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CHAPTER 1

INTRODUCTIOR

The need for in-service training in new or modern
mathematics arcse when these new programs began to become
a part of the elementary school curriculum, Not many ele-
mentary school teschers have a thorough background in math-
ematles, Too, during a school year they do not always have
time to pursue college hours to make up & deficiency of the
moment, An in-service training course in modern mathematics
seemed the best way to give the tesachers an introduction to
this mathematies, acquaint them with the philosophy of such
a curriculum, and to orient them to new terminology and
different methods of presentation of the materials to be
taught,

During the winter of the school term 1964-1965 each
elementary school in Manhattan held an in-service training
course in modern mathematlics for elementery schools, There
had been three principals and two classroom teachers from
the Manhattan Public Schools who had taken an XDEA Institute
in modern mathematics the previous yeer, They were the
instructors or leaders for the in-service course, All ele-
mentary school teachers were required to attend, The sev-
enteen teachers at Marlatt and Marlatt Annex met at the
Marlatt Schocl one hour after school every other Tuesday

for instruction and discussion of modern mathematics, The



instructor was 3ill E, MecArthur, principal,

The course wes developed ir some twelve sessions,
While all of the tezchers said they benefited from it, some
of them resented belng forced to take eny in-service train-
ing course even though they might volunterily have taxen
the same course hsed it been given on a velunteer basls,

They rreferred to decide for themselves how to spend their
time and to choose thelir own method of self-improvement,

No date was kept on this course to show whether or
not the participants did learn or make any progress, There-
fore to be able to show whether or not an in-service course
in modern mathematics was veneflcial to teachers, tne course
was azain offered on a volunteer bssis to anyone in the
Manhattan Unified School District #3E3 who wished to take
it,

In late September, 1966, invitations were sent to
all elementary school teachers in the Manhattan Unified
School District #3183, At that time there were 123 teachers
in the elementary schools, Parenta of the Marlatt area were
invited through the school bulletin, A copy of the invita-
tion is in Appendix A,

Thirteen iniividuals responded to the invitation,

Ten were Marlatt teachers, two were teachers from other
elementary schools in the distrioct, and one was 2 resident
near the school, Of this group of teachers one was a Kin-

dergarten teacher, two taught grade three, three taught



grade four, two taught grade five, and four taugnt grade
eix. One sixth grede teacher attended only two sessions,
one fourth grade teacher attended six of the sessions, and
one sixth grade teacher attended irregularly, However, all
except the one sixth grade teacher who dropped the course
tock the concepts test both et the beginrning and the close
of the sessions,

The body of the report contalins & description of the
content of each of the messions of the In-service tralning
course as held during the fall semester of 1966, A modern
mathematics concepts test was gilven at the beginning and at
the close of the sessions, The comparison of the results
of these two testings snd an item analysis of the test are
given in Chapter IV, The suthor has added what he considers
to be implications for teaching made on the basis of the
number of times any particular type of item wes missed by
the persons teking the test., The appendix has samples of
the hand-out materials distributed during the course, These
materials were samples of different idezs for construection
of test or drill =materials, idees for presentation of modern
mathematics concepts, end original materials for the
teachers to use in the classrcom for the enrichment of the

mathematics program then being taught,



CHAPTER II
REVIEW OF RELATED LITERATURE

There has been much research in the field of math-
ematics education concerning pupil performance, the grade
or age level when verious concepts should be presented, the
content of the curriculum, methodology, materials, and
teacher effectiveness, The genesis of the "modern" math-
ematics in the latter 1950's further pointed up the need to
take & probing loock again at mathematics programs, Weaver
atated it this way:

Every elementary school situation today faces the
challenge of improving its program of mathematics
instruction, This cannot be accomplished without
appropriete provisicn for the in-service education
of teachers,

Improvement cannot take place over-night, nor can
it be effected in any one way, The plans must be
long-range ones; they must embrace & verlety of
epproaches to meet 2 veriety of individual needs;
and they must provide recurring efforts in ihn
face of an everchanging teacher population,

There is nc disegreement with this statement in any
of the literature concerning mathematics education.

Another phase studied is the program for prospective
teachers, both undergraduate and graduate, and the back-

ground of teachers in the fleld,

15, Pred Weaver, "Curriculum Development and In-
Service Education in Cincinnati,” The Arithmetic Teacher,
10 {March, 1963), 154-158,



Two early programs developed in modern mathematics
were those developed by the Greater Cleveland Mathematics
Program for kindergarten through grade three, published by
Sclence Research Associates, Inc,, 1962, and by the Schocl
Hathematics Study Group, pudblished finally by Lelend Stan-
ford University and distributed through Yale University,
1961 (4-6)-1963 (K-3)., Methods, terminology, and concepts
presented in these early programs and in their development
and in their being used with children proved to be so dif-
ferent from the traditional arithmetic it wss soon dis-
covered that teachers, indeed, needed training and work
with these specific understandings tc be able to teach them
to children, This became especlally true when other pub-
lishing companies began to develop "modern" programs in
mathematics and tried to get them asdopted by various schools
and states.

The universities and colleges soon began offering
courses in modern methematics as requirements for elementary
school majors and for teachers already in the field, The
Federal Oovernment assisted the universities and colleges in
this endeavor by funding institutes for tesachers and prin-
cipals under the National Science Foundation Act, The
author, two other principals, and two elaisroon teachers
from the Manhattan Public Schools attended sush an institute
at Kansas State University on Saturday mornings through the
fall of 1963 and the spring of 1964, Summer institutes were
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held later, In general, the people accepted for these in-
stitutes were sccepted with the understanding that each
would return to his respective distriet and conduct an ine
service program, Since the author and the others from the
Hanhattan Schocls who attended the NSF Institute were never
asked if they hed condusted any in-service programs, he
assumes there is ne record as to how many in-service courses
were held as a result of these institutes over the United
States, The Tive participents from the Manhattan Pudblie
Schools did hold their institutes as desoribed in the in-
troduction of this peper end the author conducted, in addi-
tion, the one on which this report is based, The number of
such in-service programs could have been quite large as the
NSF Institutes were held in all areas of the United States
and are still being held during summers, The enrocllment
for each institute was usually limited to about thirty,

Dr, Joseph A, Izzo and Mrs, Ruth Izzo who conducted
some summer NSP-sponsored institutes did some follow-up
studies, They surveyed twenty-three in-service programs
conducted during the first half of the school year of 1963~
1964, Most of the participants had been from northeast
United States, but one was from California, Thelr survey
indicated that more than 800 elementary school personnel
were directly involved in the in-service programs, These
800 paoplé were teaching mathematics to about 20,000 school
children, These statistics show how wide-spread the effects



of one institute could be, The conclusions in the Izzo
study pointed up the need for tesacher re-education and sug-
gested in-service courses, college and university courses,
with elementary teachers, supervisors, and principals taking
the leadership rolu.l

A description of an in-service course for elementary
school arithmetic teachsers in Omaha tells of this type of
eooparation.z The College of Education of the Omaha Univer-
sity and the Omaha Public Schools worked together to set wup
a course to help teachers learn about new developments in
mathematics, newer materials, and new methods of presenta-
tion, College credit was gliven for the course, While it
was intended to be a one-time course, it was so successaful
it was to be repeated, The pattern of classes was full
group instruction, then breakdown into primary or interme-
diste, or grade level groups for more specific instruetion
and material demonstrations,

An NDEA financed program during 1963-196L in Cali-

fornia was reported by Gerald W, Brown, University of

1Jonph A, Izzo and Ruth Kelley Iszzo, "Re-education
in Mathematics for Elementary School Personnel: In-Service
Programs--One Way to Solve the Problem,” The Arithmetie
Teacher, 11 {(Oct., 1964), 413-417.

2pan Tredway, "An In-Service Course for Elementary
Arithmetic Teachers," The Arithmetic Teagher, 10 {Oct,,

1%3) » M‘M.
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California, Rivornidc.l This program included only about
75 teachers from five elementary schools., A consultant was
hired to conduct the program, Enrollment was voluntary and
attendance was not kept, Evaluative dats were obtained from
a five-page questionnaire, Teachers helped formulate plans
and arranged for twelve biweekly presentations by & univer-
sity professor. Every other meeting was a discussion
meeting, Implied conclusions were that teachers would rec-
ognize their own needs or deflciencies and attend such an
in-service program and that the biggeat share of them did
gain from the sxpesrience, The statements by teachers in
this program were much the same as those glven by the
teachers in the in-service course used as & basis for this
report,

Schools which had Educational TV available often used
that source for both in-service training for the teachers
eand conducting classes directly for the children while the
teachsrs monitored the puplls, In-service films were and
are avallable also,

In other instances when a state or city adopted a
modern mathematics text, consultants from the pudblishing
company would come in and conduct ine-service courses for

the teachers who would be teaching the texts, The

lgerald W, Brown, "An In-Service Program in Arith-
a;téc,“ The Elementary School Journel, é6 (¥ov,, 1965),
7 - Gt
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organization was set up to accommodate the school involved
and helped the teaohers become acguainted with the philos~
ophy, terminclogy, methodology, and meterials for that par-
ticular text.

As to the efflicacy of in-service courses in math-
ematics for elementary school teachers, most of the litera-
ture reviewed reported positive gains in teacher attitude
and knowledge and a corresponding gain in thelr pupils?
schievement, Thet last is guite difficult to measure be-
cause of the near impossibility of maintaining & stable con-
trol group, However, Dr, John L, Creswell, University of
Houston, Houston, Texas, had considerable doubts as to the
effectivensess of modern mathematics workshops, This is in-
dleated in his report published in March, 1967.1 Dr,
Creswell related thst Robert Bradford who had conducted a
workshop in Texas in the summer of 1965 alsc found different
reactions,

Bradford planned to use & pretest-postest approach.
When the teachers were administered the pretest,
they objected so strenuously that this method of
evaluation had to be discontinued, even though each
teacher had been assured that the scores were to be
kept strictly confidentliel,

The suthor (Creswell) hes had similar reactions
from teachers enrolled in workshops condueted by

1jonn L. Creswell, "How Effective Are Modern Math-
ematics Workshops?™ The Arithmetic Teacher, 1l (March,
1967), 205-208,



10
him, These teachers seemed very insecure in their
nowledge of the subject matter, and many became
quite agitated when the subject of thelr being
tested was discussed.
As a result of testing 1,075 school teachers of grades l-6
in eastern Texas with a 120-1tem test, Dr, Creawell con-
cludes:

The foregoing test results seem to indicate that

college courses &re far more effective in pre-

paring teachers for teaching the new mathematiecs

than are the present type of ine-service workshop

programs, as far as content is concerned, It is

recommended that more effective in-service

training techniques be devised, oriented more

toward subject matter than has previocusly been

the case asggnially in the area of the new

mathematics, @ = |

In contrast, Hand made &n evaluation of the effec~

tiveness of in-gervice instruction for elementary teschers
conducted in Georgie during the year 1965-1966, at 21 cen-
ters, Her conclusions were faverable to the workshop in-
service programs, Especislly noticesble was the one, "Type
of Instructor - the achievement of the group taught by
public school instructors was significantly higher than
groups tsught by college instructors or graduste students,"3

A bibliography of books published during 1960-1964

libia,, p. 206.
21v14.
3gdith Prances Hand, “"Evaluation of & Large Scale

HMathematics In-Service Institute for Elementary Teachers,”
Dissertation Abstracts, XXVII (Dec., 1967), 2118-21194.
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as listed in The Arithmetic Tgacharl, January, 1965, would
be an excellent help for anyone wisﬁlng to set up in-service
education courses in modern mathematics, While some of the
1isting would be outdated by now, they would provide a place
to begin, |

Indications are that in-service programs will con-

tinue to be used by schools to help teachers become ac~-
quainted with the tesching procedures that any school might
have adopted, to help teachers in self-improvement, and to

help them become more effective teachers,

15, Pred Weaver, "The Mathematics Education of
Elementary School Teacherst: Pre-3ervice and In-Service,"
The Arithmetic Teacher, 12 (Jan,, 1965), 71-75.



CHAPTER IIIX
CONTENT COF THE TRAINING 3ESSIONS
Bession 1, Cctober 4, 1966

As stated in the invitation the first session waa to
be an organizational meeting, At this time it was explained
there would be no professional growth or college credits in-
volved, The participants were also made aware that any data
soming out of the course would be used in a roport'al part
of the work of the instructor towards a Speclalist Degree,

The content of the course was discussed and the par-
ticipants suggested specific areas in which they would like
information and explanstion. The time for meeting was set
to be each Tuesday from [:00 to 5:00 p,m, ¥No specific num-
ber of sessions was decided upon, The group did indicate it
preferred not to run into the Christmas season,

Since time did not permit the reading and discussion
of "The Story of Numbers" written by the instructor, it was
regquested that the story be dittoed so each participant
could have & copy and so it would be available for use in
his own classroom, This was agreeable, and copies of the
story were prepared and ready for distribution the following
week, A copy of "The Story of Numbers"™ is in Appendix A,
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Session 2, October 11, 1966

"Sets" was the topic of discussion of this session,
This 1inecluded the definltion of a set as a collection of
things., Hence, before any set could be identified a de-
socription of its members or elements was necessary, This
led into a discussion of the notation of sets, one-to-one
correspondence, number or cardinality of sets, comparison
of sets, union of sete, intersection of sets, venn diagrams,
and other exercises with sets.

