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Memoirs 

IN teaching science to c h i l d r e n , I have 
f o u n d t h a t the best topics are those 
t h a t are equal ly fasc inat ing t o c h i l ­

d r e n a n d adul ts a l i k e . A n d l e a r n i n g is 
most enjoyable w h e n teacher and students 
are e x p l o r i n g together. B l o w i n g bubbles 
provides just such qual i t ies . 

Bubble b l o w i n g is an e x c i t i n g and f r u i t ­
f u l w a y for c h i l d r e n to develop basic i n ­
t u i t i o n i n science and mathemat ics . A n d 
w o r k i n g w i t h bubbles has p r o m p t e d me to 
w a n d e r i n t o var ious scientific realms such 
as surface physics, cel lular b i o l o g y , t o p o l ­
ogy, and architecture. Bubbles and soap 
f i lms are also aesthetically appeal ing, and 
the ch i ldren a n d I have discovered bubbles 
to be ideal f o r m a k i n g sculptures. I n fact, 
l o o k i n g over the past ten years I can see a 
cer ta in p h i l o s o p h y e m e r g i n g — a sort o f 
Z e n and the art o f bubble b l o w i n g . 

Patterns i n Bubbles 

A d u l t s tend to t h i n k o f bubbles as a visual 
p h e n o m e n o n , b u t I suspect c h i l d r e n are 
i n i t i a l l y m o r e i n t r i g u e d by their k i n e t i c 
quali t ies . Soap f i l m is very sensual as i t 
expands , m o v i n g l i k e Je l lo , somet imes 
w i t h the entire bubble s w a y i n g f r o m side 
to side. I n the f i l m itself, amoebal ike spots 
s w i m t h r o u g h s t ra t i f ied layers o f b r i l l i a n t 
c o l o r . A n d there is a special q u a l i t y — 
artistic? sc ient i f i c?—in the w a y bubbles 
c l u m p together. T h o u g h they seem to have 
an intr icate c o m p l e x i t y , the bubbles i n a 
c l u s t e r a c t u a l l y t a k e o n l y t w o bas i c 
geometric conf igura t ions . 

Such bubble behavior is featured i n ex­
h i b i t s I 've d e v e l o p e d at the C h i l d r e n ' s 
M u s e u m i n Bos ton . In one e x h i b i t , c h i l ­
dren generate a f r o t h o f bubbles between 
t w o plexiglass sheets spaced hal f an inch 
a p a r t . T h e b u b b l e s f o r m a t w o -
dimensional hexagonal array s imi lar t o a 
h o n e y c o m b , w i t h three b u b b l e surfaces 
always meet ing a l o n g a l ine at angles o f 
120 degrees. I n another e x h i b i t , the c h i l -
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dren go a step f u r t h e r by creat ing three-
dimensional clusters o f bubbles t h a t rise 
u p a plexiglass tube . These bubbles are 
n o t as regular as those i n the honeycomb 
f o r m a t i o n , b u t closer observat ion reveals 
t h a t they have a d e f i n i t e p a t t e r n : f o u r 
bubbles (and never m o r e t h a n f o u r ) are 
usual ly i n direct contact w i t h one another , 
w i t h their surfaces meet ing at a vertex at 
angles o f a b o u t 109 degrees. A n d each 
bubble i n the cluster w i l l have r o u g h l y the 
same n u m b e r o f sides, a fact tha t turns o u t 
t o be scientif ical ly s igni f icant . 

I n the 1940s , E .B . M a t z k e , a w e l l -
k n o w n botanist w h o exper imented w i t h 
bubbles , discovered t h a t bubbles i n an 
array have an average o f 14 sides. T h a t is, 
the "average" bubble has the shape o f a 
14-sided p o l y h e d r o n . A n d that 's i m p o r ­
tant because 14 is the n u m b e r o f faces o f 
the so-called " K e l v i n c e l l . " Proposed by 
L o r d K e l v i n i n the late 1880s, this is the 
ideal geometric shape f o r enclosing space, 
r e q u i r i n g the m i n i m u m surface area a n d 
tension to enclose a given v o l u m e . 

