
ED 127 164

AUTHOR
TITLE
INSTITUTION

SPONS AGENCY
PUB DATE
NOTE

AVAILABLE FROM

DOCUMENT RESUME

SE 021 201

Adams, Patricia A., Ed.
Overview: MINNEMAST.
Minnesota Univ., Minneapolis. Minnesota School
Mathematics and Science Center.
National Science Foundation, Washington, D.C.
Aug 70
58p.; For related documents, see 5E021202-234;
Photographs may not reproduce well
MINNEMAST, Minnemath Center, 720 Washington Ave.,
S.E., Minneapolis, MA 55414

EDRS PRICE MF-$0.83 HC-$3.50 Plus Postage.
DESCRIPTORS *Curriculum; Elementary Education; *Elementary School

Mathematics; *Elementary School Science;
*Experiment.1 Curriculum; *Interdisciplinary
Approach; Learning Activities; Mathematics Education;
Primary Grades; Process Education; Science Education;
Units of Study (Subject Fields)

IDENTIFIERS *MINNEMAST; *Minnesota Mathematics and Science
Teaching Project

ABSTRACT

This illustrated booklet provides a rationale and
overview for the twenty-nine coordinated mathematics and science
units in the MINNEMAST program for kindergarten through third grade.
The rationale for the program cites both the historical association
of mathematics and science and pedagogical advantages. The goals of
the project are to provide both mathematical and scientific
knowledge, and to emphasize the development of tools for learning by
emphasizing methods of acquiring knowledge rathet than memorization
of facts. Eight clusters of threads are woven through the curriculum;
three of these are related to processes (observation, generalization,
and linking of observations with generalizations), and five to
subjects (real numbers, geometry, formal concepts of science,
scientific topics, and the links between science and mathematics).
This volume presents a chart showing the relationship of these
threads to indiiidual'units, a statement of skill development goals
for each grade level, and brief descriptions of the individual units.
(SD)

***********************************************************************
Documents acquired by ERIC include many informal unpublished

* materials not available from other sources, ERIC makes every effort *
* to obtain the best copy available. Nevertheless, items of marginal *
* reproducibility are often encountered and this affects the quality *

'31c of the microfiche and hardcopy reproductions ERIC makes available *
* via the ERIC Document Reproduction Service (EDRS). :EDRS is not
* responsible for the quality of the original document, Reproductions *
* supplied by EDRS are the best that can be made from the originail. *
***********************************************************************



rci T
12109

U
S

 D
E

P
A

R
T

M
E

N
T

 O
F

 H
E

A
LT

H
E

D
U

C
A

T
IO

N
 &

 W
E

LF
A

R
E

N
A

T
IO

N
A

L IN
S

T
IT

U
T

E
 O

F
E

D
U

C
A

T
IO

Nelf%
 kfiLo.

,(*t. F
w

 A
T

.If
k 00. C

C
h

A
T

,0.A
r

.
1.%

:114 (4'
r.e

N
r)T

"
0.f P

kt.
IN

., 00 0
1rA

A
C

l
V

O
C

A
,"*.

C
O

. C
k

0-C
k'r

11

R
V

IE
W

M
IN

N
E

S
O

T
A

 M
A

T
H

E
M

A
T

IC
S

 A
N

D
 S

C
IE

N
C

E
 T

E
A

C
H

IN
G

P
R

O
JE

C
T

U
N

IV
E

R
S

IT
Y

 O
F

 M
IN

N
E

S
O

T
A

P

C
I

izo



For additional inform
ation, a price list and orders, w

rite to:

M
IN

N
E

M
A

ST
 D

irector
M

inneinath C
enter

720 W
ashington A

ve. S. 11.
M

inneapolis, M
innesota 55414

M
IN

N
.E

M
A

ST

--g4aS

90a,2

C
O

O
R

D
IN

A
T

E
D

 M
A

T
H

E
M

A
T

IC
S

- S
C

IE
N

C
E

 S
E

R
IE

S

1.
W

A
T

C
H

IN
G

 A
N

D
 W

O
N

D
E

R
IN

G

2.
C

U
R

V
E

S A
N

D
 SH

A
PE

S

3.
D

E
SC

R
IB

IN
G

 A
N

D
 C

L
A

SSIFY
IN

G

4.
U

SIN
G

 O
U

R
 SE

N
SE

S

5.
IN

T
R

O
D

U
C

IN
G

 M
E

A
SU

R
E

M
E

N
T

6.
N

U
M

E
R

A
T

IO
N

7.
IN

T
R

O
D

U
C

IN
G

 SY
M

M
E

T
R

Y

8.
O

B
SE

R
V

IN
G

 PR
O

PE
R

T
IE

S

Q
.

N
U

M
B

E
R

S A
N

D
 C

O
U

N
T

IN
G

10.
D

E
SC

R
IB

IN
G

 L
O

C
A

T
IO

N
S

11.
IN

T
R

O
D

U
C

IN
G

 A
D

D
IT

IO
N

 A
N

D
 SU

B
T

R
A

C
T

IO
N

12.
M

E
A

SU
R

E
M

E
N

T
 W

IT
H

 R
E

FE
R

E
N

C
E

 U
N

IT
S

13.
IN

T
E

R
PR

E
T

A
T

IO
N

S O
F A

D
D

IT
IO

N
 A

N
D

 SU
B

T
R

A
C

T
,IO

N

14.
E

X
PL

O
R

IN
G

 SY
M

M
E

T
R

IC
A

L
 PA

T
T

E
R

N
S

15.
IN

V
E

ST
IG

A
T

IN
G

 SY
ST

E
M

S.

16.
N

U
M

B
E

R
S A

N
D

-M
} A

SU
 R

IN
G

17. _IN
T

R
O

D
U

C
IN

G
 M

U
L

T
IPL

IC
A

T
IO

N
 A

N
D

 D
IV

ISIO
N

18.
SC

A
L

IN
G

 A
N

D
 R

E
PR

E
SE

N
T

A
T

IO
N

19.
C

O
M

PA
R

IN
G

 C
H

A
N

G
E

S

20.
U

SIN
G

 L
A

R
G

E
R

 N
U

M
B

E
R

S

21.
A

N
G

L
E

S A
N

D
 SPA

C
E

22.
PA

R
T

S A
N

D
 PIE

C
E

S

23.
C

O
N

D
IT

IO
N

S A
FFE

C
T

IN
G

 L
IFE

24.
C

H
A

N
G

E
 A

N
D

C
A

L
C

U
L

A
T

IO
N

S

25.
M

U
L

T
IPL

IC
A

T
IO

N
 A

N
D

 M
O

T
IO

N

26.
W

H
A

T
 A

R
E

 T
H

IN
G

S M
A

D
E

 O
F?

27.
N

U
M

B
E

R
S A

N
D

 T
H

E
IR

 PR
O

PE
R

T
IE

S

28.
M

A
PPIN

G
 T

H
E

 G
L

O
B

E

29.
N

A
T

U
R

A
L

 SY
ST

E
M

S
C

7D



O
V

E
R

V
IE

W
M

IN
N

E
M

A
ST

f
i

M
innesota M

athem
atics and Science T

eaching Project
U

niversity of M
innesota

M
inneapolis, M

innesota

A
ugust, 1970 ©

T
he M

innesota M
athem

atics and Science T
eaching

Project
developed its m

aterials under
a grant from

 the
N

ational Science Foundation.



D
IR

E
C

T
O

R
JA

M
E

S H
. W

E
R

N
T

Z
, JR

.
Professor of Physics
U

niversity of M
innesota

A
SSO

C
IA

T
E

 D
IR

E
C

T
O

R
FO

R
 SC

IE
N

C
E

A
SSO

C
IA

T
E

 D
IR

E
C

T
O

R
FO

R
 R

E
SE

A
R

C
H

 A
N

D
 E

V
A

L
U

A
T

IO
N

R
O

G
E

R
 S. JO

N
E

S
A

ssociate Professor of Physics
U

niversity of M
innesota

...

W
E

L
L

S H
IV

E
L

Y
 II

A
ssociate Professor of Psychology

U
niversity of M

inneota

PA
T

R
IC

IA
 A

. A
D

A
M

S
E

ditor

B
E

V
E

R
L

Y
 SO

H
R

E
A

ssistant
SO

N
IA

 FO
R

SE
T

H
A

rt D
irector

If)



C
O

N
T

E
N

T
S

.
M

IN
N

E
M

A
ST

 at W
ork

2
W

hy a C
oordinated M

athem
atics;

and Science C
urriculum

?
4

In this C
hanging W

orld
.

.
.

