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Session Focus

The Successful K-12 STEM Education Report
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Our focus is the report’s recommendations for
effective STEM instruction, and in particular,
engaging students in the practices of

science talk.
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Session Goal

Use The Inquiry Curriculum and Talk Science PD—2 NSF-funded
projects to think about the report’s aims for instruction and for PD.

We’ll see how coherence between curriculum and professional
development can be established.

We’'ll explore the role of talk in science, identify instructional
practices that lead to productive science discussions, and see how
these instructional practices can be developed and used in the

classroom. —
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Session Structure

5-10 Minutes: Small groups—From your own experiences, what qualities
of PD lead to more effective instruction? (5 min.)

30 Minutes: Become familiar with how the Inquiry Curriculum and Talk
Science attempt to increase the productivity of science discussions.

30 Minutes: Plenary—Discuss challenges and strategies for improving the
effectiveness of instruction. (30 min.)

B




STEM Report—

Three PD Aims for Improving Instruction

Small Group Discussion: From your own experience, what contributes to
meeting each aims?

1. Develop content knowledge and the expertise
to teach it

2. Develop instructional practice

3. Provide multiple and sustained PD
opportunities over time
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The Inquiry Curriculum

The Inquiry Curriculum: A curriculum for grades 3-5 to deepen student
understanding about the nature of matter.

e Organized around an important i

The Curriculum

science idea and challenge
* Focuses on a few core and
component ideas—material,
weight, volume, and matter
 Basedona learning progression ‘
* Emphasizes scientific practices and :
science talk
* Replacement sequence
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The Challenge

“If, in some cataclysm, all the scientific
knowledge were to be destroyed, and only one
sentence passed on to the next generation of
creatures, what statement would contain the
most information in the fewest words? | believe
it is the atomic hypothesis.... (Feynman,
Leighton et al. 1963)”

Matter is the core idea.
The atomic hypothesis is our target understanding.
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Core ldeas

The Inquiry Project

Core Science Concepts

Weight

Volume

Material

Matter

Grade 3

The weight of objects can be
compared using a pan balance
and standard (gram) units.

Two solid objects cannot occupy
the same space.

The amount of 3D space that
objects occupy can be compared.

Objects can be described in terms of
their weight and volume and the
materials they are made of (clay,
cloth, paper, ete.).

Materials have observable physical
properties such as color, size,
texture, flexibility, etc.

Same size objects can have different
weights when they are made of
different materials.

Materials can be subdivided into
small pieces and the pieces still
have weight.

Grade 4

The weight of solids and/or
liguids can be compared using a
digital scale and can be
represented on a weight line or a
table.

Weight is conserved during
crushing and reshaping.

Liguid and solid volumes can be
measured in cubic centimeters.

When immersed, a solid displaces
a liguid volume equal to the solid
volume.

The relationship between weight and
volume {i.e. density) is a property of
solid and liquid materials.

Matter can be divided into tiny
pieces, and even the tiniest pieces
have weight and take up space.

Grade 5

Weight is conserved during
dissolving, freezing, melting,
evaporation and condensation.

Volume may not be conserved in
phase change.

Air is a mixture of gaseous materials
composed of particles too small and
spread apart to see.

Melting, freezing, evaporation and
condensation change the form of
matter but do not change the
material.

Matter is composed of particles
that have weight, occupy space,
and are too small to see.

Gases, liquids and solids are all
forms of matter and have weight
and take up space.
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Based on a Learning Progression

Scientific Ideas & Children’s Cognition

Three-year Longitudinal Study
* Control and Treatment Group

* 345 pre/post interviews

* How Does Learning Progress?

* Take Volume
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Volume across 3 Years
How Does Learning Progress?

Volume of Clay Pancake vs Ball : Treatment Group
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Volume across 3 Years
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Scientific Practices
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Encountered a Problem
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So, We Built Talk Science

Professional development to increase
the productivity of science discussions

Hybrid model that blends:

1. Independent web-based study
2. Grade level study group meetings

3. Implementation of teaching strategies into
classroom practice

4. Criterion-based self-assessment

Talk Science

Professional Development

Prepare Trylt Take Stock

Elrw J J J J J J J
|
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e T 1

ideo
ussion

[N 7]

/4

e




Expected Outcome

Teachers orchestrate more productive science
discussions in which students reason with
evidence.
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Four Features

1. Aligned with the curriculum

2. Vivid video cases of the same discussions teachers
will lead and of scientists thinking aloud about the
science investigations students do

3. Sharp focus on nine doable teaching strategies

4. School-based learning community
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Curriculum Plus PD

The Inquiry Project

CURRICULUM ~ ASSESSMENT PD FOR TEACHERS ~

Talk Science

Professional Development
G-rae EnEm =
" WATCH INTRO

ractiees [ I

Implementation Welcome to the Inquiry Project
a workshop for teachers -/

The Inquiry Project is a research and curriculum development effort that engages

Assessment » students in grades 3-5 in science inquiry about the nature of matter. In Inquiry
follow student learning "~ Project classrooms, children work collaboratively with their classmates and
teachers, using measurement, mathematical and graphical representations, and
Research ;
-/ discussion to build scientific explanations about objects and materials in the
the research

world around them.