The differentistion between equal and egquivalent sets
helped the group better understand the preciseness necessary
in modern methematics, particularly in discussing number and
numeral, A short discussion of the null set snd its verious
notations and universal sets concluded the discussion,

The nand-out for this session was a sheet giving some
mathematical definitions which included the most common sym=-
bols used with sets, A sample is in Appendix B,

Session 3, Cotober 18, 1966

Because some members of the "set of persons” in the
class were uncertain about various aspects of sets--espe-
eially null ssts and universal sets--a review of these was
in order, The hande-out of the prsvious week served az a
basis of discussion,

The rest of the periocd was used for the group to take
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the Stanford Achievement Test, Intermediate II, Modern Math-
ematics Concepts Test, published by Harcourt, Brace, Werld,
Inc,, New York, 1965, This was the instrument selected to
make the check as to whether or not this ine-service training
course wes effective in increasing the modern mathematics
concepts of the group involved, An advanced form of the
test was available but the one chosen seemed to be more rep-
resentative of the concepts the teachers in the group would
be using in their own classrooms, A copy cf the test is in
Appendix B, A separate chapter deals with gains or losses
made by the participants on this test,

Session lj, October 25, 1966

Seored answer sheets on the mathematics concepts test
were returned to the group,

The discussion for this session centered on the
abecus and 1ts value for use in elementary school class~
rooms, Mr, Mutsugi Ohno who was educated in Japan and who
currently is & glass blower at Kansas State University made
the presentation,

¥r, Ohno had brought several abacuses and the
teachers had brought some, For demcnstration he used a
soroban which is & modificsation of the Chinese suan pan,
Modern ones have only five beads--one above and four below
a metel strip marker, Hr, Ohno could perform all mathemat-

{cal processes on his soroban and with speed, In
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verbalizing how to do a process he often lapsed into Jap-
anese in sesrch of words to explain his thoughts.

This was probably the most interesting session of
the whole course, In visiting about it afterwards with the
teachers, the instructor sensed they reslized they had par-
ticipated in a resl teaching-learning situation of & kind
they should be using in their classrooms,

Session 5, Hovember 8, 1966

There had been no meeting on November 1, 1966, as
that was the time for parent-teacher conference for report-
ing pupil progress.

The hand-out sheet glving a summsry of sets was re-
viewed and an attempt was made to elarify questions from
the group, There wes further discussion on universal sets
and explanation showing that 0 is always a subset of any
set even though it is an improper subset, MNore teraminology
was reviewed, The group worked out tables for intersection
end union of a group of four sets,

The rest of the period was deveted to a discussion
of natural or counting numbers, number and numeral, and
order of numbers a&s a property., 2ase was defined as the
collection point of eny number sgystem to go into the next
place value, After further discussion of what base any num-

ber system is end digits, the group was assigned the project
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of making a base twelve matrix for multiplication to have

ready for the next session.
Session 6, November 15, 1966

Fatural numbers were reviewed briefly and it was
pointed ocut that by including zero with them the set of
whole numbers was obtained, This led into a discussion of
how zero was different in 1ts operational effects from the
natural numbers, It was agresd that ocne and zero were the
most important numbers because one is an entity and the be-
ginning, and zerc ls whet makes our place value system
really function, 1In fact, if we use the one's place as the
beginning place for counting place value, the place values
either way from the one's place correspond, For example
tens are one place to the left of one's place and tenths
are one place to the right; thousands are three places to
the left of one's place and thousandths are three places to
the right of one's place,

After the participants' base twelve multiplication
and addition charts were checked, a summary of the needs of
any number system was made, These include:

number names,
an order of numbers,
a number base, and
definiticn of operations or tables.
To confirm this 1dea the following artificial number system



was made up and aeddition and multiplication tsblea were

made for it.

had |
skunk eenie
X skunk

| eenie

/. meenie

2\ miney

[ moe

¥ tees

| | tee eenie

| L tee meenie

| A tee miney

| O tee moe
[ Yemeenty
L | meenty-eenie

L L meenty-meenie

|

I
L
A
O

oD INI— X+
oD N =3¢

(X 11| 1£]1A

L A a
meenie miney moe
L Ameenty-miney
Z D meenty-mos
A ¥ minety
A | minety-eenie
ALl minety-meenie
AQ ninety-minety
A O minety-moe
D*mohy
| moety-eenie
gL moety-meenie
OAmoety-miney
OQmoety-moe
1kkeenieless

17
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The building of this number system and the tables
gave the group & better insight into number systems. This
in turn sugcested to them that having children construct
and use other number "bases” would help them to understand
thelir own decimal system, A closer scrutiny of the tables
reveals the difference between one and zero when used as
identity numbers in addition and multiplication, It was
sbout this time that Scott-Foresman Co. distributed 1967
calendars with numeration for two months each in the follow-
ing bases: five, seven, two, six, elght, end twelve, Each
member of the group was able to get suech & calendar,

If 10 is used for the collection point of a base,
then by using ¢— 102, 101, 10°, 10~1, 102 == and so
on as the basis of construction of this system, any base
can be converted to base ten very easily, This is sccom-
plished by multiplying the number in & place position by
the base to the power of that position and then adding them
all together, A decimal base may be converted to any other
base by dividing the number to be converted by the number
of the base desired and using the remainders of the succes-
sive divisions as the number of esch place in order., The
first remsinder would be the ones, the next would be the
base first power (tens), and the next would be the base
squared (100's), ete,
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Session 7, November 22, 1966

Since whole numbers and the decimal system were dis-
cussed the previous session, the discussion of this session
naturally considered the operation of these numbers, The
best conclusion the group could make for & definition of
eddition was that "addition is the union of disjoint sets.”
Subtraction is the inverse of addition, Identity element,
closure property, comsutative property, and associstive
property were discussed particularly as items the partic-
ipants had been using in their teaching but perhaps not
using that terminology.

If multiplication is to be considered an operation
in itself and not just repeated addition of like numbers,
then this operation must be described and its algorithms
formed, This tople created & lively discussion, Multipll-
cation was approached by the use of the Cartesean Product
of two sets-~-a one to many pairing or matehing instead of
one-to-one, Further discussion as to the difference between
the identity element of addition and multiplication empha-
sized the difference between zerc end the counting numbers,
Too, multiplication has commutative and &ssociative prop-
erties besides the distributive property of multiplication
over addition., This last is the basis for the algoritham
for the use of more than one digit multipliers,

The discussion of division as the inverse of
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multiplication precipitated a comparison of the properties
of addition and subtraction, and multiplication and divi-
sion, and why zero cannot be a divisor,

Some ldeas were given on how to help chlildren better
learn the addition and multiplication facts and how to use
an "array" to teach multiplication, Hand-ocut sheets of ex-
amples of different types of drill to use in teaching these

processes were given to the group before dismissal.
Session 8, November 29, 1966

The discussion of numbers and their factors was con-
tinued from the previcus week. There was much discussion
about "operation" on numbers as well as reporting on the
outecome of the trials of various ideas with the group's own
pupils, Composite and prime numbers boeian the topic of
interest, Cherts on the order of the "Sieve of Eratosthenes"
were handed out, These charts showed arrangements of the
numbers from one to 100 for use in developing a pattern or
patterns for eliminating non-prime numbers, The group
readily saw the relationship of the use of this chart for
use later in teaching the finding of the greatest common
factor, the lowest common multiple, and in helping make
rules of divisibility, PFactor trees were demonstrated to
show another interesting way to find the prime factoriza-

tion of & number,



21

After practicing fectoring In several ways, the group
wee ir agreement with the statement of THE FUNDAMENTAL
THROREM OF ARITHMETIC: Except for the order in whiech the
factors are written, a composite number can be expressed as
a product of prime numbers in only gne way.

The hand-put sheet dealt with some problems concern=
ing the distributive property of multiplication over addi-
tion and a group of definitions from the materisls discussed.

Sesslon 9, December &, 1966

"Is there a greatest prime number?” was the question
leading to & review of prime numbers, It was agreed that
there is not and & statement of the Postulate of Bertran
was glven: DBetween any counting number, other than cone and
1ts double, there is at least one prime, PFerfect numberse-
those numbers which equal the sum of 1ts factors including
1 but not the number itself--were harder teo find, 3Six
{(1+2+3) and twenty-elight (1+2+447+1})) are the smallest ones,
While it 1s not known how many there are, it is known that
they all end in 6 or 28, Prime and perfect numbers are in-
triguing to intermediate age children and lead them into
much enrichment and drill work,

The set of ratiocnal numbers as a topic of discussion
easily followed the discussion concerning whole numbers,
Use of 2 number line helped explain how whole numbers and

counting numbers are subsets of rational numbers and how
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they complement one another, Fractions were defined as the
set of numbers whose elements are obtained by dividing a
whole number by & counting (natural) number. If one thinks
of fractions as enother ordered pair, the meaning of
"ordered" is reemphasized ms they have notation order and
counting order, The etymology of the word fraction shows
it to come from frangere meaning to break, Yet, to try to
define a fractiocn as a part of something is misleading,
While part of a whole can be represented by & fraction, so
can & subset of a2 set or a ratio be so represented., Some
older systems of notations using fractions were mentioned,
The Egyptians used only unit fractions so our fraction 5/8
would have been 1/2 + 1/8, The Babyloniens who used a sex-
agesimal system of numbers had better use of fractions be-
cause sixty 1s divisible by so meny numbers,

Use of shaded congruent regions of geometric plane
figures 1s probably the most commen way to introduce frac-
tions to children, The making of a multiple fraction chart
and number lines helped demonstrate that any fraction can
have many nemes; that every whole number is an element in
the zet of fractional {(rational) numbers, but that not every
fraction is a whole number, Such 2 chart showed equivalency
of fractions and led into & discussion of how to change any
fraction of a given denominator to eancther equivalency.
This i{s the time when the previous study of factoring came
in to use, This was another situation in which the
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instructor could stress the difference between multiplica-
tion end addition. Children can easily see thet both the
numerator and denominator of a fraction may be multiplied
by the same number without changing its value, but that
sdding the same number to both denominator and numerator
does maike & new fraction of a different wvalue.

As well as knowing the algorithms for computing with
fractions, children must understand that the properties for
use of whole numbers are the same for frections or rational
numbers, The simplest deviee to illustrate multiplication
of fractions is the use of shaded regions, Division is the
tnverse of mulbtiplication and is defined as: p/q + r/fa =
t/u when p/q = t/u x r/s which is the seme as a T b =
e when & = b x ¢, Then zerc cannot be a denominator for
the same reason that gero cannot be used &s a divisor.

(a *+b=¢c, becannot be O for then & = 0 x ¢ which is
o).

This was much too large an area for one discussion
period--in fact all the topics were--and only the high spots
wers touched, Further discussion would be planned for at
future faculty meetings, Hand-outs were given for extra
types of drill to arouse thinking.

Session 10, December 13, 1966

Questions concerning rational numbers were answered
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and further explanation was given about any phase in ques-
tion, Some "short cuts" for computing were illustrated,
Some of these were using aliquot parts for multiplying, mul-
tiplying by 11, gelosiea or lattice multiplying, adding to or
subtracting from subtrahend and minuend, subtracting men-
tally and others, 1I% was menticned that coplies of The
Irachtenberg Speed System of Basic Hathematics were in the
Marlatt Frofessional Library, It was stressed that any
"short cut"” was useful only to the extent that any person
understood the number system and why the "short cut" worked.

