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THE PROBLEX

Laboratory teaching is cne answer to giving
reality to mathematics without the loss of its
abstrect and theoretical aspects,

The preceding was stated by Howard F, Fehr, of Colun-
bia Unlversity, as he looked at the great potential of the
laboratory in teaching mathematies,

dome teachers niow use some type of laborztory exer-
cises at different times throughout the year; however, at
present no published levoretory manual for ninth grade gen-
eral mathematics exists,

There is a scarcity of mathematics laborsatory
lessons, however, &nd much more work must be done,
More teachers of general mathemestics must experi-
ment with laboratory lessons and learn to con-
struct new units that successfully motivate gen-
eral mathematics students, These ideas must be
exchanged, refined, and incorporated into a rel-
evant, but varied and attractive, ninth-grade
general mathematics progran,

In the four years that the author has been teaching

junior high mathematics, 1t has become evident that such =

manual would be invaluable as a supplement for teaching

ninth-grade general mathematics students,

Statement of the problem. It is the purpcse of this

lhoward F, Fehr, "The Place of Multisenscry Alds in
the Teacher Training Program," The Mathematlcs Teacher, XL
May, 1947), 212-216.

2Jerome A, Auclair and Thomes P, Hillman, "A Topolog-
ical Problem for the Ninth-Grade Methematics Laboratory,"”
The Mathematlcs Teacher, LXI (lMay, 1968), 507.




2
roapcert to develop & seb ol sanple laborstory exercises which
tan be uged as a supplement to the typlcal nintn-grade gen-
eral mathematics books. The purpose of the laboratory ex-

erciszes will be to enable students to enhance their conmpre-

henslion of the various topiecs through concrete expveriences,

Imcortance of the study. All too often in the tra-

ditionel chalk dosrd and eraser clessroom, the teacher knows
the concept benind the formula used in working the problems
on the dey's assignments but fails to realize that to the
student such & formula is just soﬁathing to meke homework
possible, However, with a simple laboratory exercise the
student couvld gain Insight into the how and why of the ex-
istence of the formula and hence not only know how to use it
but 2lso how to derive 1%, thus making the whole set of ex-
ercises take on & more meaningfﬁl end useful application for

daily life. To help accomplisn this, the author has assen-

bled this report,
REVIEW CF THE LITERATURE

Much has been written in terms of laboratory exer-
cises for the physical sciences, It has been the belief for
‘many years that this was the way to teach these courses, but
such is not true of mathematics, Prior to 1950, very few
erticles apreared in professional Jcurnals dealing with the

mathematics laboratory; however, slnce that tlime numerous
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articles have been written containing favorable repcrts con-
cerning the use of the laboratory and laboratory exercises
In the teaching of mathematics, Only a brief summary of
those which pertain to the field of mathematics will be pre-

sented hnere,

Literature favorable to the use of the laboratory

and lahoratory exercises in teaching mathematics, Other

sub ject-matter-fields have recognized the value of labora-
tory teaching, e.g. science laboratorles have been in exist-
ence for many years. Foreign language laboratories are be-
coming increasingly common., In industriél arts and home-
making the major portion of the instruction is of the
laboratory type. For nearly thirty years it has been rec-
ommended to mathematics teachers that they work more with
the laboratory approach, Even ;o, few schools today heve a
special period allotted to what might be described as lab-
oratory activities in mathematies,

£ few reasons for operating a mathematlecs laberatory
are given'below:

1., The laboratory method utilizes an experimental
spproach that requires each student's participation, and
"allows him to work at his own rate, It czn thus be the fo-
cal point of interest for all students from the slow learne
to the capeble student,

2. TUtilization of the laboratory method leaves the



instructor time to administer more individual help to the
students.

3. Since the laboratory is more often conducted on
& less formal level than regular classroom teeching, it pro-
vides the opportunity for more discussion among the stu-
dents, and they learn from one snother., As a result of this
relaxed atmosphere the student's attitude toward mathematics
and the mathematics teacher is likely to improve,

. The similarity between the laboratory lesscen and
the everyday situations of life enables a greater transfer
ol learning from books to real life situations than the
usual classroom procedure,

5. The laboratory lesson is probebly most effective
in getting every student to participate actively. ZEach stu-
dent must do some thinking as he collects the data or con-
ducts an experiment, This active involvement is the key to
successful 1earning.1

Three major points of agreement concerning the learn-
ing process mentioned by Forbesa are: First, learning 1s an

active rather then a passive process, Hence, an effective

learning situation must provide for extensive interaction

lponovan 4. Johnson and Gereld R. Rising, Guidelines
for Teacning athematics (Belmont: YWadsworth Publishing
Company, Inc., 1967), p. 302,

