


MATHEMATICS 

FOR THE 

ELEMENTARY SCHOOL 

U n i t  I1 

Sets 



The Minnesota School Mathematics and Science Teaching Project 

produced these  materials under a grant from the 

National Science Foundation 

third printing 
1966 

f5) 1961, 1962, 1963, 1964, University of Minnesota. A l l  rights reserved. 



M I N N E S O T A  M A T H E M A T I C S  AND S C I E N C E  T E A C H I N G  P R O J E C T  

JAMES H. WERNTZ, JR. PAUL C . ROSENBLOOM 
Associate Professor of Physics  Professor of Mathematics 
University of Minnesota Teachers College,  Columbia University 
Project Director Mathematics Director 

Writing Team for Unit I1 

BONNIE POWELL; First Grade Teacher, University of Minnesota,  REVISION EDITOR 

JOHN WOOD; Minnemath Center,  University of Minnesota,  CONTENT EDITOR 

ELAINE PARENT; Minnemath Center,  University of Minnesota,  ASSOCIATE EDITOR 

NAOMI EISEMANN; Kindergarten Teacher, Minneapolis, AUTHOR OF "David 's  
Promise'' 

HELEN LONGANECKER; Fourth Grade Teacher, University of Southwestern 
Louisiana, AUTHOR OF "Making Cookies"  

ARTHUR MAUD; Director, Project IV: Music School, Minneapoli s ,  MUSICIAN 

DAVID RATNER; Assi stant  Profes sor of Art, Boston University, STORY ARTIST 

BOB WHITE; Minnemath Center,  University of Minnesota,  WORKSHEET ARTIST 

2 .  T. GALLION; Professor of Mathematics,  University of Southwestern Loui s iana 

MAYBELLE HETHERINGTON; Hamden Hall Country Day School, Hamden, 
Connecticut  

BEN ISRAEL; Assistant  Principal, P2 89K, Brooklyn College Campus School 

SISTER M. LORIAN; Fourth Grade Teacher, Alverno College Campus School 

MARJORY LUCE; Upper Elementary Teacher, Edina, Minnesota 

LORNA MAHONEY; Undergraduate As s i  s tan t ,  University of Minnesota 

BETTY JANE REED; First Grade Teacher, Minneapoli s , Minnesota 

i i i  



W e  are deeply indebted to the many teachers who 

used ear l i er  versions of  t h i s  material 

and provided suggestions for  

t h i s  revision 



C O N T E N T S  

I n t r o d u c t i o n  t o  S e t s  

Teacher  background o n  sets 
Story: "David' s Promise" 
Song and act ivi ty:  " G e t  Set"  
Worksheet  1 :  set * membership 
Act iv i t ies  o n  conservat ion  of * sets 
Workshee t s  2 ,  *J: conservat ion  of sets 
Teacher  background on  t h e  * set 
Act iv i t ies  on  descr ib ing sets 

C o m p a r i n g  G i v e n  S e t s  b y  1 - t o -  l C o r r e s p o n d e n c e ,  
S u b s e t  

Teacher background on  I -to- I cor respondence ,  s u b s e t  
Story: "Matching Cookies"  
Song: "The Cook ie  Lark'' 
Teacher background o n  counting 
Act iv i t ies  o n  * more! ;'? matchinq sets! s u b s e t s  
Workshee t s  4 ,  5 ,  *A s u b s e t  
Act iv i t ies  on  1 -to- I cor respondence  3 5 
Workshee t s  7 ,  8, 9, * 10, * II, * 12: I -to- 1 cor respondence  38 
* Krn 47 

* Starring i n d i c a t e s  con ten t  which  is part icularly important t o  t h e  se- 
quen t i a l  development  or  evaluat ion  of t h e  program. W e  a s k  t h a t  a l l  
part icipat ing t e a c h e r s  t ry t h i s  s tarred material.  I t  i s  expec ted  t h a t  
much of t h e  remaining mater ia l  wi l l  a l s o  b e  used;  how much wi l l  depend 
o n  individual  c l a s s  n e e d s  and  t ime ava i l ab le .  
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Teacher Backqround on S e t s  

Teaching Ob jec t ives  

1. F o s t e r  unders tanding of t h e  meaning of set. 

2. Have t h e  c h i l d r e n  beg in  t o  use t h e  word set n a t u r a l l y  
and a p p r o p r i a t e l y .  I n c o r r e c t  usage of t h e  term set 
should be  overlooked a t  t h i s  s t age .  

3 .  Have t h e  c h i l d r e n  l e a r n  t h e  ways of d e s c r i b i n g  a set; 
be able t o  recognize  and determine t h e  membership of 
a set from i t s  d e s c r i p t i o n .  

4. E s t a b l i s h  t h a t  rearrangement of t h e  members does no t  
change t h e  m e m b e r s  of a set. 

5. S t imu la t e  a beginning awareness of t h e  concept  of t h e  
empty set. 

Why W e  Teach Ch i ld ren  About S e t s  

The concept of set a s  t augh t  i n  t h e  e lementary school  has  
simply borrowed from advanced mathematics t h e  vocabulary and 
b a s i c  o p e r a t i o n s  of sets. T h i s  i s  p a r t  of  t h e  c u r r e n t  a i m  
t o  i n t r o d u c e  c h i l d r e n  a s  e a r l y  a s  p o s s i b l e  t o  t h e  major 
concepts  common t o  a l l  mathematics. 

The concept of set permeates a l l  mathematics from t h e  k in -  
d e r g a r t e n  th rough  t h e  g radua te  school .  Modern mathematics 
p l a c e s  g r e a t  emphasis on p r e c i s i o n  i n  language and exac t -  
n e s s  of express ion .  S ince  t h e  language and o p e r a t i o n s  of 
sets a r e  p r e c i s e  and exac t  it i s  on ly  n a t u r a l  t h a t  t h e  i d e a  
of sets be in t roduced  a s  e a r l y  a s  p o s s i b l e  i n  t h e  c h i l d ' s  
mathematical  development. 

Through t h e  use  of elementary set terminology and ope ra t ions ,  
w e  are able t o  d e s c r i b e  mathematical  i d e a s  and perform 
o p e r a t i o n s  t h a t  would prove d i f f i c u l t  and cumbersome i n  
t . r a d i t i o n a 1  terms.  

When Cantor,  i n  t h e  188O8s, in t roduced  t h e  concept  of set8 
mathematicians immediately recognized t h a t  t h i s  concept i s  
b a s i c  t o  t h e  i d e a  of  number. I t  h e l p s  u s  unders tand t h e  
meaning of numbers and of t h e  ope ra t ions ,  such a s  a d d i t i o n  
and m u l t i p l i c a t i o n ,  which w e  perform on numbers. Like many 
o t h e r  s imple  i d e a s ,  it took a long t i m e  f o r  Man t o  d i s c o v e r  
t h e  concept of set .  Now t h a t  w e  know it, w e  f i n d  it s imple  



Teacher Background 

enough t o  t e a c h  t o  younger ch i ld ren .  
r e n  f i n d  a r i t h m e t i c  e a s i e r  t o  l e a r n .  

I f  we do t h i s ,  c h i l d -  

When c h i l d r e n  come t o  school  t h e y  have a v e r y  inadequa te  con- 
c e p t  of number. I t  i s  f e l t  tha t  the concept  of  set i s  s impler  
and can be approached more c o n c r e t e l y  t h a n  t h e  concept of 
number. Number i s  then  in t roduced  a s  a p r o p e r t y  of a set. 

What S e t  Means 

A set, as the term i s  used by mathematicians,  may: 

be composed of an i -n f in i t e  number of m e m b e r s ,  as t h e  
se t  of a l l  odd numbers. 

be composed of  a f i n i t e  number of m e m b e r s ,  such as t h e  
set  of a l l  c h i l d r e n  of school  age i n  the United S t a t e s  
( t h i s  number can be o b t a i n e d ) .  

be t h e  set  of a l l  men now Secretary-General  of the United 
Nations,  which i s  a set composed o f  one m e m b e r .  

be t h e  set of a l l  l i v i n g  persons  who have seen King 
Solomon i n  person,  which would be the empty set. The 
number of m e m b e r s  i n  t h e  empty set  i s  zero.  

The m e m b e r s  of a set may be similar ,  as i n  a set of apples ,  
o r  d i s s i m i l a r ,  as i n  the set of a l l  t h i n g s  i n  a l a d y ' s  
purse .  They may be conc re t e  o b j e c t s ,  as i n  the above 
examples, o r  abstract, as  i n  the set of i d e a s  such as beauty,  
i n t e l l i g e n c e ,  cour tesy .  The m e m b e r s  of  a set may themselves  
be sets. 

Being a set i s  n o t  a p r o p e r t y  of r e a l i t y ,  l i k e  be ing  red.  
I t  i s  a s u b j e c t i v e  way of o rgan iz ing  t h e  world of r e a l i t y  
(and u n r e a l i t y ,  t o o l )  To the a u t o  p a r t s  salesman, a car 
is  e s s e n t i a l l y  a set of p a r t s .  To t h e  automobi le  manu- 
f a c t u r e r ,  the car i s  more than  j u s t  the same set  of p a r t s -  
it i s  a commodity w i t h  unique s e l l i n g  p o t e n t i a l .  

The concept  of set i s  u s u a l l y  l e f t  undefined by mathemati- 
c i a n s .  When the concept i s  def ined ,  it is  g e n e r a l l y  done 
i m p l i c i t l y ,  by say ing  when sets are equal .  S e t s  are e q u a l  
( o r  i d e n t i c a 1 , o r  t h e  same set)  i f ,  and on ly  i f ,  t h e y  have 
the same m e m b e r s .  Synonyms f o r  set are c o l l e c t i o n ,  class. 
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The best ways f o r  c h i l d r e n  t o  l e a r n  about  sets a r e  

1. by h e a r i n g  t h e  term used a p p r o p r i a t e l y  

2 .  by c o n s i d e r i n g  s e t s  of c o n c r e t e  o b j e c t s  

3 .  by l e a r n i n g  what o p e r a t i o n s  ( t a k i n g  away, adding,  
o r  s u b s t i t u t i n g  a  m e m b e r )  change a set 

4. by d i s c o v e r i n g  t h e  o p e r a t i o n s  (such a s  r e a r r a n g i n g  
t h e  members o r  t h e i r  names) t h a t  l eave  s e t s  unchanged. 

Conserva t ion  of S e t s  

Research h a s  shown t h a t  many c h i l d r e n  do n o t  r e a l i z e  t h a t  
r e a r r a n g i n g  t h e  members of a  s e t  l e a v e s  t h e  number p r o p e r t y  un- 
changed. I t  i s  e a s i e r  f o r  c h i l d r e n  t o  come t o  t h i s  r e a l i -  
z a t i o n  i f  t h e y  f i r s t  unders tand t h a t  r ea r r ang ing  t h e  members 
of a  s e t  l e a v e s  t h e  & unchanged. 

