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How to Use This Toolkit

This toolkit is designed to be a simple and time friendly guide to take the work you are already
doing in your environmental learning programs and lessons and shift them from students
“learning about” content to “figuring out” content. It places the learning and the students at
the center, and it is something the students do, not something done to them. These are not
radical shifts in your programming, but a way to support what is already being done well in so
many formal, informal and non-formal, large and small, rural and urban learning environments.

Use this guide to:
- Learn about core research-based shifts in science education that have been proven to

improve student outcomes
- Explore concrete examples of how minor changes in lessons can be incorporated to move

students from “learning about” to “figuring out”
- Workshop your own lessons using a series of “Best Practice” tools
- Engage your colleagues in a discussion about how to adapt and improve your lessons
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1.  Introduction - Why Should I Incorporate Best
Practices Into My Work?

The single most coveted yet dwindling resource educators have – or don’t have – is time. The impetus for this
Best Practices Module is to help support what is already being done in so many formal, informal and
non-formal, large and small, rural and urban learning environments. Teaching Best Practices in Science
Learning is nothing more than doing what we already know to be best, in our interest, and the students’
interests. It puts more teacher effort on the front end, allows for flexibility throughout, and prepares (with
reasonable expectations) students in the end. Continue to do what you already do but elevate lessons using
some of these new tools and strategies. Swap out, in, or alongside what is already happening in your learning
space and understand pedagogically why you are making these changes.

These tools can be introduced gradually until you feel confident in their effectiveness. Not all lessons need to
include all the best practices – some will. There is not a wrong way to do this, but there is no better way to
improve learning. This sort of sensemaking means shifting away from students “learning about” content to
“figuring out” content. It places the learning and the students at the center, and it is something the students
do, not something done to them.

It seems that sometimes in education, the more we learn, the less we know, and for this reason alone, this
module of best practice tools, lesson examples, and adaptation guidelines have been kept simple and time
friendly.

This guide is organized to provide some background information and rationale for adapting curriculum, best
practice tools and examples that you can use in your own work, and space for adaptation work and reflection
on your own lessons. We hope you find and use this guide as a practical working space!
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2. Defining Curriculum

When we think about curriculum, any curriculum, we should think about it in the context of 3- dimensional
learning. That 3-dimensional context includes: Content Standard, Practice, and Cross-Cutting Concept.
Teaching all three reflects best practice and this module guides its inclusion into what you are already doing. It
does not require you to significantly change what you do, but it does elevate how and why you do it.

So together, the 3-Dimensions are WHAT students are able to DO with their new understanding of the content,
HOW they make sense of the content, and WHY they are learning it in the first place.

The Disciplinary Core Ideas (DCI)
This is your local, state, or national content standard, and it represents only the partial content you must teach.
This is WHAT students are learning.

The Cross-Cutting Concepts (CCC)
This is the list of big principles that are taught in and across every grade level K-12 and links the different
domains of science. This is WHY connections to larger scientific principles are so important to
sensemaking.

Patterns Cause
& Effect

Scale,
Proportion
& Quantity

Systems
& System

Models

Energy
& Matter

Structure
& Function

Stability
& Change

The Scientific Practices
This is what students are able to actually DO with the content they learn. This is the WHY and HOW students
come to understand the content standard. There is a continuum of the way this happens from less effective to
more effective. This is HOW students demonstrate what they are learning.

Additional Resources: Cultivating a next-generation classroom culture. Science Scope. NSTA
The Science Teacher. January 2016. By Christina Krist, Lisa Brody, Michael Novak, and Keetra
Tipton

https://drive.google.com/file/d/1gKQPdA5vB4mnjHRytEsZ2NJ0wmYb_xP8/view?usp=sharing
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3. Teaching Continuum

The below graphic outlines what “learning about” and “figuring out” looks like from both a
teacher’s and learner’s perspective. All four categories can have a place in teaching, but Best
Practice captures all the other categories, and puts coherence from students' perspective foremost
and makes the knowledge useful. The tools in this toolkit will help guide your teaching.
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4. Adapting Curriculum

Recent research and reform argue that curriculum should be coherent for students. Student coherence supports
equitable sensemaking, but only if we educators teach from the students’ perspectives rather than ours.

“Designed to help children
continually build on and revise their
knowledge and abilities, starting
from their curiosity about what
they see around them and their
initial conceptions about how the
world works.” (NRC, 2012)

“Impactful science teaching
happens when we start in the
lives of the children and
empower them to make
sense of the world in their
own voice.” (Brown, 2019)

In traditional approaches to teaching, units are sequenced based on how experts understand the relationship
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among concepts. This means that it typically requires a prior understanding of the concepts being taught to
understand why a unit is sequenced the way it is.

