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Science	Education:	Past,	Present,	and
Future

“Men	love	to	wonder,	and	that	is	the	seed	of	science.”

—Ralph	Waldo	Emerson

Like	all	topics	in	education,	science	education	has	experienced	a	swing
from	one	extreme	to	the	other—from	exclusively	text-based	instruction	to
exclusively	 hands-on	 activity.	 Is	 any	 one	 approach	 better	 than	 another?
What	 about	 safety	 issues	 and	 concerns	 about	 students’	 maturity	 levels?
How	 do	 these	 approaches	 acknowledge	 and	 accommodate	 students	 with
special	needs	or	 those	who	are	English	 language	 learners?	Before	 seeing
where	we	are	today	with	regard	to	science	education,	let	us	take	a	short	trip
through	the	past.

Science	Then
The	first	mention	of	United	States	training	in	hands-on	experiences	and

physical	examples	for	teaching	students	(known	at	the	time	as	the	“object
method”)	dates	back	to	1861	(Sykut	2005).	The	Oswego	Primary	Training
School	(at	the	time,	an	industrial	arts	school)	was	founded	in	this	year,	and
these	 instructional	 methods	 were	 led	 by	 Margaret	 E.	 M.	 Jones	 from
London	(LaValley).	With	 the	advent	of	 the	 industrial	 revolution,	 teachers
readily	 adjusted	 their	 instructional	 practices	 to	 meet	 the	 needs	 of	 high-
demand	 skills	 and	 labor.	 These	 practices	 were	 better	 conducted	 through
interactive,	 hands-on	 experiences	 and	 opportunities	 rather	 than	 through
reading	about	how	things	work	in	manuals.

Since	 the	 mid-	 to	 late-nineteenth	 century,	 philosophers	 and	 science
advocates	have	been	 imposing	 their	 thoughts	and	 ideas	 regarding	science
education	on	the	American	education	system.	Biologist	and	author	Thomas



H.	Huxley	and	philosopher	Herbert	Spencer,	as	well	as	Horace	Mann	and
John	 Dewey,	 all	 have	 had	 influences	 on	 education	 in	 general,	 including
science	education.

Education	 has	 been	 influenced	 by	 worldwide	 events	 in	 addition	 to
theorists	 and	 philosophers.	 Fast	 forward	 to	 the	 twentieth	 century.	 The
launch	of	Sputnik,	 the	world’s	 first	artificial	satellite	by	 the	Soviet	Union
on	 October	 4,	 1957,	 challenged	 the	 standing	 of	 the	 United	 States	 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	(NDEA).	This	federal	legislation	was
designed	 to	 increase	 the	 academic	 competitiveness	 of	 students	 in	 the
United	 States	 in	 mathematics,	 science,	 and	 foreign	 languages	 (Siegel
1963).

As	 we	 moved	 into	 the	 twenty-first	 century,	 societal	 topics,	 such	 as
global	 warming	 and	 deforestation,	 and	 technological	 advances,	 such	 as
electric	cars	and	mobile	devices,	surely	impacted	what	the	science	teachers
chose	 to	 teach.	 However,	 it	 wasn’t	 until	 recently	 that	 science	 education
standards	have	been	an	area	of	national	importance.	For	example,	the	Next
Generation	Science	Standards	(NGSS)	are	focused	on	“preparing	students
for	college	and	careers	(2013a,	2).	These	standards	are	“goals,	that	reflect
what	a	student	should	know	and	be	able	to	do	(2013a,	2).”

Along	with	new	 theories	and	philosophies	came	changes	 in	education:
what	students	should	know,	how	teachers	should	teach,	and	how	students
learn	 best.	 Fortunately	 for	 us	 today,	 teachers	 and	 students	 have	 been
exposed	to	a	wide	variety	of	instructional	approaches	and	learning	models
through	the	years.	Theories	and	philosophies	have	morphed	into	research
and	best-practice	models.	We	know	what	 to	 teach,	we	know	how	best	 to
teach	 it,	 and	 we	 know	 how	 to	 support	 student	 learning	 to	 maximize
achievement.	Of	course,	teachers	are	learning	more	each	day,	but	we	have
a	good	foundation	upon	which	to	build.

Today’s	Reality
When	measuring	the	science	skills	of	fourth-grade	students	in	the	United

States	 and	 their	 peers	 in	 other	 countries,	 the	 Trends	 in	 International
Mathematics	 and	 Science	 Study	 (TIMSS)	 revealed	 that	 students	 in	 the
United	States	were	outperformed	by	students	 in	only	 five	other	countries
(Singapore,	Chinese	Taipei,	Japan,	Hong	Kong,	and	England).	By	the	time



these	 students	 reached	 8th	 grade,	 their	 ranking	 dropped	 significantly.	By
graduation,	 these	same	students	 ranked	near	 the	bottom	of	all	 students	 in
math	 and	 science	 skills	 (TIMSS	 2011).	 It	 appears	 that	 students	 show	 an
interest	and	propensity	for	learning	science	at	a	young	age,	but	this	interest
and	 ability	 precipitously	 decline	 as	 they	move	 through	 the	United	States
educational	system.

