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1.

IHTROfcJCTIOff

In September 1924 I began teaching mathe-

Queation matica in the liethuen High School, Methuen,

Rises Massachusetts. During that year I taught

two classes in beginners Algebra. The text-

took used was Ha»ke3, Luby, and Touton - First Course in Al-

gebra, (aee Outline # 1 page 10). At the end of the school

year I found myself very much dissatisfied with the work ac-

complished. I felt that too much time had been devoted to drill

exercises and not enough emphasis placed on the understanding

of the why and wherefore. In fact so much time had been devoted

to the acquiring of 3kills in algebraic computations that

scarcely any time was left for the solution of ordinary quan-

titative problems which require insight and mental pofer

rather than skill in symbolic manipulation.

In an endeavor to remedy the aituation all

Taking Steps the teachers of mathematics in the Junior and

Senior High Schoola met in conference slth

the Superintendent of Schools several times during the jchool

year 19S5 - 1926 and formulated an outline of matorid to be

covered. (333 Outline # 2 pages 12 and 19). The outline was

ba33d on the textbook already in use - Hatfkes, Luby, and Tou-

ton - and wa3 an attempt to eliminate such material as sq felt

was of questionable value for the futurs needs of the pupil,
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and also to present the mats rial in a more understandable man-

ner. We did not lay very much stress on the order of teaching

each subject in the final draft of our outline; but we did em-

phasize certain very definite objectives in the teaching of

the various topics.

Again I was dissatisfied, for the same

Educative big question still remained:- how can we make

Effort Algebra truly educative? All real progress

in Algebra teaching must center around the

answer to this question. It is a matter of presenting material

which is adapted to the child mind, and of presenting it in a

way that the pupil knows what it is for and knows why he pro-

ceeds as he does, so that he never has to hide behind rules

for operation. Algebra must be for him a subject which teach-

es him the "what for" and the "why", at least as soon as the

"how". Algebra must appear as a simple and direct language,

very useful in stating facts and rules, and in asking and an-

swering questions, according to the laws of common sense.

If we are to accomplish this real im-

ment provement in Algebra teaching we must

Pronounced thoroughly revise the old order of present-

ing the material ffhich is illustrated by

Outline # 1 page 10. This outline is the Table of Contents of

our textbook - Hawkes, Luby, and Touton - First Course in

Algebra. Although Outline # 1 is an outline of a specific
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text it is typical of the old order of presenting material to

beginning elaaaea in Algebra. Furthermore, if we are to accom-

plish, this real improvement in Algebra teaching we must thorough-

ly revise the old method of $fi renting the material to begin-

ning classes in Algebra.

An attempt to accomplish both of theae ends

Remedy ia discussed fully on pagea 22 to 56. The

Attempted outline of this discuaaion ia Outline # 3 on

page £0. Throughout the entire development

of this Outline # 3 the emphaaia haa been placed on the under-

standing. Each idea or process, if it ia to mean anything to

the atudent, must be developed at the moment v/hen it ia needed,

and put to work at once. New processea muat be diacovered and

introduced as the occa3ion demands, thua linking the "what for",

the "why", and the nhow n into an understanding whole. In fact,

the order should be this; first, a new mathematical difficulty;

aecond, a study of the situation ao that we may find the way

out; and third, the discovery of the new proce33 which over-

cornea the difficulty.

Psychologically it i3 the understanding

Value of fact which muat be repeated if we want to

Understanding make Algebra truly educative. The Algebra

claaaroom must be a workshop where the in-

atructor directa the activitiea of the pujjila and where the

textbook providea the materials and tools with which these pu-

pils work. The organization of the text and the methods of
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presenting the working materials play a large part in fa-

cilitating inatruetion and in the resultant achievement of

individuals of the class.
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REVIEW OF LITERATURE

The national Committee in their Beport on the Re organization

of Mathematics in Secondary Education state on page 10:- "The

primary purpose of the teaching of mathematics should be to

develop those powers of understanding and of analyzing rela-

tions of quantity and of space which are necessary to an in-

sight into and control over our environment and to an apprecia-

tion of the progress of civilization in its various aspects,

and to develop those habits of thought and of action which

will make those powers effective in the life of the individual".

Continuing on page 11 the Report states:- "Work should be

limited to those processes and to the degree of complexity re-

quired for a thorough understanding of principles and for pro-

bable applications either in common life or in subsequent

courses which a substantial proportion of the pupils will take".

Text 3 published since the appearance of the statements of

the National Committee, srhich was organized in 1916, show an

attempt on the port of the authors to find some material which

can be used in the work of the 7th and 8th Grades. The Junior

High Bchool movement has made this necessary. Typical among

these Junior High School authors are Schorling and Clark.

They have a three volume series of mathematics which is widely

used in the 7th, 8th, and 9th Grades - Junior High School.
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They have placed their earhaais on the second jaragraph

above, quoted from the Report of the National Committee. The

work has been "limited to those processes and to the degree of

complexity" for those pupils *rho take the ?ork. They have

succeeded in taking the same old material and cutting out the

harder ^ortiona, thus making the work easier. This material,

however, they have presented in the same order as before.

Readers* Guide of periodical Literature contains too large

a number of articles written -.fithin the last 15 years to in-

corporate in this thesis. Tnere are, however, a few *ell

known authors who have published one or more textbooks which

are used in school. Prominent amon^ these are:-

Barber - Everyday Algebra.

Barber - Teaching Junior High School Mathematics.

Clark - Mathematics in the Junior His;h School.

Report of the National Committee on Reorganization of

Mathematics in Secondary Education.

Schorling - The Teaching of Junior High School Mathematics.

Schoriing & Clark - Modern Mathematics, Algebra. (3 vol).

Stone - Junior High School Mathematics.

Vosburgh & Gentleman - Junior High 3chool Mathematics.

A few of the authors of recent Algebra texts, as nam d

above, have changed the old order of presenting the material

somewhat; but none of them have followed the order as presented

in thi3 thesi3 on page 10.
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THE PROBLEM

Out of the dissatisfaction with the re-

Statement of suits of the Algebra teaching we had done,

Experiment and our first efforts at improving that

teaching, a question took 3hape. Till bet-

ter results come if the order of presentation of topics is
e

changed and the method of development renod^ed? We had groped

about in a state of half-3eeing for two years. It was an op-

portunity too^ood to be passed and the ?hole situation was

summed up in this problem: What effect will a change in the

order of topics presented have upon the pujils* accomplishment

in First Year Algebra based upon the idea of understanding at

every step? Such a change necessitates an accompanying

change in the method of procedure. This point is so evident

that the expression "order of presenting" ffill be understood

to stand for both throughout this thesis.

In order to determine the effectiveness of

Conditions of the procedure which involved changing the

Experiment order of presenting the material covered in

first year Algebru. the work seas arranged as

follows. There were fiv3 beginning classes in first year Algebra,

which for convenience have been designated as Numbers I, II, III,

IV, and V. These five classes were under the direction of three

teachers. Class # I was taught by myself, Class # II by a sec-

ond teacher, and Cla3se3 # III,#IV, and # V by a third teacher.
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All five classes used the same textbook - Hawkes, Luby, and

Touton - First Course in Algebra, Classes " III, .// iv, and

# V followed Outline # 1 (see page 10 ) , which presents the ma-

terial of our text in the order according to the Table of Con-

tents. In presenting each topic listed in Outline # 1 the

objectives and abilities emphasized in Outline # 3 (see pages

12 to 19) were stressed. Five achievement tests were given

at varying times during the months of February and March to

each of the classes. Classes # I and § II followed Outline

# 3 (aee page 20) which is the order of presenting the mat-

erial for beginning Algebra with the aim to make it more

truly educative. The same textbook wa3 «3ed - Hawkes, Luby,

and Touton - First Course in Algebra. The same objectives

and abilities emphasized in Outline # 3 were stressed, and the

same achievement tests given to these classes a3 were given to

the other three classes. Two taxchers, each using this outline,

eliminate the personal equation. The evidence of achievement

for all classes is given in Table § 1, page 59. Outline # 1

is the Table of Contents for our textbook. Outline # 3 is the

newly arranged order of presenting the material for the fir3t

year of Algebra. Outline # 2 is the common ground between the

two outlines. Without regard to the order of subject matter

as given in Outline # 1, Outline .# 2 list3 the several abili-

ties and objectives *hich should be emphasized in teaching the

various topics of first year Algebra. Outline # 3 embodies

all of these principles and objectives as formulated in Out-

line #2. It differs from the latter only in that the order
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of i reservation of subject mutter la so organized that each

algebraic fact is linked to, and ita treatment developed from

the algebra fact immediately preceding. This gives a logical

sequence and a natural gradation, Thick makaa the *ork simple

and easf for the beginner. The order of presentation of to-

lice then la the varying factor in this diacuaaion, aa toe

material for all closes is the same.

Sarly In the courae Terman Group Teat of

Preliminary Mental Ability - Forra A - *aa given to each

Checks individual in the five claaae3. Aeopy of this

teat vrill be found at the end of tnis theaia.

At varying Intervals throughout the year

Final Check each claas has been given ths same set of

Achievement Tests and at the aame time. Thsae

tests eere prepared to test the several abilities and objectives

listed in Outline # S pages 12 to 19. A copy of these tests

srill be found on pages 74 to 78 . The reaulta of theae teats

are summarized In Tables # 1, # 3, and # 4, pages 57 to- 64.

Considering all the conditions and factors

Statement of in the above experiment the problem for

Problem which a solution i3 being attempted may be

stated briefly as folloira:- Is it possible

to improve the understanding and achievement of pupils in be-

ginning Algebra by a change of order In the presentation of

material?
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OUTLINE # 1

Table of Contents - First Course in Algebra-

Hawkes, Luby, and Touton.

Outline # 1 ie a copy of the Table of Contents - First Course

in Algebra - Hawkes, Luby, and Touton. It gives the order in

which the subject matter Is treated in this particular text.

Although this is an outline of a specific text it presents the

material in the typical order of a large number of first year

Algebras. The Introductory Chapter of 1? pages is devoted to

the definition of a large number of terms which are to be used

in later chapters. The second chapter of 15 pages gives more

definitions and also rules for the operation of signed numbers,

these rules to be used in later chapters. The student thus be-

comes accustomed to do things by a set of rules or directions,

and does not use his reasoning powers to any great extent. The

complete Table of Contents follows

Chapter PaSe

I Introduction --- 1

II Positive and Negative Numbers 18

III Addition 33

IV Simple Equations 39

V Subtraction 49

VI Identities and Equations of Condition - 54
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VII Parentheses 64

VIII Multiplication 70

IX Parentheses in Equations 79

X Division 8?

XI Equations and Problems 95

XII Important Special Products 105

XIII Factoring 113

XIV Solution of Equations by Factoring 137

XV Fractions 148

XVI Equations Containing Fractions 175

XVII Graphical Representation 200

XVIII Linear Systems 317

XIX Square Root 240

XX Radicals 250

XXI Quadratic Equations 270

XXII Ratio and Proportion 282
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OUTLINE # 2

Objectives in Teaching First Year Algebra.