6,
G

oals of the C
oordinated Project

7
T

hreads that W
eave T

hrough the C
urriculum

8
G

rade Skills
10

M
IN

N
E

M
A

ST
 C

oordinated U
nits

12
O

ther M
IN

N
E

M
A

ST
 Publications

14

K
IN

D
E

R
G

A
R

T
E

N
 U

N
IT

S
15

I
W

atching and W
ondering

16
2

C
urves and Shapes

17
3

D
escribing and C

lassifying
18

4
U

sing O
ur Senses

19
5

Introducing M
easurem

ent
20

6
N

um
eration

21
7

Introducing Sym
m

etry
22

G
R

A
D

E
 O

N
E

 U
N

IT
S

23

8
O

bserving Properties
24

9
N

um
bers and C

ounting
25

10
D

escribing L
ocations

26
11

Introducing A
ddition and Subtraction

27
12

M
easurem

ent W
ith R

eference U
nits

28
13

Interpretations of A
ddition

and subtraction
29

14
E

xploring Sym
m

etrical Patterns
30

G
R

A
D

E
 T

W
O

 U
N

IT
S

31

15
Investigating System

s
32

16
N

um
bers and M

easuring
33

17
Introducing drultiplication

and D
ivision

34
18

Scaling and R
epresentation

35
19

C
om

paring C
hanges

06
20

U
sing L

arger N
um

bers
37

21
A

ngles and Space
38

22
Parts and Pieces

39

G
R

A
D

E
 T

H
R

E
E

 U
N

IT
S

41

23
C

onditions A
ffecting L

ife
42

24
C

hange and C
alculations

43
25

M
ultiplication and M

otion
44

26
W

hat are T
hings M

ade O
f?

45
27

N
um

bers and T
heir Properties

46
28

M
apping T

he G
lobe

47
29

N
atural System

s
48

T
E

A
C

H
IN

G
 A

ID
S

49

A
dventures in Science and M

ath
50

L
iving T

hings in Field and C
lassroom

51

M
IN

N
E

M
A

ST
 R

E
C

O
M

M
E

N
D

A
T

IO
N

S for Science
and M

ath in the Interm
ediate G

rades
52



I
41

"s%
AO



I

i

-41

a

IA

A

0

8

v.



1

4

M
IN

N
E

M
A

S
T

M
IN

N
E

S
O

T
A

 M
A

T
H

E
M

A
T

IC
S

 A
N

D
S

C
IE

N
C

E
 T

E
A

C
H

IN
G

 P
R

O
JE

C
T

T
he first elem

entary curriculum
developm

ent pro-
ject to design a coordinated m

athem
atics

and
science curriculum

 for the
elem

entary schools.

W
H

Y
a coordinated m

athem
atics and

science curriculum
?

T
he first reason is

purely pedagogical.
T

eaching
m

athem
atics and science

together is easier than
teaching them

 separately.
It is natural to teach

m
athem

atics w
ith applications and

illustrations from
science, and to teach science w

hen
you can m

ake
use of its m

athem
atical fram

ew
ork.

T
he description

of N
ew

ton's law
 of

gravity or of the grow
th rate of

a
plant is 8o sim

ple and precise in m
athem

atical
term

s
,

that w
ords seem

 cum
bersom

e
by com

parison.

Sim
ilarly, the abstract idea of

vectors or of the real
num

ber system
 can be m

ade
m

uch clearer through
physical illustrations from

 the sciences.
T

his argu-
m

ent, supported by countless
exam

ples of the m
utual

reinforcem
ent of science and

m
athem

atics, is m
ost

com
pelling in the classroom

,
as any teacher w

ill agree.
Furtherm

ore, it is
very closely related to the second

reason, w
hich is of .an historical

nature.

2
M

atheM
atics and

science have.relied
heavily on each

other/throughout the
course of their com

m
on develop-

/
m

ent. T
he very backbone of m

uch
of theoretical sci-

ence has evolved, in a
sense, as a branch of applied

m
athem

atics and w
ould not

exist today w
ithout it.

B
y contrast, the dependence of

m
athem

atics on sci-
ence is not quite so explicit,

for m
athem

atics in
its. purest form

 is basically
independent of science.

T
he im

pact that science has
m

ade on m
athem

atics,



how
ever, is by no m

eans negligible. W
e know

 that
m

any branches.of m
athem

atics w
ould not be

as ad-
vanced as they are today

w
ere it not for the im

petus
that has been provided by science.

3 T
hese tw

o reasons in
support of a coordinated cur-

riculum
 -- one pedagogical, the

other historical
turn suggest a third, w

hich is
som

ew
het.philo-

sophical.

T
his third reason hints at the deeper relationship

be-
tw

een the tw
o subjects. j It Is sim

ply that the bound-
aries betw

een science land m
athem

aticb
are not al-

w
ays very w

ell defined.
;M

any aspects of the tw
o

disciplines overlap so closely that they
are of equal

im
portance\to m

athem
aticians and

scientists.

It m
ay w

ell be` that thinking about m
ath and

science
as distinct disciplines is not necessarily the

m
ost

fruitful approach for the m
athem

atician
or the scien-

tist, to say nothing of the laym
an.

It seem
s quite

reasonable to avoid m
aking a strong distinction

in
the m

ind of a child learning the
elem

ents of these
subjects. B

reaking the bonds that join m
ath

and sci-
ence together, for the purpose of presentation to

a
child, probably harm

s that child's
appreciation and

understanding of both subjects as m
uch

as it w
eak-

ens the creative union betw
een the tw

o.



B
ecause w

e live in a w
orld w

hich is changing
m

ore
rapidly than at any previous tim

e
in history, It is

im
possible to predict accurately w

hatit is a child
w

ill R
eed to know

.
It is im

perative, then, that
w

e give him
 the' tools for lifelong learning,

so
that he w

ill be equipped to solve
problem

s as they
arise.

IN
 T

H
IS

C
H

A
N

G
IN

G
 W

O
R

LD
.

.

In the past, teaching often has concentrated
on,

m
em

orizing facts, very few
 of w

hich
w

ere re-
tained.

O
ur belief is that the students should

be trained in the processes of m
athem

atical and
scientific thinking.

T
he processes of science can be classified

under
the several headings of observation,

experim
en-

tation, generalization -- though m
any labels

m
ay

be used.

T
he em

phasis of this
program

 is to provide chil-
dren w

ith activities that help
them

 solve prob-
lem

s using bothm
athem

atical
and scientific tech-

niques.
T

he activities are also designed
to en-

courage recognition of new
 problem

s w
hich

w
ill

require additional experim
entation and

investiga-
tion.

vi
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M
IN

N
E

M
A

ST
 w

as the first project to w
ork on a

coordinated m
athem

atics and science curriculum
a program

 in w
hich science and m

athem
atics,

although sound in them
selves, have their inter-

relationships exploited to the fullest.
T

his w
as

in accord w
ith the recom

m
endations of the C

am
-

. bridge C
onference and of the 'A

m
erican A

ssocia-
tion for the A

dvancem
ent of Science.

W
e w

ere, first of all, concerned w
ith m

athem
at-

ics and \science. O
ur prim

ary responsibility w
as

to do justice to both disciplines.
W

e do not
m

ean to im
ply that m

athem
atics and science are

one and the sam
e.

C
learly, biology and algebra

are separate entities, regardless of any academ
ic

connection betw
een them

. C
urricular integration

is a m
eans to im

prove education, not
an end in

itself.

T
o develop the tw

o subjects adequately, w
hile

taking every advantage of the m
any connections

betw
een them

, requires that w
e com

m
unicate to

the children the characteristic spirit of each sub-
ject as w

ell as the essential union betw
een them

.
T

he perfect synthesis never clouds the nature of
its com

ponent parts; rather, it m
akes them

 clearer
and m

ore m
eaningful.

M
IN

N
E

M
A

ST
 m

aterials are oriented tow
ard the

child rather than the teacher. T
raditional curric-

ula -are based on the idea of teaching children
w

hat it is M
elt they w

ill need to know
as adults.

M
IN

N
E

M
A

ST
 aim

s at teaching the tools for life-
long learning by em

phasizing m
ethods of acquir-

ing know
ledge. rather than rote m

em
orization of

facts.

M
IN

N
E

M
A

ST
 presents m

athem
atics and science

in the context of creative learning
processes.

=
 C

hildren are given the experience of discovering
the underlying law

s of m
ath and science.

T
he

curriculum
 attem

pts to lead the children to dis-
cover the intrinsic rew

ards of learning. C
hildren

enjoy w
orking w

ith their classm
ates and teacner

in experim
enting,

predicting, and discovering
answ

ers to their questions.
7
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ILLS

In K
IN

D
E

R
G

A
R

T
E

N
 the children are introduced to a

w
ay of looking at the w

orld around them
. T

hey are en-
couraged to w

atch and to w
onder about it.

