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ABSTRACT	

Throughout	my	own	college	career,	I’ve	witnessed	the	benefits	of	inquiry-based	

science	instruction	in	students	of	all	ages.	I’ve	seen	the	intrinsic	motivation	and	passion	

come	out	in	children	as	they	have	the	opportunity	to	form	questions,	work	within	a	student	

community,	and	interact	with	meaningful	and	applicable	scientific	problems.	This	thesis	

explores	inquiry-based	learning	in	middle	school	science	classrooms,	and	its	current	

prevalence	in	Tucson,	Arizona	schools.	This	project	takes	the	form	of	a	research	paper	split	

into	three	parts:	1.	a	general	introduction	to	inquiry-based	learning	and	accompanying	

background	literature,	2.	research	and	analysis	based	on	middle	school	science	teacher	

interviews	conducted,	and	3.	a	discussion	of	those	results,	the	implications	for	future	

science	instruction,	and	my	own	personal	and	course	connections.	With	this	research,	I	

reveal	how	much	of	current	science	instruction	in	middle	schools	fall	under	the	category	of	

inquiry-based	and	what	kinds	of	barriers	middle	school	science	teachers	find	in	

implementing	this	type	of	instruction	in	their	classroom.		

	 	



Hastings	 2	

INTRODUCTION	

	 Why	is	a	stingray	flat?	How	come	sharks	have	no	bones?	What	are	gills,	and	why	

don’t	humans	have	them?	Why	do	boy	seahorses	get	pregnant	and	not	girl	seahorses?		

	 All	these	questions	(and	so	many	more)	were	posed	to	me	when	I	gave	students	an	

opportunity	to	ask	them.	Last	year	I	enrolled	in	a	course	titled	“Marine	Discovery”,	taught	

by	the	marvelous	Dr.	Katrina	Mangin,	in	which	University	of	Arizona	undergraduates	had	

the	opportunity	to	lead	discovery-based	marine	science	labs	for	local	3-8	graders	in	the	

community.	We	dissected	squid	and	inquired	as	to	their	body’s	design	and	functions,	

conducted	in-depth	discussions	on	the	importance	of	plankton	and	other	microscopic	

organisms,	and	discovered	the	impacts	that	diet	or	habitat	can	have	on	the	biodiversity	of	

life	that	we	see	all	around	us.	I	watched	as	this	type	of	relaxed	and	exploratory	

environment	invited	students	to	ask	any	question	they	could	think	of.	I	saw	students’	

curiosity	grow	and	burst	out	of	them	as	they	scrambled	for	the	opportunity	to	hold	a	sea	

star	and	feel	their	tubed	feet,	or	conduct	miniature	experiments	on	buoyancy	and	

heterogeneous	mixtures.		

Before	I	took	that	course,	I	knew	I	wanted	to	be	a	teacher,	but	not	just	any	regular	

teacher.	I	looked	at	old	TV	shows	like	The	Magic	School	Bus	and	Bill	Nye	the	Science	Guy	

and	I	asked	myself,	“How	can	I	be	that	kind	of	teacher?”	Not	just	someone	who	stands	at	the	

front	of	the	class	and	spews	knowledge	about	how	“the	mitochondrion	is	the	powerhouse	

of	the	cell”,	but	a	teacher	who	inspires	students	to	get	excited	about	science,	ask	questions,	

and	find	their	own	ways	to	discover	those	answers.		

After	having	this	wonderful	experience,	I	reflected	upon	my	own	science	education	

in	elementary	and	middle	school.	I	remember	copying	down	the	definitions	of	igneous,	
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sedimentary,	and	metamorphic	rocks	out	of	a	15-year-old	textbook.	I	remember	drawing	a	

flow	chart	of	the	“Scientific	Method”	and	stumbling	through	a	worksheet	asking	me	to	

identify	independent	and	dependent	variables.	This	is	not	the	type	of	science	that	inspires	

and	encourages	future	inventors,	visionaries,	astronauts,	and	educators.	This	is	the	science	

that’s	easy.	Prescribed.	Textbook.		

This	is	a	subject	that	I’m	extremely	passionate	about,	and	I	was	lucky	enough	to	find	

Dr.	W.	Barry	Roth	in	the	University	of	Arizona	College	of	Education	who	shared	my	

sentiments	and	was	willing	to	embark	on	this	year-long	research	capstone	with	me.	Our	

goal	is	to	assess	the	current	state	of	science	education	in	middle	school	classrooms	in	the	

greater	Tucson	area	and	champion	the	implementation	of	as	much	inquiry-based	learning	

as	possible.	Identifying	educators’	obstacles	and	successes	in	integrating	this	type	of	

learning	into	their	classrooms	could	lead	to	a	greater	understanding	of	how	to	provide	

support	for	those	teachers	and	encourage	new	ones	to	step	outside	the	box	when	it	comes	

to	their	science	instruction.		

	 My	research	questions	are:		

1) How	much	of	current	science	instruction	in	Tucson	middle	schools	can	be	

characterized	as	inquiry-based	instruction?		

2) What	are	the	impressions	of	Tucson	area	middle	school	science	teachers	regarding	

inquiry-based	instruction?		

3) Are	there	any	observable	trends	between	the	demographics	of	teachers	that	are	

employing	this	type	of	learning	and	those	that	are	not?		
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INQUIRY-BASED	LEARNING	

	 Before	we	delve	into	the	nuances	of	inquiry-based	learning	and	instruction,	a	

common	definition	should	first	be	established.	For	the	purposes	of	this	paper,	inquiry-

based	instruction	(IBI)	will	be	defined	as	purposeful	student-centered	instruction	that	

focuses	on	providing	students	with	the	opportunity	to	deepen	and	broaden	their	

understanding	of	scientific	content	through	intentionally	designed	experiences	(Zambak,	

Alston,	Marshall,	&	Tyminski,	2017).	IBI	requires	that	student	form	their	own	

understanding	of	a	scientific	concept	and	use	scientific	inquiry,	involving;	“…posing	

questions,	making	observations,	designing	investigations,	collecting	information,	analyzing	

and	interpreting	data,	explaining	and	communicating	findings”	(National	Research	Council,	

1996).		

Note	that	this	type	of	instruction	is	not	synonymous	with	the	“Scientific	Method”,	

which	is	a	misrepresentation	of	authentic	scientific	practice.	The	“Scientific	Method”	is	

found	in	most	textbooks	in	K-12	instruction,	and	it	illustrates	a	misguiding	linear	process	of	

“hypothesis	testing”.	Authentic	scientific	practice	involves	a	more	circular	and	independent	

way	of	reasoning	where;	“…multiple	steps	or	phases	are	often	considered	in	relation	to	one	

another	at	the	outset	of	the	investigation”	(Windschitl,	2003).		

Through	the	practice	of	inquiry-based	learning,	students	have	the	opportunity	to	

engage	with	different	scientific	practices	while	simultaneously	studying	scientific	concepts.	

In	inquiry-based	instruction,	students	should	have	the	opportunity	to	explore	the	topic	and	

possible	solutions	before	the	explanation	from	the	teacher,	not	“…confirming	explanations	

through	activities	or	labs	after	the	fact”	(Marshall,	Smart,	&	Alston,	2016).		
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	 There	are	four	different	levels	of	inquiry-based	instruction	ordered	from	most	

amount	of	teacher	guidance	to	least	amount	as	described	by	Mark	Windschitl	(2003):		

1. Confirmation	experiences,	also	known	as	“cookbook	labs”	where	students	follow	a	

set	of	procedures	to	verify	a	well-known	scientific	principle;	

2. Structured	inquiry,	in	which	students	find	the	answer	to	an	unknown	question	by	

following	given	procedures;	

3. Guided	inquiry,	where	teachers	give	a	problem	to	the	students	but	the	students	

must	develop	their	own	methods	of	solving	it;	

4. Open	or	independent	inquiry,	in	which	teachers	allow	the	students	to	develop	their	

own	questions	and	methods	of	answering	them.		

Although	these	differences	are	small,	they	are	by	no	means	insignificant.	They	have	large	

impacts	on	the	benefits	and	learning	of	the	students.	For	example,	guided	inquiry	allows	

students	to	practice	and	exercise	their	creativity,	content	knowledge,	and	data	collection	

methods	in	their	development	of	their	procedures,	whereas	structured	inquiry	would	not	

give	them	any	of	those	opportunities	(Windschitl,	2003).	Unfortunately,	any	type	of	inquiry	

is	difficult	to	find	in	science	classroom	practice	(Wells,	1995),	and	where	it	is	present,	

lower-level	confirmation	exercises	and	structured	inquiry	prevail	(Tobin,	Tippins,	&	

Gallard,	1994).	

	

NSES	VS.	NGSS	STANDARDS	

	 Inquiry-based	instruction	has	recently	become	a	topic	of	interest	due	to	the	

adoption	of	the	Next	Generation	Science	Standards	(NGSS).	This	abandonment	of	the	older	
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National	Science	Education	Standards	(NSES),	signals	a	large	shift	in	expectations	for	K-12	

science	classrooms	for	two	reasons:		

1.	The	level	of	integration	in	scientific	practices	and	scientific	content	has	increased	

drastically.	While	prior	standards	kept	these	two	pieces	separate,	NGSS	emphasizes	the	

importance	of	the	relationship	between	both	practices	and	content	(Achieve,	2013).	