In an endeavor to make our Algebra teaching acre effective in

Msthuen all the teachers of the Junior and Senior High Schools

met in conference with the Superintendent of Schools several

times during the school year 1925 m 1926. Each teacher was

assigned one or more topics from Outline # 1, the Table of

Contents of our textbook - Hawkes, Luby, and Touton - and asked

to formulate certain definite objectives and abilities that

should be stressed in the teaching of that particular topic.

Our final draft resulted in Outline # 2 which is a rather com-

prehensive outline for the work to be covered in First Year

Algebra. We did not pay any particular attention to the order

of topics in our outline. We were, however, aiming to formu-

late certain very definite objectives in the teaching of the

various topics.

A copy of Outline # 2 follows. The pages refer to Hawkes,

Luby, and Touton - First Course in Algebra; but it is recommended

that many additional reference books be used.

I Objectives in teaching the Formula.

To develop the following abilities :-

1. To develop certain rules of mathematics and to

translate them Into formulas. Pages 4, 9.
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3. To translate certain formulas* into rules of
mathematics . Page 3.

3. To evaluate certain formulas; that 1b, to find
the values of certain letters when the values
of the others are known. Page 6.

4. To derive one formula from another.

5. To represent by a graph certain formulas of a
type no more difficult than F • 1.8C + 33°.

6. To understand the idea of the dependence of one
quantity upon another.

II Objectives in teaching equations of the First Degree in
one unknown.

To develop the following abilities :-

1. To translate into equations form certain con-
ditions stated in words. This involves two
abilities:

a. To give the answer to Buch questions as
this: "What is the cost of 8 pencils
at k cents each?" (C - 8k).

h. To write the correct equation for pro-
blems similar to this: "Twice a number
increased by five is equal to twelve.
Find the number. (3n + 5 - 13).
Pages 9, 10, 11, 15, 60, 61, 63, 64, 65.

3. To translate into words certain simple types of

equations.

3. To solve, algebraically, equations of the type

y = ax + b. Pages 13, 14, Chapter V.

4. To understand the graph of the equation y - ax + b

as the graph of a linear equation and as a

method of solving the family of equations when

y is given any particular value. Chapter XVII.

5. To use equations in solving such applied problems

of Algebra as are of real use in business or

in science.
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6. To distinguish clearly between an identity
and an equation of condition. Chapter VI

Note: This means the ability to appreciate
the equation of condition as "the
interrogative sentence of Algebra" and
the identity as "the declarative sen-
tence of Algebra" .

7. To 3olve simple equations containing common or
decimal fractions.

Ill Objectives in teaching graphs.

To develop the following abilities :-

1. To interpret pictorial graphs of various kinds.
Chapter II

.

2. To interpret and to draw: Bar graphs; Broken
line graphs; Curve line graphs; and, Simple
circular graphs. Chapter II.

3. To make a comparison of two or more graphs on
the same piece of paper using the same
coordinate axes.

4. To locate points using the conventional x and
y coordinate axes. This involves the ability
to understand the relation between a point
and the number pair (x, y) . Chapter XVII.

5. To understand, appreciate, and use directed
numbers in graphic work.

6. To interpret the intersections of certain
graphs as points whose coordinates repre-
sent real roots of the corresponding equa-
tions, and their nonintersection as indi-
oation^unreal or imaginary roots.

7. To construct the graph of the equation y - ax + b
and to explain its meaning.

8. To construct the graph of the function
y - ax2 + bx + c.

9. To construct the graphs of two simultaneous
equations of the type a*x + b'y -= o*,
a"x + b"y - c" and to explain how the graphs
show whether the equations are solvable.
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10. To use graphs as a rough oheck on algebraic
operations.

11. To read values from a graph quickly and
accurately.

13. To construct a grapfc for the purpose of solving
practical problems.

13. To use the graph for the purpose in such allied
fields as general science, social science,
and the like.

Objectives in teaching Directed lumbers.

To develop the following abilities :-

1. To understand and interpret the meaning of
directed numbers and to represent them on an
algebraic scale, thus extending the notion
of numbers. Pages 33, 33, 34, 35.

2. To use directed numbers in a practical way.

3. To add two directed numbers in a column or
horizontally. Pages 34, 35, 36, 37, 44,
45, Chapter III.

4. To subtract one directed number from another
in a column or horizontally, ^ages 38, 39,
40, 44, 45, Chapter III.

5. To combine directed numbers by addition and
subtraction in a column or horizontally.

6. To multiply one directed number by another in a
column or horizontally. Pa^es 41, 43, 44, 45

?. To divide one directed number by another, the
operation being taught as the inverse of
multiplication. Pages 43, 43, 44, 45.

8. To understand the use of directed numbers in a
few simple cases taken from physios or
mechanics. Chapter II.

9. To understand what is jneant by the "absolute
value" of a number. Page 22.
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10. To appreciate the use of directed numbers in
connection with formulae, thus extending their
use.

11. T distinguish Between plus and minus signs as
signs of quality and signs of operation.
Chapters VII, IX.

13. To remove not more than two sets of parentheses
where directed numbers are involved, the case
"being treated as a convenient way of indicating
addition or subtraction.

V Objectives in teaching the Fundamental Operations on
Algebraic Polynomials.

To develop the following abilities

1. To multiply and divide in the manner indicated
for directed numbers. Chapters VIII

f
X.

2. To understand the ordinary symbols of aggrega-
tion, not over two "nests of parentheses"
being involved.

3. To divide one simple polynomial by another
simple one. Since the ease has no important
applications in elementary algebra, it
should be briefly treated.

4. To understand that factoring is the inverse of
multiplication. For example 10x2 + 19x + 6 -

(2x + 3)(5x + 3) Because (3x + 3)(5x + 2)=
10x2 + 19x +6. In other words the identity
is reversed. Chapters XII, XIII.

5. To understand that factoring is important in
transferring one formula into another which
is easily evaluated.

6. To factor by taking out a common monomial factor.

7. To factor the general quadratic trinomial
ax3 + bx + c.

8. To factor the difference of two squares.

The so-called "type products" and "class"
of factoring should not be overempha-
sized. We really need only two or three
types of factoring and these can "be

handled simply "by reversing the process
of multiplication.
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9. To understand that the fundamental operations
are only a means of reaching aoiae kind of
result, mere skill in manipulation not being
the purpose of the work. Only the types
needed later, either in life problems, or
in other parts of Algebra, should be taught.
Their relation to the work on the formula
should be explained.

10. To eheok solutions and thus to realize when a
topic has been fairly mastered.

Objectives in the teaching of Fractions.

To develop the following abilities :-

1. To underotund a fraction as an indicated divi-
sion.

2. To understand the underlying principle in
connection with the change of signs in the
terms of a fraction. Tor example

++a . +=a « -=a = _+a
+b -b +b -b

3. To reduce a fraction to lower tenia, and, in
few oases to higher terms.

4. To reduce an improper fraction to a mixed ex-
pression or to an intergral expression.

5. To reduce a nixed expression to an improper
fraction.

6. To reduce fractions to equivalent fractions
having the L.C.D. when the 1. 0.15. can be
found by inspection.

7. To add and subtract fractions having the same
denominator and having different denominators
when the L.C.D. can be found by inspection
and where the denominators are either
monomials, or else polynomials of the three
ordinary factoring types, i. e. those which
are the product of two binomials.

8. To multiply and divide fractions of simple type.
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9. To simplify eoaplex fractions which are not
more complicated than thoae which would
occur in the pupils 1 work with formulae, or
in checking fractional equations where the
root is a fraction.

10. To check all results.

VII Objectives in teaching Fractional Equations.

To develop the following abilities :-

1. To clear an equation of fractions the denom-
inators being arithmetic or literal numbers,
the work being limited to cases where the
L.C.D. ean be found by inspection. Chapter XVI.

3* To solve numerical equations containing common
or decimal fractions of a simple type.

3. To solve equations containing fractions with
binomial denominators.

4. To solve applied problems leading to fractional
equations.

5. To derive one formula from another, that ia, to
solve literal equations.

6. To evaluate formulas involving fractions.

7. To check all results.

VIII Objectives in teaching Simultaneous linear Equations.

To develop the following abilities :-

1. To understand by means of graphic representation

simultaneous, inconsistent, and equivalent

equations in two unknowns. Chapter XVIII.

2. To solve by addition and subtraction simultaneous

equations in two unknowns, having integral

or fractional (common or decimal) coefficients.

3. To obtain the equation of a straight line

through two points whose coordinates are known.
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4. To Bolve applied problems imrolving simul-
taneous equations in two unknowns.

5. To check all results.
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OUTLim? # 3

An Outline for 9th Grade Algebra.

This outline haa been made from the extended Outline # 2

given on pagea 12 to 19 . The objectives in teaching each of

the topica listed have already been stated in Outline § 2. Ihe

topics of Outline # 2 have been rearranged ao that each alge-

braic fact ia linked to, and its treatment developed from, the

algebra fact immediately preceding. The student learns through

Formulas the very first day what Algebra really ia. The work

in Simple Equations, Fractional Equations, Simultaneous Equa-

tions, and so on, folio* directly, thus making a logical se-

quence and a natural gradation in the subject matter.

Outline §. 3, as followed by Glasses § I and # II, follows :-

I Formulas.

II Simple Equations.

Ill Fractional Equations.

IV Simultaneous Equations.

a. Addition of directed numbers.

b. Subtraction of directed numbers.

Graph3.

1. Formula graph (linear equation).

2. Bar graph.

3. Broken and curved line graphs.

4. Circle graphs.



V Quadratic Equations.

a. Multiplication.

b. Division.

c. Factoring.

* VI Radicals.

* VII Practical Computations.

VIII Numerical Trigonometry

.

* Optional topics
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^HAT ALGEBRA IS

The i receding ragea state the conditions giving rise to the

experiment; the conditions of the experiment ; ant offer sug-

gestions for the rearrangement of the material to be offered.

The following pages are devoted to the details of the method

of procedure in carrying Outline # 3 into actual practice,

and point out how the student in following this topical or-

der work3 understanding^ rathar than as an automaton.

Classes # III, § IV, and # V found in following Outline

# 1 (the old i lan) that the first 17 pages of the textbook

were devoted to the definition of terms to be used in later

chapters. The next 15 pages gave rules for the addition,

sutraction, multiplication, and division of positive and

negative numbers. The following chapters took up these four

operations separately and involve examples with long poly-

nomial expressions. The students all the shile were only au-

tomatons, doing all their work by rules and having no conception

of the why or the wherefore of anything done.

Classes § I and # II, however, in following Outline # S (the

revised plan) were told the very first day what Algebra Is, and

they were told in language which they could understand and ap-

preciate. And, furthermore, when they started to do their as-

signment they did not have to follow a set of rules. They had

a very definite objective and knew why they proceeded in each
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case as they did. The following illustrates ho* we jut Outline

#3 into practice in Methuen High School this year. It is our

first class exercise in beginning Algebra.

Algebra has been defined as a written language or shorthand

in which the sentences are called formulas or equations. It

has also been defined as a symbolic method of dolving problems.

