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A B S T R A C T   
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pr e di cti o ns, c o nsi d eri n g o ut c o m es, as ki n g q u esti o ns, a n d t esti n g n o v el i d e as. Fi n di n g a n d 

g ui di n g st u d e nts i n a cti viti es wit h r e al p h ysi c al o bj e cts, usi n g t e c h n ol o g y t o p a us e t h e st u d e nts 
a n d e n a bl e t h e m t o m a k e pr e di cti o ns, a n d pr o vi di n g vi br a nt, a cti v e dis c us si o n b o ar ds c a n m a k e 
t h es e cl as s es as eff e cti v e a n d i nt er esti n g as li v e cl as s es.  
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C H A P T E R O N E  

I N T R O D U C TI O N A N D  B A C K G R O U N D  

O nli n e Te a c hi n g  

Wal ki n g a cr os s c a m p us as a n e w st u d e nt, y o u h esit a ntl y l o o k at e v er y b uil di n g. W h e n 

y o u t hi n k y o u h a v e f o u n d t h e ri g ht o n e, y o u w al k all t h e w a y ar o u n d it, l o o ki n g f or t h e e ntr a n c e. 

O n c e i n, t h e l o n g h all w a ys a n d e n dl es s d o ors l o o k o v er w h el mi n g. W h e n y o u f i n all y fi n d a d o or 

wit h t h e n u m b er o n it y o u ar e e x p e cti n g, t h e li g hts ar e off a n d t h e c h airs ar e all st a c k e d al o n g t h e 

w all. Y o u e nt er a n d s e e a pil e of s yll a bi o n a d es k n e ar t h e fr o nt. Y o u pi c k o n e u p a n d w o n d er 

w h at t o d o n e xt ( D ar b y, 2 0 1 9).  

T his w o ul d n e v er h a p p e n i n a tr a diti o n al, i n -p ers o n cl as s, b ut it is oft e n t h e f e eli n g 

st u d e nts g et i n t h e o nli n e e n vir o n m e nt. E v e n w h e n y o u h a v e t a k e n a f e w cl as s es a n d h a v e 

b e c o m e  m or e a c cli m at e d, t h e n e xt cl as s c a n b e c o m pl et el y diff er e nt, t hr o wi n g off y o ur n e wl y 

a c q uir e d r h yt h m.  

O nli n e cl as s es ar e b e c o mi n g i n cr e asi n gl y p o p ul ar. T h e y ar e cr u ci al t o t h e s u c c es s of 

m a n y st u d e nts w h o h a v e j o bs or f a mili es or ot h er r es p o nsi biliti es t h at m a k e tr a diti o n al cl as s es 

diffi c ult or i m p os si bl e. T h e y h a v e b e e n i n cr e di bl e f or m e. I c o ul d n ot h a v e  d o n e t his d e gr e e 

wit h o ut t h e m. We ar e v er y f ort u n at e i n t h e M S S E pr o gr a m. We h a v e t e a c h ers w h o h a v e t a k e n t h e 

t as k of t e a c hi n g o nli n e s eri o usl y a n d s et a gr e at e x a m pl e f or h o w it c a n b e d o n e.  

A l ot of w h at t his p a p er will d o is p oi nt o ut t h e t hi n g s w e h a v e alr e a d y s e e n, h el pi n g us 

s e e t h e w or k b e hi n d w h at w e e x p eri e n c e as w ell as pr o vi di n g e x a m pl es a n d s a m pl es of w a ys t o 
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d o t his f or hi g h s c h o ol or u n d er gr a d u at e cl as s es.  G o o d o nli n e cl as s es ar e n ot t h at diff er e nt fr o m 

a n y g o o d cl as s es, b ut s o m eti m es t h e st e ps t o g et t h e r es ults ar e diff er e nt.  

B a c k gr o u n d a n d P ur p os e  

I c urr e ntl y t e a c h m at h a n d s ci e n c e cl as s es f or a n o nli n e pri v at e s c h o ol. We h a v e st u d e nts 

fr o m 5t h t hr o u g h 1 2t h gr a d e. O n e disti n cti v e as p e ct of o ur s c h o ol is t h at w e h a v e li v e cl as s t wi c e a 

w e e k f or a t ot al of t hr e e h o urs. M ost n e w o nli n e cl as s es, es p e ci all y f or t h e c oll e g e l e v el, ar e 

as y n c hr o n o us si n c e st u d e nts ar e n ot a bl e t o att e n d at s c h e d ul e d ti m es. T h es e cl as s es n e e d t o b e 

first of all g oo d cl as s es, t h e n g o o d o nli n e cl as s es. T h e y als o n e e d t o b e g o o d s ci e n c e cl as s es, a n d 

f or m a n y of t h e m, g o o d s ci e n c e l a b cl as s es. T o b e t h e l att er, i n cl u di n g i n q uir y a n d e x p eri m e nts i n 

t h e cl as s es is i m p er ati v e, t h o u g h diffi c ult. T o r e all y l e ar n s ci e n c e, t he st u d e nts m ust d o s ci e n c e.  

N ot all of us will t e a c h o nli n e, b ut l o o ki n g at w h at m a k es a g o o d o nli n e cl as s h as h a d m e 

l o o ki n g m or e cl os el y at t hi n gs t h at c a n h el p a n y cl as s. T h er e is a gr o wi n g b o d y of lit er at ur e o n 

st u di es wit h o nli n e cl as s es. We will l o o k at t h at i n t h e br o a d c o nt e x t of g o o d t e a c hi n g, o nli n e a n d 

i n p ers o n, t h e n n arr o wi n g t o s p e cifi c o pti o ns f or g o o d o nli n e s ci e n c e t e a c hi n g wit h l a bs. 
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C H A P T E R T W O  

C O N C E P T U A L F R A M E W O R K   

B est Pr a cti c es f or O nli n e Cl as s es  

At its c or e, o nli n e t e a c hi n g is n o diff er e nt t h a n a n y ot h er t e a c hi n g. H o w t h e cl as s is 

or g a ni z e d, h o w t h e t e a c h er c o n n e cts wit h t h e m at eri al a n d t h e st u d e nts, a n d t h e w a ys r es o ur c es 

ar e us e d all aff e ct t h e q u alit y of t h e cl as s. A c c or di n g t o a r e c e nt st u d y,  t h er e ar e f o ur m aj or 

i n di c at ors of t h e q u alit y of a n o nli n e cl as s: t h e c o urs e or g a ni z ati o n, t h e ali g n m e nt of c o urs e 

o bj e cti v es wit h t h e a ct u al m at eri als, i nt er p ers o n al i nt er a cti o n, a n d t e c h n ol o g y ( Fis c h er, 

M c P artl a n, Or o n a, Yu, X u , Wars c h a u er , 2 0 2 2) . We will l o o k at e a c h of t h es e ar e as. 