Students don’t have that, but you do. The result is that the sequence of activities may make sense to the
teacher but does not necessarily make sense to the students.

For example, you may understand how certain activities to learn about cells will help students understand
important biological concepts, but students may only know that they are learning about cells because that’s the
title of the current chapter in the textbook or because you told them.

In the Science Best Practices approach, the sequence of activities is designed to make sense to students. We
call this “coherence from the students’ perspective.”

When a unit or series of lessons are coherent from the student perspective, a visitor to the classroom on any
given day, should be able to walk over to a student or group of students and ask, “what are you learning” or
“what are you figuring out?” [We hope visitors are not asking students, “what are you doing?” Asking, “what
are you doing,” is a closed-ended question, because it can be answered in a few words. Student: “we’re
learning about rocks.”]

Asking instead, “What are you figuring out?” …students have to think about that…what connections they are
making, the problems they are trying to solve that deal with rocks, but it isn’t just about rocks.
In this scenario, students will be able to answer in a way that describes a question they are trying to figure out
or a problem they are trying to solve.

As you are well aware, students often experience their classes as a series of disconnected activities and
lessons. Science is no exception. In units that are coherent from the student perspective, educators work with
students to figure out together what the class needs to work on, and how to go about it.

The sequencing of our own instruction makes complete sense to us, but we are the educators, we are the
experts, we actually know the thing that we are teaching. To students, this could actually appear as a series of
unrelated events.

These lessons can still be engaging and interesting (especially if they are hands-on), but to a student, it appears
as “today we’re going to do Oobleck and tomorrow we’re sinking metal blocks in water, but I don’t know
what they have in common.”

That is what we mean when we say, “hands on'' doesn't necessarily mean “minds on.”
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5. Ideas I Have Before I Start

After reviewing the introductory framing above, use this space to reflect on your current ideas:
● What were new “a-ha” moments?
● What would you like to learn more about?
● How are you thinking of using the above information to adjust your lessons?
● What was confusing?
● What challenged your thinking?
● Etc.
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6. Using the Best Practice Tools - Design Framework Example

Below is an example of how each of the tools in this toolkit are arranged. Each tool is presented
with a framework consisting of an example Origin Lesson, its Learning Goal and a Best
Practice Tool used to create a Modified Lesson. Completing the framework are Prompting
Notes and Guiding Discussion Questions. The Best Practice Tools are presented as an appendix
at the end of this document in full-page format for easy readability.

Learning Goal Origin Lesson
Learning About
(What)

Best Practice
Tool(s)

Best Practices
Modified Lesson
Figuring Out
(Why and How)

Prompting Notes

Guiding Discussion Lessons/Questions
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Best Practices Tool 1: Observations and Questioning
Learning Goal
Owl Pellets – Predator/Prey Relationships and Dissection

Origin Lesson
Learning About (What)

Educators pass out the owl pellets and students
are working with partners. A worksheet
describing what an owl pellet is and identifying
what is inside the pellet is provided. Students
begin to remove the hair from the pellet and
pull out what they find. They try to match what
is inside the pellet to what is on the worksheet
and are asked to try and assemble the bones
into a semi-complete rodent/bird skeleton.
The class talks about what owls eat.

Best Practices Modified Lesson
Figuring Out (Why and How)

Before starting their dissection, have students
spend 5 minutes observing the Phenomenon:
their owl pellet. During this time, students
should make a two-column table with the
headers, “I Notice and I Wonder” to help
stimulate observations and questions. Once the
students have had time to come up with
noticings and wonderings about their owl
pellet, discuss as a class ways to group those
observations into quantitative (numerical) and
qualitative (descriptive) categories.

This portion of the lesson connects to the
Practice of Making Observations and Asking
Questions because students generate their own
questions about owl pellets through firsthand
observations using the “I Notice” and “I
Wonder” prompts. Questions that are generated
from student’s firsthand observations help them
to develop their own ideas and explanations for
phenomena in the natural world. Students’
questions can be recorded on a worksheet or
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whole class chart paper. Students use those
questions to guide their dissection of the
pellets.

Listen for the types of questions students are
coming up with. Besides the expected, “What
is it?”, most questions will probably be “why”
and “how” questions. Depending on the
phenomenon, those “why” and “how”
questions may cross into “system why” and
“system how” questions* which are higher
order thought and can be encouraged the more
practice students have with this approach.

Students’ questions can now be grouped** into
the seven Cross Cutting Concept (CCC)
categories in the tool to the left.

These concepts are taught in every grade level
with increasing sophistication. Knowing
“what” your students are thinking is important
but knowing “where” they are thinking
provides you with a learning gain measurement
context and a growth mindset continuum.

* IS, ARE, WHAT: Pattern or Observational Questions
What are students noticing?

*WHY, HOW: Qualifier or Explanatory Questions
How is it affected by…?
Why does it…?

*SYSTEM: Parts of a Larger Whole Questions
Where does…the energy in the system go?
How does…the system remain stable?
Why does…the system change over time?

** Grouping questions can be done during class or after class by the educator in preparation for the next day

Prompting Notes
If the content you are teaching is not interesting to you, it will not be interesting to the students. You must put
the information into a context that is interesting, so students understand why they are learning it, and will want
to learn it. Begin with a phenomenon where students can notice things happening and wonder about them.
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Guiding Discussion Lessons/Questions

1. An easy and consistent 2-step move you can do in any lesson is to start with an observation of a
phenomenon and then ask students what they Notice and Wonder about that phenomenon. Talk with
your colleagues about lesson examples you currently teach that could be adapted to include these 2
steps.

Use this space to workshop an existing lesson to incorporate “Noticings” and “Wonderings.”

Additional Resources:

The Driving Question Board. A Visual Organizer for Project Based Science. November 2008. By
Ayelet Weizman, Yael Schwartz, David Fortus.

Scientific and Engineering Practices in K-12 Classrooms. Understanding A Framework or K-12
Science Education. NSTA Science Scope. December 2011. By Roger Bybee.

https://drive.google.com/file/d/11Hgq2hzUF9QuT0NkvqIQOZRwvHjUesP6/view?usp=sharing
https://drive.google.com/file/d/1lGYZgkmEQ1KRJs3mpexntK1fCSGo4Vz3/view?usp=sharing
https://drive.google.com/file/d/1lGYZgkmEQ1KRJs3mpexntK1fCSGo4Vz3/view?usp=sharing
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Best Practices Tool 2: Modeling
Learning Goal
Evaporation – Systems and Cycles

Origin Lesson
Learning About (What)

Understand the water cycle by having students
act it out. Each student gets a note card with a
water cycle word (evaporation, precipitation,
transpiration, condensation, percolates,
run-off). Students act out the word and without
talking, they are to group themselves with other
students they think have the same card. One at
a time each group shows the rest of the class
their action. Then choose a leader from each
group and have that student dramatize the
entire water cycle. Have the groups draw the
water cycle on large butcher paper. Discuss the
water cycle with the students.

Best Practices Modified Lesson
Figuring Out (Why and How)

Have students spend 15 minutes observing the
Phenomenon, a puddle outside. During this
time, students should make a two-column table
with the headers, “I Notice” and “I Wonder” to
help stimulate observations and questions.

Ask students to draw and use words on a piece
of paper demonstrating how they think the
water got there1, stays there2 and will leave3.
Encourage them to not just put down what they
see, but also what is happening that they cannot
see. [A similar model example of condensation
is below].

Put students in partners and have them talk
about what they drew and why. Ask students to
think of other examples, both bigger and
smaller, that they can think of that might be
similar. Have students write their examples on
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sticky notes and keep a “phenomena tracker”*
of them on the wall in the classroom. Use those
examples to begin to investigate and collect
evidence that helps students understand the
mechanisms of cycles. Gradually revise their
initial models over the course of the
investigations until you can all reach a
consensus model (entire class model) of the
water cycle (really it is water cycles, with an
“s” to be scientifically accurate.)

Note: you can still have students do the above
origin lesson, but don’t start with it because it
is out of context for them.

* A “Wall Phenomenon Tracker” is a way to keep track of like-
phenomena that are similar to the initial one (in this case, the puddle)
that your students could think of to explore and gather evidence about
the concept of evaporation. [Examples of what might be included in a
wall tracker of similar phenomena for this particular learning goal.]

Prompting Notes
For students to really understand new content, they must know why they are learning it and how it connects to
other content. That is what distinguishes memorization from learning. The scientific practice of modeling and
revisionist modeling provides that rationale. Models (examples below) include BOTH the components that
make up the system AND the interactions of those components. Engaging Students in the Scientific Practices of Explanation and Argumentation. Understanding a framework for K-12 science education. Reiser, Berland, Kenyon. April/May NSTA 2012.
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Guiding Discussion Lessons/Questions

Knowing what your students are thinking is probably the most important thing you can do as an educator.
Starting with each student’s initial, conceptual model build and transitioning to small and large group
conceptual model builds gives you that preliminary information. Think of some of your top content standards
that you teach and talk about how you would know your students really understand them besides them doing
well on a test.

Additional Resources:

Engaging Students in Scientific Practices: What does constructing and revising  models look like
in the science classroom? Understanding A Framework for K-12 Science Education. NSTA
K-12 Journals. March 2012. By Joseph Kracik and Joi Merritt.

https://drive.google.com/file/d/1UE2giJoE6H_ZW6T3bx_zKJw16P44KnG-/view?usp=sharing
https://drive.google.com/file/d/1UE2giJoE6H_ZW6T3bx_zKJw16P44KnG-/view?usp=sharing
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Best Practices Tool 3: Carrying Out Investigations
Learning Goal
Abiotic factors’ influences on biotic organisms

Origin Lesson
Learning About (What)

Determining a local stream’s health. Students
measure the water temperature, depth and
clarity. They may take some water samples and
use kits to determine salinity, conductivity or
dissolved oxygen. This can be a lot of
measuring, but without much context to what it
all means for the health of the stream and
organisms in the stream, it is a hands-on
activity. Certainly fun to be outside and in the
water, but learning how to interpret data into
evidence is a performance task that must be
taught and practiced often.

Best Practices Modified Lesson
Figuring Out (Why and How)

Have students spend 15 minutes observing the
Phenomenon (the stream) and look for
surrounding plant life and listen for wildlife
(birds/insects.) During this time, students
should make a two-column table with the
headers, “I Notice” and “I Wonder” to help
stimulate observations and questions.

Investigations can take many forms. They do
not always have to include manipulating
variables. It can be as simple as making
observations and taking some sort of
measurement (circumference of a tree, count
the number of crayfish in a particular area of
stream). What defines an investigation is that
students are recording and interpreting data.

Carrying out investigations actually starts with
student questions, like always, but now those
questions need to be elevated a bit. The nature
of the question will determine how successfully
you can go about an investigation. Begin with
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listening and guiding students’ closed
questions toward more open questions. For
example, a student may ask “Is that fish
poisonous?” You can guide this towards a more
open-ended question like, “How do fish protect
themselves from predators?” This will make
data collection and interpretation a richer
experience.

Streams can be monitored by seining,
collecting, and counting small aquatic
organisms (macroinvertebrates) such as insect
larvae, crayfish and snails. Macroinvertebrates
are highly effective barometers of a stream’s
health because they have varying tolerances to
pollution. The presence, quantity and diversity
of macroinvertebrates can be used as an overall
indicator of stream health. This scoring
technique is called the cumulative index value
[total number of species divided by the total
number of individuals across all taxa], and it
helps determine if the quality of the stream is
excellent, good, fair or poor.

Maine Audubon has a “Stream Explorers
Guide” here if you’d like to try this out with
your students.

Prompting Notes
Every time you teach, think how you can include data collection - i.e., have students interpret data you provide,
have students collect their own data (preferred), have students interpret their data, etc. The more they see data
as a story with patterns, the better they will get at designing investigations to capture snapshots of
understanding their natural world – just like real science and scientists.

Guiding Discussion Lessons/Questions

1. Think about 2 lessons that you could swap in some sort of data collection/use of data that would elevate
it into a best practice investigation lesson.

https://maineaudubon.org/wp-content/uploads/2021/01/ME-Stream-Explorers-Guide-Final.pdf
https://maineaudubon.org/wp-content/uploads/2021/01/ME-Stream-Explorers-Guide-Final.pdf
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Additional Resources:

The integral role of laboratory investigations in science instruction. NSTA Position Statement.
https://static.nsta.org/pdfs/PositionStatement_LabScience.pdf.

https://static.nsta.org/pdfs/PositionStatement_LabScience.pdf
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Best Practices Tool 4: Explaining Evidence
Learning Goal
Germination – Growth (primary and secondary) and
Photosynthesis

Origin Lesson
Learning About (What)

How do plants respond to their environment?
Have students plant sunflower seeds in pots of
soil, water them, and put them in the window
OR plant them outside in a school garden.

Students already seem to know that seeds need
soil, water and sunlight to grow, but this
conception is actually incorrect and planting
and growing seeds this way only manufactures
this misconception further because they think
that what they are seeing is happening. A
learning extension can be in the form of
reading a book about seeds and plants but be
careful that the information that the book uses
is correct. Note: Seeds don’t need soil and
sunlight to germinate, and plants don’t get
food from soil, sunlight or water.