These two definitions mean practically the same thing. If we

turn the first definition around it will read something like

this, "Formulas state facts briefly", and if we explain the sec-

ond definition it says, "we use symbols (signs which stand for

numbers, words, or thoughts) because they make our work easier

and save space". If I should ask you to write one hundred

thirty-seven dollars and sixty- five cents, you would write

$137.65. Again, if I should ask you to multiply seven hundred

3ixty-two by three hundred fifty-one, you would write it this

way:
762

x351

The figures 762 and 351 sta.nd for tne words seven hundred

sixty-two and three hundred fifty-one respectively, and the sign

x stands for the words multiply by. We took our written directions

and translated them into symbols. Why? Because it is easy to

multiply with figures, while it would be very dificult to multi-

ply if we had to use words only. The result of trie multiplica-

tion is also obtained in figure-symbols wnich can be translated

back into words whenever we choose. Problom-30lving in mathe-

matics is performed in this way. We take word-problems, wc

assign symbols to the quantities and relations described. Then
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are perform the operations indicated flc as to obtain the result

we desire.

The *?ork *ith formulas as discussed in the next two lages

was then taken up as a part of this first day's assignment.
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FORMULAS

If we consider the familiar fact usually stated as follows:

The area of a rectangle ia equal to its base times its height,

can we write this fact more "briefly "by using the shorthand of

Algebra? Instead of the area of the rectangle we will write R;

instead of the base we will write b, and so forth. We can now

state our fact briefly, R «= b x h, or still better, R » bh.

To save time in Algebra, letters nay be written side by side

to indicate multiplication. We must be c.ireful to give

attention to the units in any formula. If b means the number

of feet in the length of a floor, and if h means the number

of feet in the width, R will mean what? We must be sure that

our answer is expressed in the correct units.

Find the area of a floor 18.2* by 12.

5

1
.

This is a very simple everyday problem, but in studying

it we shall find the be^t way to set down our work and to

keep a systematic record so that any mathematician can tell

exactly what we have done.

R - bh *Estir:ate Computation Check

R -

R - 18.2x12.5

227.50 sq.ft.

20x12 = 240 18.2
12.5
910

364
182

12.5
18.2
250

1000
125

327.50 227.50

First: Write the formula.

Second: Substitute the numbers for the letters.
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Third: Make an estimate of your answer.

Fourth: Multiply as indicated. Perform your multipli-

cation neatly and carefully.

Fifth: Check your computation, and leave it as a part

of the record.

*Uote:- The estimate of the answer should he insisted

upon. Its value is great in the beginning of the term for

the following reasons :-

1. It obliges the pupil to read the problem attentively.

2. It livens the classwork. The various estimates all
tabulated on the board arouse a great deal of
interest

.

3. It is excellent practice in getting the child to
appreciate the size of numbers.

4. It develops the ability to grasp a situation as a
whole

.

5. It enables the pupil to put hie decimal point in the
correct place without having to remember a rule.

The assignment given for the second day was:-

Bring in to class at least three formulas with a problem

adapted to each*

The formulas submitted the second day contained not only

those found in mathematics and science texts, but those used

by everyday workmen. Two boys in one division nearly came to

blows because each insisted that the other's formula for making

cement blocks was incorrect. Among the formulas which were

brought in and which were used are the following:-



37.

8 - a". The area of a square.

T « |hh. The area of a triangle.

C » 3nr. The circumference of a circle.

A = Hr2 . The area of a circle.

S « 2nrh. The area of the curved surface of a cylinder.

V » Bh. The volume of a rectangular solid.

V - e3 . The volume of a cube.

I - prt. Simple interest.

£ m 1.8C + 33°. Converting Centigrade degrees to

Fahrenheit

.
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EQUATIONS

The next logical step in the development of the course in

Algebra should he the equation. In preceding lessons with the

formula the pupil will have translated given formulas into

complete English sentences, and he will also have reduced to

formulas many common rules and laws of business, mathematics,

and science. He has "been unconsciously making equations all

the while, and he is quite ready to understand that an equa-

tion suggests a question.

The subject of equations may well he developed from the

following problem:- A rectangular garden is to be laid out

to contain 918 square feet. It is 34* wide. How long must it

be made?

The formula required is R «= bh.

The problem tells us that R - 918 and that b - 34, and

says that h - ? .

Substituting these numbers in the formula, we get 918 - 34h.

We no longer think of this equation as a formula, stating a

fact. We think of it as suggesting a question.

What question does it suggest? If 34h»s are 918, how much

is one h?
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If we find the answer to our question we have solved an

equation.

(1) R - "bh Estimate Computation Check

(3) 918 - 34h 900 - 30 x 30 34)918(27 27

(3) 37 - h Ife ii
, ^ . 358 81
(4) h - 27 feet 913

Take another problem: The bottom of a coal bin measures

96 sq. ft. How high must it be made to hold 432 cu. ft. when

even full?

The formula required is 7 - Bh.

The problem tells us that V => 432 and that B - 96, and says

that h » ? . The question suggested is: If 96h's are 433, how

much is one h? If we solve and check this equation we find

that h is 4.5 feet.

After a few problems like these have been considered write

the equation, 5x * 30, and ask the pupil to state the question

it asks. His answer will be: If five x'a are 20, how much

is one x? He can tell you immediately what the answer is and

also that it checks. He is now ready to practice on a few

simple equations.

A problem to illustrate the next step in the development of

our Algebra is: Frank and William earned $90 working together.

Frank earned four times as much of the money as William did.

How much should each receive?
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First, list the (iuantitiea mentioned.

ITumber of dollars William gets.

" " " Frank "

" " " both together get.

Second, represent each quantity "by an abbreviation or symbol,

D - no. $ William gets.

Then 4D - " n Frank "

D + 4D - " " both together get, that is, 90.

Third, make an equation.

Fourth, solve the equation.

(1) D + 4D - 90

5D - 90(3)

(3) 18 (S) f 5

(4) 4D - 72 (3) x 4

To get this equation think,
one D and 4D*s make 5D»s.

Write the directions for
getting equation three
before you write the
equation. You will save
yourself much trouble in
Algebra if you always
decide first whether to
add, subtract, multiply,
or divide, and then write
the directions, and fin-
ally carry them out.

Why did we get this equation?
What are the answers to
the problem? Check them.

The fact that problem solving in Algebra is not the same as

in Arithmetic may well be pointed out to the pupil at this

time. In solving a problem in Arithmetic you decide whether

you are to multiply or divide or what process you are to perform,

and then, step by step, reason your way to your answer.
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In Algebra you do not start this way at all; in8tead you write

an equation and then solve the equation.

For many kinda of problems the algebraic method is much

better. It leaves less to carry in your head. It keeps a very

brief record of the atepa taken in the solution. It gives the

best way to explain the solution. It enables you to solve

harder problems.

It will help you with more difficult problems if you form

the habit of taking these three steps:—

1. list the quantities.

3. Express them algebraically.

3. Form an equation.

These facts all appeal to the child and they create in him

a confidence that is very much worth while. His attitude

toward his work is decidedly different from that of the boy or

girl who does his daily assignment simply because the book or

the teacher told him to do it that way.

The pupil is now ready to practice on equations like

these: x + 4x - 35.

This equation suggests the question, if one x and four x*s

make 35, how much is x? In solving this problem the pupil

thinks, one x and four x*s make five x's, so he writes

(1) x + 4x - 35

(2) 5x - 35

(3) x - 7 (2) f 5
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He geta the ? by thinking, if five x's equal thirty-five how
n

much is x. Practice with this type of equation and problem

should follow.

The next type of equation may he illustrated by the problem:-

The sides of a triangle are x, 2x, and x + 5.

The perimeter is 69". Find the length

of each aide.

The pupil writes the equation

(1) x + 2x + x + 5 - 69.

He knowa he can unite the x, the 2x, and the x and write 4x,

hut he cannot unite the 4x and the 5 because he knowa we can

unite only terms which are alike. His second equation then

becomes

(2) 4x + 5 - 69.

This equation suggests the question, if 4x + 5 make 69, how

much is x? In order to find out how much 4x is the pupil reasons

that he has 5 too much, so that we must subtract 5. He reasons

too that if he subtracts 5 from one side of hia equation he must

also subtract 5 from the other aide in order to keep the values

the same. His third equation is then

(3) 4x - 64 (3) - 5

(4) x - 16 (3) f 4
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(5) 2x - 33 (4) x 2 Check

(6) x + 5 - 21 (4) + 5 One side 16"

second side 32"

third side 21"

perimeter 69"

A problem of the next type is: The width of a rectangle

is 5* less than the length. The perimeter is 170'.

Find the dimensions of the rectangle.

(1) x + x - 5 + x + x - 5 - 170

(2) 4x - 10 - 170

This last equation suggest s the question, if 4x less 10

makes 170, how much is x? In finding out how much 4x is we are

"short" 10, and we must therefore add 10. Equation three then

reads

(3) 4x - 180 (2) + 10 Check

(4) x - 45 (3) * 4 lengths 45' x 2 - 90'

(5) x - 5 - 40 (4) - 5 widths 40 1 x 2 - 60 *

perimeter 170*

Drill in these types of equations should follow.
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PAREFEHE8E8 IE EQUATIONS

The introduction of the parentheses may be illustrated by

the problem: To pay $3.25 with halves and quarters, I used 2

more halves than quarters. How many coins of each kind did I

use?

Let x no. of quarters

Then x + 3 - " " halves

25x * * " cents in quarters

To express the number of cents in x + 3 half dollars we must

multiply x + 2 by 50. A convenient way to indicate this multi-

plication is this

50 (x + 2) - no. of cents in halves

Then 25x + 50(x + 2) - " " " all « 325.

(1) 25x + 50(x + 2) - 325

(8) 25x + 50x + 100 - 325 The expression 50 (x + 2) means
50 times x and 50 times 3.

(3) 75x - 325 (2) - 100 Check

( 4 ) x - 3 (3) 7 75 3 quarters - 75 cents

(5) x + 3 " 5 (4) + 2 5 halves - 350 "

total - 325 n

The parentheses are used to bring two or more quantities

together into one quantity. This fact core* as a logical con-

clusion in the child mind rather than as a given rule which he

must follow in his problem solving.
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PROBLEM SOLVOG

In order to "be able to solve problems readily, you must know

how to solve equations. In solving an equation you add, subtract,

multiply, and divide, taking care to "be fair to each side" of

the equation. If you change the value of either aide, you must

make a corresponding change in the value of the othar side.

Ab minus signs occur in the equation from time to tiire,

the pupil becomes sore ana more familiar with them, and finds

that his common sense invariably tells him what they mean, and

how to deal with them. In the equation 4(x - 2) • 15, he

performs the indicated multiplication without difficulty. Four

times x is 4x, and 4 times "short 2" leaves him short 8. In

the form 15 - 3(x + 2), he observes that the terms within the

parentheses are to be first multiplied by 3, and then the

result subtracted from 15. The first step gives 15 - (3x + 6).

