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INTRODUGTION

Over the course of several years the author has feélt
a need for an organized set of laboratory exercises for use
in mathematics on the Junior High School level. Though many
teachers use this technique for isolated units, few examﬁles
of laboratory exercises are available for the student to

discover underlying principles in mathematics.

Statement of the problem. The purpose of this sample

set of laboratory exercises is to compile a set of labora-
tory exercises that can be used with the modern approach to
mathematics. These exercises will be developed to motivate
participation of all students in the class. Instead of
drill the student will be directed to deﬁelop and test
theories by the use of open-ended questions and experiments.
Students will be directed to gaiﬁ insight into the scientific
ﬁethod and how it works; to develop an interest and an in-

quiring type of mind and learn the necessity of accuracy.

fmportance of the study. It is not what should hap-

pen in the classrooﬁ but what does happen in the classroom
that affects the learning of mathematics. The laboratory
approach will give mathematics teachers an opportunity to
generate new interest and create 3 faverable classroom
atmosphere where the students desire to discover mathe-

matical principals and thelr individuality grows.



REVIEW COF THE LITZRATURE

In the decade preceding 1962 only three references
‘appeared in Education Index which were specifically related
to the laboratory approach to mathematics. Though the lab-
oratory approach in learning is not new as a method of |
learning, little interest during the period from 1952 was
shown in using this approach in mathematics. The summary
given here will generally be related to the ad#antages or

disadvantages of the method.

Literature pointing to the benefits of laboratory

exercises. Johnson and Rising, in describing the role of
the laboratory exercise, stated several ways in which lab-
oratory lessons are successful. They provide success for
those who have not.yet understood the concept. The indi-
yidual work 1is beneficial for thé exceptional student. Due
to the relaxed atmosphere, better attitudes toward mathe-
matics and the instructor are developed. The similarity of
this approach and real life challenges helps mature the
students' outlook. - The participation of each student is
where the real learning takes place.l

Lowry stated that when a student is allowed to dis~

cover for himself, even if it takes longer, the time is well

lDonovan A, Johnson and Gerald R, Rising, Guidelines
for Teaching Mathematics (Belmont: VWadsworth Publishing
Company, Inc., 1967}, p. 302.




spent for the student will understand better and remember
longer the concept which he discovered.l The discovery

method gives the student the opportunity to think through

and develop for himself,?

Students learn most effectively when they are taught
to discover ideas for themselves. They learn least effec-~
tively when they are told ideas in bits and pieces. Students
associate learning with doing and appreciate the opportunity
to experiment with mathematics rather than being talked to
about mathematics.>

In agreement, Bruner says:

We shall, of course, try to encourage students to
discover on their own. Children need not discover all
generalizations for themselves, obviously. Yet we want
to give them opportunity to develop a decent competence
at it and a proper confidence in their ability to oper-
ate independently. There is also some need for the
children to pause and review in order to recognize the
connections within what they have learned--the kind aof
.internal discovery that is probably of highest value.
The cultivation of such a sense of connectedness is
surely the heart of the matter. For if we do nothing
else, we should somehow give to children a respect for
their own powers of thinking, for their power to gen-
erate good questions, to come up with interesting
informed guesses.

Yiilliam C. Lowry, "Pupil Discovery in Junior High
School Mathematics," The Mathematics Teacher, XLIX (April,
1956), p. 301.

RTvid.

3Francis G. Langford, Jr., "Helping Pupils to Make
Discoveries in Mathematics,™ The Mathematics Teacher, LLVIII
(January, 1955), p. 45.

kJerome S, Bruner, Toward g Theory of Instruction
(W. W, Nortoa and Company, Lnc., 1968}, p. 9b.




VWhy have a mathematics laboratory?. There are a num-~
ber of sound reasons: the laboratory method of teaching is
one of the most successful in the physical sciences; each
student is allowed to work at his own rate; the freedom
&llows more discussion of the problem among the students
which leads to learning; it gives a flavor of change to the
-daily grind of the classroom routine,

What changes are taking place in school curriculums?
The need is froam showing to doing, from our world to the
student's world. ZEssential to all is the opportunity for
the students to discover for themselves, so learning becomes
a participation and creative process. The objectives in
teaching mathematics at all levels are to give all students
the opportunity to think for themselves, to appreciate the
order and pattern of mathematics and the real world, and
give them the needed tools for using matheaﬂtics.l

Biggs reports that in Great Britain if teachers are
to provide the student with the first-hand experience of
learning for themselves, the teacher must be convinced it is
possible. After testing the materials themselves in the
classroom the authors set about teaching teachers mathe-

matics by the experiment and discovery method.2 This seems

lEdith E. Biggs, fliathematics Laboratories and Teacher
Centers - The kathematics Revolution in Britain," The Arith-
metic Teacher, XV (May, 1968), p. 406.

