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Every Student Succeeds Act (ESSA) four accountability groups:

1. Economically disadvantaged students
• 51% of students were eligible for free and reduced price lunch in 2013 (Southern 

Education Foundation, 2015)

2. Students from major racial and ethnic groups
• Racial and ethnic minority students made up 50% of students in fall 2013 (National 

Center for Education Statistics [NCES], 2016)

3. Children with disabilities
• 13% of students received special education services in 2013–2014 (NCES, 2016)

4. English learners
• 21% of children spoke a language other than English at home (U.S. Census Bureau, 

2012)
• English learners constituted 9.3% of public school students in 2013-2014, or an 

estimated 4.5 million students (NCES, 2016)

Changing Student Demographics



• Earlier Work
 Hands-on science process skills
 Hands-on ESOL/ESL strategies (experiential, contextual, comprehensible)

• National Science Education Standards (1996)
 Science inquiry and discourse
 Science content and skill-based ESOL/ESL strategies (academic 

language; academic vocabulary; tier 1-2-3 words; Academic Word List; 
sentence frames)

• Framework for K-12 Science Education (NRC, 2012), NGSS (2013), 
and Understanding Language Initiative (2011– )
 Science and engineering practices
 Language practices

Content and Language Learning 
from a Historical Perspective



Active Learning for Science and 
Language

Topics

1. Science instructional shifts

2. Language instructional shifts

* Example 1: Light box investigation to illustrate science and 
language instructional shifts

3. Science and Integrated Language (SAIL) –

NSF Grant DRL-1503330

* Example 2: Classroom video to illustrate science and language 
instructional shifts



3) Coherence (or learning 
progression)

1) Focus on phenomena or 
designing solutions

2) 3-dimensional 
learning

Brian Reiser

4) NGSS connections to 
Common Core for ELA & Math

Topic 1:
Science Instructional Shifts Promote

Language Learning



1) Explaining a phenomenon or designing solutions to a 
problem: A phenomenon or problem in a local context of 
students’ home and community capitalizes on everyday 
language and experience.

The University of Delaware built a 
turbine at their Lewes Campus.

How might this affect local wildlife?

There has been much wonder about how 
the lead got into the water in Flint, MI.

Can it happen in our community?

Tonyea Mead

Rita Januszyk

http://www.scientificamerican.com/video/corrosive-chemistry-how-lead-ended-up-in-flint-s-drinking-water/
http://www.scientificamerican.com/video/corrosive-chemistry-how-lead-ended-up-in-flint-s-drinking-water/


1) Community-based Phenomenon

Diversity 

create relevance 
(respect for diversity)

utilize funds of 
knowledge (cultural 

resources)

provide context for 
language (linguistic 

resources)

promote participation 
of all students 

(inclusion)

Science 

integrate science 
disciplines

link engineering to 
local context

Reflect current 
concerns using 

science



2) Three-dimensional learning: The NGSS science and 
engineering practices are language intensive.

Asking 
questions 

and                      
defining 

problems
Developing 
and Using 

Models

Planning and 
carrying out    

investigations

Analyzing 
and 

interpreting 
data

Using 
mathematics 

and  
computational 

thinking

Constructing 
explanations 

and  designing 
solutions

Engaging in 
argument 

from 
evidence

Obtaining, 
evaluating, and 
communicating 

information



2) Three-dimensional learning: The NGSS practices
afford rich language use.



3) Coherence (or learning progression): Three-dimensional 
learning becomes sophisticated over time.

Lessons often raise 
questions that 

motivate what we 
want to figure out in 
subsequent lessons
(Figure by Brian Reiser)



3) Coherence (i.e., learning progressions): As 3-dimensional 
learning becomes sophisticated over time, language use 
becomes precise, explicit, and complex.

Precision

• Does the discourse use 
discipline-specific terms 
appropriately?

• Is the discourse exact 
enough to communicate 
nuanced meaning?

