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CHAPTER I
THE PROBLEM, PROCEUDRES AND

COURSES IN MATHEMATICS

For quite a number of years there have been certain groups of
people, interested in mathematics, who have desired to strengthen the
program in the secondary schools. Of course, mathematics has been an
integral part of the high school program, not only in general educa-
tion, but in the preparation of youth for the scientific and engineer-
ing professions., But many people now claim that a more rigorous
curriculum should be provided, both in breadth and depth of content,
in order to more adequately prepare high school graduates to proceed
towards high level scientific programs. There are widespread demands
also, for the introduction of some of the newer materials and ideas
to the curriculum, The present program does not take into account the
continuous revolution mathematics is now experiencing. ®Present
courses in mathematics contain little that is less than 150 years old.
Undoubtedly much -that is old is still good, but dogged adherence to the

'traditional' mathematics may perpetuate inadequacy."l
I. THE PROBLEM

Importance of the problem. The present apparent stress on

mathematics seems to follow, quite logically, the great resurgence of

1ReEort of the Royal Commission on Education in Alberta, 1959
(Edmonton: The Queen's Printer, 1959), p. 106,

1
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scientific research during and following the second world war. And
nothing has accentuated this stress in mathematics and science, more
than the successful launching, by the Russians, of the first earth
satellite in October 1957. That event was not, however, the beginning
of a movement to modify and improve the mathematics program.

Some fruitful work has been continuing over the past years, by
many groups of interested people., Since 1954 the Mathematical Associa-
tion of American has sponsored a "Committee on the Undergraduate
Program"., The committee has sought to introduce some modern topics and
to bring calculus to the freshmen, The College Entrance Examinations
Board established the "Commission on Mathematics" to consider broadly
the secondary-school college-preparatory mathematics curriculum and
make recommendations on its modernization and improvement. The "Univer-
sity of Illinois Project", for the improvement of school mathematics
is planned to create a four year program in college preparatory mathe-
matics in the manner of contemporary mathematicians. The Secondary-
School curriculum Committee of the "National Council of Teachers of
Mathematics", is giving attention to the Mathematics program for all

students in grades seven through twelve,2

These groups, and others, have been showing genuine concern and
interest in the secondary school mathematics programe. Their work in some

instances goes back to the early years of the second world war,

2John R. Mayor, "Efforts to Improve Programs and Teaching in
Mathematics,"® Bulletin of the National Association of Secondary School
Principals, May, 1959.
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Admiral Rickover has pointed out a real need in respect to
mathematies in that the industrial power of a nation depends on the
scientific and engineering professions. "These professions," he said,
"are dependent upon the flow of capable, well-trained persons. And
industry is today short more than 40,000 engineers and will require a
minimum of 30,000 per year for years to come.“3

This need for more people trained in mathematics and science,
is not confined to America. An article appearing in the "Times Educa-

tional Supplement,® (London) under the title, Shortage of Scientists

and Mathematicians says:

In order to staff the Secondary Grammar and Technical Schools,
England and Wales need 4600 men and 3500 women teachers of mathe=-
matics and science, This is about 30 per cent more than are
presently engaged in the profession. It must be borme in mind
that teaching is only one of the professions open to mathematics
graduates, Industry appears to have an almost insatiable demand
for them, Ths conclusion is inevitable: there are not enough
graduates in mathematics coming from English and Welsh Universities
to meet these needs. The shortage will tend to be worse. Since
well qualified mathematics teachers are not entering schools, the
tendency will be, presumably, that fewer children will be inspjired
to continmue the study of the subject beyond their school days.

This quotation was made several years ago, but it points up a
problem in addition to the need for mathematicians--the need to inspire
present day high school students to study the subject beyond their high
school dayse.

The opinion of another writer is indicated bys

« o o However, if present trends continue, the U.S.S.R. will

3Hyman Ge Rickover, "The Situation in American Engineering and
Scientific Education," School and Society, May, 1956,

hA. Young, "Shortage of Scientists and Mathematicians," Times
Educational Supplement, May 1L, 1950,
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graduate 420,000 engineers in the period 1956=-60 as against our
(the U.S.) 150,000. As far as scientific fields as a whole are
concerned, only one=fifth of our college graduates are trained
in these fields as aginst two-thirds in Russia. But more impor-
tant Ehan the need for more scientists, is the need for better
ones,

In Alberta, a Royal Commission completed (in Dec., 1959) a study
of all phases of education. It noted that, "dramatic changes have
taken place in mathematics.® And it may be added that many of these
changes were during the past fifty years. It is true also that new
and wider applications are being made of mathematics, and in the words
of the Commission, "These things must certainly have an impact on the
mathematics programs in the public schools."6

The opinion of the members of the staff of the Department of
Mathematics, University of Alberta, is indicated bys

The shortage of qualified mathematicians in industry and in

universities is now acute and likely to become worse, More stu-
dents than ever before must enter our honor schools of mathe-
matics, and these must receive their basic training in the high
schoolss If the supply of highly trained scientists and engineers
in the top levels of design and development and in the operation
of elaborate electronic equipment of today is to continue, the
high schools must perform the task of setting these young men and
women on the high academic road.s A course of mathematics with a

modern flavour is a good foundation on which to build a sound
scientific education. !

5L. M. Gould, "Education for Survival," College and University,

Spring 1959,

6R§pog§ of the Royal Commission on Education in Alberta, 1959,
ope cite, pe 106,

7Re ort of the Royal Commission on Education in Alberta, 1959,
Ibid., pe 106,
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This increased need for people with an interest in and a knowledge
of mathematics is widespreads There are, "many areas of business, such
as accounting, data processing, and decision making by administrators,
making increasing use of mathematics, quite often the newer ma'bhematics."8
It may be assumed that the continued flow of young people with
aptitudes for mathematics to the colleges and universities, is contin-
gent upon the quality of their instruction in the secondary schools,.
Here it is vitally important that programs be examined at every step, and
in relation to all phases of mathematicse. This may be the means of build-

ing and sustaining an enlightened opinion to this program,

Purpose of the study. In general the purposes of the study weres

(1) to gather data relating to the status of the secondary school mathe-
matics program in Albertay (2) to analyze the data in appropriate form
and present the findings in a full reporty and (3) to review some of
the related, current literature on mathematics curricula, methods and

evaluation of student learning,

Assumptions. The study was based on these assumptions: (1) Super-

vision and In-Service training of teachers of mathematics is not a common
practice in Alberta high schoolsy (2) There is probably no widespread
and conscious effort to teach for transfer; (3) No single method of teach-
ing is employed, to the exclusion of others; (4) A program of enrichment

will be in direct proportion to school size; (5) School libraries are

8
E. G. Begle, "The School Mathematics Study Group," The Bulletin
of the National Association of Secondary-School Principals, May, 1959, p. 26
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inadequate; (A) Special mathematics rooms and equipment are inade-
quate; and (7) Data may be obtained relating to the mathematics program

in Alberta high schools, by means of a questionnaire,

Scope of the study. Research on the problem was confined to the
secondary schools of the province of Alberta. The study was limited to
the courses comprising the mathematics program in grades nine, ten,
eleven and twelve. The schools in the study were taken from the list of
Accredited Secondary Schools in Alberta, which is published annually in
December, by the Provincial Department of Education,

There were about 300 schools teaching up to and including work
at the grade twelve level. This included all private and Indian schools
as well as the public and separate (Parochial) schoolse There were scme
others teaching up to grades nine or ten but these were not included in
the study.

For data gathering an arbitrary sample of 170 schools was drawn,

which is about 57 per cent of all schools.

Definitions of terms used. (1) The Secondary School and High

School refer to grades nine, ten, eleven and twelvey; (2) The Department
of Education is the Alberta Provinvial Department of Education. It is
the agency of government having overall direction and control of the

schools; (3) Accredited Secondary Schools are those schools whose pro-

grams and facilities have been assessed and authorization has been given

to them, by the Department of Education, to carry out these programs,
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II. COLLECTION OF DATA

The sample. A proportionate sampling, stratified with randoniza-
tion within each category was useds The sample included about 70 per
cent of the high schools in each size category-~-according to the number
of teachers. The total number sampled was 170 high schools. Of these
170 schools, forty=five were in the size having one to three teachers,
seventy-four were of the four to six teacher size, twenty-three of the
seven to ten teacher size and twnety=-eight had eleven or more teachers,
Returns were received from 153 schools or 90 per cent of them, These
data are given in Table I, Since the schools were classified asg City
Schools, Private Schools, and Town and Village Schoolsy, Table II was

drawn up to show those data,.

The questionnaire.9 The questionnaire consisted of three partss
(1) Part I, covering certain items about the school, the faculty and
some administrative provisions related to mathematics classes; (2) Part
II, on methods of presentation of materials and evaluation of pupil pro-
gress; and (3) Part III, on libraries, épecial rooms and equipment.

The Method. The questionnaires were mailed to the principals of
the schools selected. They with the mathematics teacher(s) were asked
to complete them, An accompanying letter explained the nature of the
project and asked for their co-operation. A second follow-up letter was
sent four weeks later, Finally a few personal letters with additional

copies of the questionnaire were mailed, The names of the schools and

9 pppendix A.



TABLE I

NUMBER AND PERCENT OF RESPONDENTS

BY TYPE OF SCHOOL

1-3 L6 7=10 11-15 Over 15

TEACHERS TEACHERS TEACHERS  TEACHERS TEACHERS TOTAL
SAMPLE® L5 L 23 1k 1k 170
RESPONSED 35 68 23 1 13 153
PERCENTAGE T7e7% 91.9% 100,0% 100,0% 93% 90,0%

b is of a

RESPONSES
NOT USABLE 1 1 0 0 1 2

BS-



TABLE 1II

NUMBER AND PERCENT OF RESPONDENTS,

BY TYPE OF SCHOOL

CITY PRIVATE TOWN & VILLAGE
SCHOOLS SCHOOLS SCHOOLS TOTAL
SAMPLE? 12 9 149 170
RESPONSEP 11 9 133 153
PERCENTAGE 91.,7% 100,0% 89.2% 90,0%

b is of a
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their principals were obtained from the list of Accredited Secondary

Schools in Alberta, which is published annually in December,
IIT, COURSES IN MATHEMATICS

Description gg coursese (1) Mathematics 9 is the course given

to all students in grade nine, It consists of algebra, geometry and
arithmetic; (2) Mathematics 10 is the course given to students who follow
the aczademic patternes It is a continuation of Mathematics 9, and con-
sists of about two-thirds geometry and one-third algebra, with one chapter
on arithmetic; (3) Mathematics 11 is available for grades ten or eleven
or twelve., It is a course of business arithmetic; (L) Mathematics 20 is
a continuation of Mathematics 10 and it is for the academic program, The
course is composed of about two-thirds algebra and one-~third geometrys
(5) Mathematics 21 is a general course in arithemtic developed from the
point of view of the consumer, It is available to all students in grades
eleven or twelvey (6) Mathematics 30 is an advanced course in algebra,
and a continuation of mathematics 203 (7) Mathematics 31 is a general

course in trigonometry. A prerequisite to it is Mathematics 20,



CHAPTER II
BACKGROUND INFORMATION

For some years there has been a wide general interest in all
phases of mathematics at the high school levels Much has been written
to show that the situation is unsatisfactory. And still much more has
been written by way of suggesting changes and remedies. Special com-
mittees, study groups and associations have been working on programs
encompassing all areas of the mathematics curriculum. A brief review

is made of some of those things here.
I. PROVISIONS FOR THE GIFTED

Laycock points out that, "many different terms have been used
to convey the idea of superior endowments gifted, exceptional, supericr,
rapid learner, able student, bright, exceptional and even genius.“l
That many of these terms are used interchangeably, without giving pre-
cise definitions, is noted rather frequently. But most writers upon
careful definition use the words gifted or talenteds "The term 'gifted
children' is generally used to mean ‘'academically talented! as measured
by standardized intelligence and achievement tests. This usage is
particularly popular at the secondary level and points to the extremely

important characteristics of gifted children-=their intellectual ability

1S, R. Laycock, Gifted Children (Toronto: The Copp Clark Publish-
ing Co., Limited, 1957); p. 9.

=] -
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and academic achievement.“2

There are numerous provisions that are being made for the gifted
students in mathematics. The Madison, Wisconsin public schools in 1957
commenced a revision of their mathematics curriculum. McCloskey report-
ed that, "The primary object the preparation of an accelerated
program for gifted students."3 The program involved building a special

curriculum in order that the students might attain advanced placement.
It was also concerned with a reorganization and modermization of the
mathematics curriculum.

Other plans have been reported, too. Seattle, Washington has had
a project under way since 1952, The Seattle project commences special
work at the seventh grade and regularly places its able students in intere
mediate algebra in grade nine, Thus, by the time many of these students
finish high school, they will have completed one course in mathematical
analysis.h

The Bronx High School of Secience, working with a very highly select-

ed group of students, has introduced a program that carries thelr ablest

2Robert Fa Dehaan, *Identification of the Gifted,® Education,
November, 1959,

3Don Ge. McClosky, "Proposed Revision and Acceleration of the
High School Mathematics Program," School Science and Mathematics, March,
1960, Pe 21}4-.

hElizabeth Roudebush, "The Seattle Project for Talented Students,®
Bulletin of the National Association of Secondary School Principals,

May, 1959. p. 80.
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students through such courses as analytic geometry, calculus, abstract

algebra, statistical inference and linear programming.s
In the Cincinnati public schools the philosophy persists that the

talented child should be stimulated to go as far as he can each year,

and they outline an accelerated plan of study for him.6 Mildred Kieffer

holds the point of view, . . .that exploration of many areas and interests,

rather than early specialization, is sound for elementary school children

al

This plan in the elementary schools, coupled with a strong four
year high school program, prepares the students for the College Entrance
Examination Board tests and for advanced placement.

These programs that have been noted are being done in the high
schools, Others are of a somewhat different nature have been tried. The
State University of Florida sponsored, in the summers of 1958, 1959 a
program for the mathematically talented. Their program was threefold: (1)
to identify talented high school youngsters capable of becoming research
mathematiciens or exceptional mathematics teachers; (2) To develop and
enhance the interests of such young men and women by providing them with
new insights into an expanding mathematiecal body of knowledge; and (3) To

bring these youngsters into contact with research mathematicians and

5Irving A. Dodes, "Mathematics in the Bronx High School of
Science," 3ulletin of the National Association of Secondary School Princi-

pals, May, 1959, p. 83.

6Mildred Kieffer, "Meeting the Needs of Cincinnati's Gifted Pupils,®

S —— T —— Aot et e

1959, p. 89.

7Ibid.
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mathematical content of a kind not commonly found in high school courses."8

The students selected for this summer program, spent six weeks
on the campus and gave three hours per day to mathematics lectures,
plus some study of the Russian language and other cultural activities.
The sponsors in evaluating the program felt that in addition to tangible
results shown by tests, there were others such as enthusiasm and keener
interest for mathematics,

Of interest to those working with the gifted is the work of the
College Entrance Examination Board, and the Advanced Placement Program.
The tests under this program are directed to the gifted pupil. This
means that a progran may be set up in any school, that leaves the
twelfth grade free for analytic geometry and calculus, Students whe
are successful in these tests may receive college credit and they may
commence college work at an advanced level.

The foregoing plans and programs are most helpful in promoting
an advanced program for some of the gifted. Passow and Brooks make
this observations

Unless the gifted can be identified and immersed in rich experi=

ences, there is danger they will not develop positive attitudes

towards mathematics, or acquire the insights, skills and under=
standings essential for higher specialization."?

8Eugene D, Nichols, ™A Summer Mathematics Program for the Mathe-
matically Talented,™ Mathematics Teacher, April 1960, p. 235.

9A. Harry Passow and Deton J. Brooks, Jr., "Mathematics and
Gifted Students=-Some Problem Areas,® Bulletin of the National Associa=-

tion of Secondary-School Principals. May, 1959, ppe 65-66.
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These men raise the following gquestions:

(1) Can the gifted be identified adequately?

(2) How much mathematics should he have?

(3) What should be the nature of the mathematies for the gifted?

(4) What kinds of special provision should be made for the
gifted student in mathematics?

(5) Who should teach the gifted, mathematics?10

An area of some concern in regard to a program for the talented
in mathematics, is the large number of students enrolled in small high
schools, In Colorado, 165 of the 265 high schools have fewer than 150
students enrolled in grades nine to twelve.ll In an area comprising the
six mountain states, it was found that almost half the schools had fewer
than 100 students enrolled.12 In these small schools there must be only
& limited mathematics offering. A study by Moore showed that of the 460
high schools in Nebraska, only nine per cent of them offered Trignometry,
and only four per cent of the schools having an enrollment of 51-100 offer
Trigonometry.

On a national basis there are many capable students enrolled in
small high schools., This represents a great potential of young scientists
and engineers, Their opportunities are obviously limited., Some educators

are exploring additional possibilities to enhance these few opportunities.

One way may be the wide use of educational television.

101pi4. pp.66-70; M.H. Ahrendt, ®Education of the Mathematically
Gifted"™ Phi Delta Kappan, 34: 285-87, April 1953; Howard Fehr,"Mathematics
for the Gifted,™ Bulletin of the National Association of Secondary-School
Principals, 38: 103-110, May 1954; Kenneth E, Brown and Philip G, Johnson,
"Education for the Talented in Mathematics and Science™ (Washington: U.S.
Government Printing Office, 1952, pp. 3-6).

1lM'il‘t.on Beckman, "Problems of Mathematics in the Small High Schools,

Bulletin of the National Association of Secondary-School Prineipals, May
1959, p. 37.

2 ni4., p. 38.

13Barry Moore, "Mathematics Course Offerings and Enrollments in
Nebraska Public Schools,® The Mathematics Teacher, 1957, p. 37.
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II. PROVISIONS FOR THE SLON LEARNER

The slow learner is generally identified on the basis of tests—-
both achievement and intelligence tests. It should be noted, however,
that some group tests give better measures of the lower ranges of ability;
others measure higher ranges more accurately. Individual tests are gener-
ally more accurate than group tests, especially for the slow learner,

Some variations appear in the literature in respectJto the IQ
range of the sliow learner, Lee Boyer places him in the IQ category 75-3C,
and says,”Hs is the pupil who does not make average progress in mathematincs
classes."l4 Potter and Mallory conclude that with about half of the popu-
lation in the 90-110 IQ category, with 25 per cent above and 26 per ceut
below, the 80-90 IQ class would include those called slow learners--about
16 per cent of the population.l5

The current literature on the slow learner is not so extensive as
that about the gifted. But it should be noted that a very small percentage
of students are in the talented class, while a much larger group crowd
the slow learner category. Most educators are not unawsre of the problem
and hence much has been written and said in respect to a program in

mathematics education for them. It is certainly encouraging to see that

the non-college group is not being forgotten.

li1ee E, Boyer, "Provisions for the Slow learner,” The Mathematics
Teacher, April 1959, p. 44.

lsMary Potter and Virgil Mallory, "Education in Mathematics for
the Slow learner,® National Council of Teachers of Mathematics,
(Washington: National Education Association, 19557, p. 12.
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There is need for much study and research on the teaching of
mathematics to the slow learner., Potter and Mallory describe this
problem under: (1) Methods (administrative and teaching); (2) Char-

acteristics of slow learners; (3) Factors of instruction; and (L)

Materials of instru-::tion.l6

One question that immediately arises iss "Who is the slow
learner?" Here is one answer to that questions

(1) The pupil has an IQ between 70~90 on the Pintner Test of
Mental Abilities.

(2) The pupil's reading level shows a retardation of at least
two years on the Standford Reading Achievement Test,

(3) The pupil's score on the New York City Arithmetic Achieve-
ment Test, is at least two years retarded.

(L) A final criterion iss "What was the opinion of the pupil's
previous teacher?nl?

Another provision for this group is to teach them by use of cone
crete or semi-concrete materials., This is often referred to as the
Laboratory approach to mathematicse. Sims and Oliver favor it stronglys

Most people are familiar with the laboratory as used in the

natural sciences, Through objectifying ideas and principles,

through demonstrations, through participation in various experiments,
and through opportunities to gain skill in types of manipulation,

the learners are able to give meaning to verbalisms, Why should
these learners be denied a similar opportunity to find 1life in mathe-
matics as a system of ideas?18

Lee Boyer, in an article previously cited, strongly urges the use

of ability grouping, as a means of assistance. This, coupled with small

16Mary Potter and Virgil Mallory, Ibid., ppe 3=l

17Stephen Krulik, "Experiences With Some Different Topics for Slow
Learners,®™ Bulletin of the National Association of Secondary-School
Principals, May, 1959, pe L3.

18yeldon Sims and Albert Oliver, "The Laboratory Approach to Mathe-
matics," School Science and Mathematics, 50:621,
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classes, provides a first provision for this group.19 But, this pro-
vision of ability grouping is not possible in the many schools with

small enrollment. It then becomes necessary to adjust the work within
the class so that the slow learner may profit from it. This may take

the form of dividing the class into two or more sections and informally
differentiating the curriculum to meet their needs. Teachers here
recognize the merits of individual help to the slow learner during super-
vised study periods or during laboratory periods,

In addition to finding suitable methods to teach the slow learner,
educators desire to give him a suitable program. In other words: "What
mathematics is essential and can be learned by students of low scholastic
ability?'zo Fehr indicated that they do best by laboratory work, geo-
metrical constructions, group discussions and short concentrated study
or practise, The content materials which these people may need most are
items such as budgeting, installment buying, cost of operating a car or
buying a home or reading a graph. These topics are learned best inya
concrete practical situation that has face value to the student,?1

Some problems, questions and areas of concern have been raised in
connection with the slow learner. Some explanations and answers have
been given, and some bibliographical works noted. There is much litera-

ture available, but all of these areas need constant re-examination,

19Lee Boyer, op. cit., p. 46.

20Howard F. Fehr, "Teaching High School Mathematics,"™ Department
of Classroom Teachers, American Educational Research Association of
National Education Association, p. 12. (Washington, D.C., National Educa-
tion Association, 1959),

2l1pi4., pp. 14-15.
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and educators seem to be aware of this need.

ITII. TRANSFER OF TRAINING

Any discussion on background material related to the teaching
of secondsry school mathematics, must take into account the question
of transfer of training. The implications are far reaching as may be
Judged by the vigorous controversy that has gone on for decades.

E. R. Hedrick, writing in The Mathematics Teachers says:

It appears to me that we will get very little transfer unless
we make it part of our business to teach it: every day and at
every opportunity, in large matters and in small numerical instances.
Butler and Wren present a rather good picture of this topic in

their book, Teaching Secondary Mathematics:

There can be no doubt that many extravagant and unjustified
claims have been made with regard to the diseciplinary values of
mathematics, On the other hand, the willingness to accept uncriti-
cally the ®™no transfer™ dictum has undoubtedly led to statements
and beliefs equally extravagant and quite as far from the truth.
Competent psychologists are agreed that the truth lies somewhere
between the two extreme positiggs. There is no longer any doubt
that transfer does take place,

That this subject has an almost compelling interest was indiested
earlier in noting the claims made both for and against it., In point of

the number of research studies that have appeared in the literature, it

22E. R. Hedrock, "Teaching for Transfer of Training in Mathematics®
The Mathematic Teacher, 30:51-55,

230har1es H. Butler and F. Lynnwood Wren, ®"The Teaching of Secon-
dary Mathematics,® (New York: McGraw Hill Book Co., Inc. 1951), p. 82;
W. C. Bagley, "Education and Emergent Man,® (New York: Thomas Nelson and
Sons, 1934), pp. 82-93; Charles H, Judd, ™Education as Cultivation of
the Higher Mental Processes," (New York: The Macmillan Co., 1936), pp.
198-201; William Betz, "The Teaching and learnimg Process in Mathematics,®
The Mathematics Teacher,42 (1949) 49-55.
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seems that this compelling interest is also still evident. Dr. Pedro
T. Orata, a dedicated student of transfer of training, summarizes the
evidence in these words:

The evidence that has sccumulated in the last six yeasrs con-
firms overwhelmingly the findings that have been summarized by
the present reviewer, first in 1927 and again in 1935, namely:
first, transfer is a fact as revealed by nearly eighty percent of
the studies; second, transfer is not an automatic process that can
be taken for granted, but it is to be worked for; and third, the
amount of transfer is conditioned by many factors, among which are:
age, mental ability; (possibly) the time interval between learning
and transfer; degree of stability attained by the attitude toward
the learning situation, and efficient use of past experience;
accuracy of learning; conscious acceptance by the learner of methads,
procedures, sentiments and ideals; meaningfulness of the learning
situation, the personality of the subject--greater transfer in extro-
verts than in introverts; method of study; suitable organization
of subject matter presentation; and provision for continuous recon=
struction of experience,

Oratz also summarizes in tabular form the results of the research
on transfer experiments from 1890 to 1941. Of the 211 experiments, 164
showed clear evidence of transfer. This is just under 80 per cent,.

Myron Rosskopf has written a good account of transfer of training,
which appeared in the Twenty-first Yearbook of the National Council of
Teachers of Mathematics. In summary he says:

Thus we see that, except for the first, each of the theories of

transfer of training has implications for the teaching of mathematics.
It is not necessary to regard them as mmtually exclusive; aspects of
the doctrine of identical elements, generalization ahd reorganization
of experience are applicable in mathematics classrooms. Of the four

theories of transfer that have been formulated, that of formal dis-
cipline is the only one that is thoroughly discredited.

24Pedro T. Orata, ™Recent Research Studies in Transfer of Train-

ing with Implications for the Curriculum, Guidance and Personnel Work,"
Journal of Educational Research, 35: 81-101, Oct., 1941.
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All others are accepted, if not totally then in part, by all groups
of psychologists.25

There are still some unanswered probléms about transfer of train-
ing. The first is: How can mathematics be taught to develop the largest
possible transfer? Others arise too: How much pradtice work or drill
is necessary so that students may recognize concepts? What are the
implications of transfer of training on genersl mathematics courses? How
can one facilitate transfer from mathematics to physics or chemistry? or
from mathematics to English? These are genuine questions and are worth
serious consideration and additional research,

As a conclusion for this section two leading authors on the teach-
ing of mathematics, speak of transfer training:

In a broad sense the disciplinary effect of sound mathematical
study may be thought of as involving potentially such values as the
awareness of, and insistence upon precision; the establishment of
self reliance and the self imposition of responsibility for informa-
tion, procedure and results . . . the habitual testing of inferences
. « o the ability to generalize relationships; the ability to dis-
criminate between sound and specious srgument and between wvalid
inferences and unwarranted inferences, ., . .the ability to general-
ize relationships and to apply generalizations. In particular, the
ability to generalize meanings, symbols, relationships and processes
and to apply such generalizations to new situations represents trans-
fer of the most genuine and vital sort. 1In fact this is precisely,
what is implied by the expression"funciional"masthematies, which has
come into use as the dominant ides for the courses in general mathe-
mathics as well as for the more formal sequential courses, Indeed,
this aspect of transfer would seem to be at the very root of all
really functional education. It is implied on every application and
every interpretation of any conceépt or eircumstance, for correct
interpretat@on must form the basis of any intelligent application,
whether to a problem in physics or geometry or to a business or social
situation, A denial of this sart of transfer value seems utterly

5Myron Rosskopf, "Transfer of Training," Twenty-First Yearbook,
National Council of Teachers of Mathematics, (Washington: The Council
1954), p. 219,




~22-

inconsistent with the advocsgy of teaching for meanings and making
education really functional.

IV. GUIDANCE IN MATHEMATICS

In these days of specializstion in jobs where much of the pre-
paration is made in high school, and where there are many free electives
for students to take, it seems logicasl that some guidance service is
essential to high school boys and girls, They are not all able to make
decisions which will be good for them in the long run, and so often they
follow certain programs simply because they are easy or popular, or their
friends are there, Some of these may lead to satisfying jobs but in many
cases their school program is completely inadequate to serve their needs
and desires,

Every school principal, and possibly every high school teacher,
can detail mistakes in choices of curriculum by students. These mis-
takes may be related to ability (or lack of it), to interests, to desires
and ambitions of parents for their children. Often times the mistakes
result from no overall, long-range planning--or the general immaturity
of many high school students. Since it is part of the work of the secon-
dary school to assist students to cultivate tastes and interests and
abilities, which are of enduring use, some guidance seems asppropriate.

