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Use	of	Mobile	Devices	as	Experimental	Tools
	(MDETs)	in	physics	lessons	at	high	school	
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Advantages	of	MDETs	for	teaching	

a)  Simple	apparatus	replacing	complex	laboratory	sets	
! 	quicker	laboratory	sessions	
! 	real	/me	data	analysis	devices	
! 	in	many	cases	more	economic	than	
				“tradiGonal”	lab	systems	

b)	Mobile	and	ubiquitous		
	!		real	life	exercises		(data	ownership)	
! 	possibility	as	homework	tasks	
! 	interdisciplinary	(data	from	gym	lessons)	
! 	contextualisaGon,	authenGcity	
						=>	“topic	context”	

c)	Wide-spread	
	!	pupils	are	familiar	with	the	device	as	such	(BYOD)	=>	“material	context”	
	!	informal	learning:	show	how	to	use	devices	for	science	

!	Unify	experiments	/	classroom	exercises	/	homework	task	

Background in PER & motivations 



• 	Context	Based	Science	EducaGon	(CoBaSE):	authenGc	contexts	can	have	a	
posiGve	impact	on	moGvaGon	(large	SE)	and	learning	(medium	SE)		
			(see	e.g.	Benne`	et	al.	2007,	Gilbert	et	al.	2011,	Kuhn	&	Müller,	2014)	

• 	Effects	on	learning	achievement:	

			-	Weak	(posiGve)	correlaGon	between	moGvaGon	and	learning	:	r	≈	0,3		
					(Uguroglu	and	Walberg	1979,	Wild	et	al.	2001)	

			-	Reducing	extraneous	cogniGve	load	(CL)		
						(Thornton	and	Sokoloff	1990,	for	new	technologies)		
			-	Simultaneous,	real-Gme	representaGons	of	the	data	
						(Brasell	1987,	Beichner	1996)		

			-	The	coordinaGon	of	mulGple	representaGons	increases	CL		
					(Van	Bruggen	et	al.	2002)		
				-	DistracGng	effect	by	the	ownership	of	the	instrument	
							(Tossel	et	al.	2014,	Beland	and	Murphy	2015)		
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	+	effect		

	−	effect		

Background in PER & motivations 
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• 	Many	concepts	for	use	of	MDETs	in	sciences	educaGon	have	been	introduced	
for	about	ten	of	years	(see	e.g.	The	Physics	Teacher	Series,	Khun	&	Vogt,	2012)	

• 	However,	few	specifics	studies	exist	on	the	educaGonal	effects	of	MDETs		

STUDY	1	(Hochberg	et	al.,	Journal	of	Science	Educa/on	and	Technology,	2018)	

1)  	Secondary	school	classes	non	specialized	in	physics,	NTG=	87		NCG=	67		
2)  	Topics:	harmonic	mechanical	oscillaGons		
3)  	Short	intervenGon	(3h)	
4)  	CG	:	tradiGonal	experiment	
5)  	TG	:	same	experiment	using	smartphones	(no	topic	context)		
6)  	Smartphones	supplied	

• 	PosiGve	effects	on:	
- 	Interest	(high)	
- 	Curiosity	state	(small)	

• 	No	effects	on	learning	achievement		
• 	No	distracGng	effect	(no	ownership	of	the	instrument)	

Background in PER & motivations 
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STUDY	2	(Hochberg	et	al.,	Journal	of	Science	EducaGon	and	Technology,	2020)	

-	NTG=	23		NCG=	28			
- 	Secondary	school	specialized	physics	classes	
- 	Topics:	harmonic	mechanical	oscillaGons		
- 	Short	intervenGon	(3h,	same	as	in	2018)	
- 	CG	:	tradiGonal	experiment	
- 	TG	:	same	experiment	using	smartphones	(no	topic	context)		
- 	smartphones	supplied	(no	distracGng	effect	expected)	

• 	PosiGve	effects	on	learning	achievement	(medium)	
• 	No	effects	on	affecGve	variables	(interest,	curiosity)		
• 	No	distracGng	effect	(no	ownership	of	the	instrument)	