T
heir ob-

servations include that of sym
m

etrical patterns.
T

hey learn to classify objects. according to proper-
ties they have observed and to m

ake qualitative
com

-
parisons, such as greater than, less than, appears to
be the sam

e as, before, after.
T

hey learn that proper-
ties of m

em
bers and num

ber of m
em

bers of sets rem
ain

the sam
e even w

hen the sets are rearranged.
U

sing the basic concept of one-to-one correspond-
ence, the children first learn to pair objects in one set
w

ith objects in another set, then w
ith tally m

arks, and
finally w

ith num
ber w

erds.

10

S4
4

'm
ac.

In FIR
ST

 G
R

A
D

E
 the children continue observing,

describing and classifying objects by their
properties.

M
any patterns of sym

m
etry are explored

. T
heir w

ork w
ith

sets includes the concepts of intersection and
union,

and the set 'interpretation of addition and
subtraction.

T
he num

ber `line is introduced.
T

his m
odel of the

real num
ber system

 w
ill be used throughout the

M
IN

N
E

-
M

A
ST

 program
.

T
he children w

ork w
ith a num

ber line
as they learn to m

ake quantitative m
easurem

ents of
length, area, -volum

e, and duration.
T

he 'children learn to use
an addition slide rule

w
orking w

ith num
bers up to 100.

T
hey learn the place

value system
 and add and subtract 2 -digit

num
bers

w
ithout regrouping.

T
hey w

ork w
ith spatial relations and describe

lo-
cations in term

s of fram
es of reference.

7
4r-j



U
nits 21 and 22 not pictured here.

1

In SE
C

O
N

D
 G

R
A

D
E

 the children investigate the
w

orld around them
 by experim

enting w
ith system

s of in-
terrelated objects or substances.

T
hey w

ork w
ith num

erals up to 999, w
ith fractions

and w
ith negative num

bers. In m
easuring length and

w
eight, the children discover the advantages of using

fractional units for greater accuracy. T
he children add

and subtract 2- and 3-digit num
bers, and learn to check

their ow
n results through approxim

ation.
T

hey are in-
troduced to graphing and they review

 piece value nota-
tion.U

sing several algorithm
s, the children learn to

m
ultiply, finding products of w

hole num
bers up to 6 x 6

,

and to divide sm
all w

hole num
bers..

T
hey w

ork w
ith

parallel scaled num
ber lines and locate points fpr

som
e

non-integral num
bers.

T
he childroti w

ork w
ith C

arte-
sian products.

T
he children learn to m

ake and interpret scaled
diagram

s and m
odels. T

hey learn to m
easure and record

ongraphs som
e changes that occur in their environm

ent,
such as

in plant grow
th and tem

perature variation.
Som

e properties and uses of angles, are introduced.

7

U
nits 27, 28 and 29 not pictured here.

In T
H

IR
D

 G
R

A
D

E
 the students continue w

orking w
ith

num
bers, investigating their properties and their rela-

tions to geom
etry and m

easurem
ent. Science activities

provide further practice w
ith basic arithm

etic ideas and
algorithm

s and extend the children's understanding of
the real num

ber system
.

T
he students study the relation of the slope of

a
line on a graph, speed and m

ultiplication. W
ork w

ith
geography and projective geom

etry bring out the
invari-

ance'a nd transform
ation features of the

function concept
in m

athem
atics

. B
iological and earth-science activities

are presented in the context of the system
s concept.

T
he students develop sim

ple graphing arid m
athem

atical
skills indescribing these natural system

s. T
he observ-

able properties of m
atter are investigated in

a chem
istry

unit. T
he third-grade student begins w

orking indepen-
dently on som

e w
ritten m

aterials.
A

n effort vvas m
ade to reach a cpnvenient

pause in
the progression of certain subjects in science

and m
ath-

em
atics .

T
he w

riters avoided initiating w
ork that

w
as

not likely to be reinforced
in the higher elem

entary
grades.

1-4



M
I N

N
E

M
A

S
T

C
O

O
R
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A
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U
N
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.1

T
he K

-3 curriculum
 includes 29 coordinated m

athem
at-

ics and science units.
T

hese units are sequential,
covering the first four years of a child's education.
M

IN
N

E
M

A
ST

 attem
pted to develop a coherent, system

-
atic curriculum

 rather than separate U
nits of instruction.

T
he kindergarten m

aterials
are a very im

portant part of
the program

.
It is in these that w

e try to build the
child's natural curiosity, encouraging him

 to ask
ques-

tions, to take the tim
e to explore his environm

ent, and
L

o try to find answ
ers to his questions, as w

ell as to
develop new

 questions.
T

he units seek to instill in
the child a lifelong interest in thinking and learning.

W
here school system

s have no kindergarten, teachers
of first grade could select lessons from

 kindergarten
units.

'B
ecause the children are

m
ore m

ature, these
lessons w

ould require less, tim
e at the first-grade level.

T
he coordinated K

-3 curriculum
 provides

a firm
 founda-

tion on w
hich the children can build as they follow

other
m

athem
atics and science non-coordinated curricula

in
fourth- grade and later.

Special em
phasis is placed pn

the actual handling of m
aterials by the

students, w
hich



leads to a fundam
ental understanding of concepts,

as
opposed to rote learning.

T
hrough actual experience

the children see how
 m

ath and science serve each other
and how

 closely interrelated they are.
T

he staff feels
that m

athem
atics and science taught as totally unrelated

subjects could not provide so good a preparation as the-
children get through this approach.

T
he project attem

pted to provide
a sm

ooth transition
from

 third grade of M
IN

N
E

M
A

Sf to other
upper elem

en-
tary m

aterials.
A

n effort w
as m

ade to reach a conven-
ient pause in the progression of certain subjects and to
recom

m
end how

 M
IN

N
E

M
A

ST
 objectives could best be

continued in the interm
ediate grades (4-6).

If your school or yourdistrict is not presently
em

ploying
the M

IN
N

E
M

A
ST

 C
urriculum

,
w

e heartily invite and en-
courage you to exam

ine it and to consider its adoption.
A

 pam
phlet, Q

ubstions and A
nsw

ers about M
IN

N
E

M
A

ST
,

and a price list w
ill be sent free

upon request.
A

ny of
our publications m

ay be purchased singly.
M

any are
useful and rew

arding at levels other than
those indicated

in our sequential arrangem
ent.

fp

`.-44111
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O
T

H
E

R
 M

IN
N

E
M

A
S

T
 P

U
B

LIC
A

T
IO

N
S

T
he 29 coordinated units and several other

publications are available from
 M

IN
N

E
M

A
ST

.
O

ther publications include:

ST
U

D
E

N
T

 M
A

N
U

A
L

S for G
rades 1, 2 and 3, and

printed T
E

A
C

H
IN

G
 A

ID
S for K

indergarten and G
rade I.

L
IV

IN
G

 T
H

IN
G

S IN
 FIE

L
D

 A
N

D
 C

L
A

SSR
O

O
M

(M
IN

N
E

M
A

ST
 H

andbook for all grades.)
A

 description of the H
andbook is included in this

O
verview

. A
vailable on

order.

A
D

V
E

N
T

U
R

E
S IN

 SC
IE

N
C

E
 A

N
D

 M
A

T
H

(H
istorical stories for teacher or student.)

A
 description of this booklet is included in this

O
verview

. A
vailable on order.

Q
U

E
ST

IO
N

S A
N

D
 A

N
SW

E
R

S A
B

O
U

T
 M

IN
N

E
M

A
ST

Sent free w
ith price list on request

.

O
V

E
R

V
IE

W
(D

escription of content of each unit.)
A

vailable on order.

M
IN

N
E

IvIA
ST

 R
E

C
O

M
M

E
N

D
A

T
IO

N
S' FO

R
 SC

IE
N

C
E

 A
N

D
M

A
T

H
 IN

 T
H

E
 IN

T
E

R
M

E
D

IA
T

E
 G

R
A

D
E

S
(Suggestions for program

s to succeed the M
IN

N
E

M
A

ST
C

urriculum
 in G

rades 4, 5 and 6.)
'

A
 description of this booklet is included in this

O
verview

. A
vailable on order.

For additional inform
ation, a price L

ist and
orders, w

rite to:

M
IN

N
E

M
A

ST
 D

irector
C

enter for C
urriculum

 Studies
U

niversity of M
innesota

M
inneapolis, M

innesota
55455

14



K
indergarten



C
.

16

U
nit 1

W
A

T
C

H
IN

G
 A

N
D

 W
O

N
D

E
R

IN
G

K
indergarten children are encouraged to w

atch
,

to w
onder, and to seek their ow

n answ
ers to ques-

tions through discovery and testing.

In their first days of kindergarten the children
are learning to be explorers.

"Pretend Y
ou are an

explorer for your fam
ily," the teacher tells her

class. "W
hen you get hom

e your m
other and father

w
ill ask w

hat you saw
 in the classroom

. W
hat

w
ill you tell them

?"