The field of mathematics offers great opportunities for those who
have, or who cultivate an interest, and who have the particular ability

to successfully achieve in it. It is not the job of the counsellor,

26pytler and Wren, op. cit., pp. 82-83,
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teachers or principal to "sell™ the subject to the student--if he lacks
the normal prerequisites. But there is nothing to replace dynamic en-
thusiasm of the teacher, in the urging of students to achieve their
best, mathematically. Mathematics is most useful not only to the poten-
tial scientific people, but to people simply because they are consumers,
or because they ply occupations requiring it or simply because they
need to understand so many aspects of our civilization.

Because of the widespread needs and use of mathematics, students
require information regarding its use in so many fields. Most school
programs require students to take mathematics through the ninth grade.
Some require all students to take additional mathematics. In Alberta,
for example, all pupils are required to take at least one yzar of mathe-
matics in Senior High School. These courses are presumed to satisfy
basic needs of consumers without any specialization. Vocational infor-
mation of a detailed nature is essential as for example, what mathematics
is needed for the boy who wishes to take a course in automotive mechanics?
what courses are required for the student who wished to enter a first
class technical school? what courses are required to matriculate to a
university? These and many other questions should be answered in a pro-
per guidance program in mathematics,

The best single source of information available in respect to

guidance in mathematics is the Guidance Pamphlet in Mathematics for High

School Students, which is distributed by the National Council of Teachers

of Mathematics. The pamphlet deals with ten well defined sections,

which are listed on the next page.
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I, Mathematics for Personal Use.

II. Mathematics Used by Trained Workers.

ITII. Mathematics for College Preparation,

IV, Mathematics for Professional Workers.

V. Women in Mathematics.

VI. Mathematics Used by Civil Service Workers,
VII. Msthematics needed in Occupations in the Armed Forces.

VIII. Mathematical Organizations,

XI. Graduate Schools Offering the Doctorate in Mathematics.

X. Selected references on Mathematical Careers,?

The organization of this pamphlet makes it possible for a stu~
dent to read a section that he is particularly interested in, for
example;, he may wish to know what mathematics are necessary for Civil
Service Workers. He could find the members of workers in mathematics
and statistics employed by the government and also something of their
Preparation mathematically,

Pamphlets are distributed by most colleges, technical schools,
nursing training schools, ete. which give detailed information of the
preparation necessary in high school to meet their entrance require-
ments, If many of these are available, pupils may be apprised of
specific requirements., For example the nursing training institutions
in Alberta require girls to have credit in Mathematics 20. Students
knowing this can make suitable preparation rather than be disappointed
upon application for entrance. The University of Alberta through its
Student Counselling Services is giving much information to the high

schools of a guidance nature. These things in total indicate a trend

of thinking that regards guidance in mathemstiecs rather important.

27Nhtional Council of Teachers cf Mathematics, Guidance Pamphlet
in Mathematicd for High School Students {Washington: The Council 1956)

Pe Ve
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Time was when about the only avenue of work for a mathemati-
cian was teaching. Dr., Louis Schmittroth in a lecture entitled,
"Mathematics and Industry,® given at the Institute for Collegiate
Teachers of Mathematics at Missoula, Montana, in the Summer, 1959,
said-:

In 1941 there were 150 mathematicians holding senior

positions in U, S. industry, and working as such. While current
gigures are not complete, Bais number has grown to 15,000 and the
emend is ever increasing,

This sort of information, in itself, is most meaningful to stu-
dents, and, if available, may serve a useful purpose, But basically,
students must hear from their teachers, counsellors and other guidance
personnel that mathematics requires serious and sustained application
and this should be begun in high school, A deep and abiding interest
must be developed. Without good counselling, far too many potential
mathematicians fall into elective courses of only transitory interest
and value, Teachers must be prepared to philosophize with their stu-
dents and try to give answers to such questions as, "What good is

geometry?® or "Why study mathematics?® These things assist students

to see purpose and meaning in this subject.
V. METHODS IN MATHEMATICS

Methodology in methematics covers a wide range of territory.
But it will be assumed here that methods have to do with the actual

presentation of materials to students in the classroom. According to

28Louis M, Schmittroth, lLecture: "Mathematicians in Industry,®
Summer Institute for Collegiate Teachers of Mathematics, Montana State
University, Summer, 1959,
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Butler and Wren, "It is this phase of instruction that makes the heav-
iest demand upon the skill and artistry of the teacher. The primary
jobs are to explain, to make clear, to challenge, to guide to dis-
covery and to develop undears’c,and.ing."29 Many things, then, are
involved, for example: review of the o0ld, preview of the new, develop-
ment of lecture, heuristic, genetic and laboratory methods of teaching,
developmental teaching, directed study, drill, teaching for transfer,
grouping, and long range planning.Bo

A survey of the research31 in mathematics education during 1955-
56 indicated much interest in content and sequence of mathematics
courses. But it was noted there was no general agreement., Several
studies emphasized understanding concepts. Some work with experimental
groups indicated that these groups made progress with most methods when
they were used by skilled or specially trained teachers.32 The back-
ground and qualification of the teacher seems most signifiecant.

In summary some needs were pointed out:

(1) The studies reflect a need for state groups of teachers

or national committees to identify crucial problems so some direction
might be given to reserach,

29

Charles H., Butler and F. Lynwood Wren, ®"The Teaching of Second-

ary Mathematics,® (McGraw Hill Book Company, Inc. New Yor, 1951), p. 159.

BOIbid., pp. 158-193.

31Kenneth E, Brown, %Analysis of Research in Teaching of Mathe-
matics, 1955-56, Bulletin No. 4 (Washington, U. S. Government Printing
Office, 1958) cited in, The Mathematics Teacher, December 1958, p. 593.

321vid., p. 595.
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(2) There should be greater co-ordination of effort in attacking
identified problems. An entire mathemastics staff might concentrate
its research efforts on a single problem.

(3) The results should be published.

The University of Illinois has had a project for the improve-
ment of teaching of secondary mathematics, going on for several years.33
According to Beberman, the director of the project, they, ". . . seek to
bring mathematics into the teaching of mathematics, and to encourage the
learner to discover as much of the subject as time and circumstances
will permito”Bh

This committee decided that a realistic proposal for improvement
would have to include classroom tested instructional masterials. In the
year 1959, over eighty schools throughout the country were trying the
35

U. S. I. 6. M, Program, and the eighth version of instructional materi-
8ls, for the beginning course has been released to the profession,

Another feature of their program has been the development of
special teacher editions, According to Beberman these editions are really

compendia of pedagogy and mathematics.37 This idea is at least one way

to bring new thinking in methods to the teacher in a way he can get it

33U,I,C,S‘,M. Staff, The University of Illinois Mathematics Program,
(Urbana, I11.: The Committee, June 1959, Mimeo. 11 pp.).

Sl x Beberman, "Improving High School Mathematics Teaching,®
Educational leadership, December, 1959, p. 162.

35U.I.C.S.M. - University of Illinois Committee on School Mathe-
matics.

36th Beberman, op. cit., p. 164.

371via.
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and use it,

In the readings on method it is sometimes asserted that fine
ideas are worked out but seldom get into the classroom. Mr. A. W. Jones,
an Australian who visited American classroom said:

I had read various yearbooks of the National Council of Teachers
of Mathematics; had seen some of your excellent text books (with
teachers' guides), and some of the materials and aids supplied by
various agencies. In the classroom I expected to see the activities
suggested in these sources to enl%gen the work and stimulate the
pupils. I was very disappointed.

It appears that more concerted effort should be made to bring
fruitful ideas and practices to the classroom., This leads quite natu-
rally to in-service education, Brandon says:

Today it can be said that an instructional program moves forward
on the in-service education of the professional staff, In-service
éducation becomes the medium for professional growth of the staff. . .
It can become the proverbial leaven in the loaf; a force working
silently but vigorously, to cause change. 9

This entire issue of Educational leadership is devoted entirely

to the question of in-service education of teachers, Some suggestions
gleaned from it to promote this phase of professional growth are:

(1) Ascertain what are the professional needs,

(2) Promote workshops and seminars,

(3) Promote and take advantage of off-campus ccurses,

(4) Promote observation and intervisistation of teachers.4C

A text book published in England, Teaching of Mathematics,Al is of

38A. W. Jones, "Mathematics Teaching in American Clagsrooms,"
The Mathematics Teacher, May, 1958, p. 345.

39Bertha M. Brandon, "In-Service Education for Elememtary Teachers,®
Educational leadership, March, 1960.

4OIbid.

Incorporated Association of Assistant Masters in Secondary Schools,
The Teaching of Mathematics, (Cambridge: At the University Press, 1957).
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genersl interest not only because of its excellent content, but to make
some comparisons between it and Canadian and American texts. Consider-
able effort is expended throughout the book on the influence of psychol-
ogy on teaching. One succinctly stated phrase is most applicable:
"If we are to teach John latin, we must understand John as well as
understand Latin,”Az Two essentiasl conclusions, from the work of psychol-
ogists seem to be: ™(1) The fundamental importance for the pupil of
motive and purpose; (2) The disabling effects produced in the pupil by
emotional reactions, such as fear or dislike of the subject taught and
loss of confidence through lack of .'=‘zuccess.,"4‘3

In respect to presentation of material, three items are especially
worth notings

(1). . .This would imply a closer association of mathematics
with everyday life, and a wider field of exercises in which reason-
ing can be applied.

(2). . .There is a perpetual temptation to show the tool and then
apply it to the problem, whereas the reverse is the more effective
procedure: first show the problem, then the evolution of the tool,
lastly, the application of the tool to wider fields.

(3). . +Attention must be given to the kind of material, to the

conscious cooperation of the pupil, to explicit attention to pos-
sible transfer from mathematical to non-mathematical processes.

VI. THE EDUCATION OF TEACHERS OF MATHEMATICS

"Tf we are to teach John Letin (Mathematies), we must understand

John as well as to understend latin (Mhthematics).“45

42
43

Tbid., p. 7.
Tbid.
441p14., pp. 9-13.

451hid., p. 7.
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This indicates a broad two-fold program for the teacher--the subject
matter and appropriate psychological studies. The subject matter must
include courses on methadology. Teacher education includes pre-service
education and, in addition, contimued in-service education.

According to Fehr, the teacher's mathematics education should:

(1) Give the teacher a deep and broad knowledge of the methods,
content, and structure of pure mathematics considerably beyond
that of secondary school mathematics,

(2) Embrace the formal study of several field of knowledge where
mathematies is used, e.g., physie¢s, chemistry, and engineering.

(3) Initiate an accumulation of mathematics applicable to a wide
variety of situations and appropriate for use at all levels of high’
school instruction,

(4) Be professionalized to the extent that, wherever possible,
it is linked with secondary school mathematies,

(5) Include specific provisions for the study of basic concepts
and mathematical methods of statistices, inecluding knowledge of the
application.

(6) Give specific attention to the history and development of
mathematics, with stress on implications for secondary school teach-
ing.

(7) Give specific attention to the nature of high school teach-
ing of non-academic students with special reference to arithmetic
teaching.

(8) Include technics for operating mathematics laboratories,
including the construction and use of mechaniecal models,4

Teacher education is not always this adequate., It is not uncom-
mon for many teaching majors to include only nine to twelve hours beyond
the caleulus. The College Entrance Examination Board state that a
program of education of secondary school mathematics teachers might be

47

built around a major of 24 semester hours beyond the calculus, This

would appear to be adequate time for a satisfactory program.

46Howard F. Fehr, Teaching High-School Mathematics, (Washington:
National Education Association, 1955), pp. 30-=31.

TMare A, Iaframboise, "The Education of Secondary and Collegiate
Mathematics Teachers,®™ School Science and Mathematics, p. 267.
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Quite a number of specific programs for mathematics teachers
were noted, with some variation in course content and sequence, All
seem to call for a strong program of preparation, This is an abrupt
change from programs even 25 years ago. For example, it was noted in
the Fourteenth Yearbook of the National Council of Teachers of Mathe-
matics that the median number of hours for a mathematics major was a
twenty-eight.48 And this undoubtedly included college algebra, ana-
lytic geometry and calculus.

In contrast, lLaframboise suggests the following program:

(1) Principles of mathematics: concepts regarding logiec,
number systems, groups, rings, fields, sets, theory of equations,
algebraic functions, with the traditional necessary topics, and
analytic geometry with an introduction to exponential and loga-
rithmic functions, limits and calculus.

(2) A thorough course in calculus along with solid analytic
geometry through quadric surfaces and some theory of deter-
minants and matrices.

(3) Advanced calculus and differential equations, and a first
course in each of probability and statistics and plane statics
and dynamics.,

(4) TFoundations of mathematics, projective geometry, history
of mathematics, theory of numbers.19

Howard Fehr, in an article entitled, The Education of Teachers
of Mathemetics, makes essentially the same proposals, and then adds:

All of the proposed courses, while essentially textbook in nature,
should be accompanied by assigned collateral readings from periodi-
cals and reference books, This required reading is absolutely
necessary to the development of scholarly teachers who must come to
know that the textbook is only a part of any study, either in high
school or in college. The work at all times should be related,

48pourteenth Yearbook, National Council of Teachers of Mathematics,
"The Training of Mathematics Teachers,® (New York: Bureau of Publications,
Teachers College, 1939), p. 174.

49

Laframboise, op. ¢it., p. 268.
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when the relation is pertinent, to the high school program in
mathematics., In the course in methods of teaching masthematiecs,
which should be taught by a person competent in mathematics, the
high school material should be enriched by continuous reference
of it to the advanced treatment of the same material that takes
place in collegiate study.

It was noted that in-service education for the existing staff,
is desirable, since many and possibly most of these teachers have been
prepared far short of these goals, Various methods and ideas are set
forth, such as conferences, institutes, professional meetings, study
groups, evening or Saturday lecture programs sponsored by the univer-
sity and private reading.

These ideas are all explored in the current literature being
cited, Others are significant toos Shell 0il Company has been spon-
soring summer institutes for mathematics and science teachers, at
Stanford University and Princeton University. A limited number of
teachers from Canada and the United States have been paid to attend
these institutes. General Electric has been sponsoring such programs
almost continuously since 1945. The National Science Foundation of
the United States is continuously sponsoring institutes throughout the
country. Others could be detailed. This approach has resulted in up-
grading the qualifications of many teachers asnd represents a most

tangible interest, by industry, in assisting in this vital phase of

education.

2OHoward Fehr, "The Education of Teachers of Mathematics,"®
Bulletin on the Nstional Association of Secondary School Principals,

pp. 171-172.
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VII. EVALUATION IN MATHEMATICS

A program of evaluation in mathematics is a continuous and
integral part of mathematics education. It is an attempt by the
teacher to assess student progress and understanding; to discover
weaknesses in previous work and for testing the grasp of a new sec-
tion of work., Evaluation may serve also as & check on methods of
presentation and the effectiveness of teaching. Education is becoming
a more exacting profession and hence the necessity to have first-hand
information continuously on all aspects of the work, A business firm
mist keep running accounts of sales, inventory, expenses and profits
and can not wait until year end to know if it has made a profit or loss.
Thus an evaluative program does more than check on a completed process,
It is concerned with the objectives of instruction and of guidance.
Evalustion has broadened much in scope during the last two
decades. Futhermore,
+« « o the scope of testing has been greatly extended and an even
larger group of teachers has become concerned with the evaluation
of more than subject matter achievement. They recognize that mastery
of various bodies of subject content is but one aspect of education;
and they are attempting to evaluate the development of interests,
appreciations, and other characteristics of personality to which the
schools are increasingly directing their attention. In this connec-
tion it is important to note that evaluation means more than the
giving of tests and examinations: the term is used to refer to any

method of obtaining and interpreting evidence about the development
of pupils.51

5150int Commission of the Mathematical Association of American, Inc.
and the National Council of Teachers of Mathematics, "The Place of Mathe-
matics in Secondary Education,® Fifteenth Yearbook of the National Council
of Teachers of Mathematics (New York: Bureau of PUbllCathnS, Teachers
College, Columbia University, 1940) p. 163; cited by Butler and Wren, op.
cit., p. 201.
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Hilda Taba groups the major responsibilities of evaluation as

follows:

(1) To help provide more intelligent guidance of teaching and

learning.
(2) To develop more effective curricula and educative experi-
ences,

(3) To secure more intelligent and effective cooperation with
parents and community.
(4) To provide an adequate and effective basis for reporting

progress,

Sheldon Myers, in an article entitled, A New Approach to evalu-

ation of Competence, points out that,

Modern mathematics is not modern in content only; it is modern
in its approach as well, Modern mathematics in the high school and
college today requires that teacher and student approach the study
of mathematics creatively. It is for this reason that newer ap-
proaches to the measurement of mathematical competence 1t is this
kind of thinkin% which will play an even greater role in later courses
of the student,->

The implication is clear: whatever skill or understanding or
ablility serves as a goal, then tests must be devised to measure that goal.
Johnson states this most appropriately:

If we accept goals such as attitudes and appreciations, we need
to measure our students' status relative to these goals. If we are
teaching how to study mathematics or how to read mathematics, we
should test our students' progress in learning these skills., If we
are attempting to teach how to apply mathematical learning to new
situations, we need to devise tests of this abilitv. . .Thus, it
appears we will need to use a variety of evaluative instruments in
the classrooms,?

52Hi1da Taba, "The Functions of Evaluation,” Childhood Education,
153245-246, February 1939, cited by Butler and Wren, op. cit., p. 202,

53Sheldon S. Myers, ™A New Approach to Evaluation of Competence,™
Bulletin of the National Association of Secondary School Principals, May,
1959, p. 153.

54ponaven A. Johnson, *What Can the Classroom Teacher Do About
Evaluation?® Bulletin of the National Association of Secondary School
Principals, May, 1959, p. 156.
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The Twenty-second Yearbook of the National Council of Teachers
of Mathematics devotes a large part to evaluation of mathematical
learning, The contents of this section are:

(1) Evaluation of Mathematical meanings and understandings.

(2) Evaluation of ability to apply mathematics.

(3) Evaluation of the application of mathematical reasoning

standards to non-mathematical situations.

(4) Evaluation of attitudgg and appreciations,

(5) Reporting to parents.

This section constitutes much new material, Numerous writers
in the current literature are approaching evaluation along these same
lines, and some of the ideas are most provocative, For example Fehr
discusses the nature of, characteristics of, and developmental pro-
cedures for creating appreciation in mathematics.56 He then attempts
to identify the areas of learning for which tests can be devised, It
is noted that, while this area is recognized as one fertile in resources,
it is yet wide open for research. Little has actually been produced, in
the way of quantitative measurements.

Another item appearing time and again in evaluation in mathe-
matics is that of measuring how well students apply types of reasoning

learned in mathematics to a variety of non-mathematical situations,

Bjarne R. Ullsvik and Harry lewis selected a description of ten behsviours

5SN'ational Council of Teachers of Mathematics, "The Evaluation
of Mathematical Learning,® Twenty-Second Yearbook of the National Council

of Teachers of Mathematics, (Washington: The Counecil, 1954), p. xiii.

56Howard F. Fehr, "Teaching of Measurements and Appreciation in
Mathematics,” Twenty-Second Yearbook of the National Council of Teachers
of Mathematics, (Washington: The Council, 1954), pp. 389-390,
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and listed a test item for each., The student then studies the test

57 This is

items and seeks to discover the appropriate behaviour,
one example, Lewis used other procedures to evaluate the development
of critical thinking through the teaching of plane demonstrative
geometry: (1) an analysis of monthly reports (which the students were
asked to write), and (2) a study of questionnaire responses given at
the end of the course.58
It is noted that these are attempts at evaluation beyond that of
the ability to recall information and perform certain skills, These

ideas are certainly more elusive to grasp, but do present a great chal-

lenge to teachers, principals and other researchers.
VIII. THE MATHEMATICS ROOM

The section is concerned with the literature about rooms that
may be called "special mathematics rooms™ or "mathematics laboratory,™
This provision is not common at present, and it appears (from the litera-
ture) that there is no widespread demand for it. However, some concern
and interest is being shown and it seems that this is an area for in-
creased study and research,

In an examination of some of the texts on teaching secondary mathe-

matics, for example--Butler and Wren-—-considerable information was given

57Bjarne R, Ullsvik and Harry lewis, "™Evaluation of the Application
of Mathematical Reasoning Standards to Non-Mathematical Situations, Ibid.,

pp. 370-371.

5BHarry lewis, "An Experiment in Developing Critical Thinking Through
the Teaching of Plane Demonstrative Geometry,” Doctor's Dissertation, (New
York: New York University, 1950), cited in Twenty-Second Yearbook, Ibid.,

pp. 379-383.
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regarding equipment., "The mathematics laboratory is no longer a mis-
nomer or a mere phrase; it has become in many places an established
medium through which the courses have been given new meaning and

59

interest.®

In the text, The Teaching of Mathematics, the suthors have this

to say:

Although we have sought throughout the country for evidence of
the success of mathematics rooms or laboratories and have appealed
through the press for information, verv little material has reached
us, We have, therefore, been forced to the conclusion that, though
much may have been said or thought about developing such rooms in
schools, very little work has actually been done. 0

This same committee devotes an entire chapter to a discussion of
the mathematics room, and in so doing states three reasons for it:

(1) First, there is evidence that schools which have devoted a
room specially to mathematical work have found the resulting stimu-
Jus has amply justified the experiment.

(2) Secondly, though these notes have in mind grammar schools,
it is probably true that they could be of greater use in modern
schools. . .

(3) Thirdly, we as a committee believe that this kind of develop-
ment in teaching is to be encouraged and we hope that our words may
give some of our readers a desire to experiment.

The twenty-second yearbook of the National Council of Teachers of
Mathematics devotes one section to laboratory teaching. While it is not
intended to deal with methods here, it is worth noting that emphasis is
laid upon the necessity of having adequate space and equipment to carry

out appropriate laboratory activities. The committee notes that,

59Chas. H. Butler and F. Lynwood Wren, op. cit., p. 97.

60The Incorporated Association of Assistant Master in Secondary
Schools, The Teaching of Mathematics, (Cambridge, England: The Univer-

sity Press, 1957}, p. 179.

6lIbid.
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RTeachers are beginning to request such space for mathematics rooms
and architects are planning for such space in new buildings;."62
Bartnick has gathered considerable material together and has

compiled a booklet, Designing the Mathematics Classroom. This is

the most complete single treatment moted, so the table of contents
is given:
I. Introduction.
II. Physical Features of the Mathematics Classroom.
III. Furnishings for the Mathematics Classroom.
IV. Equipment for the Mathematics Classroom.
V. Other Facilities.,
VI. Summary of Physical Features and Furnishings.
VII. Typical Floor Plans.
VIII. Bibliography.%3
It should be noted that many schools may have considerable
equipment already placed in several rooms. In this case a little
reorganization may produce a suitable laboratory. In other instances
there are many rooms without fixtures and equipment, and these might
readily be made into suitable rooms. Certainly the advantages of
laboratory teaching may be seized upon by utilizing whatever space
and equipment that are available, But whenever new construction is
planned, there is a considerable body of information available to
provide features that are now considered desirable and helpful. In

Bartnick's Chapter 7 there are some excellent floor plans shown, that

are representative of present thinking. It is suggested that:

2

é The National Council of Teachers of Mathematics, Emerging
Practices in Mathematics Education, (Washington: Nathional Council
of Teachers of Mathematics, 19545, p. 101,

63Lawrence P. Bartnick, Designing the Mathematics Classroom,
(Washington: National Council of Teachers of Mathematics, 1957),
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Interested readers will find it advantageous to study care-
fully the content of each floor plan, make comparisons, and then
reach individual conclusions pertinent to local philosophy and
objectives. The floor plans can be invaluable as guideposts 6
from which sound adaptations can be made according to local need. 4

Berger and Johnson have compiled a booklet, A Guide to the Use

and Procurement of Teaching Aids for M’athematics.65 While it is true

that most of this information is available from many sources, this one
source may be of genuine value, The compilers note that:

The use of teaching aids in Mathematics is not new. Ever since
primitive man drew pictures on cave walls to describe the size of
a herd of deer, some form of picture or concrete referent has been
used to teach mathematical ideas. In recent years new materials,
new equipment, and new emphasis on discovery and sensory expegg-
ence have put teaching aids in the spotlight as never before.

6
AIbid., pP. 29,

65Emil J. Berger and Donovan A, Johnson, A Guide to the Use
and Procurements of Teaching Aids for Mathematics, EWashington% The
Council, 1959),

%6 1p1d., p. 36.



CHAPTER III
PRESENTATION OF DATA

This report presents the information taken from the question-
naéze sent to a sample of Alberta secondary schools. It comprised
three main sections: (1) Part I sought information relating to
personnel, class size, time distribution and administrative provisions;
(2) Part II inquired into methods of presenting and evaluating materi-
als; and (3) Part III asked for information relative to the mathematics

library and teaching facilities.

I. PERSONNEL, CLASS SIZE, TIME DISTRIBUTION
Personnel

Numbers of teachers. 1In the tabulation of date from the question-

naire, the schools have been categorized according to the numbers of
teachers in this manner: (1) One to three teachers; (2) four to six
teachers; (3) seven to ten teachers; and (4) eleven or more teachers.
Since the study is concerned with methods of teaching, it seemed logical
to make this sort of classification.

In Alberta there is great variation in the size of the secondary
schools, The range is from one teacher in the far north to sixty-four
teachers in some of the large city schools. The latter is certainly
not typical since 90 per cent of the schools have thirteen or fewer
teachers, Of the 170 schools in the sample the following is a classifi-

cation by numbers of teachers: (1) 45 schools with one to three

-40-
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teachers; (2) 74 schools with four to six teachers; (3) 23 schools
with seven to ten teachers; and (4) 28 schools with eleven or more
teachers, The most common size school is the one with four teachers
~-31 of the 153 schools responding had this number, which is just over
20 per cent, Two schools reported 64 teachers and nine schools indi-
cated they had 20 or more teachers, This is about six per cent of the
schools.

Qualifications of teachers. Of interest in conjunction with

this study, is information regarding the academic background in mathe-
matics, of the teaching personnel, Table III gives a summary of this
information in terms of the grades in which teachers are employed and
the number of university courses they have taken., A university course
in Alberta is one lasting for the duration of the academic year, which
is about eight months. Translated into credits on the quarter basis,
it represents nine to twelve quarter credits or six to nine semester
credits.

Of those who teach grade nine, more than half have taken no mathe-
matics beyond high school, while smaller numbers have taken one, two,
four or more courses, One grade nine teacher out of ten has taken four
or more university courses—-about 36 to 48 quarter hours of credit., A
progressive, but certainly not an abrupt, improvement is shown in the
higher grades. For grade ten, one teacher in three is listed under no
university courses, and about one out of five has taken four, or more,
courses. This pattern continues in grade eleven where it is 28,6 per
cent for no courses and 25 per cent for four, or more courses. The teach-

ers in grade twelve have the best academic preparation--one in six has had



TABLE III

THE PROPORTION OF MATHEMATICS TEACHERS IN
GRADES 9, 10, 11 AND 12, WITH VARIOUS AMOUNTS OF UNIVERSITY
ACADEMIC BACKGROUND IN MATHEMATICS™

No 1 2 Ii or more
University University University University
Courses Courses Courses Courses Total
GRADE 9 390 1kL7 121 78 736
TEACHERS 53,0% 20.0% 16.5% 10.5% 100.0%
GRADE 10 195 104 153 111 563
TEACHERS 3465 18,5 2742 19.8 100.,0
GRADE 11 12 ol 138 125 499
TEACHERS 28.6 18,8 27.6 250 100,0
GRADE 12 55 L 117 112 328
TEACHERS 16.5 13.1 35.8 3L.3 100.,0

#Report of the Royal Commission on Education in Alberta, 1959, p. 11l.
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no courses and one in three, has had four or more courses.

The report of the Royal Commission has this to say relative
to teacher preparation:

The major fact is, of course, that no part of the curriculum

can be better than the teachers., Alberta's mathematics teachers
include some of the best, but the over-all picture is depressing.
That the quality of mathematics teachers warrants special attention
is strikingly indicated by the table.

The table shows that many teachers have no university mathe-
matics treining, and that only a handful hawve four university
courses, Entrance requirements to the Faculty of Education have
been such that of those teachers who have no university courses
a considerable proportion may not have achieved even the full high-
school mathematics program. The Commission views this as a truly
deplorable situation and re-emphasizes strongly the need to improve
the preparation of teachers. . .

Numbers of students. Since there are some special problems in
teaching mathematies inherent in small high schools, some information
regarding enrollment was sought. In the small high school, it is impos~
sible to have a high degree of speclalization among teachers, or to
offer a variety of courses, or to group students by ability. These
represent some of the problems related to methods of teaching.

