
	 	

	
	

	

 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	 	 	 	

	 	 	 	 	 		
 	 	 	 	 	 	 	 	 	

	 	 	 	
 	 	 	 	 	 	 	 	 	 	 	 		

 	 	 	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	

	 	 	 	 	 	 	 	
 	

	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	

	 	 	 	 	 	 	 	 	 	 	 	 	 	
	 	

 	 	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	 		

 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	

	 	 	 		
 	 	 	 	 	 	 	 	 	 	 	 	

	 	 	 	 	 	 	 	 	 	 	 	
	 	 	 	

	 	 	 	 	 	 	 	 	 	

 	 	 	 	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 		

 	 	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	

	 	 	 	 	 	 	 	 	 	 	 	
	 	 		

 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	

   
          

           	

U s i n g   P h e n o m e n a   i n   N G S S - D e s i g n e d   
L e s s o n s   a n d  U n i t s   

	 	 	 	WHAT ARE PHENOMENA	 IN SCIENCE	 AND ENGINEERING? 	
o Natural phenomena are observable events that occur in 	the universe and that	 we can use our science

knowledge to explain or predict. The goal of building knowledge in science is to	 develop	 general
ideas, based	 on	 evidence, that	 can explain and predict	 phenomena.

o Engineering involves designing solutions to	 problems that arise from phenomena,	and 	using
explanations of phenomena to	 design	 solutions.

o In 	this 	way, 	phenomena are the context for the work of both	 the scientist and	 the engineer.

	 	 	WHY ARE PHENOMENA	 SUCH	 A	 BIG DEAL? 	
o Despite their centrality in science and engineering, phenomena have traditionally been a missing

piece in	 science education, which	 too	 often	 has focused	 on	 teaching general knowledge that students
can have difficulty applying to real world contexts.

o Anchoring 	learning in 	explaining 	phenomena 	supports 	student 	agency 	for 	wanting 	to 	build 	science
and engineering knowledge. Students are	 able	 to identify an answer to "why do I need to learn this?"
before they even	 know what the “this” is. In 	contrast, 	students 	might 	not 	understand 	the 	importance
of learning science ideas that teachers and	 curriculum designers know are important but that are
unconnected	 from phenomena.

o By centering science education	 on	 phenomena that students are	 motivated to explain, the focus of
learning shifts	 from learning 	about a	 topic to	 figuring out why or how something happens.	 For
example, instead of simply learning 	about 	the 	topics 	of 	photosynthesis 	and 	mitosis, 	students 	are
engaged in building evidence-based	 explanatory ideas that help	 them figure out	 how a tree grows.

o Explaining phenomena and designing solutions to	 problems allow students	 to build	 general science
ideas in 	the 	context 	of 	their 	application 	to understanding phenomena in	 the real world, leading to
deeper and	 more transferable knowledge.

o Students who come	 to see	 how science	 ideas can help explain and model phenomena	 related to
compelling real world situations	 learn to appreciate the social relevance of science. They	 get
interested in 	and 	identify 	with 	science 	as a 	way 	of 	understanding	 and improving	 real world contexts.
Focusing investigations on compelling phenomena	 can help sustain students’ science learning.

	 	 	 	 	 	 	 	 	HOW ARE PHENOMENA RELATED TO THE NGSS AND THREE-DIMENSIONAL LEARNING? 	
o The Next Generation Science Standards (NGSS)	 focus on helping students use science to make sense

of phenomena in	 the natural and	 designed	 world, and	 use engineering to	 solve problems.
o Learning	 to explain phenomena and	 solve problems is the central reason students	 engage in the

three dimensions of	 the	 NGSS. Students explain phenomena	 by developing and	 applying the
Disciplinary Core Ideas (DCIs) and Crosscutting Concepts (CCCs) through use of	 the Science	 and
Engineering Practices (SEPs).

o Phenomena-centered classrooms	 also give	 students	 and teachers a	 context in which	 to	 monitor
ongoing progress toward	 understanding all three	 dimensions. As students are working toward	 being
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able	 to explain phenomena, three-dimensional formative assessment becomes more easily 
embedded and coherent throughout	 instruction. 