2.	Students	are	now	expected	to	master	a	greater	degree	of	higher-order	(evaluation	

and	creation)	thinking	skills.	Marshall	&	Alston	(2014)	found	that	82%	of	past	life	science	

standards	targeted	lower-level	thinking	skills	(basic	knowledge	and	comprehension),	

whereas	NGSS	allots	only	6%	of	their	life	science	standards	for	lower-order	skills,	29%	for	

middle-order	skills	(application	and	analysis),	and	65%	for	higher-order	thinking	skills	

(evaluation	and	creation).		

	 The	adoption	of	the	NGSS	calls	for	a	reshaping	of	teacher	instruction	and	curriculum	

because	teaching	for	basic	knowledge	and	comprehension	of	concepts	is	very	different	

from	teaching	an	integrated	and	authentic	view	of	science	(Marshall	&	Alston,	2014).	

Whereas	inquiry-based	instruction	might	not	have	served	past	standards	effectively,	the	

active	engagement	with	evidence,	challenging	curriculum,	and	opportunities	for	students	

to	construct	their	own	understanding	are	crucial	to	the	NGSS	standards.	Although	the	new	

standards	do	not	specifically	address	the	use	of	inquiry	as	part	of	its	standards,	its	

performance	expectations	imply	that	IBI	is	a	required	part	of	a	student’s	learning	process	

(Marshall,	Smart	&	Alston,	2016).	“[Inquiry-based	learning]	provides	a	vehicle	by	which	

teachers	can	engage	their	students	in	experiences	that	go	beyond	lower-level	thinking”	

(Marshall,	2013).	
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Not	only	will	instruction	and	curriculum	need	to	change,	but	so	will	traditional	

assessments	of	student	performance.	As	mentioned	before,	previous	measurement	of	a	

student’s	knowledge	have	been	focused	on	lower-order	thinking	skills,	such	as	simple	

recall	of	facts	or	a	basic	understanding	of	scientific	concepts,	and	although	the	tests	

intended	to	measure	the	new	standards	have	not	been	made	available	yet	(Krathwohl,	

2002),	it	is	fair	to	assume	that	they	will	require	a	greater	amount	of	complexity	and	will	

place	a	greater	weight	on	student	thinking	(Marshall	&	Alston,	2016).		

	

IBI	IN	THE	CLASSROOM	

	 Inquiry-based	learning	and	instruction	can	take	on	many	different	forms.	Crawford	

(2000)	catalogued	one	example	of	a	successful	and	sustained	inquiry-based	classroom	via	

interviews	with	the	teacher	and	students,	the	researcher’s	journal	notes,	videotapes	of	

lessons	and	field	trips,	and	anonymous	student	questionnaires	at	the	end	of	the	semester.	

Her	opening	paragraph	describes	the	environment	she	walked	into	on	her	first	day	in	the	

classroom:	“Every	student	appeared	interested	and	engaged	in	various	tasks:	recording	

observations	in	notebooks;	discussing	their	observations	with	other	students;	and	

retrieving	materials	from	a	back	office	area	store	room”	(Crawford,	2000).		

Based	on	year-long	observations,	Crawford	developed	six	key	characteristics	of	this	

teacher’s	inquiry	based	classroom,	which	are	summarized	as	follows:	(a)	situating	

instruction	in	authentic	problems,	or	creating	activities	that	are	relevant	and	posed	by	the	

real	world	which	model	thought	processes	carried	out	by	scientists,	(b)	grappling	with	

data,	the	importance	of	meticulously	collecting	and	analyzing	real-world	data	and	

maintaining	high	standards	for	the	work	students	produce,	(c)	collaboration	of	student	and	
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teacher,	giving	students	encouragement	and	considering	them	valuable	members	of	“the	

classroom	research	team”,	(d)	connection	with	society,	or	encouraging	students	to	share	

their	findings	to	people	outside	of	the	classroom,	(e)	teacher	modeling	behaviors	of	a	

scientist,	conducting	activities	like	designing	studies,	collecting	data,	analyzing	that	data,	

and	sharing	results,	and	(f)	development	of	student	ownership,	in	which	students	take	

responsibility	for	their	own	learning	and	take	pride	in	their	products	(Crawford,	2000).		

	

DIRECT	TEACHING	VS.	INQUIRY-BASED	INSTRUCTION	

Despite	the	new	expectations	laid	out	by	the	NGSS	and	a	call	for	higher-level	

thinking	in	K-12	science	classrooms,	there	is	a	divide	between	the	type	of	teacher	practices	

that	encourage	inquiry	and	what	is	actually	occurring	in	the	classroom	(Capps,	Crawford	&	

Constas,	2012).	Students	rarely	engage	with	constructing	their	own	meaning	and	

reasoning,	and	they	don’t	have	opportunity	to	investigate	their	own	questions	(Kane	&	

Staiger,	2012).	Not	only	that,	“…	the	teacher	remains	the	center	of	the	class	(lecturer,	

explainer,	leader	of	discussions)	where	students	largely	act	as	the	recipient	of	knowledge	

(note	taking,	performing	prescriptive	lab	to	confirm	what	has	been	previously	told,	

responding	to	didactic	questions)”	(Weiss,	Pasley,	Smith,	Banilower	&	Heck,	2003).		

The	type	of	higher	level	thinking	required	in	inquiry-based	learning	also	creates	an	

added	level	of	complexity	for	the	teacher.	Crawford	(2000)	identified	ten	different	roles	

that	a	teacher	must	play	when	developing	and	sustaining	a	successful	inquiry-based	

classroom,	and	mentioned	that	each	of	those	roles	demanded	a	high	level	of	expertise.	

Crawford	found	that	a	teacher	must	put	on	many	different	hats,	including	1.	Motivator	

(encouraging	students	to	take	responsibility	for	their	learning),	2.	Diagnostician	(giving	
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students	the	opportunity	to	explain	themselves	to	assess	their	understanding),	3.	Guide	

(helping	students	develop	strategies),	4.	Innovator	(designing	instruction	by	using	new	

ideas),	5.	Experimenter	(devising	new	ways	to	teach	and	assess),	6.	Researcher	(engaging	

in	solving	problems),	7.	Modeler	(exhibiting	attitudes	of	scientists	via	example),	8.	Mentor	

(providing	scaffolding	for	students	when	necessary),	9.	Collaborator	(exchanging	ideas	and	

roles	with	students),	and	10.	Learner	(opening	oneself	up	to	learning	new	concepts)	

(2000).		

Each	of	these	roles	require	a	commitment	to	inquiry-based	instruction	from	both	

the	teacher	and	the	students.	It	involves	a	nontraditional	environment	and	engaging	

material	and	activities	that	challenge	both	groups.	Crawford	coined	this	term,	

“collaborative	inquiry”,	wherein	the	model	is	not	teacher-centered,	but	where	collaboration	

plays	a	part	in	“…developing	conceptual	understandings	through	shared	learning	

experiences”	(2000).		

	

BARRIERS	TO	INQUIRY-BASED	INSTRUCTION	

In	order	to	have	a	successful	inquiry-based	classroom,	there	are	many	other	

requirements	demanded	of	teachers	and	students,	and	oftentimes	these	can	act	as	barriers	

to	effective	inquiry-based	instruction.	Teachers	can	be	reluctant	to	integrate	inquiry-based	

learning	into	their	own	classrooms,	particularly	because	enacting	it	is	so	complex.	A	large	

barrier	to	IBI	is	science	teachers’	preconceived	notions	regarding	its	implementation	in	a	

classroom	setting.	“Most	science	teachers	view	inquiry	as	difficult	to	manage,	many	

teachers	believe	inquiry	instruction	is	possible	with	only	above	average	students,	and	
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science	teachers	may	be	confused	about	what	constitutes	inquiry”	(Windschitl,	2003;	

Blumenfeld,	Krajcik,	Marx,	&	Soloway,	1994).		

A	study	was	conducted	by	Mark	Windschitl	in	2003	researching	the	effect	

participants’	conceptions	of	the	inquiry	process	had	on	their	likeliness	to	utilize	it	in	their	

own	classroom.	This	study	involved	the	observation	of	six	preservice	secondary	teachers	

during	their	own	2-month	inquiry	project	and	a	subsequent	9-week	student	teaching	

practicum.	Throughout	the	initial	project,	participants	were	encouraged	to	keep	a	journal	

and	document	their	observations	on	the	process,	“…describing	their	efforts	at	posing	

questions,	developing	approaches	to	problem-solving,	and	interpreting	their	findings”	

(Windschitl,	2003).		

