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Modify to fit your session 
Quick overview of the PD no more than a few minutes. Be sure to describe the goal of the PD: 
Understanding the vision for science education described in the NRC Framework. 
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ØIt has been fifteen years since National 
Science Education Standards

ØToo few students are entering STEM careers at 
every level

ØEmployers need workers with 21st Century skills

ØStudents need to be scientifically literate to better
function in today’s society
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See the document by the same name on the Nextgenscience.org website 
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Review Final NGSS 
Begin Adoption 

Process

Continue to teach 
the Arkansas 

Science 
Curriculum 
Framework

Become familiar 
with the Practices 
and Crosscutting 

Concepts (suggest 
NGSS@NSTA and 
ADE Professional 
Development)

Begin to 
incorporate the 
Practices and 
Crosscutting 

Concepts into 
your curriculum

	
  

It is very important to distinguish between adoption and implementation. 
 
There are several steps spelled out in legislation that must take place before any standards are 
adopted by the Arkansas State Board of Education. 
Spring 2013 
• NGSS Broad-based committee will review the final version of NGSS and their input will be 

recorded. 
•  Release of Science Standards FAQs  
Summer 2013 
• State-wide committee of stakeholders will review NGSS and make recommendations to ADE 

on whether or not NGSS is best for Arkansas 
• Cooperative and STEM center specialists will offer PD titled Planning for Next Generation 

Science Standards: Understanding the Vision, a one-day PD 
• ADE sends a team to participate in Building Capacity in State Science Education meeting 

with 40+ states to discuss adoption and implementation of NGSS 
Fall 2013 
• Arkansas Science Curriculum Frameworks will be taught and assessed until further notice 
• ADE will review recommendations from the committee and decide the next steps 
  Could include taking the NGSS to the State Board of Education (SBE), who will make the final 
decision on adoption of science content standards in Arkansas 
• Successful implementation of science standards requires time and careful planning 
• Depending on the decision of the SBE, planning for the implementation of new science 

content standards will then begin 
If the State Board chooses to adopt the NGSS as Arkansas’s science standards, then an 
implementation plan will be put into place. 
Implementation will be a multi-year process to be determined. It would be presumptive to put out 
any implementation plan for standards that have not been adopted.  If asked whether teachers 
will be teaching the NGSS standards in 13/14 the answer is NO. 
Science Instructional Materials adoption was postponed until 2015. 
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Common Core Standards for English/language arts and 
Literacy in History/Social Studies, Science, and 
Technology (CCSS 2011)

Common Core State Standards for Mathematics
(CCSS 2011)

http://www.corestandards.org/the-standards

Arkansas Science Curriculum Frameworks (ADE 2005)
http://www.arkansased.org/divisions/learning-
services/curriculum-and-
instruction/frameworks/curriculum_categories/science

*Status of Science Standards Summer 20135

	
  

Allow time for participants to go to these websites and download the documents if not already 
provided. 
 
All documents with an asterisk have been uploaded to  http://arkansasNGSS.pbworks.com 
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A Framework for K-12 Science Education: 
Practices, Crosscutting Concepts, and Core 
Ideas (NRC 2012)
http://www.nap.edu/catalog.php?record_id=13
165

Next Generation Science Standards (Achieve 
2013)
http://www.nextgenscience.org/next-
generation-science-standards

*Crosscutting Concepts Table
*CCSS and NRC Framework Venn Diagram
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Allow time for participants to go to these websites and download the documents if not already 
provided. We highly recommend that all NGSS documents, including appendices, be 
downloaded prior to the workshop. 
 
Documents with an asterisk have been uploaded to  http://arkansasNGSS.pbworks.com 
 
From here on out please refer to A Framework for K-12 Science Education as the NRC 
Framework. 
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Assessment

Curricula

Instruction

Teacher 
development

Achieve Inc., 20117

	
  

	
  
This is an overview diagram of the phase 1: NRC Framework, Phase 2: NGSS, and Phase 3 
state implementation. 
The four components of phase three – assessment, curricula, instruction, teacher development - 
will come after the adoption process. 
 
With the release of the new Framework we are focusing specifically on deepening 
understanding of core concepts.  
The National Academies have the horsepower and wherewithal to provide the framework for 
clearer, fewer, and better standards.  
By focusing on one framework and one set of standards, the scientific and education 
communities can provide the guidance and expertise to get this right. 
 
 
The Framework informs the standards. 
Standards inform Assessment. Curricula, Instruction and Professional development 
Standards tell students/teachers what to do  
Curriculum is how to teach the Standards 
Instruction is what pedagogy is used to teach the Standards 
Assessment is how to clarify what students have reached proficiency 
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Development of the 
NRC Framework

A Framework for K – 12 Science Education: Practices, 
Crosscutting Concepts, and Core Ideas (NRC, 2012)
• National Academy of Sciences provided key leadership by 

engaging the scientific community in development of the 
NRC Framework.

funderstanding.com
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The National Academies is a non-governmental nonprofit institution of various organizations of 
science: National Academy of Sciences, National Research Council (NRC), National Academy 
of Engineering, and Institute of Medicine. This was formed by President Lincoln to inform 
government on matters of science.  
 