HOW 	DO	W E	 USE	 PHENOMENA	 TO 	DRIVE	 TEACHING 	AND 	LEARNING? 	
o The point of using phenomena to drive instruction is 	to 	help 	students engage	 in practices to develop	 

the knowledge necessary to explain or predict the phenomena. Therefore, the focus is not	 just	 on the 
phenomenon	 itself. It	 is the phenomenon plus the student-generated	 questions about the 
phenomenon that	 guides the learning and teaching. The practice of asking questions or identifying 
problems becomes a	 critical part of trying to	 figure something out. 

o There	 could	pot entially	 be	 many	 different	 lines	 of	 inquiry 	about	 the	s ame	p henomenon.	 Using	 the	 
phenomenon	of 	 tree 	growth,	 a 	middle	 school	 teacher	m ight	w ant	m iddle 	school	 students 	to 	develop	 
and 	apply 	DCIs 	about	 photosynthesis 	and 	mitosis;	alternately,	a	 3 rd 	grade	t eacher	 might	 want	 
students	t o 	learn 	and 	apply	 DCIs 	about	 life	c ycles.	 In 	each 	case,	t eachers 	should 	help	s tudents	 identify	 
different	 aspects	 of	 the 	same 	phenomenon	a s	 the 	focus	 of	 their	 questions.	 	

o Students	 also 	might	 ask	 questions	 about	 a	p henomenon	t hat	 motivate	 a	 line	 of	 investigation	t hat	 
isn’t 	grade 	appropriate,	o r 	might 	not 	be 	effective 	at 	using 	or 	building 	important 	disciplinary 	ideas.	 
Teacher 	guidance 	may 	be 	needed 	to 	help 	students 	reformulate 	questions 	so 	they 	can 	lead 	to 	grade-
appropriate	in vestigations 	of 	important 	science 	ideas. 	

o It is 	important 	that 	all	students—including 	English 	language 	learners 	and 	students 	from 	cultural	 
groups underrepresented	 in	 STEM—are supported	 in	 working	 with	 phenomena	 that are engaging	 and	 
meaningful to them.	 Not	 all students	 will have the same background	 or relate to	 a particular 
phenomenon	 in	 the same way. Educators should consider student perspectives when choosing 
phenomena, and	 also	 should	 prepare to	 support student engagement in different ways. While 
starting with	 one phenomenon	 in	 the classroom, it is always a good	 idea to	 help	 students identify 
related phenomena from their	 lives and their	 communities to expand the	 phenomena	 under 
consideration. For example, when teaching toward Kindergarten DCI PS3.B about how sunlight 
warms the surface of the Earth, a teacher could notice that students don’t have experience with	 hot 
sand and instead engage the group in observations	 of hot concrete.	 When necessary, teachers can 
engage	 the	 class in a	 shared experience	 with a relevant	 phenomenon	 (e.g., by watching a video).	 

o Not all phenomena need	 to	 be used	 for the same amount of instructional time. Teachers could use an	 
anchoring phenomenon or two	 as the	 overall focus for a	 unit,	along 	with other investigative 
phenomena along the	 way as the	 focus of an instructional sequence	 or lesson.	 They may also 
highlight everyday phenomena that	 relate investigative or	 anchoring phenomena to personally-
experienced situations.	 A	 single phenomenon	 doesn’t have to	 cover an	 entire unit,	 and different 
phenomena will take different amounts of time to	 figure out. 

WHAT 	MAKES	 PHENOMENA	E FFECTIVE 	FOR 	USE 	IN	I NSTRUCTION? 		
o The most powerful phenomena	 from an educational perspective are culturally	 or personally relevant 

or consequential to	 students. Such	 phenomena highlight how science ideas help	 us explain	 aspects of 
real world contexts or	 design solutions to science-related problems that	 matter	 to students, their	 
communities, and society. 

o An	a ppropriate	 phenomenon	f or	 instruction	s hould	he lp	en gage	al l	 students	i n 	working	 toward	 the 	
learning 	goals 	of	 instruction.	 The	 phenomenon	 needs	 to	be 	 useful	 for	 teachers	t o	 help	s tudents	 build	 
the	 target	p ieces	 of	th e 	DCIs,	 SEPs, 	and	 CCCs.	 For	 example,	 engaging	i n	 discussions	 about	 redshifts	 of	 
light 	from 	galaxies	 is	 unlikely	t o	 be	h elpful	 in	 moving	5 th 	grade	s tudents	 to 	a	 grade-appropriate 	
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					 THINKING  ABOUT  PHENOMENA  THROUGH  THE NGSS 	 		 	PRIOR THINKING  ABOUT  PHENOMENA 
If 	it’s 	something 	fun,	f lashy,	o r 	
involves 	hands-on	a ctivities,	 it 	must 	
be	 engaging. 	