Explicitness

• Would the audience 
understand the discourse 
without context?

• Could someone who is 
not in the classroom 
understand the discourse?

• Does the student 
appropriately use logical 
connectors (e.g., because, 
since, therefore, so) to be 
explicit about 
relationships between 
ideas?

Complexity

• Does the student explain 
why?

• Does the student provide 
evidence to support a 
claim(s)?

• Does the student 
communicate about 
relationships between 
concepts?



Based on work by Tina Chuek ell.stanford.edu 

Math Science 

ELA 

  M1: Make sense of problems  
and persevere in solving them  

M2: Reason abstractly &  
quantitatively 

M6: Attend to precision 

M7: Look for & make  
use of structure 

M8: Look for &  
make use of  
regularity  
in repeated  
reasoning 

S1: Ask questions and define  
problems 

S3: Plan & carry out investigations 

S4: Analyze & interpret data 

S6: Construct explanations & 
design solutions 

   M4. Models  
 with mathematics 

S2: Develop & use models 

S5: Use mathematics & 
computational thinking 

E1: Demonstrate independence in reading complex  
texts, and writing and speaking about them 

E7: Come to understand other perspectives  
and cultures through reading, listening,  
 and collaborations 

  E6: Use  
technology  
& digital media 
strategically &  
capably 

M5: Use appropriate 
tools strategically 

 

E2: Build a strong base of knowledge 
through content rich texts 

E5: Read, write, and speak  
grounded in evidence 

M3 & E4: Construct viable  
arguments and critique  
reasoning of others 

S7: Engage in  
argument from  
 evidence 

     S8: Obtain,  
   evaluate, &  
  communicate  
 information 

   E3: Obtain, synthesize,  
 and report findings clearly  
and effectively in response  
to task and purpose 

Commonalities  
Among the Practices  
in Science, Mathematics  
and English Language Arts 

www.nsta.org/ngss 

4) NGSS connections to CCSS: Language use for NGSS 
practices overlaps with language use for CCSS ELA and math 
practices.



English Language Proficiency (ELP) Standards
1. Construct meaning from oral presentations and literary and informational 

text through grade-appropriate listening, reading, and viewing

2. Participate in grade-appropriate oral and written exchanges of information, 

ideas, and analyses, responding to peer, audience, or reader comments 

and questions

3. Speak and write about grade-appropriate complex literary and 

informational texts and topics

4. Construct grade-appropriate oral and written claims and support them with 

reasoning and evidence

5. Conduct research and evaluate and communicate findings to answer 

questions or solve problems

6. Analyze and critique the arguments of others orally and in writing

7. Adapt language choices to purpose, task, and audience when speaking 

and writing

8. Determine the meaning of words and phrases in oral presentations and 

literary and informational text

9. Create clear and coherent grade-appropriate speech and text

10. Make accurate use of standard English to communicate in grade-

appropriate speech and writing





Topic 2:
Language Instructional Shifts

• Language instructional shifts are principles and 
practices to support English learners in the science 
classroom

• Language instructional shifts represent changing 
notions about the nature of language and how 
language is best learned

• Science instructional shifts and language 
instructional shifts support each other



From... To...

Seeing language acquisition as an 

individual process

Understanding language acquisition 

as a social process of apprenticeship

Language Instructional Shifts
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Seeing language acquisition as an 

individual process

Understanding language acquisition 

as a social process of apprenticeship

Teaching language as grammar and 
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Creating opportunities for language 

use within a community of learners

Seeing "full" English language 

proficiency as a prerequisite to 
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Seeing students as capable of 
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than-perfect language

Language Instructional Shifts



From... To...

