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Problem Statement


	The	Na4onal	Research	Council	
(2001)	described	the	condi4ons	
and	structures	that	must	exist	for	
all	students	to	learn	and	be	
proficient	in	mathema4cs.		

	



Problem Statement

	

Future	Direc4ons	for	Research	in	Mathema4cs	Educa4on	(NCTM,	2015)	
		

•  Changing	percep4ons	about	what	it	means	to	do	mathema4cs	

•  Changing	the	public’s	percep2on	about	the	role	of	mathema2cs	in	society	

•  Achieving	equity	in	mathema4cs	educa4on	
	
	



Impact of Percep&ons 

Students’	aStudes	and	beliefs	towards	mathema4cs	can	influence:	

•  Mathema4cal	thinking,	performance,	future	opportuni4es,	and	decisions	
(Beyers,	2001;	Kilpatrick,	Swafford,	&	Findell,	2001;	NCTM,	1989).			

•  Engagement	on	academic	tasks	such	as	4me	spent	on	working	on	problems,	
exploring	solu4ons,	gathering	data,	listening	to	explana4ons,	reading	texts,	
and	jus4fying	(Kilpatrick	et.	al.,	2001;	NCTM	1989).			



Literature Review: Student Percep&ons 


●  Mathema4cs	is	boring	and	imprac4cal	
						(Murray,	2011)		
	
●  Mathema4cs	learned	in	the	classroom	cannot	be	applied	to	everyday	life	

(Boaler,	2000)	
	
●  Mathema4cs	is	only	useful	in	mathema4cs	lessons	and	for	exams		
					(Onion,	2004)		



Gaps in Literature


•  Prior	research	is	primarily	qualita4ve	

•  Lack	of	quan4ta4ve	measures	about	the	relevance	of	mathema4cs	content	
o  2009	High	School	Longitudinal	Survey	by	U.S.	Department	of	Educa4on	

Na4onal	Center	for	Educa4on	Sta4s4cs		

o  TIMSS	2011	Students	Value	Mathema4cs	Scale		

o  AStudes	in	Mathema4cs	Inventory	(ATMI)	(Tapia	&	Marsh,	2004)	
	

Need	for	quan4ta4ve	measure	of		students’	percep4ons	on	a	con4nuum		
	



Research Purpose 

	

	Develop	and	validate	an	instrument	to	measure	
	secondary	students’	percep4ons	of	the	relevance	
	of	mathema4cs	content		

 
 

	



Methods




Methods: Literature Search for Item 
Development


	Databases	searched:	Social	Sciences	Cita4on	Index,	APA	Psycnet,	Educa4on	Full	

	Text,	Educa4on	Research	Complete,	Science	Direct,	and	ERIC	databases.	

	

	Key	words:	relevance,	meaningfulness,	usefulness,	u4lity	value,	and	task	value		

	



Methods: Content Validity 
Expert Interviews (Gehlbach & Brinkworth, 2011)


	Reviews	with	experts	in	mathema4cs	educa4on,	educa4onal	psychology,	
and/or	applied	educa4onal	measurement	

	
•  A	professor	in	mathema4cs	educa4on	

Exper4se	in	equity	frameworks	
	

•  A	Ph.D.	candidate	in	educa4onal	psychology	
	Exper4se	measurement	of	aStudes	and	beliefs	in	mathema4cs	educa4on	



Methods: Content Validity 
Expert Interviews 


•  Interview	protocol		
•  Before	the	interview	each	expert	received	the	defini4on	of	the	construct,	

purpose	of	the	instrument,	and	the	list	of	items.		
•  During	the	interviews	the	experts	were	asked:	

•  How	understandable	and	clear	was	each	item?	
•  Did	the	item	represent	each	construct	dimension?	

•  A	think-aloud	protocol	was	used	during	the	interviews.		
•  Extensive	field	notes	and	digital	recording	equipment	were	used	to	

capture	responses.	
•  The	results	of	the	expert	interviews	were	discussed	within	the	
research	team,	and	the	items	were	revised	accordingly.	



Methods: Face Validity 

Cogni4ve	Interview	Par4cipants		

	
	

	
	
	
	



Methods: Face Validity

	Cogni4ve	Pretes4ng	prior	to	pilot	tes4ng	(Gehlbach	&	Brinkworth,	2011)	

•  Researchers	read	ques4on	aloud	

•  Students	rephrase	ques4ons	in	their	own	words	

•  Students	engage	in	“think	aloud”	as	they	answer	ques4ons	
•  Audio	recordings	and	student	database	of		student	responses	and	
field	notes	

•  Open	coding	for	significant	themes 		
		

	Qualita4ve	confirmatory	analysis	aker	pilot	tes4ng	(Karabenick	et	al.,	
2007)	



Methods: Pilot Study Administra&on

 
 
       Participants: 74 high school students; mean age of 16.2 (SD = 1.29) 

   
 



Methods: Pilot Study Administra&on


			Convenience	sampling	and	snowball	sampling	
•  Parental	consent	in	the	form	of	emailed	survey	link	to	students	
•  Student	assent	at	the	beginning	of	the	survey	
•  Incen4ve	for	survey	comple4on	(Raffle	for	$10	Starbucks	gikcard)	
	

	Google	Forms		
•  22	relevance	items	followed	by	demographic	survey		



Methods: Construct Validity

	To	iden4fy	the	underlying	factor	structure	of	mathema4cs	relevance,	we	
conducted	an	exploratory	factor	analysis	with	
•  the	principal	axis	factoring	extrac4on	method	
•  the	Oblimin	rota4on	method	
	
	The	number	of	factors	to	retain	was	determined	based	on	
•  the	Eigenvalue	>	1	rule,	scree	plot,	map,	and	parallel	analysis	
•  interpretability	of	the	factors	being	extracted		



Methods: Predic&ve Validity 

	Predic4ve	validity	of	the	scale	was	examined	through		
	

•  regressing	the	dimensions	on	the	grades	the	par4cipants	typically	
receive	in	their	mathema4cs	classes	(mul4ple	regression)	

	
•  regressing	the	dimensions	on	the	career	choice:	STEM	vs.	non-STEM	
(logis4c	regression)	

	



Results




Results: Items Wri&ng (Original Scale)

	Compila4on	and	composi4on	of	47	items	with	cita4ons	
	
	Exis4ng	Instrumenta4on	
•  Perceived	Relevance	of	Science	Scale	(Adapted	from	Siegel	&	Ranney,2003)	
•  Student	AStudes	Survey	(Brookstein,	Hegedus,	Dalton,	Tapper,	&	Moniz,	
2011)	

•  Short	Form	AStudes	Toward	Mathema4cs	Inventory	(Lin	&	Chapman,	2013)	

	Researcher-Created	Items	(informed	by	literature)	
•  Darby-Hobbs	(2013)	–	presence	of	expecta4on,	need,	aspira4on	
•  Woolley	et	al.	(2013)	–	career	relevant	instruc4on	
•  Gutstein	&	Peterson	(2006)	–	teaching	math	for	social	jus4ce	

	




Results: Opera&onaliza&on of Relevance




	Item:	My	math	knowledge	makes	me	a	more	valuable	member	of	society.		
•  Experts:	

•  H:	Think	they	will	know	what	they	need.	Responsible	would	be	different.	There's	a	lot	of	issues	with	valuable.	Guess	you	
could	say	'contribute'	Having	learned	math	do	you	see	yourself	as	more	value	than	if	you	had	not	learned	math.	Maybe	
rephrase	as,	studying	math	makes	me	more	of	an	informed	ci4zen.	It	may	be	a	liule	hard	for	them	to	understand	but	I	
think	most	secondary	have	defined	that	for	themselves.		

•  F:	I'm	not	liking	the	word	'more'.	Are	we	implying	math	makes	someone	a	more	valuable	member	of	society	compared	
to	someone	in	the	humani4es?	Maybe	rephrase	as	my	math	skills	makes	me	a	valuable	contributor	to	society.		