Multiplication and division by 10, 100, 1000 and
other multiples of ten were discussed., This went into the
idea that decimals are an extension of whole numbers, as
speclal fractions, and their relationship to ordinary frac-
tions, An astonishing thing that evolved from the discus-
sion was that several in the group had not reslized that the
zeros on the end of a divisor could be removed (divide by
10, 100, ete.) if the decimal in the dividend were set over
to the left as many places as there were zeros on the end of
the divisor (divide the dividend by the same number of tens
as had been taken into the divisor), whether or not there
were zeros on the end of the dividend,

Since this was to be the last discussion session,
some of the new terminology on geometric forms was discussed,
These included line segments, point, set of polints, ray,

closed curved lines, clcsed surface, and others, Had time
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permitted, topology would have been an interesting and en-
riching subject to discuss to show how more advanced pupils
would gain by working with topology on their own,

The sessicn closed with a short demonstration using
& "small modular" system and clock counting. HMore sample

drill sheets were handed out,
Session 11, January 10, 1967

This last session was merely taking the mathematics
concepts test for the second time, The comparison of the
two testings is included ss & separate chapter,



CHAPTER IV
RESULTS OF THE TESTS

The instrument used to measure the gain or loss in
the understanding of mathematical concepts a&s the result of
the members of the group attending the sessions of the in-
service course was the Stanford Achlievement Teat, Interme-
diate II, Modern Mathematics Concepts Test, published by
Harcourt, Brace, World, Inc., FNew York, 1965. This partic-
ular test was selected because the instruetor believed it"
contained gquestions and problem situations covering what he
anticipated the content of the course would be, While there
was an advénced form available, he did not wish mathematical
computation to become %tooc involved as 1t might overshadow
the concept idea, Too, as stated earlier, this Iintermediate
test did cover the materials the participants could use to
advantage in the grade levels they taught at this time,

Figure I shows a comparison of the score made by each
participant at the beginning of the course when he first
took the test and at the close of the course when he took
the test the second time, Only one regressed, Three gained ;
one point, and the rest gained four or more points. The
greatest gain was made by the person who was not & teacher
in Unified School District #3833, She had taught on the
secondary school level, but she had never taught methematics,
She geined 11 points, The class median was 46 at the first
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FIGURE I
DISTRIBUTION OF SCORES ON THE STANFORD MODERN
MATHEMATICS CONCEPT TESTS FOR OCTOBER, 1966,
AND JANUARY, 1967

October, 1966 ====e=- January, 1967
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testing and rese to 49 at the second testing,
Following are tables glving an iftem analysis report.
Each item is categorized according %o the concept that pare
ticular item was supposed to test, A statement is made de-
soribing the most frequently missed items of the testings,
Blank spaces indicate zeroc,

TABLE I
NUMBER SYSTEMS ARD RUMERATION

Test Item 2 34 6 7 8 20 30 L4 45 49 51
Times missed: Oct, 2 1 3 1 3 6 13
Jan, 1 2 3 4 1l

Item 30 had to do with changing Roman Numerals to base ten
Arablc numbers, Item Ll was the selection of a set of stars
which were equal to a specified base two number, Item 45
was &n addition in base four., It would appear that more
work in different bases and & better understanding as to
what & "collection point" really is were needed,

TABLE II
GEOMETRY AND MEASUREMENT

Test Item 9 10 11 15 16 18 27 29 31 32 37 39 43 50 53
Times missed: Oot, 1 3 2 1 1 3 S 7T 4 2
Jan, 1 5 1 h 1 7 31
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Items 15 and I3 which were missed the most times in the Jan-
uary testing had to do with visusl judgment of measure in
comparing the size of regions or line segments, Llttle time
had been spent in discussing geometry and measures in this
course, However, at least one session had been given to
this topiec during the 1964-1965 course, There is much to

teach children about measurement,

TABLE III1
OPERATIONS AND KUMBER PROPERFTIES

Test Item 1 24 26 3 35 4o

Times missed: 0Oct. 2 b4 2 1

Jan,

Item 35 had to do with the closure property, It would seem
this section had been feirly well understood by the partic-

ipants,
TABLE IV
MATHEMATICAL SENTENCES
Test Item | 5 ia 19 28 52
Times milicﬂ: Get, 3 1

Jan, p |

Both items 28 and 52 had to do with interpreting & number
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sentence, The inference of this section had to do with
making & number sentence to fit the problem and then solving
the problem more as an algebraic equation than by what is
ordinarily thought of as arithmetic,

TABLE V
FACTORS AND PRIMES

Test Item 17 46 Sk
Times missed: Ooct, 2 5 7
Jan, 2 5

Item j6 was the selection of a set of prime numbers from a
series of sets of miXed composite and prime numbers, Item
5l was the selection of a factored common denominator, A
point which should have been emphasized was that any number
in & factored common denominator must appear as many times
as that factor appears in any of the prime factorization of
the denominators being converted,

TABLE VI
SETS
Test Itenm 23 25 33 k7 L8
Times missed: Oct, 5 5 3 7

Jan. 2 1 1 3
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Item 23 had to do with the translation of & described situa-
tion Into set language, This particular set wes a null set,
Item 33 concerned a set intersection, item 47 equal sets,
and item 46 concerned intersesction of sets but using the
aymbol instead of the word, The participants still needed
more practice with sets &and in the understending of sets,

TABLE VII
LOGIC
Test Item 21 22 36 38
Times missed: Oct. 2 2 3 6
Jan, 1l

Both items 36 and 38 had to do with the "If , ., , then" type
of question, They also involved a precise understanding of
some mathematical symbola, This is an interesting area on
which very little time was spent, Had time been availsble
the group, no doubt, would have enjoyed making "truth

tables,"
TABLE VIII
SYMBOLS AWD DEFIRITIONS
Test Item 13 1L
Times missed: Oct, 2 3

Jan,
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Item 13 involved reading mathematleal sentences meaningfully
while item 1l esked for & meathematical symbol to be placed
in a frame to make & sentence true, There were not encugh
items in this area to actually test knowledge of symbols as
there are many modern mathematlcal symbols to be learned,

TABLE IX
GRAPHS AND TABLES

Test Item L1 h2
Times missed: Oct, 2 5
Jan, 2 6

Both of these items involved the halving or doudbling of one
or both of the dimensions of rectangles, then rereading from
a table the quantity which could be placed in a region af-
fected by the halving or doubling of dimensions, This is a
difficult concept to tesch, ¥othing had been done with
geometry in this session other than to note that the sides
of angles were called "rays" in modern mathematics,

The two testings showed the participants did make
some galns, They also showed the group could have used more
discussion and understanding of some of the areas if they
were to be effective teachers of modern mathematics, Fer-
haps as they teasch these concepts to children they will ape
proach them more moderately and will obtain & greater grasp
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of the logic of mathematiocs, realizing that one concept

evolves from the understanding of & previous concept,



CHAPTER V
CONCLUSIONS AFND RECOMMENDATIOKS

In addition to the Modern NMathematics Concepts Test,
each participant was given & selfl and course evaluation
check sheet to complete, A sample of this is in Appendix
A, This check sheet was malled to each of them but one.
This was the non-teacher whc had moved away and left no for-
warding address, This mailing was done in August, 1568, and
eleven returned the form, The delay in distributing the
evaluation check sheet gave the participants time to employ
the information and concepts lesrned in the course, as the
local school district had adopted a modern mathematiocs text
in the elementary grades that next term, It also gave them
time to forget the detalls of the course!

For the Self Evaluation part of the check sheet the

responses tabulate:

Self Evaluation
1, The purpose of the study was clear to me.
no-0 somewhat-l yes~l0

2., My interest at the beginning of the study
would best be described as

low-0 medium=-6 high-5

3. My interest level at the end of the study
would best be described as

low=0 medium-2 high-9
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4. In comparison with other group members the
guality of the contributions I made were

poor=-1 average-9 good-l
Item S was: The two greatest benefits to me of working on
this study were:

Four participants stated that the introduction to
and learning modern mathematics terminology was the greatest
benefit, |

Three bslieved that the reinforcement of concepts
learned in an earlier college mathematics course was most
beneflecial,

Two others stated much the same idea saying 1t was a
boost to & poor mathematics background., Other responses
included:

"Mp, Ohno's teaching us how to use the abacus.,”

It helped evaluate my own progress.,”

"Gave me 8 better historical background of math-
ematics,"

"2 gain in new eppreoach in teaching math.,”

"Tdeas for practicsl classroom adaptation,”

"Discovering the many facets of working with math-
ematiecal problems.,”

"Good math review and learning about square root and
the abacus,”

"Learning more sbout modern mathematles,”

"Realizing more fully the benefits that the children
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using the program receive,”

"Helping me really see the 'why' of modern math, for
until this time it has seemed 'much ado about nothing,'"

"Adding 'spice' to the regular math lessons in my
own classroom,”

"This was an introduction to modern math for me,"

Item & asked for ways the course could have been of
more biﬁafit to the participant, The responses can be sume
marized:

Two would like to have besen using a modern math text
in their teaching at the time so they could have used the
materials given out slong with it., Two others would have
liked greater c¢orrelation to the scope of their particular
grade levels, Others belleved that required sssignments of
study sheets or problems in & book would have been benefi-
elal, 4&nd, finally, some would have had more seasions, At
least 1t was gratifying to know they wanted more,

The section of the check sheet asking for course
evaluation contained these responses:

l, Were the topics covered sultable for your ocwn
classroom use?
no=-0 partly-5 usually-6

2, Were the hand-out materials adaptable for your
own classroom use?

no~0 partly-l usually-?
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3, Did the concepts covered in this course help
you feel more et ease in your classroom when
the arithmetic text was changed to & modern
one?
_ no-0 somewhat-2 yes-l |

Five said they could not give a valid answer to the
last question =s they had not yet taught the material %o
any class,

Question 4 of this section asked, "What ﬂaﬁld you
have deleted or added to the course®”

No partiecipant said he would have deleted anything,
A few suggested some additions:

"5 comparison of modern math books." (These were
avallable and mention was made of‘thnm but no cemparison
was done in class,)

"Hore study sheets for practice.,"

"Make some alds in the course,” (Quite a number of
lucb_nidl were demonstrated, but the participants were not
required to make eny, Several did, and used thag with their
pupils,)

"More work in the bases,"

"More time spent in learning the 'why' of meth, i.e,
why the divisor in fractions is inverted.” (The imstructor
felt the 'whys' were the basis of She whole idea of modern
mathematics,)

"More work in the field of geometry.”

Response to item 5, "What is your opinion of
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in-gservice courses such as this?" could be briefly summa-
rized as: They are beneficial, They should be held at an
hour different from 4100 p.m.--preferably on released school
time, They should not be compulsory, One participant sug-
gested more of them should be held on topics of interest and
need to the teachers, Another stated thet in-service
courses should be held any time new texts or other materials
were being adopted, Thus none of the group disavowed the
benefits of a well organized and presented in-service traine-
ing course, Their objections centered on the time of day,
required attendance {(the first session), and not using
school time for i1t, Some teachers would liked to have had
each grade level separate with the hand-outs for e specified
level., This was particularly true in the first course, The
lnntruetar-boliavs: all=-ovsr concepts are more important
with general suggestions, From this each participant could
adapt such ideas and materials according to the reguirements
and capacities of any group he is teaching. Too, when the
group consists of teachers of several grade levels, the par-
ticipants are able to ses better the vertical structure of
the whole program rather than beling limited toc one small
horizontal area, The instructor had made his position clear
on this point at the beginning of the second session, This
might explain why no first or second grade teachers enrolled
for the course, The instructor realized some of the group
took the course because of loyalty to him and to help him
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with his project,

The instructor felt some definite beneflits did oscour,
The testings showed the participants d4id gain in knowledge
of mathematical concepts in modern mathematics as a result
of their teking the in-service course in this sﬁbjiet. Some
gained more than others and apparently one was more confused
than before,

The participants did try out the ideas in their
classrooms and meny used the hand-out materials as new ways
of constructing both learning and drill sheets as well as
tests, These and their discussions may have been the grest-
est value of the course, More teachers used the three
levels of Enrichment Mathemstles, Frogreams, A, B, and €,
published by Harcourt, Brace and World, Inc, to supplement
their basiec texts than had been done previocusly, These were
& programmed type materials on medern mathematics for use
by intermediate grade students, Eaeh pupil cculd progress
as fast and as far ss he wished in these books, This past
year Unified School District #3083 went entirely into a
modern mathemetics program published by Harcourt, Brace,
end World, Inc, The first and second grades had used the
"modern" editlon the previocus year, Because the intermedi-
ate grade teachers had been superimposing the new math on
the treditional math program of the year before, the Marlatt
teachers and puplils mede the transition with little diffi-

culty.
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Another benefit gained from this specific in-service
training course was the greater amount of supplementary ma-
terials purchased for enrichment of the mathematics progranm.
As the members of the group obtained information about ma-
terials and types of materials, they requested more for use
in their classrooms, The Marlatt Elementary School Library
now contains sixteen titles of boocks dealing directly with
some phese of mathematics in addition to numerocus ones which
have tc do with counting or number rhymes and similar be-
ginning mathematical concepts. A number of film strips on
mathemetics were also purchased, The feculty professional
librery now has several books and pamphlets on mathematics,
tmong these were sets of elementary school texts such as the
Mathematics for the Elementary School by the School Math-
ematics Study Group published by the Yele University Fress,
the Addison Wesley series, and othere, The school also
keeps & subscription to the magazine, "The Arithmetic
Teacher.,"

wWhen only 13 of 126 teachers start a veoluntary in-
service course, it would seem evident thet teachers do not
willingly exert themselves to take such a course for self-
i{mprovement only, Credit of some kind given might have pro-
vided & greater incentive for them to enroll, For exemple,
"school board credit" to be counted towerds their profes-
sional growth requirements might have been arranged, The
fact that only one teacher from snother attendance center
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of the district completed the course, and he with irregular
attendance, implies teachsrs are unwilling to exert real
effort to get te such a course even though several teachers
from other bulldings had evinced an interest in modern math-
ematlics courses, Twenty-five of the 126 teschers ware
1isted in the Unifled School District #383 Administrative
Handbook for 1965-1966 as being new to the district, It is
pessible all 25 of them had had college courses in modern
mathematics,