Background in PER & motivations 
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=>	Need	for	more	empirical	evidence	of	the	effects	of	MDETs	on	physics	
educaGon	with	

• 	Non-specialized	secondary	II	level	pupils	
• 	Full	teaching	sequence	

STUDY	3	(Klein,	Kuhn	&	Müller,	2017)	

1)  	Physics	undergraduate	level,	NTG=	40				NCG=	36		
2)  	Topics:	Mechanics	
3)  	Long	intervenGon	(few	months)	
4)  	CG:	no	experiments,	only	tradiGonal	exercises	
5)  	TG:	same	exercises,	enriched	by	mobile	video	analysis	tasks	(30%)	
6)  	Tablets	were	supplied	

Medium	to	large	+	effects	on:	

- 	kinemaGc	representaGons	
- 	conceptual	understanding		
- 	relaGon	to	reality		
- 	curiosity	

- 	disciplinary	authenGcity	
- 	self-concept	
- 	interest	
- 	autonomy	

Background in PER & motivations 
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Research	Ques6ons		

1.  Does	the	long-term	use	of	MDETs	improve	the	learning	of	
mechanics	among	high	school	pupils	?		

2.  Does	the	long-term	use	of	MDETs	improve	the	learning	of	
related	mathema6cs	among	high	school	pupils	?		

3.  Does	the	long-term	use	of	MDETs	improve	levels	of	interest,	
rela6on	to	reality,	self-concept	and	curiosity	related	to	the	
studied	topics	in	high	school	pupils?	

RQs & design 
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	Study	features		

- 	Sample	:	2nd	year	high-school	students		
		PS:	NTG=	59		NCG=	43;				3	teachers																		MS:	NTG=	56		NCG=	60,			4	teachers	

- 	Dura6on:		36	double-lessons	(one	semester)	

- 	Topics	:	kinemaGcs	&	dynamics			
PosiGon,	displacement	vectors,	average	&	instant	velocity,	speed,	acceleraGon,	
uniform	linear	moGon,	uniformly	accelerated	linear	moGon,	Newton’s	laws,	free	fall	

- 	Treatment:	MDETs	acGviGes	replacing	standard	exercises	and/or				
																							laboratory	sessions		

• 	Tablets	were	supplied	to	TG	
• 	For	TG	and	CG		

" 	same	amount	of	Gme	for	data	collecGon,	manipulaGons	and	problem	solving	
sessions	
" 	same	authenGc	topic	context	overall	the	duraGon	of	the	invesGgaGon	

- 	Test	:	affec6ve	and	concept	QCM	based	standard	tests	items	(FCI,	TUV,	
TUG,	MCT)	and		“standard”	assessment	by	teachers	

RQs & design 



Curriculum:	posi6on	&	displacement	vectors,	dura6on,	average	velocity,	
speed,	instant	velocity,	average	accelera6on	vector		
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MDET	ac6vity	n.	1	&	4:	ball	throw	RQs & design 
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Act.	4:	disGncGon	between		acceleraGon	and	velocity	vector	
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Deeply	rooted	misconcep6on:	change	of	
direcGon	does	not	imply	acceleraGon	
(P	≈	0,10	-	0,15	awer	instrucGon)	

	Average	acceleraGon	
	=	constant	instant	acceleraGon		
	=	g	(free	fall)	



Curriculum	:	Average	velocity/speed	and	mathema6cal	average	of	2	speeds		
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2
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Strong	misconcep6on	(Reed,	1984)	

vm = (vgo + vback): 2      # 84%	of	the	students	

Correct	answer											# 5%	of	the	sudents		
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MDET	ac6vity	n.	2:	return	trip	RQs & design 



Curriculum:	uniform	linear	mo6on	ULM	(propor6onality,	velocity,	intercept,	
slope,	6me	equa6on,	6me	diagram)	
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Example	of	ac6vity	3:	toy	train	RQs & design 



Curriculum:	uniformly	accelerated	linear	mo6on	(UALM),	inclined	plane	(slope,	
intercept,	6me	equa6on,	6me	diagram)	
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� 