A	 report	 titled	 Rising	 Above	 the	 Gathering	 Storm	 was	 released	 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	 (2007).	 This	 report	 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,	3).

The	 Program	 for	 International	 Student	 Assessment	 (PISA)	 is	 an
international	 assessment	 coordinated	 by	 the	 Organization	 for	 Economic
Cooperation	and	Development	 (OECD).	 It	measures	15-year-old	students
from	 around	 the	 world	 in	 terms	 of	 reading,	 math,	 and	 science	 literacy
skills.	 PISA	collects,	 organizes,	 analyzes,	 and	publishes	 the	 results	 in	 all
these	 areas.	 PISA	 also	 includes	 measures	 of	 general	 cross-curricular
competencies,	 such	 as	 problem	 solving.	 In	 2003,	 PISA	 surveyed	 student
knowledge	and	problem-solving	skills	of	250,000	students	in	40	countries.
It	 assigned	 students	 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	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	not	be	able	 to	compete	 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	 countries	 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	 do	 not	 allow	United	 States	 students	 to	 effectively
learn	 essential	 problem-solving	 skills.	 The	 educational	 system	 we	 have
been	using	since	prior	to	World	War	II	is	not	meeting	the	needs	of	students
preparing	 to	 be	 college	 and	 career	 ready	 for	 the	 21st	 century.	 There	 are
many	 explanations	 for	 this	 mismatch	 of	 education	 and	 workforce	 skills,
but	the	fact	remains	that	students	in	the	United	States	must	gain	the	skills
to	be	more	competitive	in	tomorrow’s	workforce,	especially	with	regard	to
problem	solving.	The	United	States	answered	the	call	by	creating	the	Next
Generation	 Science	 Standards	 (NGSS	 2013g).	 These	 standards	will	 help
students	be	better	prepared	for	the	future.

Today,	 the	United	States	 faces	 a	 critical	 need	 for	 its	 students	 to	 begin
meeting	the	higher	levels	of	achievement	of	their	global	peers	in	science,
mathematics,	 and	 problem-solving	 skills.	Because	 students	 in	 the	United
States	 are	 underperforming	 in	 these	 areas,	 teachers	 can	 sense	 there	 is	 an
immediate	 need	 for	 significant	 improvement	 in	 science	 education.	 The
basic	skills	necessary	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	 collaborating	 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.

What’s	New	in	Science	Education?
The	 National	 Research	 Council	 (NRC)	 developed	 its	 landmark

publication,	the	National	Science	Education	Standards,	in	1996.	On	April
10,	 2012,	 a	 26-state	 consortium	 released	 the	 Next	 Generation	 Science
Standards	(NGSS).	These	latest	standards	are	based	on	a	report	generated
by	 the	 NRC:	 A	 Framework	 for	 K–12	 Science	 Education:	 Practices,
Crosscutting	Concepts,	and	Core	Ideas.	The	NGSS	refer	to	the	Practices,
Crosscutting	Concepts,	and	Core	Ideas	as	the	“three	dimensions.”

Practices

The	Science	 and	Engineering	 Practices	 encourage	 teachers	 to	 think	 of
scientific	 investigations	 as	 a	 combination	 of	 skills	 (abilities	 to	 perform
tasks)	and	knowledge	(information).	These	include	the	following:

• Asking	Questions	and	Defining	Problems

• Planning	and	Carrying	Out	Investigations

• Analyzing	and	Interpreting	Data



• Developing	and	Using	Models

• Constructing	Explanations	and	Designing	Solutions

• Engaging	in	Argument	from	Evidence

• Using	Mathematical	and	Computational	Thinking

• Obtaining,	Evaluating,	and	Communicating	Information

Crosscutting	Concepts

The	Crosscutting	Concepts	link	all	the	domains	in	the	core	ideas.	These
concepts	include	the	following:

• Patterns

• Cause-and-Effect	Relationships

• Scale,	Proportion,	and	Quantity

• Systems	and	System	Models

• Energy	and	Matter:	Flows,	Systems,	and	Conservation

• Structure	and	Function

• Stability	and	Change

Core	Ideas

There	is	no	way	any	one	teacher	or	series	of	teachers	can	possibly	teach
students	 every	 piece	 of	 scientific	 information.	 According	 to	 the	 NGSS
Executive	Summary,	the	goal	of	science	education	is	to	“prepare	students
with	 sufficient	 core	 knowledge	 so	 that	 they	 can	 later	 acquire	 additional
information	on	their	own”	(2013a,	2).	The	Disciplinary	Core	Ideas	relate	to
the	following:

• Physical	Science

• Life	Science

• Earth	and	Space	Science

• Engineering,	Technology,	and	the	Application	of	Science

According	 to	 the	 National	 Science	 Education	 Standards	 (National
Research	 Council	 1996),	 regardless	 of	 grade	 level,	 background,	 or
intellectual	ability,	all	students	are	expected	to	emerge	from	their	thirteen
years	 of	 schooling	 being	 able	 to	 “ask,	 find,	 or	 determine	 answers	 to
questions	 derived	 from	 curiosity	 about	 everyday	 experiences…	describe,
explain,	and	predict	natural	phenomena…	read	with	understanding	articles



about	 science	 in	 the	 popular	 press	 and	 to	 engage	 in	 social	 conversation
about	the	validity	of	the	conclusions…	identify	scientific	issues	underlying
national	 and	 local	 decisions	 and	 express	 positions	 that	 are	 scientifically
and	 technologically	 informed…	 evaluate	 the	 quality	 of	 scientific
information	 on	 the	 basis	 of	 its	 source	 and	 the	methods	 used	 to	 generate
it…	 pose	 and	 evaluate	 arguments	 based	 on	 evidence	 and	 to	 apply
conclusions	from	such	arguments	appropriately”	(22).

In	 addition	 to	 the	 newly	 published	 National	 Science	 Education
Standards,	 many	 states	 have	 also	 adopted	 the	 Common	 Core	 State
Standards	 for	 English/Language	 Arts	 and	 Mathematics.	 The	 Common
Core	English/Language	Arts	standards	include	specific	standards	related	to
reading	 and	writing	 in	 science	 (and	 other	 subject	 areas).	Likewise,	 since
scientific	 equipment	 typically	 requires	 students	 to	 measure,	 and
investigations	 require	 simple	 to	 complex	 computations	 with	 whole
numbers,	 fractions,	 and	 decimals	 (and	 all	 their	 conversions),	 the
mathematics	standards	also	play	a	part	in	the	overall	education	of	today’s
science	students.

Looking	Ahead
What	do	these	standards	mean	for	science	teachers?	It	means	that	 they

need	to	prepare	today’s	students	for	a	much	higher	level	of	understanding
of	 science	 and	 technology	 than	 expected	 in	 previous	 generations.
Numerous	 research	 studies	 by	 the	 North	 Central	 Regional	 Educational
Laboratory	(NCREL)	demonstrate	that	the	skills	today’s	students	will	need
to	 succeed	 in	 the	 twenty-first	 century	 workforce	 are	 different	 from	 the
skills	 taught	 in	 the	 past.	 NCREL	 states:	 “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’	 (Educational	 Testing	 Services	 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,	15).

According	 to	 Stuart	 W.	 Elliott,	 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,	 under	 “Job	 Skills	 of	 the	 Future	 in
Researchers”).	 The	 best	 way	 for	 today’s	 teachers	 to	 accomplish	 this



seemingly	impossible	mission	is	to	maintain	focus	on	the	Next	Generation
Science	Standards;	 provide	opportunities	 for	 students	 to	 engage	 in	open-
ended	 critical	 analysis	 scientific	 investigations	 and	STEM	activities;	 and
integrate	technology	as	much	as	possible.

Conclusion
Science	education,	 like	other	subject	areas,	has	undergone	some	major

shifts.	 Today’s	 science	 teachers	 face	 the	 daunting	 task	 of	 preparing
scientifically	 literate	 students	 in	 an	 ever-changing,	 technology-driven
society.	 No	 one	 knows	 exactly	 what	 the	 future	 holds	 for	 students,	 but
today’s	 teachers	 can	 use	 the	 best	 research-based,	 educationally	 sound
instructional	 practices	 to	 prepare	 them	 for	 an	 exciting	 future	 in	 a	 global
society.

The	standards	have	been	reviewed	 in	 this	chapter;	subsequent	chapters
will	 address	 scientific	 inquiry.	 Technology	 suggestions	 are	 peppered
throughout	the	instructional	strategies	presented.	By	the	end	of	this	book,
all	teachers,	regardless	of	their	comfort	level,	experience,	or	expertise	with
teaching	science,	should	be	able	to	better	provide	for	today’s	students	for
tomorrow’s	needs.

Stop	and	Reflect
1. Reflect	 on	 your	 personal	 experiences	 in	 science	 class	 as	 a

student.	What	do	you	remember	doing	or	learning	about?	How
does	 this	 compare	 to	 what	 you	 want	 students	 to	 remember
about	your	class?

2. Rate	 your	 state/district/school	 from	 1–5	 (rating:	 1,	 all	 text;
rating:	5,	exclusively	hands-on),	with	regards	to	the	spectrum
of	approaches	 to	 science	curriculum.	Why	do	you	 rank	 them
this	way?

3. How	 do	 you	 see	 the	 English/language	 arts	 and	 mathematics
standards	 affecting	 science	 instruction?	What	 are	 your	 initial
thoughts	regarding	how	they	“fit”	into	science	curriculum?

4. Why	do	you	think	society	places	emphasis	on	the	importance
of	science	in	today’s	classrooms?	How	do	you	think	this	might
change	over	the	next	50	years?



Becoming	Scientifically	Literate

“Science	is	a	way	of	thinking	much	more	than	it	is	a	body	of	knowledge.”

—Carl	Sagan

Teachers	 oftentimes	 are	 concerned	 about	 the	 misconceptions	 their
students	 bring	 to	 the	 science	 classroom.	 Likewise,	 adults	 have
misconceptions	 about	 various	 processes	 and	 concepts.	Not	 everyone	 can
know	 everything	 there	 is	 to	 know	 about	 science	 concepts.	 Elementary
school	 teachers	 are	 typically	 generalists.	They	must	 comprehend	 reading
material,	 know	 the	 pedagogy	 behind	 math,	 and	 have	 at	 least	 a	 basic
understanding	of	science,	social	studies,	and	health	topics.	However,	some
science	ideas,	such	as	knowing	that	a	balloon	filled	with	air	weighs	more
than	 the	 same	 balloon	 without	 air,	 may	 be	 lacking	 from	 their	 general
science	knowledge.	As	teachers	move	into	middle	school	and	high	school,
their	 subject	 matter	 becomes	 much	 more	 specialized.	 Middle	 and	 high
school	science	teachers	may	be	savvy	when	it	comes	to	understanding	life
science,	but	they	may	not	fully	understand	advanced	chemistry	concepts.	It
stands	 to	 reason,	 if	 teachers	 are	 not	 comfortable	with	 the	 actual	 content
they	must	teach,	they	may	shy	away	from	it	or	avoid	it	altogether.	So	how
do	 teachers	 of	 the	 youngest	 to	 oldest	 students	 become	 scientifically
proficient	to	be	the	best	teachers	they	can	be?

Common	Misconceptions
Teachers	 who	 really	 know	 science	 may	 be	 surprised	 to	 discover	 that

teachers	 in	 their	buildings	may	have	misconceptions	about	science	 topics
that	 they	would	 consider	 “elementary.”	The	Harvard-Smithsonian	Center
for	Astrophysics	(1987)	produced	a	video	titled,	“A	Private	Universe.”	In
it,	they	show	Harvard	alumni	and	new	graduates	struggling	to	explain	what
causes	the	seasons.	The	respondents	overwhelmingly	deduce	that	Earth	is



closer	to	the	sun	in	summer,	thus	causing	the	daily	temperatures	to	rise.	In
fact,	the	people	on	Earth	experience	seasons	due	to	the	fact	that	it	tilts	on
its	 axis	 at	 different	 times	 of	 the	 year.	 If	 Harvard	 graduates	 fail	 to
understand	 even	 basic	 science	 concepts,	 we	 can	 only	 assume	 that	 the
general	 populous,	 including	 teachers,	 may	 lack	 these	 understandings,	 as
well.

What	 is	 important	 for	 teachers	 to	 realize	 is	 the	 need	 for	 learning	 or
relearning	 of	 the	 basic	 science	 concepts	 that	 they	 teach	 their	 students.
Teachers	may	be	tempted	to	rely	on	their	student	textbook	for	information;
however,	 this	 may	 lead	 to	 further	 misconceptions.	 When	 the	 American
Association	 for	 the	Advancement	 of	Science	 completed	 an	 evaluation	of
nine	common	middle	school	science	textbooks,	not	one	was	found	to	rate	a
“satisfactory”	 ranking	 in	 the	 quality	 of	 instructional	 support	 materials
(Koppal	 2002).	 Teachers	 who	 only	 use	 the	 information	 available	 in	 an
elementary	 or	middle-school	 science	 book	 are	more	 likely	 to	 pass	 on	 to
students	 inaccurate	 or	 incomplete	 science	 concepts.	 Likewise,	 Internet
websites	 may	 also	 have	 inaccurate	 or	 incomplete	 science	 concepts.	 To
ensure	 accuracy,	 websites	 should	 be	 vetted	 and	 affiliated	 with	 reputable
and	accredited	universities	and	research	institutions.

What	Today’s	Science	Teachers	Should	Know
Science	teachers	should	have	some	measure	of	scientific	literacy	so	that

they	may	be	confident	in	what	they	must	teach	their	students.

According	 to	 the	 National	 Science	 Education	 Standards	 (National
Research	Council	1996,	22),	a	person	is	considered	scientifically	literate	if
he	or	she:

• can	ask,	find,	or	determine	answers	to	questions	derived	from
curiosity	about	everyday	experiences;

• has	the	ability	to	describe,	explain,	and	predict	natural	phenomena;

• can	read	with	understanding	articles	about	science	in	the	popular	press
and	to	engage	in	social	conversation	about	the	validity	of	the
conclusions;

• can	identify	scientific	issues	underlying	national	and	local	decisions
and	can	express	positions	that	are	scientifically	and	technologically
informed;

• can	evaluate	the	quality	of	scientific	information	on	the	basis	of	its
source	and	the	methods	used	to	generate	it;	and



• can	pose	and	evaluate	arguments	based	on	evidence	and	apply
conclusions	from	such	arguments	appropriately.

The	first	step	to	learning	and	re-learning	is	to	ask,	“What	content	needs
to	be	taught	that	I	am	unsure	of?”	Teachers	should	begin	with	the	science
standards	 they	need	 to	 teach.	These	may	be	 the	Next	Generation	Science
Standards	or	State	Standards.	The	administrator	or	lead	curriculum	teacher
should	be	able	to	provide	this	information	to	teachers.

Curriculum	 aside,	 teachers	 should	 also	 acquaint	 themselves	 with	 the
technology	available	to	them	and	their	students.	A	school	may	have	digital
scales,	 digital	 microscopes,	 or	 graphing	 calculators	 with	 temperature
probes	to	take	digital	temperature	readings.	Once	the	technology	tools	are
known,	 teachers	may	 then	need	 to	 learn	how	 to	 interface	 the	 technology
with	 a	 projection	 system	 to	 conduct	 whole-class	 instruction	 with	 these
tools.	A	media,	technology,	and/or	curriculum	leader	is	a	good	resource	to
utilize	 when	 setting	 up	 these	 devices.	 To	 minimize	 downtime	 in	 the
classroom,	 teachers	should	practice	using	new	 technology.	This	will	help
to	eliminate	lack	of	student	engagement.	In	order	for	the	technology	to	be
effective	in	the	classroom,	the	teacher	or	student	must	use	it	effectively.

To	learn	about	next	generation	standards	for	science,	reading/language
arts,	and	math	visit	these	websites:

• Next	Generation	Standards	Science	Standards:
http://www.nextgenscience.org/

• Common	Core	State	Standards:	http://www.corestandards.org/

Science	 teachers	 should	also	be	proficient	with	essential	 skills	 such	as
observing,	measuring,	computing	(and	other	math	skills),	using	charts	and
tables	to	organize	data,	classifying,	making	inferences,	predicting,	solving
problems,	 and	 summarizing.	 All	 of	 these	 skills	 come	 into	 play	 when
teaching	 students	 about	 scientific	 knowledge	 and	 application,	 but	 they
probably	don’t	all	come	into	play	at	the	same	time.	For	example,	a	teacher
may	need	to	explain	the	angle	of	incidence	when	explaining	why	we	have
seasons.	As	the	angle	of	incidence	changes,	students	may	record	this	in	a
table,	 then	 use	 this	 data	 to	 create	 a	 chart.	 Eventually,	 the	 teacher	 may
expect	students	to	demonstrate	their	understanding	through	a	cartoon	with
speech	 bubbles	 explaining	 why	 seasons	 occur.	 In	 order	 for	 students	 to
attend	 to	 this	 type	 of	 task	 successfully,	 the	 teacher	 will	 likely	 want	 to
provide	a	completed	summary	for	students	to	use	as	a	model.

Along	with	the	idea	of	knowing	scientific	skills,	teachers	may	need	to	be
proficient	 with	 certain	 equipment	 and	 tools,	 depending	 on	 the	 grade

http://www.nextgenscience.org/
http://www.corestandards.org/


level(s)	 they	 teach.	 These	 can	 include:	 thermometers,	 microscopes,
stopwatches,	compasses,	balance	scales	 (single,	double,	and	 triple	beam),
spring	 scales,	 beakers	 and	 graduated	 cylinders,	 compasses,	 barometers,
microscopes,	 petri	 dishes,	 test	 tubes,	 stop	 watches,	 Bunsen	 burners,	 hot
plates,	 flasks,	 meter	 sticks,	 centrifuges,	 and	 telescopes.	 Some
investigations	 include	 the	 use	 of	 various	 chemicals	 such	 as	 iodine	 and
ammonium.	 Likely	 each	 school	 district	 has	 policies	 and	 procedures	 for
using	 open	 flames,	 heating	 elements,	 live	 (and	 deceased)	 animals,	 and
what	 can	 be	 harmful	 chemicals.	 Teachers	 should	 familiarize	 themselves
with	 a	 copy	 of	 these	 policies	 so	 that	 current	 and	 future	 scientific
investigations	 may	 continue.	 If	 teachers	 come	 across	 a	 motivating	 and
meaningful	 investigation	 using	 equipment,	 supplies,	 or	 materials	 with
which	they	are	unfamiliar,	they	should	conduct	the	investigation	first	to	be
sure	 that	 they	may	 adequately	 and	 smoothly	 guide	 students	 through	 the
activity	during	class	time.