A joint partnership of The Inquiry Project: Bridging Research & Practice

":H‘} EE h | Grade 3 | de s | I

Supported by the National Science Foundation, grant #0918435A.
Copyright 2011, TERC. All Rights Reserved.
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Professional Development Pathway

“Game Like”

o Talk Science Pathway

Video Introduction to the Talk Science Pathway l

L]
#  Welcome to the

Talk Science

Pathway

Grade 5

Get Started Prepare Try It Take Stock

rrrrr
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o Talk Science Pathway

inthe Inquiry Project

Video Introduction to the Talk Science Pathway ’

Welcome to the

Talk Science
Pathway

Grade 5

Get Started Prepare

- Intro Video
;_J Tour

@ Discussion

Try It Take Stock
Primer

S Goals and Talk Moves

Reflection Tool
T

Talk Science FAQ ;’Oé%\%"‘i
loge¥Z
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o Talk Science Pathway

inthe Inquiry Project

Video Introduction to the Talk Science Pathway ’

Welcome to the

Talk Science
Pathway

Grade 5
Get Started Prepare Take Stock
Primer
- < 2; ’ 3.! ,¥a-’ Goals and Talk Moves
Intro Video
- Reflection Tool
;| 7~ H
: . Talk Science FAQ O<>O'.
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o Talk Science Pathway

inthe Inquiry Project

Video Introduction to the Talk Science Pathway ’

Welcome to the

Talk Science
Pathway

Get Started

- Intro Video

Prepare Try It Take Stock
Primer

2; - 3.! 44 5/ 6.’ 7» Goals and Talk Moves

Reflection Tool

! Tour 7 NV
“_J Di : Talk Science FAQ ;60‘}-\%"‘
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Pathway Step

Prepare Try It Take Stock
Scientist Case
oot S0min
- Classroom Case
Bt A0min
- Strateqgy
Bt A0min
- Study Group
Bt 1nr
- In Your Classroom
Bt 1
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Video to Demystify

How Scientists Think
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(Video available at inquiryproject.terc.edu)



Video to Reveal
Productive Science Discussion
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Video to Reveal
Productive Science Discussion

Student Investigation: What causes the water
level to rise?

7@

R~ SA
TERC



Video to Reveal
Productive Science Discussion
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a Sharp Focus on

O Strategies

Goals for Productive Discussions and Nine Talk Moves

Goal One: Help Individual students share, expand and clarify their own thinkin

1. Time to Think:
- Partner Talk
- Writing as Think Time
- Wait Time

2. Say More:
“Can you say more abourt thar?”
“Whart do you mean by thar?"
“Can you give an example?”

3. 50, Are You Saying...7:
"So, let me see if I've got what you're saying. Are you

saying...?"
(always leaving space for the original student to agree or
disagree and say more)

Goal Two: Help Students listen carefully to one another

4. Who Can Rephrase or Repeat?
"Who can repeat what Javon just said or put it into their own
words?"
(After a partner talk) "What did your partner say?”

Goal Three: Help Students deepen their reasoning

5. Asking for Evidence or Reasoning:
"Why do you think that?”
“What's your evidence?"
“How did you arrive at that conclusion?”

6. Challenge or Counterexample:
“Does it always work that way?"
“"How does that idea square with Sonia’s example?”
“Wwhat if it had been a copper cube instead?”

Goal Four: Help Students think with others

7. Agree/Disagree and Why?:
“Do you agree/disagree? (And why?)"
“What do people think about what lan said?"
“Does anyone want to respond to that idea?”

8. Add On:

ho can add onto the idea that Jamal is building?”
“Can anyone take that suggestion and push it a little further?”

9. Explaining What Someone Else Means:
“Who can explain what Aisha means when she says that?"

“Who thinks they could explain why Simon came up with that
answer?"
“Why do you think he said that?”
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Video to Unpack

O Strategies

Talk Strategies

Who Can Rephrase or Repeat?