T h i s may seem t o be another o f those 
esoteric facts scientists bandy about , yet i t 
bears o n a w i d e range o f structures. For 
example , scientists have noted a consistent 
s i m i l a r i t y between soap-bubble arrays and 
such diverse things as h u m a n fa t cells, 
p l a n t cells, cells o f d r a g o n f l y w i n g s , spots 
o n a giraffe , cracks i n d r i e d m u d , the w a y 
l e a d shot c o m p a c t s , a n d the g r a n u l a r 
s tructure o f metals. Peter Pearce, i n Struc­
ture in Nature Is a Strategy for Design, 
says t h a t s o a p - b u b b l e a r r a y s " c a n be 
t a k e n as t h e m o d e l o r t y p e o f a l l 
systems—biological , physical , c h e m i c a l — 
i n w h i c h there is an economical associa­
t i o n o f cel lular m o d u l e s . " W h a t I hope 
ch i ldren w i l l ga in f r o m p l a y i n g w i t h b u b ­
bles is the rea l izat ion t h a t there are m a n y 
patterns i n b o t h n a t u r a l and h u m a n - m a d e 
phenomena, and t h a t d iscover ing and ex­
p l a i n i n g such patterns is a v i t a l p a r t o f 
science. 
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A r c h i t e c t s have also c a p i t a l i z e d o n 
bubbles as w h a t Pearce calls " a n elegant 
d e m o n s t r a t i o n o f m i n i m a l p r i n c i p l e s . " 
(Bees, nature's superb architects, d e m o n ­
strate m i n i m a l p r i n c i p l e s at w o r k : the 
c o n f i g u r a t i o n o f a h o n e y c o m b contains 
the greatest a m o u n t o f honey w i t h the 
least a m o u n t o f beeswax and requires the 
least energy to construct . ) Frei O t t o o f 
G e r m a n y is a pioneer in this f i e ld , w i t h 
n u m e r o u s b u b b l e - i n s p i r e d structures t o 
his credi t : large b a l l o o n l i k e bui ld ings a n d 
huge tents w i t h sweeping lines. A l t h o u g h 
O t t o doesn ' t s i m p l y b u i l d a sca led-up 
version o f a smal l bubble array , he f inds 
s o a p - f i l m models useful i n d e t e r m i n i n g 
such things as the m i n i m a l surface area 
a n d the stresses t h a t w i l l occur i n his 
structures. Indeed, " b u b b l e s " are becom­
i n g an increasingly f a m i l i a r sight i n m a n y 
cities, w i t h tennis courts and other athletic 
fac i l i t ies s p o r t i n g a i r - s u p p o r t e d domes 
based o n the s tructure o f bubble arrays. 
So soap bubbles are useful i n unders tand­
i n g s t r u c t u r a l a r r a n g e m e n t s f r o m the 
m i c r o to the m a c r o . 

Lessons to See and Feel 

H a v i n g played w i t h bubbles f o r so l o n g 
w i t h ch i ldren , I am convinced t h a t edu­
cators are o v e r l o o k i n g a r i c h o p p o r t u n i t y . 
M a n i p u l a t i n g soap f i lms involves b o t h the 
visual and the hapt ic senses; tha t is, w h a t 
w e see and h o w o u r bodies sense move­

ment . The shapes t h a t bubbles take are 
s imi lar enough to encourage the search f o r 
p a t t e r n s , yet they are a l w a y s d i f f e r e n t 
e n o u g h to arouse a n t i c i p a t i o n . These 
p r o p e r t i e s p r o v e t o be i r r e s i s t a b l e t o 
a lmost everyone, f r o m c h i l d r e n in A f r i c a n 
villages to those i n suburban Boston. T h e 
educat ional value is t h a t the m a t e r i a l , n o t 
the teacher, is the m o t i v a t o r . This doesn't 
negate the teacher's role , b u t suggests t h a t 
here is something w o r t h e x p l o r i n g f o r its 
o w n sake. 

These qualit ies were dramat ized f o r me 
as I b l e w bubbles w i t h a b l i n d c h i l d . H e 
w o u l d w e t one h a n d w i t h soapy f i l m a n d 
then , by b l o w i n g t h r o u g h a s t raw, w o u l d 
f o r m a bubble o n his h a n d . H e c o u l d sense 
w h e n the bubble began f o r m i n g and h o w 
b i g i t grew. A n d w h e n i t b roke , the w a r m 
air i n the bubble w o u l d disperse—a clear 
i n d i c a t i o n t h a t i t was gone. The boy grew 
exci ted each t ime a b u b b l e expanded to 
c o v e r h i s h a n d , a n d a f t e r w a r d he 
exc la imed that he had never experienced 
bubbles so large. 