The o r d e r  of t h e  members of a  s e t ,  e i t h e r  i n  space  o r  d e s c r i p -  
t i o n ,  i s  i r r e l e v a n t .  The purpose of t h e  s t o r y  "Davidl 's 
Promise" and t h e  a c t i v i t i e s  fo l lowing  it, i s  t o  demonstra te  
t h a t  r e a r r a n g i n g  t h e  members of a  set does  n o t  change t h e  
set. Th i s  i s  r e f e r r e d  t o  as  "conse rva t ion  of s e t s  under 
rearrangement  of t h e  members". S i m i l a r l y ,  i n  naming o r  
d e s c r i b i n g  a set by l i s t i n g  i t s  members, t h e  o r d e r  i n  which 
t h e  members a r e  l i s t e d  i s  unimportant .  

Desc r ib ing  S e t s  

One way of i d e n t i f y i n g  o r  d e s c r i b i n g  sets i s  t o  l i s t  t h e  
members. They might b e  l i s t e d  by us ing  p i c t u r e s  

o r  by us ing  names 

{JFK, A b e  L inco ln ,  ugboo} 
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Another method i s  t o  state t h e  conditions that members of 
the set s a t i s f y  and nothing e l s e  s a t i s f i e s .  I n  other words ,  
t h e  membership requirements o r  l i m i t s  o r  bounds of the s e t  
are s t a t e d .  An example i s  " t h e  set of a l l  Presidents of 
the United S t a t e s  i n  1962". 

For some sets, g iv ing  condi t ions  i s  more convenient than 
l i s t i n g .  I t  would be p o s s i b l e  t o  l ist  a l l  of t h e  members 
of a c l a s s  i n  a p a r t i c u l a r  school, but t h i s  obviously 
would be imprac t i ca l .  Such a r e l a t i v e l y  l a r g e  set would 
be much s impler  t o  descr ibe  by g iv ing  condi t ions  " t h e  set 
of a l l  members of class A i n  school B1' . 
I f ,  on t h e  o t h e r  hand, t h e  set t o  be i d e n t i f i e d  was "the 
set of a l l  whole numbers from 1 through 5" ,  t h e  set could 
be conveniently l i s t e d  as follows: 

Any desc r ip t ion ,  whether a long phrase o r  a l i s t ,  can serve 
a s  a name f o r  a set. "The s e t  of a l l  whole numbers from 
1 through 5" and -@, 2, 3, 4, 5 }  are two d i f f e r e n t  names 
f o r  t h e  same set. 

I n  w r i t i n g  t h e  name of a s e t ,  c u r l y  braces a r e  used a s  
abbrevia t ions  f o r  " the  set whose m e m b e r s  a r e "  o r  " the  set 
of a l l " ,  a s  i n  {whole numbers from 1 through}, 

Note: Examples involving numbers a r e  f o r  the t e a c h e r ' s  
r e fe rence  only  and should not  be used with the 
chi ldren .  The concept of number i s  no t  introduced 
u n t i l  Unit I V .  

A d e s c r i p t i o n  does not  de f ine  a set unless  it is p o s s i b l e  
t o  t e l l  from the d e s c r i p t i o n  (and t h e  con tex t )  whether or 
no t  something i s  a member. The phrase " the s e t  of a l l  
f r u i t  i n  t h e  room" does not  de f ine  a set i n  a room which 
con ta ins  a r t i c i f i a l  as w e l l  a s  r e a l  f r u i t .  The phrase 
' t h e  set whose members a r e  an apple, an orange, and a 
lemon" does not  d e f i n e  a set, unless  t h e  context  de te r -  
mines which apple,  orange, and lemon. 

The s t o r y  "David's Promise" introduces t h e  term s e t  and 

i n d i c a t e s  t h a t  a s e t  i s  unchanged a f t e r  rearranging i t s  

members. 





DAVID ' S PROM1 SE 

School is over for the day. As David walks into the 

house he is whistling a happy tune, but the whistle fades 

away as he hears his father's voice cry, "Ouch! Spikes1 Who 

left this toy dinosaur next to my chair? I just stepped on 

those sharp points I I '  

Then he hears his big sister Kathy's voice cry, "Cars, 

cars, cars, all over the table! I don't have a place to 

put my books I I '  



"Ouch! Spikes! Who l e f t  t h i s  toy dinosaur next t o  my cha i r?"  

'Cars ,  cars, ca r s ,  a l l  over the  table!"  



H i s  mother sighs, "David. David. you must l ea rn  t o  

keep your toys i n  t h e i r  proper places."  

''Oh, dear,  complaints, complaints, " th inks    avid. But 

then he sees  t h a t  spec ia l  look on h i s  mother 's f ace  a s  she 

says, looking s t r a i g h t  a t  him, "Remember your promisel ' '  

David f e e l s  a l i t t l e  ashamed. "Oh. Mom. I' 'he begins 

slowly, " I  r e a l l y  tried f o r  a while but  I guess I forgo t  

+gain. " I ' l l  s t a r t  a l l  over r i g h t  now, honest I w i l l l "  

"All r i g h t ,  David," h i s  mother smiles. " I  th ink  you 

s a l l y  do t r y .  .3ee whai- a good job you can do of s t ra igh ten-  

i n g  up your toys while I go t o  t he  den t i s t . "  



DAVID'S PROMISE 

"See what a good job you can do of straightening 

up your toys while I go to the dentist." 



DAVID ' S PROM1 SE 

David p i c k s  up t h e  t o y  d inosau r  from t h e  f l o o r  and 

c o l l e c t s  t h e  c a r s  from t h e  table. H e  walks i n t o  h i s  room 

and looks  around. 

H i s  t o y s  r e a l l y  a r e  s c a t t e r e d  a l l  over ,  and h e  s c r a t c h e s  

h i s  head wh i l e  t r y i n g  t o  dec ide  where t o  begin.  Then sudden- 

l y  h i s  mouth widens i n t o  a  happy g r i n .  

I know, I ' l l  r e a l l y  s u r p r i s e  Mother! I ' l l  g e t  a l l  my 

t o y s  t o g e t h e r  and a r r ange  them i n  s e t s  j u s t  t h e  way Mom p u t s  

t h e  set of d i s h e s  on t h e  s h e l f .  This  w i l l  make h e r  r e a l l y  

happy. " 

So David scrambles  u p s t a i r s  and downs ta i r s .  H e  f i n d s  

o l d  t o y s  and new ones, games and c a r s ,  books and b locks  and 

b r i n g s  them a l l  t o  h i s  room. 
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He scratches his head while trying to decide where to begin. 



DAVID ' S PROM1 SE 

After  David f i nds  h i s  f a v o r i t e  books he th inks  t o  himself,  

'My bookshelf i s  a good place f o r  t h i s  set. I ' l l  put  a l l  of 

t h e  books together .  Here 's  my Rock book, my m r e e  Bears book, 

my Nunbers book, and my book. 
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"My bookshelf i s  a good place for th is  set.!! 
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W h a t ' s  t h a t  p e e p i n g  o u t  f rom u n d e r  t h e  c h a i r ?  I t  l o o k s  

l i k e  M r .  B r o n t o s a u r u s  (Bron - t o  - sa - r u s ) ,  my la rges t  

d i n o s a u r .  I know what  1'11 do w i t h  h i m .  1'11 p r e t e n d  t h i s  

p a r t  o f  t h e  t a b l e  i s  a  museum and  t h e n  I c a n  p u t  t h e  se t  o f  

d i n o s a u r s  c l o s e  t o  e a c h  o t h e r  h e r e .  Come on S t e g o s a u r u s  

( S t e g  - o - s a  - r u s ) ,  you ,  T y r a n n o s a u r u s  ( ~ i  - r a n  - o - 

s a  - r u s )  , and f u n n y  T r i c e r a t o p s  ( T r i  - ser - a  - t o p s ) .  I 

h a v e  a  museum f o r  you t o  l i v e  i n  now." 
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" I ' l l  p re tend  t h i s  half of the table i s  a museum and t h e n  

I can p u t  t h e  set of d inosau r s  c l o s e  t o  each o t h e r  h e r e . "  



DAVID ' S PROMI SE 

'My set of blocks is the easiest set t o  put  together .  

I ' l l  j u s t  p i l e  them up he re  by t h e  window." 



DAVID ' S PROMI SE 

"My set of blocks is the easiest set to put together.!' 



DAVID ' S PROM1 SE 

David looks around the room f o r  a good place f o r  h i s  

s e t  of planes. "The o the r  s i d e  of the t a b l e  w i l l  be my 

hangarf" he f i n a l l y  decidesf "and I w i l l  pretend tha t  each 

of the p i l o t s  has taxied h i s  plane in to  the  hangar. Now 

my s e t  of planes is r ight  next t o  the s e t  of dinosaurs. 



DAVID ' S PROMISE 

'Now my set of planes  i s  j u s t  next t o  my set of  dinosaur^.^^ 



DAVID ' S PROM1 SE 

"But where sha l l  I put my toy taxis  and t h e i r  drivers? 

What can I pretend i s  a garage? I guess here under the 

tab le  w i l l  do. Have I got them a l l ?  Here's the  Striped Cab, 

the  Polka Dot Cab, the  White Top, the Checkerboard and the  

Star  Cab. 



DAVID ' S  PROMISE 

"But where shall  I put m y  toy taxis and their  drivers?" 



DAVID ' S PROM1 SE 

David puts h i s  hands on h i s  hips and just looks a t  the 

new way he has arranged h i s  toys. "This i s  the best  clean-up 

job I 've ever done, " he laughs. "What a great  surprise f o r  

Mother. ' I  

Here's a pic ture  of David's room a f t e r  he had put a l l  

h i s  toys i n  se t s .  Can you f ind the s e t  of dinosaurs? Can 

you f ind the  Stegokaurus with the spikes on h i s  t a i l ?  (This 

i s  the one Daddy stepped on. ) 

Look a t  the  s e t  of blocks. Find the  s e t  of planes and 

p i l o t s  i n  David's hangar. Do you see the s e t  of t a x i s  

i n  t h e i r  place? 
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Here 's  a p ic tu re  of David's room a f t e r  

he had arranged a l l  h i s  sets of toys. 



David i s  s t i l l  looking around t h e  room a t  h i s  neat ly  

arranged toys  when he hears  h i s  f r i end  Ricky's voice c a l l ,  

'David. I' 

"Come in ,  Ricky," David c a l l s .  "Hurry and see what 

I 've done I 

A s  David's f r iend Ricky (whose r e a l  name i s  Richard) 

comes skipping i n ,  David exclaims, "Look1 I t ' s  a surpr i se  

f o r  my mother. 'I 

llWowiel" c r i e s  Ricky a s  he looks a t  the  sets of toys. 

"Will she ever be happyl." 