It is h ar d t o u n d er esti m at e t h e i m p ort a n c e of h o w a n o nli n e cl as s is or g a ni z e d. St u d e nts i n 

tr a diti o n al cl as sr o o ms h a v e t h e f a mili ar p att er n of e nt eri n g t h e r o o m, sitti n g i n a d es k f a ci n g t h e 

fr o nt, a n d e x p e cti n g a t e a c h er will t ell t h e m w h at t h e y ar e t o d o. St u d e nts i n o nli n e cl as s es oft e n 

h a v e tr o u bl e a c c es si n g t h e cl as sr o o m a n d ar e still l ost o n c e t h e y g et t h er e. C ar ef ul, c o m pl et e 

or g a ni z ati o n t o h el p t h e m fi n d t h eir w a y is a cr u ci al f o u n d ati o n f or a s u c c es sf ul o nli n e cl as s.  

St e v e n N a g el, a n o nli n e cl as s d esi g n er f or O hi o St at e U ni v ersit y, e n c o ur a g es t e a c h ers t o 

t hi n k a b o ut t h e l a y o ut of t h eir c o urs e p a g es li k e t h e y w o ul d t hi n k a b o ut t h e l a y o ut of a p h ysi c al 

r o o m a n d c ar ef ull y c o nsi d er h o w t o m a k e it m ost a c c es si bl e a n d h el pf u l t o st u d e nts. H e als o 

e n c o ur a g es l a yi n g o ut a m a p of t h e c o urs e c o nt e nt usi n g i nf o gr a p hi cs ( N a g el, n. d.). E v e n if t h e 

st u d e nts n e v er s e e it, t h e y will f e el t h e cl e ar p at h of t h e c o urs e. T his e x a m pl e is o n e I d e v el o p e d 

f or a s e cti o n of a p h ysi c al s ci e n c e cl as s.  
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Fi g ur e 1. T his i nf o gr a p hi c d e pi cts h o w a s e cti o n of a p h ysi c al s ci e n c e cl as s will g o fr o m t h e 
t y p es of w a v es t o s o u n d a n d t h e e ar a n d li g ht a n d t h e e y e, t h e n t o li g ht fr o m t h e s u n a n d 
a p pli c ati o ns i n w e at h er.  

P art of or g a ni zi n g t h e c o urs e wit h cl e ar dir e cti o n is d e v el o pi n g cl e ar o bj e cti v es. S o m e of 

t h es e will c o m e fr o m t h e i nstit uti o n a n d t e xt, b ut it is i m p ort a nt t h at y o u as t h e t e a c h er m a k e 

t h e m y o ur o w n. “ Es p e ci all y i n o nli n e l e ar ni n g e n vir o n m e nts, w h er e st u d e nts ar e e x p e ct e d t o 

st u d y m or e i n d e p e n d e ntl y, c ar ef ull y c h o osi n g a n d pr es e nti n g a c o urs e’s l e ar ni n g o bj e cti v es is 

i m p ort a nt. ” ( Fis c h er, et. Al., 2 0 2 2, p a g e 3). C o nti n u e b y s h o wi n g all al o n g t h e w a y h o w t h e 

c o urs e c o nt e nt ti es cl e arl y t o t h e o bj e cti v es. H a vi n g a cl e ar p at h i n y o ur mi n d as t h e t e a c h er is 

cr u ci al, b ut n ot e n o u g h o n its o w n. S h o wi n g t h e st u d e nt t h e c o n n e cti o ns b et w e e n w h at t h e y ar e 

d oi n g a n d t h e g o als of t h e cl as s h el ps t h e m st a y o n tr a c k a n d m a k e t h e i m p ort a nt c o n n e cti o ns o n 

t h eir o w n. Pr e cis el y st ati n g t h e o bj e cti v e ti e d t o e a c h a cti vit y a n d m a ki n g as s es s m e nts ali g n wit h 

t h es e o bj e cti v es c o ntri b ut es t o st u d e nts’ s u c c es s. T hi s is s o i m p ort a nt t h at t h er e is e v e n a w e bsit e 

a v ail a bl e t o h el p e v al u at e h o w y o u ar e d oi n g o n t his ali g n m e nt w hi c h l e a ds y o u t hr o u g h t h e 

pr o c es s of m a ki n g s ur e y o u h a v e cl e ar o bj e cti v es t h at c arr y t hr o u g h t h e cl as s, pr o vi di n g a str o n g 

str u ct ur e f or l e ar ni n g ( Q u alit y M att ers, n. d.).  

I n l o o ki n g at t h e p h ysi c al s ci e n c e s e cti o n pi ct ur e d a b o v e i n Fi g ur e 1, t h e first o bj e cti v e is 

s e e n i n t h e first i m a g e: st u d e nts s h o ul d t o b e a bl e t o diff er e nti at e b et w e e n tr a ns v ers e, s p e cifi c all y 

el e ctr o m a g n eti c, a n d l o n git u di n al w a v es. T his is a v ali d o bj e cti v e a n d c a n b e ti e d dir e ctl y t o 

f\ f\- f\ 1 (\ I 

1 7.. T V v v 

< = > 
0 0 Q' 6 ® mI D O O O O O O Q Q O O O 
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pr o vi di n g i nf or m ati o n a b o ut t h e diff er e n c es i n c o nstr u cti o n of t h e t y p es of w a v es. It c a n als o b e 

ti e d t o a cti viti es w h er e t h e diff er e nt w a v es ar e m o d el e d wit h sli n ki es.  

B ut w h y d o w e c ar e if a w a v e is tr a ns v ers e/ el e ctr o m a g n eti c or l o n git u di n al ? T his first 

o bj e cti v e n e e ds t o l e a d t o ot h er o bj e cti v es t h at h a v e s o m e bi g g er p ur p os e i n t h e e n d. O n e o v er -

ar c hi n g o bj e cti v e I c h os e f or t his p arti c ul ar cl as s w as f or st u d e nts t o s e e c o n n e cti o ns b et w e e n t h e 

pri n ci pl es of p h ysi cs a n d t h e w a y t h e y e x p eri e n c e t hi n gs h a p p e ni n g i n t h e w orl d. P h ysi cs is v er y 

us ef ul! G etti n g st u d e nts t o s e e t h at is a n o v er -ar c hi n g g o al f or m e.  

Wit h t his bi g g er o bj e cti v e i n mi n d, w e m o v e o n t o e x a m pl es of e a c h t y p e of w a v e: visi bl e 

li g ht f or tr a ns v ers al/ el e ctr o m a g n eti c a n d s o u n d f or l o n git u di n al. T h e e n er g y t h at c o m es i n t h e 

f or m of a li g ht w a v e h as a v er y diff er e nt eff e ct t h a n t h e e n er g y t h at c o m es fr o m t h e c o m pr es si o n/ 

l o n git u di n al w a v e t hr o u g h t h e m e di u m of air t h at is s o u n d. T h e b a c k-a n d -f ort h m o v e m e nts of t h e 

m ol e c ul es of t h e m e di u m m a k e s o u n d w a v es tr a nsf er e n er g y i n v er y s p e cifi c w a ys. A si m pl e l a b 

or d e m o nstr ati o n c a n b e m a d e usi n g a pl ast i c b ottl e wit h t h e b ott o m c ut off a n d r e pl a c e d wit h 

r u b b er b a n d e d pl asti c wr a p. H ol di n g t h e o p e n e n d of t h e b ottl e t o w ar ds a c a n dl e fl a m e a n d 

fli c ki n g t h e pl asti c b ott o m will m a k e s o u n d/ c o m pr es si o n w a v es tr a v el t hr o u g h t h e b ottl e, a n d if 

all g o es w ell, p ut o ut t h e fl a m e. T his l ets t h e st u d e nt s e e t h e eff e ct of a s o u n d w a v e a n d h el ps 

l e a d t o t h e n e xt st e p i n t h e o bj e cti v es. D et ails of t his e x p eri m e nt ar e i n t h e c h a pt er o n 

e x p eri m e nts a n d s a m pl e l es s o n i n A p p e n di x A.  