•  Team	response:	
•  K:	agree	
•  Monique:	Studying	math	makes	me	a	valuable	contributor	to	society	OR	Studying	math	makes	me	more	of	an	

informed	ci2zen.		
•  T:	or	Studying	math	makes	me	a	more	informed	ci4zen.		
•  I:	Agree	Informed	ci4zen,	because	valuable	contributor	requires	students	more	and	high.	
•  D:	I	agree	with	Dr.	F's	ques4ons	--	sounds	exactly	like	that.	People	who	don't	study	math	are	not	valuable	contributors	

or	informed	ci4zens?	That's	simply	offensive	to	people	in	humani4es.	Knowing	math	would	be	somewhat	beuer,	s4ll	
bad	though...	

	

Results: Content Validity 
Experts’ Recommenda&ons 



Results: Content Validity 
Experts’ Recommenda&ons


•  Language		
•  Revise	to	middle-school	level	
•  Math	skills	vs.	math	knowledge	
	

•  Societal	Issues	dimension		
•  Students	difficulty	interpre4ng	“societal	issues”	
•  More	accessible	construct	is	“helping	my	community”	
•  Big	ideas	may	prove	complex	for	students	
•  Use	specific	examples	such	as	“income	inequality”	



Results: Face Validity  
Cogni&ve Pretes&ng


	
				1st	Subscale	(Managing	everyday	life)	
	 	Narrow	interpreta4on	of	“high	school	mathema4cs”	

2nd	Subscale	(Illumina2ng	societal	issues)	
					Challenging	Vocabulary	“inequity,	advocate,	informa2on,	community”	
3rd	Subscale	(Preparing	for	future	careers)	
					Broad	Interpreta4on	of	“professional	life”	and	“earn	a	living”	

					General	Item	Redundancy	
	 	“use”	vs	“apply”	
												“problem	solving	skills”	vs	“knowledge”	
	
	
	



Results: Face Validity  
Cogni&ve Pretes&ng


Item 
wording in 
response 
to expert 
interview 

Revised item 
presented to 
students 
 
Differing 
interpretations 
of community 
(green) 




Results: Descrip&ve Sta&s&cs

			The	means	of	the	hypothesized	career	and	everyday	
relevance	items	were	comparable.	

	
			The	means	of	the	hypothesized	societal	relevance	
items	were	lower	than	the	means	of	the	other	two	
dimensions.	

		
	Also,	the	mean	for	E7r	(“I	already	know	more	math	
than	I	need	in	my	daily	life”)	was	out	of	pauern.		

	
			All	items	had	similar	variance.	
			



Results: Construct Validity

	EFA	assump4ons:		
	

•  Most	items	were	posi4vely	skewed	(as	revealed	by	histograms)	
	

•  The	assump4on	of	linearity	was	met	through	examina4on	of	bivariate	scauerplots		
	
•  Sufficient	variance	was	present	in	the	matrix	as	indicated	by	the	Kaiser-Meyer-Olkin	
(KMO)	measure	of	sampling	adequacy	(meritorious)	

•  Inver4bility	of	the	matrix	was	supported	by	its	determinant	(less	than	0.00000001)	
	
•  Necessary	strength	of	correla4ons	among	variables	was	checked	through	the	
significant	result	of	the	Barleu’s	test	of	Spherisity	
	

•  Correla4onal	analysis	revealed	low	correla4ons	(r	<	0.30)	for	items	E4,	E7r,	and	C3r	



Results: Number of Factors to Retain


22	items:		
• Map:	4	factors	
• Parallel	Analysis:	3	factors	
•  Eigenvalue	>	1:	3	factors	
•  Scree	Plot:	2-3	factors	
	




Results: Construct Validity

Our	theore4cal	3	factor	solu4on	was	
not	supported	by	EFA		

		(64.27%	of	total	variance	explained)	
	
Only	a	few	items	loading	on	the	third	
factor	suggested	considering	a								
2-factor	model	

	
Items	were	not	loading	on	the	
theore4cally	iden4fied	factors;	
some	were	also	cross-loading	

	
Low	communali4es	(less	than	0.5)	
were	also	problema4c	

	




Results: Construct Validity

	Two-factor	model	provided	
interpretable	solu4on	with	62.44%	
of	variance	explained	(a	total	of	6	
items	were	deleted	from	the	
original	scale:	E1,	E5r,	E7r,	C4,	C5,	
and	C7).	

