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INTRODUCTION

.
~ -

In popular usage the-word symmetry often carries the implica-
t:on. that a thing is pleasantly proportioned or well-balanced,
Ta many’, symmetrv implies a type of beauty and perfection.

" In precise usage, a symmetnc pattern is one which remains
unchanged under a certain rigid motion. One can intuitively
notice ,symmetry in many things such as:

butterflies

.leaves

tile floors

stanzas\of pootx‘y

snowflakcs oo
the arrdnggment of sceds in a sunflower
melodies \\

rhythms . \

the weaving in: straw baskets

slices of citrus fruits

mathematical principles

Certarh types.of symmetry can be given precise geometric
descriptions. Three of these types are emphasized in this
unit: (1) rotational or turning,” (2) translational and repeti-
tive, (?) bilateral or symmetric abolt a lme A detailed dis-
. cussnon of them will conclude this commu]tary. It W111 be

found that sgmmetric patterns age unchanged hy ccrtaln
'not)o'\c;. . ~ !

hd -

You need not frel that a complete mastery of the introductorys~
material 1s nocessary before you start to teach the-unit, $ach’
idea 13 demonstrated and cxoVeloped as the lcssons progress.,
[his introduction should be rcqardéd as a SOUICO of information
to which to refer for information during the various studies.

»

-
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- “"WhY. Have Symmet'ry_Ur%its in the Primary Grades?

. : - .Both the intuiti've ideas of symmetri/ and the precisely defined
. mathematmal 1deas of symmetry were considered in the follow-=
ing réasons for)mavmg small children study symmetry,

N ‘.

. - - .
N

e

- I. The activities provxde practice in abstractmg concepts, .
¢.g., sceing that sev‘cral dlffer nt patterns have the same
\ -\,  typc of symmctry '

1

2. The concepts discussed will be used\in later topics such
as yjeometry, measurement, wave motign, and classifica-
_ tion of blologlcal orgamsms. Symmetry\ls a tool 1r{ ugder-
stanch g the umverso SR

-

f e et Aty . -

¢ T € L
PR 3. The principlos of symmetry are often aﬁplied 1 art poetry,
- ~~ and music. "Awareness of these principles heightens appre- v
7 - L ciation of the arts.. ) . .
. 4, Ths activities provxc‘e porcoptual tra.ning for- readmg readi-
e - ness. For example, the'tracing of patterns. aids’ perceptlonr
T R throuqn mu‘scular actlvmes. Practlce is g).ven m movmg .
) L ( : from left to right. - v
ST e 5. The cmldxon rnjoy tho activities-and the awareness of sym- |

-

metry that they develop. Many natural and man-made’

shapos in phe children's environment have. sonie type of ‘
symmetry that they can recognize. v
: . © ’
Objectives | ’ T ) ) Tos
o ‘ c "On completion of the unit the child should: o / T . |
- N * . . . " . . ‘ . ~ N ) . j
I'. Recognize symmetry in nature, music, paetry, and art. ] ) '1
{ o " . - N - ————— e v o ot wrn o e
. - » L 2. Recognize Lurmna Symmetry (rotatzowal,symmotry), rcpeat— .
: B _ing patterns (translational s\ymmotry) and symmetry about a. o |
. T Vo line (b1latcral symmc*trv),.w SR - o
o . 3. Be able to make. the necessary’ tests and comparisons for R
.o ’ the threo typ@s of symmﬂtry stud,xecl S T o )
v ’ . - - ) . ¢ .
. ks ' 3 “ 4 .
. ‘ . , \’ . g .»
w2 | et . . - ) i ‘
Q i ¥ d . .o . |
ERIC . . . CT
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| which leaves its 1mage behind. Can the S be|
inite way so that after it has been moved it

‘%vu'_:
¥

cause it can be done

Simply p.ic‘king the S~shape and laymg it back down.
one such operation, This is tr1v1a
for any movable obJect

Na

* Turning the S-shape a full turn, i.e,, through 3600, is -
_another move that will leave’ the shape in coincidence
with its original image, This is also tr1v1al because 1t
can be dene for any shape.

-

et o g oo e

R

Turning the S
thrgugh 180
original shape

-

shape through one half of a full turn, i. e. . .
will also cause the S .to cdincide with 1ts

-

Figure |

v ————
s

" This third Speration-shows that"the*S-‘shapeqs symmetnc—wﬁh S
respegct; ‘to rotation ‘about an axis perpendicular to the shape_ "
at the cdenter., The' shape is said to have rotational symmetry

or turning symmetry, Note-that if .the § is flipped over to the

positioh it cannot be put into co1nc1dence with its or1g1nal
" shape, : ‘

-

14

N
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. . Another example of a shape that possesses rotational symmetry .
- is- a triangular block with equal sides. The block outlines in
Figure 2 may help in visualizing the rotations.that leave the
block in coincidence with its original image. The rotations
are one~third of a full turn, two-thirds of a full tarn, and the '
trivia] ones of no turn and of a full turn; rotatié’_ﬁs of 0°, 17200,
2400-and 3600’ le"ave the pattern of the block unqhanqed.

¢ - T o
e

¥ 9

Figure 2 - ' R
. . . Note that in considering rotational symmetry of a pafterm; only
rotations about an-axis through the center of the pattern are
; . considered.t~ ) . -

- ‘ -

- P

P ﬁgurei}u o : wi

-

The pattern is not {lipped or turned about an axis across the
pattern, - X , . .

R o g
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A rotation through any amount less than a full turn that yic*lds
coincidence with the original position is a test for the pres-—
ence in a pattcrn of rotationai symmetry or turning symmeotry.

. Further examples of simple patterns exhibiting rotational sym-
metry are stars, squares, ovals, and circles.

A threc- chmonsxonal object, can't be tested for rotatlonal sym-
metry exactly as done abovc because a $olid object won't co-=
incide W1th a surface pattern. llowevef a variation of the test
can cas:ly be made. The sohd object can be turned and com- - )
pared to an cxact copy of itself. 'If, after the object has been .
e - turned an amount less than 360°, the object and its copy cannot . -

o he distinguished, the object has rotational symmetry. Tigure 5
shows a pyramid and a plate, cach with ecxact rotatlonal sym- .
. ] . metry, and two starfish showmg approxxmatc rotational symmctry

. . A slightly diffcrent point of view s to consider a rotationally .
0 - -t s symmetric pattern as one that can b& gencrated by yotating an )

' clement of the pattern. TFor example, the shape can be |

generated by rotating the shape O inte three positions.

Repeating Pattcrns and Translational @mxp?gy .

P

-

TTTTTTTT— Supposc a stencil 1s used to make the rcpcatmg pattcrn m the o
/q{ip design smen Tgureb— . ~ :

T e

» . o/ [ o/ o/ o/ |o/ | o/ o/ | o/ |0/ o/ |0/ | o/ o/ |o/ |

- - 3

. ‘ Taure 6
( -t “ .
The dotted lines in"the fNgure show that the pattern could be -
] continued indefinitely. If the pattern is iwagined as being -
. | o . . infinitely long, 1t can be picked up, moved through a certain
o distance, and laid down again to cover the ‘Qntirp original pat-
tern. The pattern would then look exactly as it did before 1t
was moved. This is possibld bhecause annfinite pattern Has
no beginnina and no end, but c%tnnclshipfin'itoly in cither direc-
tion. A mathematicia®t might say that a translation carries the .
pattern into itself. Because of this, the pattern is said to
possess transliational symmetry, . :

f

. -

"% . ‘ ' 1~'?, ‘. ' i}
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-~ Repeating patterns are easy to find. For example, they are

secn in wallpaper, brick walls, and strings of beads. These-
patterns repeat only, a finite number of times, but they may bo
thought of as "potentially infinite.," This moans that the pat-
tern can be imagined to extend mdeflmtcly i both directions.
T_Tms L}Qterm “translational symmetry is sometimes used in \\
talking about\r\peatmg patterns which are finite but can be

imagined to cxtc?d\mflltoly\v -

A pattern is a repeating pattern if so rt of the pattern

(1) can be moved a definite distance alo‘:Mr an - !
identical part of the same pattern and (2) with a succe onf /

such moves will cover the cntire pattern. As inrotational sym=

. metry, comparisons arc made affer some part of the pattern is

moved., This time a part of the Jattern is mo¥ed in cqual- swedj
jumps and compared to Bther- parts of the same pattom to dctor—{'
mine ¢oincidence. The part of the pattem that 1s ropoatod can
be oalled a "4b_lo'ck, a "cell," or an "element.