NRC wrote the first set of national science standards in 1996.   
The NRC (National Research Council) Framework is from the scientific community.  The guiding 
principles of the Framework are how students learn science, core scientific ideas accepted by 
the scientific community, the development of understanding over time, the connection between 
knowledge and practice, student interest and experiences, and the promotion of equity among 
all learners. 
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BACKGROUND RESEARCH & PRACTITIONERS GUIDES

	
  

	
  

These are the documents of published research on how students learn science that were used 
to: 
• guide the reasoning for the content  
• guide the rigor of content  
• Appropriate practices/crosscutting concepts at each grade band (K-2, 3-5, 6-8, and 9-12) 
 
Heidi Schweingruber is one of the writers of Ready, Set, Science and the NRC Framework. She 
has also been involved in the writing of the NGSS  
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PART I: A Vision for K-12 Science Education
§ Introduction
§ Guiding Assumptions and Organization of the 

Framework
PART II: Dimensions of the Framework
§ Scientific and Engineering Practices
§ Crosscutting Concepts
§ Disciplinary Core Ideas
Part III: Realizing  the Vision
§ Engineering, Technology, and Applications of 

Science
§ Integrating the Three Dimensions
§ Implementation 
§ Equity and Diversity
§ Guidance for Standards Development10

	
  

	
  

Turn to the Table of Contents pgs. vii – viii (PDF pgs. 8 - 9) 
 
Repeat again:  
This is the NRC (National Research Council) Framework. It is the foundational document upon 
which the NGSS are being developed.   
 
Spend time to teach participants how to read the document 
Note how the document pages are numbered in the book versus the PDF 
 
PART I is composed of Chapter 1: vision statement and Chapter 2: Guiding Assumptions and 
organization of the Framework 
Part II is composed of Chapters 3 through 8: 3 dimensions 
Part III is composed of Chapters 9 through 13: provides support and guidance in the 3 phases 
for standards development and implementation. 
 
Appendixes include a summary of the feedback and revision process, a bibliography, 
biographical sketches and design team members 
TODAY we will MOSTLY focus on PART II 
 
Also point out that at the end of each chapter there are references. 
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The main goal of the Framework is to ensure 
that by the end of high school all students 
have some appreciation of science, the 
ability to discuss and think critically about 
science-related issues, and the skills to 
pursue careers in science or engineering.

~Brian Reiser (2011)
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Table of Contents pgs. vii – viii (PDF pgs. 8 - 9) 
This is Part 1 
The main goal of the Framework, according to the report, is to ensure that by the end of high 
school all students have some appreciation of science, the ability to discuss and think critically 
about science-related issues, and the skills to pursue careers in science or engineering – areas 
where current educational approaches fall short. 
 
Quoted~ Brian Reiser is one of the writers of the Framework and whose research is interested 
in the use/design of models in life science instruction. 
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Three	
  Dimensions	
  
of	
  the	
  

Framework	
  
for	
  

K-­‐12	
  Science	
  
Education

Practices

Crosscutting	
  
Concepts

Core	
  
Ideas

Science	
  
Standards
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Turn to pg. 3 (PDF pg. 18) and refer to BOX S-1 
This is Part 2: the 3 dimensions.  This is a BIG Shift.  The intent of the Framework is to change 
how we teach science to be more like how scientists work.  All science will be taught with the 3 
dimensions in concert... 
• The Practices  
• The Crosscutting concepts 
• The Core ideas  
 
Explain how YOU see science teaching being different. 
Engage teachers in a discussion about what they might already know about the three 
dimensions and ask why this is a big shift. 
The vision is for students to be actively engaged at the nexus of the three dimensions. 
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NRC Framework is 
designed to realize a 
vision of science 
education in which ALL 
students’ experiences 
over multiple years 
foster progressively 
deeper understanding of 
science.

13
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This is Part 3 of the document 
This section includes an explanation of why the 3 dimensions must be taught together not 
separately like “Chapter 1- Nature of Science” has been taught in the past. 
Also includes sections that discuss implementation, equity and diversity, and research.  In 
addition, there is a section that provides guidance for standards developers. 
 
The point is that the NRC Frameworks’ vision is meant to be implemented over years, to learn 
from other states’ implementation successes and failures, and to build upon the lessons learned 
in the Common Core State Standards (CCSS) implementation process.  
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PART I: A Vision for K-12 Science 
Education
§ Introduction
§ Guiding Assumptions and Organization 

of the Framework
PART II: Dimensions of the Framework
§ Scientific and Engineering Practices
§ Crosscutting Concepts
§ Disciplinary Core Ideas
Part III: Realizing  the Vision
§ Engineering, Technology, and Applications of Science
§ Integrating the Three Dimensions
§ Implementation 
§ Equity and Diversity
§ Guidance for Standards Development
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Point out:  
This is the NRC (National Research Council) Framework. It is the foundational document upon 
which the NGSS were developed.   
 
PART I is composed of Chapter 1: vision statement and Chapter 2: Guiding Assumptions and 
organization of the Framework 
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Refer to Chapter 1, pg.8-10 (PDF pgs. 23-25)
Take a few moments to read the vision of 
the Framework.
Turn to the educator next to you and discuss 
the following questions:
1. What are the goals of this conceptual 

“framework”?
2. How do these goals relate to the goals of 

the science program in your district?

15

	
  

	
  

Turn to Chapter 1 Give them 5 minutes to read the vision on pg. 8-10 (PDF pgs. 23-25) 
Stop reading on page 10 “Achieving the Vision”  
Allow for a 5 minute discussion with 1 minute for each question. 
 
Goals of the Framework 
• Coherent Investigation of  core ideas across multiple years of school 
• More seamless blending of practices with core ideas and crosscutting concepts 
 
Engage the teachers here in the process of “embracing the vision.”  This is both new and should 
be consisting with their existing understanding of science teaching and learning.  It is important 
to remind how students learn science is by DOING science. 
 