S o u n ds w a v es ar e w h at w e h e ar. U n d erst a n di n g t h e m b ett er l ets us l o o k at o ur o w n 

e x p eri e n c e m or e d e e pl y. O ur h e ari n g is a n a m a zi n g m e c h a nis m t h at st arts wit h t h e e ar dr u m 

vi br ati n g wit h t h e c o m pr es si o ns of t h e s o u n d w a v es. W h e n w e st art t hi n ki n g a b o ut all t h e t hi n gs 

w e c a n disti n g uis h i n s o u n ds li k e pit c h, v ol u m e, l e n gt h of a t o n e, w e c a n ti e t h at b a c k dir e ctl y t o 
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t h e c o nstr u cti o n of t h e w a v e t h at w e st art e d wit h. Diff er e nt a m plit u d es gi v e us diff er e nt v ol u m es; 

diff er e nt fr e q u e n ci es gi v e us diff er e nt pit c h es. T h at all l e a ds us t o t h e i m p ort a n c e of t h e s p e e d of 

t h e w a v e, w hi c h als o i m p a cts t h e fr e q u e n c y. S o u n d c a n tra v el at a l ot of diff er e nt s p e e ds 

d e p e n di n g o n t h e m e di u m a n d t h e s p e e d of t h e o bj e ct e mitti n g t h e s o u n d.  

S o n o w w e h a v e g ott e n t o h e ari n g m usi c, u n d erst a n di n g w or ds, w h y t h e pit c h of a sir e n 

c h a n g es as t h e v e hi cl e p as s es y o u all fr o m u n d erst a n di n g s o m et hi n gs a b o ut l o n git u di n al w a v es. 

We c a n d o a si mil ar tr ail wit h visi bl e li g ht a n d o ur e y es, t h e n e xt e n d t h at t o n o n-visi bl e li g ht. T h e 

l ast pi ct ur e o n Fi g ur e 1 s h o w s a w a y t o bri n g t h e w a v es b a c k t o g et h er. T h e r us h of n e g ati v e 

c h ar g e t o p ositi v e c h ar g es t h at h a p p e ns i n a t h u n d erst or m s e n ds o ut b ot h visi bl e li g ht w a v es a n d 

a u di bl e s o u n d w a v es. B e c a us e of t h e diff e r e nt c h ar a ct eristi cs of t h os e w a v es, t h e y r e a c h us at 

diff er e nt ti m es. K n o wi n g t h at ti m e diff er e n c e, a n d t h e t e m p er at ur e of t h e air, c a n gi v e us a v er y 

a c c ur at e c al c ul ati o n of h o w f ar a w a y t h e li g ht ni n g stri k e o c c urr e d. I nt er esti n g, b ut als o 

p ot e nti all y li f es a vi n g.  

G o o d o bj e cti v es, w ell c o m m u ni c at e d l a y a fir m f o u n d ati o n. B uil di n g o n t h at wit h as 

m u c h p ers o n al i nt er a cti o n as p os si bl e m a k es t h e cl as s str o n g er. W h e n a cl as s is c o m pl et el y 

as y n c hr o n o us, t his m ust b e p ur p os ef ul. Fl o w er D ar b y i n h er b o o k, S m all Te a c hi n g O nli n e , p oi nts 

us t o r es e ar c h a b o ut t h e v al u e a n d i m p ort a n c e of l e ar ni n g t o g et h er, fr o m e a c h ot h er, as w ell as 

fr o m o ur i nstr u ct ors ( 2 0 1 9).  

M es s a g es s e nt b ef or e t h e b e gi n ni n g of t h e cl as s off eri n g h el ps t o g etti n g st art e d w ell i n 

t h e cl as s i niti at e a g o o d c o n n e cti o n. H a vi n g pl a c es f or st u d e nts t o i nt er a ct wit h e a c h ot h er a n d 

d e m o nstr ati n g t h at y o u ar e e n g a g e d wit h t h at as w ell h el ps cr e at e a c o n n e ct e d, s u p p orti v e 

e n vir o n m e nt. T h e tri e d -a n d -tr u e m et h o d f or t his is di s c us si o n b o ar ds. T hi n ki n g t hr o u g h t h e 
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pr o m pts c ar ef ull y a n d e n c o ur a gi n g d e b at es, o pi ni o ns, a d diti o n al i nsi g hts a n d p ers o n al 

e x p eri e n c es c a n gi v e st u d e nts w a ys t o r es p o n d t h at e n g a g e t h e m. B ei n g pr es e nt oft e n a n d 

t h o u g htf ull y, r es p o n di n g t o w h at st u d e nts h a v e s ai d a n d wit h k n o wl e d g e of w h o t h e y ar e, h el ps 

st u d e nts w a nt t o e n g a g e as w ell. I n s o m e w a ys, o nli n e cl as s dis c us si o ns c a n b e e v e n b ett er t h a n 

li v e cl as s es. T h e pr o bl e ms of ti m e li mit ati o ns, d o mi n ati n g st u d e nts, a n d l ar g e cl as s es c a n b e 

a v oi d e d ( D ar b y, 2 0 1 9).  

T h e l ast el e m e nt i d e ntifi e d as cr u ci al f or a gr e at o nli n e cl as s is t h e t e c h n ol o g y. W h at y o u 

h a v e t o w or k wit h will d e p e n d o n w h at pl atf or m t h e i nstit uti o n y o u ar e cr e ati n g t h e cl as s f or 

us es. T his p a p er will n ot a d dr es s s p e cifi c pl atf or ms b ut will a d dr es s h el pf ul t e c h n ol o g y t hi n gs 

s p e cifi c all y a p pli e d t o s ci e n c e l a bs i n t h e n e xt s e cti o ns.  

B est Pr a cti c es f or O nli n e S ci e n c e Cl as s es  

H a vi n g a g o o d o nli n e cl as s is a gr e at st art, b ut n ot e n o u g h. It als o n e e ds t o b e a g o o d 

s ci e n c e cl as s. S ci e n c e is s o m et hi n g w e d o, n ot j ust l e ar n a b o ut. O n e of t h e w e a k n es s es of o nli n e 

s ci e n c e cl as s es is t h e li mit ati o ns f or l a bs. H o w e v er, t h er e ar e s o m e g o o d o pti o ns. T h er e ar e a l ot 

of l a b t hi n gs t h at c a n b e d o n e wit h e v er y d a y m at eri al s. T h e a d v a nt a g e of t his is it bri n gs s ci e n c e 

i nt o r e al lif e. F a n c y l a b e q ui p m e nt h as its pl a c e, a n d s ci e n c e st u d e nts s h o ul d l e ar n a b o ut it a n d 

h a v e o p p ort u niti es t o us e it w h e n p os si bl e. B ut s ci e n c e is a h u m a n e n d e a v or t o k n o w a b o ut t h e 

w orl d w e li v e i n. U si n g e v er y d a y it e ms k e e ps t his b ef or e us. S ci e n c e is f or e v er y o n e, n ot j ust 

w hit e c o ats i n l a bs.  