The subtraction gives 15 - 3x - 6. In the form 17 - 4(x - 2),

the first step gives 17 - (4x - 8). Starting the subtraction,

he gets 17 - 4x. He has now subtracted too much for he was

told to subtract 8 less than 4x. He has subtracted the whole

of 4x. He has subtracted 8 too much. He must correct this

by adding 8. This gives him 17 - 4x + 8. If we unite similar

terms our expression becomes 25 - 4x. The 17 was increased by

subtracting the shortage of 8. We see then that "subtracting

a shortage is the same as adding"

.
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The pupil does not think of parentheaea as something to be

"removed" , but rather as a oonvenisnt means of giving directions

as to what operations are to he performed. He does not remove

the parentheses by rule, but carries out the instructions whioh

they help to give.

This manner of thinking about the minus sign lays a real

foundation for understanding both subtraction and multiplication

later, and meanwhile it enables him to do such multiplication

and subtraction as is necessary in the solution of his equations.

And, furthermore, it convinces him that Algebra is a subject

whioh one can think out for himself.

As a result of this procedure (problem solving), the young

people come through the opening chapters of their Algebra with

the feeling that the subject is not juggling, but common sense.
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FRACTIONAL EQUATIONS

We are now ready for equations containing fractions. This

problem makes a good introduction to the subject: I am thinking

of a number. Half of it is 7. What is the number?

This is a very simple problem which you can answer mentally.

But if you will study the written solution you will learn an

important lesson in Algebra.

The statement may be translated into this equation

(1) n/3 = 7 n/3 is read "n over 3". It means n
divided by 2, or one half of n.

In equation one we have | of n. We want the whole of n.

What must we do?

(3) n - 14 (1) x 3 By multiplying both sides of our
equation by 3 we keep the same
value and get rid of the fraction.

Another problem: One half of a certain number added to one

fifth of it makes 38. Find the number.

(1) n/3 + n/5 - 38

If we multiply (1) by 3, we shall be rid of one denominator.

If we multiply (D by 5 we shall be rid of the other denominator.

If we multiply by 10 we shall be rid of both denominators. Per-

forming this multiplication we get
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(3) 5n + 3n - 280 (1) x 10 Check

(3) ?n - 380 40/8 + 40/5 -

U) n - 40 (3) * 7 30 + 8 - 38

.*. 40 is the number.

It eoon "becomes quite evident to the pupil that if the two

sides of an equation are equal, and that if we multiply both

sides by the same number, the two products will still be equal.

This fact the pupil uses in the solution of his fractional

equations. It is a thing he discovered, however, and not a

rule that he was told to follow. He learns readily to handle

fractional equations with binomial numerators and with both

positive and negative signs. He finds no difficulty in hand-

ling an equation of this type:

(1) 3x/3 - (3x + D/7 - x - 3

(3) 14x - (6x + 3) '* 31x - 43 (l) x 31 He reasons that

it was necessary to multiply

3x + 1 by 3, and then to sub-

tract the result. As yet he

does not try to multiply and

subtract at the same time.



39.

EQUATIONS CONTAINING TWO UNKNOWNS

The work outlined thUB far took us, this year, to the Thanks-

giving Recess to cover. More supplementary material from other

texts might be used to advantage and thus extend the work in

8iraple and Fractional Equations to the Christmas Vacation.

However, the next problem brought before the pupils was this:-

Five Algebras and two French books cost $9. At the sane prices,

three Algebras and two French books cost $7. Find the coat of

each bookl

If a no. $ 1 Algebra costs

and if f - " "1 French book costs

5a * n "5 Algebras cost

3f « " n 2 French books cost

also 3a = " H 3 Algebras cost

From this information we get this pair of equations:

(1) 5a + Sf - 9

(3) 3a + 3f - 7

From anything we have learned thus far we can not solve this

pair of equations unless we can get rid of .gne of the letters

so that we have only one unknown left. Can y -u see any process,

addition, subtraction, multiplication, or division, which will

enable us to do this? Yes, almost before the question is asked
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someone suggests that we subtract the aeeond equation from

the first. Following this suggestion we get:

(3) 2a - 2 (l) - (2)

(4) a - 1 (3) — 2

This gives us the value of a. To find the corresponding

value of f we substitute 1 for a in (1).

(5) 5 + 2f - 9 (4) substituted in (1)

(6) 2f • 4 (5) - 5

(?) f - 2 (6) 2

These answers check in both (1) and (2).

Problems of this type should follow for practice. These

problems at first, should have either the coefficients of the

first terns the same, or the coefficients of the second terms

the same. After a little this should not be true, and then

the pupil will discover that he must make the two coefficients

of one letter the same before he adds or subtracts the equations.
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ADDITION AID SUBTRACTION II ALGEBRA

The examples In the preceding exercises show us that addition

and subtraction are sometimes necessary in solving equations.

You should become skillful in adding and subtracting positive

and negative numbers. This fact is very apparent to the pupil

and he has a real incentive for learning to add and subtract

algebraic numbers.

Add:

4 -4 2a -3a -5y 3x - x

1 =3 3a =5a ^ -7x

When the signs of the terms to be added are alike, the

addition is the same as in Arithmetic except that we prefix

what sign? A pupil in answering this question formulates his

own rule for the addition of signed numbers. He does not learn

a rule first and then attempt to apply it.. His rules are

logical conclusions which come as the result of experience and

thought, and are not mere words which he finds in bold type

or italics at the beginning of each new chapter, and which

must be memorized and rigidly and mechanically followed.

The two following examples illustrate another situation in

the addition of signed numbers and call for the formation of

another rule.
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Add:

-3

-10
7

-3+5 giv€?s a "balance" of 2.

7 added t(j> a shortage of 10 leaves a shortage of 3,

When the signs of th0 terms are different, the sign of the

smaller ? or larger ? number determines the sign of the answer .

Subtract

:

8x + 5 -

9x + 6 -

(3x + 2)

(8x + 9)

9x + 7 - (4x - 5)

8x + 5
ox + 3

9x + 6
8x + 9

9x + 7
4x - 5

If we take 9 from 6 it leaves
a shortage of ? . Notice
that Algebra enables us to
do what we considered im-
possible in Arithmetic.

Remember that subtracting a
shortage is the same as
adding

.

Subtract

:

8
4

4
8

-5
-3

-5
3

Add:

8
-4

4
-8

-5
3

-5
-3

Compare the upper row with the lower row and explain the

rule: In subtracting, think of the sign of the subtrahend as

changed and add.
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LBARUIUG TO WBSStUX kSD SUBTRACT AT OHE STEP

In solving the following pair of equations, a pupil found

the answers 3 and -5. Was he right?

(1) 4x - 3y « 2?

(2) 9x + 4y - ?

In checking the first equation he wrote

4(3) - 3 (-5) - 2?

12 He then said if I do the next step it gives -(-15),
and when I do the following step it gives +15,
But he also said that he thought he could rultiply
the -5 "by -3, and subtract the result, at one
step. Can you?

Do these multiplications and subtractions at one step:-

-3(-6); -K-l); -8(-12£); -8(-2); -15(-6)

.

You will observe that when we find the value of -3 (-6) at

one step, we sometimes say that we multiply -3 "by -6. Kotice

that it is difficult to give a practical meaning to multiplica-

tion by a negative number. You understand what it means to

multiply 3 by 6, or -3 by 6; in the first case you take 3

six times; in the second, you take -3 six times. You can give

no such meaning to -3 times -6, but you can perform the

operation at one step, and you can speak of it as multiplication

by -6. Be sure that you understand this process as a multi-

plication and a subtraction.
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The law for signs for multiplication can be readily

understood and may be stated by the pupils as follows: The

product rf two factors with like signs is positive; the product

of two factors with unlike signs is negative.
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GRAPHS

The relatione between numbers nay often be made more vivid

by pictures because it teaches through the eye. Such a

picture ia called a graph. We are already familiar with the

formula F - 1.8C + 33°, expressing the relation between the

Fahrenheit and Centigrade thermometers.

We can substitute values for C and then find the corresponding

values for P as in the table below:

On the horizontal line XX' mark off to the right of the

point the values above zero of the Fahrenheit thermometer

thermometer. On the vertical line YY* , which passes through

the point 0, mark off above the values above zero of the

Centigrade thermometer and below the values below zero of

the Centigrade thermometer.

If we locate the points just found in our table on a

piece of squared paper and join the points, we have the graph

of the above formula. The graph pictures the relation between

C

-5

5
10
15
20
40
100

33
32
41
50
?

?

?

and %o the left the values below zero of the Fahrenheit
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The temperatures as recorded by the Centigrade and Fahrenheit

thermometere

.

Answer the following questions by reading the graph of the

Centigrade and Fahrenheit thermometer u

.

a. When the Fahrenheit reading ie 40°, about what is the

Centigrade reading?

b. When the Centigrade reading is 20°, about what is the

Fahrenheit reading?

c. When C « -25°, what is F?

d. Why is it necessary to go below the horizontal axis?

e. Why is it necessary to go to the left of the vertical axis?

f. The normal temperature of the body is 98° Fahrenheit.

What is the corresponding Centigrade reading?

g. The boiling point of water is 212° F.

What is the boiling point on the Centigrade thermometer?

h. Water freezes at 0° on the Centigrade scale. At what

temperature does it freeze on the Fahrenheit scale?

The question now arises, can a problem have a negative answer?

Suppose we are speaking about profit and loss. How would you

interpret an answer of -3 dollars? Suppose it was a problem

about gain and loss by a football team. How would you inter-

pret an answer of -6 yards? Give other illustrations. A

number which is preceded by a minus sign is called a negative

number. When the temperature on the Fahrenheit scale i3 14°,
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what is the reading on the Centigrade scale? Tour answer will

he a negative number. Explain what it (-10) means. How does

the graph represent negative numbers?

Another problem: Draw two axes, on one of which x extends

to 20 and on the other y extends to 20. Find a point for

which x 2 and y « 5. Locate the point (4,6). (This means

the point where x - 4 and y - 6) . Locate the points (3,4);

(0,2); (15,15); (20,0). Practice until you can locate any

point quickly. Select any point on the chart and mention the

two numbers which describe it or locate it. Be sure to mention

the value of x before the value of y.

Now extend the x scale to -20 at the left of the origin,

and the y scale to -20 below the origin. Locate these points:

(-5,-4); (5,-4); (7,-3); (-15,2). Continue this exercise until

you can quickly locate a point in any of the four quarters or

quadrants

.
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BOLTING PROBLEMS AND EQUATIONS BY GRAPHS

We found that the graph of the formula E = 1.8C + 32° was a

straight line. In a similar way we can draw graph a of such equa-

tions as:

1. 3x + y • 4

2. -7x + 4y - 3

3. ax + by - o

These equations which contain the first power and no higher

power of an unknown number are called linear equations of the

first degree, and we shall find that their graphs are always

straight lines.

It is interesting to see how easily graphs solve pairB of equa-

tions containing two unknown quantities. Consider this problem:

Eind the cost of a barrel of apples and a barrel of potatoes

when one barrel of apples and four of potatoes cost $13. and

three barrels of apples and two of potatoes cost $16.

There are five quantities to list. Since the cost of a

barrel of apples and of a barrel of potatoes have no known

relation in our problem, we shall use two unknowns, a and p.

Explain each:

a - no. $ 1 barrel of apples coat.