Ricky glances a t  t he  neat ly  arranged toys, then a t  

David, then a t  the  toys, and again a t  David. F ina l ly  he 

asks, "Can't we j u s t  play a l i t t l e  with t h e  toys  before 

your mom comes home? We can make sure w e  put  them back 

when we a r e  through. 

Can you guess what happens then? 
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lWowielll c r i e s  Ricky as  he looks a t  the  s e t s  

of toys. "Will she ever be happy1I1 



DAVID ' S PROMISE 

Soon t h e  t a x i s  are speeding a c r o s s  t h e  f l o o r  and 

b lock  houses a r e  t o p p l i n g  down on t h e  d inosaurs ,  and a 

p i l o t  is  even s i t t i n g  i n s i d e  David ' s  book. 

David and Ricky are having s o  much f u n  tha t  t hey  

f o r g e t  a l l  about Mother ' s  s u r p r i s e .  Suddenly David 

remembers and cries, "Ricky! We've f o r g o t t e n  about t h e  

s u r p r i s e 1  And j u s t  look a t  t h e  m e s s  w e  ' v e  madel" 

Qu ick ly  two s e t s  of hands and two s e t s  of f e e t  

began p i ck ing  up toys .  David starts wi th  t h e  books. They 

a r e  everywhere. 



DAVID ' S PROMI SE 

David and Ricky a r e  having so  much fun t h a t  

they fo rge t  about Mother's su rpr i se .  



DAVID ' S P ROMI SE 

" I t  looks l i k e  it has been raining b l o c k s l ~  exclaims 

Ricky as  he begins gathering them. "It seems l ike  there  

a re  more blocks now than there  were before." 

Do think so? L e t t s  see. Where i s  the block with 

the duck on it? The block with the elephant? The block with 

the horse? The one with the t ige r ,  the cat ,  the  mouse, the  

hippopotamus, the monkey? Does he have them a l l ?  Does he 

have the same s e t  of blocks he had before? How can you be 

sure? It rea l ly  makes no difference how o r  where we place 

t h e  blocks, they a r e  s t i l l  the same s e t  of blocks. 



DAVID ' S PROM1 SE 

It really makes no difference how or where we place 

the blocks, they are still the same set of blocks. 



DAVID S PROMISE 

Ricky looks worried. IfDavid what s happened t o  

your airplanes? I see a l i t t l e  p i l e  of them here but 

we must have los t  some. Let 's  see. Here i s  your bi-plane, 

helicopterb cargo plane, and j e t  plane. I guess we @ 

have the same se t  of planes we had before. When they were 

piled so close together it looked l ike  there were some 

missing. I' 

Does Ricky have the same se t  of planes he had before? 

How can we make sure? 



DAVID'S PROMISE 

Does Ricky have the same set of planes he had before? 



"Ricky! we have a l l  t h e  p lanes ,  but where a r e  a l l  t h e  

p i l o t s ?  de had a  p i l o t  f o r  each p lane  and a plane fo r  each 

p i l o t .  Now! t h e r e  i s  a  p i l o t  i n  every p lane  except the cargo 

plane.  We have t o  f i n d  him. " 

After  some hur r i ed  s h u f f l i n g  and scrambling David shouts  

happi ly.  "I  see  something under t h e  bed and I t h i n k  I know 

what it i s .  Look, i t ' s  t h e  p i l o t  f o r  t h e  cargo plane.  Now 

every p lane  has a  p i l o t ! "  



DAVID'S PROMISE 

see something under the bed and I think I know what it is.I1 



DAVID'S PROMISE 

Soon David and Ricky have the taxis and drivers back 

where they belong? too. Just as David and Ricky sit down 

to rest, they hear the clickety-click of motherls high heels 

on the sidewalk. "It Is Mother, " David exclaims joyfully. 

"We just made it 1 I' 

''Let's go to meet her? Ricky.It 



DAVID 'S PROMISE 

'Let's go to meet her, Ricky. 'I 



David grabs his mother's hand and pulls her towards 

his room. 

All the way to the door he talks excitedly, "We have 

a surprise, Mother, come and see it1 Now daddy won't have 

to worry about spiky dinosaurs on the floor, and Kathy will 

have plenty of room for her schoolbooks, and see, Mother, 

I really keeping my promise 1 I' 



DAVID ' S PROMISE 

'Look, Mom, I kept my promisel" 





Commentary on t h e  Sona and A c t i v i t y  "Get S e t "  

1. Divide t h e  c l a s s  i n t o  two groups. The words suggest a 

boy/gir l  d iv is ion .  

2.  P lace  t h e  set of toys,  books o r  o t h e r  appropr ia te  i tems 

i n  a random p i l e  between t h e  two groups of ch i ldren .  

Feel  f r e e  t o  s u b s t i t u t e  your own s e t s  of items, both i n  

t h e  song and a c t i v i t y .  

3 .  A c h i l d  from each group i s  assigned t o  s e l e c t ,  i n  tu rn ,  

i t e m s  from t h e  p i l e  of ob jec t s .  A s  each i t e m  i s  se lec-  

t e d  and he ld  up so t h a t  it may be seen, i t s  name i s  

chanted by one group, then echoed by t h e  o ther .  Excite- 

ment i s  generated by p icking  o u t  t h e  i tems f a s t  enough 

t o  maintain a l i v e l y ,  even tempo. 

4. I n i t i a l l y ,  t h e  teacher  should s e l e c t  t h e  f i r s t  few items 

f o r  demonstration purposes, u n t i l  t h e  ch i ld ren  a r e  fam- 

i l i a r  wi th  t h e  game procedure and t h e  song. 

Commentary on Worksheet 1 - M e m b e r s  of a Set  

Worksheet 1 i l l u s t r a t e s  t h a t  t h e  members  of a s e t  need have 

nothing i n  common. Discuss t h e  worksheet wi th  t h i s  concept 

a s  t h e  f o c a l  poin t .  



Commentary on t h e  Sonq and A c t i v i t y  " G e t  S e t "  

1. Divide t h e  class i n t o  two groups. The words sugges t  a 

boy /g i r l  d i v i s i o n .  

2. P l a c e  the set of  toys ,  books o r  o t h e r  a p p r o p r i a t e  i t e m s  

i n  a random p i l e  between the two groups of c h i l d r e n .  

Fee l  free t o  s u b s t i t u t e  your  own sets of i t e m s ,  bo th  i n  

the song and a c t i v i t y .  

3 .  A c h i l d  from each  group i s  ass igned  t o  select, i n  t u r n ,  

i t e m s  from the p i l e  of o b j e c t s .  A s  each i t e m  i s  selec- 

t e d  and h e l d  up s o  t h a t  it may be seen,  i t s  name i s  

chanted by one group, t h e n  echoed by the o t h e r .  Exc i te -  

ment i s  genera ted  by p i ck ing  o u t  the items f a s t  enough 

t o  main ta in  a l i v e l y ,  even tempo. 

4. I n i t i a l l y ,  the t e a c h e r  should s e l e c t  the f i r s t  few i t e m s  

f o r  demons t ra t ion  purposes,  u n t i l  t h e  c h i l d r e n  are fam- 

i l i a r  w i t h  the game procedure  and t h e  song. 

Commentary on Worksheet 1 - M e m b e r s  of a Se t  

Worksheet 1 i l l u s t r a t e s  t h a t  the members of a set need have 

nothing i n  common. Discuss the worksheet w i t h  t h i s  concept 

as the f o c a l  p o i n t .  



Worksheet 1 S e t s  

Members of a set need have hing in common. 



Suqqested Act ivi t ies  on Conservation of Sets 

Note: Caution i s  necessary when using concrete objects 
t o  i l l u s t r a t e  se t  and i t s  properties. For example, 
except under an abstract  interpretat ion,  a s e t  contain- 
ing a pencil,  a paper c l i p  and a rubber band i s  & 
equal t o  (or the  same as )  a similar  s e t  of a pencil,  a 
paper c l i p  and a rubber band, even though the  two s e t s  
a r e  so a l ike  tha t  you can ' t  t e l l  them apart.  Here the 
s e t s  are  equivalent, but not equal. The f a c t  tha t  two 
paper c l i p s  a re  not the same concrete object would be 
obvious i f  a child swallowed one of them. 

Also, it i s  not possible t o  simult.aneously display two 
equal s e t s  without using some symbolization or  
abstraction. The d i f f i cu l ty  of t h i s  i s  obvious when 
you consider such unique objects as  people1 

1. To show conservation of se t s ,  display an empty shoe 

box with a cover and l e t  the children check it t o  be 

sure t h a t  there a re  no holes i n  it. 

Next ask various members of the c lass  t o  suggest things 

such as  blocks, pencils, crayons, buttons, e tc .  t h a t  

you could put in to  the box. It i s  best  t o  keep the num- 

ber of items small, about 4. A l l  items should be eas i ly  

distinguishable from each other. .  

A s  each object is  placed in to  the box, have a child keep 

a record of it by drawing a picture of it on the chalk- 

board. 

Next, place the cover on the box and shake it un t i l  a l l  

of the  objects a re  well mixed. Now open the  box again, 



Worksheet 1 Sets  



Suqqested A c t i v i t i e s  on Conservat ion of Sets 

Note: Caution i s  necessary  when us ing  c o n c r e t e  objects 
t o  i l l u s t r a t e  s e t  and i t s  p r o p e r t i e s .  For example, 
except  under an a b s t r a c t  i n t e r p r e t a t i o n ,  a set con ta in -  
i n g  a p e n c i l ,  a paper c l i p  and a rubber band i s  = 
equa l  t o  (or the s a m e  as) a s i m i l a r  set of a p e n c i l ,  a 
paper  c l i p  and a rubber band, even though t h e  two sets 
are so  a l ike  tha t  you c a n ' t  t e l l  t h e m  a p a r t .  H e r e  the 
s e t s  a r e  equ iva l en t ,  b u t  no t  equa l .  The f a c t  t h a t  two 
paper  c l i p s  are no t  the s a m e  conc re t e  o b j e c t  would be 
obvious i f  a  c h i l d  swallowed one of t h e m .  

Also, it is  no t  p o s s i b l e  t o  s imul taneous ly  d i s p l a y  two 
equa l  sets without  us ing some symbol izat ion o r  
a b s t r a c t i o n .  The d i f f i c u l t y  of t h i s  i s  obvious when 
you cons ide r  such unique o b j e c t s  a s  people!  

1. To show conse rva t ion  of sets, d i s p l a y  an empty shoe 

box w i t h  a cover  and l e t  t h e  c h i l d r e n  check it t o  be  

s u r e  t h a t  t h e r e  a r e  no h o l e s  i n  it. 

Next a sk  v a r i o u s  members of the c l a s s  t o  sugges t  t h i n g s  

such a s  blocks ,  p e n c i l s ,  crayons,  bu t tons ,  e t c .  t ha t  

you could p u t  i n t o  the box. I t  i s  best t o  keep the num- 

ber of i t e m s  s m a l l ,  about  4. A l l  i t e m s  should be  e a s i l y  

d i s t i n g u i s h a b l e  from each o t h e r . ,  

A s  each  o b j e c t  i s  placed i n t o  the box, have a c h i l d  keep 

a record  of it by drawing a p i c t u r e  of it on t h e  chalk-  

board.  