T
he children explore their classroom

,
the

school building, and the neighborhood. T
hey m

ake
observations about anim

als, the, w
eather, shad-

ow
s, and night and day.

E
ach child is encouraged to discuss and ques-

tion his ow
n w

onderings and to develop w
ays of

finding answ
ers to his questions.

T
he activities

provide interesting experiences that expand his
pow

ers of observation and his verbal skills of
com

m
unication.

4,;,...211104111111!m
r...
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U
nit2

C
U

R
V

E
S A

N
D

 SH
A

PE
S

T
he kindergarten children continue

their ob-
servations.

H
ere they obserye geom

etric
pat-

terns.
T

hey becom
e acquainted w

ith
som

e prop-
erties of shapes and curves, em

phasizing
that a

curve m
ay enclose or bound a region in

a plane.

T
he children find,

identify and construct
m

any curves.
T

hrO
ugh gam

es and stories, they
learn

to
determ

ine w
hether curves

are open,
closed, sim

ple or non-sim
ple. T

he circle,
square,

triangle and rectangle are treated
as four sim

ple
closed curves.

T
he children learn to classify and

sort curves
according to certain properties. A

 branched
dia-

gram
 called a "concept tree" m

akes their sorting
easier.

T
he children transform

curves m
ade of

yarn into different types of curves.
T

hey also
see that a curve can be m

ade to look different
w

ithout changing the type of
curve it is.

T
his unit consists of four

parts; each is
taught at a different tim

e during the
school year.

T
he activities provide the children

a great deal
of practice in developing their skills

of observa-
tion and classification.

1

17



U
nit

D
E

SC
R

IB
IN

G
'A

N
D
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L

A
SSIFY

IN
G

T
he concept of set is developed for the

kin-
dergarten children and they apply it

to m
any groups

of fam
iliar objects.

i,-

T
he children observe objects, describe

their
properties, and then classify them

 according
to

certain properties. T
hey sortm

any classroom
 ob-

jects, property blocks, and various biological
ob-

jects. T
hey com

pare sets by placing
the m

em
bers

in each set in a one-to-one correspondence,-and
they find that som

etim
es

one set w
ill have m

ore
m

em
bers than another.

T
w

o points are em
phasized:

a set rem
ains

the sam
e set after rearrangem

ent,
and the num

ber
of m

em
bers of a set does

not change under rear-
,rangem

ent or substitution. T
he activities

on con-
servation of set and set com

parison
form

 a basis
for later counting.

18
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U
SIN

G
 O

U
R

 SE
N

SE
S

"T
ell m

e som
ething about this," the teacher'

says to her class as she show
s the children

a
flow

er.

"Y
es, it is a flow

er.
B

ut can you tell m
e

m
ore about it? W

hat color is it? W
hat part of

your body tells you that?" T
hen she asks the chil-

dren to touch and sm
ell the flow

er and to identify
w

hich sense they use to acquire their inform
ation.

T
he children have been using their

senses
since the day they w

ere born; they have been
w

atching and w
ondering and m

aking observations
since the day they started kindergarten. N

ow
 the

teacher leads them
 to discover the

part each of
their senses plays in m

aking these observations.

First the children explore the properties of
fam

iliar objects, and then test their
aw

areness
w

ith unfam
iliar "m

ystery objects."
Stories, rid-

dles, and gam
es are used for reinforcem

ent and
pleasure.

.1

19



U
nit5

IN
T

R
O

D
U

C
IN

G
 M

E
A

SU
R

E
M

E
N

T

Since all m
easurem

ent is essentially
a series

of com
parisons of tw

o objects, it
is appropriate

that a child's first form
al w

ork w
ith it should

in-
volve m

aking direct com
parisons. T

he
length of

one abject is greater than, less than,
or appears

to be the sam
e as the length of another.

L
ength, m

-ea, volum
e, and

tim
e duration are

introduced as properties that
can be com

pared.
From

 these com
parisons

an order is determ
ined.

A
ll the w

ork is qualitative,i.e.
, non-num

erical.
T

he children first
see a need to m

easure a
particular property.

T
hen they develop m

ethods
of com

paring each of tw
o

objects using that
prop-

erty. A
reas inside closed

curves of yarn, for in-
stance, are com

pared by the num
ber

of children
w

ho can standon the region
inside the yarn. N

ext
the children order three

or m
ore objects by com

-
paring tw

o at a tim
e using the

transitivity princi-
cda. shy play gam

es arranging
paper cutouts by

area or boxes by volum
e, and w

atch-plants ar-
ranged in order of tim

e since
planting.

T
he children m

eet situations
involving the

variability and invariability of
a particular prop-

erty under changing conditions,
such as length

of pencils, strips ofcrepe paper, and Slinky toys:
M

easurem
ent is an activity that

cannot be
assigned to either science or

m
athem

atics exclu-
sively.

T
he concepts of length,

area, volum
e,

tim
e order, and tim

e duration, and
the ideas and

20

w
inaR

opp-
r*--

F

language of binary com
parison,

ordering,
in-

equalitr and invariance
-- basic to both the sci-

entist and the m
athem

atician
-- are introduced in

a qualitative m
anner in preparation

for a quanti-
tative, num

erical approach.



U
nit

N
U

M
E

R
A

T
IO

N

"H
ere is U

gboo. H
e lived a long, longtim

e
ago.

T
his is the w

ay he counted: 'O
ne

-- tw
o 7-

rriany.' H
e did not know

any other w
ay to count

m
ore than tw

o. A
t that tim

e no one knew
 how

 to
count m

ore than tw
o."

I3gboo's problem
 introduces the children

to a
m

ethod of 'representing the num
ber of

m
em

bers in
a set.

U
gboo needed a w

ay to be
sure that he

brought back as m
any sheep each night

as he' had
taken to pasture in the m

orning.

T
he children first

use a set of objects, then
tally m

arks, and finally num
erals

to represent the
num

ber of objects in a particular set.

T
he first lesson involves ordering activitiu6;

in follow
ing lessons the children

construct and
use equivalent sets of objects and tally m

arks for
representing num

ters. M
innebars represeR

t
num

-
ber by length.

B
y com

paring the various bars,
children can periorm

 pre-counting, pre-addition
and pre-subtraction exercises.

T
he children use.

num
eral cards and also count aloud in

m
any ac-

tivities.
B

ecause cif the em
phasis throughout the

unit on one-to-one correspondence, counting
now

becom
es an intelligent process, not just

a verbal
recitation.

A
n,optional lesson in printing num

eralsap
pears at the end of the unit.
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O

D
U

C
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M
M
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T

R
Y

T
he children observe sym

m
etric patterns exist-

ing around them
 -- both m

an-m
ade patterns and

those present in the natural w
orld.

M
ost of the

lessons involve observations and m
anipulations

of a variety of objects. A
rt activities that dem

on-
strte patterns of sym

m
etry help to m

ake this unit
a very exciting one for the teacher and children.

T
he activities illustrate three kinds of sym

-
m

etry. R
otational sym

m
etry is exhibited by objects

that can be rotated part w
ay and still look the

sam
e.

T
w

o exam
ples are a starfish and a paper

star. A
n endless picket fence illustrates transla-

tional sym
m

etry, in w
hich a pattern is repeated

indefinitely. A
 finite pattern is show

n by a paper
doll chain.

B
ilateral sym

m
etry, w

hich is also
called m

irror or folding sym
m

etry, is illustrated
w

ith figures such as' butterflies and leaves.

22
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U
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In the context of exploring their new
 first-

grade environm
ent, the children continue describ-

ing objects, grouping objects into sets and sub-
sets, and ordering sets according to num

ber
of

m
elribers.

T
w

o new
 set concepts are union and inter-

section. T
he children put together tw

o sets, such
as red blocks -inc: green blocks, and learn that this
com

bined set is (-I union.
T

hey sort objects ac-
cording to vole; prw

ertieS, such as w
hite objects

A
nd round obiectsind learn that the w

hite round
obje,:qs tarp in the intersection of the tw

o sets.

W
hen the children start to classify objects

according to three properties, their teacherreads
thcm

i a story that show
s the cle-sirability of

using
a tree diagram

 for classification by m
ore than tw

o
pinT

erties. T
he need fora reference or control ob-

je,.t becom
es, apparent w

hen the children observe
and com

par) several properties of
an object.

T
he children have m

any, opportunities
to ex-

perim
ent w

ith changing properties.
T

hey inflate
kind deflate a painted balloon, w

atch
an ice cube

m
elt, plant seeds and observe the grow

th
rate of

plants, study the life cycle of
a w

eal w
orm

, and
recognize their ow

n changing sizes.

24
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T
he children discover that

som
e properties of

an object can be changed w
hile the identity of the

object rem
ains unchanged.