2o 4 - e
In testmg tpe strmg of beads shown bclow for a 1opoatmo pat—
" tern, thé block to be comparod could be Od

OODOODOODOODOODOOD

The blocl\ to be compared could also bc chosen as OODOO[:]
This would again cover the pattern when repoatodly mowd it

they- will show a rotationally symmetric pattern, If actual sk
beads were used, instead of a drawing of bcads the compan- 3
son btock of beads would of course not_be laid on top.of anott-
er,block. It would_ be placed beside a corrosponc'n block for

the comparisorm. )
: - . < ..

There are many (1mperfcct) repeating pattorn “‘0 b observcd in
nature. Two examplos arc bamboo stems and catcrplllarw. ‘
Often only a. porhlon “of the object shows the rcpoatmc pattern,

% as in the catorplllar vrhere the mxddlo segments are approxx-

mately of oqual szz, e and shape but tho two ends arc not. (Sce
Flgure 7.) ‘

The actxvmes in this unit will extend the conccpt of.repeating
patterns to poetry and music, Repeating sound pattcvns are T
common in both poetry and music.

-

s

steps along the string. If the beads are formgd into a circle, “@r"l" - T"‘:‘““?‘

-

%
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. I Bxlatoral Slmmﬂt_z or Smmetry about a Line or?Plane

N
~ - -

Consider the letter A in Pigurc 8. Any line drawn pefp’endicu-—
lar to the dotted line in the figure cuts the pattern in pairs-of

)

ST . I‘iguro' 8 >

4'\ 4

) ) points that are cquxd:stant from thc dotted, lmc. For example
. \th\o\; mts a and b in I‘xguro 9 arec at equal dlstances from’

P

|
N

0
|-
o : | - - o .
:@J. . . l P )

: e ) i Figure 4 . . ’ -

The letter A is said t6 exhibit symmatry about a line, or bildt-

eral symmetry. The dotted line is ca?led the line of symmetry

‘or the axis of aymmetry.
Any.pattern through Wthh a line can be drawn such that every o
line perpendicular to this line cuts the pattern into pairs of s
points cquidistant from the line i5 said to exhibit s sym metry
about a line or bilateral symmetry.

. N &
- - o

A}

-
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A simpler but less exact statcment of this idea is that for every
point.on one s1de of the line of symmetry thére is a correspond—
ing point on the other side. The paired points must be at equal
distances from the line of symmetry. Figure 10 shows some al-
most exactly bilaterally symmetric patterns that occur in nature.
There are tests one can use to determine whether or not a pat-
tern possesses«bllateral symmetry. Two ofsthese tests are ’
descrxbed below. ’ ' ' -

° -

If a mirror is placed in ‘a vertical posxtxon along the dotted line .
in Figure 8, the pattern viewed (half-of A and its image in the
mirror) coincides precisely with the original letter A. The wnir-
ror test consists. of holding a mirror on the axis"of symmetry to
show that the pattern-can be divided into two parts identical in
size, . one part being the mirror image of the other. gIn any bilat- .
erally symmetric pattern, one, half of the pattern is the mirror,
image of the other half. This is .the reason that bilateral sym-
metry is also referred to as-mirror symmetry. It is mterestmg :
to test some non symmetric patterns with a m1rror. '

BLlaterally symmetrlc patterns may, a[so be folded along the axis

" ot symmetry to test for the coincidence of the two halves of the

pattern, This gives another test, the folding test, for bilateral
symmetry.

I‘herc are some diffcrences in examining the symmetry of patterns
on plane surfaccs and of three-dimensional objccts. Corre-
sponding to the line of _symmetry.of plane patterns, bilaterally
symmetric threc-dimensional objects have a plane of symmetry.
Every line perpendicular to th1s plane cuts the figure in pairs of
correspondmg points that arc at cqual distances from the planc.
Obviously, a solid object canhot be folded to test for bilateral’
symmetry . However, a mirror can be placed along the plaﬂe of
symmetry to show .the existence of bilateral symmetry The huian
face is an interesting Ob)CCt that has approx1mate symmetry with

.respect to a plane. Other objects that might be testcd are a cong,

a beetle, and toy ﬁgures of pcople or ammals . .

L4

A picturc of a three-dimensional object is, of course, a two-di-

mensional pattern. Thus the.symmzatry of a picture o1 a three-

imensional object may’ be tested by either the mirror or folding
‘Generally the kindergarten and first grade activities will
q only two-dimensional, patterns or pictures.

I~
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. Oth’e_;Sym'netries

An obJect may display more tﬂan one of the symmetrles that have
been discussed, For example, a star such as the one in Figure |1
‘ : _ d1splays both rotational and b11ateral
. \ . : . symmetry Notice that .each of the fl\ge
o : " dotted lines is an axis of bllateral sym-
metry.

o »

It is not necessary for a child to recog-

nize more than one symmetry in an ob-

ject, but it is important for you to be

aware of the possibility of ,more than’ .
. . Figure 11 one, so that you may gulde the Gh11~~ o

o dren properly. . ;2
- . .o !

T _Theré are other symmetries which may be precisely described ,

L mathematically, You.may be 1nterested in notifg these, but they

will not be exphcitly presented to the children. One such sym-

metry is a translation plus dilation. It is illustrated in Figure 12

by the shells of the common wentletrap, an auger, -and the giant

conch Another symmetry which is a rotation plus dilation is ;

. illustrated-in Figure 13 by the shells of the chambered nautilug -
- and the sunburst carrier, T

<8,

X . S e

S

. A more comp licated kind of symmetry is found in certain two—di-—
A mensional patterns, which are called orfamental patterns. A
. common pattern of this kind is formed by fitting hexagons togeth—
er as in. a honeycomb or in a tiled floor., Ornamental patterns
ar8*also often seen in brick wallsv {See Figure 14;) There is a
precise mathematical theory underlying the ornamental pattern,
but it is not necessary to understand this.|theory to appreciate or
create ornamental patterns. Extremely intricate and beautiful
tiled patterns have been:produced by. artiéts who instinctively .
. used the laws of symmetry. The three- dimensional arrangements
. ’ ' of atoms in a crystal are related to ornam nta«l patterns,

«¢ -

»

There are other patterns po'ssessing symme‘tries not. discu,ssed

o .

. here. It is hoped that the. child Will recognize some of them in .
¥ his environment The child should not bé expected to describe .,
. prec1se1y what he sees, but simply\fo be aware of and enjoy the
[~ . o symmetric patterns about him,
N o Q&
[y r @ .
42 v ’
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Giant Conch (Cross section)
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Lesson I: _TURNING BLOCKS «
The concept of rotational symmetry is* mtroduced in th1s lesson “
. by activities that provide opportun1t1 es for muscular and per-
ceptual learning. . "
 MATERIALS S o
B N ) 1 . «
~ = | pair of triangular blocks for each child. The fnembers of
a pair should be matched “for size, but different pairs cap
be of different sizes, . t el

- masking tape for marking corners of the blocks
—- additional pairs of blocks of various shapes for Activity B

< B .

PROCEDURE . S - : L

Jng

Activity A

‘lee each child a pair of triangular blocks matchied for s1ze
~Oné cormer of the upper face of each block should be marked
with masKing tape., The tape helps in-lining up the blocks and
also marks one S1de as the front of the block. (Remember, in
testing for rotational symmetry, the shape must not be turned
over to bring the back side up. ) s L.

Have each child place one of his blocks on top of the other so
that the taped corpers match. Ask the class to hold the bottom
blocks still and turn the top block unt11 the two. blocks again
fit, .

D_ID' YOU. TURN. THE BLOCK ALL THE WAY ARdUND ?
(No, only part of a full turn.)