Next, p l a c e  the cover on t h e  box and shake it u n t i l  a l l  

of t h e  o b j e c t s  are w e l l  mixed. Now open the box again ,  



t i p  it on i t s  s ide  so the c l a s s  may see what i s  i n  it, 

and ask them i f  the  s e t  of objects i n  the box now i s  
the same s e t  of objects t h a t  was i n  the box before you 

shook it. 

* 2. "Pass the Object'' 

Children are  seated i n  a c i r c l e  with the  teacher. Each 

child i s  given a block, toy, ba l l ,  or other convenient 

object.  There should be no two objects a l ike.  A t  a 

signal  each child passes h i s  cbject  t o  the  child a t  h i s  

r ight .  Children might chant: 

''Pass it t o  the r ight ,  

Pass it t o  the r ight ,  

When the  signal comes 

W e  11 hold on t i g h t  'I. 

A t  the  word t iqh t ,  everyone holds on t o  the object o r  

objects i n  h i s  hands a t  the time. (or teacher might 

play piano o r  phonograph as a cue fo r  the  children t o  

hold on t o  the objects they have when the music stops.) 

Ask: 

'Do we have the same objects we had a t  the 

beginning of the  game?" 

'Do we have the same s e t  of objects we had before?" 

The teacher should remove o r  add objects a s  the teacher 

and children pass them from one t o  another. This w i l l  

bring out a greater  var ie ty  of responses. 

3 .  Demonstrate the  concept of conservation of s e t s  by 

stacking blocks i n  various shaped p i les ,  putt ing them 

in to  a basket o r  placing them on a l ine ,  e t c .  



4. Give each ch i ld  one object.  Ask: 

'Does each chi ld  have one object?" (YES) 

"Does anyone have more than one object?" (NO) 

Have the  children walk around i n  a c i r c l e  and drop 

t h e i r  objects  i n to  a box o r  basket i n  t h e  center  of 

a c i r c l e ,  and then s i t  down again. 

"Do we now have the  same s e t  of objects  a s  we 

had before we put them i n  the  box?" (YES) 

'Do you suppose t h a t  the re  i s  s t i l l  one object  

i n  the  box for each person?" (YES) 

'How can we t e l l  f o r  sure?" (We could give each 

person one block from the  box.) 

Commentary on Worksheets 2,*3, - Conservation of Se t s  

These two worksheets deal with the  conservation of s e t s  

under rearrangement of t h e  members of the  s e t s .  The 

worksheets emphasize the  f a c t  t h a t  the  order  i n  which the  

members of a p a r t i c u l a r  s e t  a r e  arranged does not a f f e c t  

the  membership of t h a t  s e t .  The children a r e  t o  draw a 

l i n e  from the  set on the  l e f t  t o  a p ic tu re  of the  same s e t  

on the  r i gh t  s ide  of t he  worksheet. 



Worksheet 2 

Conservation 
of Sets 





Teacher Backqround on Empty Set 

Most people cons ider ing  a f o r  t h e  f i r s t  t i m e  would 
probably assume t h a t  t h i s  term would not  be used unless  
a t  l e a s t  two members were involved. Furthermore, they  
would probably not  consider  a  s e t  containing a s i n g l e  member 
a s  a  set and ins tead ,  would cons ider  only t h e  charac ter -  - 
i s t i c s ' o f  t h e  member i t s e l f .  However, mathematics does 
not  make t h e s e  r e s t r i c t i o n s .  Set ,  a s  used i n  i t s  mathe- 
ma t i ca l  sense,  extends t o  one o r  even no members. The 
fol lowing w i l l  i l l u s t r a t e .  

Consider a  l o c a l  Garden Club a s  a  s e t .  For a  while, t h e  
l o c a l  o rgan iza t ion  f l o u r i s h e s .  Gradually i n t e r e s t  dimini- 
shes  and soon t h e r e  i s  only one member who has  not resigned 
o r  moved away. A t  t h i s  p o i n t ,  t h e  l o c a l  c lub  i s  a  set of 
one ( M r s .  Brown). F ina l ly ,  M r s .  Brown moves away and t h e  
c l u b  becomes an example of t h e  empty s e t ,  a  set with no 
members. 

I t  i s  p o s s i b l e  t o  desc r ibe  t h e  empty s e t  without making any 
re fe rence  t o  t h e  concept of number. Examples such a s  " t h e  
s e t  of c h i l d r e n  with green h a i r " ,  " the  s e t  of a l l  e lephants  
i n  t h i s  classroom", o r  " t h e  set of books t h a t  have no pages" 
a r e  i n t e r e s t i n g  and appropr ia te .  Reports from teachers  
experienced i n  introducing t h e  empty s e t  i n d i c a t e  t h a t  
c h i l d r e n  a r e  ingenious and o r i g i n a l  i n  th inking  up t h e i r  
own d e s c r i p t i o n s  of t h e  empty s e t .  

I t  may seem s t range  t o  say t h a t  t h e  " s e t  of boys named 
Mary" i s  t h e  same a s  t h e  " s e t  of a l l  e lephants  i n  t h e  c l a s s -  
roiiunl', bu t  t h e s e  s e t s  +re- t h e  same, s ince  n e i t h e r  conta ins  
a  member which i s  not  i n  t h e  o t h e r  ( n e i t h e r  conta ins  a  mem- 
b e r  I )  . Although t h e r e  a r e  many desc r ip t ions  of t h e  empty 
set, t h e r e  i s  only  one empty set. 

There a r e  s e v e r a l  reasons why it i s  important t h a t  s tuden t s  
acqu i re  an e a r l y  understanding of t h e  concept of t h e  empty 
s e t .  I t  has  an immediate a p p l i c a t i o n  i n  t h e  development 
of t h e  concept of t h e  number zero.  The empty set a l s o  
p l a y s  an important r o l e  i n  t h e  set i n t e r p r e t a t i o n  of addi t ion .  



Suqqested Activit ies on Descr ib inq  Sets 

Note: I n  considering sets,  examples such as "the se t  whose 
members are a table, chair, book" are commonly given. 
The person giving such an example usually does not care 
precisely what s e t  h is  audience thinks of. To a person 
just learning about sets ,  such examples are more mis- 
leading than helpful, since they cloud the fac t  that  
se ts  are different if they contain different members. 
If two people think of two different chairs, then they 
are & thinking of the same set .  To define the se t  
adequately it might be necessary t o  say "the se t  whose 
members are the red table, the brown chair beside the 
window, and the blue book on the teacher's deskt1. 

If a se t  i s  described properly, the person hearing the 
description should be able t o  point t o  the precise 
members of tha t  set. If he cannot do , th i s ,  then the 
description needs t o  be more specific. 

For further reference see Teacher Background on Describing 
Sets, page 4. 

The following ac t iv i t i e s  also provide an opportunity fo r  

the children to  use what they have learned from the Minne- 

mast Science lessons on objects. 

1. Suggest to  the children that  it i s  easy t o  describe many 

se t s  i n  the classrooms, such as a se t  of desks and a 

se t  of chairs. Ask them t o  describe other se t s  i n  the 

room (books, toys, games. records). Have someone lo- 

cate the members of these sets.  



2.  Say "We have a s e t  of children i n  t h i s  classroom. Raise 

your hand i f  you are  a member of t h i s  s e t . "  ( A l l  child- 

ren should r a i se  t h e i r  hands because they a re  a l l  mem- 

bers of t h i s  s e t . )  Each of you i s  a member of t h i s  c lass ,  

so you a re  a member of t h i s  set ."  

3 .  Ask t h i s  question: "Can you think of a s e t  i n  t h i s  room 

tha t  has only one member?" Many answers a re  possible -- 
f lag,  teacher, pencil sharpener, teacher 's  desk, round 

table ,  phonograph, movie screen, wall clock, e tc .  

4. Have children name s e t s  they have a t  home. Examples a re  

family, toys, dishes, e t c .  

5. We can define a s e t  by s ta t ing  i t s  membership requirements. 

For example, "the s e t  of g i r l s  i n  the c l a s s  who are  

wearing something blue". The s e t  of g i r l s  wearing 

something blue i s  the s e t  whose members a re  Maria, 

Peggy. Note t h a t  the  order of naming makes no d i f fe r -  

ence; Maria, Peggy o r  Peggy, Maria. 

6 .  Have  the children suggest as  many words as they can t h a t  

a re  used instead of s e t  o r  tha t  describe some special  

kind of s e t .  Have them ask t h e i r  parents f o r  suggestions 

and bring a l i s t  of these t o  school. Compliment the 

child who has the most words on h i s  l i s t .  Commend, also, 

the child who brings o r  thinks of a word t h a t  no one 

e l s e  has. 

The following are  appropriate examples: 

group family p a i r  
col lect ion flock t r i o  

bunch herd quartet  

p i l e  

heap 

team 

c las s  

score 

brace 



7 .  Each c h i l d  should be encouraged t o  b r i n g  a  set. Who 

can b r i n g  i n  t h e  most unusual  set? 

* 8. P l a y  t h e  game "Find t h e  Se t " .  

The purpose of t h e  game i s  t o  dramat ize  t h e  importance 

of a c c u r a t e  d e s c r i p t i o n  of a set. I t  i s  no t  a  guess ing  

game, b u t  an  e x e r c i s e  i n  d e s c r i b i n g  t h e  s e t  i n  such a 

way tha t  any c h i l d  may immediately p o i n t  them o u t .  The 

cha l l enge  i n  the game i s  t o  t h e  c h i l d  d e s c r i b i n g  the 

s e t ,  r a t h e r  t h a n  t o  the " f inde r " .  

Have the c h i l d  who i s  chosen t o  be t h e  f i n d e r  cover  

h i s  eyes  o r  l e a v e  t h e  room whi l e  t h e  class dec ides  on 

t h e  s p e c i f i c  set f o r  him t o  l o c a t e .  

When the s e t  h a s  been decided,  t h e  f i n d e r  r e t u r n s  and 

chooses a c h i l d  t o  d e s c r i b e  t h e  set t o  him a s  c l e a r l y  

a s  p o s s i b l e .  (The c h i l d  d e s c r i b i n g  t h e  se t  should be 

cau t ioned  n o t  t o  g i v e  away t h e  p o s i t i o n  of t h e  members 

of  t h e  set by looking a t  them.) 

I f  t h e  " f i n d e r "  recognizes  t h e  s e t  from t h e  d e s c r i p t i o n  

given,  he goes  over  and p o i n t s  t o  each member i n  it. 

I f  h i s  gues s  i s  i n c o r r e c t ,  h e  may choose ano the r  c h i l d  

t o  d e s c r i b e  t h e  set f o r  h i m .  