3a-" "3 " *
•

- "

p m » "i " " potatoes "
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4p - no. $ 4 barrels of potatoes cost.

3p- n "2" " n n

Explain equations (1) and (3). Show that eaoh is a trans-

lation of one statement of the problem.

(1) a + 4p - 13

(3) 3a + 3p = 16

To solve these equations we will draw their graphs. Fill

in the blanks in the table.

(1) a + 4p - 13 (3) 3a + 3p - 16

or a - 13 - 4p or 3a - 16 - 3p

a P a P

? ?
? ?

? 1 ? 5

Draw the two graphs on the same pair of axes. Find from

the graphs, the values of a and p at their intersection. Test

them to see if they will check in both (1) and (3). Test

them in the problem. Do they meet both the conditions of the

problem?

The pairs of equations in the following examples might have

come from problems somewhat similar to the problems above.

Have each pupil state a problem for eaoh example, and solve by

graphs

.

1. x + 3y - 7

8x + 5y - 13

3. 8x + 4y - 16
3x + 5y - 31

3. 8x + 9y - 69
3x - y - 4
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4. x - y 5
4x + 3y - 41

Having introduced the subject of graphs "by means of the

formula and having shown the usefulness of graphs in the

solution of pairs of linear equations, the subject of commer-

cial graphs may well be considered. The pupil gets a great

deal of pleasure and much valuable training in looking up

statistical data and in the making of bar, line, and circle

graphs. Ho also enjoys finding graphs already made and inter-

preting them.
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EQUATIONS CONTAINING X2

Tou have already learned what equations are for and much

about how they do their work. Tou have learned to solve linear

equations with one unknown and with two unknowns. We are now

to learn about a third kind of equation, namely, equations

containing x2 . As you know, x2 comes from multiplying x by x.

This new kind of equation often results from multiplication.

The two rectangles represented below are known to have the

same area. Let ua see if we can find their dimensions.

}C*3

(x + 3)(x + 5) - no. 3q. ft. in area of first,

(x +2)(x + 7) « " " " " " " second.

(1) (x + 3)(x +5) - (x + 2)(x + 7) Why?

(2) x(x + 5) + 3(x + 5) = x(x + 7) + 3(x + 7)

(3) x2 + 5x + 3x + 15 - x2 + 7x + 3x + 14

(4) 8x + 15 - 9x + 14 (4) - x2

Complete and check. (In solving linear equations with one

unknown, you may now be able to take two or more steps

at once )

.

Another problem: A rectangle is 15' long and of unknown

width. A square of the same width contains 36 square feet
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leas than the rectangle. What is the width of the rectangle?

Your list should contain the area of the square and of the

rectangle. Can you Btate a fact which can be tranalated

into an equation? (In stating it, use the word equals.)

(1) 15x - x£

(3)

(3)

* 36 State (l) in words. This equa-
tion may "be written in this form:

15x + 36 (1) + xs - 15x

- (x - 13) (x - 3) Multiply these two factors in
order to make sure that the
right—hand member has the same
value as in (3). Equation (3)

will be true if x - 12 - 0, or
if x - 3 « 0. Show it.

(4)

(5)

(6)

(7)

x - 13

x

x - 3

x

13

3

(4) + 13

(6) + 3

Check both answers . There are two answers to the equation

in our problem. The rectangle may be either 13' wide or 3« wide.

This problerc gave us a new kind of equation, called a

quadratic equation. Quadratic r.eans "having to do with a

square". A complete quadratic expression or equation contains

an x2 term, an x term, a known tern and no other terms. The
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solution of a quadratic equation gives two answers or roots .

We shall see whether they "both will always check the equation,

and whether they hoth will always meet the conditions of the

problem. In order to get (3) from (2) we factor the right-

hand number. Factoring is the reverse of the process of

multiplication. We shall now proceed to learn to factor so

that we may he able to solve quadratic equations in this way.

In multiplying x + 5 by x + 3 we get the identity (x + 5)

U + 3)--x
2 + 8x + 15. Where did the 8 come from? Where did

the 15 cone from?

In the identity (x + a) (x + b) ~ x2 + (a + b)x + ab, a

stands for any number and b stands for any number. In the

right-hand member explain the coefficient of x. Explain the

last term.

To the student of Algebra this identity says that when we

multiply x + any number by x + any number, the coefficient of

the x (in the product) will be the sum of the two numbers, and

the last term will be the product of these two numbers.

Factoring is the reverse of multiplication. To factor

x3 + 8x + 15 we write (x + )(x + ). Then we find the pairs

of factors of 15 and select two whose sum is 8.

The pupil should now practice factoring problems of this

type.
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Study the two identities below and explain:

(x - 4)(x - 3) - x2 - 7x + 12.

(x - a)(x - b) « x2 - (a + *b)x + ab.

As soon as the pupil has a thorough understanding of the

steps taken in these two identities he should practice factor-

ing problems of this type.

Study the three identities given below and explain:

(x + 5)(x - 3) - x2 + 2x - 15

(x - 5) (x + 3) - x2 - 2x - 15

(x + a)(x - b) - x2 + (a - b)x - ab

Why does the last term in each identity have a minus sign?

Why does the first 2x have a plus sign and the second 2x

have a minus sign?

To factor x2 + 2x - 15 we first write (x + ) (x - )

.

How do we know that one sign will be plus and the

other minus? Second, we find the pairs of factors of

15 to be ? and ? Third, we select a pair whose

difference is 2.

The pupil is now ready to practice factoring problems of

this type. As soon as some skill has been acquired in these

three types of factoring further practice should be given in

solving quadratics by factoring. The pupil will discover that

this is a very practical application of his factoring skills.



56.

Study this multiplication until you can tell where each term

in the product came from:

3x + 5
3x - 7

6x2 + 15x
- 14x - 55

6x3 + x - 35

(2x + 5)(3x - 7) - 6x2 + x - 35

Practice this kind of multiplication until you can give the

products readily. We are now ready to factor this kind of

quadratic trinomial.
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RESULT

3

In accordance with the plan given on pagea 7 and 9 five

Achievement Teats were given to each of the claaaea in begin-

ning Algebra. Theae testa are some which I have prepared after

studying varioua Standard Achievement Testj. The reauita of

these testa may bs found in the aecompaning tables. These tests

cover all the objectives and abilities as formulated in Outline

# 2 pagea 12 to 19, with the exception of the subjects of

Graphs and Simultaneous Equations.

The first column of Table § 1 below lists the tests given

as Numbers 1, 2, 3, 4, and 5. Each class is given two columns.

The left hand column for each class shows the avarage number

of examples tried in each of the five tests. The right hand

column shows the average percentage of correct answers re-

ceived by each class in each of the five tests.

In Test # 1 (see page 74), which contains 10 queationa,

Class # I tried an average number of 8 examples, Class # II

tried an average number of 7 examples, Class # III tried an

average number of 9 examples, Cla3S # IV tried an average num-

ber of 8 examples, and Class # V tried an average number of 8

examples. The highest average in the number of examples at-

tempted was 9, and this by Class # III. The lowest average

in the number of examples attempted was 7, and this by Class

# II. Classea # I, # IV, and # V, each attempted an average

of 8 examples.
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In Teat # 2 (aes page 7 5), which contains 10 questions,

Class # I tried an average number of 7 examples, Class # II

an average of 6 examples, Class # III an average of 8 exam-

ples, Class # IV an average of 7 example 3, and Class # V an

average of 8 examples. Sere the highest average in the num-

ber of examples attempted was 8, and thi3 number by Class #

III as well as by Class # f* Class # II attempted the small-

est average number of examples whieh was 6. Classes # I and

# IV each attempted an average of 7 examples.

In Test # j|5 (see page 76) » which contains 10 questions,

Class # I tried an average of 8 examples, Class # II an aver-

age of 7 examples, Class # III an average of 7 examples, Class

# IV an average of 7 examples, and Class # V an average of 7

examples. In this teat the highest average in the number of

examples attempted was 8, and this by Class # I. Each of the

other classes attempted an average number of 7 examples.

In Test # 4 (see page 7?), which contained 12 questions,

Class § I tried an average number of 10 examples, Class # II

an average of 9 examples, Clasa # III an average of 12 exam-

ples, Class | IV an average of 10 examples, and Class # V an

average of 11 examples. In this test the time allowed for

completion ?as evidently too long as the entire number of

examples in the test was attempted by Class # III. Clasa # V

attempted an average, number of 11 examples, and Classes # I

and # IV each attempted an average of 9 examples.
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In Teat # 5 (see page 7 8), which contained 8 questions,

Class /' I tried an average number of 6 examples, Class # II

an average number of 5 examples, Class # III an average of 7

examples, Class # IV and averave of 6 examples, and Class # V

an average of 7 examples, In this test the highest average

in the number of examples attempted was 7 and thi3 by Classes

# III and # V. The lowest average in the number of examples

attempted was 5 and this by Class # XX, Classes # I and # IV

each attempted an average of 7 examples.

The table shows that there is not a very wide variation in the

average number of example attempted. All fi»e classes ap-

pear to be fairly equal in the rate at which they work.

Class § III is apparently the fastest working group as they

either le/d or tied in the largest number of examples attempt-

ed. The slowest working group 13 apparently Class § II as

they attempted the smallest number of examples. They were

not, however, far behind in the average number of examples

attempted as they never were les3 than one example behind in

any one of the five tests.

Table # 1

Class # 1 Class # II Class # III Class # IV Class # V

Av No Av % Av No Av% Av No Av % Av No Av % Av No Av $

Teat Tried Right Tried Right Tried Right Tried Right Tried Right

#1 8 75 7 70 9 55 8 56 8 56

#2 ? 73 6 75 8 54 7 57 8 60

#3 8 70 7- 70 7 57 7 57 7 57

#4 10 68 9 70 13 66 10 70 11 68

6 75 5 73 7 50 6 50 7 50
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The right hand column for each class shows the average

percentage of correct answers for each teat. Here there ia a

wide variation in the percentages received except in Te3t # 4.

In Teat
jf

1 the average jercentage of correct answers for

Claas # I waa 75, the avarage percentage of correct anawera

for Claaa // II was 70, the average percentage of correct an-

awera for Class # III waa 55, the average percentage of cor-

rect answers for Class # IV was 56, and the average percent-

age of correct answers for Class # V was 56.

In Test # 2 the average percentage of correct answers re-

ceived by Class § I wa3 73, by Claaa # II 75, by Cla3a # III

54, by Cla33 # IV 57, and by Claaa # V 60.

In Teat # 3 the average percentage of correct anawera re-

ceived by Claas # I was 70, by Class # II 70, by Claas # III

57, by Claas # IV 57, and by Claaa # V 57.

In Test # 4 the average percentage of correct anawera re-

ceived by Claaa # I waa 68, by Class '§ II 70, by Clas3 # III

66, by Class # IV 70, and by Claaa # V 68.

In Test # 5 the average percentage of correct anawera re-

ceived by Claaa # I waa 75, by Claas # II 73, by Class # III

50, by Class £ IV 50, and by Cla33 # V 50.