Alberta has about 300 high schools and enrollment data are given
on the 149 schools replying to this item. Consequently, since it has
been assumed this is a typical sample, the data given in Table IV repre-
sent about one-half the school population in Alberta, for these grades.

The top two rows of figures in Table IV show the numbers of high

schools with fewer than 100 pupils--79 schools meking 53.1 per cent, and

1'Re'port. of the Royal Commission on Education in Alberta, 1959,

(Edmonton: The Queen's Printer, 1959), pp. 110-111,
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TABIE IV

ENROLLMENTS IN ALBERTA HIGH SCHOOLS

Size of Number of Percent of No. of Percent of
School Schools Sample Students Sample
less
than 50 26 17.5% 961 3.9%
50 - 99 53 35.6 3,809 15.7
100 - 149 29 19.5 35422 4.1
150 - 199 11 7.3 1,871 7.6
200 - 249 7 4.6 1,609 6.7
250 - 299 9 6.1 2,440 10.2
300 - 399 3 2.0 1,107 47
400 - 499 4 2.7 1,671 6.9
500 - 599 1 o7 510 2.2
600 - 799 0 .0 0 .0
800 - 999 3 2.0 2,769 11.5
1000 and
over 3 2.0 3,981 16.5
149 100.0% 24,150 r 100,0%
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4,770 pupils making 19.6 per cent of them. There are, then 46.9 per

cent of the schools enrolling 80,4 per cent of the pupils. It may

be noted further that 72.6 per cent of the high schools in Alberta

enroll fewer than 150 pupils per school. This represents about one-

third of the secondary school population. The most common school

size is in the 50 to 99 pupil range. There were 53 such schools en-

rolling 3,809 students which is about 15 per cent. Three schools

reported enrollments greater than 1000 students. This represents two

per cent of the schools, but over 16 per cent of the school population.
These data point out clearly that there are still many students

enrolled in the small high schools of the province,

Class Size

Division of classes. In these days when there are so many large
classes, it appeared significant to poll mathematics teachers in re-
spect to the maximum number of students they believed there should be
in & class, They were asked to indicate at what number a class should
be divided. This question was not in relation to the actual situation,
but rather what teachers believed it should be,

A summary of the results appear in Table V. These data are given
by numbers and percentages according to the different cmtegories of
schools, Most schools of the three smallest categories agree that
classes should not be larger than thirty students. In schools having
eleven or more teachers, over 40 per cent say they would allow classes
to reach an upper limit of thirty students, while 52 per cent of them

say classes might have 35 students before a division is made. Only one



TABLE V

NUMBERS AND PERCENTAGES OF HIGH SCHOOLS SHOWING PLACE
OF DIVISION OF CLASSES, BY SIZE OF SCHOOL

-91‘{—

1«3 L « 6 7 « 10 11 or more A
Teachers Teachers Teachers Teachers Schools
+ © + ) »
55 5 8§ %3 5 5
2 g £ 8 £8 F ok 2 8
59 38 28 5 g g 3
What do you consider the
upper limit, as to the
numbers of pupils in a mathe~
matics class, before a
division is made:
1, 30 students o o o o s o o 2L 65.6% 39 59,3%  1h 60.9% 11 LO0.7% 85 57.4%
2. 35 students « « o o ¢ o« 8 25,0 18 27.3 5 21.7 1L 51.9 LS  30.L
3. ’_LO students « o« o o +» & o 3 90’4 8 12,1 3 13.0 2 7.’..]. 16 10.8
h. 'JS students « o ¢ o ¢ o & 0 0.0 1 105 0 0.0 0 OQO 1 O.?
5, Over L5
students 0 0.0 0 0,0 1 Loy 0 0,0 1 0.7

Total 32 100,0% 66 100,0% 23 100,0% 27 100,0% 148 100.0%
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school, of the 148 reporting on this question, would have a class as
large as 45, and one school said there might be over 45 students
before a division was made,.

There is a definite tendency of belief, in all schools, that
classes should not be larger than thirty pupils--57.5 per cent reported
thus, In fact, 87.8 per cent of schools would keep classes at 35 or
fewer students. A few respondents ssid: ®"Thirty students are too many
in a class.,®™ A few others sald: "I would keep classes at 15 to 20 stu-
dents,® In general, these teachers prefer small classes.

Actual gsize of classes. In determining the size of classes, the

respondents were asked to check one of five size categories for each
mathematics course. The sizes were: 20 or fewer students; 21 to 25
students; 26 to 30 students; 31 to 35 students; and over 35 students.
The number of classes and percentages are set out in Table VI on pages
48 to 51.

Some facts stand out. Small schools have small classes. This
is likely because of small numbers of students, rather than deliberate
planning. The schools of one to three teacher size largely had classes
of fewer than 20 students, but a small percentage of them had classes
of 26 to 30 students. Only one school in thils category reported a
class larger than 25 pupils.

Another point is significant: +the class size category of 20 and
fewer students shows an inverse relationship to the size of the school,
in every mathematics course, It may be presumed that larger schools
cannot afford the luxury of the very small class, when there are many

students to accommodate,



TABLE VI

NUMBERS AND PERCENTAGES OF HIGH SCHOOLS
REPORTING SIZE OF MATHEMATICS CLASSES
BY CLASS AND SIZE OF SCHOOL

1=3 L «§ 7 =10 11 or more Total .

Teachers Teachers Teachers Teachers Schools

42 4 ) + )

B 5 o 5 % & B 8 o 8

Class Size = & = o = & = & = o

MATH. 9

T 20andunder o . o 0« o 2L 72,78 19 32,28 O 0,08 O 0.0 L3  33.3%
21 - 25 e o o 0 o o 8 2h.2 12 20,3 7 50.0 6 26.1 33 256
26 - 30 e & €& © o o 0 OOU 15 25’0)4- 0 0.0 ll h7.8 26 20.2
31 - 35 O | 3.1 7  11.9 2 1.3 6 2641 16 12,4
Over 35 o ¢ o 9o o @ 0 000 6 1092 5 35.7 0 0.0 11 805

Total c o e s 0 o 33 100.0% 59 100,0% 1L 100,0%4 23 100,0 129 100,0%




TABLE VI (continued)

1-=3 h =6 7 =10 11 or more Total
Teachers Teachers Teachers Teachers Schools

s R s R B s  H v B

¢ ¢ % & £ g £ 2 2 8

5 & 5 B %5 F 5 B F &

Class Size Ay [a¥ = (¥ Ay = o

MATH. 10
20 0r 1685 o o ¢« o o o 28 87.5% 30 L6.9% L 1le3.% 3 8,82 65 L1.1%
21 =25 4 e e e e b 12,5 16 25,0 9 32,1 L 11.8 33 20.9
26 = 30 c s e s s e 0 0.0 7  10.9 7 25.0 12 35.3 26 16.5
31 bt 35 ¢ & & o© ¢ & O 0.0 8 12.5 -- 3 1007 11 32 3 22 13.9
Over 35 « & & © 0 © 0 0.0 3 ’-lc? 5 1709 h 11e8 12 7.6
Total e o o o o s 32 100,0 6l 100,0% 28  100,0% 34 100.0% 158 100,0%
MATH. 11

20 OF 1655 o « o o o o 13 86,73 24 82,7% 8  U7.1% T 25.9% 52 59,1%

21 - 25 e e 0 o s s 2 13.3 1 305 3 17.6 6 22,2 12 13.6
26 = 30 a & ¢ o o o O 000 2 608 2 1108 6 22.2 10 110)4-
31 - 35 ¢ o © &5 & o 0 000 1 305 3 1706 5 1805 9 1002
Over 35 ¢ & o s & ¢ 0 0.0 1 305 1 509 3 11.2 5 507
Total e o s o 0o s 15 100,04 29 100,0% 17 100.0% 27 100,03 88 100,0%

- 6‘7—



TABLE VI (continued)

1-3 L -6 7 - 10 11 or more Total

Teachers Teachers Teachers Teachers Schools

+ +£ +© 2 +

3 g (N o N g f4 o 54 g

2 8 2 & 2 3 2 8 3 §

o £ S
Class Size é o 2 é‘: é & é c(ﬂ é gi
MATH. 20
200r 1ess « s &« o L 96.9% 42  65.6% 9 37.5% 2 645% 8L 55.6%
21 « 25 4 0 o oo 1 3.1 15 23,3 6 25,0 3 9.7 25 16,6
26 bl 30 e e ¢ o o O 0.0 5 708 )_I. 1607 8 25.8 17 11.3
31 = 35 e o o o o 0 OnO 0 060 j-!» 16.7 13 h?.O 19 12.6
Over 35 e o000 O 0.0 0 0.0 1 ’4.1 5 1601 6 309
Total « s o s o 32 100,04 64 100,03 2 100.0% 31 100,04 151 100,0%
MATH, 21

T 20orless . ... 4 100,04 12 80,0% 7 77.8% L 23.,5% 27 60,0%
21 =25 4 o e s+ O 0,0 3 20,0 2 22,2 5 29,4 10 22,2
26 =30 4 e 0o O 0.0 0 0.0 0 0.0 3 17.6 3 6.7
31 - 35 " & & & o 0 0.0 0 0.0 O 0.0 2 11.9 2 Ll..h
Over 35 s o ¢ 0 ¢ 0 0.0 0 0.0 0 0.0 3 17‘6 3 6.7
Total . o e o« UL 100,0% 15 100,0% 9 100,0 17 100.0% L5 100,0%




TABLE VI (continued)

1-3 L -6 7 « 10 11 or more Total

Teachers Teachers " Teachers Teachers Sechools

& "5 S "é . E & 45’: & "é

2 8 52 & 2 35 £ 8 2 8

5 & 5 & £

Class Size E o é P E 6'3 5 &) é &

MATH, 30

T 20 0r 1esS & .« 6 o o 30 100,08 60 95,24 15 68,24 3 10.4% 108 75,0%
21 - 25 e & & 5 0o o 0 000 l 106 3 1306 7 zh'l 11 706
26 = 30 4 e 4 o o o 0 0.0 1 1.6 3 13.6 9 31.0 13 9.0

31 - 35 e & o o+ o @ O 000 1 106 O 0.0 8 27.6 9 6.3
Over 35 « o o o o o 0 0.0 0 0.0 1 heb 2 649 3 2.1
Total e e o o 08 @ 30 100,0% 63 100,04 22 100.,0% 29 100,09 1hh 100,0%

MATH, 31

20 OF 1655 o o o » o 3 100,08 2L 96,07 13  B86.6% 14 56,04 5L 79.L%
2]l = 25 o o o e o @ 0 0.0 1 h.O 1 60? 3 12,0 S Te3
26 = 30 . 4 e 0 o @ 0 0.0 0 0.0 1 6.7 3 12,0 L 5e9

31 - 35 ¢ & o & & o 0 000 0 000 0 OQO ,.l. 16.0 h 5.9
Qver 35 ¢ o & & a 0 0.0 0 040 0 0.0 1 h.O 1 1.5
. o e o e 3 100,‘0% 25 100,05 15 100,04 25 100.0¢4 68 100,0%

Total o
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The mathematics courses numbered 10, 20 and 30 form the college
entrance pattern. Almost all schools offer these courses., In the one
to three teacher category, 32 of the 35 schools give mathematics 10; 32
give mathematics 20; and 30 give mathematics 30. The pattern of class
size in the three courses is similar: in the smaller schools almost all
classes have fewer than 20 students. For mathematics 30, all schools in
one to three teacher class had fewer than 20 students, while in the four
to six teacher class over 95 per cent of schools report classes of such
size,

This tendency chenges as schools become larger, For example, in
the 11 or more teacher category, the pattern is this: for mathematics 10
over 80 per cent of schools have classes larger than 25 students; for
mathematics 20, almost 85 per cent had classes larger than 25 students;
and for mathematics 30, about 65 per cent had such classes, In noting
"Total Schools™ there appears to be no general tendency to resort to the
very large class of over 35 students—2.1 per cent of the schools reported
classes of that size in msthematics 30.

For the general program--mathematics 11 and mathematics 21--some
differences appear: (1) about 60 per cent of all schools maintained
classes with 20 or fewer students for both courses—-one reason for this
presumably was certainly small registration; and (2) fewer schools offer
these courses,

In mathematics 31 (Trigonometry) the prevailing pattern is the
small class, Only one school reported a class larger than 35 while 54

schools reported classes of 20 or fewer students, About one-half the

schools of the province offer Trigonometry, but only eight per cent of

those having three or fewer teachers offer it,
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Time Distribution

Instruction time. All the mathematics courses listed in the

handbook for high schools, are "5-credit"™ courses. "One credit corre-
sponds to a minimum of thirty-five minutes of instruction time per
week.“2 If a school considers it advantageous to provide more it may
do so., Furthermore, class periods may be of unequal length, but the
common practice is five equal periods per week for a five-credit course.
It should be noted further, that for schools having fewer teachers than
grades, some allowance is made for instruction time less than the mini-
mum noted above,

Every school responding to the questionnaire answered this item.
Table VII gives & detailed analysis of the results. There were a few
schools--six in all, or 3.9 per cent--alloting 105 minutes or less time
per week to a five-credit course. In addition, there were nine schools
or 5.9 per cent giving from 106 to 140 minutes time. The most common
time category was the 141 to 175 minutes per week, Forty-nine per cent
of the schools reported this, Most of these schools might well have
been offering the so-called minimum instruction time, It may be noted
further that 63 schools or 41.2 per cent of them reported giving time
in excess of 175 minutes per week, to a five-credit mathematics course,

Time given was in direct proportion to size of the school. The

two largest school size categories—- more than eleven teachers-— all gave

2Regu1atlons Pertaining to the Operation of Alberts Senior High
Schools, (Edmonton: The Department of Education, 1959), p. 10.




TABLE VII

NUMBERS AND PERCENTAGES OF HIGH SCHOOLS REPORTING
INSTRUCTION TIME GIVEN TO A 5-CREDIT MATHEMATICS
COURSE, BY SIZE OF SCHOOL*

l1 -3 h - 6 7 =10 11 - 15 Over 15 A1l
Teachers Teachers Teachers Teachers Teachers Schools

9 "é F 4s:J: s-. '5 4 *é & "r.f. £ "é

2 S a o 2 S 2 8 2 8 2 3

Teaching g & 5 o § & E S E & 8 3

Time Ay = a = (A ay (i = ny
'
vt
105 minutes &

Or 1eSS +:¢ o 2 5¢7% 2 2.9% 2 8.7% 0 0,0% 0 0.0% 6  3.9%

106~140

minutes « « o 3 846 6 8,8 0 0,0 0 0.0 0 0.0 9 5.9
l’-l-l"'l?; e &

minutes « o o 21 60,0 32 47.1 11 L7.8 6 L2.8 5 38,5 75 49,0
Over 175

minutes o« ¢ o 9 2507 28 J-lle2 10 I-I»BOS 8 5702 8 61.5 63 )-lloz

Total o o o 35 100,0% 68 100,0% 23 100,0% 1l  100,0% 13 100,03 153 100.0%

3# Time Per Week,
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more than 140 minutes per week, It appears probable that they all gave
175 minutes or more time. Several schools reported by writing on the
report, "We give 200 minutes per week.® One school, operating on the
qQuarter basis, said: "Time given is 600 minutes per week.™ Translated
into a yearly basis, this fits into the greatest time class.

Figure 1 gives a graphical summary of these data on instruction
time,

Homework time. The provision for out-of-class assignments or
"homework™ is an integral part of the mathematics program in Alberta
high schools. To get this information teachers were asked to check one
of three time areas: under 20 minutes; 20 to 29 minutes; and 30 minutes
or more., This was done for each mathematics course., A summary of the
data is given in Table VIII on pages 57~-60,

There appear to be some general trends. In the low time class
(under 20 minutes), there is an increasing percentage of the schools as
the size increases. This is true for all the mathematics courses except
mathematics 21, which remamins about the same, In the high time class (30
minutes or more) there is a decreasing percentage of the schools as
school size increases, This is true for all mathematics courses. In
general the small schools ask their pupils to do more work out of class
than do the larger schools, Since their instruction time is less, this
latter conclusion follows quite normally.

Another pattern emerges, For the matriculation program, which in-
cludes mathematics 9, 10, 20 and 30, homework time increases with the
grade., This is true for every size of school and hence for the total

schools, For the general program, which includes mathematics 9, 11
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TABLE VIII

NUMBERS AND PERCENTAGES OF HIGH SCHOOLS REPORTING
THE TIME TEACHERS EXPECT PUPILS TO GIVE TO HOME
ASSIGNMENTS, PER CLASS, BY SUBJECT AND SIZE OF SCHOOL

1 -3 L -6 7 - 10 11 or More

Total
Teachers Teachers Teachers Teachers Schools
s B PR y B v R s &
2 3 3 S P o 8 o 3 3
Homework & H & H H
Hone 5 & 3 & 2 B 2 & 3
MATH, 9
Under
20 Min. L 13,84 1L 26,43 3 30.08 8  LhhE 29  26.,L4%
20 - 29 16 55,2 31 58.5 5 50,0 7 38,9 59 53,6
30 Min,
or more 9 31,0 8 15,1 2 20,0 3 1647 22 20,0
Total .29 100.0% 53 100,04 10 100,0% 18 100.0¢ 110 100.0%




TABLE VIII (continued)

1-3 Iy - 6 7 =10 11 or More Total
Teachers Teachers Teachers Teachers Schools
B v R ‘. 5 s B w B
— BRI N T T T B
omewor
rime 2 8 2 & 5 ¢ 5 8 5 ¢
MATH, 10
Under
20 Min. 1 3,3% 5 8.,1% 2 10,0% 9 L6 17  12.3%
20 = 29
Min, 17 56,7 33 53.2 12 60,04 12  L6.l L 53.6
30 Min,or more 12 40,0 24 38,7 6 30,0 5_ 193 47 3ha
Total 30 100,03 62 100,04 20 100,08 26 100,02 138 100,0%
MATH,11
Under
20 Min, L 33.3% 13 30.9% 6 37.5% 10 11.7% 33 35.1%
20 = 29
Min, L 33.3 19  L5.3 T L3.7 10 1.7 ho  L2.6
30 Min.
or more L 33,3 10 23.8 73 18,8 L 16,6 21 22.3
Total 12 100,04 L2 100,04 16 100,04 2 100,09 94 100.0%
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TABLE VIII (continued)

1-3 h -6 7 - 10 11 or More Total
Teachers Teachers Teachers Teachers Schools
+ ) 2 ) 2
NS S T A O A
Honework s 8 5 8 5 5 3 kB %k
Time = oy = A = ay = oV = a
MATH, 20
Under
20 Min, 0  0,0% L 6613 1 L.B% b 16,68 9 6.2%
20 - 29
Minutes 12 35,3 2k 363 10 k7.6 10 1,7 56 38.6
30 Min,
or more 22  6lLl7 38 576 10 U746 10  la.7 80 55,2
Total 34 100,02 66 100,08 21 100,08 24 100,08 1L5 100.0% _
MATH, 21
Under
20 Min, 2 333% 10 25,08 3 27.3% 6  31.6%F 21 27.6%
20 - 29
Minutes 2 33.3 23 57.5 6 5Sh.6 11 57.9 L2 55,3
30 Min,.
or more 2 33.3 7 1745 2 18,3 2 10.5 13 17,1
Total 6 100,0% Lo 100,04 11 100,0% 19 100,04 76 100,0%




TABLE VIII (continued)
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1-3 h -6 7 - 10 11 or More Total
Teachers Teachers Teachers Teachers Schools
+ 2 2 + +£
o g B 5 % b ) S % 8
Homework E % 'fg £ 'g 4 'g g 'g 4
Time o = Y 2 o = o = o
MATH, 30
Under
20 Min, 0  0.,0% 0 0.,0% 1 5.0% 1 L0oF 2 1.4%
20 = 29
Minutes 2 6.7 1 20.3 3 15,0 6 24,0 25 17.4
30 Min,
or more 28 93,3 55 797 16 80,0 18 72,0 117 81,2
Total : .30 100,02 69 100,034 20 100,03 25 100,0% 1Lk 100.0%
MATH, 31
Under
20 Min, 0  0.0% 1 2.4% 1 643% 3 13.6% 5. 5.7%
20 - 29
Minutes 1 12.5 10 23.8° N 25,0 7 31.8 22 25,0
30 Min,
or more 7 8745 31 73.8 11 68,7 12 54,6 6l. 69.3

Total 8 100,08 L2 100,08 16 100,08 22 100,08 88 100.0%
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and 21, no general pattern of increase appesrs. The stress on home-
work is considerably less in this general program, than for the college
entrance program,

A few significant items are noted in all these courses. In grade
nine, 20 per cent of schools require students to do one-half hour of
homework in mathematics daily, while 73.6 per cent of the schools sug-
gest 20 minutes or more time. In the next succeeding course--mathematics
10--one-third of the schools require 30 minutes or more time, and 87.8
per cent require 20 minutes or more time. This trend continues in mathe-
matics 20 where 93.8 per cent of the schools request about 20 minutes or
more time for homework, For mathematics 30, over 80 per cent of the
schools require 30 minutes or more of homework time, and over 98 per cent
of them suggest more than 20 minutes time., The amount of homework time
expected by Alberta mathematics teachers appears to be high when it is
noted that pupils are likely to be carrying five, and possibly six ad-
ditional courses.

Mathematics 31 (Trigonometry) may be taken by students in the
general program, if they have credit in mathematics 20, and it is required
of all students in the matriculation pattern if they plan on taking
engineering or a major in physics, chemistry or mathematics, The same
trend of homework appears as for the other courses. It is noted, how-
ever, that the stress is somewhat less than on mathematics 30, One reason
may be that credit in Trigonometry is awarded by local school officials
while those taking mathematics 30 must be prepared to meet exeminations

prepared and evaluated on a provincial basis,
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In summary these items are significant:

(1) Homework is an integral part of the program for secondary
school mathematics.

(2) More time is required for the college entrance course than
for general course.

(3) The time required increases with grade for college entrance
course, but does not for the general course,

(4) The larger schools require less time than the smaller schools.

Figure 2 gives a graphical picture of data for homework in mathe-
matics.

Total weekly time. Two factors are involved here: (1) Instruc-

tion time; and (2) Homework time. Take, for example, a one to three
teacher school: the instruction time for 85.7 per cent of such schools
was shown to have a range of 140 minutes per week (minimum) to over 175
minutes per week, In the same school size category for a grade nine
class, the homework time was shown to be, for 86.2 per cent of teachers,
20 minutes daily minimum (or 100 minutes per week) to more than 30
minutes per day or over 150 minutes per week. This gives a total time
of 240 minutes minimum to over 325 minutes per week., For a grade 12
class in the larger schools (11 teachers or more) about 60 per cent show-
ed over 175 minutes of instruction time per week., In the same school
size category, for a grade 12 class, over 70 per cent of the schools in-
dicated 30 minutes or more time daily for homework. This is 150 minutes
or more time weekly. The total time is 325 minutes or more per week for

a large percentage of the schools.
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IT. ADMINISTRATIVE TECHNIQUES

Division of classes by ability. Homogeneous grouping of students

is a practice that appears to be gaining popularity, where it is adminis-
tratively possible. The subject appears with some regularity in the
periodical literature. To get information on the situation in Alberta
secondasry schools, teachers were asked this question: "Do you divide
mathematics classes by ability?™ An analysis of replies is given in
Table IX.

In respect to the number of schools it was noted that one school
in four follows this practice. Obviously this could not be done in
small schools with few students. One school in the smallest size cate-
gory reported such a practice, but no explanation was given us to how it
was feasible. As school size increases, so does this practice, but it is
not the usual thing since the highest percentage shown was under fifty.

In the eleven or more teachers school size, 44 per cent reported
division of classes by ability. This actually represents many more
classes, Three of the largest schools, having an enrollment in excess of
3500 students, follow this plan,

Enrichment. Possibly no other topic in mathematics is receiving
so much attention as this one. A4s a result, it seemed vital to find out
something regarding provisions for enrichment in mathematics classes in
Alberta. Teachers were asked to specify their provisions for enrichment
or to indicate if nothing was being done.

These data are summarized in Table X. In the two smallest size

categories of schools, no provision is made for about half of them. For



TABLE IX

NUMBERS AND PERCENTAGES OF HIGH SCHOOLS
REPORTING DIVISION, OR LACK OF DIVISION, OF
CLASSES BY ABILITY

1«3 i - 6 7 - 10 11 or more A1l
Teachers Teachers Teachers Teachers Schools
£ “‘g::; ’6 'g £ g = T:’ & 4;:3
e F £ 08 2 08 £ &2 4 ¢
Questionnaire = @ = & = i g & é &
PART I, B - 3
Do you divide
classes by ability
1, Yes 1 3,06 15  2he2& 11 L7.8% 11 Lh,0% 38 26.,5%
2, No 32 97.0 L7  75.8 12 52,2 1 56.0 105 7h.5
Total 33 100,0% 62 100,0% 23 100,0% 25 100,0% 13 100,0%

-a9=
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the largest group, no provision is msde in 18.5 per cent of the schcols.
Province wide, about 44 per cent of the schools reported that no pro-
vision was made,

The most common practice related to enrichment was Yadvanced
study in depth." This was reported by 56 schools--36.6 per cent of them.
Just over one-half the larger schools made provision for this sort of
enrichment, while about one-fourth of the smallest schools did. Nearly
one-half (47 per cent) of the schools added additional topies., This, too,
was of more common occurrence in the larger than the small schools. Six
schools, in the 11 or more teachers category, have established special
classes for the gifted. No doubt such students are few in number and
hence only the larger schools would have a chance to provide such classes.

Teachers were asked to include any other provisions they had made
relating to enrichment. A few teachers simply said: w1 suggest to some
students to attempt certain, more difficult exercises.” In some in=-
stances, others said: "I include additional topies, if I have time.,™ This
part of mathematics enrichment appears to be on a rather informal and
unplanned basis.

On Table X, an "Index of Enrichment™ was computed to give an evalu-
ative measure of school action. This index varies directly with the
school size, This does not mean that only teachers in the large schools
are concerned, but that they because of added numbers of students and
staff, are able to do something about enriching the program,

Supervision. Any means through which mathematical instruction may

be improved is a proper function of supervision. There are many aspects

of supervision, but a selection had to be made to keep the size of the



TABLE X

NUMBERS OF SCHOOLS REPORTING
SOME METHODS OF ENRICHMENT OF THE
MATHEMATICS PROGRAM, BY SIZE

OF SCHOOL
la3 h =6 7 =10 11 or More
Teachers Teachers Teachers Teachers Total
ENRICHMENT: "
1., Advanced study
in depth 9 23 10 1L 56
2o Additional topics
added T 1 10 16 L7
3¢ Transfer to special
classes 0 0 0 6 6
s Others 2 3 0 1 6
Se No provision mades 17 36 10 5 68
Total 35 76 30 42 183
NUMBER OF SCHOOLSD
RESPONDING 35 68 23 27 153
An Index of Enrichment¥ 0,115 0. 5L 087 1,33 0.75

*found by (L + 2 + 3)
1

-19=
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questionnaire within reasonable bounds. Four aspects of supervision
were included in the questionnaire, A fifth one--others--gave teachers
a chance to add something they believed to be significent. The results
of the respondents' replies are given in Table XI,

In total, 203 supervisory items were checked for the 153 schools.
Since it was possible for a given school to carry out all the aspects
of supervision that were mentioned, this nuﬁber, in theory might have
been 765 (= 5X 153). By way of comparison, the total possible supervis-
ing items, in each school size, were computed and this total divided by
the number of schools in the same class. The results of these divisions
are shown on Table XI as an index of supervision. There is a direct
relationship between the size of this index and school size-~the range is
from 1.0 in the smallest schools to 2.3 in the largest.