• v( t) = v0 + a(t − t0)

a = ax =
vxf − vx0

t f − t0
=

1,98 m/s
0,9 s

= 2,2 m/s2 = g sin(α )

v0 = 0,37 m/s

a = ½ax  = 1,1 m/s2   =>  ax = 2 * 1,1 = 2,2 m/s2     

� 

• x( t) = x0 + v0(t − t0) + 0,5a(t − t0)

MDET	ac6vity	n.	5	:	slide	at	playground	

    échelle x: 1.067 - 2.402 s
    y = mx + b
 
    m = 2.207
    b = -2.037
    r = 0.995
    Erreur Type = 0.093
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    échelle x: 1.067 - 2.402 s
    y = ax² + bx + c
 
    a = 1.096
    b = -1.987
    c = 1.330
    Erreur Type = 0.013
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RQs & design 
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2nd	year	curriculum	:	Newton’s	laws	(1D),	free	fall	with	velocity’s	change	of	sign,	
UALM	
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1)  Forces’	balance	to	
predict	Fground/person	

2)  KinemaGc	predicGon	
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MDET	ac6vity	n.	6:	ver6cal	jump	RQs & design 
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Design	of	the	Study	(PS	&	MS)		

Week	 	4	Test	class-groups	(PS)	
4	Test	class-groups	(MS)	

3	Control	class-groups	(PS)	
4	Control	class-groups	(MS)	

1	 Pre-tests: prior motivation and conceptual understanding 

2	to	5	 MDETs activities session  
+  exercises 

Conventional lab sessions  
+ exercises 

6	 	Standard	test	

7	to	10	 MDETs activities session  
+  exercises 

Conventional lab sessions  
+ exercises 

11	 Standard	test	

12	 MDETs activities session  
+  exercises 

Conventional lab sessions  
+ exercises 

13	and	14	 Exam	session	

15	to	18	 MDETs activities session  
+  exercises 

Conventional lab sessions  
+ exercises 

19	 Post-test: prior motivation and conceptual understanding 

3	teachers	parGcipaGng	in	the	PS,	4	teachers	in	the	MS	
	each	one	having	at	least	one	TG	and	one	CG	

RQs & design 
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Variables	(overview)	

Selec6on	of	variables	 Pre	test	 Post	test	

Control/test	group		 IV	

Self-concept	SC	 CV	 DV	

Interest		IN	 CV	 DV	

RelaGon	to	reality	RR	 CV	 DV	

Curiosity	as	a	state	CS	 CV	 DV	

Learning	achievement	
LPR/LPO	

CV	(QCM)	 DV	(QCM)	

Physics	grade	pre/post	 CV	 DV	

Math	grade	pre/post	 CV	 DV	

Curiosity	as	a	trait/	
Intrinsic	moGvaGon	CT		

CV	

Self	concept	reg.	
Smartphone	SCS	

CV	

RQs & design 

+	10	other	relevant	control	variables	(gender,	cogniGve	load,	
involvement,	teacher	assessment,	spaGal	abiliGes,	…)	
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Results of the PS Affec6ve	Variables	
Main	instrument	proper6es	and	results	

Dependent	variables	

•	self	concept	(SC,	αC	=	0,86),	interest	(IN,	αC	=	0,77),		
			relaGon	to	reality	(RR,	αC	=	0,90),	curiosity	state,	(CS,	αC	=	0,84),		
			cogniGve	load	experiments/apps	(CLE,	αC	=	0,68;	CLA,	αC	=	0,87)	

•	temporal	changes	of	the	dependent	variables	
			-	all	slightly	negaGve	except	RR	
			-	similar	for	the	two	groups	

•	no	significant	differences	by	the	intervenGon	(ANCOVA)	

