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Introduction
Thank	you	for	purchasing	this	book.	It	means	that	you	are	interested	in	learning	how	to	be
a	more	effective	teacher	of	science.	That’s	an	outstanding	goal!

Science	education	in	the	United	States	today	needs	your	help.	Our	students	are	graduating
from	high	school	without	understanding	much	about	the	natural	world,	lagging	far	behind
graduates	in	other	countries	in	problem	solving,	math,	and	reading	skills.	Fewer	and	fewer
students	in	the	United	States	are	choosing	careers	in	science	and	engineering.	And	the	dire
lack	of	women	and	minorities	in	science	research	and	applications	fields	is	deplorable.

Yet,	 nearly	 all	 aspects	 of	 daily	 living	 today	 and	 in	 the	 foreseeable	 future	 require	 an
understanding	of	basic	and	advanced	science	and	technology	concepts	and	skills.	What	is
global	warming	all	about?	What	do	increasing	CO2	levels	mean?	What	is	CO2?	What	are
stem	cells,	and	why	do	scientists	want	to	study	them?	How	do	I	know	this	medicine	is	safe
and	 effective?	 Should	 I	 vaccinate	my	 child?	What	 are	 alternative	 energy	 sources?	Will
eating	 a	 genetically	modified	 food	 change	my	 own	DNA	 or	 cause	me	 harm?	These	 are
common	 questions	 asked	 in	 today’s	 society.	 Who	 knows	 what	 questions	 will	 become
imperative	tomorrow?	And	how	will	we	be	able	to	answer	them?

On	 December	 26,	 2004,	 a	 major	 tsunami	 hit	 several	 countries	 surrounding	 the	 Indian
Ocean,	resulting	in	nearly	230,000	deaths.	However,	one	little	10-year-old	girl	is	credited
with	 saving	 the	 lives	 of	 her	 family	 and	 approximately	 100	 tourists	 staying	 at	 the	 same
hotel.	When	she	saw	the	water	rush	out,	and	large	waves	beginning	to	violently	return,	she
warned	 her	mother	 that	 these	were	 signs	 of	 a	 tsunami	 and	 that	 they	 should	 get	 off	 the
beach	immediately.	Her	mother	quickly	notified	the	hotel	management,	which	evacuated
the	hotel	and	beachfront.	Two	weeks	earlier,	 the	girl	had	completed	a	 school	project	on
tsunamis	(Telegraph,	2005).	Her	teacher	could	not	have	imagined	this	result	of	his	lessons
on	a	relatively	rare	phenomenon,	but	it	illustrates	the	importance	of	teaching	children	facts
and	concepts	about	the	world	in	which	they	live.

You	will	never	know	 if	one	 lesson,	one	demonstration,	or	one	project	you	do	with	your
students	will	 start	 them	on	 the	 path	 to	 becoming	 research	 scientists,	 engineers,	 doctors,
astronauts,	storm	chasers,	or	members	of	any	other	science-related	profession.	But	many
professionals	in	science	can	point	to	a	single	moment	in	time,	or	a	single	encounter	with
one	person,	that	started	them	on	a	life-long	love	affair	with	science.	It	doesn’t	have	to	be
you,	but	it	could	be	you.

To	remain	globally	competitive,	the	United	States	desperately	needs	competent,	qualified
scientists	 and	 engineers.	 They	 all	 begin	 as	 children	 in	 classrooms.	 It	 could	 be	 your
enthusiasm,	your	ability	to	provide	interesting	learning	activities,	and	your	encouragement
to	develop	critical-thinking	and	problem-solving	skills	that	make	all	the	difference.	Maybe
someday	you’ll	meet	a	slightly	familiar	adult	who	greets	you	with,	“Remember	me?	I	was
in	 your	 class.	 I	 became	 a	 [doctor,	 veterinarian,	 nutritionist,	 meteorologist,	 researcher,
teacher,	etc.]	because	of	what	 I	did	 in	your	classroom.”	 It	has	happened	 to	me	 (twice!),
and	it	can	happen	to	you.

Vocabulary	Review



Education	is	notorious	for	its	jargon.	Many	of	the	terms	specific	to	the	topic	of	science	are
used	 in	 this	 book.	 In	 order	 to	 have	 a	 better	 understanding	 of	 these	 particular	 terms,
complete	 the	vocabulary	 review	below.	Before	 reading	on	 in	 the	book,	note	your	 initial
definition	in	the	first	column.	Then,	when	you	have	finished	reading	the	book,	note	your
final	definition	of	each	term,	and	see	whether	your	definitions	have	changed.	You	will	also
find	the	definition	of	each	of	these	terms	in	the	Glossary	(page	165).