2

ibid.



to provide a stimulus for the teacher to use and appreciate
this approach to learning in an abstract science,

Kersh has suggested that the superiority of the dis-
'éovery method over the tell-to-do method is not adeqguateély
explained in terms of "meaningful learning,'" but the dis-
covery learner 1is more likely to become motivated to continue
the learning process or to continue practicing the task
after the learning period.1 What is teaching but the chance
to capture the interest of the seeker and hand him the tools?

May reported on the Winnetka Public School learning
laboratories project as follows:

The three modes of mathematics--concrete, computa-
tional, and abstract--are built into as many of the
mathematical units as possible. As the pupils work
with concrete materials, they record their observations
and then make generalizations from the data. They are
encouraged to look at the patterns that have developed
and then encouraged to predict results beyond the data
they have acquired. The main idea is to keep students
so motivated by their own work that they want to learn
more. There is no failure, because sll students are
free to ask questions whenever they need help.Z?

The literature concerned with mathematics labora=-

tories deals mainly with comments made by teachers and
supervisors who have used and tested isolated laboratory

exercises; however, tested results show that no great gain

lBert Y. Kersh, "The Adequacy of Meaning as an Ex-
planation for the Superiority of Learning by Directed
Discovery," Journal of fducational Psychology, ¥LIX (1958),
pe 290,

_ 2Lo.la J. May, "Learning Laboratories in Elementary
Schools in Winnetka," The Arithmetic Teacher, XV (October,
1968), p. 501,




in transfer is recordéd over the tell-to-do-approach to
instructing students. Hotivation to do further experimenta-
tion beyond the concept being taught and acquiring skills
for later challenges are advantages of the discovery

approach to teaching.

Literature stating limitations of laboratory

approaches. Lowry mentioned that the very nature of a lab-

oratory setting and procedure suggests a relatively slow and
laborious task. He knew no way of hastening the thinking -a
student must do for himself.l Bittinger agreed with this
thinking when he stated:

The discovery approach should be used sparingly at

first because of the time factor. It requires years
to teach the discovery approach so students can really
discover anything in a true sense. The method seems
more useful for the student who will go on in more
advanced courses.?

As with all methods of instruction some drawbacks are
noted; however, the labofatory approach in mathematics'is
relatively new and needs further testing and study. HMajor
criticisms seem to center around the time factor and the

usefulness for all students.

LWilliam C. Lowry, "Puplil Discovery in Junior High

School Mathematics," The Mathematics Teacner, XLIX (April,
1956), po 301. )

Zarvin L. Bittinger, "A Review of Discovery,"™
The Mathematics Teacher, LXI (February, 1968), p. li5.




STRUCTURE OF A LABORATORY EXERCISHE
AND ITS SETITING

The laboratory exercises will be structured to create
an interest in studying and reaslizing a principle of mathe-
matics by leading a student to a desired conclusion by
helping him organize-his information logically. Since
independent study is required of all individuals regardless
of their occupations, the outline of these exercises is
. designed to be of interest to all students regardless of
their future educational objectives.

It is the desire of the author that the structure of
the sample lessons be such that a student could use these
laboratory exercises as self-teaching devices for learning
the concepts of mathematics which lend themselves to the

discovery approach.

Introduction of topic. Each topic has been intro-

duced as a question; for example, Does there exist a pattern?
The topic could be familiar to the student or he need not
have had any prior knowledge of any principlé or pattern.
The topics chosen for the exercises lend themselves to areas

which are covered in the eighth grade text bocks.

Objectives for the exercises. The objectives are

stated in terms of what change in behavior should occur..

The objectives will state purposes of the exercises.
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Needed equipment. All equipment needed in the exer-

cise has been listed on each exercise with a manufacturer's
name given and specific name of instrument if it is not
commonly'found in the mathematics classroom. Proper storing
facilities for all equipment should be available fqr ease of
accessibility to students. The physical features of the
room are important in the successful laboratory setting; for

example, tables instead of desks are desirable.

Directions for the exercises. Directions have been

given concerning what to do, what data to collect, and what
pattern or principle is being sought. The students will
collect the data during the class period and can reach a
generalization before the end of a period; however, if such
is not the case, the homework assignment could be to write
out the generalization at home. When the experiment is long
and laborious, it is advantageous to have the students work
together to supply all the data necessary for the correct
results. Each student may then use the accumulated data for

his final generalization.

Tables for accumulated data. If'étudents could be

taught to organize data in a mesningful manner their experi-
wmentation would be an easy process in any discipline. The
tables used with each laboratory guide sheet have headings
indicating all possible useful information which can be |

obtained from the given objects which they are experimenting



with and the instruments they are using. The tables indi-
cate some processes the student will try and these will lead
to a pattern that the student can recognize for himself.
Tables are constructed to guide the student to a better
understanding of the process of experimentation in the

physical world using an abstract science.

Results of exercises. Open-end questions are useful

in triggering the student's mind so as to find the desired
conclusion; therefore, space was provided for the student to
express any further implications he might see from the data

or type of procedure used in the experiment.

4

The laboratory setting. The student should have pre;

pared guide sheets stating what they are to study and what
materials they need. Materials for the exercise Should be
easily accessible for the student. Rooms for the laboratory
exercise need flexibility and tables are convenient for
experiments. All students should participate in a meaning-
ful manner in the exercises. The instructor should have
prepared the students for a laboratory peridd by giving any
special instructions which will facilitate the time-avail-

able for the exercise.
A SAMPLING OF LABORATORY BAERCISHES

The following are sample exercises which have been
constructed for the purpose of giving eighth grade mathe-

matics teachers another %ool with which to encourage pupils
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who would terminate their mathematics at the ninth grade
level, The areas which were selected lend themselves to
this type of approach; however, others can and should be
used. It is not the intention of this paper to develop a

laboratory manual but only give an example set for your

consideration.
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RELATIONSHIP BETWEEN CENTIGRADE AND
FAHRENHELT THEMPRRATURES

The student will collect data on comparable
centigrade and Fahrenheit temperatures.

The student will investigate whether there is
a pattern in the data which can be expressed by
a sinmple formula.

the student will graph on a ®ordinate axis the
comparable temperatures and read other tempera-
tures from the line formed by connecting the
poeints,

Sclence book, graph paper, pencil

DTRECTIONS

e

4

Using an appropriate source find the Fahrenheit
temperature for boiling water and the centlgrade
temperature for boiling water.

Using the two temperatures from procedure a,
form a coordinate pair in this manner (FOQ, éoy,

Using the same source find the Fahrenheit
temperature for freezing water and the centi-
grade temperature for freezing water.

Using the two temperatures from procedure cé
form a coordinate pair in the manner (F°, ¢9),

Using these two coordinate pairs graph their
points and draw the line which connects the
points. :

‘Now find corresponding centigrade and Fshrenheit

temperaturss by selecting a point on the line
you drew in e and read the coordinates of this
point. The coordinates are the correcpondlng
temperatures. Record these in the data chart
provided.



DATA

12

Temperatures|Freezing|Boiling|Others

Fahrenheit

Centigrade

RESULTS

8.

How many units difference is there between the
freezing and boiling point of the Fahrenheit
temperatures?

How many units difference is there between the
freezing and boiling point of the centigrade
temperatures?

Using the answers from questions a and b write
a ratio of the difference in Fahrenheit to
the difference in centigrade.

Express the ratio in question ¢ in simple form.

Multiply the ratio found in part d by the'freezﬁg
point of centigrade. What is your result?

Is your answer to part e the freezing point of
water on the Fahrenheit scale? (yes or no)
If not, what must be added or subtracted from
your result to obtain the correct reading?

Express what you have done in questlon e and f
as a formula _F = :

Check your formula by using the results already
obtained from your graph and recorded in the
data table,
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PROBABILITY OF AN EVENT

AINTRODUCTION

The

purpose of studying probability is to learn how

to solve problems where chance occurs.

EQUIPMENT

Deck of fifty-two playing cards, pencil

OBJECTIVES

8.

b.

DIRECTIONS

=1

bl

-DATA

The student will collect data on the number of
successes of getting three cards in the same
suit from g five card hand.

The student will state the probability of an
event as a number.

Use a deck of fifty-two regulation playing
cards.

Shuffle and deal out five cards.

Record in the data collection table whether

you were successful in obtaining three cards in
the same suit or whether you were not successful
in obtaining three cards in the same suit.

Shuffle and repeat fourteen times.

Trigl

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Succes s-
ful

Not suc-

cessful -

RESULTS

a.

How many times were you successful?
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Write as a fraction the number of events over
the number of trials.

12

Example: Number of successful trials
Number of trials

Express this fraction as a decimal.

How does your decimal fraction compare with the
fractions found by other students in the class?