TURN THE TOP.BLOCK MORE UNTIL THE BLOCKS FIT ,
ONCE.AGAIN . . E

DO THE TAPED CORNERS MATCH NOW?2 (No.)

- . . o [
L o ¥

‘AGAIN TURN THE TOP BLOCK UNTIL THE BLOCKS' FIT.-
DO THE TAPED CORNERS MATCH NOW? (Yes, the
.block has been turned all the way round to the place
it was at the start.)

29
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4 Summary

’
- -

N\
In <;ummary the tests fox rotauonal trans!anoncﬂ c,n(i\bxlateral
symmetxy are given:

- e "

. Wtational symmetry btzst.a an object is rotated, about an axis
and compared with a copy of the orlglna.l ob)ect )

Fepéating pattern test: a portion of a pattern is dupllcated
nioved along the patterh, and compared to parts of the -pat- .
tern at equally spaced. locatzons to detcrmme coincidence.

5*.»_ Y s e

. . e . "w_'\
.

. .
Bllateral symmotxy test: © 7~ Ter BT H
3-D: an object is compared 1 t8 the half-olyect, half- 1mage~ -
p:aztg‘n{ ohtagncd by usmg a mmor and is judged for cm Gi-

dence. O s AR

<

2= D -mther the abqve mlrror «.est is used, or the ob)ec”t 1s ‘
folded to tedt for co1n01d¢nco of the t{NO halvcs

ﬂmrr\ of a,copy or rephca o{ the object or part of the'bbject, o .
In the tests eliminates_ the aned for-the testcr to 1magme the ob-
ject or, part to be moved and compu.ed Vou will, probably carry
' out the tests mentally, but fiye~-or six- year -old children may
"not be suecessful JAnmaking such abstract comparisons, 'If
some ct hlldrcn ocgm to. form conclusions quickly concerning the
bymnmtxv of o oartlcular object; this should not be discouraged,
- If they are gorrect, accept them with joy., If they are intorrect,
+ direct test for symmetry should be made » involving the con-
-crote aperations anc‘ oomuarlsons necessary, ¢ .

W

« 4
3

DH r LRI NCES R[‘I‘th,,’ I‘I II f\I\'DTRGARl‘ N AND FIRST= GRADL SYMMETRY UNI
l
It you Jaok at copxos of the kmdcrgarten and first- grdc:e, symme%ry
units you will notice that the first four sections of each consider,
Totational symnfzctry, repeating patterns, bilateral symmetry, and
symmetry in movement, poetry, and music. * How then do they -
differ> Some of the wags are given in the ‘folldwing paragraphs ! e
AN obvmus difference is that the flrst-grade unit contains work-
shénts . a‘nd an additional section.” On many of the w rksheets the
. children are., as-Led ta do more precise and acturate whrk thdn: that
- asked nf hndcrgmtoners The.additional section for fipst grade

conqzdors cnyotals and, ornamental patterns N :




The ffrst-grade unit considersr\th'e three basic. symmetr1es in
‘ more depth More complicated patterns are cons1dered -At the
- end of Section 3 the first qrader is asked to identify’ symme- ¢
o . , tries when more t:han one type are present ir‘the same object
C « o - ’ o -~ ) "\
- o . Although the maJor emphas1s is on.observation and description
v . - ‘in both ,units, the first- -grade unit includes som ork 1nvo’1v1rig
‘ measurement apd gene¥alization. The f1rst-grad nit 1_s more
, "quantitative, , The children are- asked quest1ons such as "How
. \ ! many posit1ons are there where the pattern looks just the R
. . : same'> " and "How far is the star from ‘the. 11ne of symmnetry ? " o

l

’

w N ¥ . a3 ~
L . . .
.4 ‘ COMMENTS ON THE TFACHIDG OF THIS UNIT _ v

. S S The lessons in this pmt are usually planned)'to take one class

- . . period The- guestions in capital. 16tters” that appear in some - . .
' ' lessons are to be considered a guidg to th pe of questlons

. T you will use. Feel free tu modify them and any other part of S
’ oot . th un1t to. su1t the needs of vour own class; " ’

s ] . The children should usegand understand the, concepts of the sym-
R ST metries considered, but they should not be expected ‘to become
' Lo . pxof1c1ent in verbalizing them. They will not always be precise
s I B in their work.  We hope that both you and your class will rel‘ax

and enjoy th1s unit, . . . - . .
. - N . P L ] ' i AR . . \: B
e Art Activities =~ - [ o . Sy v

Qs

0 . The art act1v1ties suggested in this unit are an essentml part of .
- . LT the -children's investigations‘of symmetry. Through the free cre—

! . . ation of patterns the oh1Jdren Learn to recognue and apprec1ate "

" the presence and absence of symmetry ',_i - s LT

Y LTS < ™ " o .. ' _ )
A o Each ﬁt‘oup of art act1v1t1es c&n.be used any &e after the appro- -

co . : priate syrnmetry has' beén mtrodUced Many of the art activities

T . can be mod1f1ed and. us’éd for other types of symmetry Dn'ectmn )
. - . . should be kept mip‘umal‘to ‘epcourage the originality @ child may_ "'

:C.\ ) . demonstrate when he is g1ven a chance to use his. own creative

N owers e b
ST, p | A




k"I'I(i\ | _ROTATIONAL SYMMETRY ~ -

Th1s f1rst sectlon of Un1t 7 presents the concept of rotatlonal . )

or turning symmetry. Becauseé the conceptual world of'kKinder= -

garten.children is based oh matenal objects, the fotational ‘

_ symmetry of famllh};blocks and other shapes.is first investi~ o
gated. Then the concept of rotational symmetry is*abstracted

and applied to other patterns. This reinforces the experiences-

with abstractions in the/ﬁ'ner MINNEMAST units, ’

-~ +

L

Both man-made ob;ects such as gears and natural ob)ects such o
as starfish are investigated. Much freedom is given to the

child when heé creates rdtatlonally symmetric designs in vari- .

" ous media. .o o
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Lesson 1: TURNING BLOCKS <

The concept of rotational symmetry is mtroduced in tl'ns lesson “
. by activities that provide opportunmes for muscular and per-
ceptual learning. ¢

' MATERIA'LS

Lo N & « & ‘ 1 ‘ ‘ - ’ : . 4
. . — | pair of triangular blocks for each child. Tl:le members of
T e T a pair should be inatched for size, but different pairs cap
be of dlfferent sizes, “ i o

- maskmg tape for markmg corners of the blocks

- additional palrs of blocks of vanqus shapes for Activity B

-~ . ;,- . iy »

PROCEDURE ) : = : _ .

- Activity A ’ - ' ' g
.'Give each child a pair of triangular blocks matched for size,
Oné corner of the upper face of each block should be marked
with masKing tape., The tape helps in lining up the blocks and
also marks ohe s1de as the front of the block. (Remember, in
_testing for rotational symmetry, the shape muét not be turnéd + -~
over to bring the back side up. ) . 3

&

Have each child place one of his blocks on fop of the other so
that the taped corners match. Ask the class to hold the bottom
. blocks still and turn the top block unt11 the two: blocks again
' Lo ‘ fit, . .
: DID YOU.TURN. THE BLOCK ALL THE WAY AROUND?
.. (No, only part of a full turn.)

TURN THE TOP.BLOCK MORE UNTII THE BLOCKS FIT

. .. ONCEAGAIN. . e
R . DO THE TAPED CORNERS MATCH NOW? (No.) .
\ AGAIN TURN THE TOP BLOCK UNJIL THE BLOCKS FIT.

!