. . . o
Develop instructional practices <
(Video available at inquiryproject.terc.edu) fg"é‘z



Sustained Opportunity to Learn

The Inquiry Project

CURRICULUM ~

In Grade 5 Curriculum:

Overview

Curriculum at a Glance

1. Water, a Liquid

2. Water to Vapor
Investigation 6
Investigation 7
Investigation 8

Investigation 9
3. Water to Ice
4. Air, a Gas
5. Two Scales
Student Notebook
Resource Quick Links
Concept Cartoons
Science Concepts Grades 3-5
The Child and the Scientist
Kit

Easy Print

ASSESSMENT PD FOR TEACHERS ~

2. Water to Vapor

This set of investigations focuses on what happens to
water when it evaporates.

When water evaporates from a paper towel, what
happens to it? Does it go somewhere else, or is it
destroyed, gone forever? A closed system of two
connected bottles allows students to investigate this
question. The system also highlights the cycling from
liquid water to water vapor and back to liquid water
again (condensation). After it has become obvious that
every drop of water in the lower bottle has

evaporated, it reappears in a different part of the
system.

At the same time students start tracking evaporation
in the 2-bottle system, they uncover and keep track of changes in their mini-lakes.

Investigations:

Investigation 6: What happens to the water?
Investigation 7: What happened to the water?
Investigation 8: What is happening in the 2-bottle system?

=]
=]
o
o |nvestigation 9: Why do the water drops form?

The Child and the Scientist Water to Vapor

The Child: The Challenges of Learning about Evapdiation and
Condensation

Watch Roger Tobin
doing the Water to Vapor
Investigations

The Scientist:
What's important about evaporation and condensation?
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Pathway Step

Prepare Try It Take Stock
Scientist Case
oot S0min
- Classroom Case
Bt A0min
- Strateqgy
Bt A0min
- Study Group
Bt 1nr
- In Your Classroom
Bt 1
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In Your Classroom
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Study Group

eagues to Reflect and Plan
“Book Club Like”

eet with Coll

STupy GROUP: TRYIT5
PREPARING T0 TEACH SECTION 2: WATER TO VAPOR
SUGGESTED GUIDE (1 HOUR)

ORGANIZATION

resolving chalenges.

Date and time: Web study prior to meeting:
Sclentist Case: The Water to Vapor Investigations
Classraom Case: The Role of Explanation Discussions
Strategy: Goal 2— Listening Carefully

Location:

Group facilitator:

Host the meeting.send out time/placeagenda What to bring:
. s e

Scientistand Classroom Cases
fcitse discussion, encourage allto contribut,
o may otate smong mermbers.

pe
Keep track f time, audiotape the discussion, and
postmeeting summary. Rol may rotate

AGENDA & DISCUSSION QUESTIONS

Classroom Video Case

Whatis it that

for the discussion? (You may want o revisi Clip 2)

dea Calleen
‘might build on? What might she do next?
In This kil peers'
o build
data. They ask, What
Plan for“In Your Classroom”
The second of the water Lookat the
Case, what deas will you emphasize during class discussions?
‘Summary—nsights from this meeting:
PLANS FOR OUR NEXT STUDY GROUP MEETING (Try It 5)

Date and time (1 hour): Before the next meeting, study the following cases.

+ Sclentist Case: The Water to Ice Investigations
Location: + Classroom Case: The Role of Data Discussions

+ Strategy: Deepen their Reasoning
Group Facilitator:

Whatto bring
+ Your annotated transcripts rom the video cases
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Tools for Taking Stock

Reflection Tool
Are Students Progressing Toward
Scientific Understanding?

Talk Science

i Inquiry Project

Step back and look at the quality of the “Make Meaning” discussions. As your students work together to construct an
answer to the investigation question, what meanings are they constructing? Are they reasoning scientifically?

Reflection Questions

Did students propose answers?
Did their answers address the
main discussion question?
(Typically the discussion question is the
investigation question.)

Did students use evidence to
support their answers?
Observations and/or measurements from
their investigations?

Prior experience?

Did they critique their own and
others’ answers?

Agree, disagree, build on each other's answers?
Distinguish evidence from opinion? Identify
questions? Ask if we have enough evidence?

Do students merge their own and other's
ideas to develop an explanation?

Use relevant scentifc ideas from this or prior essons?
Sort through ideas to see which are consistent with
their observations? Refer to drawings or diagrams

1o explain their ideas?

Did students apply their learning to
anew context?
Explain similar stuations from the dlassroom or
everyday lfe?

o 01T Al s
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Checklist

Goals for Productive Discussions and Nine Talk Moves

Talk Science

e Inquiry Project

Goal One Help Individual Students Share, Expand and Clarify Their Own Thinking Notes/Frequency of Use

[J1. Time to Think
- Partner Talk
- Witing as Think Time
- Wait Time

[J2. say More:

2n you say more about that?”
“What do you mean by that?”
“Can you give an example?”