Also, Arkansas does not use the term “Frameworks” the same way as it is meant by the NRC 
Framework. AR uses the term to refer to its standards.  NRC uses term to refer to a supporting 
document upon which standards are to be developed. 
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Three	
  Dimensions	
  
of	
  the	
  

Framework	
  
for	
  

K-­‐12	
  Science	
  
Education

16

Practices

Crosscutting	
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Core	
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Turn to Chapter 2 pgs. 29-30 (PDF pgs. 44-45) 
This chapter is about the structure of the Framework: 3 different dimensions that are taught in 
conjunction with each other:   
• Focus is to be on the core ideas along with the practices.  
• Science and engineering require knowledge and practice.    
• Understanding develops over time. 
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PART I: A Vision for K-12 Science Education
§ Introduction
§ Guiding Assumptions and Organization of the 

Framework

PART II: Dimensions of the Framework
§ Scientific and Engineering Practices
§ Crosscutting Concepts
§ Disciplinary Core Ideas
Part III: Realizing  the Vision
§ Engineering, Technology, and Applications of Science
§ Integrating the Three Dimensions
§ Implementation 
§ Equity and Diversity
§ Guidance for Standards Development
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Sorting activity – sort components of the three dimensions (formative assessment). 
 
Part 2 is the main focus for today.  Understanding the 3 dimensions is key to understanding how 
science education is changing for the future with the goal to make ALL students college-and-
career ready with 21st Century skills. STEM jobs are in demand now and will increase in 
demand in future years.  We as educators need to prepare as many students as we can to fill 
those positions and to pursue science/engineering degrees in college. 
 
Discussion of each practice/crosscutting concept/core idea is followed by a description of how 
students’ knowledge and understanding progresses across K-12  
 
Turn to page 33 (PDF pg. 48) & guide teachers to read about “progressions” across K-12   
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Refer to Chapter 3 and read pgs. 43-46 (PDF 
pgs. 58-61).  Reflect on the following 
questions:
1. Why are “practices” emphasized instead 

of “inquiry”?  
2. How are practices integrated into both 

inquiry and design?
3. What is different about how you teach 

science and how scientists work? 

18

	
  

This section is about how scientists work.   Give only 5 minutes or so here for teachers to read 3 
pages. 
 Allow a minute or so to respond to each question 
Answers: 
 1. Procedures are NOT so explicit. & inquiry is ambiguous and misinterpreted from the original 
science standards published in the 1990’s. 
What distinguishes science from other ways of knowing is the reliance on evidence as central to 
science. 
The use of practices is meant to: 
• Minimize tendency to reduce scientific practice  to a single set of procedures 
• Avoids mistaken impression that there is 1 distinctive approach to science – a single 

“scientific method” 
• Process of inquiry has been hampered by the lack of a commonly accepted of definition of 

inquiry 
 
2. Refer teachers to Figure 3-1 pg. 45 (PDF pg. 60).  They can read this section too. 
 
3. We value and use science as a process of obtaining knowledge based on empirical evidence. 
“When such procedures are in isolation from science content, they become the aims of 
instruction in and of themselves rather than a means of developing a deeper understanding of 
the concepts and purposes of science” 
 
Students and teachers need to understand how different this NEW Methodology is. 
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1. Asking questions (science) and defining 
problems (engineering)

2. Design and using models
3. Planning and carrying out investigations
4. Analyzing and interpreting data
5. Using mathematics and computational 

thinking 
6. Developing explanations (science)  and 

designing solutions (engineering)
7. Engaging in argument
8. Obtaining, evaluating, and 

communicating information

19

	
  

Maybe this a good time for a break. 
When return from break, Group participants into groups of 4 
Each person selects 2 practices to read and become an expert.  Teach the others when all have 
read the pages.   
Refer to Chapter 3.  Turn to pgs. 49-82 (PDF Pgs. 64-97)  
Framework describes each in detail and includes culminating 12th grade learning goals and 
what is known about learning progressions through grade levels. 
 
Facilitator: Read each practice aloud. See BOX 3-2, pgs. 50-53 (PDF pgs. 65-69) 
This perspective is an improvement over previous approaches, in several ways.  
 
Practices in isolation from the content provides little meaning to these practices. 
Note this section has a pattern: the practice is described, 12th grade goals are detailed, and an 
explanation of K-12 progression of how students develop these skills over time.  
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Refer to Chapter 3, Read over “goals” pg. 55 
(PDF pg. 70)
Practice 1: Asking questions (science) and 
Defining Problems (engineering)
Watch these videos of teachers and students 
engaged in Productive Talk (Technical Education 
Research Centers ,2011)
http://inquiryproject.terc.edu/prof_dev/pathway/pathway5
.cfm?pathway_step=step3&pathway_substep=substep1&case=
tp1&case_step=step3

Table discussion:
1. How does this technique develop students’ 

ability to ask well-formulated questions
that can be answered empirically?

20

	
  

	
  

Videos from the Inquiry Project on Talk Science or also called Productive Talk 
 
Read over “goals” of the 1st practice: asking questions. pg.55 (PDF pg. 69)  
Notice this practice is both science and engineering. 
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The complete document, CCSS and NRC Framework Venn Diagram, is found at  
http://arkansasNGSS.pbworks.com 
 
Direct teachers to BOX 3-1 pg. 42 (PDF pg. 57).  
Make the point that there are NO Common Core Science Standards.  The CCSS for 
English/Language Arts includes science reading/writing standards. The new science content 
standards are called Next Generation Science Standards. 
 
Facilitate teachers’ understanding of how the ELA Capacities, Math Practices, and 
Science/Engineering Practices are similar.  Make the point that these practices/capacities are 
not an additional thing teachers need to learn and do.  There is a lot of overlap!  Research 
shows that students who are engaged in sustained practices in any of these 3 domains improve 
achievement scores across ALL domains. Each set of Practices /capacities support and 
improve student understanding/knowledge in ALL three of these domains. 
 