The c h i l d  who s u c c e s s f u l l y  d e s c r i b e s  t h e  s e t  becomes 

the next  " f i n d e r  " . 

9. U s e  the fo l lowing  examples of  sets w i t h  no m e m b e r s :  

Ask a l l  g i r l s  who belong t o  a Boy Scout t r o o p  t o  c l a p  

the i r  hands. 



Ask a l l  s t u d e n t s  who d i d  no t  go t o  bed t h e  n i g h t  b e f o r e  

t o  wave t h e i r  hands. 

Ask a l l  boys i n  t h e  c l a s s  who have green h a i r  t o  s t and  

UP 

S e l e c t  a s t u d e n t  t o  go around t h e  room and c o l l e c t  a l l  

th'e hundred-dol lar  b i l l s .  

C a l l  on t h e  c h i l d r e n  t o  g i v e  a  d e s c r i p t i o n  of t h e  * empty 

set which has  no t  y e t  been given.  - 

11. Ask t h a t  a l l  of t h e  s t u d e n t s  who a r e  i n  b o t h  k inde rga r t en  

and f i r s t  g r ade  t o  s t and  up. The f a c t  t h a t  no c h i l d  

can be i n  b o t h  g rades  a t  once may be  hard  f o r  t h e  c h i l d -  

r e n  t o  g ra sp ,  and u s u a l l y  fo l lows  on ly  a f t e r  cons ider -  

a b l e  exper ience  w i t h  t h e  empty s e t .  

12 .  Conclude t h i s  t o p i c  by r e s t a t i n g  t h e  p r i n c i p l e  t h a t  

a l though  a l l  of t h e  sets above a r e  desc r ibed  i n  d i f f e r -  

e n t  ways, t h e  d e s c r i p t i o n s  a l l  r e f e r  t o  t h e  same empty 

s e t .  



Teacher Background on One-to-one Correspondence, Subset 

One important way of comparing sets is to match their members 
by one-to-one correspondence. 

Most children have had natural exposure to the idea of 
one-to-one correspondence between the members of two sets. 
As a pre-schooler a child is given a cookie for each hand; 
there is a plate set at the table for each member of the 
family : other experiences have utilized the matching process. 

In comparing sets in this way, we pair up one member of one 
set with one member of the other set. If such pairing 
consumes or uses up all of the members of both sets, then 
there is said to be a one-to-one correspondence between 
the sets. 

Reminder: Sets are equal only if they have the same 
members. While the establishment of a match between two 
sets shows them to be equivalent, it does not make them 
equal. If we state that two sets are equal, we are simply 
using two different names for the same set. 

Example 

Because A and B can be matched in one-to-one correspondence, 
they are equivalent sets and we would write: 

A is equivalent to B,or A matches B,or B is equivalent to A. 

Symbolically, A <^\-^ B or A-B 



Two s e t s  e i t h e r  can be matched i n  one-to-one correspondence 
o r  they  cannot be matched. I f  they  a r e  non-matching sets, then 
one of t h e  s e t s  has  more members than t h e  o t h e r  one. 

Se t s  C and D above a r e  non-matching s e t s .  We say t h a t  D 
has  more members than  C o r  C has  l e s s  members than  D. 

The terms more -- than and l e s s  than  w i l l  be used throughout 
t h e  k indergar ten  u n i t s  when r e f e r r i n g  t o  t h e  r e s u l t s  of 
matching s e t s .  The mathematical term l e s s  than i s  p re fe r red  
t o  fewer than. The teacher  ought t o  be aware of t h i s  pre- 
ference,  and use it cons i s t en t ly ,  but  need not  over-emphasize 
i t s  use by t h e  chi ldren .  I f  a c h i l d  occas ional ly  uses t h e  
more common term, fewer than, but  i n  a c o r r e c t  context8 t h e  
t eacher  may consider  it acceptable .  

The t eacher  should avoid using t h e  terms l a r g e r  set o r  
smal ler  set. To t h e  ch i ld ren  these  terms may imply s i z e  
of members, r a t h e r  than  t h e  number of members. 

Note: The terms "matches" o r  "matching" a r e  used with t h e  
chi ldren ,  b u t  we f requen t ly  use "equivalent"  i n  communicating 
with t h e  teacher .  The use of t h e  expression "equal i n  number" 
i s  delayed u n t i l  Unit IV,  s i n c e  we p r e f e r  not  t o  mention t h e  
term number a t  t h i s  time. 

Subset 

The term subse t  i s  used t o  i n d i c a t e  a r e l a t i o n s h i p  between 
two s e t s .  I t  means t h a t  one of t h e  s e t s  i s  a p a r t  of t h e  
o t h e r  s e t .  For example, i f  E =  om, Bob, B i l l ,  ~ a ~ }  and 
F =  om,   ill}, then  F i s  a subset  of E. 

Since t h e  expression "subset  of" ,  l i k e  t h e  terms "more cnan" 
and " l e s s  than",  i n d i c a t e s  a comparative r e l a t ionsh ip ,  it 
i s  p o i n t l e s s  t o  say something i s  a subset  unless  t h e  context  
i n d i c a t e s  what it i s  a subset  o f .  Merely saying 'IF i s  a 
subse t"  i s  l i k e  saying "l,OOO,OOO i s  l e s s " .  



, 

Teacher Background 

Every nonempty set has at least two subsets - the original 
set itself and the empty set (the empty set has one subset). 

This is best exemplified by citing one of the activities 
which appears later in this unit. We say to the children, 
Here is a plateful of cookies. Put an X on each member of 
the subset you'd like to eat." Many of the children will 
probably indicate & of the cookies, and this is appropriately 
termed "the subset of cookies you'd like to eat", even though 
it's the entire set. 

We also ask them to indicate the set of cookies which they 
would not like to eat. In most cases this turns out to be 
the empty set; it too is a subset. 

Many adults have difficulty in accepting the mathematical 
fact that a set may be a subset of itself. This is probably 
because of the usual association with the prefix "sub1'- 
fortunately, children are not limited by earlier, contra- 
dictory learning and are able to readily accept this concept. 
The fact that the empty set is a subset of every set also 
proves troublesome to some adults, though not to children. 

The story "Matching Cookies" dramatizes the use of one-to-one 

correspondence and subset. 



M A T C H I N G  C O O K I E S  

Comparing Sets by 

1-1 Correspondence; 

Subset I___ 



School had only been out f o r  a week, but already B i l l  

was bored. The f i r s t  week it was wonderful t o  do nothing 

but play with h i s  brother, Pete, who wasn't old enough t o  

go t o  school. But now1   ill was jus t  plain t i r e d  of playing 

with h i s  small brother. H e  had read a l l  h i s  old comic books. 

H e  had swung u n t i l  he got so  dizzy he couldn't walk s t ra ight .  

One day he even practiced h i s  music without h i s  mother mak- 

ing him. That meant he was rea l ly  bored. 

One morning B i l l  was lying on the f l oo r  i n  f ront  of the 

T.V. set. H e  was watching a cartoon show t h a t  he had already 

seen four t i m e s .  B i l l  d idn ' t  even bother t o  look up a t  

Mother when she walked in to  the  room. 



MATCHING COOKIES 

He had swung until he got so dizzy he couldn't walk straight. 



B i l l ,  wake upl"  c a l l e d  Mother. ' L i s t e n  while  I 

read you t h i s  l e t t e r  from your Grandmother." Mother began 

t o  read,  "Dear Daughter, I wonder i f  I could persuade 

you t o  lend P e t e  and B i l l  t o  m e  f o r  two weeks. I t h i n k  they  

might enjoy t h e  country f o r  a while.  Thei r  Grandfather 

w i l l  have a g e n t l y  pony t h a t  our  neighbor i s  loaning us 
. . 

while  he i s  on vaca t ion .  Thepony w i l l  be here  next week 

and t h e  week a f t e r  t h a t .  

I understand t h a t  Bill i s  working on h i s  cooking badge 

f o r  Cub Scouts. Perhaps I can help him earn t h a t  badge. 

L e t  u s  know i f  t h e  children are coming and how they 

will travel i f  they come. J u s t  t e l l  us when t o  meet them." 

B i l l  wasn't bored any longer. He jumped up. He 

waved his arms. He even t r i e d  -to stand on his head. Pete 

heard -:he noise  and came running. Everything B i l l  d id  Pete 

t r i e d  t o  do, t o o l  



MATCHING COOKIES 

Bill wasn't bored any longer. 



MATCHING COOKIES 

"We're going t o  Grandma's1 We're going t o  Grandma's!" 

shouted B i  11. 

Next Monday the s tewardess  on the Hi-Fly A i r  Lines  

l e d  the two e x c i t e d  c h i l d r e n  from the p lane .  They raced 

i n t o  their  w a i t i n g  g randpa ren t s '  arms. 

What wonderfu1,exci t ing days  followed1 Pony r i d e s ,  

s w i m s  i n  the c reek ,  t r i p s  t o  t h e  count ry  s t o r e  w i t h  the i r  

g randfa the r .  

Then Grandma s a i d  one morning. "Today P e t e  and B i l l  

and I w i l l  make cookies ."  So i n t o  t h e  k i t c h e n  t h e y  went. 

B i l l  he lped Grandmother measure f l o u r .  sugar ,  sp i ce s .  

shor ten ing ,  and molasses.  P e t e  cracked the eggs  tha t  were 

needed, and o n l y  one s l i p p e d  away from h i m  and made a 

m e s s  on t h e  f l o o r .  Grandmother and B i l l  agreed  that  

t h a t  was v e r y  good indeed f o r  such a s m a l l  boy. 



MATCHING COOKIES 



COOKIES 

A t  l a s t  t h e  sp icy  dough w a s  f in i shed .  Grandmother gave 

t h e  boys some dough t o  mold i n t o  cookies. Each boy had a 

baking shee t  t o  f i l l .  

Soon t h e  shee t s  were covered with cookies and ready t o  

be baked. Grandmother put  B i l l ' s  pan on t h e  t o p  she l f  i n  

t h e  oven and P e t e ' s  on t h e  second. The two boys watched 

through t h e  g l a s s  f r o n t  of t h e  oven a s  t h e  cookies baked. 

The cookies looked almost a s  good a s  they  smelled and t h a t  

was very good indeed. 

And then,  none t o o  soon, t h e  cookies were "baked and 

cool ing  on t h e  two racks.  Af te r  t h e  boys had each ea ten  

two of t h e  c r i s p y  cookies, they  pu t  t h e  r e s t  of t h e  cookies 

i n t o  two bags. B i l l  put  h i s  cookies i n t o  one bag and Pete  

pu t  h i s  cookies i n t o  another  bag. Then they  went i n t o  t h e  

d in ing  room. There t h e  boys opened t h e i r  aags  and looked 

a t  those  b e a u t i f u l  cookies.  They s n i f f e d  t h e  wonderful 

sp icy  smell .  