S e b F al k i n his b o o k T h e Li g ht A g es r e mi n ds us s ci e n c e h as al w a ys b e e n a h u m a n 

e n d e a v or a n d n ot cl e ar -c ut. “ U n d erst a n di n g t h e hist or y of s ci e ntifi c i d e as i n t h eir pr o p er c o nt e xt 

–  s e ei n g t h e s ci e n c e first t hr o u g h t h e e y es of t h e p e o pl e w h o m a d e it –  all o w s us t o a p pr e ci at e 
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t h at s ci e n c e d o es n ot pr o gr es s i n a str ai g ht li n e …. S ci e ntifi c u n d erst a n di n g h as s o m eti m es hit a 

d e a d e n d, or t a k e n a st e p si d e w a ys, or b a c k w ar ds. A n d it still c a n. ”  ( p. 9). 

M ost aj o -R a dji ( 2 0 2 5) lists s e v er al st u di es a n d p oi nts o ut a cl e ar p att er n of st u d e nts b ei n g 

a bl e t o l e ar n s ci e n c e c o nt e nt, b ut n ot l e ar n t o t hi n k a n d pr o bl e m -s ol v e li k e s ci e ntists u nl es s t h e y 

ar e i n v ol v e d i n dir e ct e x p eri m e nt ati o n. O bs er vi n g t h e s ci e ntifi c  pr o c es s is j ust n ot t h e s a m e as 

d oi n g it.  

W h e n p os si bl e, dir e cti n g o ur o nli n e st u d e nts i n r e al e x p eri m e nt ati o n wit h r e al o bj e cts is 

b est. T h er e ar e, h o w e v er, s o m e o nli n e l a b c o n n e cti o n s t h at gi v e st u d e nts r e al d at a a n d 

e x p eri m e nts t o w or k wit h, as w ell, t h at ar e pr o vi n g b e n efi ci al t o st u d e nts. S o m e of t h es e ar e 

list e d i n A p p e n di x B, al o n g wit h ot h er sit es f or l a b i d e as a n d ot h er d e m o nstr ati o ns. T h e n e xt 

c h a pt er g ets i nt o t h e s p e cifi c str at e gi es a n d r es o ur c es t h at m a k e o ur o nli n e cl as s es als o g o o d 

s ci e n c e a n d g o o d l a b e x p eri e n c e.  
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C H A P T E R T H R E E  

I N S T R U C TI O N A L S T R A T E GI E S A N D  R E S O U R C E S   

S ci e n c e I n q uir y  

S ci e n c e is a b o ut i n q uir y a n d e x pl or ati o n. T his is o n e of t h e r e as o ns  w h y  a ct u al 

e x p eri m e nt ati o n is i m p ort a nt. S ci e n c e is s o m et hi n g w e d o. N ot e v er y o n e will b e a s ci e ntist i n t h e 

m o d er n s e ns e, b ut e v er y o n e li v es i n t h e w orl d s ci e n c e e x pl or es. Tr yi n g t o u n d erst a n d a n d 

a p pr e ci at e t h e w orl d w e li v e i n is p art of o ur h erit a g e as h u m a ns.  

Mi c h a el F ar a d a y w as o n e of t h e m ost e mi n e nt s ci e ntists i n hist or y. H e gr e w u p i n a p o or 

f a mil y a n d h a d v er y littl e f or m al e d u c ati o n. H e b e g a n w or ki n g at a v er y y o u n g a g e b ut w as 

f ort u n at e t o w or k f or a b o o k bi n d er. H e r e a d e v er y b o o k h e c o ul d a n d m a k e n ot e b o o ks of t h e 

t hi n gs h e l e ar n e d. A w e alt h y p atr o n n oti c e d t h e d et ail of his n ot e b o o ks a n d f elt t h at a n y o n e tr yi n g 

t h at h ar d s h o ul d h a v e a c h a n c e. H e g ot hi m a ti c k et t o l e ct ur es gi v e n b y Sir H u m p hr e y D a v y, o n e 

of t h e gr e at s ci e ntifi c mi n ds of t h e d a y. S e ei n g t h e n ot es F ar a d a y t o o k o n t h os e l e ct ur es 

c o n vi n c e d D a v y t o hir e hi m as a b ottl e w as h er i n his l a b. F ar a d a y a bs or b e d all t h at w as g oi n g o n 

ar o u n d hi m a n d w as s o o n a pr o mi n e nt s ci e ntist hi ms elf. His dis c o v eri es i n el e ctr o m a g n etis m 

w er e i nstr u m e nt al i n c h a n gi n g t h e w orl d ( Mi c h a el F ar a d a y, n. d.).  

B ut F ar a d a y n e v er f or g ot  w h er e h e c a m e fr o m. His h e art w as f or e v er y o n e t o h a v e a c c es s 

t o t h e u n d erst a n di n g h e a n d ot h ers w er e fi n di n g. H e st art e d t h e C hrist m as L e ct ur es at t h e R o y al 

I nstit uti o n i n 1 8 2 5 as o n e w a y t o bri n g s ci e n c e t o e v er y d a y p e o pl e, es p e ci all y y o u n g p e o pl e. 
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T h e y h a v e c o nti n u e d t o t his d a y, o nl y mis si n g a f e w y e ars d uri n g W WII ( Hist or y of t h e 

C hrist m as L e ct ur es, n. d.).  

F ar a d a y is a gr e at i ns pir ati o n a n d r e mi n d er t h at t h o u g h m ost of o ur st u d e nts will n ot 

m a k e s ci e n c e a pr of es si o n, t h e y will li v e i n t h e w orl d t h at s ci e n c e e x pl or es. L e ar ni n g t o t hi n k i n 

w a ys t h at s ci e ntists d o, h a vi n g a c uri o us i nt er est i n h o w t hi n gs w or k a n d w h at will h a p p e n w h e n 

w e tr y t hi n gs diff er e ntl y e nri c h es a n y lif e. A n d n o o n e k n o w s w h e n t h e n e xt F ar a d a y will s h o w 

u p i n o n e of o ur cl as s es.  