H.O. – Venn diagram – Relationships and Convergences Found between the CCSS for 
Mathematics and Literacy and the practices from A Framework for K-12 Science Education. 
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1.Patterns
2.Cause and effect: 

Mechanism and 
explanation

3.Scale, proportion, and 
quantity

4.Systems and system 
models

5.Energy and matter: 
Flows, cycles, and 
conservation

6.Structure and function
7.Stability and change

nanobioart.com
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Suggest dismissing for LUNCH 
After lunch Refer to Chapter 4 pg. 83 (PDF pg. 98) – H.O. Crosscutting concepts (CCC) Table 
The first CCC is patterns. Here (image) is a collection of plant specimens the exhibit similar 
patterns.  One major use of patterns is in classification.  The Framework acknowledges that 
classification depends on careful observation of similarities and differences.  Objects in nature 
can be classified into groups on careful observation of similarities of visible features, 
microscopic features, or on the basis of function.  
  
 
H.O. – Crosscutting concepts table http://arkansasNGSS.pbworks.com (Complete the first 
two columns: Give teachers 30 minutes to read and complete the first 2 columns) 
 
Facilitator jigsaws across the room numbering participants 1-7.  All 1’s study CCC #1; all 2’s 
study CCC #2 and so on.  This will take several minutes because each concept is many pages. 
Participants use the chart and fill out what they learn for each CCC.  They use it to teach the 
others. 
This section also has a pattern: each CCC is described and then followed by the K-12 
progression of the concept.  
CCC is the 2nd dimension of the Framework.  Crosscutting concepts are fundamental to an 
understanding of science and engineering in ALL domains of science. 
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*Take a few moments following your review of the 
Crosscutting Concepts (CCC) and read how CCC 
Interconnect with Core Ideas.  Refer to Chapter 4, 
pg. 101 (PDF pg. 116).

*Refer to the Arkansas Science Curriculum 
Frameworks you previously downloaded. 

Complete your CCC chart.

1. Identify an SLE you teach that would facilitate 
students’ understanding of each CCC?

2. List some lessons/lab activities that address some 
of these crosscutting concepts?

23

	
  

	
  

H.O.: Crosscutting concepts Table: complete last two columns 
This should take another 30 minutes 
 
Direct Teachers to the ADE web site and view the AR Curriculum Science Standards 
http://www.arkansased.org/divisions/learning-services/curriculum-and-
instruction/frameworks/curriculum_categories/science 
  
Point out that CCC’s is fundamental to an understanding of Science, yet students are often 
expected to develop knowledge without any explicit instructional support. 
Research indicates: 
1. CCC are interwoven with the other dimensions. 
2. Students should understand CCC’s are integral across disciplines and grade-levels. 
3. Development of CCC’s in multiple disciplinary contexts can help students develop an 
understanding of science and engineering through K-12.  
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Refer to the K-12 Core Ideas in the NRC Framework

qPhysical Sciences (Chapter 5, Pg. 103/PDF pg. 118)

qLife Sciences (Chapter 6, Pg. 139/ PDF pg. 154 )

qEarth and Space Sciences (Chapter 7, Pg. 169/PDF 
pg. 184 )

qEngineering, Technology, and Applications of 
Science (Chapter 8, Pg. 201/ PDF pg. 216)

24

	
  

	
  

Students are to be taught less science facts.  Teachers are to guide students deeper into these 
4 core ideas to insure students truly UNDERSTAND the core ideas set forth in these 
documents.   
Give participants several minutes or so to look over each Core Idea.   Give teachers 15 minutes 
to do so then DISMISS FOR 15 MINUTE BREAK. 
 
These Chapters have a similar pattern to the others: 
Each core idea is introduced with information on the science domain, then 1, 2, 3 and/or 4 core 
ideas are presented that include an essential question designed to show some aspect of the 
world the idea helps to explain.   
Each core idea is broken down into sub-core ideas that also are accompanied with essential 
questions (EQ) and grade-band endpoints.  
Each core idea chapter is concluded with a list of supporting references. 
Grand-band end points are indicators of what students should know and be able to do at the 
ends of grade 2, grade 5, grade 8, and grade 12.   
 
Framework emphasizes developing students’ proficiency in science across grades K-12 
following the logic of learning progressions (not the charge of the Framework committee to 
develop detailed learning progressions but guides are provided) 
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qCore Idea PS1: Matter and Its Interactions

qCore Idea PS2: Motion and Stability: Forces 
and Interactions

qCore Idea PS3: Energy

qCore Idea PS4: Waves and Their Applications 
in Technologies for Information Transfer

25

	
  

Suggest 15 minute BREAK 
Discuss how content will change.  Remind them again and again these core ideas are NOT 
meant to dictate courses. Bring their attention to the grade-band endpoints on each of the four 
Core idea slides. Set of grade-band endpoints, (grade 2, 5, 8, and 12) were informed by 
research on teaching and learning and describe the developing understanding that students 
should have acquired by these endpoints.   
 