Term My	First	Definition My	Final	Definition

evidence 	 	

formative 	 	

assessment 	 	

guided	inquiry-based	instruction 	 	

hypothesis 	 	

inference 	 	

inquiry 	 	

inquiry-based	instruction 	 	

observation 	 	

open	inquiry-based	instruction 	 	

structured	inquiry-	based	instruction 	 	

summative	assessment 	 	

theory 	 	



Science	Education	Today
There	is	a	crisis	in	science	education	in	the	world	today.	Few	students	are	pursuing	careers
in	science	after	their	postsecondary	education.	Not	since	the	launch	of	Sputnik,	the	world’s
first	artificial	satellite,	by	the	Soviet	Union	on	October	4,	1957,	has	the	United	States	been
so	worried	about	 its	 international	 standing	as	a	global	 leader	 in	 science	and	 technology.
That	 single	 successful	 launch	 led	 to	 two	major	 changes	 in	 how	 science	 and	 technology
were	 emphasized	 at	 the	 national	 level.	 The	 first	 change	 in	 the	 United	 States	 was	 the
establishment	 of	 the	 National	 Aeronautics	 and	 Space	 Administration	 (NASA)	 in	 1958.
The	second	change,	in	the	same	year,	was	the	passage	of	the	National	Defense	Education
Act.	This	was	designed	to	increase	the	academic	competitiveness	of	students	in	the	United
States	in	math,	science,	and	foreign	languages.

Just	 recently,	 a	 new	 report	 by	 a	 committee	 of	 experts	 from	 K–12	 education,	 higher
education,	 research	and	development	companies,	 top-ranking	scientists,	and	members	of
the	National	Academy	of	Sciences	sounded	a	new	alarm	about	how	poorly	students	in	the
United	States	are	learning	math,	science,	and	technology	when	compared	to	other	students
from	 across	 the	 globe.	 This	 report,	 Rising	 Above	 the	 Gathering	 Storm,	 states	 “having
reviewed	trends	in	the	United	States	and	abroad,	the	committee	is	deeply	concerned	that
the	 scientific	 and	 technological	 building	 blocks	 critical	 to	 our	 economic	 leadership	 are
eroding	at	a	time	when	many	other	nations	are	gathering	strength.	We	fear	the	abruptness
with	which	a	lead	in	science	and	technology	can	be	lost—and	the	difficulty	of	recovering
a	lead	once	lost,	if	indeed	it	can	be	regained	at	all”	(National	Academy	of	Sciences,	2007,
p.	3).

When	comparing	students’	test	scores	from	the	United	States	with	the	scores	of	students
from	 other	 countries,	 the	 situation	 looks	 even	 worse.	 The	 Organization	 for	 Economic
Cooperation	 and	 Development’s	 (OECD)	 Programme	 for	 International	 Student
Assessment	(PISA)	is	a	system	of	assessments	that	measures	15-year-olds	from	across	the
world	in	reading,	mathematics,	and	science	literacy	every	three	years.

PISA	also	measures	general	 or	 cross-curricular	 competencies	 such	as	 learning	 strategies
and	 problem	 solving.	 PISA	 emphasizes	 the	 application	 of	 knowledge	 by	 presenting
students	with	tasks	that	involve	interpretation	of	real-world	material	as	much	as	possible.
These	tasks	reflect	the	underlying	assumption	of	PISA:	as	15-year-	olds	begin	to	make	the
transition	 to	adult	 life,	 they	need	 to	know	not	only	how	to	read	or	understand	particular
mathematical	 formulas	or	scientific	concepts,	but	also	how	to	apply	 this	knowledge	and
these	skills	in	the	many	different	situations	they	will	encounter	in	their	lives.

PISA’s	 content	 is	 not	 drawn	 specifically	 from	 school	 curricula,	 but	 rather	 from	 broad
content	 areas	 reflecting	 the	 knowledge	 young	 people	 will	 need	 in	 the	 future.	 It	 helps
measure	 students’	 preparedness	 for	 adult	 life	 as	 they	 near	 the	 end	 of	 compulsory



schooling.	 These	 characteristics	 allow	 PISA	 to	 complement	 the	 picture	 of	 U.S.	 student
performance	gained	from	other	national	and	international	assessments	(PISA,	2003).

The	latest	assessment	in	problem	solving	for	students	is	not	good.	In	2003,	PISA	surveyed
student	 knowledge	 and	 skills	 of	 15-year-olds	 in	 40	 countries.	 Over	 250,000	 students
across	the	globe	were	assessed.	These	students	were	assigned	achievement	levels	based	on
raw	scores,	with	levels	defined	by	the	following	descriptions.

Level	3:	Reflective,	communicative	problem	solvers

Level	2:	Reasoning,	decision-making	problem	solvers

Level	1:	Basic	problem	solvers

Below	Level	1:	Weak	or	emergent	problem	solvers

In	the	United	States,	58	percent	of	15-year-olds	who	took	the	test	were	scored	at	or	below
level	1—weak,	emergent,	or	basic	problem	solvers.	Based	on	the	realities	of	today’s	global
workplace,	economists	believe	that	these	students	are	the	ones	who	will	have	no	place	in
an	increasingly	technological,	highly	skilled	workforce.	Perhaps	of	even	more	concern	is
how	students	in	the	United	States	compare	to	those	in	other	countries.	Of	the	40	counties
assessed	in	the	PISA	study,	the	United	States,	once	a	leader	in	education,	ranked	29th	in
the	 percentage	 of	 students	 achieving	 levels	 2	 or	 3	 in	 problem-solving	 abilities.	 This
suggests	that	current	methods	of	education	are	not	effectively	teaching	our	students	about
problemsolving	skills.	The	educational	system	we	have	been	using	to	great	success	since
prior	 to	World	War	 II	 is	 not	meeting	 the	 needs	 of	 students	 for	 the	 twenty-first	 century
workforce.	While	there	are	many	reasons	why	this	mismatch	of	education	and	workforce
skills	occurs,	the	fact	remains	that	students	in	the	United	States	cannot	compete	with	their
international	peers	when	it	comes	to	demonstrating	the	skills	employers	find	essential	for
productive	employment.

When	measuring	the	science	skills	of	fourth-grade	students	in	the	United	States	and	their
peers	 in	 other	 countries	 in	 the	Trends	 in	 International	Mathematics	 and	 Science	 Study,
students	in	the	United	States	were	outperformed	by	only	five	other	countries	(Singapore,
Chinese	Taipei,	Japan,	Hong	Kong,	and	England).	By	the	time	these	students	reached	8th
grade,	their	standing	in	rank	dropped	from	sixth	to	ninth	place	worldwide.	By	graduation,
these	same	students	rank	near	the	bottom	of	all	students	in	math	and	science	skills	(U.S.
Department	of	Education,	2004).	 It	appears	 that	 these	students	are	 interested	 in	 learning
science	 at	 a	 young	 age,	 but	 this	 interest	 and	 ability	 precipitously	 decline	 as	 they	move
through	the	educational	system	in	the	United	States.

What	 should	 scientifically	 literate	 students	 know,	 and	what	 should	 they	 do?	 To	 answer
these	 questions,	 the	 American	 Association	 for	 the	 Advancement	 of	 Science	 (AAAS)
developed	a	series	of	books	and	reports	on	science.	[Named	AAAS	Project	2061,	it	began
in	 1985—the	 year	Halley’s	Comet	 passed	 near	 Earth,	 (2061	 is	 the	 year	 it	will	 return).]
Experts	set	out	to	identify	what	was	most	important	for	the	next	generation	to	know	and
be	able	to	do	in	science,	mathematics,	and	technology—in	other	words,	what	would	make
them	scientifically	literate.	Beginning	in	1990	with	Science	for	All	Americans,	the	AAAS
defined	a	scientifically	literate	person	as	one	who	“is	familiar	with	the	natural	world	and
recognizes	both	its	diversity	and	unity;	and	uses	scientific	knowledge	and	scientific	ways
of	thinking	for	individual	and	social	purposes”	(AAAS,	1990).	Publication	of	Benchmarks



for	Science	Literacy	in	1993,	Designs	for	Science	Literacy	in	2001,	and	Atlas	for	Science
Literacy	 (Vol.	1	 in	2003,	and	Vol.	2	 in	2007)	by	 the	AAAS	has	helped	 identify	specific
topics,	sequences,	and	connections	between	concepts	across	all	scientific	domains.

The	National	Research	Council	developed	its	landmark	publication,	the	National	Science
Education	Standards,	in	1996.	The	development	of	these	standards	was	guided	by	certain
principles.	Those	principles	include:

• Science	is	for	all	students.