I n another instance, I v ideotaped c h i l ­
dren p l a y i n g w i t h the exhibi ts in the C h i l ­
dren's M u s e u m and observed a g i r l w h o 
spent 45 minutes w i t h the same c o n t r a p ­
t i o n . I t was s i m p l y some sticks and s t r i n g 
that , w h e n p u l l e d o u t o f the soapy w a t e r , 
made a t w o - b y - t h r e e - f o o t f i l m . I discov­
ered that the g i r l developed a repertoire o f 
m a n i p u l a t i o n s tha t p r o d u c e d a var ie ty o f 
c u r v e d surfaces a n d geometr i c shapes. 

T h o u g h I a m sure she c o u l d n o t have ex­
pla ined exact ly w h a t she had generated, 
her face and gestures indicated deep con­
centra t ion and sat isfact ion. 

G e o m e t r y i n A c t i o n 

O n a conceptual level, bubbles can help 
i l lustrate a var ie ty o f mathemat ica l rela­
t ionships . I n fact , mathemat ic ians have 
s t u d i e d t h e p r i n c i p l e s g o v e r n i n g t h e 
geometry o f soap f i l m s f o r at least t w o 
centuries. For younger ch i ldren , bubbles 
and their arrays serve as v i v i d examples o f 
m a n y g e o m e t r i c shapes , s u c h as t h e 
sphere, hemisphere, pentagon, a n d hexa­
g o n . C r e a t i n g and feeling these shapes is 
m u c h more d r a m a t i c t h a n s imply seeing 
t h e m p o r t r a y e d t w o - d i m e n s i o n a l l y i n a 
d r a w i n g . W i t h o lder c h i l d r e n , bubbles w i l l 
spark discussions o f concepts such as an­
gles, surface areas, perimeters, and v o l ­
umes o f v a r i o u s geometr ic shapes. For 
example , by m a k i n g a bubble g r o w larger 
they can begin to see the re la t ionship be­
tween v o l u m e and d i a m e t e r — o f t e n a d i f ­
f i c u l t concept to c o n v e y — a n d they can 
m a k e d i r e c t measurements t o c o n f i r m 
their observations. 

Indeed, I feel a bubbles " c u r r i c u l u m " 
c o u l d be developed t h a t w o u l d span the 
educat ional t ime l ine f r o m preschool to 
p o s t g r a d u a t e . S t u d e n t s c a n r e t u r n t o 
bubbles t i m e and again and delve m o r e 
deeply i n t o their geometry. This a p p r o a c h 

S o a p f i l m s i l l u s t r a t e " m i n ­
i m a l p r i n c i p l e s . " T h e 
m a c h i n e a b o v e e n a b l e s 
d e s i g n e r s t o d e t e r m i n e 
t h e s u r f a c e a r e a a n d 
s t r e s s e s i n t h e s t r u c t u r e 
p r o d u c e d b y i n v e r t i n g t h e 
s o a p f i l m ( u p p e r r i g h t ) . 
T h e s o a p - f i l m - i n s p i r e d 

p a v i l i o n a t l o w e r r i g h t , 
d e s i g n e d b y C h r y s a l i s 
C o r p . , p r o v i d e s s h a d e f o r 
K e n n e d y S q u a r e i n De ­
t r o i t . A n y s h a p e t h a t b u b ­
b l e s o r s o a p f i l m t a k e c a n 
b e d u p l i c a t e d i n a n a i r -
f i l l e d o r t e n t l i k e s t r u c t u r e . 

s 



E D U C A T I O N 
A SPECIAL REPORT 

B u b b l e s i n a c l u s t e r f o l l o w m a t h e m a t ­
i c a l l a w s a n d t a k e o n l y t w o b a s i c 
g e o m e t r i c c o n f i g u r a t i o n s . T h r e e s u r ­
f a c e s c a n m e e t a l o n g a l i n e a t a n g l e s 
o f 1 2 0 d e g r e e s , o r t h e s u r f a c e s o f f o u r 
b u b b l e s ( n e v e r m o r e t h a n f o u r ) c a n 
m e e t a t a v e r t e x a t a n g l e s o f a b o u t 
1 0 9 d e g r e e s . 

In t h e 1 9 4 0 s , b o t a n i s t E. B. M a t z k e 
d i s c o v e r e d t h a t b u b b l e s i n s u c h a n 
a r r a y h a v e a n a v e r a g e o f 1 4 s i d e s . 
E x a m p l e s o f t h e s h a p e s he n o t e d a r e 
s h o w n a b o v e . A 1 4 - s i d e d p o l y h e d r o n 
i s t h e i d e a l g e o m e t r i c s h a p e f o r e n ­
c l o s i n g s p a c e , r e q u i r i n g t h e m i n i m u m 
s u r f a c e a r e a a n d t e n s i o n t o e n c l o s e a 
g i v e n v o l u m e . B u b b l e s , t h e n , p r o v i d e 
a m o d e l f o r m a n y n a t u r a l a n d 
h u m a n - m a d e p h e n o m e n a i n w h i c h 
s t r u c t u r e f o l l o w s " m i n i m a l p r i n c i ­
p l e s . " E x a m p l e s o n t h e o p p o s i t e 
p a g e : s p o t s o n a g i r a f f e , u n d e r s i d e o f 
a m u s h r o o m , c e l l s i n a d r a g o n f l y ' s 
w i n g , a n d d r i e d m u d . B y p l a y i n g w i t h 
b u b b l e s , c h i l d r e n w i l l l e a r n t h a t d i s ­
c o v e r i n g a n d e x p l a i n i n g t h e s e p a t ­
t e r n s i s a v i t a l p a r t o f s c i e n c e . ( A l l i l ­
l u s t r a t i o n s f r o m Structure in Nature Is a Strategy for Design, b y P e t e r P e a r c e , 
M . l .T . P r e s s ) 
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t o learning may be qui te d i f ferent f r o m 
convent iona l methods b u t is just as v a l i d . 
Teachers u s u a l l y e x p l a i n concepts a n d 
t h e n t r y to i l lustrate t h e m t h r o u g h d e m ­
o n s t r a t i o n s o r e x p e r i m e n t s . B u t w i t h 
bubble b l o w i n g , the concepts arise o u t o f 
the m a t e r i a l s — m u c h closer to the w a y w e 
learn i n everyday l i fe . A n d al l the w h i l e stu­
dents are w o r k i n g w i t h a beaut i fu l and i n ­
tr ins ical ly interest ing p h e n o m e n o n . 

I have yet to m e n t i o n al l the possibil it ies 
t h a t stem f r o m a soap f i l m ' s i n t e r a c t i o n 
w i t h l ight . O n l y by practice does a c h i l d 
develop the perceptual skil ls i m p o r t a n t i n 
cogni t ive g r o w t h . P l a y i n g a r o u n d w i t h 
soap f i l m — w a t c h i n g h o w the patterns o f 
c o l o r s c h a n g e i n s u b t l e w a y s — i s a 
pleasurable w a y o f exercising such ski l ls . 
A n d aside f r o m encouraging their aesthe­
tic sensibilities, c h i l d r e n can learn a b o u t 
the phenomenon o f l i g h t interference. O n e 
interest ing e x p e r i m e n t is to make a f i l m i n 
a closed container and let i t sit f o r an h o u r 
or so. The l i q u i d w i l l gradual ly evaporate, 
l e a v i n g a f i l m t h a t doesn ' t ref lect a n y 
l i g h t . N o t h i n g l ike this can be seen outside 
o f a l a b o r a t o r y ! 

U n d e r l y i n g al l these educat iona l pos­
sibilities is the poetry o f bubbles, w h i c h 
can provide p h i l o s o p h i c a l insight i n t o l i fe 
itself. A bubble isn ' t a bubble i f i t lasts f o r 
a l o n g t i m e — p a r t o f its fasc inat ion is tha t 
y o u never k n o w w h e n it w i l l p o p . I f y o u 
t r y t o " c a p t u r e " bubbles, by t a k i n g their 
pic ture or enclosing t h e m i n a bot t l e , y o u 
have a d i f ferent k i n d o f experience. Some 
o f the best moments i n l ife are l ike t h a t . A 
festival , a p lay , a concert is e x c i t i n g a n d 
w o n d e r f u l p a r t l y because i t is s h o r t - l i v e d . 
The f irst moments o f love, an intense con­
versat ion w i t h a f r i e n d , the b i r t h o f a c h i l d 
are there and then gone. W e can' t h o l d o n 
to t h e m , even t h o u g h m a n y o f us t r y . 
B l o w i n g bubbles is a c o n t i n u a l reminder 
tha t we w o u l d d o w e l l to savor those fleet­
i n g experiences. 