Refer teachers to the BOX 5-1 on pg. 105 (PDF pg. 120).  Bring to their attention to how these 
core ideas and sub-core ideas are numbered and lettered. 
BOX 5-1 
Core and Component Ideas in the Physical Sciences 
PS1: Matter and Its Interactions 
PS1.A: Structure and Properties of Matter 
PS1.B: Chemical Reactions 
PS1.C: Nuclear Processes 
PS2: Motion and Stability: Forces and Interactions 
PS2.A: Forces and Motion 
PS2.B: Types of Interactions 
PS2.C: Stability and Instability in Physical Systems 
PS3: Energy 
PS3.A: Definitions of Energy 
PS3.B: Conservation of Energy and Energy Transfer 
PS3.C: Relationship between Energy and Forces 
PS3.D: Energy in Chemical Processes and Everyday Life 
PS4: Waves and Their Applications in Technologies for Information Transfer 
PS4.A: Wave Properties 
PS4.B: Electromagnetic Radiation 
PS4.C: Information Technologies and Instrumentation. 
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qCore Idea LS1: From Molecules to Organisms: 
Structures and Processes

qCore Idea LS2: Ecosystems: Interactions, 
Energy, and Dynamics

qCore Idea LS3: Heredity: Inheritance and 
Variation of Traits

qCore Idea LS4: Biological Evolution: Unity and 
Diversity
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Discuss how content will change.  Remind them again and again these core ideas are NOT 
meant to dictate courses. Bring their attention to the grade-band endpoints on each of the four 
core idea slides. Set of grade-band endpoints, (grade 2, 5, 8, and 12) were informed by 
research on teaching and learning and describe the developing understanding that students 
should have acquired by these endpoints.   
Bring to their attention to how these core ideas and sub-core ideas are numbered and lettered. 
BOX 6-1 pg. 142 (PDF pg. 157) 
Core and Component Ideas in the Life Sciences 
LS1: From Molecules to Organisms: Structures and Processes 
LS1.A: Structure and Function 
LS1.B: Growth and Development of Organisms 
LS1.C: Organization for Matter and Energy Flow in Organisms 
LS1.D: Information Processing 
LS2: Ecosystems: Interactions, Energy, and Dynamics 
LS2.A: Interdependent Relationships in Ecosystems 
LS2.B: Cycles of Matter and Energy Transfer in Ecosystems 
LS2.C: Ecosystems Dynamics, Functioning, and Resilience 
LS2.D: Social Interactions and Group Behavior 
LS3: Heredity: Inheritance and Variation of Traits 
LS3.A: Inheritance of Traits 
LS3.B: Variation of Traits 
LS4: Biological Evolution: Unity and Diversity 
LS4.A: Evidence of Common Ancestry and Diversity 
LS4.B: Natural Selection 
LS4.C: Adaptation 
LS4.D: Biodiversity and Humans 
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qCore Idea ESS1: Earth’s Place in the 
Universe

qCore Idea ESS2: Earth’s Systems

qCore Idea ESS3: Earth and Human Activity
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Discuss how content will change.  Remind them again and again these core ideas are NOT 
meant to dictate courses. Bring their attention to the grade-band endpoints on each of the four 
core idea slides. Set of grade-band endpoints, (grade 2, 5, 8, and 12) were informed by 
research on teaching and learning and describe the developing understanding that students 
should have acquired by these endpoints.   
Bring to their attention to how these core ideas and sub-core ideas are numbered and lettered. 
BOX 7-1 pg. 171 (PDF pg. 186) 
Core and Component Ideas in Earth and Space Sciences 
ESS1: Earth’s Place in the Universe 
ESS1.A: The Universe and Its Stars 
ESS1.B: Earth and the Solar System 
ESS1.C: The History of Planet Earth 
ESS2: Earth’s Systems 
ESS2.A: Earth Materials and Systems 
ESS2.B: Plate Tectonics and Large-Scale System Interactions 
ESS2.C: The Roles of Water in Earth’s Surface Processes 
ESS2.D: Weather and Climate 
ESS2.E: Biogeology 
ESS3: Earth and Human Activity 
ESS3.A: Natural Resources 
ESS3.B: Natural Hazards 
ESS3.C: Human Impacts on Earth Systems 
ESS3.D: Global Climate Change 
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qCore Idea ETS1: Engineering Design

qCore Idea ETS2: Links Among Engineering, 
Technology, Science, and Society

28

	
  

Discuss how content will change.  Remind them again and again these core ideas are NOT 
meant to dictate courses. Bring their attention to the grade-band endpoints on each of the four 
core idea slides. Set of grade-band endpoints, (grade 2, 5, 8, and 12) were informed by 
research on teaching and learning and describe the developing understanding that students 
should have acquired by these endpoints.  
Bring to their attention to how these core ideas and sub-core ideas are numbered and lettered. 
This core idea is a BIG SHIFT in 21st Century science education.  This will be a critical piece for 
curriculum developers and pre-service teacher instruction.   
 
BOX 8-1 pg. 202 (PDF pg. 217) 
Definitions of Technology, Engineering, and Applications of Science 
Technology is any modification of the natural world made to fulfill human needs or desires 
[2]. 
Engineering is a systematic and often iterative approach to designing objects, processes, and 
systems to meet human needs and wants [2]. 
An application of science is any use of scientific knowledge for a specific purpose, whether 
to do more science; to design a product, process, or medical treatment; to develop a new 
technology; or to predict the impacts of human actions. 
 
BOX 8-2 pg. 203 (PDF pg. 218) 
Core and Component Ideas in Engineering, Technology, and Applications of Science 
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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Earth and Human Activity
•Global Climate Change
•Human Impacts on Earth Systems

Biological Evolution: Unity and Diversity
•Evidence of Common Ancestry and Diversity 
•Natural Selection

Waves and Their Applications in Technologies 
for Information Transfer
•Wave Properties
• Information Technologies and Instrumentation

Earth’s Place in the Universe
•The Big Bang
•The History of Planet Earth 

Some Big Shifts in the Core and Sub-Core Ideas
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Make the point that this content is based on current vetted SCIENCE RESEARCH that is widely 
accepted and peer reviewed. 
Framework’s Rigor of content will be mirrored in the Standards 
This content is the FLOOR not the CEILING of what students should know and be able to do. 
• Climate change is impacted by human activity. 
• Biological evolution is based on evidence of common ancestry and diversity. 
• New content on wave technology was NOT included in the original national standards.  This 

is real world application for students (cell phone technology and the impacts of solar flares 
on human activity). 