	
	Factor	1	-	everyday	and	societal	
relevance	(mean	=	4.33;	SD	=	1.36),	
Factor	2	-	career	relevance	(mean	=	
4.14;	SD	=	1.10).		

	
	Total	scale	mean	=	4.20;	SD	=	1.05.	
	The	two	factors	were	moderately	
correlated	(r	=	.424).		



Results: Number of Factors to Retain


16	items:		
• Map:	3	factors	
• Parallel	Analysis:	2	factors	
•  Eigenvalue	>	1:	3	(2)	factors	
•  Scree	Plot:	2	factors	
	




Results: Predic&ve Validity with Math Grades

	A	regression	analysis	was	conducted	to	determine	whether	Career	Relevance,	and	Everyday	Life	
and	Societal	Relevance	predict	students’	math	grades	

		
	The	results	indicated	that	21%	of	variance	in	math	grades	was	explained	by	the	model			

	
			Only	Everyday	Life	and	Societal	Relevance	appeared	to	be	a	significant	predictor	of	math	grades		
	
	The	correla4on	between	the	overall	relevance	scale	and	math	grades	was	moderate	(r	=	.458)	

		
	

 Note: math grades variable is heavily positively skewed. 



Results: Predic&ve Validity 
with Career Choice


A	logis4c	regression	was	conducted	
to	determine	whether	relevance	
dimensions	predict	students’	
career	choice.		

	
The	results	showed	that	only	career	
relevance	is	a	significant	predictor	
of	career	choice.	

	
Every	one	point	change	in	career	
relevance	increases	the	odds	of	
being	a	STEM	major	by	3.337.	



Qualita&ve Confirmatory Analysis 
Cogni&ve Pretes&ng


OmiMed	Items	-	Confirma2on	from	Cogni2ve	Interviews	
	
Item	E7r:	“That	seems	like	more	of	an	opinionated	ques4on	because	I	like	math	and	I	would	
love	to	learn	more	math.”	

	
Item	C7:	Strongly	agree	(Describes	math	as	both	gateway	and	career	choices,	restricted	access)	
	
	
	
	
	
	
	



Discussion: EFA with Small Sample Size

Thresholds depend upon: (Winter, Dodou, & Wieringa, 2009)


 



Communalities: 
Strengthens as level of communalities 
increases. 
Recommended >.8	

Range: .419 - .913	
One out of pattern: .206	

Loadings, Factors, Respondents: 
Simulations results for .6 loading with 2 
factors indicated that a sufficient number 
for satisfactory factor recovery for 12-24 
items is 34-39 respondents.	

Loadings range: .6 - .9	
Factors: 2	
Items: 16	
Respondents: 74	

Sample insufficiently representative of the 
population will distort the factor structure	

Sample has high level of homogeneity: 
Math grades positively skewed 
Race/Ethnicity 	

  
 



Limita&ons 



Time	Constraints 		

•  Insufficient	sample	size	(n	<	220)	for	EFA	
Need	both	parents’	consent	and	students’	assent	within	short	data	collec4on	4me	

•  Follow-up	expert	and	cogni4ve	pretest	interviews	not	conducted	

Sampling		
•  Snowball	Sampling	&	Convenience	Sampling		

Not	representa4ve	of	high	school	student	popula4on	
	



Implica&ons 



 
Developing and validating the scale addressed a gap in the field of math 
education 	

•  Lack of scales or measurements about relevance of math 	

Preliminary results support continued development of the scale 

Well-developed & validated scale will be used by	

•  High school students: Metacognitive reflection as high school comprehend and interpret the meaning 
of mathematics 

•  Educators: Understanding students’ perceptions of mathematics usefulness  
•  Policy makers and curriculum designers:  Understanding perceived relevance of math in classrooms 

and school divisions	

 
 



Next Steps for Research 




•  Con4nue	collec4ng	data	to	enlarge	and	diversify	the	sample	
•  Socioeconomic	Status	
•  Ethnicity	
•  Achievement	
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