T h er e ar e s p e cifi c t hi n gs w e c a n d o as t e a c h ers t o h el p st u d e nts l e ar n t o b e i n q uisiti v e as 

w ell as r et ai n w h at t h e y l e ar n b ett er. I n t al ki n g a b o ut s m all c h a n g es t h at c a n h a v e bi g r es ults, 

L a n g t al ks a b o ut t h e p o w er of pr e di cti n g ( S m all T e a c hi n g, 2 0 2 1). H e  e n c o ur a g es t e a c h ers t o st o p 

i n a vi d e o or d e m o nstr ati o n or i ntr o d u cti o n of a n e w i d e a a n d as k st u d e nts w h at t h e y t hi n k is 

g oi n g t o h a p p e n b as e d o n w h at t h e y alr e a d y k n o w.  T h e eff e cti v e n es s of f or m ati v e as s es s m e nt 

a n d c h e c ks f or u n d erst a n di n g a p pl y o nli n e as w ell. O n e st u d y s h o w e d a st atisti c all y si g nifi c a nt 

i n cr e as e i n t est s c or es w h e n f or m ati v e as s es s m e nt str at e gi es w er e us e d i n a n o nli n e a c c o u nti n g 

cl as s ( Ki n g, 2 0 2 3). It t a k es a littl e m or e f or et h o u g ht a n d cr e ati vit y, b ut m ost o nli n e pl atf or ms 

h a v e a w a y t o f or c e a r es p o ns e t o a pr o m pt b ef or e st u d e nts c a n m o v e o n. C h o osi n g w h er e t o p ut 

t h es e a n d h o w t o w or d t h e pr o m pt is w ort h t h e ti m e i n v est e d. T h e U ni v ersit y of M as s a c h us etts 

off ers s e v er al ot h er m et h o ds f or f or m ati v e as s es s m e nt a n d pr e di cti o ns f or o nli n e cl as s es 

( U ni v ersit y of M as s a c h us etts A m h erst, 2 0 2 4).  

O n e pl a c e I h a v e d o n e t his  i n m y li v e o nli n e cl as s es i s wit h ki n e m ati cs a n d m oti o n. I n 

P h ysi cs 1 w e st art wit h b asi c m oti o n pr o bl e ms. Aft er l e ar ni n g a b o ut dis pl a c e m e nt , v el o cit y , a n d 

a c c el er ati o n i n h ori z o nt al m oti o n, w e st art dr o p pi n g t hi n gs a n d t os si n g t h e m str ai g ht u p i n t h e air 
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a n d l e ar n a b o ut t h e a c c el er ati o n of gr a vit y a n d w h at it d o es t o t h e m oti o n of t h e o bj e ct g oi n g u p 

a n d c o mi n g d o w n.  

W h e n w e h a v e r e vi e w e d t h es e t hi n gs, I as k t h e m w h at will h a p p e n w h e n a b all is s h ot 

str ai g ht u p i n t h e air, b ut fr o m a c art m o vi n g at a c o n st a nt v el o cit y h ori z o nt all y. We t al k a b o ut t h e 

p os si biliti es f or w h er e t h e b all c o ul d l a n d: b e hi n d t h e c art, i n t h e c art, i n fr o nt of t h e c art, 

s o m e w h er e els e. Vol u nt e er st u d e nts a d v o c at e f or diff er e nt o pti o ns, a p pl yi n g i d e as fr o m w h at w e 

h a v e alr e a d y l e ar n e d a n d t h eir o w n u n d erst a n di n g a n d e x p eri e n c e. T his is o n e pl a c e w h er e 

h a vi n g cl as s o nli n e is a n a d v a nt a g e. I n m y li v e cl as s, I w ait u ntil e v er y o n e h as c h os e n a n a ns w er 

i n t h e p oll b o x. T his c a n b e a c c o m plis h e d i n a cl as sr o o m wit h cli c k ers or e v e n c ol or e d i n d e x 

c ar ds. A c c or di n g t o r es e ar c h L a n g r e p orts o n, it is b ett er if t h e v ot es ar e n ot s e e n b y ot h er 

st u d e nts s o e a c h  p ers o n c a n e v al u at e t h e i d e as o n t h eir o w n a n d n ot b e o v erl y i nfl u e n c e d b y 

ot h ers’ v ot es. T ot al a n o n y mit y, s o n ot e v e n y o u as t h e t e a c h er k n o w w h o is v oti n g f or w h at, c a n 

m a k e s o m e st u d e nts f e el b ett er a b o ut v e nt uri n g a g u e s s ( L a n g, 2 0 2 1). I d o br o a d c ast t h e 

a n o n y m o us v ot es aft er e v er y o n e h as e nt er e d a pr e di cti o n s o t h e y c a n s e e w h at t h e s pr e a d is 

b ef or e w e fi n d o ut w h at is c orr e ct  b y d oi n g t h e a ct u al e x p eri m e nt . 

M y e x p eri e n c e ali g ns wit h t h e r es e ar c h L a n g i n cl u d e s i n his ori gi n al b o o k, S m all 

Te a c hi n g.  St u d e nts r e m e m b er b ett er w h e n t h e y h a v e tri e d t o pr e di ct w h at will h a p p e n e v e n if 

t h eir pr e di cti o n is wr o n g, m a y b e es p e ci all y if t h eir pr e di cti o n is wr o n g. L a n g p oi nts t h e r e a d er t o 

St a nisl as D e h a e n e’s r es e ar c h i n his b o o k H o w We L e ar n; W h y Br ai ns L e ar n B ett er T h a n A n y 

M a c hi n e …f or N o w , t h at c o n cl u d es t h at t h e b asi c m o d el f or a n y l e ar ni n g is m a ki n g a pr e di cti o n, 

fi n di n g t h e err or, a n d c orr e cti n g o n es elf. All o wi n g st u d e nts t o d o t his b ef or e w e j ust t ell t h e m 
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t h at c orr e ct a ns w er is a gift f or t h eir l e ar ni n g a n d e nj o y m e nt, b ut als o f or t h eir gr o wt h as 

s ci e ntists.  

S o m e of t h e b est dis c us si o ns w e h a v e aft er m a ki n g pr e di cti o ns a n d s e ei n g t h e a ct u al 

r es ults ar e a b o ut o ur s ur pris e at t h os e r es ults. St u d e nt s al w a ys h a v e a m o d el of w h at t h e y e x p e ct 

t o h a p p e n, t h o u g h t h e y m a y n ot b e c o ns ci o us of it or a bl e t o arti c ul at e it w ell. We all h a v e 

pr e c o n c e pti o ns a b o ut h o w w e t hi n k t h e w orl d w or ks. T h es e i nt uiti v e i d e as a b o ut n at ur al 

p h e n o m e n a  ar e oft e n  i n c o nsist e nt wit h s ci e ntifi c c o n c e pts a n d e v e n wit h e a c h ot h er. T h e y ar e 

us u all y r esist a nt t o t e a c hi n g i nt er v e nti o ns a n d r e q uir e i d e ntifi c ati o n t o ai d i n t h e a c q uisiti o n of 

s ci e ntifi c c o n c e pts ( Vos ni a d o u,  2 0 1 9 ). M a ki n g a pr e di cti o n a n d s e ei n g t hi n gs h a p p e n v er y 

diff er e ntl y oft e n is t h e k e y t o r e v e ali n g t h os e pr e c o n c e pti o ns s o t h e y c a n b e c orr e ct e d. T h e 

u n pr e di ct a bilit y of s o m u c h of w h at h a p p e ns i n o ur w orl d is o n e of t h e j o ys of s ci e n c e. T h e 

c o m pl e xit y of t h e i nt er a cti o ns of m ulti pl e p h e n o m e n a h a p p e ni n g at t h e s a m e ti m e o p e ns all ki n ds 

of q u esti o ns f or i n v esti g ati o n. W h e n is fri cti o n a ct u all y n e gli gi bl e ? H o w d o es m oti o n i n o n e 

di m e nsi o n aff e ct w h at is h a p p e ni n g i n ot h er di m e nsi o ns ? W h at c a us es t h e p eri o d of p eri o d i c 

m oti o n t o c h a n g e ? C o o k b o o k -t y p e l a b e x p eri e n c es c a n gi v e st u d e nts t h e ill usi o n t h at s ci e n c e is 

str ai g htf or w ar d a n d pr e di ct a bl e. M or e o p e n e x pl or ati o n gi v es a b ett er t ast e of r e alit y.  