DO THE TAPED CORNERS MATCHWOW? (Yes, the
-.block has been turned all the way ‘around to the place
it was at the start. )

S 29
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. Repeat the above procedure if you wish. Explain to the chil-
. ¢ dren that when we can turn.an object part way around and have -
: it look the way it did before it was turned, we say the object
has turning symmetry. If you wish, use the term _ rotational )
symmet/w; many children enjoy using exact terminology. * ) 4}

% Activity B*- ‘- R

. Provide matched pairs of blocks of various shapes, some rota- ’
tionally symmetric. Souare, recta ngular, and cifcular blocks
) can.be used for the symmeétric pairs. You may have in the
O “classroom blocks of the following shapes, which can be-used - -

. . « . - - 1
. r . . ST -
A ‘ « for the nonsymmetric pairs | 7 l B L.~ I ) :
- {l wand /T——\ . Of course, thereare many - e

~ B . “

" other suitable shapes, °

'th children can work individually or in groups with these
blocks. Have them tell-if their blocks have turning symmetry
and show how they tested for it. - _ SRR
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Lesson 2: .STARS AND S-SHAPES s

'
. - Ay 1

In this lesson more 111ustrat1ons of rotat10nal symmetry are
given, - oo L&

4
"

 MATERIALS -

i ~ " | blue and .} yelloﬁtar transparency (For more exact

- cutting, stick both together with masking tape and cut
' at the same time.)

, '
— overhead projector (very desirable but not necessary)

o kT | pair of stars and | pair of S-shapes cut from construction
- *3!\ : : . R
_ paper for each child

S

L PROCED URE

Act1v1ty A

o . . It is assumed that you w1!l have an overhead projector to use.
‘ If you do not, the transparencies may be viewed against a W1 n-
dow pane by groups of chlldren. - N

~
t

‘Project the yellow star and the blue star separatelly so that.the

pose and project the two star shapes together. Clearly demon-
strate that when the blue and yellow stars match exact!y, a
green star is seen; .

~d

o

Now rotate the upper star slowly over the lower star. As this
* is done some yellow, some blue, and some green will be seen.
After one-fifth of a full turn, the stars will again coincide,
and an all-green star will be seen. The children should under-
o ) v, stand that this second cﬁﬁmqu of the patterns is a. ‘test re-
r'y . . su!t that tells that the star shape possesses turning (or rota-
tional) symmetry. Explain that the bottom star serves as a
,record of the original position of the top star. '

Activity B -

B ’ . f a . L
Give each child a pair of stars and a pair of S-shapes. Cut
o these from the construction paper for the children, because

children may observe the materlals be1ng used.. Next superim-. -

L
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/ : -
. the inaccuracy of their cutting is apt to destroy“the symmetry
S - 'of the shapes. Show the children that there is a dot on one
N ) side of each shape, Explain that the dot marks the front or top
) - side of the shape., R

-

: Nllow the children to play with the shapes. They will probably
fit them together and rotate them. They may not;ce that their

paper stars have six pomts whereas the transparent stars have
only five. OQuestions similar to the following would be appro- /
o~ : priate to ask individual children,

: . DOES THE STAR HAVE TURNING SYMMETRY? (Yes ) . <

3

¥ - DOES THE S-SHAPE HAVE TURNING SYMMETRY? (Yes,) ~— = -—-

HOW CAN YOU SHOW THIS? (We can turn one shape
) i part of a turn and see that it again fits the first shape.)
IF YOU TURN THE S-SHAPE OVER -- WITH THE PRINTED
DOT DOWN -- WILL THE S-SHAPE FIT" (No.)'

A vy * .

Save the paper shapes for use in Lesson 8.

P

H e

» “
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; the materials that accompany this manual,
! X ¢ . 1Y
I - - . Y
| o~ ' ' : .
é ’ ) ) : \
Al .- B
I AN
| 5
i .
)
| .
!
& .
o
' \
‘ t
I
i .
] y
| .
1 o
)}
' 35

ERIC - N .

Aruitoxt provided by Eic: . .



W

g

ol

Tesson 3: WHICH OBJECTS HAVE TURNING SYMMLTRY? ' 1

MATERIALS

v e

\PROGEDURE

In thi¢ lesson the.children examine various Ob]OCtS for rota-

tional or turning symmetry. Some of the objects will be three-
dimensional.® Some will be only approximately, symmctrlc ob~-
jects found in nature. 4 N

€
2 .

N

——\g\% assortment of rotatlonally svmmetric objects, Somc
examples are certain flowers (real or artificial), certain *
shells, an apple or orange sliced across, starfish, gears,
wheels, nested blocks, and cardboard shapes.(H, 8, +).

. . )
~ — an assortment of objects that are not rotationally symmet-

-, ric. Some examples are most leaves, plastic figures of ~ (’ ‘
trees and animals; certain blocks, certain shells, scis- % e
sors, and. cardboard shapes (Q, €, 7). ' ‘

« L

G

e B

-~
N

: Prepare a shape table in the classroom. Place on the table

some rotationally symmetric objects and some that are rot ro-

“ tationally symmefric. Most of the ‘objects should bé" presenteg . .
in pairs to help the children compare the pattern of the object
before and after it is turned. Some single objects should also
be used, Place other rotationally symmetric and non- symmet—
ric objects about the room. Suggestions for the objccts are
given'in the materials list, ‘

D ’ .
~

look on, the shape table for objects péssess~
‘ing rotatlonal symyetry. Thcy should test an object by seeing
. whether it 1ooks Ju the same after it has been given a partial
turn.. The second obj ct of each pair is used as a. reference
unit in this comparison,or in the case of singlé objects the
original pattern can be re embcrecl Some children may com-
ment on the fact that the tu ing symmetry of natural objects o
is usually not exact. - T

Have the childry

*
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ART ACTIVITIES I'OR SECTION:L: RQTATIONAL SYMMETRY -

‘e

The child's concept of rotational symmetry can be reinforced
and expanded by his expenences with some of the art act1v1-
¢ ties suggested here, Select any you wish, vary ther‘m 35S You,
w1sh, -and use them at any time after Lesson 2 has been
taught " T

1

“Twao toys that mechamzo the drawing of geometric patterns,
most »f which are rotationally symmetric, are listed.below.,
A large variety of patterns may ‘be produced fairly ea511y
ball point pen usually gives better résults with these tQys
than does a penc1l )

(A

Ty
1G5

\Iaglc Desigher 8245 (Lakeside Toys,. D1v1§1on of Like-
‘side Industries, aneapohs, 84, 95)

g

- Spirograph I}Ioa 401 (Kenner Ero'ci; Co. . Cinginnati, $3.98).

. - 2




QEK

<
.
4
.t
-t
-
~ o
.
’
-

Activity A: Design éilhouette .

.

N

-

1., 'Fold a sheet of typing paper into quarters, -
-7 . » v

R " fold T

2. Fold again along the diagonal.

\\ cut

47 Cut out design from folded papér.* (If you wish,.
may draw 3 design before cutting.) ‘

A

you ¢

» - w M .
‘l" . '
- - ” “‘/ * .
w..- T ° .~&, Cut «’ 7
N . N L3 - .. ..
5. Unfold design and paste on black construction paper.
xw B - . - [ .
~ . : L -
B !
* “( . A .
°
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Aruitoxt provided by Eic:

. I. Distribute ‘the sheet‘s}vith'eﬁu';lateral triangles printed on-it.
—'\:’. ‘ ", . ~ [ ) - : ° -
o . 2.. Cut, along the heavy Iihes: - . ; \r.

. » v . *» »”

"3. Fold up along, the dotted lines: Y’Ol:l_ now have -four smaller . ¢ .-
' - triangles marked off"by folds in ea°ch-’ large triangle,
r..' ."* . [N - . ,r\
X 4. Put paste on the two outer trlangles r;narked with. X‘s in the
e . _— f1rst diagfam. . ‘ . : i '
o 2 /f Lo ’
5. Take two large triadgles’and press together one pasted ,
. - surface of each. Thus each triangle will ‘have on€ corner
. free and w1ll be attached to two other trlangles by 1ts .
L other two corners, - ] C A
“ ) ) ‘ ‘\.\ . o~ “, ?
6.. The last triangles should be attached to the f;.rst, to form
the flower: . -

)

. *

. /M paste°.