The highest average percentage received by any one claas

is 75 and the lowest 50, a variation of 25#. It will be ob-

served that there is a relatively cloae agreement between the
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marks received In Clasaes # I and # II. Claas # I received

two ratings of 75$, one rating of 73$, one rating of 70$, and

one rating of 68$. Claaa # II received one rating of 75$, one

rating of 73$, and three rating of 70$.

There ia also a relatively close agreement between the uiarka

received in Classes # III, 4 IV, and # V. Excepting in Teat

£'4, in which all five classes rated between 70$ and 66$, Claas

# III received one rating of 57$, one rating of 55$, one rating

of 54$ and one rating of 50$. Claaa # IV received two ratinga

of 57$, one rating of 56$, and one rating of 50$. Claas $ V

received one rating of 60$, one rating of 57$, one rating of

56$, and one rating of 50$.

It ia thus observed from this data that the average per-

centage of correct an3Jrera obtained in Classes # I and # II

ia much higher than the average percentage of correct answers

received in Classes # III, # IV, and # V. Furthermore, it

will be observed from the following Table # Z tnat the Claaaea

# I and # II, although ranking highest in the Achievement

Tests a.a Indicated above, have the lowest averages in I. Q.

Table # 2, below, ahowa that Claaa § I haa an average I. Q.

of 99, Claaa #11 has an average I. Q. of 96, Class # III haa

an averap^e I. Q. of 107, Claaa # IV haa an average I. Q. of

101, and Claaa § V ha3 an average I. Q. of 100.
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Table # 3

Claa8 # I Average U Q. - 99

Olaaa # II Average I. Q. - 96

Claaa # III Average I. Q. - 107

Claaa § IV Average I. Q. - 101

Claaa # V Average I. Q. - 100

Thia table ahows that the highest average I. Q. for any

one claaa waa 107 and that the lowest average I. Q. for any

one claaa waa 96. There is then a very cloae agreement be-

tween the I, Q,. for each claaa, In fact there ia auch a

cloae agreement in the I. Q. for each claa3 that any differ-

ence in the I. Q. cannot account for any difference in

accomplishment

.

By uaing the average percentage of correct answers in each

of the five Achievement Te3ta aa listed in Table # 1 page 59

Table § 3 has been made. Table f 3, b§low, ahovra that Claaa

# I ranked higheat in Teat # 1, ranked 3econd in Teat # 2,

waa tied for first place with Class # II in Teat # 3, waa

tied for third place with Class # V in Test # 4, and ranked

highest in Test § 5. Class # II ranked second in Test # 1,

ranked highest in Test # 2, was tied for first place with

Claaa # I in Teat # 3, wa3 tied for firat place with Class

# IV in Test # 4, and ranked second in Test # 5. Class

§ III ranked last in Teat § 1, alao in Teata # 2 and # 4,
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was tied for third place with Claaaea # IV and # V in both

Teat § 3 and in Teat # 5. Olaaa # IV waa tied for third place

with Class # V in Test # 1, ranked fourth in Teat § 2, waa

tied for third place with Claaaea # III and # V in hotb Teats

# 3 and # 5, and was tied for firat place with Class # II in

Test # 4. Class # V was tied for third place with Class § IV

in Test # 1, ranked third in Test # 2, waa tied for third with

Classes # III and # IV for third place in both Testa # 3 and

# 5, and wa8 tied for third place srith Cla33 # I in Test # 4.

Table # S

Class
ranking 1st

: jJ

Class Class
ranking 2nd ranking 3rd

Class Class
ranking 4th ranking 5th

Te3t 1 I II IV & V III

Test 2 II I V IV III

Te8t 3 I & II III, IV,

V

Test 4 II & IV I & V III

Test 5 I
„

III, IV,

V

1

Using Table # 3, above, aa a baais of comparison we may let

5 represent tha highest possible score that any one class can

attain, 4 represent the 3econd highest, 3 represent third place,

2 represent fourth place, and 1 represent fifth place. Then,

since Class # I was firat in Test # 1, second in Test # 2,

tied for first in Test # 3, tied for third in Teat # 4, and

first in Test #5, the total score of Clasa # I is 18. Thia

ia shown in Table # 4 below. Since Class # II *as second in
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Teat # 1, first in Test # 2, tied for first in both Teat # 3

and Teat #4, and second in Teat # 5, the total acore of Claaa # II

is 18. In the same way Claaa # III obtains a total acore of 5,

Claaa ft Jf obtains a total scoro of 8, and Class # V obtains a

total score of 8. These scores are summarized aa follows:

-

Table # 4

Score for Clasa # I 5 + 4 + 2& +cl| + 5 = 18

Score for Claaa # II 4 + 5 + 2g + 2g + 2 « 18

Score for Claaa // III 1 +1+1 +1 + 1 « 5

Score for Claaa # IV 1^+2+1 + 2£ + 1 = 8

Score for Clasa # V 1^+3+1 + 1| + 1 » 8

This ahoffs very clearly the cloae agreement between Class-

es # I and # II, the two claaaea that are following Outline

# 3 (the revised plan), and alao the close agreement between

Claaaea # III, # IV, and # V, the throe classes that are fol-

lowing Outline 7? 1 (the old Plan). It alao brings out the

wide variation between the classes uaing Outline # 3 and the

classes U3ing Outline '• 1.
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DISCUSSION OF RESULTS

It seems necessary at thia point to set up a proper defense

of the facts shoarn and noted in the part of thi3 thoal3 just

preceding, namoly, Results.

The effort to demonstrate the superior worth of the revised

arrangement of topics and method of development necessitated

the employment of the following factors one of which - the

revision factor - ia left free, the others are allowed to

operate in the experiment only under control or check.

Early in the course Tenuan Group Teat

Mental Capacity of Mental Ability - Form A - waa given

of Claaaea to each individual in the five classes.

A copy of thia test will be found at the

end of thia theaia. It la a teat prepared "by Lewia M. Terman

of the Stanford Univeraity in California. It ia a atandard

te8t deaigned to meaaure the mental ability of individuals in

Gradea 7 to 12. The reaults of the test aa given follow:-

Student I. Q. Student I. Q. Student I. Q.

#12 100 #23 109
#13 84 #24 106
#15 104 #25 99
#10 92 #26 91

#1 100
#2 89
#3 122

ft
X
98 £17 *06 f27 89

#18 103 #28 85
#19 105 #29 89
#30 86 #30 84
#21 89 #31 87
#14 103 #32 99
#22 96 #33 90

.a

# 6 88
#7 107
#8 113
#9 107

#10 100
#11 99
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Student I. Q.

#34
#35
#36
#3?
#38
#39
#40
#41
#43
#43
#44
#45
#46
#4?
#48
#49
#50
#51
#5£
#53
#54
#55
#56
#57
#58
#59
#60
#61
#62
#63
#64
#65

103
105
86
95
91

101
96
93
85
85
85

101
90

103
83

114
95
94
98

101
117
99

134
101
89
99

113
109
98

115
103
115

Student
#66
#67
#63
#69
#70
#71
#73
#73
#74
#75
#76
#77
#78
#79
#80
#81
#es
#83
#84
#85
#86
#87
#88
#89
#90
#91N

#93
#93
#94
#95
#96
#97
#98

I. Q.
100
118
93

107
110
96
86

100
93

108
93

106
98

117
98
99
91
87
87
93

100
103
85

101
100
109
98

106
107
94

114
108
97

Student I. Q.

#99
#100
#103
#103
#104
#105
#106
#107
#108
#109
#110
#111
#112
#113
#114
#115
#116
#117
#118
#119
#120
#121
#122
#123
#134
#125
#126
#127
#128

102
123
106
85

110
90

100
91

104
104
100
94
91

113
108
100
120
100
110
115
101
84
81
82

100
89

101
99
83

The list of students making up the five

Making of claaaea waa arranged in the office of the prin-

Sectiona cipal and had no connection whatever with the

mental claaaification of the individuala. In

fact the Terman Group Teat of Mental Ability waa not given to

the Algebra Claaaea until the third week of the achool year.

The five claaaea in beginning Alge-

bra were under the direction of three
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Teachers Hand- teachers. Class # I was taught by my-

ling Work self and Class # II was taught by a

second tioacher. These two classes fol-

lowed Outline $ 3 (the revised topical outline). Inasmuch as

two teachers followed the same outline throughout, the per-

sonal equation has been eliminated. This fact i3 further em-

phasized by the close agreement of the results of Classes

# I and # II as given in the Tables on pages 59and 62

•

Classes # III, # IV, and § V were taught by a third teacher.
t

These three classes followed Outline # 1 (the topical order

as given in the Table of Contents of our text).

The same text - First Course in Algebra -

Text and ' Hawkes, Luby, and Teuton - was used in each

Material of the five classes. The same objectives

Covered and abilities as formulated in Outline § 2

were stressed in the teaching of the various

topics, Outline # 2 being a comprehensive outline covering

the work for First Year of Algebra. The records of this ex-

periment do not cover the whole year's work. The work with

Graphs and Simultaneous Equations has been omitted as the

work includes only a record of the first 24 weeks of school.

At varying intervals throughout the year

Achievement each class was given the same aet of achieve-

Test 3 ment tests. These tests were prepared to

test the several abilities and objectives



listed in Outline # 2 with the exception of the aubjaeta of

Graphs and Simultaneous Equations. These tests are not stan-

dardized teats but are 3ome which I have prepared after

studying a large number of standard achievement teata. The

following t93ts are among th03e that have proved nelpful in

this work:-

Courtia Standard Test3.

Dearborn Group Teat of Intelligence.

Hotz Algebra Scales.

Illinois Standardized Algebra Test3.

Monroe Diagnostic Tests in Arithmetic.

Monroe Standardized Reasoning Tests in Arithmetic.

National Intelligence Teats.

Otis Group Intelligence Teat3.

Rogers Test of Mathematical Ability.

Rugg and Clark Tests in First Year Algebra.

Stone Reasoning Tests.

Woody Arithmetic Scales.

Woody - McCall Mixed Fundamentals.

Classes # III, # IV, and # V began at the

Method of beginning of our textbook - Hawkes, Luby, and

Procedure Touton - and studied the various topics as

they were presented by the authors. In other

words they received early in the course a large number of defi-

nitions of terms which were to be used in the course. They also

found rules to be followed in the various operations which they



were to perform. The operations of addition, subtraction,

multiplication, and division with positive and negative num-

bers were early ones to be performed. The objectives aa

formulated in Outline # 3 (pages 12 and 19) were stressed

throughout the whole course.

Classes # I and # II did not begin on the first page of

the textbook. Through the medium of the Formula they were

introduced to the subject of Algebra. The Formula is the

first topic listed in Outline # 3 (the revised topical order)

page ; . It is used to introduce the subject of Algebra and

to show what Algebra really is. It leads directly into the

solution of simple equations. Theae are solved by a series

of logical steps without the suggestion of juggling or arti-

ficiality. Simple aquations are followed by equations con-

taining fractions and these by linear pairs. The subject of

linear equations affords the objective for addition and sub-

traction, and also for graphs. Quadratic equations, which

follow directly in order, furnish the Incentive for multipli-

cation, division, and factoring. The last two named topics

are taught aa the opposite of multiplication. And in this way

the four fundamental operations of addition, subtraction,

multiplication, and division are introduced when the student

needs them as an aid in his work. Thu3 to an unusual degree

each topic is linked to, and its treatment developed from,

the topic immediately preceding. This give3 a logical se-

quence in which each idea or process Is developed at the moment

when it is needed, and iut to work at once.
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Briefly stated Claaaea # III, § IV, and # V followed Outline

# 1 (the old order) and Cla3aea # I and # II followed Outline

§ 3 (the Revised order).

The entire group uaed the aame texthook throughout the year,

had the aame objectivea atreaaed in the atudy of the varioua

topics, took the same Group Teat at the 3ame time, and

were examined by the aame Achievement Tsata at the aame time.

All the claaaea have been given the aame material. The order

of presenting It haa been different for Claaaea # III, # IV,

and ft V from that for Claaaea § I and # II. The former have

followed Outline # 1 (the old order) and the later have fol-

lowed Outline # 3 (the revised order).
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The only varying factor in thia experiment ia the order of

presenting the material to the classes. With the mental cap-

acities of the classes involved in close agreement, frith the

teachers handling the work arranged in check, with the text

and materials covered the same for all classes, with the same

Achievement Tests given to all cla33ea at the same time, and

with Classes # I and II showing higher rank on the basi3 of

these teats than Classes # III, # IV, and # V, it aeema fair

to conclude that an improvement in the understanding and

achievement of pupils in these beginning classes in Algebra

has be^n produced by changing the order in the presentation

of the material.



BIBLIOGRAPHY

Barter - Everyday Algebra.

Barber - Teaching Junior High School Mathematics.

Breslich - Junior High School Mathematics.

Clark - Mathematics in the Junior High School.

Dure 11 & Arnold - A First Book in Algebra.

Edgerton & Carpenter - First Course in Algebra.

Engelhardt & Haertter - First Course in Algebra.

Evans - The Teaching of High School Mathematics.

Hawkes, Luby, and Tout on - First Course in Algebra.

Inglia - Principles of Secondary Education.

Klapper - Principles of Educational Practice.

Klapper ~ The Teaching of Arithmetic.

Ligda - Teaching of Elementaty Algebra.

Milne & Downey - First Year Algebra.

Report of the National Committee on Reorganization of Mathe-

matics in. Secondary Education.

3chorling - The Teaching of Junior High 3chool Mathematics.

Schorling & Clark - Modern Mathematics, Algebra, (3 volumes)

Shultze - The Teaching of High School, Mathematics.

Slaught & Lennes - First Year Algebra.

Smith - The Teaching of High School Mathematics.

Smith - History of Mathematics.

Smith & Reeve - Essentials of Algebra.



Stone - Junior High School Mathematics.

Stone - The Teaching of Mathomatic3.

Thorndike - Methods of Teaching Algebra.

Voaburgh & Gentleman - Junior High School Mathematics

Wells & Hart - Modern Algebra.

fentvrorth - "Elementary Algebra.

fenttfcrth - Junior High 3chool Mathematics.

Young - The Teaching of Mathematics.



74.

TEST # 1

Place a circle around the anjwer you believe corr-jct.

Use th? margin of the paper for figuring if necessary.

1. The cost of n articles at c. cent3 ia, n+c; nc; n/c

e/n; n-c.

5. A basketball team played n games and lost 15. The

number of game 3 won waa n+15; 15-n; n/lo; 15n.

3. A man is x year3 of ago. Hia age 8 years from now will

be 3x; x-8; 8-x; x/8; x+8.

4. The quotient of a divided by b is, ab; a-b; a/b; b/a.

5.. The product of 3 times a number n, diminished by 6 is,

n/3 - 6: 3n-6; 3n+6; 3/n - 6.

6. A boy has 50 cent 3 and then gives away c. cents. He

haa 50-c; 50/c; c-50; c/50.

7. A rectangle ia 1. feet long and w feet wide. Its per-

imeter ia 1+w; lw; 31+w; 21+3w; 1+2*.

8. 3ix diminished by twice a number ia equal to :

:,n-6;

2n+6; 6-£n; 6 - 2/n.

9. The number of trees in an orchard of r rows ia n. The

number of trees in each ror is n/r; n-r; r/n; n+r; rn.

10. The coat c of one article when the total coat T of a

articlea la known i3 n/T; T/n; T/n; Tn.



75.

TEST f 2

Place a circle aroxind the answer you "believe correct.

Use the margin of the paper for figuring if necessary.

1. In the formula V lffh, if 1 » h
$

• » 6, H « 5,

then V ia 15, 60, 20, li, 30.

2. In the formula V - w&j if e - 2, then V la 6, 8, 12, 4, 10.

3. In the formula A tfoh, if b - 0.5, h - 12, then A ia

3. 0.3, 30, 12, 6.

4. In the formula r m i/t, if d - 100, t m 20, then r ia

1/5, 5, 10, 20, 25.

.

5. In the formula S * 6e~, if e 2, tnen 3 ia 12, 144,

24, 12, 36.

6. In the formula V - Bh, if B - 60, h - 1/3, then

V is 180, 20, 30, 60, 130.

7. In the formula 3 « 2nrh, if h - 10, r 14, then

3 ia 080, 440, 220, 22, 15. (uae n 32/7).

8. In the formula t - d/r, if d - 80, r « 5, then t ia

400, 40, 80, 16, 75.

9. In the formula A » 1* , If 1 - 0.5, w - 6, then A ia

40, 4, 0.4, 16, h.

10. In the formula A ~ £h(b +b'), If b « 6, b' 4, fa - |«

then A ia 10, 5, 5/2, 20, 2/5.
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T153T # 3

Place a circle around the answer you believo correct.

Uae the Margin for figuring if necessary.

1. If 2x+l-7, then x - 4, 3, 5, 7/2, 1/2.

2. If x+5fe«6, then x » 11&, 1&, £, 10&, 15.

3. If z+2«6, then z 8, 3, 4/ 12, 2.

4. If 2x-3-2, then x -2/5, l/2, 2, 5/2, 3.

5. If x-0.5-6, then x - 11, 1, 6.5, 5.5, 0.3.

6. If y-l&-3&, then y - 4, 2, 3, 5, 6.

7. If 2y-8-l, then y - 4§, 7, 11, 18, 5.

8. If n-2»1.6, then n « 3.6, 0.8, 3.2, 1.8, 4.

9. If cx-6-4, then x 2c, 10c, 10+c, 10/c, 10-e.

10. If x-2 1/3 - 3 1/3, then x - 1, 3, 6, 5 3/3, 5 l/3.
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TS3T # 4

Place a circle around the answer you believe correct.

Use the Margin of the paper for figuring if necessary.

1. The algebraic 3ua of 4 and -9 is, -5, 5, -4, +14.

2. If x+3»8, then x - 5, 7, 4, 3, -3.

3. The product of a3 »a4 is l/a, al2, a, 3a, a?.

4. If x£-9-0 then x - 0, 1, 3, 9, -1.

5. a5/a3 is the same as, a8, a2, 5/3, a3.

6. (a-b)2 « a2+2ab+b2, a2-ab+b2 , a2-b2 , a2-2ab+b2 .

7. The sua of 5a-8a+10a-12a is, 3a-2a, 2a, -25a, -5a.

8. (-2a) 3 - 8a3 , -8a, -2a3 , -6a3 , -8a3 .

9. -8a10/2a2 - -4a&, -4a8 , -6a8 , 6a5, -8a3 .

10. Given a«3, b«l, e»5, then 2a-5b+c equals 16, 10, 6, 8, 9.

11. (9x-18x4 )/-3x - 3-6x3 , -3-6x3 , -3+6x3 , 3x-6x3 .

12. When xa-m, then x * an, m/n, n/a, a-n.



78.

TS3T # 5

Place a circle around the answer you believe correct.

Use the aargin of the paper for figuring if nsce3aary.

1. (x+3)(x-5) - x2-8x-15, x2-8x+15, x^+Ex-15, x2-2x-15.

2. (2x-l)(2x+l) - 4x2-4x+l, 4x2-1, 4x2+4x+l.

3. (4-x2) « (2x-l)2, (3-x)(2+x), (3-x)2 , (2+x)2.

4. (7-x)(x+7) - 49-x2, x2-49, x2-14x+49, x2+49.

5. (x2+y2) « (x+y)(x+y), (x+y)(x-y), (x2+y3), x(x+y)

6. c2-cd-6d2 - (c-3d) (c+2d) , (o-3)(c+3), (c-3d) (c+2d)

.

7. (x3-4x) - x(x2-4x), x2(x-4), x(x-2)(x+2), 2x(x-2).

8. (x2-8x+16) « (x+8)(x-2), (x+4)2, (x-8)(x-2), (x-4)2.
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TEST 1. INFORMATION
FORM A

Draw a line under the ONE word that makes

the sentence true, as shown in the sample.

Sample. Our first President was
Adams Jefferson Lincoln Washington

1 Coffee is a kind of

bark berry leaf root i

2 Sirloin is a cut of

beef mutton pork veal 2

3 Gasoline comes from
grains petroleum turpentine seeds 3

4 Most exports go from
Boston San Francisco New Orleans New York . 4

5 The number of pounds in a ton is

1000 2000 3000 4000 5

6 Napoleon was defeated at

Leipzig Paris Verdun Waterloo 6

7 Emeralds are usually

blue green red yellow 7

8 The optic nerve is for

seeing hearing tasting feeling 8

9 Larceny is a term used in

medicine theology law pedagogy ^
10 Sponges come from

animals farms forests mines 10

11 Confucius founded the religion of the

Persians Italians Chinese Indians 11

12 The larynx is in the

abdomen head throat shoulder 12

13 The piccolo is used in

farming music photography typewriting 13

14 The kilowatt measures
rainfall wind-power electricity water-power.... 14

15 The guillotine causes

death disease fever sickness 15

16 A character in " David Copperfield " is

Sindbad Uriah Heep Rebecca Hamlet 16

17 A windlass is used for

boring cutting lifting squeezing 17
18 A great law-giver of the Hebrews was

Abraham David Moses Saul 18

19 A six-sided figure is called a

scholium parallelogram hexagon trapezium .... 19
20 A meter is nearest in length to the

inch foot yard rod 20

Right



TEST 2. BEST ANSWER

Read each question or statement and make a cross
before the BEST answer, as shown in the sample.

FORM A

Sample

i

Why do we buy clocks? Because
1 We like to hear them strike.

2 They have hands.
X 3 They tell us the time.

Spokes of a wheel are often made of hickory because
1 Hickory is tough.
2 It cuts easily.

3 It takes paint nicely.

2 The saying, " A watched pot never boils," means
1 We should never watch a pot on the fire.

2 Boiling takes a long time.

3 Time passes slowly when we are waiting for something.

3 A train is harder to stop than an automobile because
1 It has more wheels.
2 It is heavier.

3 Its brakes are not so good.

4 The saying, " Make hay while the sun shines," means
1 Hay is made in summer.
2 We should make the most of our opportunities.

3 Hay should not be cut at night.

5 If the earth were nearer the sun
i The stars would disappear.

~-» 2 Our months would be longer.