•	no	increased	perceived	cogni6ve	load	for	TG	

Control	variables	

Many	effects	on	dependant	variables,	in	line	with	the	previous	results	in	literature,	e.g.	
- 	The	effect	of	gender	on	self-concept		(S)	
- 	The	effect	of	spa6al	abili6es	on	learning	achievement	(S)	
- 	The	effect	of	previous	knowledge	(maths	&	physics)	on	self	concept	(S)	
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Results of the PS Affec6ve	Variables	
Main	instrument	proper6es	and	results	

control	variables	

gender	(*SC),		
spaGal	abiliGes(*SC,	*LPO),					

math	level	(**SC),					
physics	grade(*SC),		

involvement	(*RR,	**IN,	**SC,	**CS),				

curiosity-trait	(**IN,	**SC,	***CS),		
self	concept	regarding	apps(**SC),		

cogniGve	load	(**RR,	**IN,***SC,**CS,*LPO),	
cogniGve	acGvaGon	(*RR,	**IN,	*SC,	**CS)		

(*)	small,	(**)	medium	or	(***)	large	effect	on	dependent	variables	



Dim.	 Example	 k	 αpre	 rit	pre	between	 αpost	 rit	post	between	

IN	 I	invested	more	effort	during	the	physics	lessons	
than	in	the	other	subjects.	

7	 0,78	 0,53	 0,76	 0,75	 0,59	 0,76	

SC	 I	could	always	solve	the	phsics	exercises	 7	 0,86	 0,49	 0,85	 0,86	 0,56	 0,81	

CT	 I	find	fascinaGng	to	learn	new	things		 6	 0,86	 0,73	 0,85	 0,85	 0,69	 0,82	

CS	 I	want	to	inquire	further	about	this	subject		 4*	 0,82	 0,77	 0,83	 0,86	 0,75	 0,85	

RR	 Topics	are	useful	for	thinking	about	situaGons	
outside	of	school	

6	 0,88	 0,72	 0,83	 0,92	 0,77	 0,91	

SCS	 I'm	comfortable	with	using	apps	 6	 0,67	 0,43	 0,76	 -	 -	 -	

CLE	 I	could	well	concentrate	on	experiments,	
without	“struggling”	with	the	equipment		

6	 -	 -	 -	 0,68	 0,45	 0,73	

CLS	
(TG)	

I	could	well	concentrate	on	experiments,	
without	“struggling”	with	the	apps	

7	 -	 -	 -	 0,87	 0,69	 0,85	

CAE	 I	was	acGvely	involved	in	doing	the	experiments		 5	 -	 -	 -	 0,58	 0,60	 0,63	

INV	 During	the	lessons	I	asked	quesGons		 5	 -	 -	 -	 0,73	 0,55	 0,79	

AT	 The	teacher	helped	me	when	I	had	trouble	with	
the	work		

5	 -	 -	 -	 0,74	 0,59	 0,79	

	H	20	

Affec6ve	variables	
Standard	items	from	exisGng	literature	(or	adapted)	+	few	“new”	items	

(negaGve	or	typical	French	expressions)	

Results of the PS 
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Valida6on	of	the	conceptual	test	(January-March	2018)		

• 	TesGng	31	items	:																14	from	standard	tests	(FCI,	TUV,	TUG,	MBT,	MCT)		
																																															+	7	modified	from	standard	tests	(FCI,	TUV,	TUG,	MBT)	
																																															+	10	newly	created	
• 	on		

- 	145	pupils	of	the	first	year	as	a	pre-test	
- 	111	pupils	of	the	second	year	awer	the	kinemaGcs	&	dynamics	course,	
			as	a	post-test	

Selected	items	for	the	pilot	study	
According	to	
1)  	The	coherence	with	the	learning	objecGves	of	the	planned	acGviGes	
2)  	The	psychometric	results	of	the	validaGon	

- 	20	post-test	items		
		(9	from	std.	tests,	3	modified	from	std.	tests,	8	created),	whose	
- 	14	pre-test	items		
		(only	concept	items:	7	from	std.	tests,	3	modified	from	std.	tests,	4	created)		

Results of the PS Learning	achievement	
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Examples	of	items	of	the	conceptual	test	

Results of the PS Learning	achievement	
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Examples	of	items	of	the	conceptual	test	

Results of the PS Learning	achievement	
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	Post-test:	k	=	19;	N	=	103	(NCG=	44	NTG=	59)	

α*		 0,72	

<r>it	 0,40	[0,25	;	0,59]	

<P>	 0,47	[0,06	;	0,79]	

<PTG>	 0,43	[0,02	;	0,76]	

