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Shifts in NGSS for K-12 science:  
Both Evolutionary and Revolutionary 

1.  Organized around disciplinary 
core ideas (explanatory ideas) 

2.  Central role of science and 
engineering practices 

3.  Coherence: building and 
applying ideas across time 



Focus on explanatory ideas 

■  Knowing the body systems and 
levels of  organization (cells, tissues, 
organs, systems) 

■  Developing a model that explains how we get energy 
out of  food  
¤  Being able to explain why we have cells 
¤  Being able to argue why a chemical reaction is needed to 

get energy from food, why it occurs in cells 
¤  Being able to trace matter and energy through the body 

Learning about the science idea 

NGSS: Figuring out how & why it works 

Vs. 



Science classrooms need to shift from 
Learning About to Figuring Out 

■  “Students know the effects on climate of latitude, 
elevation, topography, and proximity to large 
bodies of water and cold or warm ocean currents.” 

■  “Develop and use a model to describe how 
unequal heating and rotation of the Earth cause 
patterns of atmospheric and oceanic circulation 
that determine regional climates.” 
(NGSS MS-ESS2-6) 

Learning about the science idea 

NGSS: Figuring out how/why it works 

Vs. 



Science and engineering practices 
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Students developing a model to explain 
weather events 



Argument from evidence, reaching 
consensus on explanatory models 



Digital media 
create 
opportunities 
for reasoning 
from real data 

But making sense of 
these data requires 
science and engineering 
practices: 
Mathematical and 
computational thinking, 
argument from evidence, 
reasoning from 
explanatory models 

http://climate.nasa.gov/interactives/climate-time-machine 



Building ideas, piece by piece, over time 
by making sense of phenomena and 
solving problems 

Making science learning meaningful 



Building science ideas guided by student questions 

From IQWST 
8th Grade 
How is the 
Earth 
Changing? 



Motiving questions from our analyses 
of phenomena: Investigating climate 

Why are there different climates in our 
world? 

Analyze climate 
data, look for 
patterns 

Colder at poles, 
hotter at equator, 
changes by season 

Storyline developed by Aimee Park, Michael Novak, et al  



Motiving questions from our analyses 
of phenomena: Investigating climate 

Why are there different climates in our 
world? 

Analyze climate 
data, look for 
patterns 

Colder at poles, 
hotter at equator, 
changes by season 

Where does the heat on our planet come 
from?  

… … 

Storyline developed by Aimee Park, Michael Novak, et al  



Where does the 
heat on our 
planet come 
from? 



What happens if different areas 
are heated differently? 



Applying explanatory models to 
everyday phenomena 

Why is an attic 
usually the 
hottest room in 
a house? 



Why are there different climates in our 
world? 

Analyze climate 
data, look for 
patterns 

Colder at poles, 
hotter at equator, 
changes by season 

Where does the heat on our planet come 
from?  

Investigate energy 
transfer, argue from 
evidence 

Sun heats land and 
water, transfers heat 
to air 

What happens if  different areas are 
heated differently? 

Investigate 
convection, argue, 
develop models 

Hotter less dense air 
rises è convection / 
wind 



Why are there different climates in our 
world? 

Analyze climate 
data, look for 
patterns 

Colder at poles, 
hotter at equator, 
changes by season 

Where does the heat on our planet come 
from?  

Investigate energy 
transfer, argue from 
evidence 

Sun heats land and 
water, transfers heat 
to air 

What happens if different areas are 
heated differently? 

Investigate 
convection, argue, 
develop models 

Hotter less dense air 
rises è convection / 
wind 

If  the sun heats the planet, why is it colder 
at the poles? 

Investigate and 
model temperature 
effects of light 
intensity 

… 



If the sun heats the planet, 
why is it colder at the poles? 



Why are there different climates in our 
World? 

Analyze climate 
data, look for 
patterns 

Colder at poles, 
hotter at equator, 
changes by season 

Where does the heat on our planet come 
from?  

Investigate energy 
transfer, argue from 
evidence 

Sun heats land and 
water, transfers heat 
to air 

What happens if different areas are 
heated differently? 

Investigate and 
model effects of 
temperature 
variations on air 

Hotter less dense air 
rises è convection / 
wind 

If  the sun heats the planet, why it it colder 
at the poles? 

Investigate and 
model temperature 
effects of light 
intensity 

Spreading light 
closer to poles is less 
intense, less energy 
transfer 



Why are there different climates in our 
World? 

Analyze climate 
data, look for 
patterns 

Colder at poles, 
hotter at equator, 
changes by season 

Where does the heat on our planet come 
from?  

Investigate energy 
transfer, argue from 
evidence 

Sun heats land and 
water, transfers heat 
to air 

What happens if different areas are 
heated differently? 

Investigate and 
model effects of 
temperature 
variations on air 

Hotter less dense air 
rises è convection / 
wind 

If the sun heats the planet, why it it 
colder at the poles? 

Investigate and 
model temperature 
effects of light 
intensity 

Spreading light 
closer to poles is less 
intense, less energy 
transfer 

Why does the temperature change during 
the year? 

… 
… storyline 
continues 



Coherence: 
Building ideas, 
piece by piece, 
over time by 
making sense of 
phenomena and 
solving problems  



Goal: More scientifically 
literate citizens 

We build our science knowledge, piece by piece, from 
evidence, revising it over time, applying to real 
problems. 

¤ We use science to explain the world, and inform how we 
can develop solutions to problems 

¤ We know more than the punchlines – we know how we 
figure out these ideas from evidence 

¤ We can evaluate how well arguments are grounded in 
scientific evidence and theory 

¤ We have experience with how models are developed to fit 
evidence, and can be fine-tuned with new evidence 
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Kelsey Edwards, Northwestern University 
Dan Voss, Northwestern University 
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