T
hey find that som

e
changes of properties

are reversible, w
hile others

are irreversible.
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T
he concepts of com

parison of sets, num
-

bers, num
erals, and counting, w

hich w
ere intro-

duced in kindergarten, are review
ed in first grade:

T
he children collect tw

o sets of objects, such
as rocks, seeds, nuts, leaves, or shells. Sev-
eral objects are used so that the children

cannot
tell at a glance w

hich set has
m

ore m
em

bers.
First the childrep com

pare their tw
o sets by

one-
to-one correspondence. T

hey discover that
sets

w
hich are in one-to-one correspondence have

the sam
e num

ber property.

N
ext they see that a reference set, such as

tally m
arks on paper, can rE

.)resent a set w
hich

is to be com
pared w

ith another set.
A

 story,
"T

ai's A
ching B

ack," show
s the usefulness of

a reference set w
hen the sets to be com

pared
cannot be brought side by side for m

atching by
one-to-one correspondence.

In another story a set O
f w

ords replaces the
tally m

arks and counting becom
es the pairing of

a set of w
ords, in a given sequence, w

ith the ob-
jects in the set to be counted.

T
he last w

ord
paired giveS the num

ber of objects in the set.
T

he story helps the child realize w
hat he is do-

ing w
hen he counts.

if!
ti

T
he num

erals for 0 through 20 are taught by
rote and then established by practice.

Practice
in counting and w

riting num
erals is related to

activities w
ith sets oPobJects.

T
he children

order set
_

by the num
ber of m

em
bers to help clarify

the abstract idea of num
ber.

25
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T
he children locate buried treasure,

help
South Pole explorers record their journey, and
find their ow

n desks on a classroom
 m

ap in a few
of the activities of this unit. T

hey learn to m
ake

and read a variety of sim
ple m

aps and to describe
verbally (w

ithout pointing) w
here som

ething or
som

eone is.

T
w

o m
athem

atical concepts are involved in
the techniques of describing locations.

O
ne;

the concept of describing a location by using a
fram

e of reference, provides a foundation for
later m

athem
atics w

ork w
ith coordinate system

s
and graphing

an im
portant part of the M

IN
N

E
-

M
A

ST
 curriculum

. A
 reference fram

e is som
e par-

ticular arrangem
ent of objects,

in relation to
w

hich w
e describe som

e other object's position
or location.

R
eference fram

es need not be phys-
ical objects

points and lines m
ay be used.

T
he second concept is the idea of a location

as a point or set of :,points.
A

 m
ore exact loca-

tion can be given by describing a point or set of
points, such as "at the intersection of line A

B
and line C

D
" or "ten feet due north of the flag-

pole."

26
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T
he unit introduces the ideas of a point,

line,
lino segm

ent and intersection and union of
sets.

T
he unit provides m

any opportunities to
connect the m

athem
atics and science w

ork w
ith

art, social studies and language skills.
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T
he children are introduced

to addition and
subtraction of, the counting

num
bers through ex-

perience w
ith sets of objects.

A
ddition is inter-

preted as the process of
determ

ining the num
ber

of m
em

bers in a set form
ed by

joining disjoint
sets. Subtraction is interpreted

as the process of
rem

oving m
em

bers from
a set and determ

ining the
rem

ainder.
T

his set interpretation applies
to the

positive integers.

T
he num

ber line is introduced
to the children

at this tim
e. T

he num
ber line Is

a m
odel of the real

num
ber system

., It provides
a, sim

ple w
ay to ob--

t-) tain correct answ
ers for all addition

and subtrac-
-traction problem

s the first-grade
child .w

ill en-
counter. T

he num
ber line w

ill be
used throughout

the M
IN

N
E

M
A

ST
 curriculum

.

T
o introduce the num

ber line,the teacher draw
s

tw
o long horizontal lines

on the chalkboard to re-
sem

ble a street m
ap. O

n the
m

ap she places a cut-
out figure of a dog nam

ed Skip,
and m

arks his
house w

ith the num
eral 0.

T
he story, "Skip's

T
rip," provides an address schem

e
w

hich intro-
duces the labeling on the num

ber line\.
A

s Skip
m

oves along from
 house to house the children

put
the correct num

eral
on each house.

4P 06
L

"'-So

4110410014001

1

O
ther activities of the unit

illustrate the
notion of place value and the decim

al
system

 of
num

eration for num
bers

up to 100.
R

ectangular
arrays and sim

ple fractions are introduced.
Som

e
of the w

orksheets
use exam

ples from
 nature show

-
ing food and habitat of anim

als,
and seeds and

fruits of plants,

27
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M
easurem

ent activities in this unit include
assigning num

bers by the use of various
standard

units. M
easurem

ent involves establishing
a rank-

ing order of objects according to the
m

agnitude of
som

e property.
A

ssigning num
erical values to

these properties requires using units of
m

easure-
m

ent.
T

he arbitrary nature of these units
is em

-
phasized by letting the children begin by

using
reference standards such as p4per clips,

corks,
and pendulum

s. In later activities they
use com

-
m

on standard units of m
easurem

ent such as inches,
centim

eters, .quarts, seconds, etc.

T
he children m

easure objects and events,re-
cord values of length, area, volum

e, and. tim
e du-

ration, and determ
ine tim

e order.
In recording

their resultS, they use the sym
bols >

(greater
than),

<
 (less than), and

(appears to be the
sam

e as) for com
paring m

easured quantities. O
th-

,-,
er activities include w

ork w
ith optical illusions,

counting' and adding gam
es, distinguishing

per-
im

eter, area, and volum
e, and getting practice

w
ith clocks and calendars. T

he children learn
to

use centim
eter and inch grid sheets for the

m
ea-

surem
ent of area, attd they develop "clocks"

as
guides for counting.
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T
he children review

 the
concepts of m

easure-
m

ent and the set and num
berline interpretations of

addition and subtraction
of the counting num

bers.

T
hey learn to use

an addition slide rule. T
his

enables them
 to add and

subtract larger num
bers

before learning the standard
algorithm

s, and also
to add and subtract num

bers
other than the count-

ing num
bers.

O
ptional activities introduce

algo-
rithm

s for addition and
subtraction of tw

o-digit
num

bers that do not require
carrying or borrow

ing.

From
 the activities the children

discover pat-
terns and relationships

am
ong hum

bers. T
hey learn

that addition is
com

m
utative, w

hereas subtraction
is not (3 +

 4 =
 4 +

 3
, but 3 - 4

4 - 3).

T
he children apply addition

and subtraction to
situations fam

iliar to them
.

Som
e w

orksheets are
illustrated w

ith bio:ogically
accurate draw

ings of
plants and anim

als. T
he

them
e for several of these

illustrated w
orksheets

is anim
al life in A

frica.

N
IA

a.

29
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ti T
he children study the sym

m
etry concepts in-

troduced in the kindergarten sym
m

etry
unit, but:

som
ew

hat m
ore intensively.

T
hey observe sym

-
m

etry in flow
ers and tile floors, and they

construct
m

any patterns of their ow
n in art and craft activ-

ities.T
here are 'activities and tests for three types

of sym
m

etry: rotational sym
m

etry, translational
sym

m
etry or sym

m
etry of repeating patterns, and

bilateral or m
irror sym

m
etry.

A
s in the kindergarten unit, actual

objects
are used to dem

onstrate sym
m

etry. T
he art

ac-
tivities m

ake this unit enjoyable for
both the

children and teacher.'
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D
uring the kindergarten and first-grade

years
the children observe individual objects. N

ow
they

are introduced to the study of sets of interrelated
objects or substances w

hich are looked
upon to-

gether as system
s. E

m
phasis is placed

on having
the children investigate the relationships

am
ong

the com
ponents of the different system

s ,through
experim

entation. T
hey w

ork w
ith m

ag nets and w
ith

flashlight cells and bulbs. T
heir study of seed

dispersal system
s includes a field trip and class-

room
 experim

ents. T
hey m

ix colors and they ob-
serve sim

ple chem
ical reactions.

T
he children

use them
selves as subjects in studying eating

system
s.

T
o understand a ,sy ct.rn

, the children observe
som

e phenom
enon.

T
hen they determ

ine experi-
m

entally w
hich com

ponents of 'the system
are nec-

essary by elim
inating one at a tim

e and observ-
ing w

hether the phenom
enon still

occurs.

C
om

m
on to all the activities is the basic ob-

jective of developing a rudim
entary understanding

of the system
s concept, w

hich is broadened in
third grade.

T
he system

s concept is im
portant

because it sim
plifies investigations by focusing

attention on lim
ited portions of a com

plex envi-
ronm

ent .

32

T
he children learn that m

any questions
can

be answ
ered through experim

entation, and they
gain experience in recording

and interpreting
data.



U
nit16

N
U

M
B

E
R

S A
N

D
 M

E
A

SU
R

IN
G

(L
earning w

ith T
or)

B
y the tim

e they begin this
unit, the children

have had experiences in
m

aking sim
ple com

airi-
sons of properties, and they

have gained an
un-

derstanding of part of the rear
num

ber system
.