The first item--principal supervises some classes--was checked by
46 schools. This means that 30 per cent of the schools participate to
some degree in this basic supervisory practice. The large schools follow
this practice to a greater degree than the smallest schools, but even
here the reported participation was not significantly large--~11 of the
large schools--of the 27 that reported--or about 41 per cent. In regard
to special planning meetings for mathematics teachers, the degree of parti-
cipation is significantly greater in the larger than in the smaller
schools., In the 11 or more teachers category, 16 of the 27 schools indi-
cated that they follow this practice. This is about a 60 per cent activity
for this item,

The provision for supplying professional magazines and books is

considerably more common than the first two aspects mentioned., For these



TABLE XI

NUMBER OF SCHOOLS REPORTING SOME ASPECTS
OF SUPERVISION OF THE MATHEMATICS PROGRAM

BY SIZE OF SCHOOL

1-3 h -6 7 - 10 11 or More
Teachers Teachers Teachers Teachers Total
SUPERVISION:
1. Principal supervises
some ¢1asses™ 4+ + o o ¢ o o 11 19 5 11 L6
2., Special meetings held
for mathematics' teachers . 3 13 5 16 37
3. Professional magazines
made availablee ¢ ¢ o o « o 7 17 6 16 L6
i Related books supplied . . 11 19 10 17 57
S.Others.........o h 9 2 2 17
Total2) 3% 77 28 62 203
Number of Schoolsb)
Responding ¢ 4 8 6 0 e ¢ 0 s @ 35 68 23 27 153
Total Possible
Responses = 5N & o o o ¢ o o 175 3L0 115 135 765
An Index of
SupeI'ViSion (a/b) ¢ ¢ o & o o © 1.0 1.1 1.2 2.3 1.3

#Superintendent; Department Head, Principal,

-69-
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two items combined, the total schools checked were 103. This is just
about two-thirds of all the schools, In relation to the size of the
schools, there were about one-half of the smallest ones that indicated
they provide magazines or books, while the largest schools all provide
magazines and/or professional books.,

From the data two conclusions seem to appear:

(1) Actual supervisory practices are only a small percentage
of the potential,

(2) The large schools more than double the small schools in
these practices.

III. PRESENTATION OF THE MATERIALS OF
MATHEMATICS TO STUDENTS

This part of the study is most directly concerned with methods
of teaching mathematics to students in the classroom. The teachers, the
department head, the prineipal and superintendent are all concerned here
too, as they were with administrative provisions. It is realized that
one method of presentation is not always employed by pre-arrangement on
a given day, or in a given class, but rather the method is used that is
most suited to the situation as it arises,

The assumption has been made here that there are certain well
defined procedures, that are recognized freely in the literature of mathe-
matics by which teachers may give direction to their work., It was the
intent here to do some probing in an attempt to get a better picture of
what is being done, and what teachers believe is desirable.

Four methods were suggested: (1) Lecture Method; (2) Heuristie
Method; (3) Laboratory Method; and (4) Drill. Prior to each question
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relating to these, a statement, of explanation was given so that there
would be some uniformity in the minds of the respondents, respecting
the questions asked.

Computation of Index.

An index was derived and is part of Tables XIII and XIV, Within
each method category mentioned above there were four choices on a quanti-
tative basis. Values ranging from one to four were assigned to these
categories. A response of LESS THAN 25 PER CENT was given a weight of one,
a response of 25 PER CENT TO 50 PER CENT was given two, a response of 50
PER CENT TO 75 PER CENT was given three, and a response of MORE THAN 75
PER CENT was given foure The index for each method was found--in each
school size category and total schools-~by multiplying the first of these
responses by one, the second by two, the third by three, and the fourth
by four, adding the four figures together and dividing by the total number
of responses, For example, in the one to three teacher schools, and for

the Lecture Method, computation of the index was as follows:

TABLE XII

COMPUTATION OF AN INDEX OF TEACHING TIME

Lecture Method

Number Weight Product

Value
1, Less than 25 percent . « ¢« « « o o o « « o 10 1 10
2. 25 to 50 per cent e e s+ e s s s o s o s 16 2 32
3. 50 to 75 per cent e e o s e e s s e e e 9 3 27
e More than 75 per cent o o « « s « « o « o o O L 0
Total N 69
Index = 69 = 1,97

35

————— _ _ o e
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The possible range of the Index, under these conditions, is
Index = 1 to i« This index when compared with others should be inter-
preted as an index of the relative extent to which the particular
method is employed.

The procedure indicated above was employed to get an Index for
each of the fours methods suggested in each school size class and for
total schools. Table XIII gives these datas. The Lecture Method is
used most in the first three school size classes, but ranks second to
the Heuristic in the larger schools. This pattern appeared in the four
to six teacher schools and the seven to ten teacher schools, The Lab-
oratory Method ranked last for every school size category, having an
Index just over one in all cases., This simply indicated that mathe-
matics teachers in Alberta do not, to an appreciable extent, utilize these
techniques, In a few instances teachers said: "Students must learn to
think abstractly in Mathematics."™ The inference seemed to be that hand-
ling concrete objects did not assist in developing this ability. How=-
ever, no special comment appeared on any of the returned questionnaires,
in respect to the general courses.

The largest schools use the Heuristic Method most of the time,
while the three smaller size school classes use the Lecture Method most.
This usage may be related to time considerations--~the smaller schools
having less time in class, believe they can cover more material by lec-
turinges Time given to Drill was somewhat less in the largest schools
than the others, This may well have resulted in the belief, that if addi=-
tional time was given to questioning and explanation, less time would be

required in drill,



TABLE XIII

METHODS USED IN TEACHING MATHEMATICS

BY SIZE OF SCHOOL

SCHOOL SIZE

1-3 h -6 7 - 10 11 or Mre

Teachers Teachers Teachers Teachers

Index® Rank Index Rank Index Rank Index Rank
1, Lecture Method « ¢ ¢ o ¢ o ¢ « o 1.97 1 1.85 1 1.83 1 1.8 2
2, Heuristic Method . « ¢ ¢ « o o o 1.7h 2 1,68 2,5 1.71 2 1.96 1
3. Dl"ill ¢ ¢ o & O B o ® . L] ¢ o L] a 1.62 3 1068 2.5 1.59 3 loLlLl. 3
L. Laboratory Method + « « o o o & .11 L 1.09 L 1,09 L 1.08 L

¥ See Text for an

explanation = p. Tl.
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Some additional information is given in Table XIV-—number of
schools that reported time for each method and the Index and rank for
811 schools.® It was noted that of the four methods, fewest schools
checked the "less than 25 per cent™ section under "ILecture Method,™
and most checked this section under ®Lsboratory Method.® This is a
good indication of the relative employment of these methods. Only two
schools eppeared to be rather extreme--one reported over 75 per cent
of £he time given to lecturing, and one other reported the same time
devoted to the Heuristic Method. About one-half of the schools report-
ed that they employ the ILecture Method, Heuristic Method and Drill,
from 25 per cent to 50 per cent of the time,

Comparison of lecture and Heuristic Methods

In comparing the Lecture and Heuristic Methods of teaching, an
attempt was made to discover desirable features of each, undesirable
features of each and then to find some reasons why teachers considered_
these features desirable or undesirable, In each instance, space was
left for “others.® A summary of the way teachers answered these four
categories of questions for these two methods is given in Table XV,

lecture Method. The most commonly reported strong feature of

this was that it, ™gives teachers an opportunity to deal with antici-
pated difficulties.® This was indicested by a total of 118 schools. The
feature checked least in this same area was that it was "valuable train-
ing to students in note taking and assimilation®--reported by 19 schools.
Ninety-one schools reported that they could cover a greater scope of

material by this method.
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TABLE XIV

TIME GIVEN TO SOME
METHODS USED IN TEACHING MATHEMATICS

All Schools

Number
Schools
Reporting Index Rank
IECTURE METHOD : 1.88 1
1. Iess than 25% e o # o o s e @ 1&7
20 25% - 50% . e e . ¢ e o o 76
3. 50% - 75% e o o o o 4 o 27
4o Over 75% ------ 2. l..
Total 151
HEURISTIC METHQD: 1.75 2
1, Less than 25% o e ¢« ¢ o o o « 57
2, 25% - 50% e e e e e .. 75
3. 50% - 75% . . . L3 . [ . . 17
be Over 715 . e e e e e e . 1l
Total 150
DRILL: 1.61 3
1., Iess than25% « & « « o . . 69
20 25% - 50% ¢ * e s ® * ® 68
3. 50% - 75% 11
__4e Over 75% o o o e s e o o 0
Total T 148
LABCRATQRY METHCD : 1.09 4
1. Iess than 25% « o o o o o o o« 135
20 25% - 50% e o e o e e o @ 10
3. 50% - 75% s ¢ s ¢ o e o 2
4-& Qver 75% e o o e 8 e e e 0

Total 147
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Some teachers made other suggestions of desirable features.
Some examples are : (1) "There is too little material in text, so by
lecturing I add other items.® (2) ™You give them (the students)
your experience in mathematics.® (3) "The lecture allows you to sell
mathematics. You can thus create interest.® (4) ™It confines the
lesson to the material at hand.®

Teachers said there were undesirable features too. Ninety-six
schools said, "Students allow statements to go unchallenged.™ This
appeared to be considered a very great weakness in lecturing to high
school students. The next weakness was that it allowed no immediate
opportunity to clear up difficulties, In regard to ®why” this method
was weak, 59 schools indicated, "They have found it less effective as
a basis of student learning.®

There were other suggested items of weakness in the lecture:
(1) *There is danger of rote learning without understanding.®* (2) *It
(the lecture) stifles student initiative.” (3) "It simply calls for
too little exertion on the part of the student.® (4) "Too many stu-
dents fail to supplement the lecture with later application.®

Heuristic Method. There were 379 responses checked under "desira-
ble features.," This appeared to be a most favorable reaction to this
method. The response of most common occurrences was: "(It) brings stu-
dents into active participation.®™ In second place, 86 of the schools,
indicated the feature: "It motivates by putting the student into the
role of an investigatof.“ These two features rated first and second

place respectively in each school size class and in ™total schools.® In



TABLE XV

NUMBERS OF SCHOOLS REPORTING CERTAIN STRENGTHS AND WEAKNESSES OF THE LECTURE

AND HEURISTIC METHODS IN TEACHING MATHEMATICS, BY SIZE OF SCHOOL

SIZE OF SCHOOL

1=-3 4 =6 7«10 Over 11 ToTaL
LECTURE METHOD TEACHERS TeEACHERS TEACHERS TEACHERS No, PERCENT
NUMBER OF SCHOOL RESPONDING secesceesecocosecacaccnassosassssss K<l 68 23 27 153
Ae INDICATE FEATURES FOUND DESIRABLE:
1. COVERS GREATER SCOPE OF MATERIAL seececseccessosccecss  60F* 53% 61% 74% 91 59%
2« VALUABLE TRAINING TO STUDENTS IN NOTE TAKING
AND ASSIMILATION cececococcesccessscosccscsscssssssase 16 4 15 19 12
3, MAKES POSSIBLE THE INTRODUCTION OF ANECDOTES
AND OTHER RELATED MATERJALS eeveecsscsocscssscssccacse 3 3 52 26 51 33
4, GIVES TEACHERS AN OPPORTUNITY TO DEAL WITH
ANTICUIPATED DIFFICULTIES wececacscvossnocecassssssones 83 76 78 67 118 77
Se OTHERS soeccoccoscscnsoscocessscssesnscosssssscsncsnsse 3 16 0 15 16 10
295
B, INDICATE WHY YOU LIKE CERTAIN FEATURES OF LECTURE METHODS:
1+ DBY OBSERVATION | HAVE SENSED STUDENT INTEREST eecesese 28 51 43 4 75 49
2e¢ BY TESTING | HAVE NOTED STUDENT PROGRESS eeesccesceons 51 51 47 55 79 52
3. OTHERS [ IR EIEEAEZIENEIRRIN SRR R RN Y NNENNEFENY L N NN E NN XN N ] 14 2 22 ]9 30 19
184
Ce INDICATE FEATURES FOUND UNDERSIRABLE:
Te SECONDARY SCHOOL STUDENTS ARE SELDOM ABLE TO
ASSIMILATE MATERIALS BY LECTURE cecesecsvovacsocsssnse 9 16 13 22 23 15
2. LECTURES DO NOT ALLOW AN IMMEDIATE OPPORTUNITY TO
CLEAR UP DIFFICULTIES scsssscescosecoccsscscssscsascce 43 57 26 4 T 46
3. STUDENTS ALLOW STATEMENTS TO GO UNCHALLENGED:seeoscacos 66 62 70 56 26 63
Qe OTHERS ceceeensancssscencasasosasrcssospstsosssscsssas 3 15 9 7 15 9
205
D. INDICATE WHY YOU DO NOT LIKE THIS METHOD:
1. | HAVE FOUND IT LESS EFFECTIVE AS A BASIS OF
STUDENT LEARNING scecescsocecccscsssnsoscossseccoseses M 44 30 37 59 39
2. HAVE FOUND |T DIFFICULT TO MAINTAIN STUDENT INTEREST.. 23 28 13 30 K] 25
3' omERs 29 0000000000008 0000000000000 C0CRRRCIRIRRRTRIRIRQRSOGYS 23 ]5 9 22 26 17
123

*THE NUMBER OF TIMES AN 1TEM WAS CHECKED WAS COMPARED TO THE NUMBER OF SCHOOLS, TO GET THE PERCENTAGE.



TABLE XV (coNTINUED)

SIZE OF SCHOOL

1-3 4 -6 7«10 Over 11 TOTAL
HEURISTIC METHOD TEACHERS TEACHERS TEACHERS TEACHERS No. PERCENT
A, [INDICATE FEATURES FOUND DESIRABLE:
1e BRINGS STUDENTS INTO ACTIVE PARTICIPATION sevsessssesse  89% 78% 83% 814 125 824
2, MOTIVES, BY PUTTING THE STUDENT INTO THE ROLE
OF AN INVESTIGATOR cecscsessceccoscosccsnssssscasscnnes 60 51 61 59 86 56
3. GUIDES STUDENTS TOWARDS DISCOVERIES sevcocccsccssscnons 60 50 43 70 84 55
4, GIVES TEACHERS AN OPPORTUNITY TO EMPHASIZE
KEY POINTS PP 902000 0000000 P00 PR PRRCRRRCRNRRRROERNRRRERREY 46 57 26 70 BO 52
5. OmERs [ FENEEINENERYNNEIAN LN AANR A NEL R R R R AN RN RN A NE N NN XN ) 0 3 4 4 4 3
379
Be INDICATE WHY YOU LIKE CERTAIN FEATURES OF THIS METHOD:
1, TESTS SHOW THAT IT IS EFFECTIVE FOR SOME TYPES
OF wRK SO0 P00 PP 0RIPPRENRPOT RN PPN ROECOOIEOCERIOROIOPTIEISLD 40 31 31 44 54 5
24 AWAKENS IN THE STUDENT, THE SPIRIT OF SEEKING
ANSWERS (AR AN NIRET NN NENN R NN NENEE AL A SRR RN R NN R NN NNNEN] % 72 78 73 109 71
3¢ STUDENTS DO 1T THEMSELVES secescccecrcsscsscssceccessss 40 51 78 41 68 44
4. omERs [ E X FEEENENTNETE AN R AE RN NN E AN NN EE A NN RN NN NNEENENE NN ) 6 7 o 4 8 5
239
C. |INDICATE FEATURES YOU HAVE FOUND UNDESIRABLES
‘I. IT ls Too T'ME CONleNG [ Rl R E R NN R R R TR I N RN NN NN EE Y NN N 57 41 61 M’ 74 48
2, |F NOT SKILLFULLY HANDLED, IT DEGENERATES INTO “YES"
AND "NO™ ANSWERS WITH LITTLE THOUGHT seecosccscoccscssee 49 51 61 55 81 53
3. N UNSKILLED HANDS THE DISCUSSION BECOMES
RANDOM [ FXZXENESEEREN R ETERE AR NEENIERE NN R NENXNENE N AR N R L 17 26 43 4] 45 29
4, DANGER OF QUESTIONING ONLY THE BRIGHTER STUDENTS cevese 66 51 48 59 85 56
5. OTHERS P99 00000000 0ROt 00 R 0eR e Rt ePet et RReeR S 6 7 4 4 9 6
294
De [INDICATE WHY YOU DO NOT LIKE THIS METHOD:
le MOST STUDENTS ARE NOT WILLING TO GIVE THE TIME _
NECESSARY TO DEVELOP SOLUTIONS covecscecceccccssssncses 28 34 40 30 50 33
2, PUPILS TURN TO BOOKS TO FIND SOLUTIONS eeesceoessesocse 6 3 0 4 S 3
3¢ BRIGHTER PUPILS DO NOT NEED ALL THE TIME
G'VEN IR XX I N E NSNS N Y NN RN RN NN R R NN NN RN N AN LN B Y ) 57 60 43 48 84 SS
4. OTHERS 0...00...‘................0.0....'Cl'l...l'..... 3 6 o 4 6 4
145
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regard to why teachers liked this method, 109 schools checked the item:
"(It) awakens in the student the spirit of seeking answers.”

There were some pitfalls cited, too. Three weak features were
noted in about equal numbers: (1) There is danger of questionming only
the brighter students: (2) If not skillfully handled, it degenerates
into "yes™ and "no" answers with little thought ard(3) It is too time
consuning,

In regard to why teachers do not like the Heuristic Method, all
categories of schools concurred in checking the item most: "Brighter
pupils do not need all the time.®™ Several teachers added other reasons,
for example: (1) ®It allows students to practise errors, if left to dis-
covery for themselves.? (2) "In a large class the slower students are
neglected.™

Summary. Sections®A" and "B* from Table XV may be taken as a
measure of favorable reaction in each of these methods. In total there
were 479 items checked for the lLecture and 618 items checked for the
Heuristic Method. Sections "C" and ®D" from the same table indicate a
measure of unfavorable reaction for each method. These totals for the
Lecture and Heuristic Methods were 328 and 439 respectively. These data
indicate, that although mathematics teachers see many strengths in both
these methods, they point out many weakmesses, too.

Ilaboratory Method.

The meaning that has been attached to the ®lLaboratory Method" is
that it is the method involving the development of new understandings and
concepts through activities of measuring, constructing, drawing, repre-

senting data, handling objects, making models, taking field trips and
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possibly other related ideas. Respondents were given this statement in
order that all might have a similar basis upon which to make their judg-
ments., Some data have been given--Tables XIII, XIV on pages 73 and 75--
relative to the time devoted to different methods. ILaboratory activities
were noted and given a relative position. Other facets of this method
are now considered,

Grade level., Teachers were requested to indicate the grade level
at which they believed the laboratory method was most helpful, Over one-
half of the schools in each size category reported that they had found
these procedures most helpful at the grade nine level. This information
is given in Table XVI. Somewhat fewer schools indicated it most helpful
at the grade 10 level--22.1 per cent--while about one-sixth of those
reporting said it was "about the same™ for all grades, The pattern report-
ed in each school size category is about the same as for ®all schools,™
so there appeared to be genersl unanimity of thinking regarding this.

Activities. A list of items containing some of the usual sctivities
was given and teachers were asked to check those that they found most help-
ful, Table XVII summarizes these. Measuring asctivities ranked first,
this being reported by 108 schools. Item 4, "drawing to scale™ and items
2 and 5, "construction ectivities--meking models, eto.--and ®msking large
graphs" respectively were reported with some regularity., The activity
checked least was the "construction of solid models.® This may be the
result of there being no course in solid geometry on the secondary school
program in Alberta. The gathering of data to be used for statistical
treatment and the taking of field trips for the purpose of making surveys,

maps and indirect measurements, are uncommon activities in Alberta high



TABLE XVI

NUMBERS AND PERCENTAGES OF RESPONSES IN RESPECT
TO GRADE LEVEL WHERE LABORATORY METHOD MOST HELPFUL

1-3 lh = 6 7 =10 Over 11 Al
Teachers Teachers Teachers Teachers Schools
Responses
No. P. Cent No. P. Cent No. P, Cent No. P, Cent No. P.Cent
Indicate the grade
level you believe this
method to be most
helpful
le Grade 9 @ & o 0 o o @ 27 610)4% h-l 5206% 13 5606% 18 6607% 99 5705%
2 Grade 10 « o + o o o » 12 27.3 16 20,5 S 21,7 5 18.5 38 22,1
3. Grade 11 * o & e o 9 o 0 0.0 0 Ooo 0 Ooo 0 OCO 0 000
J.l. Grade 12 « o« o ¢ o o o 0 0.0 ,-l- 501 0 0.0 1 307 5 2.9
5. About the same o s+ o 5 1103 17 21.8 5 2107 3 11.1 30 17.5

Total + o o o o &

L 100,0% 78 100,04 23 100,0% 27 100,0%




NUMBERS OF LABORATORY ACTIVITIES REPORTED IN MATHEMATICS

TABLE XVII

School Size, by Teachers

l1-3 h -6 7 - 10 Over 11
Teachers Teachers Teachers Teachers Total
INDICATE THOSE OF THE FOLLOWING
ACTIVITIES FOUND MOST USEFUL.
1. Measuring activities (length, wt.
temp, angles, etCe) o o o o 4 o o 29 50 12 17 108
2. Construction activities
(making models, e.g., Pythagoras'
Theorem)ogcgqonnoooo 11 32 7 12 62
3. Construction of solid models. .« . 3 l 1 1 9
LI,. DraWing to 8C2les ¢ ¢ ¢ ¢ o ¢ & o 19 39 15 13 86
5. Making large graphs « + +« « + o+ 1k 26 9 11 60
6, Field trips (surveys, maps,
indirect measurement) ¢« ¢« ¢ ¢ o L 10 2 3 19
7o Gathering data (to treat
statistically) o o o o ¢ o ¢ o o 2 13 2 5 22
8.0ther800000000-0000 2 2 2 1 7
Total 8L 176 50 63 373
Schools responding 35 68 23 27 150
Index of Activity* 2oL 2.6 242 2.3

2.5

#Total items checked = No, of Schools
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schools,

There was no significant difference in the activities among the
various school size classes, A simple index found by dividing the
total numbered activities by the number of schools, was computed. For
the “one to three teacher schools,® the "four to six,™ the ®™seven to
ten," the "over eleven," and "all schools,™ these indexes were 2.4, 2.6,
2.2, 2.3 and 2,5 respectively.

Strengths and Weaknesses. Some information has been given relat-
ing to the findings on mathematics activities. Table XVIII shows the
extent of certain strengths and weakness in the practices of the schools
sampled and in the thinking of their staffs. There was a strong belief
that, "students visualize problems more readily after having had actual
laboratory experience.™ One hundred one of the schools reported this,
About the same number--98 schools-- said that, ™mathematical concepts
become more functional and meaningful when they are seen in relation to
actual applications.® These were certainly favorable reactions to labor-
atory teaching.

In opposition to these favorable reactions were indications of
inherent weaknesses. "The laboratory method is too time consuming,®
one hundred four schools reported. And a smaller group--58 schools--
reported that, "it may become aimless manipulation.™

Altogether there were recorded 318 responses favorable to the
strengths of the laboratory method, and 236 related to certain weaknesses,
These findings are weighted in favor of its strengths. Laboratory teach-
ing ranked last of methods in respect to the time given to it, but it

appears that these same teachers believe it cennot be completely abandoned.



TABLE XVIII

NUMBERS OF TEACHERS REPORTING CERTAIN STRENGTHS AND WEAKNESSES

OF THE LABORATORY METHOD OF TEACHING MATHFMATICS

BY SIZE OF SCHOOL

SIZE OF SCHOOL

1=-3 4 -6 7=10 Over 11
LABORATORY METHOD TEACHERS TEACHERS TEACHERS TEACHERS ToTAL
A, INDICATE WHAT HAS LED YOU TO BELIEVE THAT THE LABORATORY
METHOD LEADS TO BETTER UNDERSTANDING, CHECK THOSE THAT APPLY:
1, HAVE NOTED THAT STUDENTS, AFTER HAVING WORKED ON
MODELS, GRAPMS, ETC., EXPLAIN THEM READILY TO THEIR
PEERS D00V BP0 000 ¢00 00000000080 0040000¢0000008500000%000%0 8 17 2 4 31
2o STUDENTS VISUALIZE CERTAIN PROBLEMS MORE READILY AFTER
HAVING HAD ACTUAL LABORATORY EXPERIENCES ececscsescesscsas 20 43 15 17 - 101
3, TEACHER CAN ™PUT OVER™ CERTAIN IDEAS BETTER BY
DEMONSTRAT'ON 'N THE MBORATORY [ AR EENNENNNENEERENENNNEREEEREN ] 16 48 15 9 88
4, MATHEMATICAL CONCEPTS BECOME MORE FUNCTIONAL AND
MEANINGFUL WHEN THEY ARE SEEN IN RELATION TO
ACWAL APPLICAT'ONS [ EX F R XN NN BN N NN NE N NENNENIENRNERIENHNEJRJEJINENNNNN] 23 46‘ 13 16 98
ToTaL 73 154 45 46 318
Bs INDICATE WEAKNESSES THAT YOU HAVE FOUND WITH THE
LABORATORY METHOD, CHECK THOSE THAT APPLY:
1e THE LABORATORY METHOD 1S TOO TIME CONSUMING secesceccensse 23 47 16 18 104
2. STUDENTS RELY 700 STRONGLY ON SEEING OR MEASURING seeccees 4 13 7 4 28
3' |T MAY BECOME AITMLESS MANIPULATION gecoesscsessscsscscscsce 13 29 5 n 88
4. IN HIGH SCHOOL MATHEMATICS, LABORATORY WORK DOES
LITTLE TO DEVELOP AND CLARIFY MATHEMATICAL
INTER=RELATIONSHIPS ITSELF eceescovccccssscscssncscecoscese 11 20 8 7 46
ToTaL 51 109 36 40 236

_178_
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From these results it seems to be a fair conclusion that teachers have
adopted a somewhat cautious attitude.
Drill in Mathematics

Drill must be recognized as an essential means of attaining some
of the desired outcomes of mathematics, Many mathematical operations
need to be performed correctly and with some speed if they are to be use-
ful. The acquisition of facility in such operations can only be secured
through repeated practice., On this basis, "drill™ is a means of achieving
desired outcomes.

Grade level. Table XIX shows the grade level at which teachers
have found drill to be most useful. Each size class of schools and total
schools reported drill to be most helpful at the grade nine level. Just
30 per cent of "total schools™ reported thus. A somewhat greater number--
41,8 per cent--said that drill was ™about the ssme”™ for all grades of the
secondary school. Somewhat lesser numbers said thet "drill" was most
effective in grade 10, or grade 11 or grade 12. The evidence here only
indicates a tendency to say it is most effective at the lowest grade level,
but the percentage of teachers reporting this does not seem large enough
to get a conclusive opinion of this.

Several teachers reported this in respect to drill: ®"The grade
level isn't as important as the topic.® Since, as it was noted above,
about 40 per cent of the schools reported that drill was equally applica-
ble to all of the secondary school grades, it is logicsl to take a closer
look at the question of drill in mathematics. To do this a series of
twenty teaching topics were given to the questionnaire respondents and

they were asked to indicate the degree of stress they placed on ®drill"



TABLE XIX

NUMBERS AND PERCENTAGES OF SCHOOLS REPORTING ON

DRILL IN MATHEMATICS
1 - L -6 7 - 10 Over 11
Teachers Teachers Teachers Teachers Total
» ) » £ 2
$~ = - o o] =] H =} Eo =
s 5 2 &8 2 8 & & & 3
~ ~ ~ &
;0F 2 05 2 08 B 5 B B
Indicate grade level in which
you have found ®drili%" most
usefuls
1, Grade 9 12 33.3% 2k 32,08 6 2L.0% 7 l1.2% L9 30,0%
2. Grade 10 3 8.3 1 18,8 3 12,0% L 23.,5% 2l 1h.7
3. Grade 11 3 8.3 5 6.5 I 16.0 1 5,9 13 7.9
L. Grade 12 2 5.6 2 247 3 12,0 2 11.8 9 5.6
5, About the same 16 L5 30 L0.0 9 36,0 13 17.6 68 11,8
Total 36 100,0% 75 100,02 25 100,0% 27 100,08 163 100.0%
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for each of these topics.

Computation of the index. For each of the teaching topics given

in Table XX, the respondents were asked to check them under LITTIE, SOME,
or MUCH, relative to amount of drill they did on each. A response of
LITTIE was given a weight of one, & response of SOME was given a weight
of two, and a response of MUCH was given three, The index for each item
was obtained by multiplying the total LITTLE responses by one, the SOME
responses by two and the MUCH responses by three, adding the three fig-
ures and dividing by the total responses to the item, This index figure
then is a relative value of the extent of drill on each topic. With the
imposition of these conditions, the range of the index is from one to
three.

Importance of drill on twenty selected topics in Mathematics.