Seeing language acquisition as an 

individual process

Understanding language acquisition 

as a social process of apprenticeship

Teaching language as grammar and 

vocabulary

Creating opportunities for language 

use within a community of learners

Seeing "full" English language 

proficiency as a prerequisite to 

meaningful participation

Seeing students as capable of 

participating meaningfully with less-

than-perfect language

Simplifying talk and text for ELs "Amplifying" talk and text through 

scaffolded interactions and models of 

language use

Heritage, Walquí, & Linquanti (2016); Lee, Quinn, & Valdés (2013)

Language Instructional Shifts



Developed in Collaboration with Rita Januszyk
Former Elementary School Teacher

NGSS Writer and NGSS Diversity and Equity Team Member

How do you see an object? – 4th grade

Example 1: Light Box Investigation





Teacher plans instruction for 4th graders

4-PS4-2 Develop a model to describe that light reflecting 
from objects and entering the eye allows objects to be 
seen. [Assessment Boundary: Assessment does not include 
knowledge of specific colors reflected and seen, the cellular 
mechanisms of vision, or how the retina works.]

Performance Expectation (PE)



Phenomenon: What phenomenon(a) is related to 
this performance expectation for 4th graders?

Through discussion, the class decides to 
investigate the following question:

Question: How do you see an object?

Phenomenon – Shift #1



3-Dimensional Learning – Shift #2

• Develop a model that shows how you see the 
object in the box

• Include the following components in the model:

 Object

 Eye

 Path of light or light itself

 Open space or view not blocked



• How does “draw a picture” (physical model) change 
into “develop a model” (conceptual model)?

• Develop a model to explain how you see the object in 
the box

 Models include components
 Models show relationships
 Models help to construct explanations
 Models specify cause and effect
 Models are used to make predictions

3-Dimensional Learning – Shift #2



Group Investigation

• Develop a model that shows (i.e., explains) how you 
see an object
Step 1: Look into the box with the flap closed
Step 2: Look into the box with the flap open
Step 3: Look into the box with flashlight shining through 

the flap

• Make sure your group’s model shows relationships 
between (1) object, (2) eye, (3) path of light, and (4) 
open space

3-Dimensional Learning – Shift #2



Initial Model



Coherence (or Learning Progression) –
Shift #3

Teacher continues instruction to help 
students develop an understanding . . .



Revised Model



 Object

 Eye

 Path of light or light itself

 Open space or view not blocked











Development of Language-Focused

Three-Dimensional Science Instructional Materials

to Support English Learners in Fifth Grade

Okhee Lee
Lorena Llosa

(New Jersey Research Site)

Guadalupe Valdés
Helen Quinn

(California Research Site)

This work is supported by the National Science Foundation (NSF Grant DRL-1503330). 

Any opinions, findings, conclusions, or recommendations expressed in this publication are 

those of the authors and do not necessarily reflect the position, policy, or endorsement of 

the funding agency.

Topic 3:
Science and Integrated Language



1) Content Framework for 5th Grade –
NGSS Instructional Shifts at a Glance



Our school makes large amounts 
of garbage every day. This 
garbage persists in landfills over 
a long period of time.

2) Garbage Unit – Anchoring Phenomenon



What happens to our 
garbage (in the real world)?

What happens to our 
garbage (in the classroom)?

2) Garbage Unit – Driving Question



5-PS1-1: Develop a model to describe that matter is made of particles too small 
to be seen

5-PS1-2: Measure and graph quantities to provide evidence that regardless 
of the type of change that occurs when heating, cooling, or mixing 
substances, the total weight of matter is conserved

5-PS1-3: Make observations and measurements to identify materials 
based on their properties

5-PS1-4: Conduct an investigation to determine whether the mixing of 
two or more substances results in new substances

5-LS2-1: Develop a model to describe the movement of matter among 
plants, animals, decomposers, and the environment

5-ESS3-1: Obtain and combine information about ways individual 
communities use science ideas to protect the Earth’s resources and 
environment

3-5-ETS1-1: Define a simple design problem reflecting a need or a want that 
includes specified criteria for success and constraints on materials, time, or cost

3) Garbage Unit – PEs



Grade 5 PEs Topical Arrangements from NGSS 
website
5. Structure and Properties of Matter

5-PS1-1 5-PS1-2 5-PS1-3 5-PS1-4

5. Matter and Energy in Organisms and Ecosystems
5-PS3-1 5-LS1-1 5-LS2-1 (introduced)

5. Earth’s Systems
5-ESS2-1 5-ESS2-2 5-ESS3-1 (introduced)

5. Space Systems: Starts and the Solar System
5-PS2-1 5-ESS1-1 5-ESS1-2

3-5. Engineering Design
3-5-ETS1-1 3-5-ETS1-2 3-5-ETS1-3

3) Garbage Unit – PEs



4) Unpacking PEs for Unit Planning



5) Sequence of instruction (Storyline) 
for Unit Planning



Lesson Cluster 1. What do we want to know about our 
garbage? (The anchoring phenomenon and driving 
question of the unit)

Lesson Cluster 2. What happens to food and nonfood 
materials of garbage?

Lesson Cluster 3. How do we smell garbage?

Lesson Cluster 4. What causes changes in the garbage in 
the landfill?

Lesson Cluster 5. How can we help the environment with 
engineering solutions to problems caused by 
garbage?

6) Lesson Planning





The video shows a fourth grade science 
classroom at a Title I school with 64% 
economically disadvantaged and 34% ELs. 
The teacher has been teaching NGSS-
based instruction for the past couple of 
years.

https://vimeo.com/166410948\

Example 2: Classroom Video

https://vimeo.com/166410948


Science Instructional Shift #1: Explaining a 
phenomenon or designing solutions to a problem
A phenomenon or problem in a local context of students’ 
home and community capitalizes on everyday language and 
experience.



Science Instructional Shift #2: 3-D Learning
NGSS science and engineering practices are language intensive.



Science Instructional Shift #3: Coherence (Learning 
Progression)



Based on work by Tina Chuek ell.stanford.edu 

Math Science 

ELA 

  M1: Make sense of problems  
and persevere in solving them  

M2: Reason abstractly &  
quantitatively 

M6: Attend to precision 

M7: Look for & make  
use of structure 

M8: Look for &  
make use of  
regularity  
in repeated  
reasoning 

S1: Ask questions and define  
problems 

S3: Plan & carry out investigations 

S4: Analyze & interpret data 

S6: Construct explanations & 
design solutions 

   M4. Models  
 with mathematics 

S2: Develop & use models 

S5: Use mathematics & 
computational thinking 

E1: Demonstrate independence in reading complex  
texts, and writing and speaking about them 

E7: Come to understand other perspectives  
and cultures through reading, listening,  
 and collaborations 

  E6: Use  
technology  
& digital media 
strategically &  
capably 

M5: Use appropriate 
tools strategically 

 

E2: Build a strong base of knowledge 
through content rich texts 

E5: Read, write, and speak  
grounded in evidence 

M3 & E4: Construct viable  
arguments and critique  
reasoning of others 

S7: Engage in  
argument from  
 evidence 

     S8: Obtain,  
   evaluate, &  
  communicate  
 information 

   E3: Obtain, synthesize,  
 and report findings clearly  
and effectively in response  
to task and purpose 

Commonalities  
Among the Practices  
in Science, Mathematics  
and English Language Arts 

www.nsta.org/ngss 

Science Instructional Shift #4: NGSS Connections to CCSS



From... To...

Seeing language acquisition as an 

individual process

Understanding language 

acquisition as a social process of 

apprenticeship

Teaching language as grammar 

and vocabulary

Creating opportunities for 

language use within a community 

of learners

Seeing "full" English language 

proficiency as a prerequisite to 

meaningful participation

Seeing students as capable of 

participating meaningfully with 

less-than-perfect language

Simplifying talk and text for ELs "Amplifying" talk and text through 

scaffolded interactions and 

models of language use

Heritage, Walquí, & Linquanti (2016); Lee, Quinn, & Valdés (2013)

Language Instructional Shifts



Questions and Comments

Thank you!