Pete,  looking i n t o  h i s  bag, chanted, "Cookies1 Cookies! 

I have t h e  mo-osti I have t h e  mo-ostl" - 

B i l l  looked i n t o  h i s  bag and sa id ,  "No! I know I have 

t h e  most. 



MATCHING COOK1 E S  

The two boys watched through t h e  g l a s s  f r o n t  

of t h e  oven a s  t he  cookies baked. 



MATCHING COOKIES 

And then Bill said, "Let's line our cookies up on the 

table. I'll put mine right here. Each time I put one down 

you match it with one of yours right beside it. O.K.? Here 

is the first one for me." Bill put his cookie down on 

Grandmother's nice clean tablecloth. Pete matched his first 

cookie with Bill's. Bill put down another cookie. Pete 

matched it with one of his cookies. And so they continued. 

Each time Bill put down a cookie from his sack, Pete matched 

it with a cookie from his. Finally Bill put down a cookie, 

and Pete reached into his empty bag. He let out a disappointed 

squeak, "I don't have any cookies left." 



MATCHING COOKIES 

"Let's line our cookies up on the table." 



MATCHING COOKIES 

Then B i l l  pu l led  out  another cookie and still another 

while Pete gave disappointed groans. B i l l  s a i d ,  "I have m o r e  

than you because I have a cookie f o r  every one of yours and 

I have a subset of cookies l e f t  over. 

Poor l i t t l e  Pete looked down a t  t he  t ab l e .  He s a id ,  

' I  d o n ' t  have a subset  l e f t ,  do I?" 

B i l l  f e l t  s o r t  of mean and then he remembered what he 

had learned i n  f i r s t  grade l a s t  year .  "Don't f e e l  bad, 

Pe tey , "  he s a id .  "You do have a subset l e f t ,  too ,  but yours 

i-s the  empty s e t .  You see,  Petey, s ince your subset  i s  

empty and mine has some cookies i n  i t ,  you have fewer cookies 

than I .  Now we both know who has t he  most. L e t ' s  see who 

can e a t  h i s  cookies f a s t e r .  I '  

' L e t  me s t a r t  1 Let me s t a r t ! "  cr ied  Pete*  "I am r e a l l y  

good a t  eat ing. ' '  

And Pete  did f i n i s h  h i s  cookies f i r s t .  Perhaps it w a s  

because he was a f a s t  e a t e r  and perhaps it was because he 

had fewer cookies than B i l l .  

(Teacher may use t h i s  diagram i n  explaining t he  s t o r y . )  

Bill Pete 



MATCHING COOKIES 

"Letts see who can eat his cookies faster." 





............ .-.. 
.............. ..-.. .-.- 

............................................. 
Out foR E-i-' 

One toft- 'ME 
b 

Divide t h e  c l a s s  i n t o  groupsa and s ing  a s  follows: 

Group 1 "Have some cookies, l e t  's a l l  have some cookies, I' 

Group 2 "Have some cookies, bu t  we must be f a i r . "  

Together "So t h a t  each w i l l  g e t  h i s  share,  we must match 
them f a i r  and square, e t c .  " 

Matching a c t i v i t i e s , ,  using cookies, pebbles o r  o t h e r  small 

ob,jects a r e  a n a t u r a l  accompaniment t o  t h e  song. The ch i ld -  

r e n  may be arranged i n  t h e  o r i g i n a l  two groups o r  i n  in -  

d iv idua l  p a i r s .  



Teacher Backqround on Countinq 

Many c h i l d r e n  a r e  a b l e  t o  recite t h e  sequence of Engl i sh  
number words up t o  t e n  and some up t o  one hundred. How- 
ever ,  when asked t o  count  t h e  spokes on a wheel, t o  g a t h e r  
17 blocks ,  o r  even t o  move e i g h t  spaces  on a game board, 
t h e y  w i l l  f r e q u e n t l y  make e r r o r s .  

The c h i l d r e n  do no t  understand t h e  importance of one-to- 
one correspondence:  t h e i r  r e c i t a t i o n  of t h e  words g e t s  
o u t  of s t e p  w i t h  t h e i r  "checking o f f "  of the m e m b e r s  of 
t h e  set.  Although it has  g r e a t  s o c i a l  s i g n i f i c a n c e ,  the 
memorization of t h e  Engl i sh  number words h a s  no mathemati- 
c a l  s i g n i f i c a n c e .  

The best way t o  overcome t h i s  i s  t o  p r e s e n t  c h i l d r e n  w i t h  
s i t u a t i o n s  i n  which count ing  i s  d i f f i c u l t  b u t  d i r e c t  com- 
p a r i s o n  us ing  one-to-one correspondence i s  easy.  Th i s  
u n i t  h a s  conf ined  t h e  con ten t  t o  t h a t  of comparing two 
q iven  sets: t h e  c h i l d r e n  a r e  no t  asked t o  compare sets 
u n l e s s  bo th  a r e  s imul taneous ly  a v a i l a b l e .  

The q u e s t i o n  "How many?" and i t s  answer have been delayed 
u n t i l  Unit  I V .  



Suqqested Activities on One-to-one Correspondence, Subset  

1. Have two c h i l d r e n  p re t end  t h a t  t h e y  a r e  P e t e r  and 

B i l l ,  as i n  the s to ry  "M~telling CookiesD. Give "Billn 
a  handfu l  of s tones ,  and "Pe te r "  a handfu l  of s h e l l s ,  

t o  p re t end  t h e y  a r e  cookies .  (Beads, b locks ,  o t h e r  

o b j e c t s  w i l l  do.) Ask t h e  c l a s s  how t h e y  can d e t e r -  

mine which c h i l d  h a s  *more o b j e c t s  t h a n  t h e  o t h e r #  o r  

whether t h e  sets *match? The expected response i s  a 

sugges t ion  t o  i m i t a t e  t h e  a c t i o n  dep ic ted  i n  t h e  s t o r y ,  

w i t h  B i l l  and P e t e r  matching t h e i r  o b j e c t s  by  p l a c i n g  

them s i d e  by s i d e .  

2. Ask i f  t h e r e  a r e  more c h i l d r e n  than  c h i l d r e n ' s  noses  

i n  t h e  room. Have t h e  answer j u s t i f i e d .  

* 3. Ask i f  t h e r e  a r e  more p u p i l s  t han  c h a i r s  o r  more c h a i r s  

t han  p u p i l s .  Discuss  a  way t o  f i n d  ou t .  See i f  t h e r e  

a r e  any p u p i l s  o r  c h a i r s  l e f t .  Ask t h e  c h i l d r e n  i f  

t h e  r e s u l t  would be t h e  same i f  t h e y  sa t  i n  d i f f e r e n t  

c h a i r s .  

4. Determine whether t h e r e  are more boys than  g i r l s  o r  

more g i r l s  t han  boys. Have each boy choose a  g i r l  

p a r t n e r  and see i f  t h e r e  a r e  any c h i l d r e n  l e f t  over .  

Ask i f  t h e  r e s u l t  would be t h e  same i f  d i f f e r e n t  p a r t -  

n e r s  were chosen. 

5. Show some checkers .  Ask i f  t h e r e  are more red than  

b lack ,  o r  more b l ack  than  red.  Find o u t  by matching. 

6. Divide a  set of marbles between two c h i l d r e n .  Ask i f  

J i m  h a s  a s  many a s  Ann. Try experiments i n  sha r ing  

among 3 o r  4 c h i l d r e n .  



L e t  t h e  ch i ld ren  have a play par ty .  Provide s e t s  of 

CUPS and saucers, one f o r  each c h i l d  a t  t h e  table. 

Use a v a r i e t y  of procedures t o  have ch i ld ren  determine 

whether sets match, and i f  not,  which set has more 

members than t h e  o the r .  For example, g ive  two ch i ld ren  

each a handful of blocks, cubes, beads, counters ,  e t c .  

Have each c h i l d  simultaneously remove o b j e c t s ,  one a t  

a time, u n t i l  one c h i l d  s t i l l  has  one o r  more o b j e c t s  

remaining and t h e  o the r  has none. Use t h e  term "more 

than" t o  desc r ibe  what has  happened. 

Ask t h e  ch i ld ren  t o  suggest o the r  ways of determining 

which s e t  has  more members than  t h e  o ther .  

9. To provide f u r t h e r  experiences i n  comparing s e t s  by 

one-to-one correspondence, p resen t  t h e  fol lowing 

s i t u a t i o n s  (or  o t h e r s  t h a t  a r e  a p p l i c a b l e ) .  

a .  Have someone b r ing  a bag of peanuts t o  school.  

Ask t h e  ch i ld ren  f o r  an easy way t o  t e l l ,  without 

counting, whether t h e r e  a r e  more ch i ld ren  i n  t h e  

c l a s s  o r  more peanuts i n  t h e  bag. 

b. Without counting, decide whether t h e r e  a r e  more 

desks o r  more c h a i r s  i n  t h e  room. 

c .  Ask c h i l d r e n  how t o  determine whether t h e r e  a r e  

more candle holders  o r  more candles.  

* 10. The fol lowing a c t i v i t y  i s  suggested t o  i l l u s t r a t e  

a. t h a t  t h e  th ings  o r  persons i n  a s e t  a r e  t h e  members 

of t h e  s e t .  

b. t h a t  when t h e  members of two s e t s  can be put  i n t o  

one-to-ons correspondence, they  match. 

c. subset .  



Cal l  a  group of 5 ch i ldren  t o  t h e  f r o n t .  Have t h e  

ch i ld ren  suggest  a  name f o r  t h i s  s e t ,  such a s  "Glucks", 

o r  "Set  A " ,  " t h e  set Mary, Bob, Jim, Pe te r  and Sus ie" ,  

' t h i s  s e t " ,  " t h a t  s e t " ,  e t c .  The name i t s e l f  i s  unim- 

p o r t a n t .  

C a l l  another  group of 3 ch i ld ren  t o  t h e  f r o n t  and d e t e r -  

mine a  name f o r  t h a t  s e t .  Ask t h e  ch i ld ren  how t h e y  

could t e l l  which of t h e  two s e t s  has  more members. When 

they  suggest  matching members of each s e t ,  ask them t o  

t h i n k  of d i f f e r e n t  ways t h e  matching could be done -- 

by p a i r s ,  jo in ing  hands, e t c .  

When t h e  ques t ion  of which s e t  has  more members has  been 

answered, h e l p  t h e  c l a s s  t o  see  t h a t  t h e  two ch i ld ren  

who were " l e f t  over"  form a  new s e t .  They may be given 

a  d i f f e r e n t  name. B u t  no te  t h a t  they  s t i l l  a r e  members 

of t h e  o r i g i n a l  s e t ,  even while forming another  s e t .  