Table XX lists these items ranked according to the indexes computed for
"all schools.® The topic requiring most drill was, “operations with
signed members.™ The index computed for this topic was 2.91. which indi-
cates that almost all schools checked MUCH for this item. The teaching
of signed numbers is presently introduced in grade nine, in the Alberta
program, The factoring of algebraic expressions ranked second, with an
index of 2,72. This topiec is formally introduced in grade 10, One topic
which is introduced in grade l12--computation by logarithms-~ranked fifth
on the basis of ™drill™ needed, while the topic on geometric constructions
ranked twentieth and is introduced at the grade nine level, It appeers,
from an examination of these topies, drill may be somewhat more dependent

on the topic than on the grade level,
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TABLE XX

IMPORTANCE OF DRILL, ON A SELECTED LIST

OF TWENTY TOPICS FROM SECONDARY MATHEMATICS

All Schools
Index Rank

Indicate how important you have found

drill to be:
1. Operations with signed numbers . . . .
2, Factoring . .. . . . . . . o .
3. Fundamental operations on algebraic
fractions . . . . . .
4. Solving quadratiec equations by formula
5. Computation of logarithms . . . . . .
6. Solutions of equations . . . . . . . .
7. Solutions of systems of equations . .
8. Grouping like terms . . . . . . « .« .
9. Operations in redicals . . . . . . . .
10, Solutions in linear equations . . . .
11. Problems in expansion of Binomial
Theorem . « « +v o o« o o o « « o o o
12, Extracting square roots . . . . . .
13. Memorizing area and volume formulas .
14. Graphing of quadratic funections . . .
15. Finding the L.C.M, - H.C.F, . . . . .
16. Finding areas of surfaces. . . + + « &
17. Graphing of linear functions . . . . .
18. Solving equations by graphical
methods . « ¢ ¢« ¢ o ¢ ¢ ¢ o ¢« o o o &
19, Learning propositions in
BEOMELTrY o ¢ o ¢ o o ¢ o o o o v o o o
20, Making geometriec

constructions . .« ¢+ ¢ ¢ ¢ ¢ o . . .

[ ] L] L ] L] L] [ -

L] L] L] [ ] L] L ]

L] . L] L L

L] * * L ] L ) * . L ]

* L ] ® » L ] L] °

2.91 1
2.72 2
2.51 3
2.43 4
2.42 5
2.40 6.
2.40 6.
2,38 8
2.35 9
2.32 10
2,30 11
2,28 12
2,26 13
2.25 14
2.23 15
2.21 16
2.18 17
1.96 18
1.91 19
1.85 20

W\
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In order to get a more detailed picture of this facet of method,

a more comprehensive tabulation was made, giving the indexes for the
twenty teaching topics, in each school size category. Table XXI gives
this information. The topics were arranged on the basis of rank for

"all schools." Then for each of the school size classes the number indi-
cating its rank was fitted in wherever it fell. In looking at this
table, one gets some indication of the agreement of thinking in these
different school size categories.

The first two items, operations with signed numbers®” and "factor-
ing" ranked first and second in all school size classes, There were some
discrepancies., The topic, "fundamental operations on algebraic fractions®"
ranked third in the two smallest school categories, and for ™all schools,®
but it ranked fourth in the seven to ten teacher class and, ninth in the
"over 11 teachers™ class., For the topic, "finding the areas of surfaces}
the rank was eighth in the "four to six teacher™ class, but it was 15 or
more for the other categories. These facts simply point out that there
was not complete agreement of thinking.

However, some general agreement does appear, The five topies
which ranked sixteenth to twentieth for "all schools,® also ranked near
the bottom in each other size category. The correlation, by the rank-
difference method, of these data between the ™one ‘to three teacher" schadls
and the "four to six teacher™ schools was found to be 0.715. Between the
*four to six teacher™ schools and the "11 or more teacher® schools, it
was 0,752. This gives some indication of general agreement of thinking,
Evaluation in Mathematics

The evaluation of achievement in mathematics is important because



TABLE XX!

IMPORTANCE OF DRILL, ON A SELECTED LIST OF TOPICS [N SECONDARY

SCHOOL MATHEMATICS, 8Y SIZE OF SCHOOL

ALL ScHoOLS 1 «3 4 -6 710 11 OR MORE
TEACHERS TEACHERS TEACHERS TEACHERS
INDEX  RANK INDEX  RANK INDEX ~ RANK INDEX RANK INDEX  RANK
HERE 1S A LIST OF 20 TOPICS COVERED IN SECONDARY
MATHEMATICS, WILL YOU INDICATE IN EACH HOW
{MPORTANT YOU HAVE FOUND DRILL TO BE, PLEASE
CHECK THIS:
1. OPERATIONS WITH SIGNED NUMBERS ceecescccccsassass 29 1 2,81 1 2,94 1 278 1 2,588 15
2. FACTORING 0000000834 ¢$000800800°00000Q008 48,3000 +9008 2.72 2 2,74 2 2g69 2 2.59 2 2.88 1.5
3, FUNDAMENTAL OPERATIONS ON ALGEBRAIC FRACTIONS 4., 2,51 3 2,51 3 2457 3 2457 4 2,33 9
4, SOLVING QUADRATIC FQUATIONS BY FORMULA coccncoess 2.43 4 2.29 8 2049 5 2,32 11 2,24 14
5. COMPUTAT'ON BY LOGAR'?HMS 09000 E0LO¢EE0DOCO9OOECOG 2942 5 2.23 11 2051 4 2.58 3 2@32 ]1
6‘ SOLUT'ONS OF EQUAT'ONS 9*¢ 8600080000000 00000*20D00 2040 605 2948 4 2048 6 2943 7 2048 405
To SOLWTIONS OF SYSTEMS OF EQUATIONS ccceossssscnsss 2440 6.5 2:25 10 2033 14 2.54 S 2,67 3
8. GROUPING LIKE TERMS ,040000s00000000eas0000000000 2,38 8 2,39 5 2.38 10,5 2,36 8.5 2.35 8
9, OPERATIONS IN RADICALS coeocooccoco0sc0soscoasocoos 2,35 9 2,3 6.5 2.38 10,5 2,33 10 2,32 11
10, SOLUTIONS IN LINEAR EQUATIONS sccceccocoocsscscos 2,32 10 2,18 12 2029 15,5 2,48 6 2.43 &
11, PROBLEM IN EXPANSION OF BINGMIAL
mEOREM [ E XXX EE2EFE N AN REE NN NN RN NN ERNN N ] 2030 11 3303 ?355 2‘43 8 2915 15 2‘48 ‘jas
12, EXTRACTING SQUARE ROOTS ocascessosoescnonsnscases 2,28 12 2031 65 2,79 18.5 2,14 16 237 7
13, MEMORIZING AREA AND VOLUME FORMULAS ecoocsceccccao 2.26 13 2.27 9 Zafll 8 2, 1R 14 2.08 17
14, GRAPHING OF QUADRATIC FUNCTIONS .ccoccccsossscnce 2025 14 1.97 17 2,37 12 2025 13 2.3 11
15, FINDING THE Lo Co Ms @ Ho Co Fo  coovcsscesovccsos 2423 i3 1,97 i7 2.3 13 2430 12 2419 15
169 FlNDING AREAS OF SL,RFACES Q00 0 2000 0000000000000 2021 16 2000 15 204? 8 2000 18 2009 16
17, GRAPHING OF LINEAR FUNCTIONS cocoevsccosasanssaca 2,18 17 1.97 17 2020 17 2e36 8,5 2,28 13
18, SOLVING EQUATIONS BY GRAPHICAL METHODS ccsocvcocsea 1,96 18 1087 19 1097 19,8 2,08 17 2,00 18
19, LEARNING PROPOSITIONS IN GEOMETRY gossccscsosaces 1,91 19 2003 13.5 1,97 195 1.78 19 1.69 20
20s MAKING GEOMETRIC CONSTRUCTIONS cesosesscsscsscocoe 1085 20 1.84 20 2.03 i8 1052 20 1,87 19

...06..
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it plays many roles. It should indicate something of the day to day
progress of the pupil--his mastery or lack of mastery of certain ideas
and concepts. Evaluation is a means of determining something of the
effectiveness of methods of instruction. It may be the means of find-
ing the slow and rapid learners and thus modify the methods of teaching
such students. In this study an attempt was made to find some of the
means of evaluation and to find the degree of importance attached to
each, A second attempt was made to search out some of the purposes of
evaluation,

Student performance. A list of ten evaluative items was given
and teachers were asked to indicate a percentage (10 per cent, 20 per
cent....more than 50 per cent) value which they attached to each, in
making a final assessment of a student's work. Table XXII gave a sum-
mary of the reporting of the various schools. This table gives a
classification of the data according to the school-size categories, by
numbers of schools that checked each item,

There is general agreement among all school-size categories. The
final examination is the most significant means of evaluating student
performances in mathematics in Alberta. 1In the schools of one to three
teachers, 22 of the 23 that reported, gave 50 per cent or more weight to
it; in four to six teacher schools, 45 out of 66 gave over 50 per cent
weight to it; for the seven to ten teachers schools, it was 15 out of 23
and for schools of 11 or more teachers, it was 15 out of 27, In total
there were 97 of 149 schools that gave a 50 per cent or more weight to
the final examination in evaluating student performance.

The term examinations ranked next in importance. About one-half



NUMBERS OF SCHOOLS GIVING A PERCENTAGE
RATING TO SOME ASPECTS OF EVALUATION
OF STUDENT PERFORMANCE

TABLE XXII

Schools = 1 = 3 Teachers

104 20% 30% Log 50% Over
Evaluation or less 50% Totals
le Final examination + « « ¢ o o « o o 0 2 2 7 18 Ll. 33
2. Term examination (Christmas and/or
Easter and possibly others) . « + « L 12 11 3 2 0 32
3+ Short, teacher-made tests « « o « o 19 10 2 0 0 0 3
L, Commercially prepared tests « « + 8 0 0 0 0O O 8
Coe Marks for notebooks o« o o « o o o o 15 0 0 0 0 0 15
6. Marks for projects or other
selected pieces of WOrK « « « o+ o o 10 0 0 0 0 0 10
7. Pupils' daily class preparation . . 1k 2 0 0 0 0 16
8. Pupils' class participation . . . . 1l 1 0 0 0 0 15
9. Teachers' judgment o« « o« o o o « & 13 2 0 0 0O © 15
10, Others (Write in) « o o « o o« « o @ 2 0 0 0 0 0 2




TABLE XXII (continued)

Schools L} -« 6 Teachers

10% 20% 30% LO% 50% Over
Evaluation or less 50% Totals

1, Final examination « « « o 1 L 1 15 36 9 66
2. Term examination (Christmas
and/or Easter and possibly

others « « o« ¢ o ¢ ¢ o & 6 26 ].LI. 6 7 1 60
3. Short, teacher-made tests 24 10 2 3 1 0 Lo
o Commercially prepared

tests ¢« & s 0 8 e s o 8 12 1 0 1l 0 0 ]J.l.
5. Marks for notebooks + « « 25 3 0 0 0 0 28

6, Marks for projects or

other selected pieces of

work o o o o+ o 0 o o @ 22 0 0 0 0 0 22
Te Pupils! daily class pre=-

paration o« ¢ o o s ¢ o o 25 3 1 0 0 0 29

8., Pupils' class partici=
pation e o o ® o o o o 2)4- 3 0 0] 0 0 27
9. Teachers' judgment . . . 23 2 0 0 0 0 2ly
100 Others o+ o » ¢ o ¢ ¢ « & 2 0 0 0 0] 0 2




TABLE XXII (continued)

Schools 7 = 10 Teachers

10% 20% 30% L0% 50% Over
Evaluation or less 50% Totals
1, Final examination 0 1 1 6 13 2 23
2. Term examination (Christmas
and/or Easter and possibly
O'bhers.).....-....o 3 5 10 Ll 1 23
3. Short, teacher-made tests. .10 L 1 0 1 0 16
i, Commercially prepared
tests 00...5-.0.5 0 0 0 0 0 5
5. Marks for notebooks .+ « « +10 0 0 0 0 0 10
6. Marks for projects or other
selected nieces of work . o 8 0 0 0 0 0 8
7. Pupils' daily class pre-
para‘bion........o-9 0 0 0 0 0 9
8, Pupils' class participation.ll 0 0 0 0 0 11
9+ Teachers' judgment « o+ o« o « 8 0 0 0 0 0 8
10, Others o o ¢ ¢ ¢ « ¢ o ¢ « o 1 0 0 0 0 0 1l
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TABLE XXII (continued)

Schools 11 or over Teachers

10% 20% 30% L0% 50% Over Total
Evaluation or less 50%

1, Final examination . « « . « & 0 3 T 2 10 5 27
2+ Term examination (Chrlstmas
and/or Easter and possibly

Others) v o o o 0 o o o o 3 9 L N 2 2 2l
3. Short, teacher-made tests . « 9 1 2 5 2 0 19
L, Commercially prepared tests o 5 1 1 0 0 0 7
S5« Marks for notebooks « « o « 11 1 0 0 0 0 12
6. Marks for projects or other

selected areas of work . . 10 0 0 0 0 0 10
7« Pupils' daily class pre-

paration « o« ¢ o ¢ o o o o o 10 1 0 0 0 0 11
8. Pupils' class participation . 10 2 0 0 0 0 12
9. Teachers' judgment . . . . & 8 2 1 0 0 0 11

10, Others e o e e s s e s e e 0 0 0 0 0 0 0
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TABLE XXII (continued)

All Schools

10% 20% 30% 0% 504  Over
Evaluation or less 504 Totals

10 Final examination e * & o+ o o ® 1 10 11 30 77
2. Term examination (Christmas
and/or Easter and possibly

N
o

149

others) « ¢ o s o ¢ ¢« v o o o 13 50 3 23 15 L 139
3. Short, teacher-made tests . . . 62 25 7 8 N 0 106
Lo Commercially prepared tests « « 30 2 1 1 0 0 34
5. Marks for notebooks « + « + . » 61 L 0 0 0 0 65
6. Marks for projects or other
selected pieces of work « « « o 50 0 1 0 0 0 51
Te Pupils! daily class pre=
paration .+ 4 « ¢ o « o o o o o 58 6 1 0 0 0 65
8+ Pupils' class participation . + 59 6 0 0 0 0 65
9. Teachers! judgment o« . + + . . 52 6 1 0 0 0 59
10, Others e o o o s o s s s s @ 5 0] 0 0 0 0 5

_96-
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of each school size category gave 30 per cent or more weight to these
rather comprehensive tests. In ™all schools," 76 out of 139 reported
thus on this item, while 50 schools weighted these examinations at 20
rer cent of total.

The other eight evaluative items were given much smaller weight.
The "short, teacher-made tests™ were given 10 per cent or less weight
by about one-half of the schools. Four of the schools said that these
short tests determined 50 per cent or more of the value of a final
assessment. This is only a small percentage of the schools. Commercial-
ly prepared tests were not reported as being used to any significant
extent. Only 34 schools indicated any use and, of these, 30 placed a 10
per cent or less weight to them.

Some other items such as marks for notebooks, or projects or
special pieces of work were almost all weighted at 10 per cent or less.
A few schools gave these items 20 per cent or 30 per cent weight, but
they represented only a small fraction of them. The "pupils daily class
preparation™ and "daily class participation™ were not valued very heavily.
The "teachers' judgment™ apparently does not play a significant part.
Fifty-two teachers said they weighted this means of evaluation at 10 per
cent or less. A few teachers said: "The teacher's judgment is signifi-
cant when other information is inconclusive,™

It was noted above that there was general agreement among all
size categories--~the first two items weighted heavily and the last eight
items rather lightly. There was noted a tendency for the largest schools
not to weight the finsl examination as heavily as the smaller schools--

just over 50 per cent of the largest schools gave 50 per cent or more



weight to it, while about two-thirds of the other schools gave this
weight to it.

Purposes of evaluation. The respondents were asked to indicate
the degree of importance which they attached to each of ten "purposes
of evaluation.™ This was done by checking each purpose under SOME,
LITTLE, or MUCH. An Index for each of these items was computed in the
same manner as that on page 87. These ten items were then re-arranged
by rank order and presented in two tables: Table XXIII for "all schools,”
and Table XXIV for each school size class.

With an index of 2,63 and ranking first among these purposes of
evaluation was the item, "To serve as a basis for 'passing' or 'failing'
& student.® Since only six schools of the 143 responding to this item,
checked this purpose, under LITTIE, it may be concluded that Alberta
mathematics teachers believe this to be a significant purpose. In rank
two was the statement, ™To determine the strengths and wesknesses of
students or of a class as a whole,® while the purpose which ranked third
was, "To provide a basis for reporting to parents.® In the ninth place
is the purpose, "To measure the ability of students to apply mathemati-
cal reasoning to non-mathematical situations.® And finally the purpose
of evaluation, which Alberta teachers think is least significant is the
one, "To provide a basis for the appraisal of teachers.*

A1l of the categories in Table XXIV concurred in granting the
item, "To serve as a basis of 'passing! or 'failing' & student,™ rank one,
Al]l agreed in granting the item, ™To provide a basis for the appraisal
of teachers," rank ten, except one school size class and those teachers

placed it in rank nine. There was a general concurrence in ranking all



- 99—

TABLE XXIII

THE IMPORTANCE THAT MATHEMATICS' TEACHERS
ATTACH TO THE PURPOSES OF EVALUATION,
FOR ALL SCHOOLS

A1l Schools

Index Rank

l. To serve as a basis for "passing®

or "failing® a student . . . . . . . . . . . .. 2,63 1
2. To determine the strengths or

weaknesses of students or of a

class 85 @ Whole . . 4 & + & o o o o o s o« » » « R.61 2
3. To provide a basis for reporting

to PATENTS & ¢ 4 4 e et e e e e e e s e e s e 2,69 3
Lo To stimulate the improvement of

teaching . . . . . . T~ 4
5. To maintain standards e s s e 6 s s 4 s e s s s 2,19 5
6. To provide an incentive to study . . . . . . . . 2.17 6
7. To furnish data for educational

guidance . . . . . e e e s e e e s e e . 2,06 7
8, To assist in grouping of students e e e e e e s 1,72 8

9. To measure the ability of students

to apply mathematical reasoning

to non-mathematical situations . . . . . . . . . 1l.69 9
10, To provide & basis for the appraisal of

teACherS o« v« ¢ o + v o ¢ « o o e o v s s s s s e 150 10




TABLE XXIV

A MEASURE OF THE IMPORTANCE MATHEMATICS TEACHERS ATTACH
TO PURPOSES OF EVALUATION, BY SCHOOL SIZE

ScHoolL Size

1-3 4 -6 7 - 10 11 OR MORE
TEACHERS TEACHERS TEACHERS TEACHERS
INDEX  RANK INDEX  RANK INDEX  RANK INDEX  RANK
Te ToO SERVE AS A BASIS FOR ™PASSING"
OR "FA'L'NG" A STUDENT 8000000000000 RReRRROY 2¢38 1 2.66 1 2.78 1.5 2.72 1
2. TO DETERMINE THE STRENGTHS OR
WEAXNESSES OF STUDENTS OR OF A
CLASS AS A WHOLE eeceveccsssceossccascoccorsacsas 2426 2 2459 2 2,78 Te5 2,68 2
3, To PROVIDE A BASIS FOR REPORTING TO
PARENTS geecsecercsecccsnccaccrsscconssccnssscvossse 2.16 4 2423 3 2445 3 252 3
4, TO0 STIMULATE THE IMPROVEMENT OF
TEACH'NG (Z AN EE XS NRRSE N R RS RN R NS AN SR RN RS NN NE X ] 2.17 5 2'2 4 2.21 4 2.25 5
Se¢ TO MAINTAIN STANDARDS seseccsecosscocecescoccosss 2,13 6 2,20 5 2.14 5 2,0 4
6e TO PROVIDE AN INCENTIVE TO STUDY eescosasesoscscs 2,09 7 2,18 6 1,96 7 2,24 6
7, TO FURNISH DATA FOR EDUCATIONAL
w’DANCE PEP OIS0 2000 PSR IIP PRESEDRORIOPLOSEESD 2.19 3 1.95 7 2.10 6 2.08 7
Be TO ASSIST IN GROUPING OF STUDENTS eeecoecccsscene 1,58 9 1,74 8 1482 8 1.82 8
9, TO MEASURE THE ABILITY OF STUDENTS evccsocsccecss
TO APPLY MATHEMATICAL REASONING
TO NON.-MATHEMATICAL SITUATIONS ceueeeessscosssone 1,87 8 1,69 9 1,35 10 1,77 9
10, TO PROVIDE A BASIS FOR THE APPRAISAL OF
TEACHERS [ XA X R Y R R Y NN SN NN RN RN Y Y NN N RN NN NN N 1’52 ]o 1.44 10 1.71 9 1'50 10

=001~
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items, with a few exceptions. The ranking was done from data from
"all schools,™ but it was identical in the four to six’teacher schools,
and almost so in the seven to ten teacher scﬁools, and the 11 or more
teacher schools. No detailed statistical analysis could be made, but
the pattern of thinking appears to be quite uniform.

Teaching For Transfer

An assessment on the teaching of mathematics could hardly ignore
some inquiry about "transfer of training"™ or "teaching for transfer.®
Many claims have been made respecting the disciplinary values of mathe-
matics that are unwarranted. Many claims have been made for "no transfer/®
too. Both have been made from limited observations and insufficient dats.

Theory and practice. It was the purpose of this part of the
study (1) to find out how significant mathematics' teachers believed
transfer of training to be (from their readings and discussions); and (2)
to find out how significant transfer of training appeared to be in actual
practice., Two explicit questions were directed to the respondents and
they were asked to indicate their beliefs and findings by checking,
LITTIE, SOME, or MUCH to each. An index was computed, similarly to that
on page 71. The data are given in Table XXV, for "™all schools"™ and for
each size class.

The indexes for item 1, "from readings and discussions of trans-
fer of training, indicate how significant you believe proper instruction
in mathematics can contribute to this goal,™ are all respectively higher
than those for item 2, "from experience and observations in teaching
mathematics, indicate the importance you place on transfgr in actual

practice.™



TABLE XXV

DIFFERENCES BETWEEN THEORY AND PRACTICE IN
RESPECT TO TEACHING FOR TRANSFER, IN MATHEMATICS
BY SIZE OF SCHOOL

School Size

1-3 h -6 7 =10 Over 11
Teachers Teachers Teachers Teachers

Total

Index
Index
Rate
Index
Rate
Index
Rate

Rate

Index

Rate

L,

24

From your readings and

discussions of transfer

of training, indicate how

significant you believe

proper instruetion in

mathematics can contri-

bute to this goal,

Check ON€e s s o s o o o o 2s32 1 2,15 1 .91 1 2,00 1

From your experience

and observations in teaching

mathematics, indicate the

importance you place on transfer

of training in actual practice.

CheCk ONEe o o o ¢ o o « o o oloe82 2 1,93 2 1,73 2 1.91 2

2,13 1

1.9h 2

0] S
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In theory then, transfer of training in mathematics seems some-
what greater than it was found to be in actual practice, For ®all
schools,™ these indexes were 2,13 and 1.94 respectively. Since the
range of the index computed under these restrictionss, is one to three,
there appears to be a genuine belief that transfer of training is an
actuality, There was a measure of caution exercised in that the in-
dexes would both have been much nearer the ™one.® Regarding the two
indexes given above, the indication appears to bé that Alberta teachers
exercise somewhat greater caution regarding transfer than they seem to

gather from the literature on the subject.

Some teaching techniques for transfer. To find out how teachers
try to present the materials of mathematies, so that pupils may trans-
fer these learnings, a list of six techniques was given to the respond-
ents with a request that they indicate those that they used. An
opportunity was given them to write in "others.® These itens were ranked
as they were checked for "all schools™ and are given in Table XXVI, Items
one, two and three appear in the first three ranks for all school size
categories, The most commonly checked technique was, ™teacher points
out general applications of fundamental mathematical operations.® This
was done by 122 of the schools. The item checked least was, "mathematics
and science teachers confer and pose this question: 'How can we facili-
tate transfer?'™

These results indicate an awareness of this problem, and an attempt
to do something about it. Since there were a total of 454 items checked
then each school, on the average, has been using three of these¢ techniques.

The fact that few use the technique, item six, leaves something to be desired.



TABLE Xxvl

TECHNIQUES USED IN TEACHING MATHEMATICS
SO THAT TRANSFERS MAY OCCUR BY SIZE OF SCHOOL

ScHooL Size
ALL 1-3 4 -6 7 =10 Over 11
ScHoOLS TEACHERS TEACHERS TEACHERS TEACHERS
NUMBER  RANK NUMBER  RANK NUMBER  RANK NUMBER RANK  NUMBER RANK

1e TEACHER POINTS OUT GENERAL APPLICATIONS

OF FUNDAMENTAL MATHEMATICAL OPERATIONS secescsee 122 25 54 1 19 1 24 1
2o TEACHER POINTS RELATIONSHIPS OF PRECEDING

AND SUBSEQUENT PARTS N ORDER TO BUILD uP

WOLE PICTURE [E RN TR XN RENRNNRANN AL R NN NENNRNEY SN ] 109 22 52 2 17 2 18 3
3s TEACHER INDICATES THE WIDE APPLICATIONS WHICH

CERTAIN GENERALIZATIONS HA%E, E.G, PYTHAGOREAN

THEOREM, ANGLE~SUM RELATTONSHIP, AND SINE LAw... 102 23 4] 3 16 3 2 2
4, TEACHER SIMPLY POINTS OUT TO STUDENTS TO BE

ON THE LOOKOUT FOR SIMILARITIES BETWEEN NEW

SITUATIONS AND FAMILIAR ONES==HABITUALLY

SEARCHING FOR ELEMENTS OR RELATIONSHIPS soeeeses 48 9 2 4 5 4,5 12 4
5S¢ TEACHER AND STUDENTS 8RING WIDE VARIETY OF

MATERIALS TO THE CLASSROOM (E.Ge GRAPHS FROM

NEWSPAPERS) TO SEE PRACTICAL APPLICATIONS eecese .7 15 16 5 5 4,5 6 6
6e MATHEMATICS AND SCIENCE TEACHERS CONFER AND

POSE THIS QUESTION: "HOW CAN WE FACILITATE

TRANSFER?" [ IR I IR R R R NN ERENIEEEE LS I ENEENRNNEENR N ¥ ] 25 6 9 6 3 6 7 5
70 OTHERS (“erﬁ 'N, I NN R AN EE NN RSN RN NR RN NN NNNNRY LY ) 6 1 3 7 ] 7 ' 7

-¥01-
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IV. THE MATHEMATICS LIBRARY, TEACHING FACILITIES AND
EQUIPMENT

What is the current status of the mathematics library? How
adequate are the materials and equipment? Are the secondary schools
of Alberta developing regular mathematics laboratories? Two recom-
mendations related to these problems have been made by the Royal
Commission on Education: (1) “That models and other aids to the teach-
ing of mathematics be used more extensively in classrooms;® (2) "that
efforts be made to develop the mathematics laboratory in all schools
of adequate enrc>1lm,ent."‘3 Some investigation of these problems seemed
timely.

Mathematics books available. This section of the report was

designed to find out something of the numbers of mathematics books
available in the high school libraries., Many and varied books on mathe-
maties, of interest to both pupils and teachers, are available, Several
of these lists are available.A A restricted 1list of books was compiled
and respondents were asked to indicate those that they had available in
their libraries. In making the list, standard texts were not included,
and only a few professional books were listed. Four main classes were
listed: (1) History and Biography; (2) Recreational and Popular Accounts

of Mathematies; (3) Surveys and those of a general nature; and (4)

3
Report of the Royal Commission on Education in Alberta, 1959,
(Edmonton: The Queen's Printer, 1959), p. 110.

43chaaf, William L., "The High School Mathematics Library.®
Reprint from The Mathematic¢s Teacher, Vol. XIVII, Nos. 2 and 3. February
and March, 1954.
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Mathematics in the Trades and Professions. Teachers were invited to
list others and spaces were left for them to do so.

Table XXVII lists the numbers of books in each of the categories
mentioned, by school size, The total number of books indicated was 436,
This number is indeed small, since it represents an average of about
three books per school; If allowance is made for the person who did not
bother to check his books, the numbers are still very small and survey-
ing all the schools, there is a general consistency that few of these
books are available,

There is no category in which the schools are well supplied, nor
is there any single book widely available. The little booklet, "Why
Study Mhthematics“5 was available in 25 schools, while the text: "The
Teaching of Secondary School Mathematics,“6 was available in 21 schools.,
Some copies of every book listed were available in some of the schools.

Some reasons for such few books may be advanced., First, mathe-
matics has been largely a text book course of a fairly comprehensive
nature. As & result teachers probably have concentrated their mathema-
tical activities on the given text. Secondly, there are many small
schools, whose book budget has probably gone for "free reading"™ books,
social studies books and others where there seemed to be a grester need.
A third reason may be related to the fact that 65.7 per cent of the mathe-

matics teaching force have only two (or fewer) university courses in

5The Canadian Mathematical Congress, Why Study Mathematics,
(Montreal: The Cambridge Press).

6But1er, C. H. and Wren, F, Lynnwood, The Teaching of Secondary
Mathematics, (New York: McGraw Hill Book Co., Inc. 1951).




TABLE XXVII

NUMBERS OF BOOKS IN THE HIGH SCHOOL
MATHEMATICS LIBRARY, BY SIZE OF SCHOOL

1-3 h =6 7 =10 Over 11 A1l
Teachers Teachers Teachers Teachers Schools
Numbers
History and Biography 3 19 13 18 53
Recreational and Popular
Accounts of Mathematics 6 25 16 31 78 1,
Q
Surveys and General 3
Accounts 17 136 148 sk 255
Mathematics in the
Trades and Professions 2 20 15 13 50
Totals 28 200 92 116 L36

Number of schools 35 68 23 27 153
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mathematics.,

Some teachers commented on the mathematics library. Quite a
number said: ™We have some old books, but very few of the new ones."
One principal (who was also the mathematics teacher) reported: %I
have my own mathematics' library of about fifty books, which are availa-
ble to all students.®™ Some other teachers simply wrote: ™"None.®

The mathematics room. The modern secondary-school mathematics

program, requires that a specially planned room be available, that con-
tains appropriate cupboards, benches, and equipment., To assess the
extent to which such facilities are available in Alberta the respondents
were asked: ™Do you have a special mathematics room (1aboratory) in

your school? The results appear in Table XXVIII,

One hundred fifty-three schools responded to the questionnaire and
151 of them to this item. Of these, 145 said they had no special mathe-
matics room, and six reported, "Yes,® Four schools in the four to six
teachers school size reported having such a room and two of the larger
schools reported similarly. This number represents about four per cent
of the schools, having a distinctly planned and equipped mathematics
room,

It may be that there are many schools having rooms with some or
most of the equipment desirable for a mathematics room, There may be
some rooms re-arranged to accommodate a demonstration desk for setting
up certain experimental apparatus. The study did not get this partic-
ular information., Some teachers, undoubtedly, improvise and make good
use of some materials to do certain laboratory activities. It cannot be

concluded, then, that because schools have no special mathematics room,



TABLE XXVIII

NUMBERS OF SCHOOLS HAVING (OR NOT HAVING)
A MATHEMATICS ROOM (LABORATORY)

School Size
1«3 h =6 7 = 10 11 or over all
Teachers Teachers Teachers Teachers Schools
Numbers
l. Do you have a special
Mathematics Room
(Laboratory) in your !
School? 8
Yes 0 L 0 2 6 i
No 35 63 23 2l 145
Totals 35 67 23 26 15
Schools Responding to
Questionnaire e o s o s 35 68 23 27 153
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that no laboratory teaching is done.

Equipment. A list of thirty-four items of equipment and appara-
tus was given and the respondents were asked to check those that they
had available in their schools., This list included: (1) general equip-
ment; (2) chalkboard equipment; (3) instruments; and (4) models, The
list was confined to those items that might be most commonly used or
that were considered essential. Table XXIX gives a listing of these
things and & summery of the items contained in Alberta high schools.

The four items of highest incidence on the list gave the pencil
sharpner, meter and yard sticks, wooden compasses and the demonstration
protractor. The next three items were the motion picture projector, the
duplicator and bulletin boards. The radio appeared in 97 of the schools
and ranked tenth on the list., The first four inexpensive items were
rresent in most of the schools. The cost factor is certainly not the
sole criterion by which a choice of equipment is made.

If one looks again at these seven items of equipment of highest
incidence, it is noted that there is no appreciable difference in the
rercentages of schools possessing them, in each school size category,
Eighty-three per cent of the smallest schools have a motion picture pro-
jector and a duplicator, while 85 per cent of the largest schools possess
these items, Since these pieces of equipment serve the entire school
needs, it may have been that all of the large schools actually had them,
but did not list them, if the mathematics department did not actually
possess them,

Some pieces of apparatus appeared in few instances, The five items

of lowest incidence were the proportional dividers, surveyor's level,



TABLE XXIX

EQUIPMENT
1=3 i = 6 7 -10 11 or over
Teachers Teachers Teachers Teachers Total
1. Pencil Sharpner 33 63 23 25 1Lk
2. Meter and yard stick 33 63 22 2L 142
3, Wooden compass 33 62 23 23 11
lis Demonstration protractor 32 61 23 23 139
5. Motion picture projector 30 59 21 23 133
6. Duplicator 30 55 21 23 129
Te Bulletin boards 32 50 20 22 122
8. Balances and weights 27 54 18 16 115
9. Triangle 30° -~ 600 25 L7 17 19 108
10, Triangle L5° = 90° 19 L6 13 19 97
11. BRadio 28 2 16 11 97
12, Shelves 20 Lo 15 21 96
13. Cupboards 19 39 15 19 92
1. Projection lantern 17 42 17 16 92
15, Calipers 11 3 11 13 68
16, T - square, large 12 29 9 15 65
17, Magazine rack 13 29 11 9 62

N



TABLE XXIX (continued)

EQUIPMENT
1-3 h =6 7 - 10 11 or over
Teachers Teachers Teachers Teachers Total
18, Liner 16 30 7 8 61
19, Micrometer screw 9 28 11 12 60
20, Tape, 50! or 100! 9 22 9 11 51
21, Models (Ellipsoid, etc,) 8 18 5 10 1
22, Drawing sets 5 19 3 7 3k
23+ Demonstration bench 6 12 2 6 26
2o Demonstration slide
rule, L' 3 10 N 8 25
25, Slated globe 6 11 2 5 2L
26, Miscellaneous charts
related to mathematics 2 8 L 6 20
27. Parallel rulers 1 6 5 L 16
28, Pantograrh 5 T 2 2 16
29. French curves 0 9 1 3 13
30, Exhibit cases 1 L 1 6 26
31, Chart case (s) 2 3 3 1l 11
32, Pictures (of mathematicians) 1 3 2 1 7
33, Surveyor's level 0 0 0 2 2
3L, Proportional dividers 1 1 0 0 2
Number of schools 35 68 23 27 153
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pictures of mathematicians, chart cases and exhibit cases, About one-
quarter of the largest schools have exhibit cases. Here, again, the
Price of the item doesn't appear to be a factor.

There are some unanswered questions in regard to equipment in
mathematics rooms. Why is the slated globe present in only five of the
large high schools? Why are there only eleven chart cases and twelve
exhibit cases in all the schoolsreporting? Why is it that only one
school in six provides a demonstration slide rule? How can one account
for the fact that the incidence of equipment is as high in the small
schools as the large ones?

Obviously many secondary schools in Alberta are not equipped
adequately for an overall program of mathematics instruction. Since the
most expensive items are commonly available, it does not appear to be a
question of finances. Possibly the answer is that a program calling
for a mathematics laboratory and a variety of equipment, has not seemed

significant enough to call for some provincial direction.



CHAPTER IV

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Problem Restated

The purpose of this study was to gather data and other related
information on the teaching of mathematics in the secondary schools
of Alberta, and to make a systematic analysis of these materials,

This serves as a means of looking at the methods of teaching and noting
certain provisions that are made in the mathematics program. Some of
the related literature in recent professional books, periodicals,
government publications and the national yearbooks were examined in
order to get an overall look at the secondary school program, nationally,
A summary of this material was made,

A sample of mathematics teachers and administrators in Alberta
high schools were given questionnaires as a means of gathering data in
Alberta. These questionnaires inquired into (1) administrative pro-
visions closely related to the teaching of mathematics; (2) methods of
presenting, fixing and evaluating the materials of mathematics; and
(3) books, equipment and facilities available in the schools.

Mathematics education is a basic part of the program for all high
school students in Alberta., For the general program, students are all
required to take mathematics in grade nine plus one additional course in
grade 10, 11 or 12, Those taking the University Matriculation program
must take mathematics in grades nine, ten and eleven., In addition to
this, for most faculties, mathematics 30 is required, and for some of the

114~
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science and engineering programs, mathematics 31 (Trigonometry) is
also required.

Summary and Conclusion

Personnel. Two out of three reporting schools were staffed by
six teachers or fewer., These may be classified as small schools.

Twelve of the 161 public schools polled, and five of the nine private
schools were located in the cities. The student enrollments varied
from under 25 pupils to well over 1,500 pupils. Over one-half of the
schools had fewer than 100 students and about 80 per cent of them had
under 200 students, Three schools reported enrollments greater than
1,000 and six had more than 800 pupils.

One teacher in five had taken four or more university courses in
mathematics, which may be considered quite adequate preparation, if
these courses were taken in recent years. Somewhat more than one teacher
in three had taken no mathematics beyond that in high school.

Class size. Two in three mathematics classes (totals) had twenty-
five or fewer students., Thirty schools reported classes of more than 35
students, which was about 4 per cent of the classes., Most of the small
classes-—especially in the smaller schools--were the result of small
enrollments.

Time distribution. About two schools in five gave more than 175

minutes per week instruction time, and nine out of ten gave over 140

minutes per week, About 4 per cent reported giving 105 minutes or less
per week of instruction time. Nine classes in twenty required students
to give one-half hour or more to home assignments, per class. The re-

meining 11 out of 20 classes ask somewhat less. Generally this appeared
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to be rather heavy.

Enrichment, Some provisions for the gifted were reported, but
this study did not get sufficient evidence on this topic. Six schools
have established special classes for the gifted. Some additional
schools reported other informal provisions such as assigning more ques-
tions.

Supervision. The supplying of professional magazines and books

were the most commonly reported aspects of supervision., About one-third
of the schools did this. In total, one in three schools said that the
Principal supervised some classes, The larger schools were much more
actively engaged in these activities than were the smaller schools,

Teaching methods. There was no single method of teaching that all
mathematics teachers preferred., More time was devoted to the lecture
Method than to any other, but the difference between it and the Heuristiec
Method was not great, The largest schools generally favored the Heuris-
tic Method but only by a small margin., There was little use being made
by laboratory techniques., The reports indicated that in a typical class-
room there was lecturing, questioning, drilling, evaluating and develop-
mental teaching.

The study was concerned with determining the situation, as it
existed. There is a possibility that the type of method is related to
school size, class size, of IQ level of the students, but the evidence
here was inconclusive, It is noted also that the resnlts obtained were
of a subjective nature--the teachers believed certain things without

having a lot of factual evidence to bolster that belief,
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Evaluation. Information on two main aspects was sought: stu-
dent performance and purposes of evaluation. Over 65 per cent of the
schools reported that they weighted the final examination at one-half
or more as a measure of student progress., Five in six schools said
that it determined 40 per cent or more of a student final grade in
mathematics, Somewhat less stress was given to term tests, student
projects, daily preparation etc. Rather smsll significance was placed
upon the classroom teacher's judgment as an evaluative procedure.

Teachers were generally opposed to evaluation as a means of
appraising themselves, Of the ten "purposes of evaluation,®™ this one
ranked last for™all schools™ and in each size category. There was
almost unanimous agreement that the first P"purpose of evaluation®™ was
to serve as a basis for "passing™ or "failing"™ a student.

Transfer of training. Alberta teachers said there was a trans-
fer of learning from mathematics to other areas, but this reaction was
& cautious one, They believed that somewhat greater significance was
attached to the transfer of training, in the literature on the subject,
than is true in actuel practice.

The mathematics librery. Most of the high schools in Alberta
were not adequately supplied with mathematics books--other than their
basic texts. The larger schools generally reported higher incidence of
supplementary books than did the smaller schools, but they had more
students to use the books, too. Only 436 such books were reported in
all schools, This appeared to be a most measgre selection,

Facilities and equipment. Some basic items of equipment were

available in nearly all schools, while other essential items were almost
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lacking. Thirteen in fifteen schools had a motion picture projector
and a duplicator. One school in six had a demonstration bench, a large
slide rule and a slated globe, for their mathematiecs work. Only one

in thirty had a special room for mathematics. The larger schools had
a higher incidence of items of equipment than the small schools.

Conclusion. In general, it may be said that there is & direct
relationship between school size and the overall adequacy of instruction.
The larger schools devote more time to instruction, and make better pro~
vigion for the exceptionally bright students. They also provide a
broader mathematics program for those students who are not college bound.
Their libraries contain a greater variety of books, and they have more
facilities and equipment for teaching mathematics,

It is a likely conclusion that teachers in the larger schools had
an overall higher level of academic training in mathematics, and that
they teach their subject full time or a large portion of that time. These
conclusions are not inherent in the data of this report.

Few generalizations have no exceptions. That appeared to be true
respecting the secondary school mathematics program in Alberta, From
reading the returned questionnaires it was noted that there were excep-
tional schools in all size categories. These were usually associated
with the personality, enthusiasm and dedication of the administrators and
teachers. There were, also, some deficiences. Both of these exceptions
do have some relationship to the physical provisions or lack of them,

But one does get the impression that thereis much worthwhile and sincere

effort given to the teaching of mathematics to Alberta's youth.
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Recommedations

1., That a study be made of means to more effectively provide
for the gifted student.

2. That efforts be made to stimulate School Boards and teachers
to develop more fully the mathematics laboratory.

3. That study be given to the feasibility of giving mathematics
teachers continued education in some of the newer phases of the subject.
Some areas of the United States are now actively carrying on such pro-
grams,

4. That consideration be given to the use of tests such as the
Preliminary Scholastic Aptitude Test, and the Scholastic Aptitude Test,
in order to compare Alberta students (and hence the program) with those
of many other areas, "These tests are distributed and scored by the
College Entrance Examination Board.

5. That some research be done in Alberta on evaluation in mathe-
matics related to development of interests, attitudes, appreciations, and

the application of mathematical learning to new situations.
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QUESTIONNAIRE

A STUDY OF METHODS OF TEACHING SECONDARY
SCHOOL MATHEMATICS

To the Principal:

1. Will you direct this to your mathematics teacher(s)?
2. Please note there are three parts to be answered.

3. Most of the items can be answered by a check ().

4. Please answer every item, Thank you.

PART 1
Your present position:
e« o T@BCher eocoVice=Principal eoeoPrineipal
Number of years teaching éxperienceouo.
Sex: «oo.Male 0oo.Female

Number of full time teachers in your school including the
principalecccoccs

Grades included in your school......o.

What is the time given to a 5-credit mathematics course per wesk
in your school? Check one. '

l: +000.105 minutes or less
2¢ o00e106=140 minutes
3e  ec0el41-175 minutes
be ooco0ver 175 minutes

What do you consider the upper limit; as to the number of stu-
dents in a mathematics class, beforé¢ a division is made? Check

one.,

l, ....30 students
2¢ <c0e35 students
3e  e00040 students
he oooodb5 students
5. e...0ver A5 students

Do you divide the classes by ability? Check one.

1, ....Yes
20 oeooNo
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Indicate about how much time you expect students to spend on
home assignments per class, Check time in each ¢lass.

20 min, or less 20-29 min, 30 min. or more

l. Math 9 .cccceccvcccnns soessoeeo . eoeseces cecccee
2, Math 10 ..ccccccccoconce cecoacseeoo vescoseen seosse
3, Math 11 ......ce00... oo ceccessnse eooeosvosocosce
4o Math 20 ........... coes cevecevnes teseesessesseco
B. Math 21 ......iicvvcoes cosecssees seecscccacscsons
€. Math 30 .....ivcerecoes  cevcsecese  soeosecoonans oo
7. Math 31 ............... cevessosco Gesevessessecon

What are your methods of enrichment? Check those that apply.

l. .:c0...Advanced study in depth

2¢ osocssoeAdditional topics added

3¢ sescoccoTransfer to special classes

hse eooooo-No prevision made

5¢ eccccosOthers (Write dn) o o ¢ ¢ ¢ o o o o o o o o o o o o o

o o © ° ] L] L] ] © o ] ] ° ] L3 ° L © o L} - L] @ L) L ° L 3

Indicate aspects of supervision, as applied to mathematics that
are practised in your school. Check those that apply.

l. ¢cccoo.Primeipal supervises some classes

2¢ socosceopecial meetings are held for mathematic teachers

3. cccoo.eProfessional magazines are made available

4he o......Related books are supplied

5e evcccc.Others (Write In) o . o & ¢ ¢ o 6 « o o o o o o o o o

[ o o o L] L] o ° © @ < -] © Ll L o © L4 o L] L ° o o ° o o

Do you have a special mathematics room (laboratory)? Check one.

1. oonoaonYes
2’ 0°¢OOOGNO

What is the present enrollment of your school?

l, .cccecsGrade 9

2¢ scceccoGrade 10
3. eoececcGrade 11
he ooceococ.sGrade 12
5e eacooo.eTotal

Please indicate present class (math) size., Check for each course.

Under 20 21-25 26-30 31-35 over 35

1. }‘hth9 200000000 #0000 ae o0 o9e oe e o0 * #0060 ® 0
2. mth 10 0 C e 000000 o e ® 0 ¢ e 0 00 ¢ " e es 2 OO0 e 0 e @ »
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3. Math 11 ........ sooes evoee voeee cesseee
Le Math 20 ........ vocce 00000 cesen ceevecn
5 Math 21 ........ ceves cevoe P cessnns
6. Math 30 ........ eoens ceocs ceses cossave
7. Math 31 ........ covee eoeeo cecee cesssee

PART I

METHODS OF PRESENTATION

A, THE LECTURE METHOD: By the Iecture Method is meant the ®telling
method® or of giving a discussion of a topic. It is not assumed
that it is the only method., Check one,

1. What percentage of class time do you give to the Lecture Method?
Check one.

1. ...ecoless than 25%
20 ceoo.e25%-50%
3- .oooaoso%"?S%
bhe oo....More than 75%

2, Indicate any feature of the lLecture Method that you have found
desirable. Check those that apply.

l. .....00overs a greater scope of material

2. ec.c.evaluable training to students in note taking
and assimilation

3. esos.oMakes possible the introduction of anecdotes and
other related materials

he eoo0o..Gives the teacher an opportunity to deal with
anticipated difficulties

5¢ occaccoe Others (Write In) . « o o « « « o o ¢ o o o o o o o =

° e ° L ® @ L ] -] L < ® < L L - o -] . 9 « L * ° L] L4 o

3¢ Indicate why you like certain features of the lecture Method.
Check those that apply.

l. ......By observation I have sensed student interest
2e <000.0.By testing I have noted student progress
3 L ) ® 00O 0@ Others (write in) < ® ® ° © o < Ld L] L] . ° L] - ° o L [

° e ° ° o L L ° L ] ° * L L ® * L] [ 2 e Qo Ll ° ° L] < o L4 L]

4Le Indicate features of the lLecture Method that you have found unde~
sirable., Check those that apply.

l. ......S5econdary school students are seldom able to assimilate
materials by lecture.

2. eocec.olectures do not allow an immediate opportunity to clear
up difficulties.
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3¢ eseccoStudents allow statements to go unchallenged
40 -ooo..O'theI‘ (Write in) e ® & @ @ e 2 e+ ¢ o * o & o s+ o s o o

L] . . ° ° . ] ° ° ° o ° L] . . . ° - L] * o - L] ° - - * -

5. Indicate why you do not like the Lecture Method. Check those
that apply.

l. ......Have found it less effective as a basis of student
learning

2. eesessHave found it difficult to maintain student interest

3¢ ceeceoOthers (Write IN) o o = ¢ ¢ ¢ o o o o o o o o o o o« s o

- L) ° L] L) - * * * e * . * * * L] L] . L] L J e L L . L] L] o L]

HEURISTIC METHOD: By the Heuristic Method I mean the leading of the

student (class) by well chosen questions and illustrations to dis-
cover facts and relationships.

1. What percentage of class time do you give to the Heuristie Method?
Check one.,

l. ......less than 25%
2. 00000025%—50%
30 .ooo-oEO%-75%
he oeo...More than 75%

2. Indicate any festures of the Heuristic Method that you have found
desirable., Check those that apply.

l. ......Brings student into active participation

2. s.....Motivates, by putting the student into the role of an
investigator

3. e.c...Guides students towards discoveries

he o.....Gives the teacher an opportunity to emphasize key points

Be soosooOthers (Write in) o o o o o o e o ¢ o o o o o o o o o o

° e e o L ° L4 ° ° ° ° L] ° ° e ® L4 ° L4 o L L] ° L3 < ° e -

3. Indicate why you like certain features of the Heuristic Method.
Check those that apply.

l. ......Tests show that it is effective for some types of work
2¢ ecsseshwakens in the students the spirit of seeking answers

3. eeecesStudents do it themselves

he oeeceoOther (Write 4n) v« v v v & v 4 & 4 v & o o o o o o o o

- L * L * L] [ ] - - - - * - - L] [ ] - . ] '3 ) ™Y Y -* - Y Py

4Le Indicate features of the Heuristic Method that you have found to
be weak., Check those that apply.

le eeevssslt is too time consuming
2. eceeseeslf not skillfully handled, it degenerates into "Yes" and
"No® answers with little thought
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3¢ caceseIn unskilled hands the discussion becomes random.
bhe .....Danger of questioning only the brighter students.
5. ® %000 oothers (write in) L] ° ° ° e L4 e o - o ° ° L . L] ° L ° L]

[ ° L4 ° ° o - L] ° . ° - L ° a ] . - ° . . L] . [ ° [ 2 L] L]

5. Indicate why you do not like the Heuristic Method. Check those
that apply.

ls eccoo.Most students are not willing to give the time necessary
to develop solutions.

2 eosoccePupils turn to other books to find solutions.

3. ecee.o..The brighter pupils do not generally need all the time
given by this method.

hoe oceooooOthers (Write in) o o o o ¢ o ¢« v o o o ¢ o o o o o o =

° L ° ° o o L) o o ° 9 o L] - o o o ® L] - * L3 . L] o - o> -

C. LABORATORY METHOD: By the laboratory Method I mean the method involving
the development of new understandings and concepts through activities
of measuring, constructing, drawing, representing data, handling objects,
making models, field trips, etc.

1. What percentage of class time do you give to the Laboratory Method?
Check one.

l. ......lLess than 25%
2¢ o000 0R5%-50%

3- ooooooso%-75%

he ooc..o.Over 75%

2. Indicate the grade level you believe this method to be most help-
ful. Check onse,

l. ......Grade 9

2: eoo0oeo.Grade 10

3. eocoe.Grade 11

he ooo0s0.Grade 12

5. ocoooshbout the same

3. Indicate those of the following statements that you have found
most useful. Check those that apply.

1. ......Measuring activities (length, weight, temperature, angles,
etec).

2. o.....Construction activities (making of models, e.g. Pytha-
goras’ Theorem),

3¢ e.....Construction of solid models.

he eo.s..Drawing to scale.

54 oceo.eMaking large graphs

e eeoe..Field trips (surveys, maps, indirect measurement).

7e oso....Gathering data (to treat statistically).

8o ceoec.Others (Write in) . « v ¢ ¢ ¢ ¢ ¢ ¢ o o o o« o o s o o o

° ° ° ° ° ¢ ° L] © o . * [ . L] L] L] [} L L] ° ° o ° [ 2 o ° L4
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Indicate what has led you to believe that the Laboratory
Method leads to better understanding. Check those that

apply.

l. ......Have noted that students, after having worked on
models, graphs, etc., explain them readily te
their peers.

2. .e... .Students visualize certain problems more readily,
after having had actual laboratory experiences,

3¢ «e.o..Teacher can "put over® certain ideas better by
demonstration in the Laboratory.

he ose...Mathematical concepts become more functional and
meaningful when they are seen in relation to
actual applications.

Indicate weaknesses that you have found with this method.
Check those that apply.

l. +.....The Laboratory Method is too time consuming,

2., ......Students rely too strongly on seeing or measuring.

3¢ eeecoelt may become aimless manipulation.

he eee...In High School mathematics, laboratory work does
little to develop and clarify mathematical inter-
relationships itself.

DRILL: By Drill is meant the repeated application or practice

to fix certain skills in the memory.

1.

What percentage of class time do you give to Drili?

1. ......less than 25%
¢ eeoese25%-50%
34 eeee.e50%-75%
he oeee..Over 75%

Indicate the grade level you have found this most useful.
Check one.

l. ce.c..Grade 9
2¢ eoesssGrade 10
3¢ eessssGrade 11
Le oeee..oGrade 12
Be eoso0ses.About the same

Here is a list of 20 topics covered in Secondary Mathematics.
Will you indicate in each how important you have found drill
to be, Please check thus:

Little Some Much

1. Operations with signed numbers
2. Grouping like terms
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Little Some Much

3. Graphing of 1linear functions
4. Graphing of quadratic functions
5. Learning propositions in geometry
6. Extracting square roots
7. Finding areas of surfaces
8. Factoring
9. Making geometric constructions
10. Memorizing area and volume formulas
J1. Solutions of equations
12, Fundamental operations on algebraic
fractions
13, Finding the L.C.M -~ H.C.F.
14. Operations in radicals
15. Solutions of systems of equations
16. Solutions of linear equations
17. Solving quadratic equations by
formila
18. Computation by logarithms
19, Solving equations by graphical
methods
20. Problems in expansion of Binomial
Theorem

E. EVALUATION of student performance. Check those that apply.

Please indicate what percent each of the following counts on
your final assessment: Less than

108 208 20F 40F 3508 More

l, Final exsmination

2, Term examinations
(Christmas and/or Easter
and possibly others)

3. Short, teacher-made
tests

4Le Commercially prepared
tests

5. Marks for notebooks

6. Marks for projects or
other selected pieces of

work

7. Pupils' deily class
preparation

8. Pupils' class partici-
pation

9, Teachers'! judgment

10. Others (Write in)

L] L - L » o * * - o - [ 2

L2 - L] L] ° * - * ] - L] o
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Please indicate the degree of importance that you attach to
each of the following purposes of evaluation. Check thus:

Little Some Much

l. To furnish data for educational
guidance

2. To assist in grouping of students

3. To stimulate the improvement of
teaching

4. To serve as a basis for "passing”
or "failing” a student

5. To determine the strengths or
weaknesses of students or of a
class as a whole

6. To provide an incentive to study

7. To provide a basis for reporting
to parents

8, To afford a basis for the appraisal
of teachers

9. To measure the ability of students to
apply mathematical reasoning to non-
mathematical situations

10, To maintain standards

F., TEACHING FCR TRANSFER

1.

From your readings and discussions of transfer of training, indi-
cate how significant you believe proper instruction in mathematics
can contribute to this goal. Check one.

Little Some Much

From your experience and observation in teaching mathematics,
indicate the importance you place on transfer of training in actual
practice. Check one.

——

Iittle Some Much

Indicate any techniques you use in teaching mathematics so that
transfer may occur. Check those that apply.

l. ......Teacher points out general applications of fundamental
mathematical operations,

2+ e.csceTeacher points relationships of preceding and subse-
quent parts in order to build up whole picture,

3¢ eesesoTeacher and students bring wide variety of materials
to classroom (e.g. graphs from newspapers) to see
practical applications,
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Le <.....Teacher indicates the wide application which certain
generalizations have, e.g. Pythagorean Theorem, angle-
sum relationship, the Sine Ilaw.

5¢ eo....Teacher simply points out to students to be on the look-
out for similarities between new situations and familiar
ones—-habitually searching for elements or relationships.

6e ocsc...Mathemmatics and Science teachers confer and pose this
question: "How can we facilitate transfer?®

Te oocceeOthers (Write In) . v ¢ v & ¢« 4 ¢ o ¢« o e v o o o o o o o

o ° ° ° o« ° ° ° . e ° ® o ° . L] ° . L] L] ° Ld L] ° L] o ° L] LJ

PART ITI

THE HIGH SCHOOL MATHEMATICS LIBRARY:

This part of the questionnaire is concerned only with a survey of mathe-
matics books that are availsble at your school. Please check those you

have for the use of teachers and students. Where indicated please list

others of a similar nature.

l. History and Biography:

l. ......Bell, W. W. R., ®A Short Account of the History of
Mathematics.”

2. ecco..Hart, Ivor B., ™"Makers of Science, Mathematics,
Physics, and Astronomy."

34 oeso.sHooper, Alfred, "Makers of Mathematics.™

e eo.e.e.Sanford, Vera, "A Short History of Mathematics.®

5¢ ece.00eBell, E, T., "Men of Mathematics.®

6. ......Bishop, Morris, ™Pascal, the Life of Genius."™

7+ eoos.e.Philip, Frank, ™"Einstein, His Life and Work."

8¢ ecoooeSullivan, J. W. N.,, "Isaac Newton, 1642-1727.,"

Qe evc00voOthers o o ¢ o o o o o 0 o o s o s s a s o o o o

° o ° o L ° ° L3 ° ° e . L] L] Ll L] ° ° L3 ° ° o ° L3 o

2. Recreational and Popular Accounts of Mathematics

ecooosDudenay, H, E., "The Canterbury Puzzles."
evcsoodones, S, I,, "Mathematical Clubs and Recreations.™
ececo.Brandes, L. G., "Geometry Can Be Fun."
oeeooeoteinhaus, Hugo, ™Mathematical Snapshots.®
eossseNorthrop, R. P., ™"Riddles Is Mathematics."
esss..Bell, E. T., “Mathematics, Queen and Servant of Science.
cecs.sDantizig, Tobias, "Number: the Language of Science."
eesse.Dubisch, Roy, "The Nature of Number.®
ecessoKasner, E. and J. Newman, ™"Mathematics and the
Imagination,®
10, .ecoen Others (Please write in) . . . o ¢« ¢ ¢ o o o o « » o

° . ° ° ° L) ° ° e ° ° . * L] . . . . L] . ° » ° L . L]

N Yo 0 I NV S W S S
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3. Surveys and General

1.

2.
3.

A
5.

6.
T
8.
9.

10.

eeses.BOyers, lLee E., "An Introduction to Mathematics for
Teachers.®

«so...HOogben, L,, "Mathematics for the Million.,®

eess.o.o.Butler, C. H, and Wren, F. R., "The Teaching of Second-
ary Mathematics,"

csseseesCanadian Mathematical Congress. "Why Study Mathematics?"

esoo0..National Council of Teachers of Mathematics, "Emerging
Practices in Mathematics Education.™

.00s..A4 Report of the Incorporated Association of Assistant
Masters in Secondary School, "The Teaching of Mathematics."

«oo.0e.Ravielli, Anthony, ™An Adevnture in Geometry."™

eoesso0chorling, Raleigh, "Mathematics to the Consumer.”

esceesNational Council of Teachers of Mathematics, "Multi-
Sensory Aids in Teaching Mathematics.®

soesooOthers (Please write in) . o o v ¢« o o o o o o « o o o o

° [ ] L] ° ° ° L] ° ° ° ° ] ® . . L] ° ® ° L] o . ° L} ° © L] L]

4o Mathematics in Trades and Professions

1.
24

3.
4,
5.
6.

eoso0osAxeland, Aaron, "Machine Shop Mathematics."

eecessCo0ke, Nelson, M., "Mathematics Essential to Electricity
and Radio.®

esoecoedlade, S,, "Mathematics for Technical and Vocational
Schools.™

ecesso.0huster, C. M. and Bedford, F. L., "Field Work in
Mathematics.”

«ss0s.Progressive Education Association, "Mathematics in General
Education.™

coossesOthers (Please write on). o « o« ¢ o o s ¢ o o o o o ¢ o @

o o o ° o ° ° L] < L o o o . - L o ° L ° L ° L 4 * L o L] ° *

THE MATHEMATICS ROOM (LABORATORY):

This is a room for mathematics classes and for certain practical work
and experiments.

1.

2

Do you have a special mathematics room (s) in your school?

Yes. No.

Indicate the items of equipment or apparatus you have available
for use in your room or school., Check those that espply.

1. ......Chart case (s)
2. oscc..5helves

3¢ e.....Magazine rack
Lo +..0..Cupboards

5. cecc..Bulletin boards
6. .<oo...Exhibit cases
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2. Equipment and Apparatus (Continued)

7e eesoes.Demonstration bench
8 ceiaeo Duplicator
9. +.....Motion picture projector
10. ......Projection lantern
11, ......Pencil sharpner
2. ......Radio
13, .c....Wooden compass
14. ......Demonstration protractor
15. ecc...Demonstration slide rule, 4!
16, ......Liner
17. +ieae .Meter and yard stick
18. ......Slated globe
19. ......Triangle 30° - 60°
20 .o....Triangle 45° - 90°
21, ... .I - square, large
22. ......Balances and weights
23. ......Calipers
24e c.0....Tape, 50 or 100°¢
25, <.e...Drawving sets
26. <.....French curves, set of 6 or 8
27. +.....Micrometer screw
28, ......Parallel rulers
29. ......Pantograph
30. +.....Proportional dividers
31, ......Surveyeris level
32. ¢.....Models (Ellipsoid, etc.)
33. +e....Pictures (of Mathematicians)
3he eeos..Miscellaneous charts related to mathematics
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MAGRATH JUNIOR-SENIOR HIGH SCHOOL
MAGRATH, ALBERTA

January 11, 1960

Dear Fellow Principal (Teacher):

Although there are certainly numerous demands on your time, will
you be kind enough to assist me in a task that may be of some signifi-
cance to mathematics teachers?

At present I am working on a little research problem entitled,
"A Study of Methods of Teaching Secondary School Mathematics.™
(Grades 9, 10, 11 and 12). This study is being made in connection with
graduate work in Education.

Your school has been selected at random from a list of Secondary
Schools in the province, I am hoping for your assistance and coopera-
tion to successfully complete this task. Will you complete the enclosed
questionnaire and return it to me in the stamped, self-addressed envelope
provided for your use? The questionnaire appears to be lengthy, but
since most of the gquestions require only that you check a response, it
will not take a great deal of time to complete.

As you know, in a study of this nature, it is essential to have a
large percentage of the questionnaires returned--I hope all of them.
So I shall be most grateful to you for your assistance.

No teacher, school or system will be identified in the results of
this study.

Some time during the next school year, when the data have been
analyzed, I shall send you a summary of the results,

Thank you for your assistance.

Sincepely ypurs,

Richerd Emerson Blumell
Principal



MAGRATH JR. - SR. HIGH SCHOOL

Magrath, Alberta
January 25, 1960

Dear Fellow Principal:

A few weeks ago I sent you a questionnaire
with a request that you and/or your mathematics teacher(s)
complete it and return it to me, Up to this date the
response has been good, but I have not received a sufficient
number of completed questionnaires to enable me to continue
the study. Would you kindly complete this questionnaire,
or if you have given it to one of your mathematics teachers,
would you, on my behalf, ask him if he will complete it and
return it to me.

Thank you and please convey my appreciation

to any teacher on your staff who has or who may assist in
this.

Sincerely yours,

e
Richard E. Blumell
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TABLE XXX

ORIGINAL DATA TABLE

ScHooL StZE CATEGORY

1=3 4=6 7-30 Over M ToTalL
QUESTIONNAIRE: TEACHERS TEACHERS TEACHERS TEACHERS  TEACHERS

le WHAT IS THE TIME GIVEN TO A S=CREDIT MATHEMATICS COURSE PER
WEEK IN YOUR SCHOOL? CHECK ONE,
Te 105 MINUTES OR LESS seccsacsacoccenrcccscsseesscctcesscssospasnss
2‘ 106 - 14‘0 M'NUTES 00 0002080000000 NRR RGO RRRRORRITROIGIOROEROSS
3. 141 - 175 "lNUTES G004 2000 00 0PSRN0t 0Pt QPORERNRRRRERRTRIOEBIOROGS
4. OVER 175 M'NUTES (P AR AN RN IR R NN ERRIRENRANNNNENNNENERN NN RN N XN )

2 0 6
0 0 9

QBQN
BRo

[

—

i

—

~F

(4]

10 16 63

2. WHAT DO YOU CONSIDER THE UPPER LIMIT, AS TO THE NUMBER OF STUDENTS
IN A MATHEMATICS CLASS, BEFORE A DIVISION IS MADE?

1. 30 STUDENTS 0000000 0e st 0 e 000l tasteceasssRoccostotostotttiee

N
OO0 wm—

N 85
14 45

2. 35 STUDENTS [ R I R R R N Y R R AR RN R R R RN N R Y ]
3. 40 STUDENTS 000000000080 000000000000 002 000000 s0s00sstsatne

4. 45 S“JDENTS QO S E 0L 4300 e 200 Q0083002000000 0 8000008 CERQCEIRRRRERTIRRSOERYS

5. OVER 45 STUDENTS 0000000080300 020080000000 0000 RRRRIRROGY

o~o>d

3. Do YOU DIVIDE CLASSES BY ABILITY? CHECK ONE.

1. YES 000000 00020200 RPN PP RR TR PRt RRRIRRRORRORQRRRRRRReRtRORlS

%—l

2. NO 000005 0000000000 e P00 I 0000 T IR0 IcR0RtettetotetteReee 47 12 14 105

4, INDICATE ABOUT HOW MUCH TIME YOU EXPECT STUDENTS TO SPEND ON HOME
ASSIGNMENTS, PER CLASS, CHECK TIME IN EACH CLASS,

1. MATHEMAT'CS 9 o "56 "'WTES OR LESS 000000 0000000200800 0 0000

-20 b 29 "'NUTES [ EERI NN AR RN R NIRRT RN R AR X J

-w M'NUTES OR mRE GO0V BCB0000 0000000000t 000Y

2. MATHEMAT'CS 10 .e -20 MINUTES OR LESSe.esee 9000000000080 0000000 08

-20 - 29 M'NUTES CeP0 NI INTOCERRCORORTDRNRCOOTTY

.30 M'NUTES OR MORE SO0 R000 00 4000000000000 00

3. MATHEMAT'CS 11 . -20 M'NUTES OR LESS 90082000000 000000000 00008

-20 - w M'NUTES 002040 2000 0000000000080 00 0000

-30 MINUTES OR MORE ceceveocsscsssecrssccsncse

'4. MATHEMAT'CS 20 X} -20 MlNUTES OR LESS PO S0P ONERIRERSIEIBISIOONTRY

-20 - 29 M'NUTES 20080 300000 RV RNRIORRRIONRSS

.30 ”'NUTES OR MORE 00000800 RRPIEROLOOOEEIOORY

—

59
17

8
—
AR ©w~®

47
10 B
10 40

-—

10 56
10 80

— b
N OPRARANN—ONS
n
H
OO =W~ OoONMNNOW

N
8RN



TABLE XXX (CONTINUED)}

ScHooL SiZe CATEGORY

1-3 4=6 7=10 Over 11 ToTAL
QUESTIONNAIRES TEACHERS TEACHERS TEACHERS TEACHERS TEACHERS
4, CONTINUED,
Se MATHEMATICS 2] o0 =20 MINUTED OR LESS seesncessscccsscoscssces 2 10 3 6 21
‘20 - 29 M'NUTES eI NP VEQGEINEP I OOIOIOOIGEYTRLS 2 23 6 11 42
=30 MINUTES OR MORE seeesescccocscsancennsee 2 7 2 2 13
6e MATHEMATICS 30 oo =20 MINUTES OR LESS soescvcoscesstcacssssncs 0 0 ] 1 2
-20 - 29 M'NUTES SOEPISIGEIITIInE Tt lRginRRen e 2 14 3 6 25
«30 MINUTES OR MORE settesses s ertet sttt 28 55 16 18 117
T7e MATHEMATICS 31 44 ~20 MINUTES OR LESS gececscscssscasosssssses 0 1 1 3 5
-20 - 29 M'NUTES (I EE R EIEEENEN N RN EERNE NEN XN N X ] 1 10 4 7 22
@30 MINUTES OR MORE secsavscocoscssccacscene 7 3 n 12 61
5 WHAT ARE YOUR METHODS OF ENRICHMENT?
1. ADVANCED STUDY lN DEPTH [ A R RN IR N SN NRENNNNENEY NN INNENENNEE N REN J g 23 ]0 14 56
2. ADD'TIONAL TDP'CS ADDED [(EA RN EENEENENE NN ENENYENENENE AN ERENNEE YR XN N ) 7 14 10 16 47
3. TRANSFER TO SPEC!AL CLASSES eeecccccscecescecascnstcstsctacsse 0 0 0 6 6
4, NO PROVISION MADE geescsccvcsesscsscnsassosssscccncssssasscosss 17 36 10 5 68
5. OTHERS BOH 0L 000 000000000 PE0 00N ROE ORI ERENRSEOIBRIEELItRGLS 2 3 0 1 6
6, |INDICATE ASPECTS OF SUPERVISION, AS APPLIED TO MATHEMATICS,
THAT ARE PRACTISED IN YOUR SCHOOL
Te PRINCIPAL SUPBRVISES SOME CLASSES scevecsscccsccoscassscsscsns n 19 5 n 46
2+ SPECIAL MEETINGS ARE HELD FOR MATH, TEACHERS sevecssccassscaas 3 13 5 16 7
3, PROFESSIONAL MAGAZINES ARE MADE AVAILABLE sececescscsascncssce 7 17 6 16 46
4. RELATED BOOKS ARE SUPPL'ED P IS S0 V2000800000020 02000R20000009 11 19 10 17 57
5. OWERS [ EE N ETEENEINENEEERT R RN ENENE R R NRENEE R AR NN EENEENENENER ER X ] 4 g 2 2 17

7o WHAT IS THE PRESENT ENROLLMENT OF YOUR SCHOOL?

1. GRADE 9
2o OGRADE 10
3. GrADE 11
4, GRADE 12



TABLE XXX (CONTINUED)

QUESTIONNAIRE

1-3
TEACHERS

SCHooL StZe CATEGORY

4-6
TEACHERS

7=10
TEACHERS

OVER 11
TEACHERS

ToTAL
TEACHERS

8.

PLEASE INDICATE PRESENT CLASS SiZE,

Te

2,

4,

Se

6.

7o

MATHEMATICS 9

MATHEMATICS 10

MATHEMATICS 11

MATHEMATICS 20

MATHEMATICS 21

MATHEMATICS 30

MaTHEMATICS 31

- UNDER 20
-21 - 25
- 26 - 30
N -3
Over 35
UNDER 20
21 - 25
26 - 30
31 - 35
- Over 20
=~ UNDER 20
-21 = 25
-26 =30
3N -3
Over 35
UNDER 20
21 = 25
26 = 30
31 -35
Over 35
UNDER 20
21 - 25
26 = 30
«-31 -3
OVER 35
« UNDER 20

"’

A X Z LRI R R RN RN AR NRE Y RY ]
00000 CIPRUCO SRS S0ERISILIOBPRIEOERETRNTS
000000 00 ECPOICOIRIBRSICOCCESTRORORPERROSIRbLEY
BB 000000008000 IRERNIRCERLEINBONOENOIIDS
®0080000000008000000000000 000 0s0ge
IO m
GO 8L OPCPPECIO000 NN IRECECOGPIOIOGIOITOIIRNSTS
0800000800 EE0EC 000D IESLIEISOIEES
PSR C 000 CeCCESIOCORIROESIPTOISIRIRNIOIEOROERSOITIOS
® e ss08 9908000000000 s0EISOISETIEEITOTL
BOCIDV SN OOV G ERPPIIPPIICIPPIOIIOIEHILISPS
4000 ce0eIROCPC RN PEISIRCSIIITOISEOIOSY
4008220000000 000080 00R00RRCCOIRECECELIORETS
98 0000080050 C 208 ¢sE0CCsEREEROBRRS
00080 000U NG EOB NN REBSIETISILES
X EE IR RN R RS RN EEERES RS RN RN ]
GEEEI PRI QEBTINNCENI 00RO HOSEROISIOND
0000 CNINPNIIINEEINTIIEINITROOIDERIGS
Ly Y Y Y R R I NN Y
[ EEEE A RTRT AR ENEEENE N R RN R NS RENY XX
([ EX RN ENNNENEEEELEEEX AR EE X AR B XN N RN NN X2
PO R EIINNNC ORI EOI NP NOGIETIRINEIS
80 000000000 sRR0RREEOLCOOBERIRSICETS
IEERNNENNNENENENENERENNENNENNENENNENXNNY N
IEEE R NN NENENERENENER N NN NN NNENNENNER RS
€80 000CCRINRROD 00000 CICCENSOERIINTIODN
000 CE0 PP RRNDOINNNCITROBBOCROIERINIOISEIS
060 E R0 S00TEREH0EN000 00T ROIES
0890000000830 000000000000000CRGCRMIGS
00 PCOCHINCIPOI TS ONCIERTNOOBITROISESTIROTS
000 ¢0CIOULCOEs RO EOOCEITIRCERIRORORCIORTETEED
e B Er PRCR0000C0EEERCI0RIORTERRTOeTR

(A AR A RN E NN RN AN AR AN NEN R RN EXENEE ]}

N Y I R R N R RN YR RN Y]

®000000000C08 0N BECONNCRO0RA0ERNDIREED
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TABLE XXX (CONTINUED)

ScHooL S1Ze CATEGORY

1-3 4-6 7=10 OVER 11 ToTaL
QUESTIONNAIRE: TEACHERS TEACHERS TEACHERS TEACHERS TEACHERS
PART 11
A, THE LECTURE METHOD: BY THE LECTURE METHOD IS MEANT THE “TELLING
METHOD™ OR OF GIVING A DISCUSSION OF A TOPIC, [T IS NOT ASSUMED
THAT IT IS THE ONLY METHOD,
1e WHAT PERCENTAGE OF CLASS TIME DO YOU GIVE TO THE LECTURE
METHOD.
1. LESS THAN 25% [(FEEEEEFNEEEENE N R NN E NN NENENFENFENFNNNENEFEENENNE NN FRNE X ] 10 22 B 7 47
2. 25%‘ 50% B0 FE P L PP PR ORR0LOCEO0CO000CCROCEOCDEROIDEPROEIOOIOIOETIIOOYP ]6 34 9 17 76
3' 50%-75% B4 00080000000 RPER00CEO0ORREIscDERCOENRRERREOIROIESTIRIGECLIROD 9 10 6 2 27
4. MORE TH“N 75% IR R EE R X EFEEE N AN R NN N E E NN R RN NN FNN NN R NNNN NN N NN NN NN 0 1 O 0 1
2. INDICATE ANY FEATURE OF THE ({ECTURE METHOD THAT YOU HAVE FOUND
DESIRABLE,
Te COVERS A GREATER SCOPE OF MATERIAL cevececevesscscesssacccscose 21 36 14 20 91
2., VALUABLE TRAINING TO STUDENTS IN NOTE TAKING AND ASSIMILATION,. 3 1" 1 4 19
3, MAKES POSSIBLE THE INTRODUCTION OF ANECDOTES AND OTHER
RELATED MATER'ALS [ N A N N RN F N NN NN NN AN NN NN NN NN NN ENNEENNERE RN ] 11 21 12 7 51
4, GIVES THE TEACHMER AN OPPORTUNITY TO DEAL WITH ANTICIPATED
D'FF'CULT'ES [ F RN N F N NN RN NN N RN N EE N EEN N FFFNN N EEFFEE NN NN N NN N X ] 30 52 18 18 118
50 OTHERS R R E N R N N RN NN NN N Y NN YN NN NN NN NN NN N YR NN NN RN NN ] 1 11 0 4 16
3¢ INDICATE WHY YOU LIKE CERTAIN FEATURES OF THE LECTURE METHOD,
le BY OBSERVATION | HAVE SENSED STUDENT INTEREST sesecvcssscacsnse 19 35 10 1 75
2. BY TESTING | HAVE NOTED STUDENT PROGRESS seccscssssscscssssssss 18 K] " 15 79
3. OTHERS ..O........l...ﬂ......‘0....\0......0........'...'....... 5 15 s 5 30

4, INDICATE PEATURES OF THE LECTURE METHOD THAT YOU HAVE FOUND DESIRABLE

1e SECONDARY SCHOOL STUDENTS ARE SELDOM ABLE TO ASSIMILATE MATERIALS
BV LECTURE I EENEEEEIEEEEEEEE AN RREENNNENENEANNNEE R NR N RN NN R ICNE R RN J 3 11 3 6 23



TABLE XXX {(CONTINUED)

SCHOOL SIZE CATEGORY

T3 4=5 7=10 OVer 11 ToTaL
QUESTIONNAIRE TEACHERS TEACHERS TEACHERS TEACHERS TEACHERS
PART 11, A. ~ CONT'D,
2o LECTURES DO NOT ALLOW AN [MMEDIATE OPPORTUNITY TO
CLEAR UP DIFFICULTIES cevvecrscocncssscsscscsssasonssscsss 15 39 6 N n
3. STUDENTS ALLOW STATEMENTS TO GO UNCHALLENGED eessescecccse 23 42 16 15 96
4. OTHERS I E XN N RN R NN R RN RN RN RN NN R N NN NN R YN N NN NN Y NN ) ‘ 10 2 2 15
S5¢ [INDICATE WHY YOU DO NOT LIKE THE LECTURE METHOD secesscevscosces
1¢ HAVE FOUND IT LESS EFFECTIVE AS A BASIS OF STUDENT
LEARNING 000000 004800000000 0000 RC0RCRCECEEIRIRERPTIROGRPBISERIRISGY 12 w 7 ]0 59
2, HAVE FOUND IT DiFFICULT TO MAINTAIN STUDENT INTERESTeeeose 8 19 3 8 39
3. OTHERS (R EY IR NI RE A RN AN R RN N RN EEEENYRNNEE N NN RN NN R NN NN KN ] 8 10 2 6 26
Be HEURISTIC METHOD:
1e WHAT PERCENTAGE OF CLASS TIME DO YOU GIVE TO THE HEURISTIC
MeTHOD?
1. l.ESS T""AN 25% GO0 EP N R P20 B PP 80 020000000000 RQCEPSSROISOOIRRTYS 13 26 ]l 7 55
2. 25%- 5%0.0000.00.0......'....I.'..l.o."..l..l'..'.'l.. 17 35 9 14 75
3. 5%‘ 75% D000 000 €000 PR ¢ BRPCEEPQRT RPN dROSROIQRIGRISDS 4 5 4 4 17
2. INDICATE ANY FEATURES OF THE HEUR|STIC METHOD THAT YOU HAVE
FOUND DES'RABLE I E R RN R R RN R R R R ERNNTNEESSYNNRR RN NNNE SRR R X RN N R AN ]
1« DBRINGS STUDENT INTO ACTIVE PARTICIPATION seccccccccsescocs 31 53 19 22 125
2. MOTIVES. BY PUTTING THE STUDENT INTO THE ROLE OF
AN '”v!sT'GATOR .........0..l..0'-......0..0!0.0.0.....0.. 21 35 r4 16 86
3, BUIDES THE TEACHER TOWARDS DISCOVERIES seesocessesscsncses 21 K73 10 19 84
4, GIVES THE TEACHER AN OPPORTUNITY TO EMPHASIZE
KEY PO'NTS 0‘09'..O....I.I...0.00.6..'.......0....'0.l-... 16 39 6 19 Bo
5. OTHERS XXX EXEEEFRERRTRREE RN SNNR RN NNNNNNERE YN NN KN RN N EN NN N ] o 2 1 19 &

-— gﬂ—



TABLE XXX (CONTINUED)

SCHooL SIZE CATEGORY

1=3 4-6 7=10 Over 11 ToTaL
QUESTIONNAIRE: TEACHERS TEACHERS TEACHERS TEACHERS TEACHERS
PART 1y Be =~ (conT'D)
3, [INDICATE WHY YOU LIKE CERTAIN FEATURES OF THE HEURISTIC
MEmoD...-.'.0....'.'.OOCOCOQIQGOOCOOOOOO.l.'.ll'..."..'.‘l
1e TESTS SHOW THAT IT IS EFFECTIVE FOR SOME TYPES OF
HORK I XXX EEIEEEREEE R AN RN IR I NN NNRRNNN NN EEEEE N RN NE RN N RN 14 21 7 12 54
2. AWAKENS IN THE STUDENTS THE SPIRIT OF SEEKING ANSWERSseees 23 49 18 19 109
3. STUDE"TS DO 'T mEMSELVES [ EE R R IR FFRARY NN NEEENRRENRNR RN R N J 14 35 8 11 &
4. OTHERS (IR X EEEXEERIENINEE R ANRNNANEN NN IRENERREANNENP RN RN NN BN X J 2 5 0 0 7
4, [INDICATE FEATURES OF THE HEURISTIC METHOD THAT YOU HAVE FOUND
TO BE WEAK.,
Te |T 1S TOO TIME CONSUMING .ecosesscccesessscessescessascsse 20 28 14 12 74
2. |F NOT SKILLFULLY HANDLED, IT DEGENERATES INTO "YES"
AND ®NO™ ANSWERS WITH LITTLE THOUGHT 4 eevoessssccescscesace 17 K] 14 15 8
3., IN UNSKILLED HANDS THE DISCUSSION BECOMES RANDOMgsessooees 6 18 10 1 45
4, DANGER OF QUESTIONING ONLY THE BR{GHTER STUDENTS eceveseves 23 35 1" 16 85
5. OmERS S 20009 F BP0V RN PP PNV RCORRI0 P02 000 P8 0000800000 RRS 2 5 1 ' 9
S5¢ [NDICATE WHY YOU DO NOT LIKE THE HEURISTIC METHOD,
le MOST STUDENTS ARE NOT WILLING TO GJVE THE TIME NECESSARY
TO DEVELOP SOLUT'ONS.....Q..0...Q'.'.!....0...........'... 10 23 9 8 50
2o PUPILS TURN TO OTHER BOOKS TO FIND SOLUTIONS seeecessscces 2 2 0 1 5
3, THE BRIGHTER PUPILS DO NOT GENERALLY NEED ALL THE TIME
leEN BY TH'S "ETHOD NN E Y ERENF R NNRNRFY RN REERNEN RN NNREN NE X | 20 41 10 13 84
4. omERs I FEETIN IR AR NN RN NENEIRNNNRNEENNNNNERLNNE RS R EE N RN NN ] 1 4 o 1 6



TABLE XXX (CONTINUED)

ScHooL $1Ze CATEGORY

la3 4=6 T=10 OVErR 11 ToTal
QUESTIONNA IRE TEACHERS TEACHERS TEACHERS TEACHERS TEACHERS
PaRT 11, C, = CONT'D,
Ceo LABORATORY METHOD:
T+ WHAT PERCENTAGE OF CLASS TIME DO YOU GIVE TO
THE LABORATORY METHOD,
1'. LESS mAN 25% I X EE N EEN NI AN AN R EN I AN NENEENYRNNYNESN RN N N J 2 60 20 23 1%
2. 25%- 50% LA LB EENNEENENNELIEEEANIEEE NI N E NN N RN E R NEENE NN NN N N ] 2 4 2 2 10
3' 5“‘ 75* 200005 00000 0000200000000l RE0RIRREORRRRSRRSTTS 1 1 0 0 2
4. DVER 75* OBV COO O ORI R OSBRI RORRRROIORROIOBNOEOROCEOIDORNOEIOEROEY o 0 0 0 0
2. [INDICATE THE GRADE LEVEL YOU BELIEVE THIS METHOD TO
BE MOST HELPFUL,
1. mADE 9 [ EI RN ENNET AN NENN NN NNNENE N RN NINNENEYNE RN RXN XN NI 27 41 13 18 99
2. mADE 10 [T X A NN ENIENNENNENENLNENNENNEMNENBEINENRENENENENLENENEEY NN J 12 16 5 5 w
3. GRADE 11 [T EFE RN EFE RN AN N RSN E RN NN RN RN NN NIENINE R AN ER N NN B NN ] 0 0 0 0 0
4‘ GRADE 12 [T TR RN NN N A LN NN N N N R N B 0 4 0 1 5
5. ABOUT THE SAME G090 200 000 00 EPSSERRTRIOONLPBOIGEOIOIOSERTIRRAIOOIAS 5 17 5 3 30
3. INDICATE THOSE OF THE FOLLOWING STATEMENTS THAT YoOU
HAVE FOUND MOST USEFUL,
1e MEASURING ACTIVITIES (LENGTH, WEIGHT, TEMPERATURE,
lNGLES, ETC.)‘."'.'l'l..'."'."'.."."0.'..0'0..!".. 29 So 12 17 108
2, CONSTRUCTION ACTIVITIES {MAKING OF MODELS, EoG.
WTHAGORAS' THEOREM)OIOIQOOOOI...........I.O'l.l'..u-..l T‘i 32 7 12 &
3. CQNSTRUCT'ON OF 50'.“3 MODELS (I TR RN ENENN ENNNNNENNENNEENNENH: ] 3 4 1 1 9
4‘. DRAV“NG TO SCALE [ FE FE N NEENETEFYTENNN NN N NN RENENENNENENEN NN NN J 19 39 15 13 86
5. MAK'NG LARGE GRAPHS (FNIENENNNNRENIEINEN EENNNERENNEX] ctre0 e e 14 26 9 11 60
6o FIELD TRIPS (SURVEYS, MAPS, INDIRECT MEASUREMENT)ecesess 4 10 2 3 19
7. GATHERING DATA (TO TREAT STATISTICALLY) eeevccorccsseecs 2 13 2 5 2
B. OTHERS I EEEIX AR FE R RN R NFRRRERNNNNENT Y NNNN ENENEINN NN RN NN N J 2 2 2 1 7
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TABLE XXX (CONTINUED)

ScHooL S1ze CATEGORY

1=3 4-6 7=10 Over 11 ToTaL
QUESTIONNA IRE TEACHERS TEACHERS TEACHERS TEACHERS TEACHERS
PART 11, C, CONT'D
4, INDICATE WHAT HAS LED YOU TO BELIEVE THAT THE
LABORATORY METHOD LEADS TO BETTER UNDERSTANDING
1. HAVE NOTED THAT STUDENTS, AFTER HAVING WORKED
ON MODELS, GRAPHS, ETC,, EXPLAIN THEM READILY
To THE'R pEERS P00 TR 0RCHINNEN D RRENLLRNORRNRNEIRNRNTRRINDS 8 17 2 4 31
2+ STUDENTS VISUALIZE CERTAIN PROBLEMS MORE READILY,
AFTER HAVING HAD ACTUAL LABORATORY EXPERIENCES eoccses: 26 43 15 17 101
3, MATHEMATICAL CONCEPTS BECOME MORE FUNCTIONAL AND
MEANINGFUL WHEN THEY ARE SEEN IN RELATION TO ACTUAL
APPL'CAT'ONS I E E R N F R NN E N RN NN RN R IR N NN NN R R R N AN YR NN N 16 48 15 9 m
4, TEACHER CAN "PUT OVER™ CERTAIN IDEAS BETTER BY
DEMONSTRATION IN THE LABORATORY seveessoccercessccccone 23 46 13 16 98
S« |INDICATE WEAKNESS THAT YOU HAVE FOUND WITH THIS
METHOD.
le THE LABORATORY METHOD 1S TOO TIME CONSUMING sesvescscse 23 47 16 18 104
2o STUDENTS RELY TOO STRONGLY ON SEEING OR
MEASUR'NG IR R R RN RS R R IR RN ERNE ANEE AN NEEEENREEE RN EE S NN LR N 4 13 7 4 28
3¢ IT MAY BECOME AIMLESS MANIPULATION cevveconcavesccssses 13 29 5 11 58
4, 1IN HIGH SCHOOL MATHEMATICS, LABORATORY WORK DOES
LITTLE TO DEVELOP AND CLARIFY MATHEMATICAL
INTERRELATIONSHIPS ITSELF sevescesssssanssasssccsacscse 1" 20 8 7 46
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TABLE XXX (CONTINUED)

SCHoOL S1ZE CATEGORY

1-3 4=6 T=10 Over 11 ToTal
QUESTIONNAIRE TEACHERS TEACHERS TEACHERS TEACHERS TEACHERS

PART 11, ConT'D
Do DRILL:

1e. WHAT PERCENTAGE OF CLASS YIME DO YOU GIVE TO DRILL?