» ) IS
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- c Acti_vity C: Pinwheels Y : -
. LY N N . o R ) , .
) . Matenals needed are cgnstructmn paper, tacks, and penmls
. : : with erasers, ! . 2 -
) —— v El » N ’ ’
P I. Take a square sheet of constructién pgpqr and cut from the . .
' ? corners toward’ but not all the way to- the center You pow* o
have eight pomts A > v .
A .,
2 \ — . . p “‘, \
1 Vo, o
' . - N PR ' ) ° i ” '}‘° . .
* - i S \ ' g oo .o
h - o 1 PN -
P - 5 * ‘ ¢ -2
L v * @ o
: Y7 2.. Bring every other point, oné by one, to the center and fix -
- -~ them-there with a tack. % .
- {
Q
R =
: \
i
: -
‘.
'~ 36
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’ tivity D: Loop«de—doos o -/1&] '
. I, Cut str1ps of colored construction paper mto \/2", . %
: , \ 3/4" and | " widths. ‘ .o~
. . , R . A - e : .
"‘ Er™ ' - 1Y * ’ - ' - .
-3 ‘ -
¢ , T ‘
T - - . pe
v 3o P
.o : [
» . w * ¢ *,
. g 2. Make loops of assorted sizes, some with tails
' 4 » ! a : -
- s \
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e ) - -
p
Cs oY .
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v el rd .
, 3. Arrange design on construction paper and paste. - o=
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. . o 2"
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* Activity E: Paper or Yarn Maosaics .
iq " v . You will need tagboard, scraps of colored papér or yarn, and .
f? . white'all-purpose.adhesive such ag Elmer's or Fuller's.
/ , '_ A . o L R . A‘ ‘ K3 .
‘ I., Draw rotationally symmetric designs on _tagboard. )

. AN
*2. Fill in areas of the design with quarter—ihch (or larger)
sc{raps‘ of colored paper and paste them on the tagboard.
s T3, Fbr yarn mosaics, fill the desi_"gi:l with shdft pieces of col-
.ore'd varn, fixing them in place with some all-purpose glue.

*

Variation . S .

\
¢ . / . L N xﬂ .
Feathers,. leaves, flowers, /shells and_ various kin s of maca-
roni may also be used for.mosaics. i "\



-
~ ’

' 'mREPBATING PATTERNS B

/

In thls.sect1on the children study’, create, and enjoy; f1n1te re- ):
_ . peatlng patterns, If the finite patterns are thought of as ‘being
"~ R At infinite, they will exhibit translational symmetry, Althdugh
: “ the concept gf tréhslational symmetry is- discussed in the in- .o ‘
- trfductiod to the unit, 1t“1s not presenfed to the ch11dren in
' - . ’kindergarten. 2 . ®
. S The .children work with reak obJects and concrete operat1ons
- . - throughout the section, They will learn that any pattern wh1ch
i . ,can bé made by repeating a part of the pattern at equal inter-
) . ~vals along a straight line i&"a repeating’pattern. Repeating:
. patterns are often more easily recognized in ma'n-méde designs
than in the world of nature. *“However, the approximate sym-
metry of natural objects such as caterp;llars is also observed

> . \ ]
T -~ . “
. - « -
\ .
\

Baird's Swallowtail (larva)

jo
”

[
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Lesson 4: PARER-DOLL CHAIN - . ?

.

This les son introduces the 1dea of a pattern in which one part

is repeated a number of times along a line. The lésson is a
' short demonstration. You may choose to combing it with

Lesson S where the chl‘ldren make the1r. own repeating patterns.

MATERIALS

» — paper- doll chain transparency (blue)
-~ paper- doll transparency (yellow)

- overhead pro;ector (de51rab1e, but not required) "

v - U PRQC’EDURE
As in Lesson’ l , it is assumed that you will be able to proJect
the transparencies. However, the transparen01es may be
viewed against a window.' :

P
L

Project separately the paper-—doll chain and the single paper
o doll, Next project the transparencies together with the single
- . . figure on top. Bring the single figure into coincidence with a
. . figure in the chain. This figure will now appear gregn, Move:
the single figure to an adjacent figure in the chain. This fig- "~
ure will now appear green, Continue moving the smgle figure
" until each figure 1n the chain has been covered.

A class discussion should. bring out the following ideas: A™. -
> _ green figure shows that the yellgy paper doll fits exactly
. * over each blue paper.doll, The fact that the vellow doll fits
¥ '‘exactly over each blue doll shows that each'blueﬁ_doll has the
.same shape. The blue doll shapes make a repeating pattern,

o

Any art activities suggested for this .section may now, be used.

. .. s
. , . N -
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{esson 5. KEEP THE PATTERN '

The chlldren are here given an opportunity to create desxgns
with various shapes and colors. The only restriction is that
their bdsic designs are to be repeated. By makmg their own
repeated patterns, the children demonstrate their grasp of the
concept and have it.reinforced.

MATERIALS  ° S -

— sets of objects from which patterns can 'be made. Some
examples are: property blocks, beads to string, flannel
board shapes, and pegs for pegboards. -

PROCEDURE *

Activity A

~

Place a sequence of shapes on the chalk or flannel board, or
make a similar pattern W1th other matenals e.g:

AOAOAOA \

CAN ANYONE ADD ANOTHER SHAPE ‘AND KEEP- THE
PATTERN REPEATING"' (ves.) \

- Y

\
Have avolunteer do this several times, |

Now have the children work s;ngly or in small groups. Provide
sets of objects with.which they can arrange repeating patterns,
Tell them to make any patterns they w1sh by repeating their .
‘basm designs over and over. Examples:

Basic design . Basic design repea‘ted}
00./ ) 00/00/00/00/
F 0+ +0++0++0++0+ >

An element of competition may be inserted by having the mem-
bers of a group take turns in adding to-the design. The "keep.
the design" rule should be understood by all.

48 \
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Activity B (Optional)

After a child or group of children has made a repeating pat;
tern, suggest that the pattern be changed by following a defin-
ite rule. Supposg the pattern has been made with property
blocks. The first rule might be that all small circular blocks,

be changed to small triangular blocks of the same color. (O—A)-
For example: : :

ATl &)

)

‘ o
. R

) DO WE STILL HAVE A REPEATING PATTERN? (Yes.)

Ask the children to sﬁggesi other rules to use, They may be _
simple, such as (thick <> thin). or (red —> blue), or quite
complex, sych as (thick€—> thin and red —> yellow —=>

green —> blue —>red). o -

A

<.
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PROCEDURE -

{\
Lesson 6: FIND THE REPEATING PATTERNS

The ch1ldren look for repeatmg patterns in the classroom.
‘Many of the pattérns are "planted" for them to find. v
. t

MAT ERIALS

Ly

- an assortment of objects, plctures and de51gns that exh1b1t
~ repeating patterns Some examples are a caterpillar, a com-
. pound leaf, animal tracks, a fence, a chain (metal or paper),
a strip of lace, a patterned beélt, a necklace a'wallpaper .
. border, smocking.on a dress, and & piano keyboard,

— an assortment of objects, pictures, a\nd designs that have
'several parts that do not repeat exactly. " Some examples
are a row of plastic figures that are only approximately «
alike, a paper chain with randomly colpred links, a strip
design that you have made for this lesson.

]

'-.—\/ N

-

< f

Place on the shape table, bulletin f)oard, and in the classroom
some objects, pictures, and designs that exhibit repeating

patterns and some that do not: Suggestions for these are.

glven in the materjals list, Any completed art pro;ects for -
this ‘section can be included. °

"Ask the chlldren to find examples$ of repeating patterns in the '
room. In each case the child should see that the 'pattern can

be made by repeating one part of the design at equal steps

along a straight line. When considering some objects, &9g..,

a caterpillar, the two ends must be excluded.' Ask the class
to tell about objects at home or out- of—doors that have repeat-
ing patterns. : .

43
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‘ ART ACTIVI’I.‘IBS FOR SECTION 2. REPEATED éATTERNs ' .

o Vanous art activ1t1es that develop the idea of repeatmg pat-
’ . terns are described here, They may be used as you choose M :
after Lesson 4 has been presented ' ‘

s i - - . .

Activity A: Paper Chains N - . ) : .
|. Select two colors of constructlon paper’ (e g., red and B .
- - black). e ' - .
) R 2. Cut strips 1" x 5", making three times more strips of -

one color than the other,’

- . ~

3. lMake loop. chains, following a repeated pattern (3 red .
loops, | black, 3 red, ! black, etc, ) _ ‘ .

~

fe

Aruitoxt provided by Eic:
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Activrty B Prmtrng ' R,

L

You will need construction paper, &empera pai nt and brushes. .
Have the children look for small objects having a side flat
enough to be syitable for stamping patterns. Encourage them
to took for unusual objects that will make interesting -designs..
Examples are: spool,.nail, plastic dr tin cover, bottle cap,
rim of a can, piece of wood, block, eraser, fork tines, thunib
or finger: } o . ‘ .

o

~ ¢

] *

Cover a surface of the selected object w1th paint and. press it
against the paper. A seéries of impressions side by side will -
make a repeated pattern. Another way of printing is to wrap .
string around a block of wood, cover string with tempera and , “
press on -paper for pnnt

v t ~
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Activity C: Glued-Object Patterns ) T .
K . - @ - © . »f .

Repeating "p.atterns can be made by using a hum‘ber of small
s1m11ar ObJeCtS and pasting or gluing them in a row on tag-
board. Examples are:  .small pebbles Popsicle or craft s’ucks, :

. leaves, pieces.of construcnon paper or Sthke!‘S. (1f stick-
. ers .are usod’,{thp stars should be larger than those usu‘ally on,
". - -hand in the classroom. ) - - .
. t P : J :
Activity D: Papercraft ST T ‘ R
o Lo s

--Many of "the act1v1t;es in Sectlon | can be used here~o 111us- .
trate repeated patterns. JFor example’, -lopp- de -doos can be

- 'pasted down inrows, * . " . ‘ "

. Cﬁmall rotat1ona11y symmetr1c de51gns can be pasted together N
in-rows. . ) L
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This section of Unit 7 introduces the concépt of bilateral sym- .

.metry. Once'again the qhildrén work with two-dimensional
. patterns, man-made and natural objects, and art‘projects.

Théy are expected to begin to understapd that a pattern that

is, unchanged by a.reflection about an axis is bilaterally sym-
metric. However, it is not expected that they will be able to
express the corncept in these words., . : t ’

v 3 .

Bilateral symmetry is éoméiimés_ called folding symmetry or
mirror symmetry because ‘two of the tests for this symmetry
use foldirig and mirror images. Some of the patterns in this
section will have both bilageral and rotational symmetry, This,
may be noted by some alert children, but the Jessons consider
only bilcjtgral symmetry. . - S A

. « N .
" N Lo
. » .
\ . . .
.

Mo¢th
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Lesson 7: FACES AND HANDS

e . This lesSo{lntroduces the concept of bllateral symmetry.

/
r

\ _MIATERIALS / e

A\

-

—~ 2 pictures of cat's face printed in this manual

PROCEDURE
Activity - S . .
Show the. picture of the complete cat's face to the class .Point’
'to /appropriate parts as you ask the followmg questxons i
R 3
DOES EACH SIDE OF THE CAT'S FACE HAVE AN EYE? |
(Yes.,) ' S
/ DOES EACH SIDE OF THE CAT'S PACB ﬁAVE‘AN EAR?\. .
| (Yes.) ‘ ‘
S «EACH EAR THE SAME DISTANCE FROM THE MIDDLE ‘ ‘
OF THE FACE?, (Yes. Trace the center line of the face
/ « Wwith a finger.) : ’
A ! <
\ _ DOES THE CAT'S FACE HAVE A KIND OF BALANCE" ‘
\ / 'FOR EACH PART ON ONE SIDE IS THERE A PART LIKE . ) d? .
L \ / IT ON THE OTHER SIDE? (Yes.) , N e

i
\
%

- ) \ - ARE THE TWO HALVES OF THE FACE EI:XACTLY ALIKE? \
” ’ o (There may be either yes or no answers from the chil-
o dren e\)on 't tell them yet whethér their answers are \\
o ' /, correct l., N |
§

how the class the second cat's face cut into twq parts along \
he wh1te line but held side by side, Suggest that™if the two
s1des orthe face were exactly alike you could interch nge
them and the face would look just the same as before. emon-
strate this. . . i




s

) .
[aN ' ‘ ,

Doiss THE CAT'S. FACE LOOK THE SAMﬁ NOW? (No.)

ARE THE TWO HALVES OF 'I‘HE FACE EXACTLY ALIKE? ;
(No.) .
Explain that the 4wo halves of the cat's face have the samé
parts but that the positions of the parts are réversed. TFor
example, on one side the ear is to the left of the eye and on
the other side the éar is to the right of the eye. Place the
two halves in their driginal p051t1ons and allow the children
"/ to use them later during free time, LR

N

2

Act1v1+y B

Have each child place his hands on the'floor or table in front of
him. The palms should be down with the thumbs jyst touching.
: ’ K] .

.

ARE YOUR. HANDS EXACYLY ALIKE? (No, because the
fingers of one hand are ixn opposite order to those of
the other hand.) '

" Ask each child to put his palms tegether.

oV




DO YOUR HANDS JUST FIT TO_GETH-ER? (Yes.)

Explain that the way the fingers fit against each other shox;vs
that the parts of the two hands are alike but are arranged in
opposite order. You may now tell the class that both the
cat's face and the children's hands have a special k1nd of
symmetry called b11atera1 symmetry

. v

Ac tivi_ty C (Optional)

e
‘

To begm a class d1scussmn you may ask the following ques-
tion: '

DO YOU THINK YOUR FACE HAS BILATERAL SYMMETRY"
i (Yes )

58
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Tesson 8: THE FOLDING' T.EST,A‘FORVBILATERAL SYMMETRY

. The experiences of Lesson 7 are extended to develop a foldlng
te\st fér the presence of bilateral symmetry in a pattern, The

, children are endburaged to manipulate, observe, and experi- |
ment with trar)/sparent acetate butterfly patterns and paper .
shapes. . 1

MATERIALS
- transparent yellow butterfly
~ transparent blue half- butterfly

— overhead projer*'tor (desirable but not necessary)

o o= paper star and | paper S- shape for each child (saved’
“from Lesson 2)

a

'PROCEDURE

Activity A

~

As in earlier lessons where acetate patterns aré used, it is
most effective to show these with an overhead projector. How- .

ever’, it is possible to view the patterns against a window ifa . -

pI‘OJ ector is not available,

3

PrOjecf the yellow butterfly, . . ‘
N * ' \
0 DO THE TWO SIDES OF THE BUTTERFLY LOOK ALIKE IN
N SOME WAYS" HOW? ‘(Yes. © "The two wings are the
same sxze is one of many possxble responses,)

ARE THE TWO SIDES O THE BUTTERFLY EXACTLY ALIKE?

(No, Most children should be prepared by Lesson 7 to

give this answer, but do\not tell them whether they are

correct until the end of this activity.) &
Project the blue half-butterfly\beside the yellow butterfly,

" Suggest that it can.be used to see if the two sides of the yel-
low butterfly are exactly alike, Move the blue figure yntil it
coincides with one side of the yellow butterfly, That side now
appears green, ‘

- 59
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%o .

DOES THE BLUE HALF- BUTTERFLY FIT EXACTLY OVER \
HALF OF THE YELLOW BUTTERFLY? (Yes.) y

Slide the blue half-butterfly to the other 51de of the’whole but .
‘ terfly ) . " - ’
DOES THE BLUE HALF~ BUTTERFLY FIT EXACTLY ON THIS

) HALF OF THE YELLOW BUITERFLY? (No.)

HOW CAN'TIMAKE IT FIT? (Turn it over.). ‘

Tumn the half-figure over, makmg the motlon clear to the clfss. . , '
DOES THE BLUE HALF ~BUTTERFLY FIT EXACTLY OVER
THIS HALR OF THE YELLOW BUTTERFLY NOW? (Yes )

WOULD THE TWO HALVFS OF THE YELLOW BUTTERFL
FIT EXACTLY IF ONE OF THEM WERE FOLDED OVER THE
OTHER? (Xes )

Explain that because the two halves of the. butterfly pattern f1t
exactly togethér when they are folded, we know that tHe butter-
fly is bilaterally symynetn&. -

?

Activity B ? A o / 3

Gwe each child a constructlon paper star and an S- shape
saved from'Lesson 2 CoN

HOW CAN WE TELL IF THESE SHAPES HAVE BILATERAL

SYMMETRY?- (We can use the fo‘lding test.)
Let the children, fold their shapes,3w1th a minimum of help. . .
They will dxsco\rer that the stars are bilaterally symmetric )
and the S- shapes are not,

Art a<,t1v1t1es provxc.ed at the end of this sectlon may now be
started,

=




Tesson 9;: MIRROR TEST

™
[y

The mirror test for bilateral symmetry is taught in this lesson,
Both two- and three-cimensional objects are examined, but the
emphasis is on the testing of two—dimensmnal patterns The
lesson will probably t'ake two days. . 7 ’

* MATERIALS - g :

= Design Sheet | and 2 for each child

Al

e ' B small'mirror for each child

‘= .one larger mirror (If necessary, th1s may be made from
. - two small mirrors.)

e x

— assorted s_ma11~ solid objec‘:ts*to ‘be téstéd Wwith mirrors

PROCEDURE

Act1v1ty A

Place the figure on page 59 so that the class can see 1t Hold
the larger mirror just above the line 6f symmetry of the f1gure. .
Have a child tell what he sees as hé looks into the mirror,
Bring out the fact that he sees the pattern just as it was with-
out the mirror. This is another test to show that a‘pattern has
- bilateral symmetry. This demonstration is intended to show

the géneral procedure to the children. They will learn much
-more when they use their own mirrors. - ‘






Act1v1 ty B

.

»

Give each child a small mirror and a copy of Design Sheets |
and 2, It isrimportant that each child make his own unhutried
investigations of the patterns on the design sheets and of any
other patterns he wishes. However, a brief reminder of the :

. mirfor test is in order, If there exists a position for the mir--
ror that will give a view of the pattern just as it was before,

" the pattern is bilaterally symmetric, Two of the four designs

-~ provided are bilaterally symmetric, two are not, ‘

.

— ' Some patterns are bilaterally symm'etric': with respect to more
than one line, It is fine if children not1ce this, but it should °
not be reqmred of them.

ERIC = .. - .
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.

ey




B o >
. . - . ‘ ‘
. . ’ |
. . | | |
. . . ) |
3 N '
‘ b - .
T Design Sheet | . : , .
‘ : . ' )
- . Unit7 | - . , B
’ B . -
. ' | S .
. . - N ’
i . . < . . .6
k a - ——
8
. . | ' o ’
’ ‘ ; [l - . .
- . "
«
. X \ |
L *
b - \
' \
‘ v
‘ . ‘e
.
Pl *
.
’ . +
e . .
4 M et !
" °
' Y
- ¢ ‘ u
. . ‘
'
T N . )
" B SR
. .
‘ *
. . *
+ .
. N | - |
” -
. ‘ _
‘ :
* 2 R »
.
. ¢ ~
: Ay .
N, ) .
N . ) )
) N 2 . . — |
. ) ‘ | '
’ N P .
«
’ \
. s . -
N
- . . . . “ \‘. S .
- - . . .
N . . )
\ ‘ -k .
. - l ‘ . "
‘ \
' * . Y \ \
. - ; ) N > Y
N L4 R -ﬁ\. \ ‘k
' . R - -
< - T : » . \ \ .
. * E-} ¥ .
- 3 ) ‘
- . . . ' 7 .
N . . ‘ |
- \" - 2 P , i i .
. .. e, . ) A
. . . < . A .
. - N
N ) . :
- o . - - . - . - )
3 . - " ‘ ‘ “
s N . . . : |
) » . . - ‘
D 3 .
‘ A ' ‘. - P - . '
. . . . . I |
“ . v |
. / ‘ .
. . . ‘
: - N . .
« \ '
: »
. Y - - | ‘
. ‘ " . -
v L3 \ . y
. . v . .
. . . ‘ |
‘ N e B -
- 4 . °
- A : B i .
. R .

ERIC- : : ' A

Aruitoxt provided by Eic:




o~
e
[0}
Q
L
w2
=
o)}
ol
(7}
[}
A

0~
+
ot
=
D

.

&

rie

!
1




Activity C | r N
- Later,| perhaps on the nekt day, show the class a two—dlmen-
sional sy@netng pattern or picture, (The cat's face can Be

used, ; ' : '

< oy

‘ HOW CAN WE TEST THIS PATTERN TO SEE IF IT _HAS
BILATERAL. S‘;MMETRY" HOW CAN ‘WE TEST IT A
WAY" - (W1th the mirror or foldmg test )y

| P

/ Demon atrate the two tests. = ¥

»

Next § how the class a bilaterally symmetric three—dlmensmnal
object }-- a vase, an hour glass, or a dpll are po'551b111t1es.
3

-~ - PO'YOU THINK THIS 15 BILATERALLY SYMMETRIG? CAN
' WE TEST IT WITH A M’IRROR’? (Yes ) - ‘

CANWE TEST IT BY 'FOLI51NG':>‘ (No )

not inte ded that you mention the. fact that bllaterally symmet-
ric three- dimensional objects have a.plane of symmetty rather
than ;us% the line of symmetry of a two-dxmenswnal pattern,

Provxde J number of small-solid objects for the children to’ view

with the émall mirrors. Possibleyobjects are plastic: toy fig—

ures, blocks cookies, combs, parts of\cg strudtion-sets, and .
. flowers. LThey may also. look at the1r fingers, hands, and!feet




. o

i
i

* Lesson |0: KEEP THE SYMMETRY

13 »

'
S

In this lesson the chiidren arrange objects into bilaterally sym-
metr1c patterns., This should be an enjoyable way to reinforce ,
the concepts of this sa,ction. In Activity B the changing. of pat-,
terns by a specific rule provides an elementary background for N ’
the mathematical concept of’ mapping, which w111 be developed .
in late grades, ~ . o ‘ P

~—
.

LY

A]

MATERIALS . e - o
— flannel board with sets of objects . R N __

- sets of pbjects from. which patt‘erns"can be made. ébme e .
e examples are property blocks:', checkers, paper ch‘ps v,
flannel shapes, pegs for pegboards. o _- .

. — Design Sheet 3 -~ | for each'. ch11d o ‘ " P
(optlonal) T L

= ‘large mirror, about 8* x 10"

~pe, e

}
14

PRQCBDURE
R 4 o . ‘_‘-_. f / . - .
Activities A and B of this lessorl are S1m11ar'to tesson 5 and , ° ¢
. hence the children should need little explahation here. The - L

[ | designs discussed below may bé made of any small objects, «: o
Several sets are. suggested in the matenals list, The chlldre

~ may en)oy testing their pattems with 7I‘arge mirror, . ~

i o, ol K

"Activity A T L , ..
Make a simple, bilaterally symmetric pattern on the flannel L o
"board. You may mark the lme of symmetry W1th a strmg. A .
possible pattern is: ) Y

e

o
LI Y ‘e . a.f
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'\\
Then if the rule ¢chosen for the tmnsformﬁo\n s red €< blue
and small «—> big the new design will He;

A /
V4 = {smotl. plun)
v
Ve
. (L1j, rod) —

Some children can not handle a two-part rule such as this ex-
ample and some others need to make the transformation 1n two

]

‘separate steps.,

activity C©

Have the childian complete the beetle on Design Sheet 3,
They should understind that the completed beetle design
should be bilaterally syminetric, but they snould be assured
that small variations are acceptable, Don't expect or urne

perfnct work,

Hy

O

ERIC
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Then if the rule chosen for the transformfition s red €= blue
and small «—> big the new design will be:

/ A’ = {small. blue)

(byg, red) —| - N i \

Some children can not handle a two-part rule such as this ex-
ample and-some others need to make the transformation in two

dseparate steps. , \
. . \

Activity C

Have the childron complete the beetle on Design Sheet 3.
They should understand that the completed beetle design
should be bilaterally symmetric, but they should be assured
that small variations are acceptable, Don't expect or urge

perfect work, \

»
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ART ACTIVITIES FOR SECTION 3: BILATERAL SYMMETRY

Art activities that reinforce the concept of bilateral symmetry
are suggested here. Any selection of them may be used any
time after Lesson 8 has been completed.