<PCG>	 0,52	[0,09	;	0,93]	

Results of the PS 

TG	 CG	 Tot	

Gain	G	=	(<Ppost>	-	<Ppre>)/(1-	<Ppre>)	 25%	 32%	 28%	

$ 	Psychometric	standard	properGes	of	the	conceptual	tests	(according	to	&	Beichner,	2009)		

• 	no	significant	differences	by	the	intervenGon	for	the	whole	test	
• 	impact	of	many	control	variables	(e.g.	previous	math	&	physics	grade**,		
		self-concept*,	spaGal	abiliGes*,	teacher	assessment*)	

(*)	small	or	(**)	medium	effect	

Learning	achievement	

The	pre-test	presented	similar	general	
acceptable	results,	however	with	a		
lower	internal	consistency		

$ 		Pre/post	gain	for	conceptual	tests		



% 	CG	had	slightly	(at	most	few	%)	be`er	learning	scores	(pre,	post)	and	gains	than	TG		
• 	for	the	whole	conceptual	test		
• 	for	almost	all	individual	items	of	the	conceptual	test		

% 	Medium	sized	effect	(ηt2	=	0.09	;	P	<	.05)	in	favour	of	the	CG	for	item	4	involving	
instant	velocity	vector	and	related	to	the	MDETs	acGvity	n.	1	
(“ball	throw”	on	introducGon	to	2D	kinemaGcs)	

25	

Results of the PS Learning	achievement	

PCG=	0.95	(0.21)			PTG=	0.68(0.47)	



ExplantaGon	of	the	observed	effect:	the	informaGon	about	the	moGon	given	by	the	
applicaGons	was	beyond	the	skills	of	the	pupils	at	this	Gme	of	the	year:	they	acceded	the	
data	of	the	two	components	of	the	moGon	(x	and	y)	and	they	could	see	the	relaGve	
graphs,	before	studying	the	simpler	one-dimensional	moGons	(ULM	and	UALM)	=>	
possible	cogniGve	overload	for	the	1st	acGvity			

Changes	for	the	main	study:		

• 	replace	MDETs	act.	n.	1	with	an	exercise	with	real	data	for	TG	

• 	introduce	one	new	MDETs	acGvity	(n.	7)	on	projecGle	moGon		

• 	introduce	2	items	in	the	conceptual	test	on	projecGle	moGon	:	

• 	+	few	minor	changes	
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Results of the PS Learning	achievement	

FCI12	 FCI14	



Curriculum	:	free	fall,	2D	kinema6cs	as	composi6on	of	two	linear	mo6ons	
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1)  ApplicaGon	of	the	laws	of	UALM	and	ULM	

2)				x	and	y	Gme	diagrams	(posiGon	and	velocity)	

3)				Range	of	the	projecGle	as	a	funcGon	of	the	
initial	horizontal	velocity	

4)  Flight	Gme	of	the	projecGle	as	a	funcGon	of	
								the	iniGal	horizontal	velocity	

MDET	ac6vity	n.	7:	projec6le	mo6on		Results of the PS 
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Dependent	variables	
•	self	concept	(SC,	αC	=	0,87),	interest	(IN,	αC	=	0,72),		
			relaGon	to	reality	(RR,	αC	=	0,89),	curiosity	state,	(CS,	αC	=	0,88),		
			cogniGve	load	experiment/use	apps	(CLE,	αC	=	0,66;	CLA,	αC	=	0,88)	

•	temporal	changes	of	the	dependent	variables	
			-	all	slightly	posiGve	except	CS		
			-	pre/post	small	posiGve	effect	for	IN	(d	=	0.2)	and	RR	(d	=	0.3)	
			-	similar	results	for	TG	and	CG	

•	no	significant	differences	by	the	intervenGon	(ANCOVA)	

•	no	increased	perceived	cogni6ve	load	for	TG	

control	variables	

Many	effects	on	dependant	variables,	in	line	with	the	previous	results	in	literature,	and	with	
those	found	in	the	PS.	Moreover	

- 	The	effect	of	previous	knowledge	in	maths	on	self	concept	and	on	physics	learning	(S)	
- 	The	effect	of	teacher	assessment	on	interest	(M)	