- 67[—

1' LESS THA" 25$ [ENEINNIENRINYRERS R ENE N NERNEERER YRR R A NN N RN NN N I 16 28 10 15 69
2. 25%‘ 5% [ I ENENENNEENENNNNENNENNEEEENENE EENR N RN NERNNNENNNNENHN ] 15 30 11 12 &
3. 50%‘75* GRS S0P PC O CRPRNEP RPN BUOP R RC ORI RPN P NP RPN IOEORPROS 3 7 1 0 11
By OVER 75% eeeccscnssesnoosrsossocostosetssseonsnsotncncsansans 0 0 0 0 0
2« INDICATE THE GRADE LEVEL YOU HAVE FOUND THIS MOST USEFUL sseveee
1. GR‘DE 9 A R N Y T Y N T R R Y R Y R N N E TN AN NY N Y RN Y Y] 12 24 6 7 49
2¢ GRADE 10 yeecesecccscoscessssassssscsssssssosacssssscssasace 3 14 3 4 24
3’ GRADE 11 XX X E AR R R R EE N A AR N E R E R RN RN NN RN ERENNRE LR NNNNNENRNY ) 3 5 4 1 13
4' GRADE ]2 PP S S0 PO BRI OPOC S HPEL S P FECELet IR BB PPREEEERPIRRESYD 2 2 2 2 9
5. ABOUT THE SA"EQUUIIC'I....'Q..O..Q.....'...."0'.".'....... 16 20 9 13 68
3, HERE IS A LIST OF 20 TOPICS COVERED IN SECONDARY MATHEMATICS,
- Y u u Y
- £ T £ "g’ § E ¢ 5 E ¢ 5 E ¥
- B i prit = S5 § = 3 i S &
T, OPERATIONS WITH SIGNED NUMBERS eecceccscssccsssssnss 0 2 29 0 4 59 1 3 19 0 3 22 1 12
Qe GROUPING LIKE TERMS seeteesessceccscssccsssacassssen 1 17 13 1 36 24 0 14 8 2 10 1n 4 77
3, GRAPHING LINEAR FUNCTIONS sesececcsccesccscsssncscss 6 22 5 6 36 18 2 10 10 312 10|17 80
4, GRAPHING OF QUADRATIC FUNCTIONS esvececesscssscssce 5 21 4 5 31 27 1 13 6 4 9 12115 74
Se LEARNING PROPOSITIONS IN GEOMETRY svecesccsescassens 11 8 12 |14 34 12|11 6 6112 6 S|4 54
6o EXTRACTING SQUARE ROOTS cceaecccesecscacsssscssceces 4 14 14 8 29 26 5 9 8 3 9 12120 61
7« FINDING AREAS OF SURFACES eeceeesccescscescccessscce 6 19 6 3 3 3 s 13 5 5 9 7119 65
B. FACTOR'NG [ FENENENRENNENNNNNNELNNENENENNNEN NENENX X NN T} ] 1 7 27 0 20 45 3 3 16 0 3 2 4 33
G, MAKING GEOMETRIC CONSTRUCTIONS cecscescesccsssccscce 9 18 4 (11 39 13 8 9 4 7 13 4 |3 79
10. MEMORIZING AREA AND VOLUME FORMULAScseccsosescsasces 312 12 110 18 36 5 8 9 7 1N 9125 55




TABLE XXX (CONTINUED

ScHooL SIZE CATEGORY

1=3 4-6 7-10 OVErR 11 ToTAL
QUESTIONNAIRE TEACHERS TEACHERS TEACHERS TEACHERS TEACHERS
PART 11, ConT'D
3, CONTINUED = LIST COVERED IN SECONDARY MATHEMATICS
Y hu o | Y ]
F gz E ¢ 8 E¥E E¥s E ¥ B
S 38 2 5 8 2 S 8 2 S 8 2 S 8 2
11. SUUJTIONS OF EQUAT'ONS [EYEES RTINS N NN RN NN NNN NN NN 3 11 19 4 23 33 1 10 10 5 3 17 13 47 79
12, FUNDAMENTAL OPERATIONS ON ALGEBRAIC FRACTIONS... 0 1 17 |1 26 3B 0 9 12 5 8 14 6 59 81
130 F'ND'NG THE L.C.M. - H.C.F'...'O...lﬂ...0.0000.0 6 20 5 3 34 5 1 12 7 4 13 9 14 79 46
14, OPERATIONS [N RADICALS seseossooscceccncccocscce 1 20 N 2 34 26 1 10 7 5 7 13 9 71 57
15, SOLUTIONS OF SYSTEMS OF EQUATIONS sceosscescccec 0 24 8 4 35 25 1 9 14 T 6 17 6 74 64
164 SOLUTIONS OF LINEAR EQUATIONS seeessccscsscecoce 3 21 9 4 B 22 0 11 10 3 7 13 10 75 54
17. SOLVING QUADRATIC EQUATIONS BY FORMULA sccescovo 3 14 13 4 24 35 1 11 7 4 11 10 12 60 65
18, COMPUTATION BY LOGARITHMS eeescveocossscvccccnne 5 16 13 4 19 3R 0 8 N 6 5 19 15 48 75
19, SOLVING EQUATIONS BY GRAPHICAL METHODSecscecesce 9 17 5 13 37 1N 315 4 6 11 6 31 80 26
20, PROBLEMS IN EXPANSION OF BiNOMIAL THEOREM .4404s 4 2 5 2 30 26 2 13 5§ 3 8 16 11 73 52
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TABLE XXX (CONTINUED)

SCHOOL S1ZE CATEGORY

1 = 3 TEACHERS

4 = 6 TEACHERS

®” o &
Quesriomatee T 5 % % ¥ E ¥ % o3 o3 %k
PART |I, ConT'D,
€, EVALUATION OF STUDENT PERFORMANCE.
1o PLEASE INDICATE WHA® PERCENT OF THE FOLLOWING
COUNTS ON YOUR FINAL ASSESSMENT:
1o FINAL EXAMINATIONGeocsocvoossvessscssasccossasses O 2 2 7 18 4 1 4 1 15 36 9
24 TERM EXAMONATIONS, ETC ,iveesevccessscsccscessase 4 21 1 3 2 0 6 26 14 6 7 1
3. SHORT, TEACHER=MADE TESTS 4i0ucecececssscscscsces 19 10 2 0 0 0 24 10 2 3 1 1
4, COMMERCIALLY PREPARED TESTS ,.eeesasecosesssaccss 8 0 0 0 0 0 12 1 0 1 0 0
5' MARKS FOR NOTEBOOK 0000000000 00RPLEBOEE0RISEIOEOIRS 15 0 0 0 0 0 25 3 0 0 0 0
6s MARKS COR PROJECTS, ETCgescecessoscssssscenscoses 10 0 0 0 0 0 2 0 1 (o] 0 0
7. PUPILS' CLASS PARTICIPATION ,i0evvccecocsnccessss 14 2 0 0 0 0 25 3 1 0 0 0
8, PUPILSY DAILY CLASS PREPARATIONGsseccsosscesscese 14 1 0 0 0 0 24 3 0 0 0 0
9. TEACHERS' JUDGMENT,,..ceeseessecessasscacscccsass 13 2 0 0 0 0 23 2 0 0 0 0
10. OTHERS lon-ouuc-oo-ooooo---ooooooo-ooo-e-ooonolooc 2 0 0 0 0 0 2 0 0 0 0 0
.0 _ 7 = 10 TEACHERS 11 OR_MORE_TEACHERS
%. F'NAL ExAM'NAT'w IENSEREEE RN ENNENNENNENNENEINNNERENYEXN ] 0 1 1 6 13 2 0 3 7 2 10 5
e TERM EXAMINATIONS ETCo eavcccossssossecscscasasee O 3 5 9 6 0 3 9 4 4 2 2
3. SHORT’ TEACHER"MDE TESTS G EPREOIOPSISIOIDISSISENIESIRNSS 10 4 1 0 1 0 9 1 2 5 2 0
4, COMMERCIALLY PREPARED TESTS savcescscssscccsasess D 0 0 0 0 0 5 1 1 0 0 0
5¢ MARKS FOR NOTEBOOK seessccscecescsscccssssscsnsss 10 o 0 0 0 0 11 1 0 0 0 0
6e MARKS FOR PROJECTS ETCs esceescecscsssescsscsasee O 0 0 0 0 0 10 0 0 0 0 0
7o PUPILS? CLASS PARTICIPATION cecececoscccecssessss 9 0 0 0 0 0 10 1 0 0 0 0
B8e PUPILS' DAILY CLASS PREPARATION secevceccccsceses 11 0 0 0 0 0 10 2 0 0 0 0
9. TEACHERS‘ JUDWENT [ EENEENTENEEEEEE RN R NN NN LN NNYEN N ] 8 0 0 0 0 0 8 2 1 O 0 0
T0e OTHERS sesevccssssoosssosssesossscsccescscssssses | 0 0 0 0 0 0 0 0 0 0 0
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TABLE XXX (CONTINUED)

ScHooL Stze CATEGORY

1-3 4-6 7 =10 Over 11 ToTAL
QUESTIONNAIRE: TEACHERS TEACHERS TEACHERS TEACHERS TEACHERS
o or’ ] g g
F ¥ 3 E %’ 5 F ¥ 3 F £ 3 - % 3
582 582 582 582 S 8§ =2
PART 11, Con'T,
Ese 2, PLEASE INDICATE THE DEGREF OF IMPORTANCE THAT YOU ATTACH
TO EACH OF THE FOLLOWING PURPOSES OF EVALUATION,
le TO FURNISH DATA FOR EDUCATIONALGUIDANCE eecoceessscccee 9 13 7 15 36 12 4 12 § 5 12 7 33 60 3
2o TO ASSIST IN GROUPING OF STUDENTS eeecescecosscsccecess 14 16 1 2 29 6 S 1N 2 8 10 4 49 66 13
3. To STIMULATE THE [MPROVEMENT OF TEACHING ceeeoconscnses 4 17 9 ¥ 23 4 11 9 5 8 1N 2 68 52
4, To SERVE AS A BASIS FOR “PASSING™ OR ™FAILING" A
stENT AR EERIEEEIEFEENEE RS NN R RN NN NNENNE NEREENENRNE LN X J 5 11 18 ] 2] 45 0 5 18 0 7 ]8 6 44 99
S5« TO DETERMINE THE STRENGTHS OR WEAKNESSES OF
STUDENTS OR OF A CLASS AS A WHOLE sveeecesoeescsscesese 1 15 18 0 27 2 0 S5 18 0 8 17 1 5 92
6o TO PROVIDE AN INCENTIVE TO STUDY qccesecescssscscncesce 3 23 6 6 34 22 5 14 4 3 13 9 17 84 4
7o« TO PROVIDE A BASIS FOR REFORTING TO PARENTS ,seeeececses 4 19 8 6 41 20 0 12 10 o 11 12 10 83 50
8, TO AFFORD A BASIS FOR THE APPRAISAL OF TEACHERS seveess 17 9 3 3B 19 3 8 6 3 10 10 0 7 4 9
9, TO MEASURE THE ABILITY OF STUDENTS TO APPLY
MATHEMATICAL REASONING TO NON=MATHEMATICAL SITUATIONS,, 10 14 6 26 28 7 14 5 1 9 9 4 59 46 18
10. TO MA'NTA'N STANDARDS [EE R RN T RN RN ERENNERX NN BN NN NN NN N ] 4 20 8 7 34 19 4 l0 7 4 8 11 19 72 45
Fe TEACHING FOR TRANSFER,
1o FROM YOUR READINGS AND DiSCUSSIONS OF TRANSFER OF TRAINING,
INDICATE HOW SIGNIFICANT YOU BELIEVE PROPER INSTRUCTION IN
MATHEMATICS CAN CONTRIBUTE TO TH!S GOAL seesccesesecscocess 3 19 13 6 45 16 6 13 4 5 15 5 20 92 38
2¢ FROM YOUR EXPERIENCE AND GBSERVATIONS IN TEACHING MATHE=
MATICS, INDICATE THE IMPORTANCE YOU PLACE ON TRANSFER OF
mAIN|NG 'N AcTUAL mAC?'CE XN ENYTRFNYESNN RS NY NN NN NN XY ) 9 23 2 13 46 8 g 10 4 5 TS 3 36 94 17
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TABLE XXX (CONTINUED)

QUESTIONNAIRE:

1=-3
TEACHERS

ScHooL S1ZE CATEGORY

4-8
TEACHERS

7=10
TEACHERS

OVER 11
TeACHERS

ToTaL
TEACHERS

PART 11, CONT'D,

Fe 3. [INDICATE ANY TECHNIQUES YOU USE IN TEACHING MATHEMATICS
SO THAT TRANSFER MAY OCCUR,

Te TEACHER POINTS OUT GENERAL APPLICATIONS OF FUNDAMENTAL
mmEmT'CAL OPERATIONS 00 000 QO OOPPRROOTNNROOPISRORRNOIOOS
2., TEACHER POINTS REALTIONSHIPS OF PRECEDING AND SUBSEQUENT
PARTS 'N ORDER To BU'LD UP HHOLE PlCTURE S0 00 02 Q00 Q00RO SCRS
3. TEACHER AND STUDENTS BRING WIDE VARIETY OF MATERIALS TO
THE CLASSROOM (E,G, GRAPHS FRCM NEWSPAPERS) TO SEE
mACT'CAL APPL'CAT'ONS [ I AR NN RN AR A NI RN IR RN NI NN AN NN LR Y ]
4, TEACHER INDICATES THE WIDE APPLICATIONS WHICH CERTAIN
GENERALIZATIONS HAVE, £4Go PYTHAGOREAN THEOREM, ANGLE-SUM
RELAT'ONSH'P, THE S'NE lAw (AR IN I TR AR YR AN N EN YN RNNR AL ¥
S. TEACHER SIMPLY POINTS OUT YO STUDENTS TO BE ON THE LOOKOUT
FOR SIMILARITIES BETWEEN NEW SITUATIONS AND FAMILIAR ONES—-
HABITUALLY SEARCHING FOR ELEMENTS OR RELATIONSHIPS ceceeses
64, MATHEMATICS AND SCIENCE TEACHERS CONFER AND POSE THIS
QUESTION: "HOW CAN WE FACILITATE TRANSFER?" coeeeccccesoce

7. omERs VLV LRIV BTNRB0ORC BRGNS0 0PQRIRLRRRRBSERRS

PART 11}
THE HIGH SCHOOL MATHEMATICS LIBRARY:

THIS PART OF THE QUESTIONNAIRE |S CONCERNED ONLY WITH A SURVEY OF MATHE=
MATICS BOOKS THAT ARE AVAILABLE AT YOUR SCHOOL, PLEASE CHECK THOSE YOU
HAVE FOR THE USE OF TEACHERS AND STUDENTS, WHERE INDICATED, PLEASE
LIST OTHERS OF A SIMILAR NATURE.

1, HISTORY AND BIOGRAPHY?
1, BaLL, W.W.R.,, ™A SHORT ACCOUNT OF THE HISTORY OF MATHEMATICS..e
2, HART, IVOR B,, "™MAKERS OF SCIENCE, MATHEMATICS, PHYSICS, AND

ASTRONOMY.n ..Ol.............;.....G.......5'......QC...........

3. HOOPER, ALFRED’ wMAKERS OF MATHEMT'CS.Q (RN N TR A NRE RN YRR XX LAY ]

15

23

—

52

16

4

19
17

16

—

24
18

12

122
109

- el

102

o &

-



TABLE XXX (CONTINUED)

ScHooL Size CATEGORY

1«3 4«6 7=-10 over 11
QUESTIONNATRES TEACHERS TEACHERS TEACHERS TEACHERS

PART 111, CoNT'D,

Ts HISTORY AND BloGrAPHY, CONT'D,
4, SANFORD, VERA, ™A SHORT HISTORY OF MATHEMATICS ceccaceccossse
5. BELL’ E. T.’ ."EN OF “AT"‘EMATICS' 000 0POCO00O000SEOONECCOCOOOES
6o BiSHOP, MORRIS, "PASCAL, THE LIFE OF GENIUS® coccococscccasae
7. PHILIP, FRANK, "EINSTEIN, HIS LIFE AND WORK™ ...sccsccosccnse
8. &’LL'V#N’ ch.Nn, .|SAAC NEWTO", 15@"'1727“ 900 E0CCEROCOCORO0E

90 quERS PO PP NP IS0 008 000 C0C0NRINBIERNCCOOCOODOOCROCOCOCO0OROCY

SCONOOO
= AN N W=
oNCO AN

o= ow=

2, RECREATIONAL AND POPULAR ACCOUNTS OF MATHEMATICS,

1. DUDENAY, H.Eo, "THE CANTERBURY PUZZLES@“ 9000000 SC0ELOCODOOCCEOON
2. JONES, S.le, "MATHEMATICAL CLUBS AND RECREATIONS.™ ccoccoceses
3, BRANDES, L.6., "GEOMETRY CAN BE FUN" secesescocsscocccscsccans
4, STEINHAUS, HUGO, ®MATHEMATICAL SNAPSHOTS™ cececeeccecvecceson
5. NORTHROP, Re P., "RIDDLES s MATHEMAT'CS" 60E0CEE0I0COCO0EOEEE
6. BeLL, E. T., "MATHEMATICS, QUEEN AND SERVANT OF SCIENCE"ccoeos
7o DANTIZIG, TOBIAS, "NUMBER: THE LANGUAGE OF SCIENCE™ ccccecoans
8, DUBISCH, ROY, "THE NATURE OF NUMBER™ eeesccsesccccsscceccooses
9, KASNER, E. AND J, NEWMAN, "MATHEMATICS AND THE IMAGINATIONY,...

10. OTHERS S0P 00C T IBNIPNII P00 20900004 EIRPCOPORICOOCRIROCECEIODROODAETD

—_O0O=00—-=0OWoCo
W= WO~ N~ UNoo

NPpWOOW—~-NNO
QOWO—=MNMNMN =

-

3, SURVEYS AND GENERAL.

1s Bovers, LEE E,, AN INTRODUCTION TO MATHEMATICS FOR TEACHERS",
2. HOGBEN, L., "MATHEMATICS FOR THE MILLION" . cccccensccacences
3¢ BUTLER, C.H. AND WREN, F.Rs, "THE TEACHING OF SECONDARY
"ATHEMATlcs" 0000 0G0 00 RENEERDLPEOICOPDECOIQCECRRPOEOICOQICOCOCORODROROTEY
4, CANADIAN MATHEMATICAL CONGRESS, "WHY STUDY MATHEMATICS?® ..
5. NATIONAL CoUNcIL OF TEACHERS OF MATHEMATICS, "EMERGING
PRACTICES IN MATHEMATICS EDUCATION" oiccovcccveccvscscccsocans
8. A REPORT OF THE INCORPORATED ASSOCIATION OF AS3)STANT MASTERS
IN SECONDARY SCHOOL, ®THE TEACHING OF MATHEMATICS™ ccccvccases
7o RAVIELL), ANTHONY, ®AN ADVENTURE (N GEOMETRY" ,cccecccssescass
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TABLE XXX (CONTINUED)

SCHOOL S§zE CATEGORY

1=-3 4«6 7«10 Over 1
QUESTIONNAIRE: TEACHERS TEACHERS TEACHERS TEACHERS
3. SURVEYS AND GENERAL, CONTINUED,
8+ SCHORLING, RALEIGH, "MATHEMATICS TO THE CONSUMER™ seesesesacsse 4 19 9 6
9+ NaTIONAL COUNCIL OF TEACHERS OF MATHEMATICS,
"MULTI=SENSORY AIDS IN TEACHING MATHEMATICS™ scesceccssesccscse 2 5 2 5
10. OTHSRS (XN NEYER TN NEIE EA RN AN NN NN EEENES SRR AN E NN RN E N ENNENNNNNE ] 5 26 14 21
4, MATHEMATICS IN TRADES AND PROFESSIONS,
1o AXELROD, AARON, "MACHINE SHOP MATHEMATICS® ,...cenereoerssnssss 0 3 3 3
2. COOKE, NELSON M,, "MATHEMATICS ESSENTIAL TO ELECTRICITY
AND RADIO“ P90 cCCPIPNNE PO ROt QPO ROINRLRCLBRCBLOsRROPOIDS 0 4 1 0 #J
3. SLADE, S,, "MATHEMATICS FOR TECHNICAL AND VOCATIONAL SCHOOLS".. 0 5 5 5 el
4, SHUSTER, (.M. AND BEDFOR, Fel. "FIELD WORK IN MATHEMATICS" .eee 0 3 2 3 i
S5¢ PROGRESSIVE EDUCATION ASSOCIATION, "MATHEMATICS IN GENERALY.... 0 1 1 0
6' OTHERS [ P AR RS RRTEFRENET NI N NN EENNEL NN NEANENENEEE LN E NN NEE Y NN X NN ] 2 4 3 2
THE MATHEMATICS ROOM (LABORATORY):
THi$ 1S A ROOM FOR MATHEMATICS CLASSES AND FOR CERTAIN PRACTICAL
WORK AND EXPERIMENTS,
1o DO YOU HAVE A SPECIAL MATHEMATICS ROOM(S) IN YOUR SCHOOL?
YES 0000 00000000 LORRR0RR 0000 RRBOORRRCITLRIERRRICRIIEOGRQGOISOOSIURPOEIOQRTOSQS TS 0 4 0 2
No 3 63 23 24
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TABLE XXX (CONTINUED)

QUESTIONNAIRE:

1-3
TEACHERS

ScHooL St2e CATEGORY

4 -6
TEACHERS

7-10
TEACHERS

over 11
TEACHERS

PART 111, coNT'D,

2

INDICATE THE ITEMS OF EQUIPMENT OR APPARATUS YOU HAVE
AVAILABLE FOR USE IN YOUR ROCM OR SCHOOL,

1e
2
3.
4,
Se

CHART CASE (S) eeceerccscssscsccncecossassaccoscosaassscacesnose
SHELVES P8P 0 0% R0 0c 8000 BPR0CRRREeRRBLEOORROCCORRORBRBROETICOERSTRRT*YS
MAGAZ'NE RACK SO0 PNS SRRV PR RR0RORPCOCPERRDOIRRCCORORRECODROEDOSEES
CUPBOARDS SO PP PSPPSR QPRBRORPRSCCOROREREDRPROP0ROCROPOCOOIBDRIQRAITROEROOROGSTY
BULLET'N BOARDS 0002 000000¢0 0080 ¢000C0008800C00C00R0RORCRIRRRRRES
EXH|B|T CASES L Y Y N N Y R R N Y R Y Y Y Y o)
DEmNSTRAT'ON BEm D000 0000000 2000000 0RFCR0CRCCOCO0ROROCERPRRPRORRSITDY
DUPL'CATOR [ EZ A NI REENNRYYNRNY RNY NI LN NN ER RN RN N NEN NN NN NN NN NN
MOTION PICTURE PROJECTOR sesescoscococascoocoscsasccccessasssens
PROJECTION LANTERN P00 000000000 00000000000 0000000000 00RCEEIRSIOIGGTS
PENC'L SHARPENER sueceesscsecescssssccsesenonsscscccosscessnsssne
RAD'O SOV TP PRCPREIFeRNCROP PR NP ORCIRDOD0CPORE0SRESCORDOENIOSCISEQSIOIOTS
WOODEN COMPASS [ EA AN AN FTRNEEE LN ENEENE NI EE NI L ANEE N R N N NN ENENESN NN ]
DEMONSTRATION PROTRACTOR eccossocsesosncscosascssatonssocceccsnss
DEMONSTRAT'ON SLIDE RULE, 4’0:--oocoooooooooooooo--o-oaoooonao-o
L'NER IR A R NN P Y Y Y Y Y Y N Y Y N YWY )
METER AND YARD STICK ceceeesdecssscocsscessssscacssscocansssossoce
SLATED GLOBE secssscccsencoeensscecesssescsessccsscscsssasssnets
TRIANGLE 300 - 600 BRI 0000 I OEEPERIOCROBEOE0CRC0000CRCBREDS
TRIANGLE 450 - %o.....oocilooocl...!n'.o.'.uooo--ooa..o.oolo.o‘
T - SQUARE, LARGE P00 BcOP S CEPBEIRNRRERCO00C000P0ROEOICORSOIOISIORDDS
BALANCES AND wE'GHTS 2000000 P 0RO 00CCORRROCOEROOOORERIBORRCERY

CAL'PERS GO0 PRSP E0R 0000000 RC0L0ERCECORERPRCPOCERROOSCROISCIRIERTS
TAPE’ 50' OR 100' P00 8000000004 0000000C880800R0ESeCa0CIRtRttROLS
DRAHING SETS PAEP AP 0O 000 PSRRI S0E00N0RTEROTICRROERREIOROICOITRORORTOSES
FRENCH CURVES SET OF 6 OR 8‘ 0080000000062 000800COCEOCEORRIRES
M'CROMETER SCREN A ANEXZ I RS SRS N RS NS E EAANNY NARE AN E R RN NSNS
PARALLEL RULERS 0020 0B0CCELEISINRRPORRIORO00000RETORCVReCIRRIRIIS
PANTOG‘?APH BERCOIPOLRP s PROVROCORPORCCORORRO0RRO0RTNPPRSEOIIIS
PRopORT'ONAL D'VIDERS [ X R RE R RN RN RN R AR RA NS AN RN NN RN NEN N LR N
SURVEYOR'S LEVEL O#T 20000000000 00000800800CR000CEIRAPREsnasEtRRotee
MODELS (EthPsoan ETCo) espevecoscosceccsooscsnsccsesssossacans
PICTURES OF MATHEMTICIANS’ PPV PPV EL 4000008 CCIBRROROPOROCORRSIES
MISCELLANEOUS CHARTS RELATED TO MATHEMATICS evceececcesesccscsces
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