Ultimately,	results	revealed	that	only	three	of	the	six	teachers	ended	up	using	some	

form	of	inquiry	in	their	own	classrooms,	and	a	review	of	the	six	participants’	reflections	at	

the	beginning	of	the	project	failed	to	predict	who	would	eventually	utilize	inquiry-based	

instruction	in	their	own	classrooms.	However,	it	should	be	noted	that	the	participants	with	

less	developed	and	sophisticated	views	of	IBI	ended	up	changing	few	preconceived	notions	

about	it.	These	participants	did	not	engage	in	deeper	level	self-reflection	and	reported	few	

problems	in	their	own	inquiry	projects	because	they	believed	inquiry	to	be	a	simple,	linear	

progression	much	like	the	misrepresented	“Scientific	Method”.	Furthermore,	Windschitl	

(2003)	surmises	that	revealing	student	teachers’	beliefs	and	conceptions	regarding	inquiry	

may	be	the	first	step	in	“re-framing	unsophisticated	perceptions	of	science	inquiry”.		

After	examination	of	the	participants’	journal	entries	after	the	inquiry	project,	it	was	

found	that	the	three	participants	of	the	study	who	ended	up	implementing	inquiry-based	

instruction	in	their	own	classrooms	were	the	individuals	who	had,	“significant	
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undergraduate	or	professional	experiences	with	authentic	science	research”	(Windschitl,	

2003).		

	This	experience	with	research	is	a	key	in	actualizing	IBI	in	classrooms.	

Unfortunately,	a	large	portion	of	preservice	teachers	who	intend	on	teaching	science	enter	

their	programs	without	having	had	the	opportunity	to	conduct	any	authentic	research	or	

explore	inquiry	and	investigation	in	their	secondary	or	undergraduate	careers	(Cummins,	

1993;	Shapiro,	1996;	Windschitl,	2000).	This	lack	of	experience	could	affect	the	teacher’s	

belief	in	their	own	science	knowledge,	create	fear	or	worry	that	students	will	pose	a	

question	they	themselves	do	not	know	the	answer	to,	or	a	variety	of	other	factors.	It’s	not	

surprising	that	some	teachers	don’t	feel	confident	when	utilizing	IBI;	“A	common	outcome	

of	existing	studies	is	that	enacting	inquiry-based	science	requires	not	only	sophisticated	

understandings	of	scientific	inquiry	but	also	a	repertoire	of	skills	and	abilities	to	translate	

those	understandings	into	practice”	(Avraamidou,	2017)		

Teachers	and	their	perceptions	play	a	large	part	in	a	successful	inquiry	classroom,	as	

does	advanced	classroom	management.	A	study	conducted	by	Harris	and	Rooks	(2010)	

examined	the	classroom	management	challenges	in	enacting	complex	science	instruction.	

The	researchers	utilized	a	term	coined	pervasive	management	by	Mergendoller	et	al.	

(2006),	a	concept	that	involves	not	just	maintaining	classroom	order,	but	also	sparking	

student	interest	and	planning	intellectually	challenging	activities	(Harris	&	Rooks,	2010).	

This	is	juxtaposed	with	traditional	teacher-centered	management	that	focuses	on	the	

transmission	of	information	from	the	teacher	to	the	students.	

Unfortunately,	many	schools	use	a	curriculum	that	does	not	lend	easily	to	inquiry-

based	instruction	in	the	first	place.	In	other	cases	where	the	curriculum	is	more	easily	
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adaptable,	the	teachers	are	given	a	fair	amount	of	freedom	to	change	these	lessons	to	fit	the	

needs	of	their	students.	This	can	sometimes	create	a	barrier	to	effective	inquiry-based	

instruction	because	following	the	steps	of	the	lesson	perfectly	often	do	not	translate	to	

success	in	the	classroom,	but	moving	too	far	from	the	designed	activity	means	that	the	

lesson	might	not	align	with	the	designated	learning	goals	(Harris	&	Rooks,	2010).		

Other	barriers	to	IBI	include	the	troubleshooting	of	technology	problems	by	teachers	

instead	of	attending	to	students’	thinking	and	learning,	keeping	long	term	projects	

authentic	and	meaningful	to	students,	the	careful	choreography	and	planning	of	lessons	

and	activities	that	progress	toward	an	understanding	of	key	science	concepts,	and	tapping	

into	the	prior	experiences	and	knowledge	of	diverse	students.	(Harris	&	Rooks,	2010).	

Of	course,	teachers	are	not	the	only	ones	who	face	increased	complexity	in	the	

classroom	upon	the	implementation	of	inquiry-based	instruction.	Students	can	easily	be	

overwhelmed	by	the	need	for	an	increase	in	participation,	personal	responsibility	for	

learning,	and	greater	intellectual	effort	(Blumenfeld	et	al.	2006).	These	growing	pains	often	

require	extensive	support	from	the	teacher	as	a	scaffolder	in	order	to	provide	room	for	

development	of	skills	and	traits	necessary	for	students	to	successfully	engage	in	inquiry-

based	learning.	However,	despite	the	need	for	this	support,	there	is	a	fine	line	to	walk	

between	too	much	and	too	little	independence.	Not	enough	structure	can	cause	frustration	

and	withdrawal	from	the	activity	by	the	students,	and	too	much	structure	and	teacher	

instruction	leaves	very	little	room	for	students	to	explore	and	engage	with	the	activity	

(Harris	&	Rooks,	2010).		
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PREPARING	TEACHERS		

	 How	can	we	support	teachers	in	their	journey	to	actualize	inquiry-based	

instruction?	Professional	development	(PD)	interventions	with	current	teachers	are	sure	to	

be	a	large	piece	of	preparing	current	teachers	to	meet	the	new	demands	of	the	NGSS.	In	

order	to	make	PD	effective,	teachers	will	require	long-term	support	and	intervention	from	

administration	and	instructional	staff	because	initial	attempts	at	large	changes	typically	fail	

(Blank,	de	las	Alas	&	Smith,	2008).	According	to	Darling-Hammond	et	al	(2009),	the	

majority	of	teachers	(90%)	who	have	engaged	in	some	form	of	PD	reported	it	to	be	useless.	

Unfortunately,	short-term	workshops	for	teachers	have	not	been	shown	to	have	any	

significant	effect	on	teacher	practice	or	student	achievement	(Yoon,	Ducan,	Lee,	Scarloss	&	

Shapley,	2007).		

There	are	mixed	results	documenting	the	success	of	PD	in	improving	inquiry	

instruction,	however	(Minner,	Levy,	&	Century,	2010).	For	example,	a	5-year	study	done	by	

Marshall	&	Alston	(2014)	sought	to	use	PD	to	(a)	increase	the	quality	and	quantity	of	

inquiry-based	instruction	in	high	minority	schools,	(b)	increase	overall	success	in	student	

achievement	in	science,	and	(c)	narrow	the	achievement	gap	of	minority	students	relative	

to	Caucasian	students.	The	results	showed	increases	in	all	three	areas	based	on	three	

science	Measure	of	Academic	Progress	(MAP)	tests:	science	composite,	science	practices,	

and	science	concepts.	This	study	found	statistically	significant	learning	gains	found	in	both	

scientific	practices	and	science	concepts,	and	also	the	combination	of	the	two.	Of	course,	a	

limitation	of	this	type	of	study	is	the	sheer	amount	of	variables	involved,	most	prominently	

the	multiple	effects	on	student	achievement	(Marshall	&	Alston,	2014).	
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Many	researchers	believe	value	lies	in	integrating	authentic	inquiry	experiences	into	

both	generic	undergraduate	science	courses	and	preservice	methods	courses	for	teachers	

(Bencze	&	Bowen,	2001;	Tamir,	1983).	Windschitl	(2003)	suggests	using	undergraduate	

senior	projects	or	capstone	courses	as	a	way	for	students	to	explore	inquiry,	or	

inviting/featuring	scientists	into	methods	courses	to	discuss	their	nonlinear	investigative	

processes	and	where	their	findings	fit	in	their	particular	discipline	of	science.		

	

BENEFITS	TO	INQUIRY-BASED	INSTRUCTION	

So	why	should	we	put	in	all	of	this	work	to	support	IBI?	Despite	the	obstacles,	

inquiry-based	instruction	is	incredibly	beneficial	to	the	students	and	it’s	something	that	

educators	should	make	an	effort	to	provide.	Wolf	and	Fraser	(2007)	compared	inquiry	vs.	

non	inquiry-based	teaching	via	seventh	grade	physical	science	students’	perceptions	of	the	

classroom	learning	environment,	attitudes	towards	science,	and	student	achievement.	This	

study	used	the	What	Is	Happening	In	this	Class?	(WIHIC)	questionnaire	(Aldridge	et	al.	