Results of the MS Affec6ve	Variables	
Main	instrument	proper6es	and	results	
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Control	variables	

gender	(*SC),			

spaGal	abiliGes(*SC,	*LPO),				

physics	grade(*SC),					

math	grade(*LPO),		

teacher	assessment(**IN,**SC),			

involvement	(*RR,***IN,**SC,**CS),		

curiosity-trait	(*RR,*IN,**CS),				

self	concept	regarding	apps(**SC),		

cogniGve	load	(**RR,	**IN,**SC,**CS,*LPO),				

cogniGve	acGvaGon	(*RR,***IN,***SC,**CS)		

																																																													(*)	small,	(**)	medium	or	(***)	large	effect	on	dependent	variables	

Results of the MS Affec6ve	Variables	
Main	instrument	proper6es	and	results	



Dim.	 Example	 k	 αpre	 rit	pre	between	 αpost	 rit	post	between	

IN	 I	invested	more	effort	during	the	physics	lessons	
than	in	the	other	subjects.	

5	 0,72	 0,60	 0,80	 0,71	 0,56	 0,76	

SC	 I	could	always	solve	the	phsics	exercises	 5	 0,85	 0,71	 0,83	 0,89	 0,75	 0,89	

CT	 I	find	fascinaGng	to	learn	new	things		 5	 0,77	 0,66	 0,76	 -	 -	 -	

CS	 I	want	to	inquire	further	about	this	subject		 5	 0,79	 0,77	 0,83	 0,89	 0,81	 0,86	

RR	 Topics	are	useful	for	thinking	about	situaGons	
outside	of	school	

5	 0,87	 0,78	 0,84	 0,90	 0,79	 0,90	

SCS	 I'm	comfortable	with	using	apps	 5	 0,69	 0,43	 0,78	 -	 -	 -	

CLE	 I	could	well	concentrate	on	experiments,	
without	“struggling”	with	the	equipment		

5	 -	 -	 -	 0,66	 0,51	 0,75	

CLS	
(TG)	

I	could	well	concentrate	on	experiments,	
without	“struggling”	with	the	apps	

5	 -	 -	 -	 0,88	 0,73	 0,92	

CAE	 I	was	acGvely	involved	in	doing	the	experiments		 5	 -	 -	 -	 0,59	 0,51	 0,75	

INV	 During	the	lessons	I	asked	quesGons		 5	 -	 -	 -	 0,73	 0,55	 0,79	

AT	 The	teacher	helped	me	when	I	had	trouble	with	
the	work		

5	 -	 -	 -	 0,75	 0,66	 0,75	

H	30	

Affec6ve	variables	
• 	Same	standard	items	from	exisGng	literature	(or	adapted)	+	few	“new”	items	from	the	PS	
• 	Reduced	to	5	items	for	each	scale,	to	opGmize	the	Gme	available	without	overloading	the	test	

Results of the MS 
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	Post-test:	k	=	19;	N	=	103	(NCG=	44	NTG=	59)	

α*		 0,6	

<r>it	 0,34	[0,05	;	0,54]	

<P>	 0,44	[0,16	;	0,76]	

<PTG>	 0,43	[0,16	;	0,76]	

<PCG>	 0,44	[0,14	;	0,75]	

$ 	Psychometric	standard	properGes	of	the	conceptual	tests	(according	to	&	Beichner,	2009)		

• 	no	significant	differences	by	the	intervenGon	for	the	whole	test	
• 	impact	of	many	control	variables	(e.g.	previous	math	&	physics	grade**,	teacher**,		

											spaGal	abiliGes*,	self-concept*)	
																																																																																																																(*)	small	or	(**)	medium	effect	

Learning	achievement	

The	pre-test	presented	similar	general	
acceptable	results,	however	with	a		
lower	internal	consistency		

$ 		Pre/post	gain	for	conceptual	tests		

TG	 CG	 Tot	

Gain	=	(<Ppost>	-	<Ppre>)/(1-	<Ppre>)	 17%	(d	=	1,0)	 21%	(d	=	1,1)	 20%	(d	=	0,9)	