Compile all the trials run by the class and
make a comparison. How does this compare to
the answer you had? ‘

Example:

Number of successful trials of all students in ¢lass

Number of students in class times 15
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BRAIN TEASERS

OBJECTIVES

Q.

b.

EQUIPMENT

The student will strengthen his arithmetic
ability and deductive reasoning powers.

The student will learn the regrouping of numbers
for addition and subtraction.

Pencil, scratch paper

DIRECTIONS
a.
b.
e
o 8
DATA

(1)

Study the given numbers and determine whether

the problem is addition, subtraction, or

multiplication.

In the first three problems below the letter X
indicates a missing number, but not necessarily
the same number each time. In problem 4, each
different letter stands for one specific digit.

With your knowledge of number facts fill in the
missing numbers.

. Check your answers to see if they satisfy the

problem,

X,937 (2) X3X54  (3) 3X3 (4} FORTY

8x X8x% 6XX TEN

109 781X ¥26 TEN

%,XSQ 1X5X SIATY
» 5X7 RXTX

A33X4X
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SIMILAR TRIANGLES AND PROPORTIONS

OBJECTIVES

The student will investigate whether a proportion can
be used to solve for the height of an object if the length
of its shadow is known.

EGUIPMENT

Tape measures (nearest £™), source of light (such as
floodlight), data collection table

DIRECTIONS

a. Measure and record the height of an object in
colurm A of the data table.

b. Measure the length of the shadow of the object
in direction a and record this in column B.

¢. Measure the length of the shadow of a different
object and record this in column C of the data
table.

d. Repeat this an additional three times u51ng
different pairs of objects.

e. Solve the proportion A/B = D/C for each pair of .
objects and record the results in column D,

f. Now measure the height of the object mentioned
in direction ¢ and record this measure in

column &.
DATA
Objects A B & D E
lst Pr,
2nd Pr,
Jrd Fr,

Jg-th Fr.




RESULTS

.

i /4

Does the computed height equal the actual height
of the unknown?

Could you use the proportion to solve for the
length of the shadow in each case?

- Could you use the proportion to solve for the

length or height if the other were known?

Must the objects be perpendicular with the ground
for this type of exercise to work?
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ADDING SIGNED NUMBERS

INTRODUCTION

Nomographs are mechanical computational devices
which students will enjoy making and using.

QBJECTIVES

a. The student will learn the process of adding
signed numbers.

b. The student will learn the properties of signed
numbers and review material without boredom.

RQUIPMENT
Pencil, graph paper, ruler

DIRECTIONS

a. Using graph paper draw three vertical and
parallel lines which are 21 units long and
spaced 8 units apart.

b. DUraw a horizontal line which intersects the
center of each vertical line, Label this line. 0.

C. Starting'from the left label the vertical lines
A, C, and B, respectively.

d. Starting at the top number each interval from
10 through ~10 for line A.

e. Starting at the top number each interval from
20 thgough ~-20 using only even numbers for
line C. .

f. Starting at the top number each interval from
10 through -10 for line B.



Example:

DATA

Find the sum of (-4)
the (~4) on A and +6 on B.

The point of intersection on line C is the answer.

P
o =

[ S T VA SV T o S S o Ko

'._I
o w

H N W F o Oy B O

#+ 6 by drawing a line between

19
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RESULTS

Use the nomograph to find the answers to the follow-
ing problems:

(-8) + 2 (-10) + (-6)
(7) + (-8) (6) + (&)
(-8) + (~9) - (-8) + (10)
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THE AREA OF A TRIANGLE

INTRODUCT ION

Triangles are interesting and useful geometric
figures. Triangles are frequently used in the construction
of bridges, television and radio towers, and buildings.
Structures of this shape are rigid; that is, their shapes
cannot be changed regardless of the pressure applied to the
sides except by actually breaking them. This is not true of
other polygonal structures. Because of its frequent gppli-
cation to problems in life, let us study the triangle
further.

Fill in the following blanks with the appropriate
response. Lf necessary use a mathematics dictionary to find
the definition,

a. The side upon which the triangle rests is called
the .

b. The perpendicular distance from the side upon
which the triangle rests to the opposite vertex
is called .

¢, The number of equal square units contained in a
plane figure is called the .

OBJECTIVES

a. The students will determine whether or not there
exists some pattern or relationship between the
base and height of a triangle and the area in-
closed by the triangle.

b. The student will determine the exact formula for
the area of a triangle using the relationship of
the base and height.

DIRECTIONS

a. Draw the base of a triangle the specified number
‘of units long on the graph paper you have been
provided.

b. Move a specified number of units above the llne
on your paper and place a dot.

c. Connect the dot with the end points of the line
on your paper.