2 ack E, Forbes, "Programmed Instructlonal Materlials
-- Past, Present and Future," The Mathematics Teacher, LVI
(Lpril, 1963), 22l,-226,




between the learner and the material learned. Second, the
learning process is improved when the learner "knows what he
is doing"; that is, when he is provided with regular rein-
forcement of the correct response and immediate "blocking"
of incorrect responses., Third, an efficient learning situa-
tion is one in which well-defined goals are established,
These goals are necessarily behavioristic in nature, for
generalities can only be deduced from observed behavior,
That is, if we want to know I1f a student understands a con-
cept.we askx him questions, record his responses, and decide
whether or not understanding exists.
Kueﬁhe says,
One way to teach a concept 1s to have the
learner "discover" it as the result of an inductive
process, First one relation 1s studied and then
another until the student suddenly apprecliates the
existance of the total structure or some general
principle., For example, it is possible to have
students conduct a number of experiments that
11lustrate some scientific principle that is in-
volved, However the teacher should make hiuself
available for guidance and channel the students
work aslong the right lines,l
Again this points to the mathematics laboratory to
reinforce the student's learning on a concept or situation,
Moore says that mathematics is a participation sub-

. jJect. If a student is to learn, then he must participate

to the fullest extent in the discovery of mathematical

1James L. Kuethe, The Teaching~Tearning Process.
Keystones of Education Series (Scoit Foresman and Company,

1968), 7h.




concepts. Without participation he will lack the under-
standing of their implications.l

Another advantage of the laboratory approach method
of teaching is that it is equally appligable to a2 modern or
e traditional program of instructlon.

Willoughby says that on occasions, students should be
allowed and encouraged to go through many of the activities
carried on by mathematicians in real l1life ~- including fol-
lowing & blind alley to its end, After all the discovery
has been in use for over two thousand years and is still
very much alive today in our advanced society.g

Ih mathematics classes, according to Willoughby, one
should spend more time thinking about what has been done,
and less time Jjust trylng to cover a portion of a book. In
short, one should spend more timerthinking end preparing and
less time doing. (Doing, here meaning haphazard working of
problems from & book.)>

The laboratory sapproach enables the teacher to deal
with students on & one-to-one basis and also lets the stu-
dents. comrunicate easily and naturally with each other,

Children have an innate ability to communlcate, even highly

lRichard E. Moore, "Individualized Math," School ani
Community, LIV (February, 1%968), 20-21.

2Steven S. Willoughby, "Discovery," The Mathematics
Teacher, LXVI (January, 1963}, 22.

i
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complex ideas, to each other fluently, with highly eloquent
language. One product wnich can be guaranteed from a mathe-
matics laboratory is that children will be highly motivated
in their mathematical studies.l

A very important part of a teacher's job is to help
the chlld learn to express himself, Teachers in mathematlcs
have a special opportunity to help the child learn to ex-
press himself clearly and concisely. A léboratory approach
in mathematics gives him somsthing to write about that he
himself has thought through and developed. The pupil's
statement differs in this respect from some of his writings
in which he reasds and then simply rearranges the words and
thoughts of others,

Langford stated that, in genersl, young people learn

’
best. when they are taught to discover for themselves the
ideas basic to the subject under study; also he stated that
they learn lecast effectively when ideas are told to them by
a2 teacher as bits of abstract information to be learned,
Studénts, quite easily, can determine the teacher who simply
"spoon feeds" them information, Often when asiked to eval-
uate that teacher he will reply "He 1s & good teacher but he
_talks too much," They see that they would learn more if

they were given more time to think things out for themselves,

1bavid ¥, Clarkson, "Mathematical Activity," The
Arithmetic Teacher, XV (October, 1968), L97.
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The methcd of teaching mathematices by the laboratory method
glves the students a much better oprortunity to think things
out for themselves.l Furthermore, an inductivs approach
does not necessarily reguire a great deal of physical ap?aw
‘ratus. |

Kluttz cites a specific example affirming the benefit
of the mathematics laboratory for general nathematics stu-
dents in Valley High School, Albuquerque, New lexico., Four
mathematics laboratories were installed in an attempt to
lessen the frustration of ninth-grade general mathematics
students, Kluttz found that not oﬁly the outlock of the
students has been favorably breoadened toward mathematics but
also. the instructors teaching the material have found fe-
newed interest in the subject by usling the laboratory ap-
proach.2 ‘

In summing up the favorable literature concerned with
usihg a laboratory aprroach to upgrade the meaningful learn-
ing in the mathematics classroom, the author sees the fol-
lowing as decisive benefits each student can receive.

First, as one shifts to the realm of the student, Instead of

the teacher, pupils show marked improvement in their

lppancis G. Langford( Jr,, "Helping Fupils to Make
Discoveries in Mathematics," The Mathematics Teacher, XLVIII
(Jaruary, 1955), LS.