This  i s  t h e  e a s i e s t  subse t  t o  i d e n t i f y .  Next, have t h e  

ch i ld ren  look f o r  o t h e r  subse t s  t h a t  were formed by t h e  

above match. With each of t h e  subse t s  d iscussed ,  p o i n t  

o u t  t h a t  t h e  members of t h e  new s e t  a r e  a l s o  members of 

one of t h e  f i r s t  two s e t s .  

11. Repeat t h e  a c t i v i t y  with s e t s  of var ious  s i z e s  using a  

procedure s i m i l a r  t o  t h a t  suggested above. The a c t i v i t y  

may a l s o  be c a r r i e d  ou t  with f i g u r e s  on a  f l a n n e l  o r  

chalkboard. 



1 2 .  To develop understanding of subsets  t r y  t h i s :  

There can be sets t h a t  a r e  p a r t  of o the r  sets. The 

chi ldren  i n  our classroom make a s e t .  

Within t h a t  s e t  we have a  s e t  of boys and g i r l s .  So 

w e  have two subsets  whose members a r e  a l s o  members of 

t h e  one given s e t .  

Other examples of subsets:  

Books i n  our  
Classroom 

Reading Books 
with red  covers 

A l l  Reading Books 
i n  t he  Classroom 

A l l  Sc i s sors  A l l  Sc i s sors  
i n  t he  Classroom 

Classroom 

Left-handed 
Sc i s sors  

i n  t h e  Room 



13. Ask t h e  c h i l d r e n  i f  they  can descr ibe  some of the 

subse t s  of David 's  toys  ( i n  t h e  s t o r y  "David's ~ r o m i s e " ) .  

14. Have a l l  t h e  g i r l s  i n  t h e  room stand up. I n d i c a t e  t h a t  

t h i s  i s  the s e t  of girls i n  the room. 

Have a l l  g i r l s  wearing something red l i n e  up on one 

s i d e  of t h e  room. This i s  a s e t  of g i r l s  wearing 

something red.  Ask t h e  question, "Are a l l  t h e  g i r l s  

l i n e d  up over  here  m e m b e r s  of t h e  set of g i r l s  i n  t h e  

room?" (yes)  They form a subset  of t h e  set of a l l  

g i r l s  i n  t h e  classroom. 

15. Say, "This c l a s s  has  another  i n t e r e s t i n g  subset ,  t h e  

set of a l l  boys i n  t h i s  c l a s s .  W i l l  a l l  m e m b e r s  of 

t h i s  s e t  r a i s e  t h e i r  hands? This s e t  i s  s c a t t e r e d  a l l  

over  t h e  room. We can see  it b e t t e r  i f  a l l  t h e  members 

come forward and stand i n  a row.I1 

' I s  every member of t h i s  s e t  a member of t h e  c l a s s ? "  

(yes) "That i s  why we c a l l  it a subset  of t h e  c l a s s .  

The set of a l l  boys i n  t h e  c l a s s  i s  a subse t  of t h e  

c l a s s .  Each boy i n  t h e  c l a s s  i s  a m e m b e r  of t h e  whole 

s e t ,  t h e  whole c l a s s .  l1 

"Te l l  m e  another  i n t e r e s t i n g  subse t  of t h e  c l a s s . "  

(BOYS wearing b lue  jeans  o r  any example given by one 

of t h e  ch i ld ren .  ) 

"Let us check t o  see  i f  t h i s  s e t  i s  a subset  of t h e  

c l a s s .  Is every member of t h i s  s e t  of boys wearing 

b lue  jeans a m e m b e r  of t h e  c l a s s?"  (yes) "Then you 

are r i g h t 1  The set of boys wearing b lue  jeans is a 

subse t  of t h e  c l a s s .  " 



Have each c h i l d  t h i n k  of h i s  own family .  Have the 

c h i l d r e n  draw p i c t u r e s  of t h e  members of t h e i r  f ami l i es  
and b r i n g  these p i c t u r e s  to the circle in the f r o n t  of 
the room. 

"These people  form a set. What s h a l l  w e  name o u r  set.? 

L e t  I s  c a l l  it the set of "my fami ly" .  Do you t h i n k  

there a r e  any s u b s e t s  i n  your  sets? L e t ' s  t r y  t o  t h i n k  

of a l l  the s u b s e t s  of ou r  sets t h a t  w e  can. When I 

name a subse t ,  I w i l l  a s k  a f e w  of you which m e m b e r s  of 

your set belong i n  t h a t  subse t .  A r e  you ready?I1 

A s k  f o r  the fo l lowing  subse t s .  A f t e r  the c h i l d r e n  be- 

come acqua in ted  w i t h  the i d e a b  l e t  t h e m  sugges t  o t h e r  

s u b s e t s .  

When 

Subset  of a l l  c h i l d r e n  i n  your f ami ly  

Danny, Kathy, Jimmy 

Subset  of a l l  a d u l t s  i n  your  f ami ly  

Mom, Dad 

Subset  of  a l l  boys i n  your  f a m i l y  

Dannyb Jimmy 

Subset  of a l l  g i r l s  i n  your  f ami ly  

Kathy 

Subset  of a l l  people  l i v i n g  i n  your f a m i l y  

Mom, Dad, Danny, Kathy, Jimmy 

Subset  of a l l  m e m b e r s  w i t h  black hai r  i n  your f a m i l y  

Dad, Danny, Jimmy 

the s u b s e t  of a l l  of the people  l i v i n g  i n  the i r  

house i s  asked f o r  it may be necessary  t o  e x p l a i n  tha t  

even though t h i s  w i l l  i n c l u d e  a l l  of the m e m b e r s  of the 

o r i g i n a l  set, it can s t i l l  be c a l l e d  a subse t .  A set 

i s  a s u b s e t  of i t s e l f .  You might ask the c l a s s  t o  



sugges t  o t h e r  i n s t a n c e s  i n  which t h e  s u b s e t  w i l l  b e  

t h e  same as  t h e  o r i g i n a l  set. Other examples a r e  

a l l  t h e  m e m b e r s  of "my f ami ly"  who wear c l o t h e s ,  who 

s l e e p ,  who laugh,  e t c .  

* 1 7 .  Show the c l a s s  a set of 5 o b j e c t s  (6  i f  t h e  c l a s s  h a s  

more t h a n  3 2  m e m b e r s )  which are e a s i l y  d i s t i n g u i s h e d  

and drawn. Give each c h i l d  a b l ank  s h e e t  of pape r  and 

ask h i m  t o  draw a s u b s e t  of t h e  set d i sp l ayed .  Each 

c h i l d  should be  allowed t o  show h i s  s u b s e t  i f  it i s  

d i f f e r e n t  from everyone elses. I f  two c h i l d r e n  p i c -  

t u r e  the same s u b s e t  ( t h e  same m e m b e r s ) ,  t h e  second 

should be  g iven  ano the r  s h e e t  and asked t o  draw a 

d i f f e r e n t  subse t .  S ince  t h e r e  are 32  d i f f e r e n t  sub- 

sets (count ing t h e  empty set and the e n t i r e  s e t ) ,  each 

c h i l d  can draw a subse t  d i f f e r e n t  from everyone elses. 



Commentary on Worksheets 4 ,  5 ,  and 6 - Subset - 

These worksheets a r e  designed t o  g ive  t h e  ch i ld ren  experience wi th  

subse t .  Here, a s  elsewhere,  t h e  worksheets should be preceded by 

s i m i l a r  a c t i v i t i e s ,  which may make some of t h e  worksheets unneces- 

sary .  The s t a r r e d  worksheets should be used anyway, t o  a i d  i n  t h e  

evalua t ion  of t h e  program. 

Worksheet 4 

I n  a c t i v i t i e s  with common o b j e c t s  such a s  those depicted on Work- 

s h e e t  4 ,  it i s  p r e f e r a b l e  f o r  t h e  t eacher  t o  use r e a l  examples of 

t h e  o b j e c t s .  I n  o t h e r  words, i n  t h i s  case ,  r e a l  boxes of g e l a t i n  

could be placed on a  t a b l e  i n  f r o n t  of t h e  group. 

S t a r t  t h e  d iscuss ion  by asking t h e  chi ldren  t o  n o t i c e  t h e  d i f f e r -  

ences i n  t h e  boxes of g e l a t i n .  Differences i n  t h e  f r u i t  p i c tu red  

on t h e  box a r e  usua l ly  pointed o u t ,  al though some c h i l d  may comment 

on t h e  f a c t  t h a t  t h e  words look d i f f e r e n t .  Accept t h i s  response 

a l s o .  

Suggest Nays of i d e n t i f y i n g  t h e  subse ts .  One way would be t o  have 

them draw a  yellow mark on each box t h a t  has  a  lemon on it; a  red 

mark on t h e  boxes with s t r awber r i e s ;  and a  blue mark on t h e  boxes 

with r a s p b e r r i e s .  

Worksheet 5 

Point  out  t h a t  t h e r e  a r e  many ways of c l a s s i f y i n g  o r  grouping ob- 

j e c t s .  I n  row 1, f o r  ins t ance ,  if we consider  t h e  subse t  of t h i n g s  

we do when it i s  cold ,  then t h e  boy swimming i s  t h e  only  one no t  a  

member of t h e  subset. '  I f  we consider  t h e  subse t  of t h i n g s  made of 

snoktf, then t h e  snowman i s  t h e  only member. Some c h i l d  may cons ider  

t h e  subse t  of summertime a c t i v i t i e s .  The boy swimming i s  t h e  only  

member of t h i s  subse t .  



Point out and discuss the various subsets in each row. Have the 

children explain the reason for their choices. Have the children 

put an X o n  the members of a subset in each row. Since any combi- 

nation of members is acceptable under the definition of subset, all 

answers are acceptable, even a subset of one member, the empty set, 

or the whole set. 

* Worksheet 6 

Have the children put an X on each member of the subset of cookies 

they'd like to eat. When they've done this, tell them to draw a 

simple closed curve around the subset of cookies they would & like 
to eat. If they have already indicated they'd like to eat all of 

the cookies pictured, have them circle an empty space. This is an 

excellent illustration of the mathematical fact that every set has 

at least two subsets - the original set itself and the empty set. 



Worksheet 4 
Subset 



Worksheet 5 Subse t  



Worksheet 6 Subset 



%qested A c t i v i t i e s  (continued) 

* 18. Use t h e  f lannelboard f o r  t h e  following a c t i v i t y .  place 

two sets of f lannelboard cut-outs  on t h e  board. The 

example suggested i s  a s e t  of 5 p i c t u r e s  of toys  and a  

s e t  of 4 geometric shapes (smaller than t h e  p i c t u r e s  of 

t h e  t o y s )  . 
Arrange t h e  set of geometric shapes so they  occupy l e s s  

board space than  t h e  s e t  of toys.  Ask which s e t  has 

more members than  t h e  o t h e r  s e t .  ( toys)  

Move t h e  geometric shapes f u r t h e r  apart from each o the r ,  

so they occupy more space than t h e  ?:;-!:. of toys.  A s k  i f  

r:!;-viriz the  ob jec t s  made any difrYrerice d s  t o  w h i c h  set 

has m o r e  members than t-he o the r .  E l i c i t  t h e  response 

that there i s  no d i f f e r e n c e  because w e  s t i l l  have t h e  

same set. 