1999)	to	assess	the	following	categories:	Student	Cohesiveness,	Teacher	Support,	

Involvement,	Investigation,	Task	Orientation,	Cooperation,	and	Equity.	In	the	student	

cohesiveness	category,	students	in	the	non-inquiry	group	shared	their	experiences	dividing	

their	work	amongst	team	members,	copying	answers,	or	doing	a	large	portion	of	the	work	

without	assistance	from	other	students	in	the	group.	They	also	remarked	that	their	teacher	

involvement	mostly	focused	on	ensuring	that	students	were	staying	on	task	and	following	

directions,	not	misbehaving.	In	contrast,	students	in	the	inquiry-based	group	gave	

examples	and	evidence	of	helping	peers	to	reason	through	problems,	encouraging	each	

other	to	share	their	opinions	respectfully,	working	as	a	team,	and	sharing	resources.	They	
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also	mentioned	the	involvement	of	the	teacher	as	focused	on	student	learning,	not	

classroom	management	(Wolf	&	Fraser,	2007).	

Crawford	(2000)	gave	end	of	the	year	evaluations	to	the	students	in	an	inquiry-

based	ecology	class	in	order	to	evaluate	their	impressions	of	the	course.	The	overall	

consensus	was	that	they	felt	the	work	was	worthwhile,	meaningful,	and	important,	

something	the	students	appreciated.	One	student	wrote:	“I	liked	the	hands	on	work	instead	

of	book	work,	because	I	got	more	out	of	the	class.	I	also	tried	harder	because	what	we	were	

doing	was	worthwhile	and	beneficial	to	society”	(Crawford,	2000).	These	sentiments	can	

often	lead	to	higher	levels	of	intrinsic	motivation	and	pride	in	a	student’s	work.	Crawford	

also	discussed	the	fact	that	the	students	in	this	inquiry-based	course	had	a	chance	to	take	

on	new	and	challenging	roles	typically	reserved	for	the	teacher	instead	of	remaining	

stagnant	in	traditional	student	roles,	like	listener	or	receiver	of	information.	Students	could	

become	collaborators,	leaders,	apprentices,	teachers,	and	planners	(2000).	Growth	in	non-

academic	skills	such	as	leadership	experience,	communication,	and	perseverance	were	also	

observed	(Windschitl,	2000).		

Although	these	nonacademic	skills	are	crucial,	academic	improvement	was	also	

observed	in	the	study	by	Marshall	and	Alston	(2014)	which	sought	to	improve	the	quality	

of	inquiry-based	instruction	under	the	premise	that	it	would	lead	to	significant	increases	in	

student	achievement	over	a	range	of	demographics.	These	researchers	found	that	when	

compared	to	a	control	group,	all	demographics	(collective,	male,	female,	Caucasian,	African-

American,	and	Hispanic)	showed	significant	growth	over	the	non-participating	classes	in	

three	different	categories:	science	composite,	science	practices,	and	science	concepts.		
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All	in	all,	the	overwhelming	majority	of	experts	cannot	deny	the	value	of	inquiry-

based	instruction	in	the	K-12	science	classroom.	I’m	interested	in	discovering	whether	

Tucson	teachers	have	managed	to	overcome	the	barriers	identified	in	this	research	or	if	

they’ve	encountered	obstacles	that	have	not	been	considered.	It	is	possible	that	teachers	

might	express	a	desire	to	implement	IBI,	but	have	yet	to	figure	out	how.	Their	personal	

backgrounds	(demographics,	experience,	teacher	preparation,	science	education)	could	

also	play	a	part	in	their	impressions	of	inquiry	and	likelihood	to	implement	it	in	their	own	

classrooms,	so	there’s	a	possibility	of	observable	trends	being	identified	in	this	research	as	

well.	These	trends	and	impressions	could	be	integral	in	identifying	ways	to	support	

teachers	and	students	in	the	implementation	of	inquiry-based	instruction	in	Tucson’s	

middle	school	science	classrooms.		
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SUMMARY	OF	RESEARCH	METHODS	
	 	

I	reached	out	to	middle	school	science	teachers	(6th-8th)	in	multiple	districts	asking	

for	their	participation	in	this	study.	I	conducted	interviews	with	four	different	individuals,	

transcribed	them,	and	analyzed	them	for	common	themes.	This	research	focuses	on	the	

teachers’	impressions	of	inquiry-based	instruction.	I	wanted	to	reveal	how	middle	school	

teachers	in	Arizona	teach	science,	what	methods	appear	to	be	effective	in	their	classroom,	

and	possible	struggles	they	find	in	implementing	inquiry-based	instruction.	My	interview	

questions	are	listed	below.		

1. Overall,	how	many	years	of	teaching	experience	do	you	have?	

a. How	many	of	those	are	in	your	current	teaching	position?	

2. How	would	you	describe	the	science	education/content	preparation	you	received	to	

become	a	science	teacher?	

a. What	type	of	teaching	certification	do	you	have?	(K-8,	6-8	endorsement,	etc.)	

3. Did	you	enter	teaching	right	out	of	college	or	did	you	re-career?	

a. If	re-career,	what	did	you	do	prior	to	teaching?	

4. What	is	your	own	interpretation	of	inquiry-based	instruction?	

a. What	might	inquiry-based	instruction	look	like	in	your	own	classroom?	

5. Research	shows	that	inquiry-based	instruction	is	desirable,	but	there	are	stumbling	

blocks	in	implementing	it	in	a	classroom.	What	do	you	perceive	(for	you	or	other	

teachers)	that	gets	in	the	way	of	this	instruction?	

6. How	do	you	reconcile	the	depth	vs.	breadth	argument?	(the	need	to	cover	a	certain	

amount	of	content	as	opposed	to	covering	it	in	depth)	

7. What’s	your	favorite	unit	to	teach?	

a. Can	you	recall	a	favorite	lesson	within	that	unit	to	teach?	

8. What’s	your	least	favorite	unit	to	teach?	

a. Least	favorite	lesson	to	teach?		

9. How	is	your	instruction	influenced	by	high	stakes	testing?		

10. Is	there	a	district-mandated	curriculum	that	you	are	required	to	follow?		
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a. If	not,	how	do	you	decide	what	to	teach	and	how	to	teach	it?	

b. If	so,	what	freedom	do	you	have	to	deviate	from	that	curriculum	if	necessary?	

11. If	I	think	of	any	additional	questions,	can	I	reach	out	to	you	in	the	future?	

	

TEACHER	INTRODUCTIONS	

I	found	four	individuals	in	various	districts	around	Tucson	that	were	willing	to	

participate	in	my	study	(all	names	are	pseudonyms).		

Ms.	Reyes	is	a	teacher	with	twenty-five	years	of	teaching	experience,	sixteen	of	

which	are	in	seventh	grade	science	in	her	current	school.	She	pursued	degrees	in	athletic	

medicine/athletic	training	and	secondary	education	and	began	teaching	after	graduating	

college.	Although	her	science	classes	at	her	university	were	“amazing”,	she	lamented	the	

lack	of	classroom	exposure	she	had	in	her	education	courses.	“We	did	not	go	out	as	a	

freshman	to	observe	a	teacher.	Your	observations	were	your	college	professors	and	how	

they	taught	and	if	you	liked	something	of	theirs…”	

Ms.	Jones	has	seven	years	of	total	teaching,	not	including	one	full	year	of	student	

teaching.	All	of	these	years	have	been	in	middle	school	science,	but	this	is	her	first	year	as	

an	instructional	coach	and	model	teacher	for	her	team.	She	graduated	with	an	

undergraduate	degree	in	Family	Studies	and	Human	Development	and	then	immediately	

returned	to	university	for	a	master’s	degree	in	Secondary	Education.	“People	with	my	

undergrad	degree	were	going	into	social	work	and	I	knew	I	didn’t	want	to	do	that.	I	got	my	

teaching	exposure	from	an	internship	with	a	children’s	museum	downtown.	I’m	considered	

highly	qualified	for	middle	school	science	because	of	my	minor	courses	I	took.”	Both	Ms.	

Reyes	and	Ms.	Jones	will	be	referred	to	as	the	“veteran”	teachers	in	this	study.	
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Mr.	Smith	has	three	total	years	of	teaching	experience,	with	two	as	a	teaching	intern	

and	one	as	a	probationary	teacher.	He	graduated	with	a	Bachelor	of	Science	degree	in	

Environmental	Science,	and	completed	a	post-degree	teaching	internship	program	to	

obtain	his	teaching	credentials.	Before	teaching	he	was	a	lab	technician	in	a	pathology	

laboratory.	Mr.	Eaton	has	less	than	a	year	of	teaching	total,	as	this	is	his	first	year	after	he	

re-careered.	Most	of	his	science	education	and	content	preparation	was	for	his	

undergraduate	degree	in	Natural	Sciences	and	professional	time	as	a	weather	forecaster,	

which	he	did	for	eleven	years.	Mr.	Smith	and	Mr.	Eaton	will	be	referred	to	as	the	new	or	

“rookie”	teachers.		

	

TEACHER	IMPRESSION:	TIME	AS	AN	OBSTACLE	

The	time	required	by	this	method	of	instruction	was	an	obstacle	I	expected	to	hear	

about	from	every	teacher	I	interviewed.	Everything	I’ve	seen	and	read	about	inquiry-based	

instruction	shows	that	it	requires	effort	and	energy	on	both	fronts;	from	the	students	and	

the	teachers.	I	saw	this	pattern	in	both	of	my	veteran	teacher	interviews,	but	this	was	not	a	

barrier	identified	by	either	of	the	teachers	with	less	than	five	years	of	experience.	Ms.	

Reyes	alluded	to	it	in	several	different	answers,	whereas	Ms.	Jones	stated	explicitly:	“Time	

is	the	number	one	obstacle.	We	need	time	to	develop	the	lessons	and	activities,	and	there	

needs	to	be	enough	time	for	students	to	feel	comfortable	with	not	knowing	the	answer.	So	

much	of	the	year	is	spent	undoing	the	student’s	perception	of	answering	questions,	because	

they’re	so	focused	on	the	right	and	wrong.”		

It	takes	time	for	students	to	become	comfortable	with	not	knowing	the	answer	to	a	

question	and	the	effort	required	to	seek	it	out.	This	supports	the	research	done	by	
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Blumenfeld	et.	al	(2006)	which	highlights	the	importance	of	“providing	room	for	

development	of	skills	and	traits	for	students	to	successfully	engage	in	inquiry-based	

learning”.	The	sudden	increase	in	participation,	personal	responsibility,	and	intellectual	

effort	on	behalf	of	the	student	can	be	jarring,	and	extensive	scaffolding	and	support	from	

the	teacher	is	necessary	to	build	those	critical	thinking	skills	first	for	later	success.		

Although	time	was	not	directly	listed	in	my	research	as	a	barrier,	I’ve	found	that	this	

is	consistent	with	the	ideas	I	mentioned	earlier	in	my	literature	review.	IBI	should	take	

longer	than	traditional	“textbook”	science	because	it	seeks	to	deepen	and	broaden	

understanding	of	scientific	content	(Zambak,	Alston,	Marshall,	&	Tyminski,	2017).	

Authentic	scientific	practice	may	include	more	steps	than	the	linear	“hypothesis	testing”	

that	the	Scientific	Method	encourages.	Scientific	inquiry	often	requires	a	circular,	rather	

than	linear,	method	of	reasoning.	In	many	cases,	research	can	lead	to	more	questions	than	

it	does	answers.	Giving	students	the	opportunity	to	explore	these	questions,	ask	more,	and	

eventually	craft	their	own	understanding	of	a	scientific	concept	takes	time	and	energy	from	

both	the	teacher	and	the	student.			

	

TEACHER	IMPRESSION:	CERTAIN	TOPICS	LEND	TO	INQUIRY	MORE	THAN	OTHERS		

	 Another	impression	the	veteran	teachers	I	interviewed	had	in	common	was	an	

understanding	that	not	all	scientific	concepts	lend	to	inquiry-based	instruction	easily.	Ms.	

Reyes	explained	that	abstract	concepts	are	more	difficult	to	explain	and	understand	as	

opposed	to	concrete	concepts;	“Most	of	the	stuff	that	comes	out	of…	astronomy,	where	

there	[are]	concepts	that	happen	without	us	being	able	to	see	or	touch	them.	Now	[inquiry]	

is	easier	with	geology	because	it	relates	very	easily	to	what	we	know	about	the	earth.”	I	
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took	this	to	mean	that	certain	subjects	within	science	might	be	more	accessible	via	IBI	than	

others.		

	 Ms.	Jones	had	a	different	lens,	but	a	similar	idea.	“Some	topics	are	difficult,	like	

density	and	solubility.	How	do	you	make	that	super	open?	Some	ideas	lend	themselves	to	

direct	instruction...	Some	lessons	and	standards	don’t	work	well	with	IBI.	For	example,	

we’re	teaching	chemistry	right	now.	They’re	learning	the	ins	and	outs	of	the	periodic	table	

for	the	first	time,	because	this	is	their	first	exposure	to	it.”	

	 This	wasn’t	a	barrier	I’d	identified	in	my	research,	and	I	found	these	answers	to	be	

valuable	insights	and	something	I	hadn’t	considered	originally.	Veteran	teachers	had	first-

person	experience	with	what	they	saw	working	(and	not	working)	in	their	classroom,	and	

they	noticed	that	a	certain	amount	of	direct	instruction	was	necessary	to	give	students	the	

proper	prerequisite	knowledge.	Similarly,	Bloom’s	Taxonomy	(a	pyramid	consisting	of	six	

levels	of	understanding)	has	knowledge	and	comprehension	as	the	foundational	base	of	the	

pyramid.	Without	initial	understanding	of	basic	concepts,	higher-order	thinking	

(evaluation	and	creation)	cannot	be	achieved.	Although	higher-order	thinking	is	something	

to	strive	for	(and	something	the	Next	Generation	Science	Standards	champion),	laying	firm	

groundwork	for	a	unit	or	topic	is	incredibly	important	and	direct	instruction	can	be	

valuable	in	ensuring	that	students	have	the	correct	knowledge	with	which	to	begin	building	

their	understanding.		

	
	 	
TEACHER	IMPRESSION:	LEVEL	OF	EXPERIENCE	AND	AGE/DEVELOPMENT	OF	CHILD		

The	concept	of	having	a	strong	foundation	for	students	to	build	upon	leads	to	my	

third	teacher	impression,	which	is	one	that	took	me	completely	by	surprise.	In	three	of	the	
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four	interviews	I	conducted,	teachers	referred	to	a	student’s	prior	experience/knowledge	

or	their	or	age/development	as	a	barrier	to	inquiry-based	instruction.	This	was	found	

regardless	of	years	of	experience	teaching	science.		

Mr.	Eaton	explained	that	his	students’	previous	knowledge	made	it	difficult	to	

implement	IBI:	“I’ve	found	that	many	students	lack	prerequisite	knowledge	of	basic	

scientific	and	logical	principles,	like	the	scientific	process	or	variables,	to	even	think	on	this	

level	at	middle	school.”	Ms.	Reyes	expressed	that	she	found	it	difficult	to	use	IBI	with	her	

seventh	graders	due	to	their	age	and	level	of	development.	“…astronomy,	since	it’s	so	

abstract…	some	kid’s	brains	just	haven’t	developed	to	where	they	can	do	that	abstract	

concept.	So	you’re	doing	a	lot	of	modelling,	and	that	is	not	inquiry-based.	That’s	modelling.	

And	so	unfortunately	you	don’t	get	to	do	inquiry-based	unless	you’re	forcing	the	issue.”	

	 Mr.	Smith	brought	up	multiple	points	in	this	quote,	but	I	feel	his	idea	of	background	

and	diversity	as	a	barrier	fits	best	in	this	category:	“For	me,	I	see	the	natural	diversity	of	

students	as	a	barrier.	Not	all	students	take	to	the	inquiry-based	instruction	due	to	their	

own	inherent	background.	It	can	take	time	to	instruct	all	students	in	how	to	process	

through	an	inquiry-based	lesson.	This	can	be	frustrating	for	teachers	not	familiar	with	this	

method	and	can	lead	to	problems	in	classroom	management.”		

	 This	was	a	point	of	contention	for	me	that	I’ll	expand	on	later,	but	in	a	way,	these	

responses	confirmed	what	was	found	in	the	literature	as	well.	I	did	not	find	any	research	

confirming	that	a	student’s	background,	prior	knowledge,	age,	or	development	is	a	factor	

that	indicates	success	with	inquiry-based	instruction.	However,	I	did	find	research	that	

most	teachers	believe	inquiry	instruction	is	only	possible	with	exceptionally	well	behaved	

or	above	average	students.	Not	only	that,	research	shows	that	teachers	with	“less	



Hastings	 23	

developed	and	sophisticated	views	of	inquiry-based	learning	ended	up	changing	few	

preconceived	notions	about	it”.	(Windschitl,	2003;	Blumenfeld,	Krajcik,	Marx,	&	Soloway,	

1994).	

	

TEACHER	IMPRESSION:	INFLUENCE	OF	HIGH	STAKES	TESTING	&	CURRICULUM		

The	last	two	questions	that	I	asked	in	my	interviews	were	regarding	the	influences	

of	high	stakes	testing	and	curriculum	on	each	teacher’s	instruction.	This	was	probably	the	

question	I	wanted	to	get	insight	on	the	most,	because	I	was	expecting	a	wide	variety	of	

answers	and	I	presumed	that	more	established	teachers	would	feel	less	pressure	regarding	

these	two	factors.	I	was	correct;	the	more	years	of	experience	a	participating	teacher	had,	

the	less	worried	they	were	about	district-mandated	curriculum	and	high	stakes	testing.	

The	most	affected	by	standardized	testing	was	Mr.	Eaton,	the	newest	teacher	I	

interviewed.	He	lamented	devoting	the	fourth	quarter	of	instruction	solely	to	test	

preparation,	and	also	struggled	with	the	perceptions	that	students	had	regarding	testing.	

“Mostly	time	taken	away	from	instruction	(we	have	to	cover	a	year’s	worth	of	material	in	

three	quarters)	and	student	attitude	towards	the	testing.	Either	they	don’t	care,	or	it	

stresses	them	out.	It	is	my	first	year	of	teaching,	so	I	don’t	have	experience	with	it	affecting	

my	career	or	anything.”	

Mr.	Smith	brought	up	an	interesting	point	about	the	curriculum	he	was	provided	

with	at	the	beginning	of	the	year.	“My	district	is	fairly	strict	about	the	content	we	need	to	

cover	and	the	pacing	of	it.	I	do	not	always	get	the	luxury	of	covering	topics	in	depth.	I	feel	

that	this	is	just	one	of	the	problems	facing	teachers	and	students.	Are	we	teaching	to	the	

test,	are	we	teaching	critical	thinking	skills,	are	we	teaching	to	mastery	and	understanding,	
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or	are	we	just	marking	a	check	in	a	box	that	we	said	something	in	class?”	This	brings	up	an	

interesting	debate	in	education;	if	we	should	teach	a	small	amount	about	a	lot	of	topics,	or	if	

we	should	teach	a	small	amount	of	topics	in	greater	depth.	

Ms.	Jones	talked	about	some	influence	that	testing	had	on	how	her	curriculum	was	

developed,	but	she	also	expressed	being	able	to	adjust	her	pace	to	best	reach	all	of	her	

students.	“We	base	our	entire	curriculum	and	the	depth	of	each	topic	around	how	much	is	

covered	on	the	AIMS	test.	I’ve	developed	some	things	to	make	kids	more	comfortable	

though.	I	took	the	practice	test	that	was	sent	out	to	the	science	teachers	and	I	pull	one	

question	from	it	every	week	for	‘Test	Question	Tuesday’	so	that	students	can	see	how	what	

they’re	learning	is	connect	to	the	test.”	Although	she	enjoyed	the	freedom	to	best	serve	her	

classes,	she	also	lamented	that	there	wasn’t	enough	accountability	in	her	district.	“If	I	see	

that	my	kids	are	struggling,	I’ll	slow	down	and	spend	more	time	on	a	subject.	So	technically,	

I’m	behind	on	curriculum	right	now.	When	it	comes	to	the	district	though,	there’s	no	

accountability	whatsoever.	Even	in	my	role	as	an	instructional	coach	and	a	mentor	teacher,	

I	don’t	have	any	authority	to	keep	my	team	members	on	track.”	

Lastly,	Ms.	Reyes	discussed	her	own	opinion	on	these	topics,	her	view	being	the	

most	laissez-faire	out	of	all	of	the	teachers:	“I	don’t	give	a	shit.	I’m	a	good	teacher.	They’re	

going	to	learn.	But	also,	it’s	really	easy	to	say	that	I	don’t	give	a	shit	because	the	kids	do	not	

have	high	stakes	testing	so	much	in	science	yet.”	She	also	touched	on	her	own	

incorporation	of	the	standards	into	her	classroom:	“What’s	interesting	is	that	there’s	not	so	

many	standards	that	you	can’t	make	it	your	own.	So	the	standards	can	be	interpreted	in	

different	ways,	and	science	teachers,	thank	goodness,	have	their	own	strengths.	Every	
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science	teacher	will	be	a	little	bit	different,	and	what	they	bring	to	the	table	(if	they’re	

excited	about	it)	gets	the	kids	excited.”	

These	responses,	because	they	were	such	a	wide	spectrum,	didn’t	necessarily	

support	or	refute	the	literature	directly.	The	teachers	that	worked	in	schools	utilizing	a	

strict	curriculum	map	(Mr.	Eaton,	Mr.	Smith,	Ms.	Jones)	did	express	difficulty	making	time	

for	inquiry,	whether	that	be	due	to	the	time	taken	by	test	preparation	or	the	strictness	of	

the	district’s	adherence	to	their	curriculum.	Certain	curriculums	are	indeed	more	adaptable	

and	therefore	lend	themselves	to	inquiry	more	easily	whereas	others	are	more	rigid	and	

traditional	(Harris	&	Rooks	2010).	It’s	unclear,	however,	whether	Ms.	Reyes	had	the	same	

amount	of	pressure	from	curriculums	and	her	district	and	decided	to	disregard	them	due	to	

her	years	of	experience,	or	if	there	was	no	pressure	from	administration	in	the	first	place.	

Alternatively,	other	teachers	in	her	school	might	be	held	more	accountable	whereas	Ms.	

Reyes	might	have	somewhat	of	a	free	pass	to	do	what	she	wants	so	long	as	she	meets	the	

standards.		

	
SUMMARY	OF	RESEARCH	
	

Based	on	my	analysis	of	the	interview	data,	teachers	participating	in	this	study	have	

encountered	some	of	the	barriers	identified	in	the	literature	and	also	new	ones	that	had	not	

been	considered	previously.	I	anticipated	personal	education	backgrounds	playing	a	much	

larger	part	in	teachers’	impressions	of	inquiry	and	likelihood	to	implement	it	in	their	own	

classrooms,	and	I	was	surprised	by	the	deviation	from	the	literature	in	this	respect.	In	the	

2003	study	by	Mark	Windschitl	it	was	found	that	out	of	six	preservice	teachers	who	

participated,	only	three	of	them	ended	up	implementing	inquiry-based	instruction	in	their	

own	classrooms.	These	three	participants	were	individuals	with,	“significant	
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undergraduate	professional	experiences	with	authentic	science	research”	(Windschitl	

2003).	The	interviews	I	conducted	did	not	support	this	conclusion,	because	there	was	no	

apparent	correlation	between	the	teachers	who	had	more	extensive	backgrounds	in	

science	and	those	who	had	positive	impressions	regarding	implementing	inquiry-based	

instruction.	

I	started	this	project	with	what	I	thought	was	a	clear	idea	of	inquiry-based	

instruction.	After	reading	the	literature,	the	benefits	seemed	so	obvious	and	although	I	

identified	barriers	and	obstacles	in	other’s	research,	I	didn’t	necessarily	have	a	holistic	

view	of	everything	involved	in	how	teachers	teach	students.	After	poring	over	

transcriptions	of	these	interviews,	I’m	realizing	that	it’s	not	cut	and	dry.	It’s	a	messy	web	of	

teachers,	students,	administration,	state	and	national	influences,	and	many	other	variables.	

I	feel	a	personal	connection	with	these	teachers	and	their	struggles	do	provide	their	

students	with	the	best	instruction.	And	although	I	am	still	armed	with	the	raw	excitement	

for	inquiry	that	I	started	this	project	with,	I	can	move	into	my	own	classroom	with	a	more	

realistic	view	of	what	inquiry-based	instruction	is	and	why	it	might	be	difficult	to	use,	no	

matter	how	beneficial	it	might	be.		
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COURSE	CONNECTIONS	

	 After	completing	my	literature	review	and	conducting	my	own	research,	I	was	left	

with	a	passion	for	inquiry-based	instruction	that	was	somewhat	unguided.	I	knew	that	

theoretically	I	wanted	to	somehow	incorporate	inquiry	into	my	own	classroom,	but	wasn’t	

quite	sure	how	to	do	so.	The	National	Research	Council	identified	scientific	inquiry	as:	

“…posing	questions,	making	observations,	designing	investigations,	collecting	information,	

analyzing	and	interpreting	data,	explaining	and	communicating	findings”	(1996).	But	what	

does	that	look	like	in	practice?		

Thankfully,	I’ve	been	immersed	in	a	science	methods	course	for	K-8	education	as	

part	of	my	undergraduate	degree	which	has	helped	me	answer	that	question.	In	this	class	I	

saw	firsthand	how	to	teach	using	inquiry	and	received	hands-on	experience	crafting	my	

own	lessons.	My	instructor	introduced	the	concept	of	“Scientist’s	science”,	or	the	

Experiences-Patterns-Explanations	triangle	(Anderson	2003;	Sharma	and	Anderson	2009),	

and	spent	the	entire	semester	building	an	understanding	of	what	that	looked	like	in	

practice.	Scientist’s	science	can	be	visualized	as	a	triangle,	with	student	experiences	with	

certain	phenomena	forming	the	foundation,	patterns	and	generalizations	in	the	middle,	and	

explanations	(theories	and	models)	forming	the	apex.	Inquiry	means	learning	from	

experience,	the	idea	being	that	students	have	chances	to	interact	with	phenomena	and	use	

critical	thinking	to	identify	patterns	before	a	scientific	explanation	is	introduced.		