In spite of the evidence above, this 1s not meant as
8 blanket indictment saying teachers have negative attitudes
towards in-service programs. It is the beliefl of the writer
and apperently the conclusion of most writers in the fleld
that tsachers &re anxious to improve themselves and will
sacrifice their own time and family to do i%,

The main complaint of teachers concerning in-service
programz ls the time--both in hours and the time of day-~
needed to work in in-service programs, Preparation for
their classrocm work and the teaching iteelf often have them
physically end mentally exhausted by the time of the after-
noon dismissal, "By four o'clock, I could care leas adbout
self-improvement!™ one teachsr expressed it, Some of the
training might be dene on released schocl time during the
regular school day when substitute teachers take over in
the classroom or puplls are diasmissed early, Finances coften

prohibit the flrst, and bus schedules the latter, 3Before
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school convenes mornings is not good for in-service prograns.
Programs at this time of day take the teachers' minds off
their teaching plans for the day and the edge off their
snergy, cutting down their efficiency with their pupils,

Teachers do not object to an cccaslonal evening or
Saturday meeting, but do object to any required series of
such timed meetings, These are the times in addition %o
summers when they obtain college credit for certificate re-
newals, to meet professional growth requirements, or to ad-
vance a step on the salary schedule, These are thelr times
to build a personal life, pursue hobbles, and in general
regenerate themselves for the next day end the press of the
days tc follow,

One solution to the time problem would be to extend
the contractusl time of teaschers perhaps four to six weeks
above the time they are to be teaching in the classroonm,
They would be on salary for this time and 1t could be de-
voted to in-service programs, curriculum work, and other
phases of instruction to which the teacher could give his
full attention and working time, So much of this business
of teaching must be done outside the regular classroom that
this would seem to be a falr wnj to care for some of it,
Part of these days might be essigned for programs before
the beginning of the school term in preparation for the new
term, and part might be assigned for the closing out and
evaluating the preceding term at its close, Each district
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would have to decide how it could best use the days and the
type of work which would be most beneficlal to its puplls
and the progress of reaching its planned goels, This type
of plan would permit the teacher to devote practically all
his energy and thinking to the children under his instruec-
tion during the days of classroom sessions, without inter-
rupting and dividing his attention during the year,

The influx of "multi-media®™ and electronically con-
trolled programs, computerized enrollment, and similar de-
vices assures the continued need for in-service training
for teachers already in the field, Since each school needs
to select the Ltems in terms of its own constituency, the
programs must vary from school to school., Thus, no matter
how much training a teacher may have hed before he assumes
duties irn any sehool, he will need further instruction in
the aims, methods, aspirations, and use of materials for
that specific school, It would seem that in-service pro-
grams are here to stay., Perhaps use of more efficient cur-
riculums, progrems, and meterials will lighten the load of
teachers while actually with the pupils, so that much of
their time will be devoted to the planning and preparation
of tailoring programs for each pupil, This could be, then,
just part of the regular school day and be effected during
regular school hours, Increased use of "para-professionals”
can help relieve teachers of many non-teaching duties and

let them really become professicnals,
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Regardless of time or place, in-service programs must
be purposaful end practical, They must be presented as well
es school administrators and education departments of col-
leges and universities insist teachers should perform In the
classroom, When teachers see practical results from their
efforts they do not offer complaints.

Some other activities in which the author has partic-
ipated concerning modern mathematiecs Included btalks and dem=-
onstrations at Parent Teacher Association meetings, being s
panelist at & local teachers' institute, and working di-
rectly with various classes of elementary school students at
Marlatt School when requested toc do so by the teachers, He
has taught in s msthematlies workshop and a regular summer
school session in mathematics for the elementary school
teacher on the Kanasas State Universlity Campus, and he has
teught the mathematics Interest groups for grades 3-4 and
S«6 for the public schools' summer school,

Aetually the author was not discouraged by the seem-
ingly small enrollment in the in-service training course
described in this report, He gsined considerable knowledge
from teaching the course a second time as well as enjoyment
from working with mathematics and a group of interested
adults, In fact, he would be willing to teach another
series of lessons should enough teachers and/or parents

desire thenm,
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Recommendatlions for any in-service training course:

1.

-

3.

L.,

In-service ¢training inauguration and organization should
involve both teachers and administration,

Specific goals or ways in which the course would improve
instruction should be evident,

The format and calendar of meetings should be decided
upon from the beginning of the course,

If the number of sessions needed to cover the topile for
in-gervice training needs to be extensive, the teachers
attending should receive some kind of credit to advance
them on the scale of promotion or salary, or they should
be relieved of part of thelr regular classrocom duties so
they may concentrate better on the study at hand, This
release might be yia substitutes, para-professionals, or
early dismissal, The tescher might sirply recelve extra
pey for this extra work, perhaps through an extended
contract,

Qualified and capable instructors should be in charge

of the course, Instructors could be a classroom teacher,
an administrator, an outsider, or a combination of the
three mentioned, The participants should galn some
methods of teaching, as well as knowledge of what to
teach.

The participants should expect %o spend some time and

energy to make the course successful,
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7. Some method of evaluation of the in-service course
should be devised to measurs 1ts efl'icacy and to help

plan future in-service training courses,.
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+ T"Elementary School Notes,"

Scott, Foresman and Company, "STA Mathematics Forum,”
Popular Sclence Book Digest, "High-Speed Math,"

Holt, Rinehart and Winston, Inc. "Arithmetic Experiences
in the Kindergarten,"™ . .



APPENDIX A

INTRODUCTORY AND EVALUATIVE MATERIALS
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A STORY OF NUMBERS
Introduction

Numbters are fascinating, not only wecause of their intrinsi.
value; but from the viewpoint of sheer pleasure one can derive
from their use in puzzles and in manipulating them. It is easy
to understand why many people of the Middle Ages thought them
t0 be magic--especially the zero, which they could not or did
not grasp as a piace holder but as something to siy- fy no-
thing. How could something be used to signify nothing!

Using various sources this comprehensive story ef numbers
is written on the level of the understanding of intermedizste
grade children. It is hoped that those resding or hearing
this story will have created in them a greater interest in
numbers and in all mathematics, and gain a better basic under-
standing of numbers.

In this age of electronics, electronic computers have
becore the heart of business, indusiry and professions. Any-
thing which can be reduced to a mathematical squation or for-
mula can be fed into sush a computer which has been programmed
to deliver a solution. In considering the prodigicus amount of
calculation these machines can do, it still must be remembered
that it was the mind of man that conceived the machine and thas
it is still man who programs the machine to make it work. So-=

"One for the money,
Two for the show,

Three to make ready,
And four to go."



A _STIRY OF NUMBERS

- Had you ever thought of a time when there were no numbers?
Most of us take numbers as a matter of course and never stop to
think we have not always had them as ours are today; No doubt .
you know Roman numbers and realize the Chinese and Japanese do
not use our symbols for numhers; But, had you realized that
man has not always been able even to count?

Counting is & man-made device. Animals do not count; (Some
scientists believe some animals have an instinet for knowing
groups up to four or five.) For instance, if a mother cat wantad
to move her six kittens to a new home, how many trips would she
make? One who can count would say, "Six." Not so a cat. She
would make seven trips to be sure none was left;, for she could
not count to cheék them to be sure.

Oggg the cave-man, did not need to count; If he ran out
of food he merely went out and hunted more; He did not collect
things so he had no use for counting; No doubt he could match
pieces of food with members in his family, but he did not total
items in the way we think of counting or check to see if there
were enough pieces when he was away from the ones who would use
them. When people began to live in larger groups such as tribes,
clans, and such; they began to collect things. That was a iong
time after the world béganq Then, too, began the need to count.

In China, Mount Iu‘may,have had three turtles, but he did

mot know "three," so he just used a word that meant "a lot."
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Over in Mesopotamia, Aﬁeam had some sheep. He could say, "Ore,
two, three," but after that he used a word for "many." Menes
lived in Egypt. His father had six palm trees. Menes could
count, "One, two, three, four, many."

Hundreds of years passed by. Finally in China Mount

Yu's great, graét, ever-so=great grandchild could count. "One,
two, two and one, two twos, two twos and one." But over that
all he could say was merely, "A lot." In Babylon descendants
of An-am had learned to count;, "One, two, three, three and one,
three and two, two threes, two threes and one; two threes and
two, three threes,; three threes and one, three threes and two--
many." That would be only to our eleven. Meanwhile, in Egypt
Mene's descendant - could count further because "he- could count
to five, and, by repeating, he could go as far as 29. You see
he used only one hand. Thus he would count, "One, two, three,
four, five, five and one, five and two, five and three, five
and four, two fives, two fives and one, two fives and ﬁwo, two
fives and three, two fives and four, three fives, three fives
and one, three fives and two, three fives and three, three fives
and four, four fives, four fives and one, four fives and two,
four fives and three, four fives and four, five fives, five

fives and one, five fives and two, five fives and three, five
fives and four -- manyo“l

- It is easy to see that counting developed very gradually.
In comparing counting and calculating systems of savage tribes

lErnest Horn, Mabel Snedaker, and Bess Goodykoontsz,
"How We Came to Have Numbers," Learn to Study Readers, Book V,

Grade Six (Boston: Ginn and Company, 1 s Do 1R+
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of today with those of prehistoric times, anthropologists find
them to be very similar. Curiously enough, they also believe
man had numbers up to three or four before he began using his
fingers to help him. count. The reason for this is that the
names these early people used for numbers up to three or four
have no connection with fingers, but rather were named for some
familiar object which usually appeared in groups of that many.
"Thus the 2 in Chinese is the word for ears; in Tibetan it is
the word for wing: in Hottentet for hand; 4 with the Abipones is
ostrich-toes; with Mafquesans, 4 is a bunch of four fryits; in
Hindustan, the word for 1 is moon. nl

On the other hand, in nearly every language the word for
53 is "hand." From there it was easy to go on,--one hand and
one for six, one hand and two for 7, and so on to "two hands”
for 10, "In Greenland and Australia alike, 6 means ‘one on the
other hand,' 10 is 'twé?hands,’ 11 is 'two hands and a toe;°®
and 20 is ‘one man.' Tﬁe‘Tamanacs, a tribe in South America
say 11 is 'one to the foot,®' 15 a 'whole foot," 16 ‘one to ths
other foot.'! 20 is 'oéé.Indian.' 21 is 'one to the hand of
the other Indian.' 40 15 %two Indians.! 60, three Indianssl
100, five Indians.® In some tribes 10 was "half man," while 20
was "man finished." .

The Zulus startéﬁvwith the little finger on the left hand,
on to the thumb which 15 “finish hand." The thumb on the right

ilena Mural Beck, "Enumeration Systems,” {an unpublished
Thesis, University of Texas, 1933); pP. 2

zlbldo, P 3.

I
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hand is six, and 7 is ;heir-wnrd for "to point," as it is the

finger on the right haﬁg'ﬁsed for pointing. The Zulus used a
system of suhtracting)fﬁf_ﬁg as it was "keep two ?ingéisfbackg"
and 9 was ”keepaoné'finggr'iacko“ 'Tbhngaia clap of ﬁhe?éﬁégf.
hand. You are #cqnaiﬁtad with the Roman XL for forty or 15 ”*' -
rfor‘90 wﬁicﬁ is the.saﬁefideaar (The Roﬁaﬁs sélddm used IV for
four as they'preferre&”IIII.) At this early time, however, men
were not writing their numbers. In fact many aaﬁage triﬁés had
no words even for higher numbers but they-gpuld c&ﬁét-quite far
in sign language. We still use some of the wnrﬂsnéur-ancéstorS-
used to indicate a number greater than they could éount.a Some
of thesé are: a "flock" of sheep, a "school" cf fish; a #herﬁ“
of deer. Perhaps you have said there were a "zillion"™ something
or other when you thought there ﬁare-gn‘uncount&ble number .

“'B? this time man was counting'faf enough that he found
the need of some system to help ﬁim keep track of his numbers.
Perhaps some notched a #tick or put a pebble in a pile and let
each notch or each pebble represent so many. In fact our ggéggg
a word for twenty, actually means a mark. Others made marks
in the dust and from tgat developed dust tables, swan pans, and
the abacus. ,

The dust table was just what the name says--a table or
area of dust. It was divided into parts. As things were counted
a mark would be made in the dust in one-parta When so many,
usually 10, were made in one part, they were rubbed out and a
mark representing that whole group was put in the next part.
Sometimes deeper grooves were made in sand. Then pgbbles were

put in the grooves. When so many got in one groove, they were
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they were taken out and one to represent all of them was éﬁ%
into the next groove. Finally people realized they could draw
permanent lines on the table to divide it into part and use
discs, beads, or other counters to move from part to part These
were the forerunners of the abacus. The Chinese and ether
orientals used counting rods, but they developed'a "swan pan®
which was a kind of abacus they could carry afqundo

The abacus ha$ been used for a long, long time. The
dust table was really cne. The idea of the instrument was to

~ let an area or line separate groups of numbers. The numbers were

représented by discs, beads, or other counters, and placed on
them. The first line was units, the next tens, the next humdreds,

etc. The form usually thought of is a frame with wires
stretched across it, ®ach wire strung with ten beads. The
numberrdf beads pushedAup_on each wire tells the number of
| that group counted. Heariy all parts of the world has used
tﬁemu The drawing below represents the number 426,

FT I

BEREN

As man began to develop a written language, he also
began to develop a written system of symbols fnrrnumberSa He
did this so he could keep a record of his flocks, if he were a
herdsman, acéounts, if he were a merchant, etc° Since men lived

in all parts of the world, different ways of writing numbers
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arose. The Egyptians use& hierogiyphics, the Sumerians anﬁlthe
Babylonians used cuneform uriting They wrote on clay tablets
and wax tablets, and finally papyrus, parchment and paper. In
many cases one was represented by a vertical line just about
like the little finger when it is held up to count. The two was
often represented by two vertical linas, || s representing two
raised fingers, or two_hprizontal lines,, ; to represent two
sticks laid down. Threé and four were often represented in the
same way. You can easily see how the ——— , written rapidly

could become our 2 (2)9 or —=. , become our 3 )o

The Egyptians and Greeks had written number systems. The
Egyptians used hieroglyphics and there are quite a few samples
still in existence, since they were carved in stone. Here is

a copy of some of their orﬂinary hieroglyphic numerals:l
10

Ty e T T

lﬂ IIQﬂﬂ on nnn Y, i (

100 200 1000 190,000

It is believed the Phoenicians actually did not do a lot
to develop numbers of their own. They did use the systems of
other peoples. The most important thing the Phoeniclans did was
to carry these systems of counting to other places in the world
and to teach the people in these parts to use them. The Phoe-
nicians were traders and sailed over the known world to trade
and had to have some meﬁﬁod of keeping accounts. To be really
useful to them they had to teach the people who traded with

them how to use the same number systems.
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Although nearly}every civilization produced a number
system, the Roman systéﬁ lasted the longest. We still use it
today for numbering chapters in books, parts of outlines, num-
bers on some clocks or watches, dates on buildings and motion
picture films, and many others. The Romans used a combination
of marks and_lettérs of their alphébet-to represent numbérso

They did not use successive letters of their alphabet'for this
representation as did the Syrians, Hebrews, and Greeks. While

various theories have been developed by writers as to how the
Roman system of numbers evolved, it seems very plausible their

nunibers might have been simply thus:

R LYRAY

TR U LA

b & &l O
Vit qifm vime X
No doubt the C for one hundred came from the Latin word centum
which means hundred, and M for a thousand from their mille.
Some writers believe our plus (<) sign was from the Latin word
et which means and. As it was written rapidly and more rapidly
it was finally reduced to a simple cross.

As mentioned before, the Romans, as well as others,
used the rule that smaller numbers to the left of a greater one

should be subtracted from the greater. However, the Romans di

not do this a great deal until after the Middle Ages. The
Romans used several methods to write large numbers. One was the
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placing of a bar above a number to increase it 1,000 times.
Such as GXX would be 120,000 or X would be 10,000. Sometimes
they put the strokes at the side, so [X}+DC ¢ XC was 1690,1
Another symbol used to represent 1,000 was Q0 . OSometimes it
had a vertical line through it to keep it from being mixed up
with X. This led to its being written C!OD. When half of it
was taken, |3 , it became 500. If joined, it makes the D
which became standard after printing was invented and is still
used for the Roman 500.

‘The Romans could use their written system to add, sub-
tract, and multiply, and in making fractions. They probably
used an abacus or some similar counting device more often,
because they could figure more quickly with it. They did not
do division with their numbers until after 1000 A.D. and then
they mixed their numbers with the Arabic numerals to do it
more easily. The Romans had a pretty good number system but
it lacked two things to make it easy to use. It was based on
ten, but it did not have place value for numbers or a zZero.
People already had the idea of place value as they used it with

their counting boards or abacus, = ~- T .

There is no more proof where our number system came from,

than how the Roman system developed. Most authorities of today
believe it had its beginnings in India with the Hindus. A man,

Severus Sebokht, about 650 A.D. wrote:

1 ¢ - : .

Florian Cajori, A History of Mathematical Notations,
Volume II, Notations Mainl in Higher Mathematics (Chicago:
The Open Court Publishing Company, 1928), P 32.
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I will omit all discussion of the science of the

Hindus, a people not the same as the Syrians; their

subtle discoveries in this science of astronomy,

discoveries that are more ingenious than those of

the Greeks and the Babylonians; their valuable

method of calculation; and their computing that

surpasses description. I wish only to say that

this computation is done by means of nine signsol

The symbols developed in India went on west through
Arabia and finally into Europe. ‘The only forms which have
significance are the first three, I'a llg l“9 OF a4 ;

EEEE& which are similar to many other beginning systems which
indicated fingers or counting sticks. To both the Egyptians
and Hindus, numbers were sort of magic. They mixed their symbols
for numbers so much with symbols used in their religious and
mystic rites, it is préqtically impossible to tell why a certain
symbol was used to represent a certain number.

People got the idea of place value of numbers through
their use of the abacus in counting. No dgubt this idea devel-
oped gradually. The zero is what makes our number system so
superior to any developpdﬁ Dantzig wrote: "In the history of
culture the discovery of'zero will alwaya staﬁd out as one of
the greatest single achievements of the human raceo“2 Zero is

usually thought of as a device of the Hindus. However, a study
of the hieroglyphics of the Mayas of Mexico and Central Americe

indicates those people used a symbol for zero centuries before

the Hindus did. The Mayas also used a local place wvalue. Their

1pavid E :
David Eugene Smith, History of Mathematics (Boston:
Ginn and Company£ 1925), péo =05,

2Beck, op. cit., p. 4l.
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numbers were based on 20. A bar represented 5.

]
9
o
a

L X ) L
@ e oo - -] e e —_——

o 1 2 4 5 7 m 19. By

adding one of their oval symbols below a number that number

was multiplied by 20 just as annexing a zero to a number in our

system multiplies it by 10:

e 3
-3 ey

20 200 360 o
Also before the time of the Hindu zero, the Babylonians

had developed a symbol for zero. Their numbers were based on
60. This was a convenient base and we still use traces of it
in our system of measure of time: 360 days (roughly) in a year,
60 minutes in an hour; 60 seconds in a minute.

If one considers'that even today there is not one definite
name for our symbol "O," but that it is called cipher; zero,

nought, ought, or even the letter ¢, then it is easier to under-
stand that it took hundreds of years for a number system to
develop. The ArabiccHindu system probably did not make its way
into Eurcpe until the ninth or tenth century A.D. Its number
forms were not kept thaisame even then, and often they were
mixed with other systems such as the Roman. A book, The
Development of Arabic Numerals in Europe 2written by G. F. Hill,
presents the gradual d%vélopment of numbers in Europe up to

lFlorian Cajori, A History of Mathematical Notatioms,
Volume I, Notations in Elementary Mathematics. (Chicago: The
Open Court Publishing Company, §g231, P- L3.

2G. F. Hill, The Development of Arabic Num erals in
Europe {London: Oxford University Press, 1915] 125 pp.
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about 1500 A.D, Mr. Hill got the samples for his number%?
from old manuscripts, sculpturing, churches, other buiddings,
brasses, coins, pottery, paintings, woodcuts, metal engravings,
medals, anything of a durable nature which he could prove was
authentic. He has set up these number forms in 64 tableso‘
Besides showing the form of the number he tells the date and
the place where he found it. With all of that, Mr. Hill does
not claim to have told all. He says, in effect, that the tables
are there, one can make his own conclusions’s

The forms for the number symbols did not tend to become
standardized until aftgr the invention of printing. That in-
vention did for numbers what it did for written language. The
use of numbers became more universal and as it spread to all
people there had to develop a common form for each symbol. The
following is taken from a thesis written by Lena Beck,1 Miss
Beck summarized her notations from Mr. Hill's books

"The symbol one ha; varied varied little. It was some-
times written I, but for the most part it has been a single
vertical stroke.

"'wo has varied much. We find the following forms:

o BT a7z 7

"Three has changed less than most of the digits and is
generally traceable to the cursive writing of the three original

strokes., Some of the old forms are:

lBeck, op. cits, PP. 93=9%.
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5{§F)'“2737‘3j)3

"Four has gone through many changes, and students of old
manuscripts are said to base their judgment of the age of a
manuscript on the type of four to be found within its pages.

A few of these changes follow.

[ ® //‘/{‘ 0 9’%994

"Five has assumed many shapes. Here are a few.

YYRh (9 G & 275

"Six is another one of the digits that has shown few vari-

ations in its history. Below are some of its older appearances.

bhiL€g GCcla

"Seven has been almost uniform in contour throughout the
years. In the earlier writings the digit was laid flat; and it
has been only since the fifteenth century that it has become

erect. Here are some samples of its early positions.

/i/'\/7c\\,/‘/f7/"

"Eight has seen relatively few variations. Below are

some of thenm,

33 F)798 349
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"Nine has assumed only a few different shapes. Those

following will illustrate.

23¢7LY 9097

"The zero, being younger, has probably varied less than

its companions. Here are some of the forms found:
i D)
OO QPIDoo OB

Our number system as we know it today has been in use only
about 400 years. That is not a very long time in the history of
man. Our system has a single symbol for each digit and a "space
holder," zero. You may prefer to think of zero as any other
digit and meaning "not any."” However, that is what makes it a
space holder. It is the zero which makes our system so simple
that the study of mathematics is begun in primary grades instead
of being a subject so difficult it was taught only in a univer-
sity. That was the case some 400 years ago. The zerc trans-
lated "not any" and combined with place value of a number enables
us to write any size number using no digit larger than 9. Your
arithmetic book will explain to you about the place value of
numbers if you do not understand it. If you like large numbers;
you can easily write and read one up to 66 places. Start with

the ones, progress to the left one place to the tens, another
place to hundrsds and you have the basis for reading and writing

any number. You never have to read more than three at a time
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and then tell the name of the place that group is: thousands,
millions, billions, trillions; quadrillions, quintillions,
sextillions, septillions; octillions, nonillions, decillions,
undecillions, duodecillions; tredecillions,; quattuordecillions,
quindecillions, sexdecillions, septendecillions, octodecillions,
novemdecillions, vigintillions. You can write decimal fractions
in much the same way by simply moving to the right of the ones
place, making a decimal point, write the digits telling the
amount in each place; but call them fractional names: tanths;
hundredths, thousandths, etc; The fractional names correspond
to the whole number names the same number of places to the right
of the ones place as the whole number is to the left of the ones
place.

The digits all progress in the same order of size, zero
to nine, and since they are used to tell the amcunt in any plaee;
you cannot go wrong. The tens are the collection point in
counting, thus shifting you to another place. That is why we
call our number system a decimal system. Decimal comes from
the Latin word decem which means ten. The digits are so called
in reference to fingers which were early used in counting, as
digit is a word meaning finger. Strietly speaking, zero is
not a digit, although some consider it to be.

So, numbers are fun. Learn to use them well and they

will work for you and give you much pleasure.
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1.

SOME SUGGESTIONS FOR USE OF AARITHMETIC T2

IN ROO¥ DECORATIONS AND BULLETIN BOARDS

Make border decorations of mathematical symbols. Make them

~gquite large and use celophane tape tec hold the parts together

for tacking them along borders or sticking them tc window
panes. Usually there will be some children in the class
who will do some research to find more symbols that are

used in higher or "modern" mathematics.
+—-X+=~=AO-°
/ TV $te{lee

Make border decorations of geometric figures. Make them of

colored construction paper and place them in the border above
the chalkboards or elsewhere in the room. The children will

want to know their names and how to construct them.

[T ALACOC

Use numbrals, themselves, for designs. Overlap the same

nuserals or use more than one numeral to make an all-over
design on a 12" by 18" piece of plain construction paper.
The pupils will soon make up their own designs after they

are given the initial idea.

H ®» 3
444
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4. Have the pupils use a compass to draw circlies ané using the
same radius, make designs within the circle by placing the
point of the compass on the circumference of the circle to
make arcs within the circle. They may color the design to
be used for room decorations.

5. OSelect about a nine-inch sguare and have the pupils design
"quilt™ block patterns and color them.

€. Make mobiles using numerals and mathematical symbols for
the suspended parts that move.

7. Use well-arranged arithmetic papers as bulletin beard displavs.

8. Make inch cubes from construction paper for building three-
dimensional designs.

G. Make three-dimensional five or six pointed stars for Christmas
deccorations.

iC. Make a bulletin board disppay showing various units of

o

measures of long ago in comparison with the standard unit

of that measure used today.

These are just a few suggestions t¢ give the idea of the

real beauty in mathematics as well as its practical values-
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Modern Mathematics Concepts Test

DIRECTIONS: Read each question. Decide which of

the answers given below is correct. Look at the answer:

spaces at the right or on your separate answer sheet (if
you have one).
letter as the answer you have chosen.

SAMPLE
A Six is what part of twelve? « % o
2t 1 ¢} 4% AOO@O

Fill in the space which has the aame

1 Any number minus zero is always —

a one more
b one less

¢ that number a b ¢ d
d an even number 1 BEE

All but one of these is a correct name for
* * * | the number of objects shown at the left.
x ¥ Which name is incorrect?

e 12241 g VII e f g h
f seven h2x2+1 o ™

3 Which of these numerals is twelve thousand, thirty-

five?
a 1235 ¢ 120035 a b ¢ d
b 12035 d 1200035 3OO OO0

4 In which numeral does the 6 have the greatest value?

e 84.63 g 463.8 e f g h
f 86.34 h 836.4 40 YOO

5 Which sentence can be used to find out how far our
car will go in 3 hours at an average speed of 50 miles
per hour? (d means distance.)

ab0+3=d cdx50=3 3 b o6 H
b3x50=d d3xd=50 5 SO0

& In the set of odd numbers, how many numbers are
greater than 6 and less than 127

e 3 g 7 e f g h
f 4 h 11 e IO

Which numeral means 9 hundreds + 4 thousands

LN |

+ 5 ones?
a 9401 ¢ 945 a b ¢ d
b 495 d 4905 7 OO (O

g8 What number comes next when counting in base three:
1,25 10: 11, 12, . . 7

e 13 g 21 e f

f 20 h 22 8 (¢

I

()=

(Jwa

9 Which of these figures is not a quadrilateral?

d

e

b
Y ()
&

®

[

10 A straight piece of copper tubing used for a water
pipe is usually in the shape of a —

e prism

f cube

11 This figure is a prism. Its faces are —

a | triangle and 2 quadrilaterals

b 2 triangles and 2 quadrilaterals

¢ 2 triangles and 3 quadrilaterals a
d 3 triangles and 4 quadrilaterals 11

g cylinder e f g h
h sphere 16 i € B

lr\, a

(Do
()n

12 A boy counted for a store owner the people who passed
his store. In 15 minutes, 30 people passed. At that
rate, how many people will pass from 12:00 noon to
5:00 p.m.?

e 600 g 280 e f g h

f 480 h 150 2 g
13 Which sentence below is not true?

ab6+4 =12 c3+5<«<7 a b ¢ d

b4+2 >5 d54+2=7 1835 e

14 Which sign, if put where the box is, will make this
sentence true? 4+3] |6

e = f - g < h > 14

A The triangle at the left appears to be
congruent with which triangle below?

7
d/\lS

A
[T~

¢ d

16 In which group are all four figures polygons?

e O o0 20 []

0 =< O O

143 & D 53 c Qg

<4 I ] 1BOOOC
17 2% is another name for —

a3x3 ¢ 3X3x3 a b ¢ d

b2x3 d2x2x2 17 3 o

G0 ON TO THE NEXT PAGE P



Modern Mathematics Concepts Test (Continued)

18 To draw a line segment to measure  inch plus £ inch,
you should have a ruler that is marked in a scale of —

e one fourth inch

f one half inch
g one eighth inch e f g h
h one inch BOOOO
. . 3 6
19 What is the value of » in the sentence . 1_8?
a b ¢ d

a2 b 6 c9 d 12 19

20 On a number line, the point that represents 432
would be —

e to the right of the point for 440
f to the left of the point for 478

g the same as the point for 234 e f
h to the left of the point for 396 20

€]
1 2 3 4

21 Which drawing above shows that all members of
set K are members of set R?

{ )ID
()=

al b 2 ¢ 3 d 4 21 7

22 Which shaded area above shows those that are mem-
bers of both set K and set R?

e f g h

ol f2 g3 h 4 22 7 )

23 nibricks that have no weight] =

a n |bricks over 8 inches long }

b n |bricks that have only one side!

¢ n {bricks that have been broken | a

d n [bricks that are red} 23 O (

(e
)

24 Which is another way to multiply a x b x ¢?

ecxXaxbh
f (axb)+(axc)
g bx(a+c) e

g h
h(@a+b) Xc 24 O O C

f

25 Which one of these sets of objects does not match
one-to-one with any of the other three sets?

990 -PPLP

h@@@@@ d == =2 2 == 25 SO C

26 Which sentence is true if r and s are positive, whole

numbers?
er+s<r—s gr+s>r—s e f g h
fr—-s=s—1 hr+s=s+1 26 ) O O O

27 The best estimation of the distance between the door
knob and the floor in your classroom is —

a 2k

c 3 a b ¢ d
b 24 ft. )

d 4 ft.

28 In which of these sentences will you add to find the
value of w?

ew=5+3 g4d=w—6 e f g h
fO9=w+3 h9—-7=w 200 CC
29 When two rays have the same end point, they form —
a an angle ¢ a straight line a b c d
b a triangle d a diameter 200CC
30 The Roman numeral XCIX =
e f g h
e 49 f 99 g 109 h119 30 > O OO
31 One half of 1 hr. 40 min. is —
a 20 min ¢ 50 min. a ¢ d
b 45 min. d 70 min. ILCOCO

32 A simple, closed curve with all of its points the same
distance from another point in the same plane is a —

g cylinder
h sphere

e circle
f prism

g h

e f
32000

33 The intersection of {3, 6, 9, 12, 15, 18} and {6, 8, 10,
12, 14, 16, 18} is —

a {3, 6 8,10, 12, 14, 15, 16, 18}

b |2 and 3!
¢ 13,8, 9, 10, 14, 16} a b c d
d {6, 12, 18} BOOOL

34 The fact that the order of two factors does not affect
their product in multiplication means that the
operation is —

e commutative

f the inverse of division

g distributive e f g h
h a product of an ordered pair KESSEPEETH

35 A set of numbers is “closed” for an operation when —

a no one can do the operation

b no more numbers are needed
for the operation

¢ there are no rules for the
operation

d there is no remainder BOOCDO

4
=4
G
) &

36 If K is a positive whole number, and K + 4 < 10,
then K may be —

{1, 2,3, 4, 5}
{14}

{l,2, 3 4,5,6| e f g h
16} 36 g

S @ -

GO ON TO THE NEXT PAGE p



Modern Mathematics Concepts Test (Continued)

s
£ £  What is the area of this rectangular
~ < E
- region?
6 fr.
a 12 sq. ft. ¢ 24 sq. ft. a b ¢ d
o 20 sq. ft. d 36 sq. ft.
- If K » 2 and R = 6, vou know that —
e K could equal 2 =« R
i K<R
g K >R ¢ f g n
nK=R

A piece of paper is 1 ft. 1% in. long.

measure used is —

a 1 foot

b 1inch

¢ a half inch

d a guarter inch

The product of two factors and one of the factors are

known. To find the other factor vou would

e multiply
f subtract

Number of Plants
per Acre of Ground

g add e f g h
h divide

See the table at the left.
How many plants are there
per acre when planted 2

Planted Number by 3 feet apart?
feet apart | of plants a 1815
| 1by1 43,560 b 7260
2hby 1 21,780 ¢ 32,670 a b ¢ d
2by2 10,890 d 63,340
4by 1 | 10,890
: Ey 3 | 3.630 According to the table,
v 4 I b how many trees would
Sby3 w 1742 = o ;
e ; 1210 there be per acre if planted
| 8 by 8 ! &80 12 b} 12 feer ﬁpil!‘[‘?
. 10by 10 435 e 302
162 by 1644 160 £ 400
33 by 33 40 g 608 & F § N
h 3302
/ A pupil has drawn this figure. It ap-
pears to be an effort to make
a an equilateral triangle
b afriangle congruent to ancther triangle
¢ a triangle similar to another a b c d
d an isosceles triangle

4 In the binary base, in which set are there 101, stars?

* ok

e * g

f * % h

r—m e

® ok ok

*

¥ ¥ e f g h
* K

R ER

| AT e

s

Add these numbers in base four: 13, + 12, =

a 21{..‘,_- C 30; i
t d 31, it

8 12.3, 58,7, 11

w10, L 2.3 5

g '2, 4,6 9 10|

h 2,3 5 7, 9!
4. 3,6 =

a 1436/ ¢ 13,6, 4!

b 131 4 17, 61
i2 4.6, 8™ 13.4,.5 6,7 =

e !4, 6]

f 14, 5, 61

g 12,3,4 85, 6, 7, 8}

h 2 3 44,5 6,6 7 8
1+i—3+i5 =

a 4 c 4

b —2 d ~12

£ g d
f g h

. C i
f g 3]
b ¢ d

The most precise of these measurements of length is

e 4% i
f 29 in.

g 2 H.
h 3.25 ft.

3148.69 may be rounded to —

a 3.1 % 10° ¢ 3.1 % 108
n 3.1 100 4 3.1 < 10*

Six pencils cost 2ae.
1o find the cost of each?

MO

Arc BDD is one fifth of a cirele.

€

f a h

Which sentence can nof be used

What

p is the measurement of 2BCD if C

is the center of the circle?

a 20°
o 60°

¢ 72°
d 90°

=+ What iz the least common denominator of two frac-

tions whose denominators are 2 = 2« 3
8 x 3 x>t
e 2x2x3x3x%x85
Ff2x2x3x3x3x3x85
g 2x3x5
h2«3x3xhb

5

w3 and

.

224%ATAR IO v 1canc N

STOP!
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SCHE MATHEMATICAL DEFINITIONS

equals
does not equal
and
or
if...., then,,.. (implies)
if and only if
is greater than
is less than
is gveater than or equal to
is less than or equal to
j2] absolute value of a
€ is included in, inclusion
_ is proper subset of
. == is congruent to
n intersection
{J union
A complement of set A
¢ nul set, or empty set
& 1% an element of
¢ is not an element of

ANV AV E d<>Td

set notation (i'}

empty set { 1 or ¢ "
member of a set {*} .

equality symbol == ©F =—

equal sets {6} = [ek

union ulf sets {:} D) {A\ - {* AS

number 5- 7
number property of a set {*A} =2

variable or wkmows M + 5= &, Mi=___

ordinal number = fifth, fourth, etc,

SR BRSGHERSTEERTTETRERTRTES

Open sentences or "Frame” Arithmetic

The sentence, "He has been President of

the United States. is meither true nor falss,
The sentence, “He has been President of

the Tnited States."™ is neither true nor
false, It is an "open sentence," ™He"
is holding the place for a whole set of
frames, As names are substituted, the
sentence becomes true or false
upon the name replacing the pronoun "he.*
In frame arithmetic the square s
triangle » OF circle are represeat
ing the variables the same as x or y does
in algebra, The idea is to find the set of
numbers which will make the arithmetic
sentence true, The variadle may hold the

plsaeotase' of numbers or for only

one number, There may be no numbers that
make 1t true,

gr. 1 5+ =9

gr.2&3 O+0+A =1

gr. &, 5, 6 613>(D15) +1
gr. 8 Ta+ O =7

gr. 9 Zx+y=.6

It



| | ™
A set 1s a collection of things whiech is defined as to what it include:.
Equal sets have the same:elémént§aaﬁd are in one-to one correspondeﬁcec
Equlvalent sets are sets with the same cardxnalityo

Cardlnality of sets is really the ‘number of items (different items)
in tha set. This will range from ‘the null set to infin1c,q

The null set or empty set is one that has no elements. Hence, thi ;s
is always a subset of any set. All null sets are equal

Subset of a given set is a set that ‘contains all, some, or none of tue
elements of the given set, and contains only elements o0 tae
given set, Two subsets of every given set are the set ::s2li
and the null set. .

Improper subsetu. For any given set, the set itself and the empty set
are called 1mproper subsets°

Proper subsets.- Proper subsets are subsets of a given set that contein
only elements of the given set and contair scme, but not all,
of the elements of the given set.

Universal set. All the elements that can bLe discussed in a given aiiuation
: compose the uniyversal set for that situation. For examp .
the set {a e,;if is a subset of the set of all vowels in
the kEnglish alp bet, and a subset of all written letters. Tie
universal set is generally represented by the capital letter U
Operations of sets:

Intersection: the overlapping area of sets--the elements commor
to the sets in discussion.

Unions Jjoining together--ail elements belonging to
either or both of twc sets.

The structure of set systems is not the same as the structure of
arithmetic.

Complement - elements in set (universzl set) use symbol & (reac \ bay:
~or A' set not in A (named one).

7+ hqua1ity of‘sets ‘= A =B (elements me;é.dentlcal 50
AC B or BT A

Sﬁmmary ﬂf'operotidns of universal sets: _ _ | ,
=¢ "
A={o 1}




Specifying a sat:
1, Tabulation
2. Description or rule

Universe: finite and infinite sets
The universal set includes all the possible members of any type of set.

finite sets are those which are empty or if it can be counted by a natural
number.

A set is infinite if it is not finite.
kvery set has subsets. The empty set is always a subset of a set.

Operations of sets.
Two of the operations on sets are o ations on two sets to produce one

new set. JSuch operations are call inary operations. Addftion and
multiplication are binary operations on numbers since they assign single

numbers to pairs of numbers.
Intersection
Union

(Addition is sometimes defined as the union of disjoint sets.

Complement (not a binary operation since the action is on.only one set)

Sentences

Closed sentences expresé statements. They may be true or false.

Open sentences express conditions that, when satisfied, produce true
statements.

Condition: the requirement made by an open sentence. x + 3 =7, 2x 9.

Solution sets - the set whose members made ture statements form a condition
upon replacement for the variable. ({Might be the Universe itself or a
proper subset of the Universe - this would include the empty set.) -
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Heme Fhge 2

correct words, numerals and mathematical sentences to complete this r:h:auz't,asa

Write the cor
*Te {irst one is done for you. .
v Fesult Operatien Nathematical
_a Used ~ Sentence
"_‘i_‘. 1oy © 3 Sustraction 12=9=3
2 5 16 9 9 1B8-9=9
3. | % 3 9 643=9
L 0 1 1-0=11
poe g, 11 1l O%ll=11
6. Se W 13 Addition
.?p e ! 6 Subtraction
B L 3,0 . Addition
Q. | 14, & 8 Subtraciion
0, | 12, __ 5 Subtrection
o | 3, 1 17 Addition
12, { 25, ¢ 6
12, {32, & o Subtracticn
e o 5y Ne 6 11 -
l5, § 4, 2 . Subtraction
| R E E R EEETE E I E NI I
" Cowtt and write to "1007 Fill in this eddition chart in bese 3.
in base 3.
+llolala
0 B
: i |

1]
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G?‘;f‘z}:jl%%“@;a this subtraction char~+
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N
3

¢

¥

F _ o
q!-h@ r‘eSql‘f—' @"P “'he o Per\r;‘*l-[dy-; @—%—- SC&‘O'}”E N g
on a par of numbers is 7. Write Sof
these pa\‘f—"xs

¢ : &%
Using onl +he numbers 12, Sang ™,
write tTwo additiens avns dwo Sustre Fioss

1") You 5u)zi‘|’r“a,c,‘f‘ 1 ?r\om LAy eaum!'fng
‘:wtémbc?‘; What is the Peﬁu\f?
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:lol {112 1314
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S
5
&

3
3
6
7
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ZERO 8s

Zero times zero will get you nowhere,

And two times nothing will not make a pair.

Double or triple or times it by one,

Your product is zero, your answer is none.
Multiply by six or even by ten

A zero stays zero. Let's say it again!

A zero times a number will just leave it blank;

A number times zero will not its rank.

You can't make something out of t isn't there,
So---remember that goose egg! Put that zero thers=.
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6-8=¢, t-7=_9 __
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LBATPEES  psianmmnn

Add or Sabtract accordsnﬁ

—0O -Hm_, lase mdica{-

=)y 25 (o) 44 (e) =24 89
4+ 31 -3 0 -t___%____(f.’_.
Seven Seven

Se\/eﬂ
Construct an add tion +ab\e Gs \;\i% fhese
Lour conscwhée_)symbols. O, () b, |

D UOSe "‘hc +Qb{e +o solve

fems.
o] e A +he se probk
(Al | @ 4 W (0 @ @H |
IR et A il B
O ) | Flar © (h

Arr“aﬂge in order of sizc gomﬂ Lo
the small est to +he larges:

@ 3,7, 0,19

(b) four tens, thrcc Zeres, fifteen tens, ﬂp+\§ TS

@) ’Leh) g(_+gn) %oud ”(,-t-wo) ‘%-hr‘c S

Nambers  Kesalt Operation Mothematiosn .
Operated on 5 ';'e‘ 1 M%L n‘:_':r?c; a

@ @@+49), 8 3 )
L) 20, (40 +320) . Addition

@ (3o-20% @ —4) ___ Subtrackion

@) @8-6t), (99+) ____ addition




'-WP%‘-"F‘{K?'Q tv‘é’i"l@ 3’1& a%i

o ?Ol;:r*;;;;@ﬂ Result Used Sentence. .

1, 2,9 3 Sub+raction (2-9=3
2| 14,9 7 15-9=9
3. b, 2 7 . b +3:9
4.1 5 & 40 5K 8 <40
5, 14,3 . 18+ 3 =&
& 6, m /3 Additien

7 ¥4 7 6 Subtraction

7. 3,7 —_— Addition

. 14, " § Subtracd on

;ZO. 12, 5 sub+raction

(| 15 9 L

124 3, 14 17

{,'3 (2, 4 S Diwision

4 | 5. 3 ——  Maltiplication

?T b, 2 - ——— Subtraction

:5 +his true ?

The namecs of the parts inh a subtraction
Se:n'l-e.nce, are: 9 — 4 = &

K | Sum addend  addend

When' two whele numbers are added, +he Sum
Is always larger +han = (then addend.



ARITHMETIC TERME PUZZIE

|
o

i0.

i3,
14,

1%,

18, The émmr o £ subtraction problen.

Bili E. Medrthur

e

91

ARNEL

"

i

o=

oY ..Tﬁx s

=

il

LOBOSS

To combine twe or more pumbers
inte ene svm-

The sbbraviation for yard.

The onssi produes, tens’ produst,
huncreds’ prcdusts, and 80 on, ia
& nultiplicsiion problem are
ealled _ predusis.

To find the iotsl mumber in a
stated aumber of equal groups.

- Ths vhols sux oF amount.

in the oxsmple, 1+ of 20 = §,
Sis e part.

The mmber of square uniis in a
fla¢ surface is its s

588 a fraction.
in the exsmple, 8 - 6 = 3,
6 is the N

Tha answsr % a divisior problem.

DOWE

1. The subject of ﬁhig pussle.
% fo e 672 %

=

§, The formule for finding the srca of a

rectangle ias = X

&3

8. A part of ¢ mmber or object.

9. The enswer to s mulidipliestion probles.

10. 4 numrber to be addsd o another mumber

to meke a sum-

12, The cpposite of width.

13. The snswer to an addit‘imi protiem,
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" Write a mathematical sentsnce Which goes with =ac¢h protlem. Draw an array
~if you need one. Regirnning with problem 4, be sure you answer each qeustion
in a complete sentence.

1.
. 5

3

Le

5.

10.

Yrite the mathematical sentence which shows the matching of a set of
2 things with a set of 9 things-

Lrite the mathematical sentence which shows the matchings of a set of

2 objects and a set of 3 objects.

In how many arrays can 12 dots be arranged?
Write the mathematical sentences.

The calendar is arranged in 5 rows of squares. Lach row is divided
into 7 squares. How many squares are shown on the calendar?

Some Christmas ornaments were packed in boxes of 4 rows. There were
3 ornaments in each row. How many ornaments were theres in the box?

A bar of chocolate candy was divided into 2 rows of L squares each. How
many sgquares of chocolate were in the bar?

There are 3 rows of windows in our room. Each row has 5 panes. How
many window panes are in the room? '

Sandy was arranged in a box in 5 rows with 9 pieces of candy in each
row. How many pieces of candy were in th: box?

For our class picture, the children were g rouped in /4 rows. There
were 8 children in eqch row. How mahy children were there in the pictur .

In a box, there were 2 rows of erasers with 2 erasers in each row.
How many erasers were there in the box?

. BRRINTWISTER: How many possible arrays of 24 dots could you make?

Describe each array by writing a mathematical sentence.
(Draw the arrays, if necessary.)



sTite the corrvecht vords or numerals to complets tie ~hRard.
e e ety : P o= i -
Euvﬁfr Pair | hesuit |[Cperation | lesall . Cperation
a) LC. 25 85 Addition I1s5 Subtraction
w72 6 19 575 g )
4} 24,25 1932 fadizion
e) 59,9 | 378 Civision . T
f} &G, 1= % Addition 1 cubtrzcticn T
. - i
g) i3, L 225 O T
S0, 9 . 8L o FRltipiscetion 77
- i S
“Place parentheses in these sentences to make thsl true.
kxaiple G % 2 = 1 =&, L x (2 -1) =4
gy 23 ¥ Z x 5 = 155
By M2 x3= 2
2y 20 -7+13# 20
4y H6x2. 5= 7
=) 5+3x5 # 20
£y 6+ 2x3 # 12
gl 16-;— 2x i F 2
4 = 30
5 = 232
3= O
Write each of these sentenses usihg numerals and the symbuls for "less than”

and "greater

is

a}’a Three

than.®

less than

ter t

2

1an three-thousand.



APPENDIX E

PRIME AND COMPOSITE NUMBERS,
PACTORIZATION AND RATIONAL NUMBERS
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Name

te number is the product of smaller numbers. If one of these numbers is
compesite, then 1t also is the product of smaller nukbers. If we continue this, we must
come to a product sxpression in which no number is composite and every factor is s priae,
Doing this is called complete factorization of a composite number.

Make factor trees of thess numbers: Example ;h
™~
3 is prime, 8 is composite so . 3 X B

= N\
\) ?;g‘ ? F 4 u‘\i

3 & ° are prime, U is composite, so .. >3I?! 2X 2

5l 18 ' 28 35

If we know how to =xpress a nurber as @ product of primes, then we can find the 2ev of
all factors of the sumber. Check from your above Taclor trees.

Then by combining hese primes in sete of 2, 3, 2tc. we can find all the faetors of k3
numbers.
prime
If the set of /fact-rs ave: 2 x2x3x7x1% 2 1.
Could these number: be factors of the set of all Faclors of that numbsr?

6 ik =8 2310 2i2

What is the differ-nce between facteors and mulbigles?

Mcltiply these nuroars:

27 207 27 27 207 3589 31856
= 7 X 17 X 17 «x 107 x 107 x 78 * 5?53'51



98

Name

For each number try to make an array with more than one row and wore than one object

in e ach row., If you can do it, draw the array. If you can't do it; put an X irn the blank.

2 3 h 4 6 7 8 e W ___
a1 12 13 1y _ 15 16 -
18 i _ @

Vhat is the name given to the kind of mumbers you have marked with the X7
These musbers are cailed multiples of 2 :  1list the sext five of them.
Z, b, 6, 8, 10, 12,

These numbers are cailed mlitiples of 3: 1ist the next five of them.

3; 6, 9, 12, 155 18,

Write the first ten rultiples of 5.

E

What is the special rzmef for multiples of 27

Tn the 1ist below put a ) next to every rultiple cf I out a 2 next Lo every Bultiple of ¢

it & 3 next to every wultiple of 3, and so forth 23 Tz 33 you can go-

‘2 I I e, S oo

9 —— 16 e
L 10 T | I
v . u Y _xe__
b 12 — e e 17 I
1k 20 e e

|
sw many mltiples i- 8 a multiple of? What are thss?

F'hat iz the smallest nuwber that is 2 maltiple of six numbers?
“hat is the smallest number that is a multiple of exactly S numbers?

“rite a nurber sentence (eqation) to show that you know how to find the product of cach
-f these peirs of nuabers.

En Y

o=
(2%
\nd

7,9 10.8



Name 59

Complete each statement so that each number is & rroduct of 3 factors.

Lo

a) 2h=2x3x) c) 36 = e) 8 =
' b) 18 = d) 12 = £} 30 =
2. For each set of - numhers write the smallest number which has each of the numbers as =

factor.
; a) 2, S, 7 b‘) 2’ 3, h 3) 53 7, 1
"d) 4, 6, 8 e) 2, L, 8 £ 3, 6, 9

3. Some of the folliming nurmbers are prime numbers. FEncircle them.

27 31 55 53 310 143 37 101

Find two differ:nt prime factors ef each of these numbers.