For	more	information	about	using	chemical	safety,	see	Chapter	3.

Finally,	 teachers	 should	 be	 proficient	 with	 skills	 such	 as	 observing,
predicting,	 and	 inferring.	 To	 be	 successful	 with	 this,	 teachers	 should
research	 an	 activity	 they	 wish	 to	 conduct	 with	 students.	 Likely	 other
teachers	have	posted	blogs,	resources,	or	how-to	video	demonstrations	that
will	assist	with	the	vision	of	the	investigation.	This	can	help	teachers	feel
comfortable	with	the	expected	outcomes,	and	help	them	gain	confidence	in
the	completion	of	 the	activity	 in	 their	own	classrooms.	For	example,	 if	a
teacher	wants	 to	conduct	a	 saltwater	density	activity	with	students,	he	or
she	may	 read	 and	 download	 any	 number	 of	 lab	 directions,	 and/or	watch
any	 number	 of	 how-to	 videos	 online.	 Having	 read	 about	 and	 seen	 these
experiments	occur,	a	teacher	who	has	yet	to	do	this	with	a	class	may	walk
into	the	classroom	on	lab	day	feeling	more	prepared,	more	confident,	and
more	 relaxed	 than	 a	 teacher	 who	 tries	 the	 same	 activity	 with	 no	 prior
experience.	 Included	with	 this	 idea	 of	 knowing	 and	 being	 able	 to	 apply
process	skills	is	the	idea	of	conducting	a	full	scientific	experiment.	Many
“labs”	claim	to	be	experiments.	But,	in	order	for	an	activity	to	truly	be	an
experiment,	 it	 must	 begin	 with	 a	 testable	 question,	 provide	 for	 the
collection	of	data	or	evidence,	and	conclude	with	a	summary	using	the	data
or	evidence	to	respond	to	the	initial	question.	Most	 true	experiments	also
include	a	control	and	variables.	Depending	on	the	subject	matter	and	grade
level	 of	 the	 students,	 teachers	 should	 know	 the	 difference	 between	 an
inquiry-based	experiment	and	a	non-inquiry-based	activity

These	ideas	of	inquiry	and	non-inquiry	are	explored	in	more	detail	in
Chapter	4.



Professional	Development	Opportunities	for
Teachers
Today’s	science	 teachers	have	a	myriad	of	opportunities	 to	 learn	about

science	content	and	best-practices.	This	section	explores	just	a	sampling	of
the	opportunities	that	are	available.

Summer	Courses	at	Colleges	and	Universities
College	courses	can	be	expensive,	but	credits	can	be	used	to	achieve	or

maintain	certification	and/or	an	advanced	degree.	Courses	range	in	topics
and	 duration,	 and	 some	may	 be	 taken	 online.	 Teachers	 interested	 in	 this
option	can	 look	 for	classes	at	a	 local	college	or	university,	or	 investigate
online	classes	and	programs	from	accredited	universities	across	the	United
States.

Workshops	and	Research	Opportunities	for
Teachers
Teachers	 may	 search	 for	 any	 one	 of	 several	 privately-,	 federally-,	 or

state-funded	programs.	Typically,	free	and	stipend-paying	workshops	have
limited	spaces	that	fill	up	fast.	Some	are	local	and	short	in	duration	while
others	require	travel	time	and	are	longer	in	duration.

Private,	Federal,	and	State	Science	Learning
Opportunities
The	National	Science	Teachers	Association	(NSTA)	has	several	learning

opportunities	for	teachers.	These	include,	but	are	not	limited	to	symposia,
institutes,	 seminars,	 podcasts,	 online	 courses,	 books,	 and	 articles.	 These
online	 learning	 experiences	 are	 designed	 for	 teachers	 to	 enhance	 their
understanding	of	key	content	areas.

Project	WET	(Water	Education	 for	Teachers)	 is	 committed	 to	 teaching
children,	adults,	and	communities	about	water	education.	Likewise,	Project
WILD	connects	children	to	wildlife	by	providing	education,	resources,	and
learning	opportunities	for	anyone	who	teaches	children	about	conservation
and	environmental	education.