• Big Bang Theory is based on the age of the universe and rocks on Earth in billions of years. 
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PART I: A Vision for K-12 Science Education
§ Introduction
§ Guiding Assumptions and Organization of the Framework
PART II: Dimensions of the Framework
§ Scientific and Engineering Practices
§ Crosscutting Concepts
§ Disciplinary Core Ideas

Part III: Realizing  the Vision
§ Integrating the Three Dimensions
§ Implementation 
§ Equity and Diversity
§ Guidance for Standards Development
§ Looking Toward the Future
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Bring participant’s attention to Part 3 of the document, Realizing the Vision.  As we move into a 
discussion of NGSS these topics will become clearer. 
 
	
  

	
   	
  



Slide 31 

	
  

Development of the Next 
Generation 
Science Standards 
(NGSS)

Next Generation Science Standards (NGSS)

For States By States

funderstanding.com
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The NRC Framework is from the scientific community.  Its principles focus on how students 
learn science, core scientific ideas accepted by the scientific community, the development of 
understanding over time, the connection between knowledge and Practice , student interest and 
experiences, and the promotion of equity. 
 
The science content of Next Gen. Science Standards is taken directly from the Framework. 
 NGSS development process is now at the public comment phase.  First public release was at 
the end of April 2012.  Look for another opportunity to comment on these standards in the fall of 
2012. 
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Achieve Inc., 2011
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Picture is a hyperlink to the video on the NGSS website. 
 
These colors mean something!! 
Content IS integrated with the crosscutting concepts and science and engineering practice to 
develop the standards.  
The core disciplinary ideas are from which the NGSS content is based and are being re-written 
into student learning expectations.   
Science and engineering practices such as posing questions, designing investigations, 
developing scientific explanations, and constructing and/or using models are meant to help 
students understand and research scientific principles.   
Crosscutting concepts such as systems, form and function, and cause and effect are meant to 
help students to make connections between the various branches of science. 
 
The final standards will give teachers, curriculum and assessment developers, and 
administrators guidance in how to blend practices, crosscutting concepts and content to full and 
more seamless integration.  
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Through a collaborative, state-led process, new 
K–12 science standards are being developed that 
will be rich in content and practice, arranged in 
a coherent manner across disciplines and grades 
to provide all students an internationally 
benchmarked science education. The NGSS will 
be based on the Framework for K–12 Science 
Education developed by the National Research 
Council.
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For Today’s Students and Tomorrow’s Workforce:   
NGSS is the floor NOT the Ceiling of what should be taught to ALL students. 
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§ First public draft
May 2012

§ Final public draft   
Janurary 2013

§ Next Generation 
Science Standards 
published
April 2013

34

NGSS Development Timeline

	
  

The NGSS was developed collaboratively with states and other stakeholders in science, science 
education, higher education and industry. Additional review and guidance was provided by 
advisory committees composed of nationally-recognized leaders in science (NSTA) and science 
education as well as business and industry. 
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Writing Team Only
Lead State Partner Only
Lead State Partner and Writing Team

Achieve Inc., 2011
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HOW is ARKANSAS INVOLVED? 
AR is one of 26 lead state partners composed of a: 
Broad Geographic Representation that Account for 58% of the nation’s public school students 
__Stephen Pruitt (vice president of Achieve Inc. who has been commissioned to write the 
NGSS): Through our various writing teams and stakeholder groups we have representation from 
every state in the nation as well as from Puerto Rico, from a diverse community of elementary, 
middle, and high school teachers (from both rural and urban communities), administrators, state 
science directors and other key curriculum and assessment developers at the state level,  as 
well as experts in career tech and the scientific fields of cognition, life science, earth science, 
physical science, and engineering. 
__________________________________________________ 
Arkansas has two members on the writing team 
The writing team is truly led by the education community– most specifically K-12 educators and 
administrators that are in the classroom every day. The utility of the document is paramount and 
if the resulting standards aren’t useful in application, we would consider them a failed initiative.  
Members of the writing team represent elementary, middle, and high school educators in both 
urban and rural communities. This prestigious group includes State Teachers of the Year, 
Einstein Fellows, and Presidential Award for Excellence in Mathematics and Science Teaching 
winners and individuals who hold offices in their respective professional 
organizations.________________________________________________ 
Arkansas has a review team of 29 members from across the state representing CTE, ASTA, 
STEM Centers, Service cooperatives, K-12 science, literacy and math teachers, Business 
leaders, Higher education professionals, ADE assessment, curriculum & professional 
development representatives. 
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Final NGSS and 
Supporting 
Documents
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NGSS Structure (see doc on NGSS Website) 
 
The codes for the performance expectations were derived from the Framework. As with the 
titles, the first digit indicates a grade K-5, or specifies MS (middle school) or HS (high school). 
The next alpha-numeric code specifies the discipline, core idea and sub-idea. All of these codes 
are shown in the table below, derived from the Framework. Finally, the number at the end of 
each code indicates the order in which that statement appeared as a DCI in the Framework.  
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Performance Expectation

Foundation Boxes

Connection Boxes

	
  

Send some time with group reviewing the document - How to Read the Next Generation 
Science Standards (NGSS)  
 
All three of these components make up a standard 
PE  
Foundation boxes 
Connection boxes 
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This is a picture of a standard which includes a performance expectation .  
 
Slide 40 

40

Topic View:
The writers arranged the DCIs into topics.
* In order to eliminate potential redundancy 
* Seek an appropriate grain size
* Seek natural connections among the 

Disciplinary Core Ideas (DCIs)

DCI View:
All coding is by disciplinary core idea.

	
  

Due to the fact that the NGSS progress toward end-of-high school core ideas, the standards 
may be rearranged in any order within a grade level. 
Interactive versions of the standards will be available soon. 
This structure provided the original basis of the standards, and is preferred by many states. 
However, the coding structure of individual performance expectations reflects the DCI 
arrangement in the Framework. 
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Read the appropriate storylines that represent 
the grade band of your team.

*K-2: kindergarten ,1st, and 2nd grades 

*3-5: 3rd, 4th, and 5th grades

*Middle School: physical science, life science, 
and earth and space science

*High School: physical science, life science, and 
earth and space science

	
  

As a presenter decide which view, DCI or Topic to use with this presentation.  Suggest grouping 
participants in grade bands.  For a quick overview, as teams, read the storylines in their grade 
band and share out. 
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ØAppendix A – Conceptual Shifts

ØAppendix B – Responses to Public Drafts

ØAppendix C – College and Career Readiness 

ØAppendix D – All Standards, All Students

ØAppendix E – Disciplinary Core Idea Progressions 

ØAppendix F – Science and Engineering Practices 

ØAppendix G – Crosscutting Concepts

ØAppendix H – Nature of Science

ØAppendix I – Engineering Design in the NGSS

ØAppendix J – Science, Technology, Society, and the Environment

ØAppendix K – Model Course Mapping in Middle and High School 

ØAppendix L – Connections to CCSS-Mathematics

ØAppendix M – Connections to CCSS-ELA

	
  

It is up to your discretion as to how long you spend in these appendices during your session, but 
it highly recommended that time be devoted to make educators aware. 
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1. K-12 Science Education should reflect the interconnected Nature of 
Science as it is practiced and experienced in the real world

2. The Next Generation Science Standards are student performance 
expectations œNOT curriculum

3. The science concepts build coherently from K-12

4. The NGSS focus on deeper understanding of content as well as 
application of content

5. Science and Engineering are integrated in the NGSS from Kœ12 

6. The NGSS and Common Core State Standards (English Language 
Arts and Mathematics) are aligned 
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• “…learning about science and engineering involves integration of the knowledge of 
scientific explanations (i.e., content knowledge) and the practices needed to engage in 
scientific inquiry and engineering design. Thus the framework seeks to illustrate how 
knowledge and practice must be intertwined in designing learning experiences in K–12 
science education.”  (NRC 2011) 

• Even though within each performance expectation, science and engineering practices are 
partnered with a particular disciplinary core idea and crosscutting concept in the NGSS, 
these intersections do not predetermine how the three are linked in the curriculum, units, 
or lessons; they simply clarifies the expectations of what students will know and be able to 
do be the end of the grade or grade band. Additional work will be needed to create 
coherent instructional programs that help students achieve these standards. It is essential 
to understand that the emphasis placed on a particular science and engineering practice  
or crosscutting concept in a performance expectation  is not intended to limit instruction, 
but to make clear the intent of the assessments.  

• First, focus and coherence must be a priority.  Second, the progressions in the NGSS 
automatically assume that previous material has been learned by the student. 

• It is important that teachers and curriculum/assessment developers understand that the 
focus is on the core ideas —not necessarily the facts that are associated with them. The 
facts and details are important evidence, but not the sole focus of instruction. –Enhanced 
rigor and cognitive demand. 

• By integrating technology and engineering into the science curriculum teachers can 
empower their students to use what they learn in their everyday lives. 

• There is an opportunity for science to be part of a child’s comprehensive education. 
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Changes made between the second public draft and the 
final NGSS

* 75% of the PEs were edited
* Removal of about 33% of the PEs and associated DCIs while retaining the 

progression of DCIs across the grade bands
* Separate ETS1: Engineering Design performance expectations were added to 

each grade band 
* “Storylines” with essential questions were added to the beginning of each 

grade band and section
* The “All Standards, All Students” appendix was expanded to include several 

vignettes about implementation of the NGSS with diverse student groups 
* Performance expectations names were changed from lowercase letters to 

numbers to avoid confusion with the DCI names. For example, MS-LS1-a 
became MS-LS1-1
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• Referring to previous drafts will not be productive 
• See Appendix C 
• Based on feedback 
• PEs aligned to engineering are designated with an asterisk.  Appendix I - explicit inclusion 

of engineering and technology opens the door to curriculum materials that communicate to 
students the broad spectrum of career opportunities that includes not only scientists but 
also technicians, engineers, and other careers that require knowledge and abilities in the 
STEM fields. There was a commitment to fully integrate engineering design, technology, 
and mathematics into the structure of science education by raising engineering design to 
the same level as scientific inquiry when teaching science disciplines at all levels, from 
kindergarten to grade 12  

• Appendix K – As a result of May draft additional quantitative expectations were added 
particularly in the physical sciences 

6. Nature of Science (NOS) 
• learning about the nature of science requires more than engaging in activities and 

conducting investigations  
• Appendix H – has more information, a matrix of eight NOS categories and good 

examples of how teachers can use practices and CCCs to emphasis the nature of 
science 

• It is important to note that while the Nature of Science was reflected in the 
Framework through the practices, understanding the Nature of Science is more 
than just practice. 