2Marguerite Xluttz, "The Mathematics Laboratory -
A Meaningful Approach to Mathematics Instruction," The Math-
ematics Teacher, LIV (March, 1963), 1L4k.
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attitude toward mathematics., Second, students are sager for
the opportunity to assume responsibility in working lessons
in which they may interact with each other in a meaningful
manner, 4 great deal can be learned by this Interaction
which otherwise would have been missed in a formal class-

rocm,

Literature pointing out some weaknesses of the

laboratory method, The weakness of the laboratory approach,

which the esuthor found most often expressed in the litera-
ture, was that the length of time required for a student to
discover & principle or process is more then can profitably
be spent under the current classsroom structure., Wittrock
points out the lack of consistent, adequate terminoclogy to
describe tne stimuli employed in discovery étudies.l
Bittinger believes that %he discovery method should
be used only with those students who intend to pursue math-
ematics beyond the high school level for these students are
the ones who will receive the most good from it., He goes on
to say thet we need to be sure that those who terminate
their mathematic endeavors early have a good knowledge of

the fundamental processes of arithmetic.2

14, ¢. Wittrock, "Verbal Stimuli in Concept Forma-
tion: Learning by Discovery," Journal of Educetional Psy-
chology, LIV (1963), 18,

Z¥arvin L. Bittinger, "A Review of Discovery," The
Mathematics Teacher, LXI (February, 1968), 1U5.
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PROCEDURES AND LASBQRATORY FACILITIES

It must be remembered that the purpose of the labora-
tory exercise is to provide & needed meaningful experience.
The exercises in this manual will, sbove all, attempt to
help the student organize each exercise in a logicel and
systematic manner to reach the desired conclusion, by the

time the exercise is completed,

Procedures, It is the author's primary aim to con-~

struct these sample exercises in such & way that any ninth
grade student, at the appropriate time, having been pre-~
sented this set of exercises, could by himself read, under-
stand, compute and reach the dssired conclusions. By doing
this he can broaden his knowledge and understanding of the
mathematical concepts, feced not only in mathematics text-
books but also those met in the process of everyday life in
our soclety.
With this in mind each of the sample exercises will
be constructed as follows:
1, A clear and concise statement of the principle
or concepts to be studied.
2. A list of objectives pertinent to the concept
or principle.
3, 4 list of materials and/or equipment needed
to perform the operaticn.

li. Directions needed to arrive at the conclusion.
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5. Tables or charts on which to record data

obteained,

6. & set of guestions relating to desired results,

7. Where apprlicable a statement by the student of

what he has observed from his work,

Special care was taken in developing these sample ex-
ercises to allow for the time element. With each exercise
‘the student will either have time to complete the entire ex-
ercise in class or he will have time to complete all experi-
mental data and then be able to finish the exercise at a
later tine,

This plan will be seen in each of the exercises givén

in this report.

Laboratory facilities., The perfect mathematics lab-

7

oratory is not feaslble for most school systems, mainly be-

cause of the monetary outlay necessary to obtalin such a
laboratory.

However, an efficient mathematics laboratory is
easily within the financiel reach of most school systems,
The main necessity 1is enough room to allow the students
freedom of movement, both to work and to obtain and return
"instruments used in the calculations of the problems,
3linds or other darkening devices should be available to bde
used during the showing of films or. overhsad projection,

Some type of shelving units would be desirable for storing
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the manipuleting devices such as meter sticks, scales, com-
pass, etec,

Many of the devices needed to establish concepts can
be made or provided by the instructor with no outlay of
money. However, if the money is avallable there are several
commercial firms which manulacture and sell all the needed
physical suyparatus, Lists of these companles are avallable
in almost 2all schocl offices,

If money presents a rroblem the interested teacher
should investigate Title III of the National Defense Educa-
tion Act, Since 1958 the fct has enabled local schools to
purchase equipment end materisls and to improve facilities
for mathemstics instruction,

Finally, for mathematics teachers who wish to obtain
laboratories for their schocls some suggestions by Kluttz
are given below:1

1. Pind out what has been'done in other localities

concerning mathemstics laboratories.

2. Try to involve your whole staflf and principal

in your planning,

3., Obtain help from the mathematics consultant

in the state department of instruction.

i, Draw up an NDEA vroject proposal showing how

equipment and materials to be purchased

would facilitate mors effective instructicon
in mathematics,.

5. Submit your proposal through proper channels,

6, If the propossl is approved and funds sare
allocated, proceed with ordering planned

1

Marguerite Xlubtz, "The Mathematics Laboratory —
A Meaningful Approach to Mathematics Instruction," The Math-
ematics Teacher, LIV (March, 1963), 1hk, 145.




13
eguipnent,
7. ZArrange for instzllation of your new equipmsent,
. Evaluate the new program,

8
9. Alter instructional program as it becomes
necessary,

SAMPLE EXHERCISES

The remainder of this report will consist of a set of
selected sample laboratory exercises suitable for use with
ninth grade general mathematics students, These sarple ex-
ercises were constructed and compiled to glve teachers of
ninth grade general mathematics some idea of the fornm of
laboratory exercises and possidble subject matter areas which
tend to lend themselves to the laboratory approach, It is.
hoped that these will be an encouragement to other instruc-
tors. of mathematics to work toward developing exerclses of
their own to use iIn thelr claesses where lack of motivation
is - a problem,

The exercises glven here by no means cover the field
of potential exercises for use with general mathematics
books, bubt are given only for your consideration. Most
units in general mathematics books will easily lend them-

selves to at least one laboratory exercise,
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LESSON ONE

A Study to Determine the Value of Pi

O3JBCTIVES: The students will discover & method for

determining the value of pil.

The student will find existing relation-
ships which will yield pi.

MATERIALS NEEDED: comnmon cord or string in three foot

lengths; eighteen inch ruler graduated
in tenths of an inch; three household
cans, number 10, 303, 2%

DIRECTICHS: TFirst of all we need to be sure that we know

" Number

Nurmber 303

Kumber

X

25

the meanings of some important terms.

Circumference - distance around a circle

Diameter ~ distance across & circle passing
- through the center

Radius - distance from the center to edge of
clrele

Take the number 10 can and the ruler, measure the
diameter at one end, Record this wvalue in your
table, correct to the nearest tenth,

i
Now take the cord snd carefully measure the circum-
ference of the can at the end and record it in your
table, again correct to the nearest tenth,

Repeat numbers one and two for each of the two
remaining cans and record the results in your
table,

Gbmplete the table by computing the four remailning
columms each to the nearest tenth of an inch,

diameter circumferences
A B B+A3-A3xA4A382A

9

ol
h=
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LESSON CHE (cont.)

Questions

Now that you have completed your table look at it,.

Is there any column which arouses your curiosity? "

Which column is 1t? (& + 3), (B x A), (B - A), (B £ L)
circle one

The value we are looking for is glways a constant,

sl

Does this agree with your choice in question ons?

What is your value for pi, correct to the nearest one-
hundredth of an inch?

Now in your own words explain the process necessary to
arrive at the wvalue of pi,

Using the symbols; 97 , ¢

finding pi.

d, give a formula for

» »
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LESSON TWO

A Method for Finding the Formula for the
Area of a Triangle
OBJECTIVES: The student will develop the formula for
' finding the area of a triangle,

The student will see how this formula works
in finding the area of a triangle,

MATERIALS NE=ZDED: pruler, at least six inches In lengtlh,
compass, some type of construction
paper, and a palr of selssors.

DIRECTYIONS:

1. Using your ruler, draw, on the construction paper,
any two equel triangles such a&s these,

C

A B r B Iy
Fig 1

2, On triangle A3C construct & perpendicular from C
to AB as follows: Place the point of your
compass &t C and choose any
radius gresater than or equal
to AC and draw an arc as in
figure 2.

Now with any radius greater
than or equal to HI. Fronm
point H draw an arc. From
point I also draw an arc. Now
using your ruler connect point
C with the intersection ol the
last two arcs.

Now we have the perpendicular
from C to AB,
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LE3SSON TWC (cont.)

3. Cut out the two triangles and divide triangle A3C
" into two parts by cutting on the line we constructed
CB. You should now have three triangles as shown
below.

C G

Fig 3

i, Plsce triangle I and triangle II above triangle
EFG 28 shown below, :

Fig L

Quostions

What kind of figure is EFMN?

What is the formula for its area?

The area of EFMN is how many times the area of triangle
EFG?

Line CD is perpendicular to A3 and is called the

~altitude or height of the triangle ABC., (see fig 1).

What dimension of the rectangle is the same length as
thse altitude of the triangle?

Side AB of triangle ABC is the base of the triangle.

Which dimension of the rectangle is equal to the base

of the triangle®
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LESSON TW0 (cont.)

Questions 3, L, and 5 show the following: ‘

a, The area of the rectzngle EFIYN is twice thes area of
one of the originsl triangles,

b. The width of the rectangle is equal to tne altitude
of either of the original triangles,

¢, The length of the rectangle 1s equal to the length
of the base of the original triangles.

Now from &, b, and ¢ tell how to find the area of a

triangle.

Using the letters A, b, and h to represent; A = the

area of the triangle, b = the length of the base of the
triengle, and h = the height of the triangle, now write
the formula for the area of a triangle.

Using the forrula found in problem seven, now find the
areas of the following triangles XYZ and UVW,

W

2!1

3[1

Area of triangle XYZ is

Area of triangle UVW 1is
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LESSON THREER
Division by a Fraction

OBJECTIVE: Yo give the student a better understanding of
the process of division by fractions, using
concrete examples,

MATERTALS NEEDED: None, except this paper and a pencil,

DIRECTIONS: Carefully study the examples below and then
answer the gquestions concerning them,

,a-—'-l-_%.z
1 1 1 i
} 1T 1
PO S 142 PR 1)1
Lo® _jiL_= s 13 2 712 2 3 =
b- 3"%:'.:
B 7 1
=% ™1 1 1 Oy ta Lo, JT1
Av o1r 11y 1D 1%y ik x| 1Ly 1k a1, ik
G i Bl B El 15 o B 8
c. T -% =
3,
2
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LESSON THREE (cont.)
Questions

Into how many parts has the original number of part (a}
been divided? '

If I take the number L, what other arithmetic operation
and what number will yield the same result or answer?

Then dividing by ¥ and multiplying by yield
the same result, K

Now repeat questions 1 - 3 for parts b and ¢,
1{b). . 2(p), (%) «
1(c). _ 2(e). - 3le).

From your knowledge of arithmetic L is called the
of 2 and visa, versa,

Then from the above questions if the problem states to
divide & number or a fraction by a fraction, I replace

the fraction by its reciprocal and 3
Hence: L - % = L X _____:
3-%=3X___ .
F-~1=%X .

Now state the rule for dividing by a fraction.




OBJECTIVES:

2l

Percentage Computer
The student will gain a better understanding
of percentage problems,

The student will work with his hends to
develop & uzeful mathematical tool.

MATERIALS NEZDED: a piece of string, & sheet of graph

DIRECTIONS:

paper, and & piece of stiff cardboard.
The best graph paper to use would be
cne with ten squares to the inch.

(a). Mount the graph paper on the cardboard,
Along the bottom of the graph paper draw a
horizontal line EB, 100 units long. This line
represents the per cent scale and should be
labeled in convenient units from 0 to 100,
from left to right, (Let each vertical line
represent 10 units, i.e. 0, 10, 20, ~«--,
100).

(b). At A_(the point 0) darken the perpendic-
ular line AC (vertiecal)., AC should also be
100 units long. Starting at C again label the
units from 0 to 10J at A in groups of 10 (0,
10, 20, ~+«, 100),

(e). At C, punch a small hole and attach a
string slightly longer than the distance C3.
Now draw the line BC. Now la2bsl the other
ends on the line segments which are parallel
to AB as you did when you labeled from & to
C.

At this point your computer should look like flgure ig
and 1s now reedy to be used,
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LESSCK FOUR (cont,)

10X$kia
z e

Je
30 \ 30

40 \ o
s5¢ S0

6 \ 4o
70|\ -

§o 70
Go \ @

100
10 20 3o vo 50 &8 79 §¢ ¢y ok

(figure 1)
EXCERCISES

Example 1. To find what_per cent & is of 4O, Find the
horizontal line between AC and 3C that is Ij0 units long,
Now locate the point that is 8 units to the right of ZC, on
this line place a pin et this point. Hold the string tight
to form a straight line that passes from C across the pin
point, The per cent is then found where the string crosses
A3 (the per cent scale), The line from C (in figure 1)
represents your string and if you were correct your result
should be 207,

Example 2. To find 20% of 40 (the percentage) hold the __
string tight across the point 20 on the per cent scale (A3).
The point where it crosses the horizontal line that is LO
units long, between AC and BC is the answer, 8,

Example 3. To find the number (base) if 8 is 20% of it,_
. hold the string tight across 20 on the per cent scale (A3).
Locate the line which the string crosses exactly § units to

the riaght of EC. The length of this line between AC and 3C
is the answer, 40,
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LESSON FCUR (cont.)

In a typical per cent problem lets identify ths three
parts. Given this problem: 20% of 40 is .
The 20% is the per cent; 10 is the base; and the answer is
the percentage, Each part of a per cent problem can be
identified in this manner.

Exercises:

1. Find the percentages.

(2). 20% of 50. (b). 60% of 50.
(c). 10% of 90. (d). 90% of 20.

2.. Find the per cents,
(a). 20 is what per cent of 507
(b)., L0 is what per cent of 80¢%
(¢). 15 is what per cent of 507
(d). 12 is what per cent of 15%

3,. Find the bases.

(a). LO% of is 20.
(b). 30% of is 27.
(¢). 15% of ____ is 6,
(d)., 25% of is 20.

’

Kow that you have coripleted this exercise check your
answers by the conventional method,



LESSON FIVE

Discovering the Pythagorean Theorem

and some of its applications

OBJECTIVES: The. student will discover the Pythagorean

Theorem and 1ts applications,

The student will discover some patterns
contalined in right triangles.

MATERIALS NEEDED: None, except this paper and a pencil.

DIRECTIOXS:

1.

Cbserve the right triangle in 3 5
figure 1. DNotice thet its sides
are 3, L, and 5 respectively.

, fiéﬁre i
Now notice that In figure 2, we
have formed squares on all
three of the sides of the
triangle in number 1, ;

X &
L 7
A AT As
—— : T T
pry sy N A
L o N/
31 ¢t >\<>
~ 1 —
| 7/ £
3 T T igure 2
F+++4
H-Ljr—w
bbb
Ld 4o
v

How many small or unit squares are there in the area
of the square drawn on the three inch side?

How many small or unit squares are there in the area
of the square drawn on the four inch side?

How many small or unit squares are there in the arca
of the saguare drawn on the five inch side?

What is the sum of the unit sqguares in side 3 and side

L2

2l
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LESSON FIVE (cont.)

What is the difference in the number of unit squares
in side l} and side 37

5, From number li, do you see any relationshilp between
either the sum or the difference in number of unit
squares in side 3 and side !l compared to the number
in side 57 yes or no
If yes what is the relationship?

6. As 2 matter of review, if we have a figure L units on
a side, how do wg find its area?
Is it I} x L or L2 which eguals 169

- — S PR

-1 H

/

So in a shorter notation could we
say that In figures 1 and 2 that
32 + 2 = 522 yes or no

s T T

- o =

Keep in mind that the Pythagcerean Theorem J%th which we
are working, works only with right triangles, Also remember
that when dealing with right triangles, the two sides which
form the right angle are called the legs and the side
opposite the right angle is called the hypotenuse,

7. Now state in terms of a, b, and ¢ the Pythagorean

Theorem for this right triangle, where a and b are the

legs and ¢ 1s the hypotenuse. '

8. Was your answer a2 + b2 = c2? yes or no

9, Now using the Pythagorean Theorem, check the following
triangles to see if they are right triangles or not,
(hint; if 22 + b2 = ¢2, then they are right triangles
if they are not equal then the triangle is not a right

triangle)
(a)- Jo (b)- 'E;
& \\\\\\\\\\\\\ £
3 L
23 4 (d). 5
5\ ?N
& FY

If you have correctly solved these problems you will
find that; a, b, d are right triangles, c 1s not.



LESSON SIX
Napier's Rods

OBJECTIVES: To show the students the complete set of
Napier's Rods,

The student will use Nepier's Rods to increase
the speed and accuracy of his multiplicsation
work,

MATERIALS NrzJED: Straight edge, one sheet of heavy
construction paper, and sclissors,

DIRECTIONS:

Observe the set of Napier's Rods below, with the index
at the left. Each member on the left 1s multiolled by the
index number in that column.

Index|| 1 2 1 3 I 5 6 7 g8 9
i ¢ 7| |le—=||le—z|lo—<||o—F]||lo—7<| |0 —7 ) 189
- e A N | A s 1 R Rt
3 o Z| o= [e—%]| =5 | [-—F]| [£=F]| | 2=~ | == [2—F]
Iy o | |e—Fl 7l L=Z]||[2=Z | |27 |2-F | |s——= | |2
5 o S| t—v|l 3| |25 || 2—=| |27 ]| | 2% ) 5
6 P z / =, s F 2% ot = Z % i F =
7 o1 L= |27 | |27 | | 2% || 2=z || T2 | | &3
g B2t | £d—2] | 27 | s 7 Y 2 ¢ | |Z=
o) o —~%| |7 |2 F Y 5 ™ &7 /7/"3 Ty

Notice that in each multiplication the upper % is the
tens digit of the number and the lower 3 is the units digit
of the number. This is the reason 1 x 5 is recorded as

=]

Copy this set of Rods on the heavy construction paper
and separate them with the scissors,

. Now to multiply two numbers like 7 X L83 we arrange the
rods against the index as so:
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LES30H S1X {cont.)

&ndex I 8 3 Of this set of rods we need
X = | 1.2% &3 only this row.
o L l—v||e%
L-B —E 2% il 4
% e e R [Z7] 271 [Z=] (2= = 3382
£z 27 £—"5
6 2-G 1 % | | .—%
i A5 || 2% 27 Now add on the diagonals and
[§] 35| | 7| |27 move from right to left
g 332 z | |27 carrying where necessary,

With this information complete the multiplication of
the following numbers by arranging the rods correctly.

1. 5 x 267 - 2. 3 x 2678
3. 6 x 5115 | L. 8 x 989
5. 9 x 5432 6., U4 x 21286
7. 6 x L11 §. 2 x 212
2. 3

x 2636 ;

Now check your answers by using conventional multiplica-
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5SSON SEVEN
Experimental Probabllity

OBJECTIVES: The student will have a basic understanding
of probability through the tossing of two
pennies,

MATERIALS WEEDED:; This paper,-a penell, and two pennies,
DIRECTIONS:

In order to look at the experimental probability of
this event we first need to look at a sample space for the
tossing of two coins.