3 The earth would be warmer.

6 The saying, " If wishes were horses, beggars would ride," means
1 Wishing doesn't get us very far.

2 Beggars often wish for horses to ride.

3 Beggars are always asking for something.

7 .
The saying, " Little strokes fell great oaks," means

1 Oak trees are weak.
2 Little strokes are best.

3 Continued effort brings results.

8 A steel battleship floats because
1 The engines hold it up.
2 It has much air space inside.

3 It contains some wood.

9 The feathers on a bird's wings help him to fly because
1 They make a wide, light surface.

2 They keep the air off his body.

3 They decrease the bird's weight.

io The saying, " A carpenter should stick to his bench," means
i Carpenters should not work without benches.

— 2 Carpenters should not be idle.

3 One should work at the thing he can do best,

n The saying, " One swallow does not make a summer," means
1 Swallows come back for the summer.
2 A single sign is not sufficient proof.

3 Many birds add to the pleasures of summer.

Right X 2= Score



TEST 3. WORD MEANING
FORM A

When two words mean the SAME, draw a line under "SAME."

When they mean the OPPOSITE, draw a line under "OPPOSITE."

same opposite
Samples

, ,

[
north — south same opposite

I same opposite I

2 same opposite 2

3
same opposite 3

4 monotony— variety same opposite 4

5
same opposite

6 major— minor same opposite 6

7 boldness — audacitv same opposite 7

8 same opposite 8

9 prohibit — allow . : same opposite 9

IO debase— degrade same opposite 10

ii same opposite 11

12 same opposite 12

13 amateur— expert same opposite 13

H evade— shun same opposite

iS same opposite 1 cJ

16 ....... same opposite 16

17 tonic— stimulant same— opposite 17

18 incite— quell same opposite 18

19 economy— frugality same— opposite 19

20 rash — prudent same opposite 20

21 opposite 21

22 transient — permanent : same opposite 22

23 expel— eject same opposite 23

24 hoax— deception same opposite 24

25 docile— submissive same opposite 25

26 wax— wane same— opposite 26

27 incite — instigate same— opposite 27

28 reverence— veneration same— opposite 28

29 asset — liability same — opposite 29

3° appease— placate same — opposite 3°

Right Wrong Score



TEST 4. LOGICAL SELECTION
FORM A

In each sentence draw a line under the TWO words that tell what the
thing ALWAYS has. Underline TWO, and ONLY TWO, in each line.

Sample. A man always has
body cap gloves mouth money

i<k.A horse always has

harness hoofs shoes stable tail i

2 A circle always has
altitude circumference latitude longitude radius 2

3 A bird always has

bones eggs beak nest song 3

4 Music always has
listener piano rhythm sound violin 4

5 An object always has
smell size taste value weight 5

6 Conversation always has
agreement persons questions wit speech 6

7 A banquet always has

food music persons speeches toastmaster 7
8 A pistol always has

barrel bullet cartridge sights trigger 8

9 A ship always has
engine guns keel rudder sails 9

id—»A debt always involves

creditor debtor interest mortgage payment 10

11 A game always has
cards contestants forfeits penalties rules 11

12 A magazine always has
advertisements paper pictures print stories 12

13 A museum always has
animals arrangement collections minerals visitors 13

14 A forest always has
animals flowers shade underbrush trees 14

15 A citizen always has
country occupation privileges property vote 15

16 Controversy always involves

claims disagreement dislike enmity hatred 16

17 War always has
airplanes cannons combat rifles soldiers 17

18 Obstacles always bring
.^difficulty discouragement failure hindrance stimulation . . 18

19 Abhorrence always involves
aversion dislike fear rage timidity 19

20 Compromise always involves

adjustment agreement friendship respect satisfaction ... 20

Right



FORM A
TEST 5. ARITHMETIC

Find the answers as quickly as you can.

Write the answers on the dotted lines.

Use the bottom of the page to figure on.

1 How many hours will it take a person to go 66 miles at the

rate of 6 miles an hour ? Answer

2 At the rate of 2 for 5 cents, how many pencils can you buy

for 50 cents? Answer

3 If a man earns $20 a. week and spends #14, how long will it

take him to save $300 ? Answer

4 2X3X4X6 is how many times as much as 3 X 4 ? Answer

5 If two pies cost 66 cents, what does a sixth of a pie cost ?

Answer

6 What is i6f per cent of $120 ? Answer

7 4 per cent of #1000 is the same as 8 per cent of what

amount? Answer

8 A has $180, B has f as much as A, and C has i as much

as B. How much have all together ? Answer f*». .

9 The capacity of a rectangular bin is 48 cubic feet. If the

bin is 6 feet long and 4 feet wide, how deep is it ? Answer

10 If it takes 7 men 2 days to dig a 140-foot ditch, how many

men are needed to dig it in half a day ? Answer

11 A man spends i of his salary for board and room, and f

for all other expenses. What per cent of his salary does

he save? Answer

12 If a man runs 100 yards in 10 seconds, how many feet

does he run in | of a second ? Answer

Right X 2 = Score



TEST 6. SENTENCE MEANING

Draw a line under the right answer, as shown in the samples.

[ Is coal obtained from mines ? Yes No
Samples < .

[ Are all men six feet tall ? Yes No

* f
i Does a conscientious person ever make mistakes ? . . . . Yes No i

2 Is an alloy a kind of musical instrument ? Yes No 2

3 Is scurvy a kind of medicine ? Yes No 3

4 Are mysterious things often uncanny ? Yes No 4

5 Are destitute persons often subjects of charity ? Yes No 5

6 Are anonymous letters ever properly signed ? Yes No 6

7 Is the mimeograph sometimes used by stenographers ?. Yes No 7

8 Is a curriculum intended for horses ? Yes No 8

9 Are proteids essential to health ? Yes No 9

10 Does " perfunctory " mean the same as " careful "
? . . Yes No 10

Are premeditated deeds always wicked ? Yes No 11

12 Do alleged facts often require verification ? Yes No 12

13 Are sheep carnivorous ? Yes No 13

14 Are aristocrats subservient to their inferiors ? Yes No 14

15 Are venerable people usually respected ? Yes No 15

16 Is clematis sometimes cultivated ? Yes No 16

17 Are ultimate results the last to appear ? Yes No 17

18 Are cerebral hemorrhages helpful to thinking ? Yes No 18

19 Are all people religious who have hallucinations ? Yes No 19

20 Are intermittent sounds discontinuous ? Yes No 20

21 Are sable colors preferred for nations' flags ? Yes No 21

22 - Does social contact tend to reduce eccentricities ? .... Yes No 22

23 Are tentative decisions usually final ? Yes No 23

24 Is rancor usually characterized by persistence ? Yes No 24

Right Wrong Score



Samples

FORM A

TEST 7. ANALOGIES

Ear is to hear as eye is to

table see hand play

Hat is to head as shoe is to

arm coat foot leg

Do them all like samples.

1 Coat is to wear as bread is to

eat starve water cook i

2 Week is to month as month is to

year hour minute century 2

3 Monday is to Tuesday as Friday is to

week Thursday day Saturday 3

4 Tell is to told as speak is to

sing spoke speaking sang 4

5 Lion is to animal as rose is to

smell leaf plant thorn 5

6 Cat is to tiger as dog is to

wolf bark bite snap 6

7 Success is to joy as failure is to

sadness luck fail work 7

8 Liberty is to freedom as bondage is to

negro slavery free suffer 8

9 Cry is to laugh as sadness is to

death joy coffin doctor 9

10 Tiger is to hair as trout is to

water fish scales swims 10

11 1 is to 3 as 9 is to

18 27 36 45 11

12 Lead is to heavy as cork is to

bottle weight light float 12

1 3 Poison is to death as food is to

eat bird life bad 13

14 4 is to 16 as 5 is to

7 45 35 25 14

1 5 Food is to hunger as water is to

drink clear thirst pure 15

16 b is to d as second is to

third later fourth last 16

17 City is to mayor as army is to

navy soldier general private 17

18 Here is to there as this is to

these those that then 18

19 Subject is to predicate as noun is to

pronoun adverb verb adjective 19

20 Corrupt is to depraved as sacred is to

Bible hallowed prayer Sunday 20

Right



TEST 8. MIXED SENTENCES
FORM A

The words in each sentence below are mixed up. If what
a sentence means is TRUE, draw a line under " TRUE." If

what it means is FALSE, draw a line under " FALSE."

[
hear are with to ears true false

Samples
\

c t [eat gunpowder to good is true false

1 true bought cannot friendship be true false i

2 good sea drink to is water true false 2

3 of is the peace war opposite true false 3

4 get grow they as children taller older true false 4

5 horses automobile an are than slower true false 5

6 never deeds rewarded be should good true false 6

7 four hundred all pages contain books true false 7

8 to advice sometimes is good follow hard true false 8

9 envy bad greed traits are and true false 9

10 grow an than strawberries oak tree higher true false 10

11 external deceive never appearances us true false 11

12 never is man what show a deeds true false 12

13 hatred bad unfriendliness traits are and true false 13

14 often judge can we actions man his by a true false 14

15 in are always American cities born presidents true false 15

16 certain always death of cause kinds sickness true false 16

17 are sheet blankets as as a never warm true false 17

18 never who heedless those stumble are . true false 18

Right Wrong Score



FORM a
TEST 9. CLASSIFICATION

\ I bullet cannon gun sword peWcil
Samples <

.
..

A

[ 2 Canada Chicago China India France

In each line cross out the word that does not belong there.

Cross out JUST ONE WORD in each line.

1 Frank James John Sarah William i

2 Baptist Catholic Methodist Presbyterian Republican . . 2

3 automobile bicycle buggy telegraph train 3

4 Collie Holstein Shepherd Spitz Terrier 4

5 hop run skip stand walk 5

6 death grief picnic poverty sadness 6

7 bed chair dish sofa table 7

8 hard rough smooth soft sweet 8

9 mechanic doctor lawyer preacher teacher 9

10 Christ Confucius Mohammed Moses Caesar 10

11 butterfly hawk ostrich robin swallow li^

12 cloth cotton flax hemp wool...., 12

13 digestion hearing sight smell touch 13

14 down hither recent up yonder : 14

15 anger hatred joy pity reasoning 15

16 Australia Cuba Iceland Ireland Spain 16

17 Dewey Farragut Grant Paul Jones Schley 17

18 give lend lose keep waste 18

Right



TEST 10. NUMBER SERIES
FORM A

Samples
5 10 15 20 25

20 18 16 14 12

3°. .35.

8

In each row try to find out how the numbers are made up,

< f
then on the two dotted lines write the TWO numbers that

should come next.

1st Row 8 7654 3

2d Row 3 8 13 18 2 3 28

3d Row I2l I2i I2|

4th Row 8 8664 4

5th Row 1 2 4 8 16 32

6th Row 4 3 5 4 6 5 7 •••

7th Row 16 8421 *

8th Row 8 9 12 13 16 17

9th Row 7 11 15 16 20 24 25 29

10th Row 3i-3 40-3 49-3 58.3 67.3 76.3

nth Row 1 JL T
-25 5 1 5 ....

1 2th Row 3 4 6 9 13 18

Right X 2 = Score . .
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