Results of the MS 



The	ANCOVA	analysis	indicates	no	effects	of	the	treatment	on	the	results	of	the	

conceptual	post-test	or	the	physics	grade,	nevertheless		

• 	some	effects	were	found	within	the	groups	of	teacher	taken	individually	

• 	an	indicaGon	of	a	possible	effect	of	the	treatment	on	the	average	grade	of	

mathemaGcs	in	favour	of	the	TG	was	found	(P	=	.09)	
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Learning	achievement	Results of the MS 

InterpretaGon:	the	representaGons	provided	by	the	apps	of	video	analysis	are	based	
on	the	mastery	of	the	mathemaGcs	content	treated	in	parallel	math	classes	

% 	learning	to	use	and	coordinate	the	mulGple	representaGons	provided	by	the	video	
analysis	apps	requires	a	cogni6ve	effort	(more	easily	for	higher-level	students	which	
would	explain	the	posiGve	learning	results	observed	on	undergraduates	or	
specialized	physics	classes)	

% 	the	effort	provided	for	the	learning	of	mathemaGcs,	necessary	for	the	use	of	video	
analysis	apps	can	also	be	at	the	origin	of	the	increase	of	the	cogni6ve	germane	
load,	responsible	for	a	be`er	learning	of	the	mathemaGcs	underlying	the	targeted	
physics	concepts		
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•  There	is	a	phase	of	appropriaGon	of	the	used	mobile	device	and	of	the	
apps	(to	make	a	video	of	sufficiently	good	quality	for	the	tracing	by	the	
app	to	be	possible,	the	tracing	circle	has	to	be	chosen	with	an	
appropriate	width,	...	).	This	takes	Gme	to	be	learned	and	mastered,	
which	is	not	evident	for	pupils	and	frequently	for	the	teachers	too		

•  Beyond	the	pracGcal	mastery	of	the	technological	object	MDETs	can	
cause	cogniGve	overload	if	pupils	do	not	master	the	mathemaGcs	
underlying	the	representaGons	provided	by	the	apps	used	during	the	
experiments		

•  MDETs	require	maintenance	and	the	technical	assistance	

•  Planned	obsolescence	(cost	in	environmental	and	durability	terms)		

Conclusions & Outlook 

Limita6ons	of	the	interven6on	
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$  This	research	indicates,	for	non	specialized	physics	classes	at	secondary	II:	
•  No	significant	effect	of	a	regular	use	of	MDETs	on	affecGve	variables	
•  No	global	effect	on	mechanics	learning	
•  No	increased	perceived	cogniGve	load	
•  No	distracGng	effects	
•  HypotheGcal	posiGve	effect	on	the	learning	of	mathemaGcs	underlying	

studied	contents	

=>	Need	to	deepen	this	aspect	for	the	future	research	in	Physics	EducaGon	

$  Teachers	percepGons:	
•  Teachers	want	to	keep	on	using	MDETs	again	in	the	next	years		
								(as	a	complement	to	tradiGonal	setup)	
•  They	confirmed	that	MDETs	have	no	global	impact	on	pupils’	learning	

or	a�tude	toward	physics,	despite	a	marked	impression	of	novelty	
effect	

Conclusions & Outlook 

Conclusions	for	research	
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$  MDETs	are	a	convenient	and	pracGcal	teaching	alternaGve,	complemenGng	
(and	not	replacing)	the	classical	lab	and/or	exercises,	they	consGtute	an	
interesGng	educaGonal	tool,	allowing	(without	side	effects)	

•  A	faster	implementaGon	with	a	handy	and	light	device,	allowing	to	
save	precious	Gme	for	other	teaching	moments,	for	the	same	content	
as	a	convenGonal	acGvity		

•  PotenGally,	an	interesGng	opportunity	for	a	be`er	learning	the	
underlying	mathemaGcs		

•  Carrying	out	acGviGes	at	home,	for	example	as	homework,	or	when	
the	lessons	are	given	at	a	distance	or	in	an	out-of	school	context		

Conclusions & Outlook 

Perspec6ves	for	prac6ce	
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Thank you! 
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