H
ere they are required

to refine their com
parison

m
ethods by using

m
ore precise tools for

m
easure-7

m
ent, ar

to consider other aspects
of num

era--
tion.T

hey deal w
ith num

erals
up to 999, w

ith frac-
tions, and w

ith negative
num

bers. T
hey are intro-

duced to base founas-an aid
to their understand-

ing of base ten in
our decim

al place value system
of notation. T

he also
get a look at the E

gyptian
system

 of representing .num
bers,

and do som
e w

ork
w

ith U
. S., coins.

- T
he intent is not to have the

children m
aster all of these

concepts at this tim
e,

but to broaden their view
 ofm

athem
atics and m

ea-
surem

ent.

A
fter a review

 of the
com

parison sym
bols,

the children practice
m

easuring and ordering vari-
ous lengths, including diam

eters
and circum

fer-
ences.

T
hen they apply

m
easurem

ent to another
property -- w

eight.
First the children judge

the
relative w

eights of objects
by lifting them

, next
they com

pare the w
eights

by using a beam
 balance,

and finally by using-a
standard scale.

In their

J

7
11

9
10

11
12

7.
4-

1111111.0.'
w

ork w
ith length and w

eight,
the children discover

the advantages of refining
their m

easurem
ents by

using fractional units for
greater accuracy.

A
 story, "T

or," about atfriendly
little m

an
from

 outer space, strongly
m

otivates the various
activities. T

he children pretend
that T

or is study-
ing this unit along w

ith
them

, and his questions
tend to m

ake the
com

m
unc scion of explanations

easier for them
.

33
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T
he children are introduced to m

ultiplication and
division of w

hole num
bers one through six. T

he em
-

phasis is on an elem
entary understanding of the con-

cepts and processes, of m
ultiplication and division,

rather than on com
putational skills or m

em
orization

of num
ber facts.

D
ifferent algorithm

s are presented so that the
child w

ill learn to view
 the concept of m

ultiplication
in various w

ays: repeated addition by repeated jum
ps

on the num
ber line, repeated` addition using com

bi-
nations of equivalent sets or arrays, related scales
on parallel num

ber lines.

T
o introduce m

ultiplication as repeated jum
ps on

the num
ber line the teacher tells her class a story

about a kangaroo fam
ily that has 'a jum

ping contest
along the line. L

ater the children w
ork w

ith parallel
num

ber lines.
O

ne num
ber line represents the num

-
ber of spaces jum

ped, and the other the num
ber of

jum
ps. T

he children know
 that M

other K
angaroo m

oves
three spaces w

ith one jum
p. "H

ow
 m

any spaces w
ill

she m
ove w

ith tw
o jum

ps?" the teacher asks.
T

he
children locate

2
on the "jum

ps" line and then
determ

ine by looking at the "spaces" line that she
m

oves six spaces in tw
o jum

ps.

34

D
ivision is presented in a m

anner that m
akes

full use of the child's conception of dividing up a set
of things into equivalent subsets. T

his gives him
an

early feeling for the relationship betw
een sim

ple
fractions and division by the counting num

bers,
e.g. ,

the relationship betw
een a half and division

by tw
o.
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T
he children learn that representations of

an
object m

ay be larger or sm
aller' than life size,

and that objects often com
e in different sizes

to
suit different needs, e.g., clothing, furniture.
T

hey w
ork w

ith num
erous representations shad-

ow
s, outline draw

ings, m
aps, three-dim

ensional
cutout m

odels, and M
innebar shapes.

T
's children learn to scale representations

up and dow
n using three m

ethods.
First they

look at objects through m
agnifying and reducing.

lenses, observe.how
 they appear larger

or sniailgr
and,draw

 them
 as seen through the lenses. T

hen
they use a one-to-one scale w

here
a sm

aller unit
correspondeto a larger unit.

Finally they w
ork

w
ith a scale using m

ultiples of the
sam

e size
units.T

here is a great deal of practice w
ith m

ulti-
plication as they scale up the dim

ensions of
a

draw
ing on grid paper and record the. com

putation
as they go along.

C
om

putation of area is also
introduced optionally for those children w

ho
are

ready for it. D
ivision is related, to scaling dow

n,
but it is only presented as:an interesting- idea.
N

o division com
putation is taught.

M
aking and interpreting scaled diagram

s W
and

m
odels

involve
observation,

description
and

m
easurem

ent
activities fundam

ental to both
science and m

 ithem
atics, and im

portantin every-
day life. T

he activities of this unit
are designed

to develop thi', im
portant representation and

com
-

m
unication

in children.
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T
he children's attention is draw

n to
m

any of
the chances that occur in the environm

ent, and
4.0 the relationships am

ong the changes involved.
T

ht children are encouraged to m
easure andre

cord these changes.

E
xperiences w

ith plants, volum
e and w

eight,
and tem

perat,:re changes lead the children to
ex-

plore relationships am
ong variables and to

repre-
sent them

 graphically. For exam
ple, the children

discover that the height of a plant is related to
the am

ount of tim
e that has elapsed since it

w
as

planted. T
hen they learn to represent,

on a graph,
this relationship betw

een height of plant and tim
e.

T
his introduces the idea of

a function as an
association or relationship betw

een tw
o variables.

B
y experim

enting and m
easuring, the chil-

dren, discover different kinds of functions. T
hey

get som
e feeling for the usefulness of these dis-

coveries in attem
pting to understand the w

or'ld.
L

earning to interpret th3 dependence of onc.. vari-
able upon another, and to find regularities and
law

s in natural and abstract system
s, com

prises
m

uch of the 'W
ork of ,scientists and m

athem
ati-

cians.
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T
his unit presents the standard algorithm

s
for addition and subtraction of

tw
o- and three-

digit num
bers, and provides experience

in m
anip-

ulation of these larger num
bers.

T
he activities develop the children's

com
-

putation skills and extend the concept of
the

num
ber system

.
T

o develop the algorithm
s the

children first use a place-value chart
on w

hich
they m

anipulate counters to give
concrete repre-

sentations of the addition and subtraction m
eth-

ods.
T

he counters are m
ade so that

a 10-piece
is ten tidies as large as a 1-piece and

a 100 -
piece is ten tim

es as large as a 10-piece.
A

fter
they. have had sufficient practice in

regrouping
the counters, they learn to w

ork w
ith

num
erals

in the chart instead of counters.
T

hey learn to
record the process on

paper in condensed form
,

rather than to use a place -value chart and
count-

ers or num
erals.

T
hus they arrive at the stand-

ard algorithm
.

G
am

es provide a fun and challenging
w

ay of
practicing addition and subtraction skills.

A
c-

tivities w
ith graphing reinforce w

ork done
in pre-

vious units and also present com
putational

prob-
lem

s in a new
 setting. T

he
children practice the

techniques of approxim
ating

answ
ers and check-

ing their ow
n results

not only to give them
a

sense of num
bers and size, but also

to develop
independence and confidence

in w
orking w

ith
num

bers.

In the last'section of the
unit, the children

learn to-use different instrum
etits

to m
easure and

study the com
ponents of w

eather.
In w

orking
w

ith w
eather m

easurem
ents,

it is necessary for
the children- to do

a great deal of com
putation

using the skills acquired in the
rest of the units.

C
%

.2
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T
his unit concentrates on geom

etry concepts
an im

portant part of the elem
entary curriculum

for several reasons.
G

eom
etry is the study of

spatial relations and concepts that are im
portant

in the application of science.
T

he study of ge-
om

etry helps to develop logical thinking and
ex-.

tends the concepts of m
easurem

ent and num
bers.

A
n understanding

of dim
ension,

gained from
studying geom

etry, is basic to understanding the
three - dim

ensional universe.

T
he unit review

s,the concepts of point,
line

and line segm
ent- and introduces the concept of

ray, .
T

he children discover a sim
ple definition

__of angle (tw
o rays w

ith a com
m

on origin) and
learn to m

easure angles.
T

hey use a clock face
protractor that differs from

 the traditional 180°
protractor.

T
he children are introduced to the

w
ord "m

ag," w
hich m

eans "the m
easurem

ent of
the angle." T

he w
ord w

as coined by M
IN

N
E

M
A

ST
to elim

inate confusion betw
een the concept of

angle and the m
easurem

ent of angle.
O

ne can
talk about the m

ag of an angle just as one talks
about the length of a line segm

ent or the w
eight

of a m
ass.

T
he children look for angles in and

out of the classroom
 and practice m

easuring them
.

T
hey experim

ent w
ith light beam

s and m
irrors and

discover interesting facts about light and it
re-

flection.
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T
he children study polygons and review

m
any

set and classification concepts. T
hey also study

sim
ilar triangles and congruent figures and play

w
ith polygons to see w

hat relationships exist
am

ong shapes and w
hat repeating patterns can be

found in designs consisting of polygons.

T
o m

ake a transition from
 tw

o-dim
ensional

to three-dim
ensional shapes, the children w

ork
w

ith flat shapes (for exam
ple, squares) and

put
them

 together w
ith tape to form

 three-dim
ensional

shapes (for exam
ple, the cube).

Finally, tney
m

ake various
open-ended investigations w

ith
solid figures (polyhedra).
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T
his unit expands the student's understand-

ing of the real num
ber system

 by form
ally intro-

ducing the set of rational (or fractional) num
bers.

Fractions are taught because they are a part of
the real num

ber system
that set of num

bers
w

hich can be put in one-to-one correspondence
w

ith points on a L
ine.

A
,,need for fractions is

generated by creating situations
for w

hich the
w

hole num
bers are not sufficient.

T
he children

begin their w
ork using physical objects to repre-

sent parts of w
holes.

In later w
ork they view

fractions as points on a num
ber line.

R
ational num

bers have a property not shared
by any set of num

bers thus far considered in the
curriculum

.
T

his property is know
n as density

and m
eans that betw

een any tw
o rational num

bers
there is alw

ays one m
ore rational num

ber.
A

l-
though the children m

ay not grasp the idea of
an

infinite set of rational num
bers betw

een any tw
o

other rational num
bers, they do learn that there

are "m
any, m

any" points betw
een any tw

o points
on the num

ber line.

T
w

odistinct types of m
easure are introduced

to facilitate the children's understanding of den-
sity.

O
ne is the "counting m

easure, " w
hich re-

fers to "how
 m

any" or the num
ber of parts into

I

.

a

op

w
hich an object is divided.

T
he other is the

"am
ount m

easure, " w
hich refers to "how

 m
uch"

or the overall quantity of m
aterial under consid-

eration. T
he concepts of w

eight, length, m
agni-

tude of angle, tim
e, and area are developed

as
am

ount m
easures.

Students often w
ork in sm

all
groups w

hile carrying out the activities.

39







U
nit 23

C
O

N
D

IT
IO

N
S A

FFE
C

T
IN

G
 L

IFE

In this unit the' children study three envi-
ronm

ental. conditions that profoundly affect life.
T

hese are m
oisture, light and tem

perature.
T

he
children learn how

 these conditions and their ef-
fects can be detected and m

easured.
T

hey in-
vestigate the effects of these conditions on the
grow

th of plants and on the behavior of anim
als,

and they also consider the part these conditions
play in determ

ining w
here plants and anim

als
norm

ally live.

T
he children begin their studies by taking

a
field trip to observe plants and anim

als in
a nat-

ural setting, and to discover w
hat \conditions of

m
oisture,

light and tem
perature cause

living
things to be in these places.

E
ventually these

considerations reveal the necessity for designing
controlled. experim

ents:
T

he children begin to
realize the relation betw

een field and laboratory
investigations.

T
he M

IN
N

E
M

A
ST

 "system
s" thread develops

the concept that an investigation of a phenom
e-

non or problem
 can frequently be sim

plified by
concentrating attention on certain objects and
their interrelationships and elim

inating others.
T

he system
q. used in this unit are taken from

 na-
ture and are som

ew
hat m

ore com
plex than in pre-

vious units.

T
he system

s thread Provides situations in
w

hich the children (I) select relevant elem
ents

to observe,
(2) discover relationships

am
ong

these elem
ents, and (3) verify the relationships

by testing.
For exam

ple, the effect of tem
pera-

ture on the breathing rate of goldfish is investi-
gated.

T
he children focus their attention- on

a
system

 that includes a goldfish, ice cubes for
low

ering the tem
perature of w

ater, a therm
om

eter
for m

easuring the w
ater- tem

perature,
- and a pen-

dulum
 for tim

ing tha breathing rate of the fish.
T

hey \discover that t;*.e rate of breathing is
re-

duced as the tem
perature is low

ered.
T

his dis-
covery,,is checked w

hen the tem
perature of the

fish is low
ered still further.
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T
he children set up a com

puter to w
ork addi-

tion and subtraction problem
s.

T
he com

puter is
set up w

ith desks, using the children
as com

po-
nents.

A
lgorithm

s for addition and subtraction
are developed w

ith heavy em
phasis on the place

value system
.

T
he children review

 T
 notatiop,

for expressing place value.
In T

 notation, the
one's place is -nam

ed T
O

 because no groupS of
ten have been m

ade.
T

he ten's place is nam
ed

T
 I

because the elem
ents have been grouped by

ten just once. T
he hundred's place is T

2 because
the elem

ents have been grouped by tens tw
ice.

First the com
puter accepts "T

-pieces. " L
ater

the children program
 num

erals into the com
puter.

A
nd finally, the vertical form

s for addition and
subtraction are developed.

T
he children also w

ork w
ith m

easurem
ent

system
s of length,

volum
e and tim

e duration.
T

hese system
s contrast the place value of the

base-ten num
eration 'system

 because the
m

eas-
urem

ent units for length and tim
e duration are not

regular, i.e.
12 inches =

I
foot, 3 feet =

 I
yard,,

etc.

T
he students w

ork w
ith tw

o other system
s:

a pouring system
 and a balance beam

 systeni.

T
his w

ork is done independently w
ith

m
inim

al
help from

 the teacher. B
y pouring

w
ater from

 one
m

easured tube into another
or balancing a m

eter
stick, the children generate ordered

pairs. T
hey

graph these pairs on grids and
use them

 to pre-
dict new

 states of their system
s.
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T
his unit relates the concept of m

otion and
graphs -of speed to m

ultiplication.
T

he children
explore m

otion and gather their ow
n data through

a-series of races, both on foot and w
ith battery-

operated toy cars.
T

he children becom
e fam

iliar
w

ith som
e of the problem

s, involved in
m

easuring
speeds and gain m

ore experience in
collecting

data in experim
ental situations.

T
he children

graph the data they collect and then find that
they can com

pare relative speeds by
com

paring
the slopes (steepness) of the lines representing
the m

otion.
T

hey discover that the steeper the
slope of the line, the faster the speed that

line
represents

.

T
he relationship of m

ultiplication to
con-

..stant speed m
otion is m

ade obvious w
hen the

children exam
ine. the increase in the slope of

a
line. T

hey learn to nam
e the slopes

as y num
ber

of units up per x units over.
T

hey disdover that
w

hen the car travels the sam
e distance each

second,, it is going at a constant speed.
T

he
graph of a constant speedls a straight' line,

,and
represents a -m

ultiplication
relationship.

For
exam

ple-,
if the car travels 3 feeper second,

it
w

ill go 6 feet in 2 seconds, 9 feet in 3 seconds,
12 feet in 4 seconds, etc.

For each 'second
traveled, the car covers 3 feet,

so the slope of
the graph increases in m

ultiples of 3.
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T
he children use a m

ultiplication
chart w

ith
lines of slopes one (up per

one over) through 'nine
(up per one over) to find the

products of integers
from

 zero through ten.
T

he unit also review
s

other em
bodim

ents of m
ultiplication,

such as re-
peated addition, arrays and

C
artesian products.
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C
hildren w

ho have been in the
M

IN
N

E
M

A
ST

program
 since kindergarten hive had a great deal

of experience in observing and
describing the

properties of objects.
T

hey have given qualita-
tive and quantitative descriptions of

properties.
.

T
his unit brings in a new

 consideration
the

students now
 focus on the properties

of the m
a-

terial of w
hich an object is com

posed
rather than .;

on the properties of the object itself.

T
he les s ons_ar-e-desigrred

o teach som
e .of

---- -the w
ays a m

aterial m
ay be identified by

its
properties. T

he children learn to test m
etals

and
m

inerals for the property of hardness.
T

hey find
out how

 to separate inks and food colorings
into

the com
ponent colors.

T
hey learn to identify

som
e, m

inerals by the property of crystal shapes
and by the property of

shape retention after
cleavage.

Finally,
they use

solubility
and

,chem
ical reaction as properties that

a m
aterial

m
ay have.

Science and m
athem

atics
are w

ell coordi-
-

nated in this unit:
T

he m
athem

atical concepts
include intersection of sets,

m
easurem

ent of
angles, and m

easurem
ent and graphing O

f
w

eight
and volum

e.

\

T
he concluding lesson of the

unit gives the
children opportunities to

use their experim
ental

skills in identifying
a variety of unknow

n w
hite

substances.

CL
e3
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'In this unit the students w
ork independently'

reading, follow
ing instructions and com

pleting
the w

orksheets w
ith a m

inim
um

 of help from
 the

teacher.
T

he students study factors, products;
and m

ultiplication sentences and learn
to apply

som
e properties of m

ultiplication by 0,
I, 5.and

9 to m
ultiplication problem

s w
here those num

bers
appear as factors.