• Learning	science	is	an	active	process.

• School	science	reflects	the	intellectual	and	cultural	traditions	that	characterize	the
practice	of	contemporary	science.

• Improving	science	education	is	part	of	systemic	education	reform.

The	Standards	call	for	more	than	“science	as	process,”	in	which	students	learn
such	skills	as	observing,	inferring,	and	experimenting.	Inquiry	is	central	to
science	learning.	When	engaging	in	inquiry,	students	describe	objects	and	events,
ask	questions,	construct	explanations,	test	those	explanations	against	current
scientific	knowledge,	and	communicate	their	ideas	to	others.	They	identify	their
assumptions,	use	critical	and	logical	thinking,	and	consider	alternative
explanations.	In	this	way,	students	actively	develop	their	understanding	of
science	by	combining	scientific	knowledge	with	reasoning	and	thinking	skills
(National	Research	Council,	1996,	p.	2).

Yet,	 teachers	 today	 face	 more	 challenges	 than	 simply	 knowing	 their	 state	 standards	 in
science	 and	making	 sure	 they’re	 providing	 interesting,	 content-based,	 grade-appropriate
science	activities.	Most	elementary	and	middle	school	teachers	are	struggling	to	meet	the
demands	 of	 the	 amended	 Elementary	 and	 Secondary	 Education	 Act	 of	 2002,	 more
commonly	known	as	No	Child	Left	Behind	(NCLB).

NCLB	mandates	 that	 100	 percent	 of	 all	 third	 through	 eighth	 grade	 students	 will	 score
proficient	 or	 above	 by	 2014.	 For	 this	 reason,	 many	 schools	 have	 downgraded	 science,
social	studies,	art,	music,	physical	education,	and	most	other	curricular	subjects	to	second-
class,	 third-class,	or	no-class	status,	shifting	their	focuses	to	language	arts.	A	new	report
by	the	Center	on	Education	Policy	found	the	following:

About	 62%	 of	 districts	 reported	 that	 they	 have	 increased	 time	 for	 English
language	arts	(ELA)	and/or	math	in	elementary	schools	since	school	year	2001-
02	(the	year	NCLB	was	enacted),	and	more	than	20%	reported	increasing	time
for	 these	 subjects	 in	 middle	 school	 since	 then.	 Among	 districts	 that	 reported
increasing	 time	 for	 ELA	 and	math,	 the	 average	 increase	 in	minutes	 per	week
since	 2001–02	was	 substantial,	 amounting	 to	 a	 46%	 increase	 in	 ELA,	 a	 37%
increase	 in	 math,	 and	 a	 42%	 increase	 across	 the	 two	 subjects	 combined.	 To
accommodate	 this	 increased	 time	 in	ELA	 and	math,	 44%	of	 districts	 reported
cutting	 time	 from	 one	 or	 more	 other	 subjects	 or	 activities	 (social	 studies,
science,	 art	 and	 music,	 physical	 education,	 lunch	 and/or	 recess)	 at	 the
elementary	level.	Again,	the	decreases	reported	by	these	districts	were	relatively
large,	adding	up	to	a	total	of	141	minutes	per	week	across	all	of	these	subjects,



on	average,	or	nearly	30	minutes	per	day.	These	decreases	represent	an	average
reduction	of	31%	in	the	total	 instructional	 time	devoted	to	these	subjects	since
2001–02	(McMurrer,	2007).

While	NCLB	mandates	 that	 students	must	 be	 assessed	 in	 science	 at	 least	 once	 in	 each
grade	span	of	3–5,	6–9,	and	10–12,	there	are	currently	no	federal	consequences	attached	to
student	science	test	scores.	Contrast	this	to	the	severe	consequences	involved	if	a	school
fails	 to	make	 adequate	 yearly	 progress	 in	 reading	 and	math	 scores	 for	 all	 subgroups	 of
students.