S ci e n c e E x p eri m e nts at H o m e  

T his l e a ds t o t h e q u esti o n of h o w w e as t e a c h ers, a n d s p e cifi c all y o nli n e t e a c h ers, c a n 

as sist i n t his c uri o us e n g a g e m e nt . G ui di n g i n q uir y w h e n st u d e nts ar e t o g et h er i n a cl as sr o o m a n d 

y o u as t h e t e a c h er h a v e c o m pl et e c o ntr ol o v er t h e or d er i n w hi c h t h e y d o a cti viti es is o n e l e v el of 

c h all e n g e. D oi n g  t h es e t hi n gs o nli n e a d ds a n ot h er l a y er. F ort u n at el y, t h e pl atf or ms us e d f or 

o nli n e cl as s es off er s o m e h el pf ul t o ols. T h e t e a c h er c a n p ut a st o p i n a vi d e o w h et h er it is of 
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t h e ms el v es l e a di n g t h e dis c us si o n or a d e m o vi d e o fr o m s o m e o n e els e. At t h at p oi nt, t h e st u d e nt 

m ust e nt er a r es p o ns e t o k e e p g oi n g. T his r es p o ns e c o ul d b e a bl a n k t o fill i n wit h a s h ort a ns w er 

or a m ulti pl e c h oi c e q u esti o n. I d e all y, if t h e q u esti o n is m u lti pl e c h oi c e, y o u w o ul d als o a d d a 

pr o m pt t o as k w h y t h e y c h os e w h at t h e y di d. R es e ar c h s h o w s c o mi n g u p wit h t h eir o w n w or ds is 

b est f or l e ar ni n g ( L a n g, 2 0 2 1). It d o es n’t m att er if t h e pr e di cti o n is wr o n g. W h at m att ers is t h e 

t h o u g ht t h at w e nt i nt o it, a nd t h e el e m e nt of s ur pris e w h e n t h e tr u e a ns w er is r e v e al e d. E v e n if 

t h e p ers o n g u es s e d ri g ht, it will still b e a s ur pris e. If it w as n’t a g u es s, t h e n t h e y di d n’t n e e d t his 

l e ar ni n g e x p eri e n c e. It is i m p ort a nt t h at t h e tr u e a ns w er b e r e v e al e d as p os si bl e t o t h e pr e di cti o ns 

as p os si bl e.  

We bsit es f or C o nt e nt a n d E x pl or ati o n  

T h er e ar e m a n y pl a c es t o fi n d i d e as a n d i nt er a cti o ns f or st u d e nts. A l ot of t h e m ar e vi d e os 

or si m ul ati o ns t h at gi v e i nf or m ati o n. T h es e c a n b e v er y h el pf ul a n d i nt er esti n g, b ut ar e n ot 

us u all y d esi g n e d f or pr e di cti o ns or i n q uir y. A s n ot e d b ef or e, a n o nli n e  pl atf or m t h at all o w s f or 

st o p pi n g vi d e os a n d f or ci n g a r es p o ns e b ef or e c o nti n ui n g c a n t ur n t h es e d e m o nstr ati o ns i nt o 

m or e pr e di cti o n a n d i n q uir y a cti viti es. Si m ul ati o ns c a n b e s et u p wit h g ui di n g d o c u m e nts t h at 

h a v e t h e st u d e nt tr yi n g s p e cifi c t as ks a n d a ns w eri n g q u esti o ns a b o ut w h at h a p p e n e d. S o m e of 

o ur M S S E cl as s es h a v e d o n e t his v er y w ell. B e n S pi c er’s p h ysi cs GI S Es ar e a gr e at e x a m pl e of 

g ui d e d l e ar ni n g usi n g si m ul ati o ns.  

T h er e ar e ot h er sit es t h at h a v e a cti viti es t h at i n v ol v e as ki n g q u esti o ns a n d tr yi n g diff er e nt 

t hi n gs t o a ns w er t h e m wit h r e al o bj e cts . I n t h e s e cti o n o n o bj e cti v es, w e t al k e d a b o ut a n 

e x p eri m e nt  wit h s o u n d w a v es. T h er e is a n es p e ci all y g o o d w a y t o d o t his e x pl ai n e d o n 

fr u g alf u n 4 b o ys. c o m. T h e ori gi n al s et u p h as y o u c utti n g t h e b ott o m of a pl asti c b ottl e off a n d 

https://frugalfun4boys.com
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r e pl a ci n g it wit h a pi e c e of a pl asti c b a g gi e. T h e b a g gi e pi e c e is t h e n fli c k e d t o m a k e a s o u n d 

w a v e w hil e t h e t o p of t h e b ottl e is h el d cl os e t o a lit c a n dl e. If it is cl os e e n o u g h, t h e fl a m e 

s h o ul d g o o ut.  B ut t h e w e bsit e a ut h or p oi nts o ut if y o u ar e w at c hi n g c ar ef ull y, y o u s h o ul d n ot e  

t h at t h er e is a p uff of air, r aisi n g t h e q u esti o n t h at m a y b e it is n’t t h e s o u n d w a v es t h at ar e 

aff e cti n g t h e c a n dl e. S h e e n c o ur a g es tr yi n g  t h e s a m e t hi n g a g ai n, b ut t his ti m e r e pl a ci n g t h e 

b a g gi e wit h  c ar d b o ar d o v er t h e b ott o m. S etti n g u p a g ui d e d e x p eri m e nt s o m et hi n g li k e t his c o ul d 

b e a n e x c ell e nt i n q uir y l a b f or st u d e nts. D et ails o n a l es s o n pl a n f or t his ar e i n A p p e n di x A.  T h e 

f oll o wi n g p h ot os ill ustr at e t his p os si bilit y. 

 

 
Fi g ur e 2. Pl asti c b ottl e wit h t h e b ott o m r e pl a c e d wit h a p art of a pl asti c b a g gi e b ei n g fli c k e d t o 
p ut o ut a fl a m e wit h s o u n d w a v es.  

T his n e xt pi ct ur e s h o w s h o w o bs er v ati o ns c a n l e a d t o a q u esti o n a n d t h e o p p ort u nit y t o 

tr y s o m et hi n g els e. 
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Fi g ur e 3. Pl asti c b ottl e wit h t h e b ott o m r e pl a c e d n o w wit h c ar d b o ar d a n d b ei n g fli c k e d a g ai n t o 
p ut o ut t h e fl a m e wit h n o air p uff.  

T his p arti c ul ar r es o ur c e is fr o m a h o m es c h o ol m o m. Oft e n h o m es c h o ol w e bsit es ar e 

e x c ell e nt r es o ur c es f or o nli n e cl as s o pti o ns. T h e a cti viti es ar e d esi g n e d s p e cifi c all y t o us e 

c o m m o n it e ms t o d e m o nstr at e i m p ort a nt s ci e n c e p h e n o m e n a.  