My	favorite	format	to	use	when	drafting	an	inquiry-based	lesson	is	the	Inquiry	

Application	Instructional	Model,	or	I-AIM.	I-AIM	splits	an	authentic	science	lesson	into	five	

different	stages:	Question,	Explore	and	Investigate,	Explain,	Apply,	and	Reflect.	These	

stages	correspond	to	the	Experiences-Patterns-Explanations	(EPE)	triangle.	Using	this	
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format	I	created	and	conducted	a	Scientist’s	Science	lesson	in	which	fifth	grade	students	

explored	aspects	of	the	food	chain	through	hands-on	activities	and	group	discussion	that	

the	kids	loved	participating	in	and	I	loved	teaching.	I	began	by	posing	a	question	to	the	

class:	“How	do	living	things	get	their	energy?”		We	then	explored	the	concept	of	a	food	

chain	by	facilitating	an	activity	involving	using	popcorn	to	represent	energy,	and	having	

students	consume	and	pass	on	“energy”	as	if	they	were	organisms	in	an	ecosystem	

(Experiences).	We	then	had	a	class	discussion,	first	in	small	groups	and	then	as	a	whole	

class,	and	identified	things	we	noticed	and	patterns	we	saw	(Patterns).	Then,	finally,	we	

constructed	a	food	chain	diagram	together	and	practiced	writing	explanations	to	answer	

our	original	question,	“How	do	living	things	get	their	energy?”	(Explanations)	

	 Another	concept	covered	at	length	in	my	science	methods	course	was	the	

importance	of	a	student’s	Funds	of	Knowledge	and	Science	Toolkits.	These	are	described	as	

any	sort	of	conceptual	knowledge	that	a	learner	has	about	an	idea,	personal	and	cultural	

tools	for	learning,	and	any	special	needs	or	talents	a	student	might	have.	My	instructor	

drilled	into	us	the	importance	of	using	these	building	blocks	to	our	advantage	as	educators.	

“Planning	instruction	for	learners	means	that	you	have	to	know	a	lot	about	the	learners	you	

are	teaching,	especially	if	you	want	to	help	build	bridges	between	their	lives	and	the	

subjects	that	they	are	to	learn”	(Gonzalez	&	Amanti	2005;	Campbell	&	Windschitl	2016).	

She	focused	on	a	student’s	prior	knowledge	and	experiences	as	a	tool	to	utilize,	not	an	

obstacle	to	overcome.	

	 As	I	mentioned	previously,	I	was	surprised	that	teachers	I	interviewed	identified	the	

diversity	and	learning	styles	of	students	as	barriers	to	inquiry-based	instruction.	My	

professor	always	encouraged	the	use	of	Funds	of	Knowledge	and	Science	Toolkits	as	
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something	to	capitalize	on	and	take	advantage	of.	There	is	no	age	barrier	for	students	who	

receive	the	benefits	of	student-led	learning;	I	observed	my	professor	conduct	inquiry	in	a	

class	full	of	3rd	graders.	She	taught	the	mechanics	of	soundwaves	and	vibration	by	

providing	the	students	with	tuning	forks	and	aluminum	tins	and	other	sound-making	

materials.	She	gave	them	time	to	explore	and	gather	data,	identify	patterns	in	what	they	

were	seeing,	and	come	to	conclusions	that	they	then	communicated	with	their	peers.	Unlike	

the	teachers	I	interviewed,	I	don’t	believe	that	the	age	or	development	of	students	are	

obstacles	to	inquiry-based	learning.	I	don’t	think	that	a	student’s	background	or	“diversity”	

prevents	them	from	gaining	the	benefits	of	inquiry-based	instruction.	I	think	the	

preconceived	notions	of	teachers	about	what	their	students	are	capable	of	is.		

	

NGSS	TO	NEW	AZ	STANDARDS	

In	my	literature	review	I	discussed	the	implementation	of	the	Next	Generation	

Science	Standards	(NGSS)	and	the	increase	in	integration	between	scientific	practices	and	

scientific	content.	This	shift	from	the	National	Science	Education	Standards	(NSES)	

signaled	a	change	in	how	science	should	be	taught,	and	to	an	extent,	how	teachers	should	

be	taught	to	teach	science.	The	NGSS	pushes	the	importance	of	allowing	students	to	

construct	their	own	meaning	and	understanding	of	scientific	ideas.		

Arizona	recently	passed	new	science	standards	in	October	of	this	year	(2018)	that	

emulate	these	aspects	of	science	education	as	well.	They	focus	on	a	structure	called	the	

three	dimensions	of	science,	in	which	core	ideas,	crosscutting	concepts,	and	science	and	

engineering	practices	are	intertwined.	Core	ideas	are	identified	as	physical,	life,	earth	and	

space	sciences	and	understanding	their	phenomena.	Crosscutting	concepts	bridge	
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boundaries	and	create	a	framework	to	connect	knowledge	from	different	disciplines.	

Science	and	engineering	practices	focus	on	engaging	students	in	the	authentic,	complex,	

and	nonlinear	process	of	investigating	and	learning	about	science.	

(http://www.azed.gov/standards-practices/k-12standards/standards-science/)	

Although	this	is	a	tumultuous	time	for	science	education	in	Arizona	as	the	old	

standards	are	phased	out	and	the	new	standards	take	their	place,	I’ve	had	an	exceptional	

opportunity	to	work	with	both	and	identify	the	similarities	and	differences	between	them.	

As	a	future	educator,	I’m	excited	to	implement	these	new	standards	and	see	the	direction	

that	our	education	is	moving	in,	but	that	isn’t	the	case	isn’t	for	everyone.	A	science	teacher	

that	I	worked	with	this	semester	for	a	course	fulfillment	expressed	concern	that	the	

standards	were	changing.	She	would	be	teaching	different	material	and	was	unable	to	use	a	

lot	of	the	resources	that	she’s	built	over	the	past	few	years.	I	wouldn’t	be	surprised	if	other	

educators	felt	the	same	way;	a	little	apprehensive	about	doing	things	differently.		

	

ACKNOWLEDGEMENTS	

	 I	started	this	capstone	project	a	year	ago	with	no	real	idea	where	it	was	going	to	

lead	me.		I	was	more	than	a	year	and	a	half	from	graduating	at	that	point	and	still	felt	like	a	

student	as	opposed	to	a	teacher.	Now	almost	a	year	later,	I’ve	received	a	student	teaching	

placement	in	an	8th	grade	science	classroom	working	with	a	mentor	teacher	with	over	

twenty	years	of	experience.	This	teacher	who	in	no	uncertain	terms	expressed	his	delight	in	

having	a	student	teacher	enter	his	classroom	and	provide	a	new	set	of	eyes	and	ideas	

regarding	inquiry	and	student-led	learning.	I	am	thrilled	to	be	able	to	learn	alongside	and	



Hastings	 31	

collaborate	with	this	individual,	and	I’m	incredibly	grateful	for	Dr.	Barry	Roth	and	Ms.	

Margaret	Schafer	for	working	together	to	make	this	opportunity	available	to	me.	

	 Throughout	this	experience,	I’ve	been	lucky	to	interact	with	and	learn	from	science	

teachers	all	over	the	Tucson	area.	They	offered	to	me	their	precious	time	and	experiences	

in	order	to	help	me	complete	this	project.	I’m	so	grateful	for	their	participation	and	

contribution,	and	I	feel	that	I’ve	learned	so	much	for	the	people	that	are	already	in	this	

field.	I	already	feel	such	a	sense	of	comradery	with	this	community,	and	I	feel	like	I’ve	been	

welcomed	into	the	fold	with	open	arms.			

I’ve	taken	a	science	methods	course	this	semester	with	an	incredibly	talented	

professor	(Dr.	Kristin	Gunckel,	Associate	Professor	of	Science	Education)	who	shares	my	

passion	for	inquiry	and	made	sure	to	ask	me	how	my	research	was	coming	along	every	

time	I	saw	her	in	class.	I	was	so	blessed	to	gain	additional	insight	into	the	practical,	nitty-

gritty	practice	of	implementing	inquiry	in	classrooms	at	any	age.	Also,	with	the	roll-out	of	

the	new	science	standards	that	were	approved	this	year,	I’ve	been	fortunate	to	have	such	a	

knowledgeable	guide	in	dissecting	just	what	these	new	standards	mean	for	science	

education	in	the	state	of	Arizona.		

	And	of	course,	it’s	been	such	an	incredible	opportunity	to	work	with	Dr.	W.	Barry	

Roth	as	a	mentor	for	this	project,	someone	who	has	guided	me	with	the	steadiest	of	hands	

and	encouraged	me	to	push	myself	and	ultimately	succeed	beyond	what	I	thought	I	was	

capable	of.	I	started	my	freshman	year	as	a	shy	student	who	had	difficulty	speaking	directly	

with	faculty	and	taking	an	active	role	in	my	learning.	This	project	has	urged	me	to	confront	

my	fears,	and	ultimately	has	shaped	my	undergraduate	career	more	than	any	one	class	

could.	I’ve	developed	a	sense	of	pride	and	responsibility	for	my	education,	and	I	feel	more	



Hastings	 32	

capable	and	competent	as	a	future	teacher	and	a	life-long	learner.	Lastly,	I’d	like	to	thank	

the	Honors	College	for	providing	me	with	this	opportunity	to	take	charge	of	my	education,	

and	I’m	excited	to	see	what	the	future	brings.	Go	Wildcats!	Bear	down!	