Next, s u b s t i t u t e  another,  larcrer o b j e c t  f o r  one member 

of t h e  s e t  of geometric cut-outs.  Ask i f  we s t i l l  have 

t h e  same set a s  before. (NO) Then pose ques t ions  t o  

b r ing  ou t  t h e  f a c t  t h a t  t h e  s e t  of geometric shapes s t i l l  

has l e s s  members than  t h e  o t h e r  se t .  

Repeat t h e  above a c t i v i t y  u n t i l  t h e  ch i ld ren  understand 

t h a t  t h e  s u b s t i t u t i o n  of m e m b e r s  of a set o r  t h e  re- 

arrangement of t h e  members does not  a f f e c t  t h e  one-to-one 

correspondence between sets. 



19. This activity w i l l  g ive  t h e  ch i ld ren  experience i n  
es t imat ing  and matching f o r  one-to-one correspondence. 

A supply of s e a s h e l l s ,  s tones,  beads o r  o t h e r  small  

o b j e c t s  i s  needed. 

Choose two ch i ld ren  t o  p lay  a t  one time. Have one chi ld  

t a k e  a  handful of beads, t h e  o t h e r  a  handful of s h e l l s ,  

Have each c h i l d  p lace  h i s  s e t  on t h e  t a b l e  i n  f r o n t  of 

him. Ask t h a t  t h e  c h i l d  who t h i n k s  he has  more i n  h i s  

p i l e  r a i s e  h i s  hand. T e s t  t h i s  by having t h e  ch i ld ren  

match o b j e c t s  from t h e i r  p i l e ,  one by one, u n t i l  one of 

t h e  p i l e s  i s  empty. The c h i l d  who est imated c o r r e c t l y  

i s  t h e  winner.. Be su re  t o  emphasize t h a t  t h e  unmatched 

m e m b e r s  form a subset  of t h e  l a r g e r  set. 

Draw a p i c t u r e  of an egg ca r ton  and a  set of eggs on 

t h e  chalkboard. D r a w  a  l i n e  from one egg t o  one empty 

compartment i n  t h e  car ton.  Have t h e  ch i ld ren  go t o  

t h e  board, one a t  a  time, and draw a l i n e  from one 

egg t o  a  matching empty space i n  t h e  car ton .  Then ask: 

"Are t h e r e  any spaces without eggs?" 

'Are  t h e r e  any eggs without spaces?" 

Have t h e  ch i ld ren  t a k e  a  p iece  of colored chalk and draw 

a simple closed curve around t h e  eggs t h a t  a r e  l e f t .  

(Don't count them.) Then ask them if they  can t e l l ,  

without counting, which set has more m e m b e r s  - t h e  

set of eggs o r  t h e  s e t  of spaces i n  t h e  car ton .  

Someone miqht suggest matching t h e  eggs and spaces by 

e ras ing  one egg from t h e  s e t  of eggs and drawing it i n  

an empty space i n  t h e  car ton.  This  i s  permissible ,  s i n c e  

it i s  another  way of i n d i c a t i n g  one-to-one correspondence. 

I f  a  more concre te  approach i s  des i red ,  use a c t u a l  egg 

ca r tons  and p l a s t i c  eggs (or  l a r g e  beads) .  



21. Post tWQ sets  ~f figures on the flannelboard. Put more 

m e i r o f i s s  4lt u u  y e t  than in tha other. Ask a child to go 

to the board and point to the set that has more members. 

Provide similar experiences, using the chalkboard, news- 

paper pictures, etc. 

22. Draw a pair of sets on the chalkboard, one set having 

more members than the other. Ask a child to put an 

X on a member of the set which has more members. 

After a few times, let a child draw the sets and choose 

a classmate to mark them. Continue this way until all 

children have an opportunity to either construct or 

mark the sets. 

If someone puts the same number of members in both sets, 

t h ~  "marking" child might use lines to connect the 

members of one set with the members of the other to 

show that the sets match. 



Commentary on Worksheets 7-13 - 

ksk t h s  ehildrsn ! 
'Which s e t  has more members than t h e  other?" 

How can we t e s t  ( o r  prove) what you say?" 

Have them show t h a t  we can match t h e  s e t s  by drawing l i n e s  from a 

member of one s e t  t o  a  member of t h e  o the r  s e t .  The s e t s  match i f  

a l l  of t h e  members of both sets a r e  used up o r  connected. One set 

has more members than t h e  o the r  i f  it has members t h a t  a r e  l e f t  

over a f t e r  t h e  matching process.  

Worksheet 8 

Worksheets 8a and 8b a r e  used together ;  8a i s  a discussion shee t ,  

8b t h e  a c t i v i t y  sheet .  The same two s e t s  of f i gu re s  a r e  presented 

t h r e e  t i m e s  on each sheet .  The purpose of t h e  worksheet i s  t o  show 

t h a t  while t h e r e  a r e  many d i f f e r e n t  ways of comparing s e t s  by one- 

to-one correspondence, t h e  r e s u l t  i s  always t h e  same. I n  t h i s  case ,  

t h e r e  i s  always one ob jec t  of t h e  r i g h t  hand s e t  l e f t  over. 

Before using Worksheet 8 ,  it may be he lp fu l  t o  do s imi l a r  exerc i ses  

on t h e  flannelboard o r  chalkboard. After one way of connecting t h e  

members i s  shown, a  ch i ld  may i l l u s t r a t e  another way by changing 

some of t h e  connecting l i n e s  o r  using d i f f e r e n t  colored chalk. 

On Worksheet 8a d i scuss  t h e  d i f fe rences  i n  t h e  ways t h e  members a r e  

connected (o r  pa i red  o r  jo ined) .  On Worksheet 8b t h e  chi ldren  a r e  

asked t o  connect t h e  members i n  t h r e e  d i f f e r e n t  ways which a r e  a l s o  

d i f f e r e n t  from those  shown on 8a. Altogether t h e r e  a r e  24 d i f f e r e n t  

ways these  s e t s  can be compared. After  t h e  chi ldren  complete 8b, 

d i scuss  i n  what w a y  a l l  of t h e i r  p i c t u r e s  a r e  a l i k e  ( they a l l  have 

an unmatched t oy )  . 



Worksheet 9 

Discuss the fact that there is a set of large balls and a set of 

small balls. Ask the children to estimate whether there are more 

large balls than small balls. To check their prediction, have them 

draw a line and connect one large ball with one small ball until all 

the members of one set have been used up. Ask them to put an X on 

a member of the set which has more members than the other set. 

* Worksheet 10 

This worksheet has been designed to discourage counting. Ask the 

children if the sets match. If they say no, have them put an X on 

a marble of the set which has more members. Have them prove their 

estimates by drawing lines to connect members of each set. 

* Worksheet 11 

. Present in same way as Worksheet 10. 

* Worksheet 12 is self-explanatory. 



orksheet 7 



Worksheet 8a One-to-one Correspondence 



Worksheet 8b 



Worksheet 9 One-to-one Correspondence 



Worksheet 10 



Worksheet 11 One-to-one Correspondence 



Worksheet 12 One-to-one Correspondence 

Here are some fish and some worms. 

Make an X on a member of the set which has more members. 



* NIM 

N i m  i s  a  s t r a t e g y  game. I n  o rde r  t o  p lay  it successfu l ly ,  

it i s  necessary t o  discover  a t  l e a s t  one of t h e  many 

s t r a t e g i e s  contained i n  t h e  game. Most c h i l d r e n  w i l l  pro- 

bably be a b l e  t o  deduce some working r u l e s  which w i l l  h e l p  

them win. D i f f e r e n t  s t r a t e g i e s  w i l l  be discovered a t  

d i f f e r e n t  l e v e l s  of maturi ty .  

The only  test  f o r  t h e  s t r a t e g y  discovered i s  t h e  quest ion,  

"Does it work?" There i s  one b e s t  s t r a t e g y  f o r  t h i s  game. 

Discovering t h e  game s t r a t e g y  i s  not an i s o l a t e d  process.  

I t  i s  b a s i c  t o  o t h e r  mathematical concepts which w i l l  be 

introduced l a t e r  on i n  t h e  Minnemast u n i t s .  However, it 

i s  qarne s t r a t e g y  and ought t o  be used i n  a  s i t u a t i o n  re-  

sembling t h e  playing of a  game. The c l a s s  may become 

g e n e r a l l y  f a s c i n a t e d  with t h e  chal lenge of discovering 

t h e  "winning way". I f  t h e  e n t i r e  c l a s s  does not  t ake  t o  

it, t h e  t eacher  ought t o  watch f o r  ind iv idua l s  who show 

p a r t i c u l a r  c u r i o s i t y  and encourage them. The game should 

no t  be required of those  who l ack  i n t e r e s t  i n  it. Other 

str-:- ~ e q y  games will be included i n  l a t e r  Mifinemast mat- 

e r i a l s .  Spontaneous i n t e r e s t  w i l l  probably appear when 

t h e  c h i l d r e n  acqu i re  a  g r e a t e r  degree of maturity.  The 

enthusiasm of t h e  o t h e r  ch i ld ren  w i l l  soon be whetted. L e t  

those  who know t h e  " t r i c k "  move around and p lay  with t h e  

o t h e r s  who don ' t  know it y e t .  

The game may be played a s  follows: 

Two c h i l d r e n  p l a y  t h e  game a t  a  t i m e .  An equiva lent  set of 

any number of  red checkers and a  s e t  of any number of b lack  

checkers a r e  placed before  them i n  two p i l e s .  Each ch i ld ,  

i n  tu rn ,  may t ake  any number of checkers from e i t h e r  one of 



the sets (this would be a subset of the  set of checkers). In 

fac t ,  he may take a whole s e t  if he w i s h e s .  H e  m u s t ,  however, 

take a t  l e a s t  one checker. A player may n o t  take from both 

s e t s  a t  the same time. The game continues u n t i l  a l l  the 

checkers from both s e t s  have been taken. The  child who takes 

the  l a s t  checker wins the game. The game may be played with 

s e t s  of any two kinds of objects - blocks, dol ls ,  hats,  boys 

and g i r l s ,  erc. 

I f  a player always leaves the same number of checkers i n  

each set, he i s  sure t o  win. Do not tell t h i s  t o  the child- 

ren ,  however. T e l l  the  children t h a t  there  is a winning 

strategy, and that when they find it they should keep it a 

secret. Encourage those who have discovered the strategy to 

t e s t  their discovery by trying it with different partners. 

For added interest, give the  child who discovers the s t r a t e -  

gy a special card labeled NIM which he may decorate and 

display on his desk either right-side up, so  it reads NIM 

o r  turned, t o  read WIN. 