 A n ot h er e x c ell e nt s o ur c e f or m e a ni n gf ul l a bs wit h o ut el a b or at e e q ui p m e nt is t h e 

w e bsit e S ci e n c e B u d di es, s ci e n c e b u d di es. or g . T h e y h a v e o v er 1 5 0 diff er e nt a cti viti es a cr os s all 

s ci e n c e ar e as. Si n c e I t e a c h i n t h e p h ysi c al s ci e n c es, m y s e ar c h f o c us e d o n t h os e. S ci e n c e 

B u d di es h as s o m e diff er e nt o pti o ns f or cr e ati n g r oll er c o ast ers t o e x pl or e e n er g y e x c h a n g e fr o m 

p ot e nti al t o ki n eti c a n d t h e eff e cts of fri cti o n. T h e y off er a p a p er o pti o n t h at j us t us es c ar dst o c k 

a n d t a p e. T h er e is a n ot h er t h at us es f o a m pi p e i ns ul ati o n f or t h e r oll er c o ast er. T h er e ar e m a n y 

w a ys t o us e i n q uir y wit h t h es e. H o w hi g h m ust y o u dr o p t h e m ar bl e fr o m t o m a k e t h e l o o p ? W h o 

c a n m a k e t h e sl o w est r oll er c o ast er ?  

 

https://sciencebuddies.org
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Fi g ur e 4. P a p er r oll er c o ast ers fr o m  s ci e n c e b u d di es. or g. Diff er e nt h ei g hts a n d l o o ps c a n b e 
c o m p ar e d. T h e g o al is t o s e e t h e eff e cts of p ot e nti al e n er g y c o n v erti n g t o ki n eti c e n er g y a n d 
fri cti o n. 

Si m pl e m at eri als t h at c a n b e m a ni p ul at e d , c h os e n wit h y o ur st u d e nts i n mi n d, gi v e g o o d 

o pti o ns f or q u esti o ni n g a n d t esti n g.  

 

 
Fi g ur e 5. T his is a n ot h er o pti o n f or r oll er c o ast ers. H o w hi g h d o es it n e e d t o b e t o f or t h e m ar bl e 
t o m a k e t h e l o o p ? 

P a p er 
R oll er 
C o a st er s 

https://sciencebuddies.org
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It is g o o d pr a cti c e t o us e as m a n y r e al e x p eri m e nts a s p os si bl e, b ut a d di n g d e m o nstr ati o ns 

a n d m or e c o o ki e -c utt er a cti viti es h as its pl a c e. T h es e ar e es p e ci all y eff e cti v e if t h er e is a n 

o p p ort u nit y t o a p pl y alr e a d y a c q uir e d k n o wl e d g e t o a pr e di cti o n of w h at mi g ht h a p p e n n e xt.  
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C H A P T E R F O U R  

V A L U E: R E A S O NI N G A N D R E F L E C TI O N   

S u m m ar y a n d C h a n g es t o M y Te a c hi n g  

We h a v e l o o k e d at t h e i m p ort a n c e of or g a ni z ati o n, c o m m u nit y, a n d t e c h n ol o g y o n o ur 

o nli n e cl as s es. We h a v e c o nsi d er e d t h e cr u ci al pi e c es t o i n cl u d e t o m a k e t h e m tr ul y s ci e n c e 

cl as s es wit h i n q uir y a n d pr e di cti o ns a n d q u esti o ni n g b uilt i nt o t h e a cti viti es.  

 T his h as c a us e d m e t o r efl e ct o n m y t e a c hi n g a n d c o nsi d er s o m e i d e as a n d o pti o ns. T h e 

b o o k S m all Te a c hi n g h as es p e ci all y dir e ct e d m y r efl e cti o ns. S o m eti m es w e d o n ot h a v e c o ntr ol 

o v er w h at a cti viti es a n d l a bs w e d o wit h o ur cl as s, b ut oft e n littl e c h a n g es i n h o w w e d o t h e m 

c a n r a di c all y c h a n g e t h e o ut c o m e. I n q uir y l e ar ni n g c a n b e d o n e i n al m ost a n y a cti vit y. Ta ki n g t h e 

ti m e t o pr o b e st u d e nts’ t hi n ki n g b ef or e a n e w a cti vit y or c o n c e pt is i ntr o d u c e d s ets t h e m u p f or 

o pti m al i nt er est a n d l e ar ni n g.  

 Te a c hi n g o nli n e is diff er e nt. It is n ot as diff er e nt w h e n y o u h a v e li v e cl as s ti m es. T h e 

t e a c h er c a n still e asil y dir e ct i n q uir y, a n d l a b a cti viti es c a n b e d o n e t o g et h er wit h c o n v ers ati o n 

al o n g t h e w a y. T e a c hi n g o nli n e as y n c hr o n o usl y is m or e c h all e n gi n g. H o w e v er, t h er e ar e a l ot of 

r es o ur c es a v ail a bl e f or l a b a cti viti es t h at c a n b e d o n e wit h j ust h o us e h ol d o bj e cts. C ar ef ull y 

ti m e d i nt er a cti o ns c a n e n a bl e t h e st u d e nt t o still e nj o y t h e b e n efits of pr e di cti o n a n d 

c o nsi d er ati o n of e x p e ct ati o ns b ef or e d oi n g or s e ei n g t h e fi n al o ut c o m e. Or g a ni zi n g t h e cl as s w ell 

a n d c o nsi d eri n g h o w t h e pi e c es o n t h e s cr e e n fit t o g et h er as w ell as t h e w a y t h e s ci e n c e i d e as 
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fl o w t o g et h er, t h e n m a ki n g t h es e t hi n gs cl e ar t o t h e st u d e nt will gr e atl y e n h a n c e t h eir s u c c es s i n 

t h e cl as s. 

S ci e n c e is c o nst a ntl y s ur prisi n g us. We c a n b e  c o nfi d e nt i n s o m e t hi n gs t h at j ust ar e n’t 

tr u e. If w e k n e w w hi c h o n es t h e y w er e, w e w o ul d c h a n g e t h at! At b est, e v e n w h er e w h at w e 

k n o w is c orr e ct, o ur u n d erst a n di n g is al w a ys i n c o m pl et e. T his w orl d is b e a utif ull y c o m pl e x. 

H el pi n g o ur st u d e nts e x p eri e n c e t h e s ur pris e a n d e x pl or e t h e c o m pl e x i nt er a cti o ns c a n pr e p ar e 

t h e m t o b e t h e dis c o v er ers of t h e f ut ur e. It c a n als o h el p t h os e w h o will n ot p urs u e c ar e ers i n 

a n yt hi n g s ci e n c e r el at e d. B ett er u n d erst a n di n g of t h e  w orl d w e li v e i n is a pri vil e g e all h u m a ns 

s h o ul d h a v e.  

W h er e C a n Y o u G o Fr o m H er e ?  