W
orksheets, class discussions and

gam
es

provide practice w
ith addition, subtraction and

m
ultiplication skills.

T
he students first

practice m
ultiplication

using rectangular arrays.
T

hey partition a large
array into sm

aller arrays and find the total num
-

ber of elem
ents in the original

array by adding
the num

ber of elem
ents in each sm

aller
array.

R
ectangular arrays are used to develop

an algo-
rithm

 for the m
ultiplication of w

hole, num
bers.

E
ventually a vertical algorithm

 for m
ultiplying

tw
o-digit num

bers is developed.

W
orkSheets and story problem

s extend the
concept of a C

artesian product that w
as intro-

duced in U
nit 25.

T
he story problem

s give the
students experience w

ith the m
ultiplicative rela-

tionof 'C
artesian products and w

ith the idea O
f
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finding all possible com
binations of the m

em
bers

of 'sets.
T

he distributive property of m
ultiplica-

tion is also review
ed.



U
nit

M
A

PPIN
G

 T
H

E
 G

L
O

B
E

T
he students are introduced to

som
e of the

basic notions of topology
the study of the

properties 'and behavior of objects
w

hen trans-
form

ed by tw
isting, stretching

or bending.
T

he
topologist looks upon the objects being,deform

ed
as sets of continuous points on a

curve or in a
tw

o-dim
ensional region. T

he continuity of
points

on a line is a characteristic of the teal num
ber

system
 as w

ell, for real num
bers

can alw
ays be

represente,d as the points on
a line.

A
lso, con-

tinuity is at the heart of the fund am
entaltheorem

s
of 'calculus.

T
hus, in studying the deceptively

sim
ple and intuitive properties ofcurves and sur-

faces as they are deform
ed, the children

are be-
ing introduced to the ground w

ork of higher
m

ath-c.,
em

atics.

T
he children learn about these .ideas by w

ork-
ing w

ith orie to one transform
ations of

various
objects and sets. M

any activities
are included

that children can appreciate, such
as distorting.

a checkerboard,
ir. w

hich case it- is found that
under a certain kind of transform

ation
(deform

a-
tion), m

easurable properties, such
as area and

length, change; topological properties,
such as

order and connectedness, do
not.

E
xam

ples are
also draw

n from
 com

parative
anatom

y and from
.m

ap m
aking and projecting.

T
hus, this unit in-

7

fttE
7.15 oat.

tegrates basic ideas in geom
etry and

m
athem

atics
w

ith O
ther sciences such

as biology and geogra-
phy.
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U
nit 29 is the final M

IN
N

E
M

A
ST

 unit.
T

he
children W

ho have gone through the four years of
the M

IN
N

E
M

A
ST

 program
 have been equipped w

ith
basic skills in observation, m

easurem
ent, clas-

sification and setting up sim
ple controlled ex-

perim
ents to test their'speculations.

T
hey have

had experiences w
ith the system

s approach w
hich

helps them
 study nature by narrow

ing dow
n and

focusing their attention on one phenom
enon at a

tim
e.;T

hree natural system
s are presented here,

and each requires a different m
ethod of inV

esti-
gation.

A
 plant's w

ater-transport system
 is in-

vestigated through controlled experim
ents.

T
he

children find that w
ater enters the plant through

the roots,
is carried up to the leaves through

tubes-in the stem
, and then goes from

 the leaves
into the air in the form

 of w
ater vapor. A

n open-
ended discussion leads them

 to consider plants
in relation to their environm

ents.

A
 group of anim

al locom
otion lessons in-

volves a different kind of investigation. T
he

dren. have to depend- on-close observation of liv-
ing things, and on the basis of their observations
they are able to m

ake certain generalizations
about locom

otion on land, in w
ater and in the air.
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erg,T
he final natural system

 they investigate is
one involving erosion.

H
ere they begin w

ith an
observation of the natural phenom

enon and go on
to w

ork w
ith m

odels of the system
 they build and,

experim
ent w

ith in the classroom
. T

hey find that
the erosion system

 is affected by variations in
soil type, slope and w

ater flow
.

A
ll these investigations require the children

to define a system
 in term

s of their particular
need.

T
hey see that a system

 is no m
ore than

m
an's w

ay of looking at things, and that one can
m

ake his ow
n decisions as to w

hat the system
 is

to include for his experim
ental purposes. H

e can
lim

it the system
 or broaden it, but the purpose of

his investigation should alw
ays govern w

hat he
includes or w

hat he leaves out of a system
.





T
w

o separate booklets are available in the M
IN

N
E

M
A

ST
 curric-

ulum
.

T
hese are not units, but can be used as teaching aids

for class enrichm
ent.

D
escriptions of A

dventures in Science
and M

ath and L
iving T

hings in Field and C
lassroom

 follow
.

S0

A
D

V
E

N
T

U
R

E
S IN

 SC
IE

N
C

E
 A

N
D

 M
A

T
H

T
hese true stories

of science adventures
and adventurous scientists

illustrate
fam

iliar
aspects and processes of science; they also in-
clude som

e interesting episodes in the history
of m

athem
atics.

Particular stories have been
selected not m

erely for their quality
as stories

but also because they bear on m
ajor topics:

the
birth of the scientific m

ethod, varieties of re-
search approaches, the role of instrum

ents in
the developm

ent of science, m
athem

atical nota-
tion, and sim

ple calculating devices. M
oreover,

in thipse pages the reader w
ill discover exam

ples
O

f observation, description, m
easurem

ent, clas-
sification, experim

entation, deduction, and hy-
pothesis m

aking!
recurring them

es in he M
IN

-
N

E
M

A
ST

 curriculum
.

T
he use of this m

aterial is best left to the
discretion of the teacher.

M
uch w

ill depend on
the abilities and interests of the individual clas-
ses to be taught. M

ost students w
ill not be able

to read these stories by them
selves.

T
hus, it

w
ill be m

ost practical for the teacher to read to
the class.

O
n occasion, a story m

ight be com
-

bined w
ith a dem

onstration or an experim
ent as,

for exam
ple, in the case of A

naxagoras or A
rchi-

m
edes.
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T
his handbook 'is designed as a general aid, to be

used by teachers of all the ,elem
entary grades parallel

to their w
ork w

ith the sequential M
IN

N
E

M
A

ST
 units.

It
provideglin'any suggestions for the 'study of living plants
and anim

als through coordinating w
ork in the class-

room
, the out, -of- doors, and the library.

.

It is hoped that pleasant early 'experiences w
ith

plants and anim
als w

ill help develop a sensitivity and
respect for life, and also a sense of the interdepend-.
ence of living things

that is, an ecological point of
view

, basic to the solution of so m
any environm

ental
problem

s of the tim
es.

T
he handbook provides sim

ple how
-to suggestions

for setting up a classroom
 garden and zoo, including

recom
m

endatiO
ns of particular kinds of plants and ani-

m
als that have proven their hardiness under the ad-

verse conditions likely to prevail in a classroom
.

T
he

book gives suggestions on how
 to use to best advan-

tage those occasions w
hen children bring things to

school.
D

iscussion guides and extensive identifica-
tion aids are provided.

T
he classroom

 m
useum

 is pre-
sented as a m

eaningful grouping of exhibits- around
a

central idea, rather than as a m
iscellaneous collection

of natural objects.

Field trips are an im
portant aspect of w

ork w
ith

living things. T
he handbook gives detailed instructions

for conducting m
any sorts of trips, som

e very sim
ple

and short (for exam
ple,

10 m
inutes in the schoolyard)

and som
e m

ore com
plex.

T
here are also suggestions

on w
hat to look for and w

hat kinds of questions to ask
that w

ill encourage curiosity and lead to further explo-
ration.T

he handbR
ok includes an extensive bibliograpl

including both children's books and teacher's refer-
ences.

T
he bibliography is classified by subject m

at-
ter, and is subdivided into inform

ation, identification,
activity and story categories.

W
hile this m

anual w
as designed particularly as an

aid for M
IN

N
E

M
A

ST
 teachers, it serves as a valuable

reference book for all elem
entary teachers.
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M
IN

N
E

M
A

ST
 R

ecom
m

endations for Science and
M

ath in the Interm
ediate G

rades suggests
courses

of study in m
athem

atics and science that w
ill best

continue the M
IN

N
E

M
A

ST
 objectives for children

w
ho com

plete our K
 - 3 coordinated curriculum

.
T

o prepare this booklet, the staff exam
ined all of

the leading m
ath and science curricula for the in-

term
ediate grades.

T
hey offer several alterna-

tives for your consideration.
It m

ay w
ell be that

another program
 not m

entioned in this
booklet

m
ay suit a local situation better. Failure to m

en-
tion any particular curriculum

 should by
no m

eans
be construed as a criticism

 of it.
T

his helpful
booklet is available at m

odest cost.
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