7. See Appendix F for SEP matrix  
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Challenges in determining CCR
1. There are very few remediation courses in science 

2. Most postsecondary options do not include a 
placement test to determine the appropriate level 
of science course

3. There is no general consensus on pre-requisites 
students should take as entry-level science courses

4. The role of science in college and career is changing 
dramatically and the new standards must stand 
ready to meet that change

45

	
  

• There are very few remediation courses in science.  
• Most postsecondary options do not include a placement test to determine the 

appropriate level of science course. 
• There is no general consensus on pre-requisites students should take as entry-level 

science courses. 
• The role of science in college and career is changing dramatically and the new 

standards must stand ready to meet that change. 
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*Learning opportunities and challenges that NGSS presents 
for student groups that have traditionally been underserved 
in science classrooms 

*Effective strategies for implementation of NGSS in the 
science classroom, school, home, and community

*Context of student diversity by addressing changing 
demographics, persistent science achievement gaps, and 
educational policies affecting non-dominant student groups

*Vignettes about implementation of the NGSS with diverse 
student groups
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Learning opportunities 
• NGSS, by emphasizing engineering, recognizes contributions of other cultures historically.  
• Engineering has potential to be inclusive of students who have traditionally been 

marginalized in the science classroom and do not see relevance of science or engineering 
to their lives or future. 

• Focus on Practices  require reading, writing, speaking- allow for opportunities for language 
acquisition 

• Connection to CCSS ELA 
Effective strategies 
• Overview of the research on effective strategies by sub-populations (non-dominant groups) 
• Info on involving parents and community members in science 
• Solving community-based problems 
Context 
• Provides stats on changing demographics for sub-pops 
• One factor that I felt was overlooked was isolated, rural populations with limited access to 

outside cultures and resources 
• Student achievement measures – assessment 

• Made the point that standardized tests do not analyze or report interactions 
between variables – e.g. – minorities are disproportionally represented in free and 
reduced lunch stats 

• Added attention to standardized testing does not necessarily result in higher 
student achievement 

• Conclusion – Science teachers need effective strategies to include all students  
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*Matrix describes the content at each grade band for 
each disciplinary core idea across K-12 

*Helped the NGSS writers ensure progression across 
grades or grade bands

*This progression is for reference only. The full 
progressions can be seen in the Framework

*This document in no way endorses separating the 
disciplinary core ideas from the other two dimensions 
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They describe the content that occurs at each grade band. Some of the sub-ideas within the 
disciplinary core ideas overlap significantly.  
 
 

	
   	
  



Slide 48 

	
  

	
  

	
  
	
  “First, it is built on the notion of learning as a developmental progression  
 
Second, the framework focuses on a limited number of core ideas in science and engineering 
both within and across the disciplines.  
 
Third, the framework emphasizes that learning about science and engineering involves 
integration of the knowledge of scientific explanations (i.e., content knowledge) and the 
practices needed to engage in scientific inquiry and engineering design. Thus the framework 
seeks to illustrate how knowledge and practice must be intertwined in designing learning 
experiences in K-12 science education.” - NRC Framework for K-12 Science Education, 1-3  
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Guiding Principles 
*Students in grades K-12 should engage in all of the eight practices over 

each grade band  

*Practices grow in complexity and sophistication across the grades

*Each practice may reflect science or engineering 

*Practices represent what students are expected to do, and are not 
teaching methods or curriculum 

*The eight practices are not separate; they intentionally overlap and 
interconnect

*Performance expectations focus on some but not all capabilities 
associated with a practice
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Appendix F has a progression matrix for each Practice . 
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Crosscutting concepts (CCC)
* help students better understand core ideas in science and engineering
* help students better understand science and engineering practices
* should grow in complexity and sophistication across the grades
* provide a common vocabulary for science and engineering
* should not be assessed separately from practices or core ideas
* are for all students

* Repetition in different contexts will be necessary to build familiarity

* Performance expectations focus on some but not all capabilities associated 
with a crosscutting concept

* Inclusion of Nature of Science and Engineering Concepts
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Framework does not specify grade-band endpoints for the crosscutting concepts, but instead 
provides a summary of what students should know by the end of grade twelve and a 
hypothetical progression for each.  
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The basic understandings of the NOS that align to Practices:
* Scientific Investigations Use a Variety of Methods
* Scientific Knowledge is Based on Empirical Evidence
* Scientific Knowledge is Open to Revision in Light of New Evidence
* Scientific Models, Laws, Mechanisms, and Theories Explain Natural 

Phenomena

The basic understandings of the NOS that align to Crosscutting Concepts:
* Science is a Way of Knowing
* Scientific Knowledge Assumes an Order and Consistency in Natural Systems
* Science is a Human Endeavor
* Science Addresses Questions About the Natural and Material World
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A foundation in engineering design allows students to 
better engage in and aspire to solve the major 
societal and environmental challenges they will face 
in the decades ahead.
Go to the DCI arrangement of the NGSS
*K-2 – page 21
*3-5 – page 46
*Middle school – page 67
*High school – page 95
Discuss Engineering Design PEs – denoted with an *
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Two Core Ideas
*The Interdependence of Science, Engineering, and 

Technology 
*The Influence of Science, Engineering and Technology on 

Society and the Natural World

There is a broad consensus that these two core ideas 
belong in the NGSS but a majority of state teams 
recommended that these ideas could best be 
illustrated through their connections to the natural 
science disciplines.
Go to Appendix J – pages 3-5
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http://www.surveymonkey.com/s/ADEsciplan
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Host should tell the participants to identify themselves by their school district. 
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