Anything	 students	 are	 interested	i n	
would	 make	 a	 good	 “engaging	 
phenomenon”	 

Explanations	 (e.g.,	 “electromagnetic	 
radiation 	can 	damage 	cells”) 	are	 
examples	 of	 phenomena 	

Phenomena	ar e	j ust	 for	 the	i nitial	 
hook	 

Phenomena	a re 	good 	to 	bring 	in 	
after	 students 	develop	t he	 science 	
ideas 	so	t hey 	can	a pply 	what	 they	 
learned 	

Engaging	 phenomena	n eed 	to 	be	 
questions	 

Student	 engagement	 is	 a	 nice	 
optional	 feature	 of	 instruction,	but 	
is 	not	 required	 

Authentic	 engagement	 does	 not	 have	 to	be 	 fun	or 	 flashy;	 instead,	 
engagement	 is	 determined	m ore	 by	 how 	the 	students 	generate 	compelling 	
lines 	of 	inquiry 	that 	create 	real	opportunities 	for 	learning. 	

Students 	need 	to 	be 	able 	to 	engage	d eeply	 with	 the	m aterial	 in	 order	 to	 
generate	 an	 explanation	 of	 the	p henomenon	 using	 target	 DCIs,	 CCCs,	 and	 
SEPs.		

Phenomena	(e .g.,	 a 	sunburn,	vision 	loss) 	are	s pecific	 examples	 of	 something	 
in 	the 	world 	that is	h appening—an	 event	 or	 a	s pecific	 example	o f	 a	g eneral	 
process.	 Phenomena	 are	 NOT	t he	 explanations	 or	 scientific	 terminology	 
behind	w hat	 is	 happening.	 They	 are	 what	 can	be 	 experienced	or 	 documented.	 	

Teaching	 science	 ideas	 in 	general	 (e.g.,	 teaching	 about	 the	 process	 of	 
photosynthesis)	 may	 work	 for	 some	 students,	 but	 often	l eads	 to	 
decontextualized	k nowledge	t hat	 students	 are	u nable	t o	 apply	 when	 
relevant.	 Anchoring	 the	 development	 of	 general	 science	i deas	 in 	
investigations 	of 	phenomena 	helps 	students 	build 	more 	usable 	and 	
generative	kn owledge.	 	

	Phenomena  can drive  the l esson,  learning, and  reflection/monitoring 
throughout. Using phenomena in these ways leads to deeper learning.

	
	 	 	 	 	 	 	

Phenomena	ar e	o bservable	o ccurrences.	 Students 	need 	to 	use	 the	 
occurrence	 to	he lp	ge nerate	 the	 science	 questions	 or	 design	pr oblems	 that	 
drive	 learning.	 	

Engagement	 is 	a 	crucial	 access	 and 	equity	 issue.	 Students 	who 	do 	not	h ave 	
access	 to 	the	m aterial	 in 	a	w ay	 that	 makes	 sense	an d 	is	 relevant	 to 	them 	are	
disadvantaged.	 Selecting	 phenomena	t hat	 students	f ind 	interesting,	 
relevant,	 and 	consequential	 helps	su pport	 their	 engagement.	 A	g ood	 
phenomenon	 builds	 on	e veryday	 or	 family	 experiences:	 who	s tudents	 are,	 
what	 they	 do,	 where	 they	 came	 from.	 

	

   
          

           	

understanding	 of	 DCI	 ESS1.A,	which,	at 	the 5th 	grade	l evel,	 focuses	 on 	the	r elationship 	between 	star	 
brightness	 and	di stance	 from 	Earth. 	

o The process of developing an explanation for a	 phenomenon should advance students’
understandings. If students already need	 to	 know the target knowledge before they can	 inquire
about the	 phenomenon, then the	 phenomenon is not appropriate	 for initial instruction (although it
might be useful for assessment).

o Students should be	 able	 to make	 sense	 of anchoring or investigative	 phenomenon, but not
immediately, 	and 	not 	without 	investigating it 	using 	sequences 	of 	the 	science 	and 	engineering
practices. With	 instruction and guidance, students	 should be able to figure out, step by	 step, how and
why the phenomenon works.

o An effective phenomenon does not always have to be flashy or unexpected.	 Students might not be
intrigued 	by 	an 	everyday 	phenomenon 	right 	away 	because they believe they already know how or
why it happens. It takes careful teacher facilitation to help students become dissatisfied with what
they can explain, helping them discover	 that	 they really can’t	 explain it	 beyond a simple statement
such as	 “smells	 travel through the air” or	 a vocabulary word, such as “water	 appears on cold cans of
soda because it condenses.”
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