R e f o r m i n g Science E d u c a t i o n 

N o w , I certainly encourage everyone t o 
b l o w bubbles. B u t m y greater concern is 
the educat ion o f c h i l d r e n . T o o m u c h o f 
their f o r m a l educat ion is d u l l and r o t e — 
the l e a r n i n g o f f o r m u l a s a n d m e t h o d s . 
Some o f this is useful and necessary, b u t i t 
o f ten dominates the school day and most 
o f the school year. Teachers o f ten devote 
l i t t l e t ime to the fasc inat ing h u m a n - m a d e 
and na tura l phenomena r i g h t a r o u n d us. 
E x p l o r a t i o n just for its o w n sake, and m a ­

n i p u l a t i o n jus t because s o m e t h i n g is 
beaut i fu l and f u n , seem to be lef t at the 
school d o o r . 

For example, I once t r i ed o u t some o f 
m y ideas i n a s u b u r b a n school system 
noted for its innovat ive and enl ightened 
programs. In one school , the p r i n c i p a l p u t 
me i n a basement r o o m m o r e l ike a closet. 
N o t o n l y was i t o u t o f sight, b u t I suppose 
i t was also o u t o f smel l : the o d o r o f d ish­
w a s h i n g soap tends to hang a r o u n d , no 
mat ter h o w w e l l one washes up a f t e r w a r d . 
A n d m a n y o f the teachers g o t c u r i o u s 
l o o k s o n the i r faces whenever I t a l k e d 
a b o u t m y " m a t h " class. 

But cur ious ly , b o t h teachers and par­
ents l o o k m u c h m o r e favorab ly o n bubble 
b l o w i n g a t t h e C h i l d r e n ' s M u s e u m . 
Everybody is a lways very enthusiastic d u r ­
ing special p r o g r a m s for v i s i t i n g school 
c h i l d r e n . A n d parents usually encourage 
their ch i ldren to get i n v o l v e d , o f ten asking 
h o w bubble b l o w i n g can be done at home. 
I have seen this happen w i t h other " u n ­
c o n v e n t i o n a l " e d u c a t i o n a l a c t i v i t i e s — 
there is a tolerance for " f r i v o l o u s " ac t iv i ­
ties w h e n done i n the " p r o p e r " context . I 
t h i n k there is an i m p o r t a n t message here. 

R e c e n t y e a r s h a v e s e e n a w e l l -
d o c u m e n t e d decl ine in s tudent interest 
a n d a b i l i t i e s i n s c i e n c e a n d m a t h ­
emat ics—and this apparent ly starts early 
o n . I n one study, f o r example , nearly ha l f 
the th i rd-grade students in terv iewed said 
they d i d n o t w a n t to take m o r e science. 
O n l y a f i f t h o f the e i g h t h graders ex­
pressed a posi t ive a t t i tude t o w a r d science 
courses, a n d t h i s percentage r e m a i n e d 
constant t h r o u g h o u t h i g h school . B u t the 
students said they l i k e d science w h e n they 
learned a b o u t i t outside s c h o o l — t h r o u g h 
m u s e u m s , p l a n e t a r i u m s , " m a r i n e 
w o r l d s , " and the l ike . M a y b e these places 
are o n t o something. 

Perhaps school ing and play are i n c o m ­
pat ib le , especially w h e n i t comes to play­
i n g w i t h messy mater ia ls . I f so, w e o u g h t 
to p r o v i d e o ther o p p o r t u n i t i e s f o r c h i l ­
dren t o keep alive the ir fasc inat ion and 
w o n d e r . Af ter - school chi ld-care programs 
o f f e r such o p p o r t u n i t i e s . H o w e v e r , I ' m 
n o t c o n v i n c e d t h a t e d u c a t i o n c a n ' t be 
m o r e f u n . The j o y , as w e l l as the learning , 
t h a t I 've seen come f r o m b l o w i n g bubbles 
tells me t h a t w e need to r e a w a k e n the 
sp i r i t and the energy that w e n t i n t o re­
f o r m i n g schools i n the 1960s. I f w e en­
courage a basic sense o f play, the w o r k o f 
s c h o o l w i l l p r o v i d e m o r e l a s t i n g 
rewards . • 
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