One	result	of	this	narrowed	focus	is	the	lack	of	emphasis	on	science	and	other	subjects	in
the	 elementary	 school	 curriculum.	 There	 are	 fewer	 dollars	 for	 field	 trips	 to	 science
museums,	laboratory	materials,	and	supplemental	resources.	This	narrowing	is	coming	at	a
time	when	 it	 is	more	critical	 than	ever	 for	U.S.	 students	 to	begin	equaling	 the	 levels	of
achievement	that	their	global	peers	reach	in	science,	math,	and	problem-solving	skills.	But
because	 students	 in	 the	United	 States	 are	 under	 performing	 in	 these	 areas,	 it	 creates	 an
immediate	 need	 for	 critical	 improvement	 in	 science	 education.	 The	 basic	 skills	 that	 are
needed	 for	 all	 students	 entering	 today’s	 workforce	 are	 at	 the	 very	 heart	 of	 scientific
investigation.	One	of	the	most	important	ways	students	can	learn	about	science	is	through
working	together	to	tackle	real-world	problems.	By	doing	so,	students	can	gain	the	skills
they	need	 to	analyze	and	apply	 information	across	 the	curriculum.	This	 type	of	 inquiry-
based	learning	is	the	foundation	of	current	science	education	reform	(AAAS,	1990;	NRC,
1996,	2000).

What	does	this	mean	for	the	elementary	and	middle	school	science	teacher?	It	means	that
these	students	need	to	be	prepared	for	a	much	higher	level	of	understanding	of	science	and
technology	 than	 previous	 generations.	 The	 North	 Central	 Regional	 Educational
Laboratory	(NCREL)	has	conducted	many	research	studies	to	demonstrate	that	 the	skills
today’s	 students	will	need	 to	 succeed	 in	 the	 twenty-first	 century	workforce	are	different
from	the	skills	teachers	have	tried	to	teach	them	in	the	past.	They	state:

As	society	changes,	 the	skills	needed	 to	negotiate	 the	complexities	of	 life	also
change.	In	the	early	1900s,	a	person	who	had	acquired	simple	reading,	writing,
and	 calculating	 skills	 was	 considered	 literate.	 “Only	 in	 recent	 years	 has	 the
public	 education	 system	 expected	 all	 students	 to	 build	 on	 those	 basics,
developing	a	broader	range	of	literacies”	(ICT,	2002).	To	achieve	success	in	the
twenty-first	 century,	 students	 also	 need	 to	 attain	 proficiency	 in	 science,
technology,	and	culture,	as	well	as	gain	a	thorough	understanding	of	information
in	all	its	forms	(NCREL,	2003,	p.	15).

According	to	Stuart	W.	Elliott,	the	director	of	the	Board	on	Testing	and	Assessment	at	the
National	 Research	 Council,	 “If	 you’re	 a	 K–12	 teacher,	 the	 workforce	 that	 you’re
influencing	 is	 one	 that	will	 exist	 several	 decades	 into	 the	 future,	 not	 the	one	 that	 exists
now.	You	need	to	shift	your	focus	into	the	future”	(Cech,	2007).

It	may	seem	a	daunting	task.	Fortunately,	there	are	hundreds	of	thousands	of	professionals
in	science	education	across	the	nation	who	spend	hours	in	researching	effective	methods,
producing	 resource	 materials,	 and	 designing	 professional	 development	 to	 help	 teachers
meet	the	needs	of	today’s	students,	keeping	in	mind	the	needs	of	tomorrow’s	society.	But



the	classroom	teacher	is	the	most	important	element	in	the	entire	process.

Conclusion
There	are	millions	of	people	who	neither	like	nor	understand	science	very	well.	Teachers
need	to	educate	themselves	so	that	their	students	do	not	feel	this	way.	Classroom	teachers
can	have	an	immense	impact	on	their	students.	They	have	the	ability	to	teach	students	how
to	enjoy	 the	natural	world,	help	 them	make	connections	between	what	 they	can	observe
and	what	they	can’t	observe,	and	show	them	how	the	critical	thinking	and	problem-solving
skills	 they	 learn	 in	 science	can	be	 translated	 into	 the	 skills	 they	need	 to	 succeed	 in	 life.
Otherwise,	 these	 students	will	 end	 up	 believing	 that	 science	 is	 just	 a	 big,	 boring	 book,
“scientific”	 claims	 are	 actually	 more	 like	 opinions,	 and	 science	 is	 largely	 irrelevant	 to
everyday	life.



	

Chapter	1	Reflection
1. Do	you	believe	that	all	students	can	learn	science?	Why	or	why	not?

	

	

	

	

2. (Elementary	teachers)	Do	you	think	your	school	or	district	has
scheduled	adequate	time	in	the	school	day	for	teaching	science?	Why	or	why
not?

	

	

	

	

	

3. (Middle	and	high	school	teachers)	Do	you	think	your	school	or	district
has	a	science	program	that	adequately	teaches	life,	physical,	and	earth	sciences?
Why	or	why	not?
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