If I toss one coin I will elther get 1 head or l tail.
Ih a tree diagram it would look like tnls'

g Head
Toss<::::::
_ Tail
Now for two coins I have this tree diagram:

Head =~~-- 2 Heads

Head - gnd Coin |
3 1088
1st Coin Tail --- 1 Head - 1 Teil
—— ~_~Head --- 1 Tail - 1 Hsad
2nd Coin '
Teail Toss
Tajil «--~ 2 Tails
- Event Probability
Q-Heads %
l1-Head i
2-Heads %

If we apply this distribution to a set of twenty tosses
- of two coins, we find that the expected distribulion of
heads is:

Event
0-Heads -~ 5
1-Head -~ 10

2-Heads -- §

The same would be true for the probability of taills.
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LESSON SEVEXY (cont.,}

YNow we will break Into groups of four students each.
Each group will bhave two coins and each student will tosas
the two coins five times and record the results in his
table for each meriber of the group.

lSt 2nd 3rd Ll-th
Student Student Student Student
i . ‘
Trials L 2 34 5|1 2345 123&5}‘]‘123u5 Totals
2 Hsads ,
1 Head

0 Heads

Take total of 2 Heads row and put it over 20 (the number
of trials). ¥Yow change this common fracition to a decimal
fraction by dividing the numerator by the denominator (20).
At the completion of this you have the prubability of get-
ting 2 Heads out of two tosses,

Probsbility of getting ftwo heads is : g
Repeat this for the 1 Head row and for the 0 Heads row,..
Probsbility of getting one head’'is -

- Probability of getting zero heads is s

How does this compare with the answers of the other
gronps?

How does 1t compare with the predictica we made befors
we started?



Saturnian Numbers
O3JECTIVES: The student will develop the ability to usse
deductive reassoning to solve problems,
MATERIALS NEEDED: None, except this paper and a pencil.
DIRECTIONS:

On the planet Saturn, the inhabitanis use a systenm of
numeration that consists of the following set of symbols,

{_-:f-, $, &, #, Z}

These symbols stand for digits which we use here on earth,

Here are some Saturnian zddition facis:

E+ 5 =248=29
& + % =% + & = &
#F 4+ =2+ #=4#
Z 4+ % =3 472 =7

What number does the numeral # represent?
What can be said about the sum of any Saturnian number

and #?

Here ore some more fachs aboub these numerals:

$+8 =&

&+ § = #

485 = 7
What is the smallest numsrel 3 coulﬂ repres :hj:nt‘J
What numeral represents the sum of % + © + $7 _
What numeral represents the sum of 3 + 5 = & + 3%

In Saturnlian addition we also have:
7 + & = 8«

Z o+ & o= 353

30
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LESSON EIGHT (cont.)

From the bottom of page before, what is the sum of Z + #?

What 1is the sum of 2 + Z7

Now complete the following table of facts about these
Saturnian Numerals:

b3

S | B

]

How does this Saturnian system of numeration compare
with our base five system of numeration?
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LESSON NIUE

End of Year Vocabulary
Refresher
QBJECTIVES: By the use of this puzzle the student will be
able to strengthen his technical vocadulary.
MATERIALS KNEEDED: None, except this paper and a pencil,

DIRECTIONS: Complete the following crossword puzzle with
the correct vocabulary words,
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LESSON NIKE (cont.)

CLUES

Across

One of the equal rarts
of a whole

Per cent of price an
agent receives for
selling merchandise
Another name for an
ellipse

Number used most fre-
quently in & group of
numbers

The study of numbers
Abbreviation for
logarithm

Drawing of a country,
continent, etc,.

Having a measure of
less than 90°

A special rectangle
Abbreviation for metric
To find the sum

The volume of something
is its

Little-used unit of
length

Pertaining to lines;
involving measurement in
one dimension .only
Abbreviation for least
common denominator

A flat or level surface
Any rule that must be
obeyed

A number that is divided
by another number

A stands for ____ In A
=- 1w

The middle point of a
circle

L three sided polygon
An algebralc expression
with its sign

n
®

ST T R S
© 0V O Viw Oow-Ionn Fw

N
M

23.
2l .
26,

27 »
28,

;4
A%

Down

A short way of writing a
rule in which letters ars
used instezd of words

A s0lid whose base is a
circle and whose curved
surface comes to a point
An eight sided figure
Abbreviation for the word
number

The name of the letter
Mind your p's and
Capacity

£dd to find the sum

The formula for finding

is I = prt
Perform
t stands for in
I = prt
Formula for of =
circlse is C = d

A number dividible evenly

only by one and itself

Two lines that will never

meet are

Written form directing

bank to pay money to

somsone

Four sided polygon having

one pair of parallel sides

Parallelogram having ons

right angle

Abbreviation for edition
___ drawing

Both bases are circles and

it has curved sides

Add, Subtract, Multiply,

A way of showing percent
or ratio with pictures
is a picto
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LESSON NINE (cont.)

CLUES (cont.)

Across

50.. Orne tenth of one
hundred

51,. A six sided polygon

52,. Same as one down

L0,
h1.
U3,
Lh.
L6.

7.