	

	

	

	

	 	



Hastings	 33	

RESOURCES:	
	
Achieve	(2013).	Next	generation	science	standards.	Retrieved	from
	 http://www.nextgenscience.org/		
Aldridge,	J.	M.,	Fraser,	B.	J.,	&	Huang,	I.	T.	C.	(1999).	Investigating	classroom	environments
	 in	Taiwan	and	Australia	with	multiple	research	methods.	Journal	of	Educational
	 Research,	93,	48-57.	
Anderson,	C.W.	2003.	Teaching	science	for	motivation	and	understanding.	Michigan	State
	 University.		
Avraamidou,	L.	(2016).	A	well-started	beginning	elementary	teacher’s	beliefs	and	practices
	 in	relation	to	reform	recommendations	about	inquiry-based	science.	Cultural
	 Studies	of	Science	Education,12(2),	331-353.	
Bencze,	J.	L.,	&	Bowen,	M.	G.	(2001).	Learner-controlled	projects	in	science	teacher
	 education:	Planting	seeds	for	revolutionary	change.	Paper	presented	at	the	annual
	 conference	of	the	National	Association	of	Research	in	Science	Teaching,	St.	Louis,
	 MO.		
Blank,	R.	K.,	de	las	Alas,	N.	&	Smith,	C.	(2008).	Does	teacher	professional	development	have
	 effects	on	teaching	and	learning?	Evaluation	findings	from	programs	in	14	states
	 Washington,	D.C.:	Council	of	Chief	State	School	Officers.	
Blumenfeld,	P.,	Krajcik,	J.,	Marx,	R.,	&	Soloway,	E.	(1994).	Lessons	learned:	A	collaborative
	 model	for	helping	teachers	learn	project-based	instruction.	Elementary	School
	 Journal,	94,	539-551.		
Blumenfeld,	P.	C.,	Kempler,	T.	M.,	&	Krajcik,	J.	S.	(2006).	Motivation	and	cognitive
	 engagement	in	learning	environments.	In	R.	K.	Sawyer	(Ed.),	Cambridge	handbook
	 of	the	learning	sciences	(pp.	475-488).	New	York:	Cambridge	University	Press.	
Campbell,	T.,	Schwarz,	C.,	&	Windschitl,	M.	(2016).	What	we	call	misconceptions	may	be
	 necessary	stepping-stones	toward	making	sense	of	the	world.	Science	and	Children,
	 53(7),	28.	
Capps,	D.	K.,	Crawford,	B.	A.	&	Constas,	M.	A.	(2012).	A	review	of	empirical	literature	on
	 inquiry	professional	development:	Alignment	with	best	practices	and	a	critique	of
	 the	findings.	Journal	of	Science	Teacher	Education,	23(3),	291-318	
Crawford,	B.	A.	(2000).	Embracing	the	Essence	of	Inquiry:	New	Roles	for	Science	Teachers.
	 Journal	of	Research	in	Science	Teaching,	37(9),	916-937.	
Cummins,	C.	(1993).	Science	fairs	and	teaching	about	the	nature	of	science	or	“Would
	 Charles	Darwin	have	won	a	science	fair”	Paper	presented	at	the	1993	annual
	 meeting	of	the	National	Association	for	Research	in	Science	Teaching,	Atlanta,	GA.	

Darling-Hammond,	L.,	Chung-Wei,	R.,	Andree,	A.	&	Richardson,	N.	(2009).	Professional	
learning	in	the	learning	profession:	A	status	report	on	teacher	development	in	the	
United	States	and	abroad.	Oxford,	OH:	National	Staff	Development	Council.	

Gonzalez,	N.,	Moll,	L.	C.,	&	Amanti,	C.	(2005).	Funds	of	knowledge:	Theorizing	practices	in
	 households,	communities,	and	classrooms.	Mahwah,	New	Jersey:	Erlbaum.	



Hastings	 34	

	
Harris,	C.	J.,	&	Rooks,	D.	L.	(2010).	Managing	Inquiry-Based	Science:	Challenges	in	Enacting
	 Complex	Science	Instruction	in	Elementary	and	Middle	School	Classrooms.	Journal
	 of	Science	Teacher	Education,	227-240.	
Kane,	T.	J.	&	Staiger,	D.	O.	(2012).	Gathering	feedback	for	teachers:	Combining	high-quality
	 observations	with	student	surveys	and	achievement	gains.	Seattle,	WA:	MET	Project,
	 Bill	and	Melinda	Gates	Foundation.	
Krathwohl,	D.	R.	(2002).	A	revision	of	Bloom’s	taxonomy:	An	overview.	Theory	Into
	 Practice,	41(4),	212-218.	
Marshal,	J.	C.	(2013).	Succeeding	with	inquiry	in	science	and	math	classrooms.	Alexandria,
	 VA:	ASCD	&	NSTA.	
Marshall,	J.C.,	&	Alston,	D.	M.	(2014).	Effective,	sustained	inquiry-based	instruction
	 promotes	higher	science	proficiency	among	all	groups:	A	five-year	analysis.	Journal
	 of	Science	Teacher	Education,	25(7),	807-821.	
Marshall,	J.	C.,	Smart,	J.	B.,	&	Alston,	D.	M.	(2016).	Inquiry-Based	Instruction:	A	Possible
	 Solution	to	Improving	Student	Learning	of	Both	Science	Concepts	and	Scientific
	 Practices.	International	Journal	of	Science	and	Mathematics	Education,	15(5),	777
	 796.	
Mergendoller,	J.	R.,	Markham,	T.,	Ravitz,	J.,	&	Larmer,	J.	(2006).	Pervasive	management	of
	 project	based	learning:	Teachers	as	guided	and	facilitators.	In	C.	M.	Everston	&	C.	S.
	 Weinstein	(Eds.),	Handbook	of	classroom	management:	Research,	practice,	and
	 contemporary	issues.	Mahwah,	NJ:	Erlbaum	
Minner,	D.	D.,	Levy,	A.	J.,	&	Century,	J.	(2010).	Inquiry-based	science	instruction-what	is	it
	 and	does	it	matter?	Results	from	a	research	synthesis	years	1984	to	2002.	Journal	of
	 Research	in	Science	Teaching,	47(4),	474-496.	
National	Research	Council	(1996).	National	science	education	standards.	Washington,	DC:
	 National	Academies	Press.	
Shapiro,	B.	(1996).	A	case	study	of	change	in	elementary	student	teacher	thinking	during
	 an	independent	investigation	in	science:	Learning	about	the	“Face	of	science	that
	 does	not	yet	know.”	Science	Education,	80(%5),	535-560.	
Sharma,	A.,	and	C.W.	Anderson.	2009.	Recontextualization	of	science	from	lab	to	school:
	 Implications	for	science	literacy.	Science	&	Education	18	(9):	1253–1275.		
Tamir,	P.	(1983).	Inquiry	and	the	science	teacher.	Science	Education,	67(5),	657-672.	
Tobin,	K.,	Tippins,	D.,	&	Gallard,	A.	J.	(1994).	Research	in	instructional	strategies	for
	 teaching	science.	In	D.	Gabel	(Ed.),	Handbook	of	research	on	science	teaching	and
	 learning	(pp.	43-93).	New	York:	Macmillan	
Weiss,	I.	R.,	Pasley,	J.	D.,	Smith,	S.,	Banilower,	E.	R.	&	Heck,	D.	(2003).	Looking	inside	the
	 classroom:	A	study	of	K-12	mathematics	and	science	education	in	the	United	States.
	 Chapel	Hill,	NC:	Horizon	Research,	Inc.		
Wells,	G.	(1995).	Language	and	the	inquiry-oriented	curriculum.	Curriculum	Inquiry,	25(3),
	 233-269.	



Hastings	 35	

Windschitl,	M.	(2000,	April).	An	analysis	of	preservice	science	teachers’	open	inquiry
	 experiences.	Paper	presented	at	the	annual	conference	of	the	American	Educational
	 Research	Association	Conference,	New	Orleans,	LA.	
Windschitl,	M.	(2003).	Inquiry	projects	in	science	teacher	education:	What	can
	 investigative	experiences	reveal	about	teacher	thinking	and	eventual	classroom
	 practice?	Science	Education,	87(1),	112-143.	
Wolf,	S.	J.,	&	Fraser,	B.	J.	(2007).	Learning	Environment,	Attitudes	and	Achievement	among
	 Middle-school	Science	Students	Using	Inquiry-based	Laboratory	Activities.	Research
	 in	Science	Education,	38(3),	321-341.		
Yoon,	K.	S.,	Duncan,	T.,	Lee,	S.	W.	Y.,	Scarloss,	B.	&	Shapley,	K.	(2007).	Reviewing	the
	 evidence	on	how	teacher	professional	development	affects	student	achievement
	 (Issues	and	Answers	Report,	REL	2007	No.	033).	Washington,	D.C.:	U.S.	Department
	 of	Education,	Regional	Educational	Laboratory	Southwest.		
Zambak,	S.	V.,	Alston,	D.	M.,	Marshall,	J.	C.,	&	Tyminski,	A.	M.	(2017).	Convincing	Science
	 Teachers	for	Inquiry-Based	Instruction:	Guskey's	Staff	Development	Model
	 Revisited.	Science	Educator,	25(2),	108-115.	
	

	


	camille
	HastingsC

