
“…learners	understand	each	single	piece,	but	they	
lose	completely	sight	of	the	big	picture.		”			

Rela:vity	as	didac:cal	challenge,	
	 	 				Sexl	(1980)	

h"p://theroman-c.com/crea-ve-roman-c-ideas/with-puzzles-riddles/island-puzzler/roman-c-puzzle-ideas-what-to-write-on-puzzle-pieces/#	



	
	

Magdalena	Kers:ng	
University	of	Oslo,		
Department	of	Physics	
	
	1st	of	December	2016	

Curved space and warped time: 
Students’ understanding of gravity  
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focus	group	interviews.	

wriNen	responses,	

This	talk	focuses	on	upper	secondary	school	students’	
qualita:ve	understanding		of	gravity	based	on	

video	observa:ons,	

h"p://yourstory.com/2016/07/technology-educa-on-tui-on-india/	

h"p://pcwallart.com/photography-cameras-wallpaper-2.html	
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What	do	you	know	about	gravity?		
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In	spring	2016,	we	introduced	a	program	on	general	
rela:vity	to	six	upper	secondary	physics	classes	in	Norway.			



	
6	 h"p://www.crystalinks.com/newton.html	

We	employed	thema:c	analysis	to	iden:fy	
paNerns	in	students’	understanding.		

Wri$en	exercise	
What	do	you	know	about	gravity?	



	
7	 h"p://www.crystalinks.com/newton.html	

Ini:ally,	students	drew	on	a	big	range	of	ideas	when	
explaining	gravity.		

“I	know	that	gravity	is	an	a$rac6ve	force		
between	all	objects	that	have	mass	and/or	energy”.	

“The	gravita6onal	force	(G)	here	on	earth	is	
defined	by	the	product	of	the	mass	of	an	object	
and	the	gravita6onal	accelera6on”.	

“What	makes	Einstein’s	theory	elegant	is	that	mass	
leads	to	curvature	of	space	and	that	curvature	of	
space	influences	the	movement	of	these	masses	in	
‘space6me.’”.	

“Just	recently	it	was	shown	that	gravity	creates	
gravita6onal	waves.	This	can	explain	the	fact	that	light	
gets	bent	by	objects	with	big	mass”.	
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Based	on	empirical	
observa:on,	Newton	
described	gravity	as	an	
aNrac:ve	force.		

h"p://www.wolverton-mountain.com/ar-cles/apple_doesnt_fall_far.html	
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Mathema(cs	is	a	convenient	language	
to	express	Newton’s	law	of	gravity.		

h"ps://www.theguardian.com/science/2013/oct/13/newtons-universal-law-of-gravita-on	
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Einstein	realized	gravity	is	not	a	force	
but	a	geometric	feature	of	our	universe.		

h"p://www.pbs.org/wgbh/nova/physics/einstein-big-idea.html	
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We	experience	gravity	in	our	
everyday	life.	

h"ps://vimeo.com/29017795	
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We	can	understand	gravity	by	
studying	gravita:onal	
phenomena.		
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Can	we	ever	really	know	what	
gravity	is?	

h"p://www.bobbyburde"e.com/why-i-dont-know-should-be-encouraged-in-web-design/	



	
14	 h"p://www.crystalinks.com/newton.html	

O^en,	students	expressed	several	perspec:ves	and	tried	
to	connect	different	descrip:ons	of	gravity.		
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To	engage	students,	we	should	present	various	perspec:ves	
and	draw	on	different	explana:ons	of	gravity.	
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Video	observa:ons	help	us	to	study	
the	actual	use	of	our	program	in	
real	class	room	seangs.		

h"p://pcwallart.com/photography-cameras-wallpaper-2.html	
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Interac:on	analysis	allows	us	to	study	how	learning	of	
general	rela:vity	becomes	visible	in	social	interac:on.			

h"p://www.bonafeed.com/file/image/cover/1471453005.jpg	



	
18	 h"p://www.crystalinks.com/newton.html	

Students	face	conceptual	challenges	when	trying	to	make	
meaning	with	conflic:ng	no:ons	of	gravity,	space	and	:me.		
	



	
19	 h"p://www.crystalinks.com/newton.html	

We	study	the	rela:onship	between	imagina:on	and	
embodied	meaning	making	in	the	seang	of	gravita:on.		
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Students	found	it	hard	to	relate	Einstein’s	abstract	
descrip:on	to	their	everyday	experience	of	gravity.		

h"ps://www.youtube.com/watch?v=R2lP146KA5A	
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We	study	the	rela:onship	between	imagina:on	and	
embodied	meaning	making.		

	
“You	just	have	to	accept	it.	The	point	is	
you	just	have	to	accept,	because	you	
have	no	problem	accep-ng…	Look	here,	
if	this	is	the	sun,	right,	and	this	is	the	
earth,	then	the	earth	falls	toward	the	sun	
all	the	-me,	it’s	falling	towards	it.	You	just	
have	to	imagine	that	it's	the	same	thing	
happening	to	you,	just	that	it's	hard	for	
you	to	understand.	“	

	



	
22	 h"p://www.bbc.co.uk/science/space/universe/ques-ons_and_ideas/general_rela-vity	

The	rubber	sheet	analogy	seems	
to	inform	the	way	students		

think	about		
gravity	and	space:me.		
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We	study	the	rela:onship	between	imagina:on	and	
embodied	meaning	making.		

	
“Yes,	but	that's	what	I	do	not	
understand;	why	you	fall.	There	
is	no	reason	why	you	should	fall	
without	gravity.	(Long	pause)		
Do	you	see	what	I'm	trying	to	
say,	if	there	is	no	gravity?	“	
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The	rubber	sheet	analogy	relies	on	gravity	to	explain	gravity.		

xkcd.com	



	
25	 h"ps://astronomytopico`heday.wordpress.com/2016/02/25/gravity-waves-a-key-aspect-of-einsteins-general-rela-vity-detected/	

To	facilitate	learning,	we	should		
be	explicit	about	drawbacks	of	
analogies.	In	par:cular,	we		
should	make	clear	that	we	are	
traveling	both	in	:me	and	space.		
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We	conducted	focus	group	interviews	to	contrast	our	
observa:ons	with	students’	own	perspec:ves.	

h"p://yourstory.com/2016/07/technology-educa-on-tui-on-india/	



hNps://wearedolcegusto.wordpress.com/qualita:ve-research-focus-group-2/	

Focus	group	interviews	foster	interac:on	between	
students	and	reveal	their	ideas	and	opinions.	
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Being	asked	what	gravity	is,	students	
answered	in	line	with	Einstein’s	ideas.	

h"ps://suewyllie.wordpress.com/developing-prac-ce/diagrams/	
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Is	Newton’s	theory	wrong?	
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30	 h"p://www.bbc.co.uk/science/space/universe/ques-ons_and_ideas/general_rela-vity	

Einstein’s	explana:ons	are	perceived	as		
far	away	from	real	life.	
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We	study	the	rela:onship	between	imagina:on	and	
embodied	meaning	making.		

	
“It	is	very	exci-ng,	because	you	can	look	at	
space-me	which	curves	if	there	is	mass	
around.	But	it	is…	you	can	imagine	this	in	your	
head,	but	then	you	think	that	you	are	in	there,	
you	are	on	earth,	you	are	like	in	a	li"le	well.	
Then	it	gets	complicated	again	to	imagine	it.	
Because	if	you	take	a	look	around,	you	see	the	
universe.	You	don’t	think	about	being	in	a	well,	
which	is	very	complicated.	“	

	



	
32	 h"p://www.bbc.co.uk/science/space/universe/ques-ons_and_ideas/general_rela-vity	

Students	relied	on	the	rubber	
sheet	analogy	to	talk	about	
the	idea	of	curved	space:me.	
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We	study	the	rela:onship	between	imagina:on	and	
embodied	meaning	making.		

	
“Bending,	eh,	according	to	Einstein	
bending,	eh,	curvature	of	space.	Like	
this,	it	is	very	difficult	to	explain.	You	
need	these	visual,	yes,	you	need	it	
visualized	just	so	you	can	understand	
it	be"er.	Like	the	trampoline.“	

	

	
“What	is	gravity?“	

		
“Yes,	if	you	think	of	
space-me,	then	it	gets	
much	easier	to	
understand	it.	“	

	
	
“Hmm,	the	only	problem	I	have	with	
the	trampoline	is	that	it	requires	a	
gravity	(laughs)	to	make	the	model	
work	as	well.	This	is	what	makes	it	
difficult	for	me,	because	there	is	no	
curvature	in	space	without	a	gravity	
that	makes	a	well.“	

	



	
34	 h"p://www.bbc.co.uk/science/space/universe/ques-ons_and_ideas/general_rela-vity	

Students	found	the	new	perspec:ve	
on	:me	and	space	exci:ng.		
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h"ps://suewyllie.wordpress.com/developing-prac-ce/diagrams/	

“I	feel	that	Einstein	brings	
mass	somehow	to	life.	Mass	
acts	like	this	and	I	think	this	is	
interes-ng.	I	think	it	is	cool,	
because	Newton	was	like	

‘mass	is	like	this’,	but	Einstein	
tried	to	explain	what	mass	

really	thinks.”	
	



	
36	 h"p://yourstory.com/2016/07/technology-educa-on-tui-on-india/	

We	need	to	build	bridges	between	scien:fic	and		
everyday	thinking.		



In	our	program,	we	present	two	complementary	
perspec:ves	on	the	nature	of	gravity.			

h"p://theroman-c.com/crea-ve-roman-c-ideas/with-puzzles-riddles/island-puzzler/roman-c-puzzle-ideas-what-to-write-on-puzzle-pieces/#	
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www.weekendnotes.com/gingin-gravity-discovery-centre/		

Locally,	accelera:on	and	gravity	
are	two	equivalent	phenomena.		



	
39	 h"p://www.bbc.co.uk/science/space/universe/ques-ons_and_ideas/general_rela-vity	

«Space:me	tells	maNer	how	to	
move;	maNer	tells	space:me		

		how	to	curve.»	-J.A.Wheeler	-		



In	summary,	students‘	fragmented	understanding	of	gravity		
offers	a	great	basis	to	develop	effec:ve	teaching	approaches.		

h"p://theroman-c.com/crea-ve-roman-c-ideas/with-puzzles-riddles/island-puzzler/roman-c-puzzle-ideas-what-to-write-on-puzzle-pieces/#	
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Ques:ons?	

h"p://yourstory.com/2016/07/technology-educa-on-tui-on-india/	
h"p://www.newyorker.com/tech/elements/the-space-doctors-big-idea-einstein-general-rela-vity	