If y o u h a v e t h e o p p ort u nit y t o t e a c h a n o nli n e s ci e n c e cl as s, I r e c o m m e n d y o u t a k e it. It is 

diff er e nt a n d t a k es a littl e g etti n g us e d t o, b ut t h e a bilit y t o c o n n e ct wit h a n d h el p st u d e nts w h o 

w o ul d n ot b e a bl e t o att e n d a r e g ul ar cl as s is e x citi n g. A s y o u  st art l o o ki n g at s o m e of t h e o pti o ns 

list e d h er e, e x pl ori n g ot h er w e bsit es, a n d r et hi n ki n g t h e a cti viti es y o u alr e a d y k n o w a n d h a v e, 

y o u will fi n d m a n y t hi n gs t h at c a n b e c o m e w o n d erf ul i n q uir y a cti viti es wit h j ust a littl e 

t w e a ki n g. 

Ta ki n g t h e ti m e t o t hi n k t hr o u g h y o ur bi g o bj e cti v es, br e a k i n g t h e m d o w n i nt o t h e pi e c es 

n e e d e d t o a c c o m plis h t h e bi g g o als, or g a ni z i n g t h os e o bj e cti v es a n d t h e a cti viti es i nt o a cl e ar 

s e q u e n c e, a n d s h o w i n g t h e p at h cl e arl y i n y o ur s yll a b us a n d l e ar ni n g m a n a g e m e nt s yst e m will 

s et b ot h y o u a n d y o ur st u d e nts u p f or a pr ofit a bl e a n d e nj o y a bl e e x p eri e n c e. A s y o u c o nti n u e t o 

e n g a g e as m u c h as y o u c a n p ers o n all y a n d o pti mi z e t h e t e c h t o y o ur a d v a nt a g e, y o u will b uil d a 

q u alit y a d diti o n t o t h e gr o wt h of y o ur st u d e nts a n d y o ur i ns tit uti o n. 
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L es s o n Pl a n: P h ysi c al S ci e n c e W a v es, L es s o n 4  

 

L es s o n O v e r vi e w  

•  O bj e cti v e:  

( 1) T o h el p st u d e nts s e e c o n n e cti o ns b et w e e n t h e pri n ci pl es of p h ysi cs a n d t h e w a y t h e y 

e x p eri e n c e t hi n gs h a p p e ni n g i n t h e w orl d  

( 2) T o  

•  St a n d a r d s A d d r es s e d:  

(I d e ntif y r el e v a nt st at e or n ati o n al st a n d ar ds t h at t his l es s o n m e ets, e ns uri n g ali g n m e nt 

wit h c urri c ul u m g o als.)  

 

M at e ri als N e e d e d  

•  S u p pli es : 
pl asti c b ottl es  
s cis s ors 
zi pl o c t y p e b a g gi es   
t a p e 
s m all c a n dl es  
m at c h es  

 

L es s o n St r u ct u r e  

1.  I nt r o d u cti o n: 

C a n y o u bl o w a c a n dl e o ut wit h s o u n d ?  

R e vi e w w a v es –  s p e cifi c all y l o n git u di n al/ c o m p r es si o n w a v es; s o u n d is a 

c o m p r es si o n w a v e  

2.  P r o c e d u r e : 

o  C ut t h e b ott o m off t h e pl asti c b ottl e  

o  C ut a l a r g e ci r cl e f r o m t h e b a g gi e a n d t a p e a r o u n d t h e b ott o m of t h e b ottl e   

o  H ol d t h e b ottl e wit h t h e o p e ni n g t o w a r d s t h e lit c a n dl e  

o  Fli c k fi n g e r o n t h e b a g gi e c o v e r  
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o  O b s e r v e w h at h a p p e n s t o t h e fl a m e  

o  H ol d t h e b ottl e at v a ri o u s dist a n c es a n d c o m p a r e t h e eff e cts  

3.  C o n si d e r w h at is h a p p e ni n g a n d w h y : 

o  At w h at p oi nt d o es t h e c a n dl e g o o ut (if it g o es o ut) ?  

o  W h at els e d o y o u o b s e r v e ?  

o  I s it p os si bl e t h at it is n ot s o u n d w a v es b ut r at h e r t h e p uff of ai r t h at c o m es 

o ut of t h e b ottl e ?  

4.  C o n si d e r ot h e r o pti o n s:  

o   R e pl a c e t h e b a g gi e pi e c e wit h a pi e c e of stiff c a r d b o a r d a n d r e p e at t h e 

fli c ki n g a n d o b s e r v ati o n s 

 

E v al u at e:  

•  W h at a r e s o u n d w a v es li k e ?  

•  W h y c o ul d t h e y bl o w o ut a fl a m e ?  

•  C o n si d e r w h at ot h e r i m pli c ati o n s t h os e c h a r a ct e ri sti cs of s o u n d h a v e   
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A P P E N DI X B: O N LI N E R E S O U R C E S   
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We bsit es f or Si m ul ati o ns a n d E x p eri m e nts  

htt ps:// w w w.fi z zi cs e d u c ati o n. c o m. a u/s ci e n c e -at -h o m e / 
htt ps://fi z zi cs e d u c ati o n. c o m. a u/ c at e g or y/ 1 5 0 -s ci e n c e -e x p eri m e nts  
htt ps://s ci e n c e b u d di es . or g 
htt ps://fr u g alf u n 4 b o ys. c o m  
htt ps:// w w w.s ci e n c e -s p ar ks. c o m/ 
 
htt ps:// p h et. c ol or a d o. e d u / 
htt ps:// gi z m os. e x pl or el e ar ni n g. c o m / 
 
htt ps:// w w w. bi oi nt er a cti v e. or g / 
htt ps:// w w w.l a b x c h a n g e. or g / 
htt ps:// pr a xil a bs. c o m / 
htt ps:// w w w.l a bst er. c o m / 
 

S o ur c es f or Vi d e o D e m o nstr ati o ns a n d E x pl a n ati o ns  
–  wit h p a us es f or r es p o ns es, m a n y c a n b e m a d e i n q uir y a cti viti es  

 
htt ps:// w w w. v erit asi u m. c o m / 
htt ps:// w w w.s m art er e v er y d a y. c o m / 
htt ps:// w w w. y o ut u b e. c o m/ c h a n n el/ U C Y 1 k M Z p 3 6I Q S y N x _ 9 h 4 m p C g  ( M ar k R o b er)  
htt ps:// w w w. y o ut u b e. c o m/ c/ p h ysi cs girl  
htt ps:// w w w. b o z e m a ns ci e n c e. c o m / 
htt ps:// w w w. n as a. g o v /  
htt ps:// w w w.fli p pi n g p h ysi cs. c o m / 
 

https://www.flippingphysics.com
https://www.nasa.gov
https://www.bozemanscience.com
https://www.youtube.com/c/physicsgirl
https://www.youtube.com/channel/UCY1kMZp36IQSyNx_9h4mpCg
https://www.smartereveryday.com
https://www.veritasium.com
https://www.labster.com
https://praxilabs.com
https://www.labxchange.org
https://www.biointeractive.org
https://gizmos.explorelearning.com
https://phet.colorado.edu
https://www.science-sparks.com
https://frugalfun4boys.com
https://sciencebuddies
https://fizzicseducation.com.au/category/150-science-experiments
https://www.fizzicseducation.com.au/science-at-home
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