Activity A: Paint-and-Fold Designs

Told a sheet of rice paper or newsprint in half. Drip tempera
paint on one half of the sheet, fnld the other side over it and
press together.




}

Activity B: Making Designs by Punching Holes

You will need colored construction paper and pencils or

pointed sticks of various thicknesses,

i. Lay a sheet of paper over a peg board and with a pencil
punch a small hole through the paper over each hole in the
peg board.

\
2. With pencils or pointed qticks of different thicknesses,
the holes can be enlargeq to make a pattern exhlbltmg
mlatergl symmetry . ‘

3. Mount the punched sheet on another sheet of construction
paper of contrasting color.

Variation

The children could also make their bilaterally symmetric pat-
terns by laying the paper over the pegboa d and punching just
those holes they wish to have in their pattern.

ERIC

Aruitoxt provided by Eic:
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Activity C: Rubbings

]

For this activity you will need newsprint, crayon or soft com-

pressed charcoal, and objects with raised patterns.

. TFind objects with raised patterns exhibiting bilateral sym-

‘metry. Leaves and weeds are excellent for rubbings.

v
%

N

2. Place the newsprint over the object and rub the charcoal or

crayon firmly over the paper.
3. Mount the rubbings on a piece of -construction paper for
display.

k]

o

The same techmnique can be used for other types of symmetry.
A brick wall or tile floor give good examples of translational

symmetry, A bracelet opened flat has a repeated pattern;. a
brooch may exhibit rotational symmetry.




. v

Activity D: Abstract Designs

I. Have the children cut out 2 or 3 shapes from the 12" edge
of a sheet of 9" x 12" coloréd construction papgr., Make
sure the cuts are on the 12" edge, not the 9" edge.

3

N 2. Put thé shapes aside and paste the 'sheet}own on
. one side of a 12" % 18" sheet of contrasting color.

-3
o

71




<

3. Take the cut-out shapes and paste them down on paper on
the opposite side of the center line"in a flipped position,
Good color combinations are blue paper on yellow, green
s on orange, or black on white, The patterns are bilaterally
symmetric in shape but not in color.

4

<@




Activity E: Egg-Carton Animals

You will need tempera paint, construction paper, egg cartons,
and pipe cleanegs.

Butterfly -

l.. Cut out 3 humps from an egg carton,

— F -

~

. 2. Cut out butterfly wings from construction paper.

3. Paste the egg carton segments onto the wings.

.
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Aruitoxt provided by Eic:

Variations
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The children may devise other ways of making animals or
insects with the same matenials. For example,\a cater—
pillar can be made by cutting the whole egg carton lbongi-
tudinally and then decorating the strip of 6 segments.
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Activity F: Construction-Paper Figures
Children can make animal figures by first cutting out larger
body parts (head, body, legs) from construction paper of vari-
ous colorsy Next, they paste these body parts together.
Finally they cut out and add the other featires (such as eyes, ° -
beak, feathers, etc.), carefully arranging them so as to re-
tain bilateral symmetry.
|
Two-dimensional figure
I. TS make a two-dimensional figure {e.g., an owl), cut f
out two circles, one larger than the other, for the head
- and body, and another piece representing a beak. -
2. Paste these pieces down on a piece of construction paper.
3. Cut out two each of such features as eyes, feet, feathers, .
etc. These should be pasted on in a bilaterally symmetric
' pattern.
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SINONR (O SYMMETRY IN SOUND AND MOVEMENT

Up to now, the children have been working exclusively with
symmetries, that can be observed visually. But their world is
full bf symmetries of other sorts. They walk symmetrically --
left, right, left, right. When they sing, they repeat rhythmic
and fnelodj.c patterns. This section is designed to develop an
awarpness of repeating patterns of this type. The section is
not divided into lessons,- since opportunities for these activ-
ities vary greatly. We give a few samples for introducing these

. concepts, and expect that you will integrate lessons in sym-
metry. with your music, physical education and language arts
work, looking for symmetries wherever they may be found.

RHYTHMIC MOVEMENT =~ -

Motor activities will help the children learn to recognize rhyth-
mic patfe_rns“._ Such physical education activities as the elephant
walk are clearly symmetric, Other activities are listéd below.

’ ! . ' ' . -
~ Choo- choo e _
This is a good start to lmkmg physical rhythmic movement with
v sound. The children can form a long train, by each placing his

- hands on the waist of the child before him. They can shuffle
around the room, with a "choo" for each sitep they take. When

they are able,to synchronize their feet with the "choos, " they

may be able to add a "toot" every second or third step.

"
W

Clapping and Stamping

The simplest rhythmic pattern the children can clap is a regular
[-2-3-4 with no variation irlx stress. When they have had suf-
ficient practice clapping in unison, you might introduce stress
by having them stamp their feet ¢h each I-beat. If the class
has made oatmeal-box tom-toms, these might be used here.
Rhythm patterns are suggested in order of increasing difficulty.
(You may want to devise your own,) Illustrate each rhythm
several times before asking the children to join you.
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\ C Introduce the aEtivity by telling the children, "You-have been
\‘ looking at pztterns of symmetry in many places, Now let us

see if you can hear symmetric-patterns. Listen first, and then
; ‘ see if you can clap the rhythm."

y
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. ‘ You might also have the ch“ildren clap the rhythms of their
, favorite songs while they sing them or listen to re‘cords.

Rhyfh m Band °

These instruments offer opportunity for greater variety than

clapping. Some instrumeﬁts might be used to beat the rhythm

for the verses of a song while others beat the refrain. Some /
might be used just for accented beats. The variations wili

depend on the children's gkill, A rhythm band can be used for ;-
marching, for accompanying recards, or with class singing.
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MUSIC

_ The symmetry of repeated patterns is an essential element of

music.. In addition to the” rhythmxc patteens the children have
bree{dxscovermg in the1r work with rhythm instruments, music /
shows many other symmetnc patterns. There are repetitions o
smgle notes and of phrases patterned melodic structures an
tonal patterns. Some of these are too complex for children t
analyze:, some may be rec&;mzed intuitively by a few children:, .
somé can be discovered easily. "Brother Johri" illustrates a . .
number of symmetries within the grasp of a kindergarten class.
You will note that the words and; musxg) follow the same repeated
pattern. ) <

", : N /.

If the ch1ldren are able to sing it as a round; the form in which—_
we have wr1tten it here s}‘ould help 1lfustrate the symmetric
entry of one group of voices every two measures. The'children,
of course, would not be expected to réad. the musical notation, .
but they should find it &asy to recogni ze vxsually the repeated”
pattern of the notes in each pair of phraaes &

. |

By indicating pitch level of "Are," “Brother" and "Morn" with R
your hand as they sing, you may help the.children recognize
the entry of each new.phrase a third. interval higher than the -
one before. ; ‘ '
. ' 2 - ‘ BN

Other excellent exambles of rounds and }e ated patterns are
attractively presented in Gopy. Cats by Ionpe'LaMontame a book

of very elementary pxano p1eces JIf ybu can play 'the p1ano at,
all, you will have no d1ff1culty with thes&, -~ -
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POETRY /

|
The symmetries in poetry range from the most obvious to the
M “ most subtle. Rhythm and rhyme are of course the most easily
> recognized. There may also be repetition of words, of sounds,
or of images. When you read a poem to the class and ask the
i : chilldren t6 raise their hands when they nétice a repeated
pattern, have eackh one identify the nature of the symmetry
he has discovered. .

In "Star Light" the children mi‘ght note the fact that all the lines
rhyme:, they might co/unt the four stressed syllables in each
line, )

/ / / /
Star lighr, star bright,

/ / / /.

First star I see tonight, ,
/ / /! /

I wish I may, I wish I might

/ / / /
Get the wish I wish tonight.
‘ When you as}z the children to write their own poems, it might
be wise to give some examples with very simple rhythm and

rhyme patterns.

1 had a cat;,
He caught a rat.
The rat was fat --

I hated that !
or

My father's car
. Can ride so far,

I think that it

Can reach a star.