The	Helios	Education	Foundation	has	partnered	with	 the	University	of
South	 Florida	 to	 “build	 a	 teacher	 preparation	 pipeline	 that	will	 place	 80
science,	 technology,	 engineering	 and	 math	 (STEM)	 teachers	 in



Hillsborough	County	 public	middle	 schools	 by	 2017”	 (Helios	 Education
Foundation	 2013,	 under	 “Chapter	2”).	 Both	 Science	 Foundation	Arizona
(SFAz)	 and	 Helios	 Education	 Foundation	 have	 also	 selected	 several
schools	in	this	state	for	the	Helios	STEM	School	Pilot	program.

In	 an	 online	 article,	 Jen	 Scott	 Curwood	 (2013)	 mentions	 a	 summer
scientific	field	program	for	teachers	interested	in	archaeology,	history,	and
natural	science	at	the	University	of	Alabama’s	Museum	of	Natural	History.
This	 is	 an	 example	 of	 just	 one	 of	many	 summer	 field	work	 experiences
offered	by	one	university	system.	Likely,	teachers	will	find	many	others	if
they	search	a	university	close	to	them.

The	following	is	an	example	of	a	national	park	learning	experience	for
teachers,	 listed	 in	 the	 same	 article	 mentioned	 above	 (Curwood	 2013).
Arcadia	 National	 Park	 and	 the	 College	 of	 the	 Atlantic	 (in	 Maine)	 both
offer	a	summer	camp	with	fieldwork,	labs,	and	lectures	related	to	all	things
science,	 including	 astronomy,	 botany,	 geology,	 and	 oceanography.	 Other
county,	 state,	 and	 national	 parks	 likely	 offer	 other	 experiences	 to	 further
teachers’	continued	learning	and	professional	development.

Conferences	and	Conventions
For	decades,	conferences	and	conventions	have	been	a	traditional	means

of	 continuing	 education	 for	 teachers.	 They	 continue	 to	 provide	 teachers
with	a	common	 interest	 to	come	 together	 in	a	 large	 forum	 to	 share,	 talk,
collaborate,	 learn,	 and	 grow	 professionally.	Depending	 on	 the	 organizers
and	presenters,	they	may	or	may	not	provide	the	information	teachers	are
looking	 for.	 However,	 they	 can	 re-energize	 teachers	 in	 their	 respective
fields.	When	attended	with	a	colleague,	 they	can	be	extremely	beneficial
due	to	the	level	of	collaboration	that	tends	to	occur.	The	National	Science
Teachers	Association	(NSTA)	hosts	several	conferences	around	the	nation
each	 year.	 Likewise,	 individual	 state	 science	 organizations	 (such	 as	 the
Minnesota	Science	Teachers	Association)	offer	annual	conferences	which
may	be	closer	to	home.

School-Based	Workshops
Several	 aforementioned	 science	 learning	 organizations	 may	 provide

school-	or	district-based	workshops	exclusively	 for	 science	 teachers.	The
Activities	 in	Math	 and	 Science	 (AIMS)	 Education	 Foundation	 is	 a	 non-
profit	organization	committed	to	providing	teachers	with	engaging	hands-
on	 activities	 and	 learning	 opportunities	 for	 both	math	 and	 science.	 They
conduct	 workshops	 related	 to	 enhancing	 teachers’	 content	 knowledge,
skills,	and	classroom	practices.



Reliable	Web	Resources
Teachers	can	access	literally	thousands	of	websites	devoted	to	providing

exemplary	 lesson	 plans,	 lab	 activities,	 and	 other	 resources	 for	 science
concept	 development.	 It	 may	 be	 difficult	 for	 teachers	 to	 keep	 track	 of
which	 links	 they	prefer	using	 in	 the	 classroom	and	 finding	activities	 and
information	appropriate	 for	 the	grade	 level	 they	 teach.	Sites	 that	compile
links	 to	 multiple	 resources	 are	 a	 good	 place	 to	 narrow	 down	 a	 search.
Suggested	 reliable	 lesson	 resource	 sites	 include	 (see	 Appendix	 C	 for
URLs):

• The	National	Oceanic	and	Atmospheric	Association	(NOAA)

• The	National	Aeronautic	and	Space	Administration	(NASA)

• The	Jason	Project

• National	Geographic	for	Teachers

Peer	Collaboration
Teachers	should	remember	that	they	likely	have	expert,	highly	effective

teachers	who	can	 teach	any	student	Newton’s	 three	 laws	of	motion	using
nothing	more	 than	 three	pennies	and	a	 rubber	band.	Teachers	wanting	 to
learn	content	or	to	improve	their	teaching	practices	might	tap	the	resources
they	 have	 right	 in	 their	 very	 own	 schools.	 These	 efforts	 begin	 with	 a
simple	question,	“Hey,	do	you	have	any	teaching	tips	or	must-do	activities
related	 to	 ______?”	 Trusted	 colleagues	 can	 sometimes	 be	 the	 best
resources	available	to	other	teachers.	Teachers	can	simply	begin	a	dialogue
and	keep	the	lines	of	communication	open.

