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What Questions do you have regarding 
NGSS? 
•  Write down what you know 

about NGSS. 
•  What questions do you have 

regarding NGSS?  Write 
them down. 
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•  Science, engineering and technology are cultural 
achievements and a shared good of humankind 

•  Science, engineering and technology permeate 
modern life and as such is essential at the 
individual level 

•  Understanding of science and engineering is 
critical to participation in public policy and good 
decision-making  

•  National need 

Science for All Students 
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The Shoebox – an illustrative example 
Look into the round hole,  
what do you see? 

Now open the side panel,  
what do you see now?  
Why is that?  

Working with a partner, draw a 
picture that shows why you 
can see the object in shoebox 
after opening the side panel. 

Fortus, D., Grueber, D., Nordine, J. C., Rozelle, J., Schwarz, C. V., & Weizman, A. (2012). 
Seeing the light: Can we believe our eyes? In J. S. Krajcik, B. J. Reiser, L. M. Sutherland & 
D. Fortus (Eds.), Investigating and Questioning our World through Science and Technology 
(IQWST). New York: Sangari Science. 
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Debrief the Shoebox Activity 

•  What did I have you do? 

•  I could have said: “Construct a model to explain 
why you can see the object in the shoebox.” 
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The NRC Framework and NGSS 
What is new? 

1.  Organized around core 
explanatory ideas 

2.  Coherence: building and 
applying ideas across 
time 

3.  Central role of scientific 
practices 

4.  Use of crosscutting 
concepts 
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Organized around core ideas 

•  Fewer, clearer, higher 
•  “Many existing national, state, and local standards and 

assessments, as well as the typical curricula in use in the 
US, contain too many disconnected topics given equal 
priority.” (NRC, 2009) 

•  Standards and curriculum materials should be focused 
on a limited number of core ideas.  

•  Allows learners to develop understanding that can be 
used to solve problems and explain phenomena. 



A core idea in K-12 science… 
•  Disciplinary significance 

–  Has broad importance across multiple science or 
engineering disciplines, a key organizing concept of a 
single discipline 

•  Explanatory Power 
–  Can be used to explain a host of phenomena  

•  Generative 
–  Provides a key tool for understanding or investigating 

more complex ideas and solving problems 
•  Relevant to peoples’ lives: 

–  Relates to the interests and life experiences of 
students, connected to societal or personal concerns  

•  Usable from K to 12 
–  Is teachable and learnable over multiple grades at 

increasing levels of depth and sophistication 
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Disciplinary Core Ideas:  
Earth and Space Sciences 

•  ESS1  Earth’s place in the universe 

•  ESS2  Earth’s systems 

•  ESS3  Earth and human activity 
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Disciplinary Core Ideas: Engineering 

•  ETS1  Engineering design 
•  ETS1.A: Defining and Delimiting an Engineering Problem 
•  ETS1.B: Developing Possible Solutions 
•  ETS1.C: Optimizing the Design Solution 

•  ETS2 Links among engineering, technology, 
science and society 

•  ETS2.A: Interdependence of Science, Engineering, and 
Technology 

•  ETS2.B: Influence of Engineering, Technology, and 
Science on Society and the Natural World 
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Value of Using Core Ideas 

Allows time for: 
•  Deep exploration of important concepts and 

principles,  
•  Develop integrated understanding,  
•  Practice of science and engineering,  
•  Reflect on the nature of science and scientific 

knowledge.  
Provides a more coherent way  for science to 
develop across grades K-12.  
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Crosscutting Concepts 
Ideas the cut across and important to all the 
science disciplines 
1.  Patterns 
2.  Cause and effect 
3.  Scale, proportion and quantity 
4.  Systems and system models 
5.  Energy and matter 
6.  Structure and function 
7.  Stability and change 
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Content (scientific ideas) is not enough! 

•  Understanding content is inextricably linked to 
engaging in practices. Simply “consuming” 
information leads to declarative, isolated ideas.   

•  Science is both a body of knowledge and the 
process that develops and refines that body of 
knowledge. Understanding both the ideas and 
process is essential for progress in science.   

•  The learning of science is similar: students 
cannot learn one without the other.   
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The multiple ways of knowing and doing that scientists and 
engineers use to study the natural world and design world. 
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Scientific and Engineering Practices 
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The practices work together – they are not separated! 
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Implications for curriculum materials 
and instruction 

•  Not separate treatment 
of “content” and “inquiry”  

•  Curriculum materials and 
classroom instruction 
need to more than 
present and assess 
scientific ideas – they 
need to involve learners 
in using scientific 
practices to develop and 
apply the scientific ideas. 
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N2#1H1'0%

K2+0014f=C%
K+=1'<$0%



Institute for Collaborative Research in Education, Assessment, and Teaching Environments for STEM 

Standards integrate core ideas, 
crosscutting ideas, & practices 

•  “Standards should emphasize all three dimensions articulated in 
the framework—not only crosscutting concepts and disciplinary 
core ideas but also scientific and engineering practices.” (NRC 
2011, Rec 4) 

•  “Standards should include performance expectations that integrate 
the scientific and engineering practices with the crosscutting 
concepts and disciplinary core ideas. These expectations should 
require that students demonstrate knowledge-in-use and include 
criteria for identifying successful performance.” (NRC 2011, Rec 5). 



Core idea PS4.B: 
Electromagnetic 
Radiation -- An object 
can be seen when light 
reflected from its surface 
enters the eyes.%

Practice:  
Developing 
and using 
models 

1,&-2'+#3&,*),4-'5&#&63&5$-2)'7#*,)4#
5),&#8(&-#9#3,-525&#9#5,)775:;'+#1)'5&3$#

Performance expectation MS-PS3:  
Develop models to represent that you can 
see an object when light reflects off the 
surface of an objects and enters your eye. 

Crosscutting 
Concept: 
Cause and 
Effect 



Light Unit in a real classroom 



Institute for Collaborative Research in Education, Assessment, and Teaching Environments for STEM 

Learning develops over time 
•  More expert knowledge is structured around 

conceptual frameworks 
•  Guide how they solve problems, make observations, and organized 

and structure new information 

•  Learning continuously builds overtime 
•  Learning difficult ideas takes time and often come 

together as students work on a task that forces them 
to synthesize ideas  

•  Learning is facilitated when new and existing 
knowledge is structured around the core ideas 

•  Developing understanding is dependent on 
instruction 
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Organized according to  
learning progressions 

•  “Standards should be organized as 
progressions that support students’ learning 
over multiple grades. They should take into 
account how students’ command of the 
concepts, core ideas, and practices becomes 
more sophisticated over time with appropriate 
instructional experiences.” (NRC 2011, Rec 7) 
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Progression for Core Idea: Structure of Matter 
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By the end of 2nd grade – A Descriptive Model:  Matter exists as different substances 
(e.g., wood, metal, water), and many of them can be either solid or liquid, depending 
on temperature. Substances can be described and classified by their observable 
properties (e.g., visual, aural, textural), by their uses, and by whether they occur 
naturally or are manufactured. Different properties are suited to different purposes. A 
great variety of objects can be built up from a small set of pieces. Objects or 
samples of a substance can be weighed and their size can be described and 
measured. 
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NGSS is Different 

•  Standards expressed as performance 
expectations 

•  Combine practices, core ideas, and 
crosscutting concepts into a single 
statement of what is to be assessed.  

•  They are not instructional strategies or 
objectives for a lesson. 
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NGSS:  Performance Expectation 
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Dimension 
Boxes 
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Connections to Common Core Standards in Literacy 
and Mathematics 
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Building on the Past;  
Preparing for the Future 

7/2010 – Early 2013#

1/2010 - 7/2011#

1990s#

1990s-2009#

Phase II#Phase I#



My dream: engaging students in constructing  
models throughout  the K – 12 curriculum 

  Students of all ages and backgrounds can take part in modeling! 
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Develop and 
revise models 
collaboratively 
to measure 
and explain 
frequent and 
regular events.   

Develop 
models to 
describe 
unobservable 
mechanisms. 

Develop, revise, 
and use models to 
predict and support 
explanations of 
relationships 
between systems or 
between 
components of a 
system.   
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Dreaming continued: engage students in constructing  
arguments throughout  the K – 12 curriculum 

  Students of all ages and backgrounds can take part in 
argumentation! 
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• Business is not the 
same! 

• Framework is different! 
• NGSS is different! 
• Revolution and not 

evolution 
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Lots of work completed, underway,  
and left to do 

Instruction 

Curricula 

Assessments 

Teacher 
development 
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Framework: Shifts in the Teaching 
and Learning of Science 

•  Organize around limited number of core 
ideas. Favor depth and coherence over 
breadth of coverage. 

•  Core ideas need to be revisited in 
increasing depth, and sophistication across 
years. Focus needs to be on connections 
among scientific practices, core ideas and 
crosscutting concepts: 
–  Careful construction of a storyline – helping 

learners build sophisticated ideas from simpler 
explanations, using evidence. 
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Summary (cont.) 

•  Performance expectations bring 
together scientific ideas (core ideas, 
cross cutting ideas) with scientific 
practices. 
•  Curriculum materials need to do more 

than present and assess content. 
•  Curriculum materials need to involve 

learners in practices that develop, use, 
and refine the scientific ideas.  
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Questions Framework and NGSS??? 

•  Questions about core ideas? 
•  Questions about scientific 

practices? 
•  Questions about crosscutting 

concepts? 
•  Questions about performance 

expectations? 
•  Other questions? 
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Contact information:  krajcik@msu.edu 