"4(’

¥ &{} ?85 :'6'
]
L e
=
a; i -4
>t h:Bh 8.%
-
5 Write the set of =11 factors of sach nuzber, g"& an
. P j;: = £
bt &, N
96 225 363 189 E S s.‘.-_r-.ﬁ\ par
<+ ° [==] el e = e
o @ [ A%~ « R¥
L3 RV X
=P e
BT

7.

5. Find the greate:z’ common factor of the following pairs of nuwbers,

90, 8k 90. 50 72, 60 K8, 30 12,

9

b,

-



gentenc=s o0 that the
number must rev-uce ali f

!:‘“ki 2 E’
L_,,..! A

L

100

1. Can yor: Jind ¢ny nemes for whele pumbers to repiace the franes in these

sentences are falsa? ilzmes for the ssme wholis
. frspes ¢f the sams kina.
i : e o
A T O . T T S
VARV X & 2007y

(T +L0X = Vx4 rA s

2. 6 x T b R [E 42 = {6x8) 6 x 2= )+ 12 =42
Ex 7= 16 +2) x7={6x7)+{2x%F)=4,2+ 1L =56

Sk

£

L]
i |
2

5= {3

fhxs=06xn+ (e =N\ +«V =

R I S e S I T S i S S A S S T T T T T S

Produst
Sxjrezeicn

Facrors

Pyriduct

Time number

Cozposite
Number

Fundamental
Theorew of
Arithnetic

Factorization
{or factoring)

Prime
Factorization

Greatsst
Common Factor
{GCF}

A product expressiocn is 2 number composed of two or ToTs
factors sxpressed as a multiplication ozeraticn. For
sxaaple, 2 x 3 is a product expression for 6.

Factors are two or more aumbers Lhat, under trne operation
of multiplication, result in z single, unigue number
{called the product).

A product is the single. unigue number that results from
the operation of multipiication on two or more numbers
{called factors).

A prime number is 2 whole number greater thar 1 that cannc
be expressed as the product of two smaller whole numbers
{each greater than 1). & prime number has only two factor:
itself and 1. The number 1 is by definiticn neither

prime nor composite.

A composite number is a whole number greater than 1 that
has whole-number factors other than 1 and itself.

The fundamental thsorem of arithmetic states: A composit:
nurber can be exprsssad as a »roduct of prime nuwbers
in only one wav.

Factcrization is the procass of expressing a wholie number
as the product of twec or more whole numbers.

Prime factorization is the process of expressing a compos:.
number as the product of prime numbers only.

The greatest common factor {GCF)} of two whole numbers is tn

reatest whole number that is a factor of sach of the two

numbers.



dSc b e /aryc'g ; Lise he /::‘e:jf es -
M‘(/Afj/ﬁ aﬂ /o -"??C-.’/’f‘.",b-/‘ﬂ‘ o™ e
J
x4 2526

lse *#e f%ryc.sf-
whole /?’éa"mégr;

Yo xt< 25 —X (252

o < 3 ___x#L3/5 —

3

x9< 28 —
_ x gL 4t T .

x 3<263 Kk 8L26T
. o X T — x £L765 —— xgL1eSy
__x L0600

« T< 456

T
g, KL
5 —— X 3X 26 —

‘ g< LO —— X T LL0C
g, — X

5 x 7< 45

_ x TLFEE

g

. Usidg the digits [ #hrough q
arrange tHhe ny 102 THO SGaare

; o Hat each colepmn O row
. or d:&ﬁona/ will add 46 fo /5. [

A g X 2/¢ =725
| &§X 2/ =r0%0

| then (13X 2l =




TESTS FOR DIVISIBILITY

102
If the
divisor is Divideud Js divisible Test these examples
2 if dividend is an even number 9,135,713,578%+2 = a
3 if the cum of digits in dividend is divisible by 3 13,572 % 3 - n
b 3£ number formed by the two right-hand digits i .
- 4n dividend is divisible by L 42,367+ L4 - n
5 if dividend ends in or iy 98,765=5 - n
6 if divicend is divisible by 2 and by 3. 13,572 <6 = a
7 {There :re rules but it is just as easy io ,
divide by 7) 29,687 =17 = n
8 . 4f the —umber formed by the three right-hand ) .
: ¢ gits of the dividend is divisibiec by 8. 72,865,128 8 = n
9 if the cxesss of mines in dividend is 0 54,637,261 += 9 = n
10 if one .. digit in dividend is " 7,684,320% .0 =n
131 if the .xeess of elevens in dividend is C 92,847,24957'1 = =
12 if div iend is divisible by 3 and k. 13,572 1% = ¢

% R OFROE ORER CEEOE R R R N SEAERER R EEREEFFIERRRER TR ERRE

1, Tell by what :umbers from 2 through 12 each coi the following nuwbers is divisiblc.
a) 7,680 b} W0 c) h$5 - d) 3,960 e; 15 £:  5uC -

For each of EBx, 7 %, write im the digit that wil: make the number divisible by tie
nurpers indicatec:

2, 76, 28 is div:.sible by 2 and by 8.
3. 587,35 is di isidble by 2 and 9.

L. 128, 56 is ¢ rigible by 3 and by L.
4

. a) If 531 i divisible by 3, is 3 a factor ¢ 5317
b} If 531 is iv.sible by 3, them 531 isa __ _of 3.

6. How meny clac:rooms are needsd to hold 232 pupils if each rocm seats 29, ° =r: 2 ways.
7. Is division ¢ binary opsration?

8. 1In the divis: n of whole numbers, which st bz larger;, the divisor or the i ridend,
in order for he guovient to be a whole number?
\ 2 - 2 e L399+ 7°3=x
9 Seernilo s Borddereart Z

&
.

f») M.« .'é;id W . TP C%yw%jﬁ ?-‘ﬁu,.i{;,_

H i >
3. FIz = .z Fed3 g 9. 503 = 7 X5



Charts to show equa'l:lt? of fractions
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‘ > 9. /0 I iz 12
L% %2 %% %k5% %% 52 %
{ =
; Unlknown factot  |[Unknown tacter Onknswn Factor
Xanipe. s beiween | _Isbetween is closer +o

2413 and 2424 S and & s
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In the picture above, the line segment AB is 1 unit long.
1. (a) on the number line the unit segment is separable into i,

congruent seguents.
(b) Use a fraction: sach small segment is _____ of the unit segment.
(c) The measure of AB is 1. The measure of ABE is also ____ (fraction)
(d) what is the measure of line segment AB?
{e) what is the measure of line segment CD?
{(f) what is the measure of the line segment EF?

{g) what is the measure of line segment GH?
(h) what is ﬁtm ueasure of line segment 1J?

1]

(1) what is the measure of line segment KL?

—

& T £ [} (] [] L] r ]

2. Kach unit segment of the number line below has been separated into
3 oonsi'utat seguents. AR is the same length as the unit segment.

A kR B <] D
e gt~ et —
P SN SR . N

Use the number line to answer the questions.
{a) what fraction names the measure of AR?
{(b) what fraction names the measure of iB? " ic2 , AD? .



Some samples for making creative math guestions znd driils.

What number is a factor of every number? 106
Every prime number has exactly factors.

kvery prime number is odd except

What is the only prime number between Ol and 71? 113 and 131?

What pairs of primes will result in s&ach of the following products?
a¥ 10 b) 33 c)] 9 d) 26 e) 14, f) 25 g) 4 h) 21 i} 22

Circle each number below that is the product of at least one pair of

factors. Do not use 1 or the number itself.

5 6 7 8 9 10 11 12 13 1L, 15 16 17 18 19
¥ % %k % % & % %k % & & %k % Kk %k k ¥

Place the correct relation symbol (=, 6 => or <) between each pair
of fractions to make true statements.

/ 3 2 | = (:)EL_ | E

=

01 05 o) 2 05 ,,,)%O% [))> O'/,] ') o=

Complete the chart. Use the example to help you.

Fraction | Factors in Factors in the GCF Simplest form
the numerator| denominator

2,3, &l 2,4,8 1 2, 3

ool |3l [we paT

16
9

Write the correct sign of operation ( + or - )} in eachtﬁL o
QJZ} 6‘ Lil_ntao Al [, d)z-LAZ
) 7” )n TR )% © 3737 79

Complete each sentence by writing the correct symbol L())30r=4 in each(:) 5

L2 _ 1 el P
L+, Og+Z k) U = ‘,,_OI ) —t+L oL 3
L 3 3 3
(% ) 4—0( +2) - =



More sample drills 107

Factor t.he denominat.ors and multiply. a) __5__‘ X % [:9 (a ‘? X {{

Example: FB xZ- T¥= © [i) 30
41 3 ;zxs?;B 1

e - ?‘.— — K /

24583 2 X SY3 (X%~

= 2
Write the nest five members of each set:

,.{:,g.,s;,...} e{g,gf_é,} C‘éé'é} D% Yo Yseeve!
Which product is not another name for 17

by DTG e fxl d)zrs e iy,
write the reciprocal of :;ch ;racti::: i
ik, 23,05 9% O

.?08 b,)_i-z_fo,‘i c'_)5'ofo d)th"' e>4O¢_

True or False?

2 = _
) If Zy O "%,-Phcn Zxaxa z,x:‘{%-_

)IFixmr- , then O < |

VIE Exa = 1Y, then >

b
VIR Ox 1% =4% thennxi%X10= 240

)Iﬁzgxm=2ﬁdﬁa1@xa=;gg

| Toknows Zacto
ample Unknown acggn }a mmm is know 75 to:
24 239 | 2453 and 24z 4 | Fand 6 A
ty2%
19z 3%
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The purpose of the report was tc show whether or not
an in-service training course in modern mathematics would be
beneficial to teachers, The course was offered on an en-
tirely voluntary basis to the teachers of Unified School
Distrioct #383 and to lay persons in the Marlatt area, Thir-
teen persons responded to the invitation; eleven completed
the course,

The course consisted of eleven sessions conducted on
Tuesdays from 4:00 to 5:00 p,m, The materials covered in-
cluded "The Story of Numbers,” sets, terminology, the use of
the abacus, natural or counting numbers, order &s a prop-
erty, base, place value, whole numbers, identity numbers,
needs of a number system, addition, subtraction, closure,
commutative, assoclative, and distributive property, multi-
plication and division, factors and prime numbers, rationel
numbers, a little geometry, and a small modular system,

Many hand-out sheets were distributed to the group to pre-
sent ildess for thelr own use and i1deas for drills and tests,

Evaluation was partially made on the basis of a pre-
test and & postest, The instrument used was the Stanford
Achievement Test, Intermedlate II, Modern Mathematics Con-
cepts Test, published by Harecourt, Brace, ¥orld, Inc,, Few
York, 1965, Each participant also completed a Self and
Course Evaluation Check Sheet following the cleose of the
course,

Coneclusions were that the group did gain mathematics



concepts knowledge from thls in-service course in modern
mathematics, Attitudes as shown by the Self Evaluation part
of the check sheet were positive, They enjoyed the course
and considered it personally beneficial, The Course Eval-
uation section showed that while they would not have deleted
anything from the course, they would have added to 1t, even
to the extent of desiring more sessions, The objections to
in-servics courses centered sround the time of day those
courses were given, The group believed in-service courses
should be conducted on released school time,

Other benefits were that the participants did try out
the materials with thelr students, More books, pamphlets,
film strips, and other mathematical materials were obtained
for the school, The teachers inveolved made the transition
from traditional mathematics to modern mathematics very
easily the next year when the modern mathematics was adopted
as a basic text for the school,

With the influx of multi-medis, mechine teaching,
gomputerized prograsming, electronically controlled records,
instant communiocations, and similar devices, it would seem
that in-service training will become & feature of every
schoel in order to help new staff members become functioning
members of & team with a philosophy, curriculum, methods,
and materials tallored to fit that specific school,



Recommendations for any in-service training course!

1,

2.

3.

L.

5.

In-service training inauguration and organization should
invelve both teachers end administration,

Specific goals or ways in which the course would improve
instruetion should be evident,

The format and calendar of meetings should be decided
upon from the beginning ¢f the course,

If the number of sessions needed to cover the topic for
in-service training needs to be extensive, the teachers
attending should receive some kind of credit to advance
them on the scale of promotion or salary, or they should
be relieved of part of their regular classroom duties so
they may concentrate better on the study at hand, This
release might be yia substitutes, pare-professionals, or
early dismissal. The teachsr might simply receive extra
pay for this extra work, perhaps through &n extended
contract,

Qualified and capable instructors should be in chargs of
the course, Instructors could be & classroom teacher,
an administrator, an outsider, or a combination of the
three mentlioned, The participants should gain some
methods of teaching, as well as knowledge of what to
teach,

The participants should expect to spend some time and

energy to make the course successful,



L

7. Some method of evaluation of the in-service course should
be devised to measure 1ts efficacy and to help plan fu-

ture in-service training courses,