3. so, Are You Saying.
"S6, et me see if ['ve got what you'e saying. Ate you saying...?"
(always leaving space for the original student 1o agree or disagree and say more)

Goal Two Help Students Listen Carefully to One Another

[[]# Who Can Rephrase or Repeat?
“Who can repeat what Javon just said or put it into their own words?”
(After a partner talk) “What did your partner say?”

Goal Three Help Students Deepen Their Reasoning

[[J5. Asking for Evidence or Reasoning
"Why do you think that?”
"What's your evidence?”
“How did you arrive at that conclusion?”

[[Js challenge or counterexample

oes it always work that way?”
“How does that idea square with Soria’s example?”
“What if it had been a copper cube instead?

Goal Four Help Students Think With Others

[[]7. Agreerpisagree and Why?
“Do you agree/disagree? (And why?)"
"What do people think about what lan said?”
“Does anyone want to respond to that idea?”

[[J8. Add on:
“Who can add onto the idea that Jamal is building?”
“Can anyone take that suggestion and push it a ltle further?”

[Jo. Explaining What Someone Else Means
“Who can explain what Aisha means when she says that?”
“Who thinks they could explain why Simon came up with that answer2”
“Why do you think he said that?”
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ChECk“St Talk Science
Goals for Productive Discussions and Nine Talk Moves

Goal One Help Individual Students Share, Expand and Clarify Their Own Thinking Notes/Frequency of Use

D 1. Time to Think
- Partner Talk
- Writing as Think Time
- Wait Time

[Ja. say more:
“Can you say mare about that?”
"What do you mean by that?"”
“Can you give an example?”

[:|3. So, Are You Saying...7:
S0, let me see if I've got what you're saying. Are you saying...?”
(always leaving space for the ariginal student to agree or disagree and say mare)

Goal Two Help Students Listen Carefully to One Another

D!. Who Can Rephrase or Repeat?
“Who can repeat what Javon just said or put it into their own words?”
(After a partner talk) "What did your partner say?”

Goal Three Help Students Deepen Their Reasoning

D 5. Asking for Evidence or Reasoning
"Why do you think that?”
"What's your evidence?”
“How did you arrive at that conclusicn?”

D 6. Challenge or Counterexample
"Does it always work that way?"
"How does that idea square with Sonia’s example?”
“What if it had been a copper cube instead?

Goal Four Help Students Think With Others

l:‘ 7. Agree/Disagree and Why?
Do you agree/disagree? {And why?)”
"What do people think about what lan said?”
“Does anyone want to respond to that idea?”

[Je. add on:
"Whao can add onto the idea that Jamal is building?”
“Can anyone take that suggestion and push it a little further?”

[:| 9. Explaining What Someone Else Means
*Wha can explain what Aisha means when she says that?”
"Wha thinks they could explain why Simen came up with that answer?”
“Why do you think he said that?"
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Reflection Tool Talk Science
Are Students Progressing Toward
Scientific Understanding?

Step back and look at the quality of the “Make Meaning” discussions. As your students work together to construct an
answer to the investigation question, what meanings are they constructing? Are they reasoning scientifically?

Reflection Questions Notes, Examples and Next Steps

Did students propose answers?
Did their answers address the
main discussion question?
(Typically the discussion question is the
investigation question.)

Did students use evidence to
support their answers?
Observations and/or measurements from
their investigations?

Prior experience?

Did they critique their own and

others’ answers?

Agree, disagree, build on each other’s answers?
Distinguish evidence from opinion? Identify
questions? Ask if we have enough evidence?

Do students merge their own and other’s
ideas to develop an explanation?

Use relevant scientific ideas from this or prior lessons?
Sort through ideas to see which are consistent with
their observations? Refer to drawings or diagrams

to explain their ideas?

Did students apply their learning to

a new context?

Explain similar situations from the classroom or
everyday life?

o\ L
J@Vi° The Inauiry Project: Bridging Research & Practice \“ v
@\ Supported by the National Science Foundation

} d Copyright 2012, TERC. All Rights Reserved.

' "- Adapted from: Chapin, 5. 0"Connor, C., & Anderson, N., (2009).

Classroom Discussions: Using Math Talk to Help Students Learn,
T E RC Grages 16, Ssusalito, Ga: Mt Solutions Publcation ’
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A Closer Look

Productive Science Discussion
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What is happening? 0}:



