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Today’s Session:
Overview of Framework and the NGSS

u What does  “THREE-DIMENSIONAL LEARNING” look like?
u Phenomena based instruction: Students constructing 

explanations
u Eight Science and Engineering PRACTICES; students 

making sense of phenomena and/or to design solutions 
to problems

u Seven CROSSCUTTING CONCEPTS provide ways of 
making connections of phenomena across different 
science disciplines 

u Ideas for after school programming to support STEM 
learning (focus: Engineering Standards and Practices)



Three Dimensions of the NGSS



THREE DIMENSIONS INTERTWINED

Ø The NGSS are written as 
Performance 
Expectations

Ø NGSS will require 
contextual application of 
the three dimensions by 
students.

Ø Focus is on how and why 
as well as what



Conceptional Shifts  of  the  
NGSS

1. Three-Dimensional  Learning

2. Students  Engaging  in  Phenomena  and  Designed  Solutions

3. Engineering  and  Nature  of  Science  is  integrated  into  
science

4. All  three  dimensions  build  coherent  learning  progressions

5. Science  is  connected  to  math  and  literacy



Conceptional Shifts  of  the  
NGSS

Moving  from  kids…  

learning  about  science  to  
students  figuring  out  an  
explanation  or  solving  a  problem



Which  students  does
NGSS  target?

All Students!!



What is Three-Dimensional
Learning?



Three-Dimensional  Learning

A.Grade-appropriate  elements  of  the  science  and  engineering  
practice(s),  disciplinary  core  idea(s),  and  crosscutting  concept(s),  
work  together  to  support  students  in  three-dimensional  learning  
to  make  sense  of  phenomena  and/or  to  design  solutions  to  
problems.
i. Provides  opportunities  to  develop  and  use  specific  elements  of  the  
practice(s)  to  make  sense  of  phenomena  and/or  to  design  solutions  to  
problems.

ii.Provides  opportunities  to  develop  and  use  specific  elements  of  the  
disciplinary  core  idea(s)  to  make  sense  of  phenomena  and/or  to  design  
solutions  to  problems.

iii.Provides  opportunities  to  develop  and  use  specific  elements  of  the  
crosscutting  concept(s)  to  make  sense  of  phenomena  and/or  to  design  
solutions  to  problems.

iv.The  three  dimensions  work  together  to  support  students  to  make  sense  of  
phenomena  and/or  to  design  solutions  to  problems.
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Three-Dimensional  Learning

Grade-appropriate  elements  of  the  
science  and  engineering  practice(s),  
disciplinary  core  idea(s),  and  
crosscutting  concept(s),  work  together  
to  support  students  in  three-
dimensional  learning  to  make  sense  of  
phenomena and/or  to  design  
solutions  to  problems.



What Are Science and 
Engineering Practices?
Practices are the 

behaviors that scientists 
engage in as they 

investigate and build 
models and theories 

about the natural world 
and the key set of 

engineering practices 
that engineers use as 
they design and build 
models and systems. 



Eight Science and 
Engineering Practices

1. Asking Questions (for science) and Defining Problems (for 
engineering) 

2. Developing and Using Models 
3. Planning and Carrying Out Investigations 
4. Analyzing and Interpreting Data 
5. Using Mathematics and Computational Thinking 
6. Constructing Explanations (for science) and Designing Solutions 

(for engineering) 
7. Engaging in Argument from Evidence 
8. Obtaining, Evaluating, and Communicating Information



Analyzing Science & Engineering 
Practices



Analyzing Practices: 
Investigations

u Students  create a 
consensus model 
explaining the 
behaviors they 
understand about 
light.  

u This model is 
challenged in the 
first part of the lesson 
when students are 
asked to make 
predictions from their 
model. 

u Students are then 
prompted to plan an 
investigation to 
collect data that 
can be used to 
enhance their 
model.



Analyzing Practices: 
Investigations

u The students design 
an investigation.

u Students formulate 
questions
u Students 

consider 
variables and 
reactions

u Record and 
[post all 
questions

u Group questions 
into related 
ideas for 
possible 
experimentation



Analyzing Practices: 
Investigations

u Students determine 
what to test. 
u Students are asked 

to collect materials 
that would be 
beneficial to test. 

u Students bring in 
objects and select 
from objects 
available in the 
classroom.

u Students determine 
how to test the 
objects.
u Students call upon 

their past 
experience in the 
unit to decide the 
tools needed and 
required 
measurements. 



Conclusions: 
Science and Engineering Practices

At this point, 
what can we 

take away from 
our work 

regarding the             
Science and 
Engineering               

Practices                     
in Three-

Dimensional 
Learning?



What Are 
Crosscutting Concepts?

Crosscutting concepts 
are concepts that 
have application 

across all disciplines of 
science. As such, they 

provide a way of 
linking the different 

disciplines of science. 



Seven Crosscutting Concepts

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



Analyzing 
Crosscutting Concepts



Analyzing 
Crosscutting Concepts: Patterns

u Students look at 
patterns in the 
objects.

u When looking for 
patterns, students 
observe and 
naturally classify the 
objects. 



Analyzing
Crosscutting Concepts: Patterns

u From this 
investigation, 
students ask more 
questions



Conclusions: 
Crosscutting Concepts

At this point, what 
can we take away 

from our work 
regarding the             
Crosscutting 

Concepts
in Three-Dimensional 

Learning?



What Are Disciplinary Core 
Ideas?

Disciplinary core 
ideas are the big 
ideas of science that 
provide scientists and 
engineers with the 
concepts and 
foundations to make 
sense of phenomena 
and/or design 
solutions to problems.



What Are the Core Ideas in . . .?

PHYSICAL SCIENCE

• Matter	  &	  Its	  Interactions

• Motion	  &	  Stability:	  Forces	  &	  
Interactions

• Energy

• Waves	  &	  Their	  Applications	  in	  
Technologies	  for	  Information	  
Transfer



What Are the Core Ideas in . . .?

LIFE SCIENCES

• From	  Molecules	  to	  Organisms:	  
Structures	  &	  Processes

• Ecosystems:	  Interactions,	  Energy,	  &	  
Dynamics

• Heredity:	  Inheritance	  &	  Variation	  of	  
Traits

• Biological	  Evolution:	  Unity	  &	  
Diversity



What Are the Core Ideas in . . .?

EARTH & SPACE 

SCIENCES

• Earth’s	  Place	  in	  the	  Universe

• Earth’s	  Systems

• Earth	  &	  Human	  Activity



What Are the Core Ideas in . . .?

ENGINEERING,

TECHNOLOGY, &

APPLICATIONS 

OF SCIENCE

• Engineering	  Design

• Links	  Among	  Engineering,	  
Technology,	  Science,	  &	  Society



Conclusions:
Disciplinary Core Ideas

At this point, what 
can we take away 

from our work 
regarding the             
Disciplinary                  
Core Ideas

in Three-Dimensional 
Learning?





Let’s  Look  for
Evidence  of
3-Dimensional  
Teaching  and  Learning



Observing  a  Chemical  Reaction



What  happens  to  properties  when  I  
combine  substances?



What  happens  to  properties  when  I  
combine  substances?



Key  Differences

Ø Sample  1  (Observing  a  Chemical  Reaction)  
Ø “Cookbook”  step  by  step  instructions

Ø No  requirement  to  show  understanding  of  content  or  practice,  certainly  no  
crosscutting  concept

Ø Conclusion  is  a  restatement  of  findings,  not  applicable  to  new  situations

Ø Sample  2  (What  Happens  to  Properties  When  I  Combine  Substances?)  
Ø Involves  two  lessons  in  a  progression  toward  students  designing  their  own  lab

Ø Students  are  required  to  demonstrate  understanding  of  all  three  dimensions

Ø The  lessons  are  structured  such  that  student  responses  are  focused  on  using  the  
dimensions  to  explain  the  phenomena



Quick  Start…

u Grade  Appropriate  Elements
u Provides  opportunities  to  develop  and  use  
specific  Science  and  Engineering  Practices,  
Crosscutting  Concepts  and  Disciplinary  Core  
Ideas

u The  three  dimensions  work  together  to  support  
students  to  make  sense  of  phenomena  and/or  
design  solutions  to  problems



Example  Resources

u AAAS  NetLinks

u NSTA  Sample  lessons

u Teach  Engineering.org

u Teachers  Try  Science



Resources
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