N Py - —— —— - — o . o -

Problem #4 (6 marks)

Let x be number of extré\tables that will provide
the maximum daily profity

[1 mark for naming the unknown]

Thus, the average profit ber table per day
decreases bf $2x, and the total number of tables
is 30 + x "

[1 mark; if the above information is obtained]

\



i

Maximum daily profit

]

=

when x = 14, provides

| | 227
(30 + x)(18@ - 2x) [2 marks)

3000 + 40x - 2x° C
~2(x*- 26x - 1500)
~2(x'- 20x + 100 - 160 - 1500)

) S
-2{(x - 10) - 16040]

' : ]
-2(x -.18) + 3200 [l mark]

the maximum daily profit.

Hence, the max imum daily profit, $3200, is obtained.

when the number of tables is 440,

’

{1 mark; if the solution is obtained]

______ o - ——— ——————— -

Problem #5 (6 marks}

- — . - — " — - A . - - e -

(1 mark for the diagram]

(2

BAC = 60
tan 60°= BC/AC {1 mark]
5 tan 60" =3 and BC = 1732 ft. .
AC = BC/tan 60
AC = 1732/43
= 1732/1.732
) - AC = 1000 ft. .[l mark]
' BDC = 30 |
tan 3¢ = BC/CD [l mark]



228
CD = BC/tan 30

tan 3¢ = 1/¥3 and BC = 1732 f¢t.

CD = 1732/(1/43)

-~

CD 1732 x 1.732

CD = 2999.82 ft. [1 mark]
AD = AC + CD
AD = 1008 + 2999.82
= 3999.82 ft.
Thué, the two towers are 3999.82 feet apart.

[1 mark; ff the solution is obtained]

P I T R P e P M S e L e e T i UV I ——



APPENDIX VI

SCHOOL SUBJECTS ATTITUDE SCALES

&
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Please place only one mark between each pair of words. Be sure -
not to leave out any of the pairs.

JOC N
3 Y Y <

nice === === ==x =zx ===awful
boring === === === === ==={nteresting
unpleasant === === === === ==xpleasant
dislike === === === ===z ===]ljke
bright === === === ==x =z==dull
dead === === === === ===alive ‘-
lively === === === === ===x]istless (inactivé,-lazy)
exciting === === === === ===tjresome (makes a perscn feel tired)
)
useless === === === === =s=yseful .
important === === === === ===ynimportant
impractical === === === === =.==practica!1 (useful or workable)
worthless === === === === ===vaiuab1e
helpful === === === === ===unhelpful
unnecessary === === ===z === ==;ﬁécessary

harmful === S ===3dvantageous (brings good or gain) °

meaningful === === === === ===meaningless (doe:-'t rake sense)

hard E== == === =='= z::gasy

light === === === === ==zheavy (a lot of work)

clear === === === === ===confusing (mixes a person up)
Complicated ESz === m=z T == ==:simple
‘ elementary === === === === ===3dvanced (beyond the'beginning level)

=familiar

"

strange =TIz =ZXE= S=S== == =

[}
1]
[}
L}

understandable === === === ==puzzling (hard to understand)

undemanding === === === === ===rjgorous (has to be exaétly right)
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