L9,

Down

Point where the sides of
an angle meet

, two, three, four,
five
Compariscon of one number
to another
Formula for volume of a

is V= &3
Eight, o Teg,
eleven

Shortest distance between
two points
Edge of & wheel

Adapted from DeJong, Linda, "Mathematics Crossword,"
School Science and Mathematics (January, 1962), L5,




36
SUMMARY

It was the purpose of this report to develop & set of
exercises using the laboratory appreoach in the teaching of
ninth grade general mathematics,

The laboratory approach to mathematics gives the stu-
dent a chance to discover for himself much of the how and
why involved in mathematics, as apposed to the traditional
chalkboard and eraser classroom where he is presented with
a formule or other type problem, told that it is true, and
simply must put values into the formula and grind out an-
sWwers., 3y using a sirple laboratory exercise hé 1s exposed
to:the development of the formula, why and how it works, and
then reinforces this learning by working exercises using the
formula,

In the field of the phys&cal sciences, the laboratory
approach to learning has been used for many years. Forelgn.
languages, industrial arts and home living spend a lerge
pert of each Instructional period in the laboratory setting,
such has nct been the case in the field of mathematics,

Some of the advantages found in the literature were:
The laboratory method utilizes an experimental approach
which requires each student's participation, allows each
student to work at his own rate, leaves the instructor more
time to give individual help, and since i% is conducted on

g less formal basis allows for more student interaction
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which gives them the chance to learn from each other, It
was pointed out that most rpeople agres that learning is an
active rather than a paessive process and &y using the lab-
oratory approach the student becomes actively involved. The
laboratory approach also works equally well with either a
modern or the traditionsl approach. A laboratory approach
in mathematics giveé the student a chance to write about
what he himself has thought through and dsveloped, As one
uses the laboratory aprroach the material is shifted from
the realm of the teacher to the realm of the student, which
can greatly improve the attitude of the student toward the
teacher and the subject matter, Most students are eager to
assume responsibility and by using laboratory lessons they
are allowed to do this,

The main disadvantages found in the literature wers
that of the time element and lack of consistent, adequate
terminology used to describe the stimull employed in dis-
covery studies.

Each of the sample laboratory exercises were con-
structed with the following ltems:

1, A clezr and concise statement of the principle

| or concept to be studied,

2, A list of objectives pertinent to the concept.

3, A list of materials and/or equivment needed to

perform the operation.

i, Directions needed to arrive at the conclusion. .
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5. Tables or charts in which to record data
obtained,
6., A set of questions relating to desired results.
7. Where applicable, a statement by the student of
what he has observed from his work,
The sample exercises were:
1. A Study to Determine the Value of Pi,.
2. A Method for Finding the Formula for the
Area of a Triangle, |
. Division by a Fraction,
. The Percentage Compuﬁer.

. Discovering the Pythagorean Theorem,

3

Iy

5

6. Napier's Rods,
7. Experimental Probability.

8. Saturian Numbers.

9. End of Year Vocabulary Refresher,

Each of the sample exercises listed can be used in a

classroom with no special equipment necessary, Every item

is - readily available almost everywhers,
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It was the purpose cf this report to develop & set of
exerclses using the laboratory aprroach to the teaching of
‘ninth grade general mathematics.

The laboratory approach to mathematics gives the stu-
dent a chance to dlscover for himself much of "the what and
how involved in mathematics, &s oppoéed Yo the traditional
chalkboeard and éraser classroom where he is presented with
a formule or other type of prodlem, told that it is true,
and simply must put values in the formula and grind out an-
swers, While by using a simple laboratory exercise he 1s
exposed to the development of the formula, why and how it
works, and then reinforces this learning by working exer-
cises using the forrmulsa,

Some advantages found in the literature were: The
laboratory method utilizes an experimental aprroach which
requires each student's participation, allows each student
to work at his own rate, leaves the instructor more time to
give individual help, since it is conducted on 2 less formal
basis, allows for more student interaction which glves then
the chance to learn from each other, Learning Is an active
rather than a passive rrocess and by using the laboratory
approach the student becomes actively involved. 4 labora-
tory apvroach in mathematics gives the student a chance to
write aboﬁt what he himself has thought through and devel-
oped, It works equally well with either a modern or a tra-

ditional approach to subject matter, Most students are



eager to accept responsibility and by using this approach
they are allowed to do-this.

The main disadvantages found in the literature were
that of the time element and lack of consistent, adequate
terminology used to describe the stimulus employed in dis-
covery studies,

Each of the sample laborabtory exsrcises were con-
structed with the following items included: A clear and
concise statement to be studied, a 1list of objectives per-
tinent to the concept or principle, & list of materials
and/or,gquipment needed to perform the operation, directions
needed to arrive at the conclusion, tables or charts in
which to record data obtalined, and where applicable, a
statement by the student of what he has observed from his
work, o

The sample exercises were: A Study to Determine the
Valne of Pi, A Method for Finding the Formula for the Area
of’a:Triangle, Division by a Fraction, the Percentage Com-
puter, Discovering the Pythagorean Theorem, Wapier's Rods,
Experimental Probability, Saturiazn Numbers, and End of Year
Vocebulary Refresher,

Each of these exercises listed can be used in =&
classroom with no special equipment necessary., Every itenm

needed is readily avallable almost everywhere.