In	 addition	 to	 the	 personal	 connection,	 teachers	 can	 reach	 out	 to	 each
other	 through	 blogs,	 digital	 posting	 sites,	 and	 other	 digital	 tools.	 Blogs
include	opinion	articles,	 resources,	and	 information	 for	 those	who	follow
their	 blog.	 Some	 blogging	 sites	 allow	 for	 reflection	 and	 feedback	where
viewers	 can	 post	 their	 personal	 ideas	 in	 response	 to	 the	 blogger’s	 post.
Teachers	interested	in	joining	a	blog	could	simply	search	something	such
as	science	blogs	 for	 teachers.	New	connectivity	 sites,	 such	as	Pinterest©,
Edmodo	and	Edutopia™	pop	up	on	a	 regular	basis.	These	 sites	 typically
have	 loyal	 followers	 who	 join	 specific	 categories	 (in	 this	 case,	 science
teachers).	The	people	who	join	the	groups	post	exemplary	ideas,	websites,
and	information	to	share	for	free	with	others.

Book	Resources



There’s	 nothing	 wrong	 with	 turning	 to	 good	 old-fashioned	 books	 to
learn	about	new	information	or	to	refresh	previously	learned	information.
Teachers	 can	 choose	 to	 review	 literature	 on	 any	 science	 topic	 in	 pretty
much	 any	 format	 that	 suits	 them	 best.	 Some	 science	 resources	 take	 the
form	 of	 college-level	 texts	 (or	 something	 that	 looks	 and	 reads	 like	 a
college-level	 text),	 listing	 topics	 and	 information	 to	 the	 minutest	 detail.
Other	book	resources	are	more	handbook-like	in	nature.	They	provide	the
basic	 information	targeted	to	a	specific	grade	level	or	set	of	grade	levels,
and	 include	 information	appropriate	 for	 students	 (and	 their	 teachers)	 in	a
format	 that	 is	 easier	 to	 read	 than	 the	 more	 thorough	 texts.	 Yet,	 other
resources	are	written	just	for	teachers.	Some	books	follow	a	format	similar
to	 this;	 they	 are	 intended	 to	 be	 used	 for	 professional	 development
purposes.	Other	 teacher	books	 tend	 to	 include	specific	grade-level	 lesson
plans	and	information	along	with	student	pages	so	that	teachers	may	“pick
up	 and	 go,”	 and	 not	 have	 to	 necessarily	 put	 a	 whole	 lot	 of	 time	 into
developing	the	lessons.	Teachers	may	even	gain	insight	to	a	few	facts	and
information	through	student	books,	such	as	textbooks	and	leveled	science
readers	or	science-related	magazines	written	with	students	in	mind.	There
are	countless	resources	covering	a	plethora	of	topics	available	to	teachers.

Conclusion
It	 is	 helpful	 for	 teachers	 to	 be	 conscious	 of	 their	 own	 possible

misconceptions	 related	 to	 scientific	 concepts.	 To	 help	 with	 this,	 many
organizations	 provide	 relevant,	 interesting,	 and	 purposeful	 workshops,
conferences,	 and	 professional	 development	 opportunities	 (real-life	 and
virtual)	 to	 help	 teachers	 grow	 and	 learn,	 and	 to	 be	 the	 most	 effective
science	teachers	they	can	be.	Additionally,	teachers	have	access	to	books,
the	 Internet,	 and	 their	 own	 colleagues	 to	 continue	 their	 professional
development	with	 regard	 to	 science	 concepts	 and	 instructional	 strategies.
All	 it	 takes	 is	 for	 a	 teacher	 to	 make	 that	 first	 step	 toward	 his	 or	 her
continuing	education.

Stop	and	Reflect
1. Do	 you	 consider	 yourself	 to	 be	 “scientifically	 literate?”

Explain	your	thinking.

2. What	misconceptions	or	lack	of	knowledge	do	you	have	about
a	particular	science	topic?	What	resources	are	available	to	you
to	learn	more	about	this	topic?	Find	out	more	so	that	you	are
fully	comfortable	with	the	subject	matter.



3. What	 scientific	 equipment	 and/or	 materials	 are	 available	 to
you	 at	 your	 school?	 Choose	 one	 lesser-known	 piece	 of
equipment	 or	 material.	 How	 might	 you	 use	 it	 safely	 and
effectively	during	an	upcoming	science	topic?

4. What	 and	where	 are	 your	 science	 standards?	What	 standards
are	you	most	unfamiliar	with;	or	which	standards	seem	to	be
the	most	challenging	to	teach?	Research	resources	available	to
you	to	bring	this	topic	to	life	with	students.
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