Best Practices Modified Lesson
Figuring Out (Why and How)

Have students spend 15 minutes observing the
Phenomenon (different size plants growing
near one another outside). During this time,
students should make a two-column table with
the headers, “I Notice” and “I Wonder” to help
stimulate observations and questions.

Ask students where the plant seeds get the food
(energy) they need and where does the plant
get the food (energy) it needs. Ask students to
draw an initial model of how and why some
plants are taller or fatter, shorter and thinner.
Students will make different claims based on
prior knowledge from things they have heard,
conceptions and guesses/ideas that they are not
sure about. Explain that a “claim” is what we
think about something, but because we seem to
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have different ideas about this, we need to
collect some evidence to help us understand it
better. Collecting evidence can, and will take
many shapes, as you and your students think of
investigations you can do to collect data. This
typically starts well with putting seeds in
baggies with wet paper towels and with dry
paper towels. Put some in windows and some
in the dark. You are building variable
comparisons of evidence. You can dissect a
soaked lima bean and find the embryo and
cotyledon (starch), etc.

Finally, begin to have students try and use
reasoning (which tells others why your
evidence makes more sense than someone
else’s evidence.) This is more challenging for
elementary students, so sticking with only
claim and evidence is perfectly acceptable at
elementary grade levels.

Prompting Notes
When students share their thoughts with one another, it often begins with them sharing their opinions about
the subject. Teach students early that their use of evidence makes the difference between opposing claims
getting accepted or rejected. Every academic subject in addition to Mathematics and Science teaches about
using evidence to support what is being said (claims), and so it is important to make that point explicit with
students. Social studies teachers teach students how to use sourcing (evidence) to verify historical record, and
Language Arts teachers teach students how voice (evidence) supports what is being said, by whom and when.

Guiding Discussion Lessons/Questions

1. Consider designing an interdisciplinary lesson where the mathematics, language arts, social studies and
science teachers all explicitly talk about evidence in what they are teaching.

Additional Resources:

Engaging Students in the Scientific Practices of Explanation and Argumentation. Understanding
a Framework for K-12 Science Education. NSTA K-12 Journals April/May 2012 . By Brian
Riser, Leema Berland, Lisa Kenyon

Helping students write scientific explanations. NSTA Science Scope. September 2019. By Ann
Novak, Katherine McNeill, and Joseph Krajcik.

https://drive.google.com/file/d/1oBK69h2lY-g3-iWysGHMyHV52Di9Gah2/view?usp=sharing
https://drive.google.com/file/d/1fu3V9yPkKtTLFMDuZc7HEO-SDq6B0e7d/view?usp=sharing
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Best Practices Tool 5: Sharing Information

Learning Goal
Identify forms of pollution, effects and relationships
between pollutants and human actions.

Origin Lesson
Learning About (What)

Neighborhood Patrol
Ask students to imagine what life would be
without clean air. Ask students to list as many
things as they can that might make the air and
water unsafe. Take students on a walk outdoors
to look for examples of pollution. Ask students,
what kinds of plants or animals could be
affected? Ask, what might have caused each
form of pollution? How did the litter get on the
ground? How did oil get on the pavement?
Have students record their answers.  Back
inside, students draw pictures of the pollution.
Look through magazines for more examples of
pollution. Have students take turns putting their
examples into categories on a large poster
board. Ask these questions to the students: do
any of the same items appear in both
categories? If so, do you agree with where
those items are placed? Can people always see,
hear, or smell pollution? Ask students how
each could be prevented? Finally, have the
discussion that we can’t prevent all pollution.

Share Information Tools

Dialogic-authoritative dimensions of discourse on an interactive–non-interactive continuum (adapted from Mortimer & Scott, 2003, p. 35).

Best Practices Modified Lesson
Figuring Out (Why and How)

The social aspects of science are rarely
explicitly taught, and yet, sharing information
is at the core of what science is all about. Using
convincing evidence and arguing from
evidence is what moves our understanding of
the natural world forward. Students need to be
taught how to communicate what they know,
otherwise, new information cannot be
assimilated.

Use any or all the Share Information routines
in your lessons. The routines focus on 4
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Adapted from TERC (2012), Talk Science in the Inquiry Project.

approaches of obtaining, evaluating, and
communicating information. Some routines
you* do to set the culture of shared ideas,
others the students** use to help give them
voice:

*your teaching style
*include everyone’s voice
*productive educator talk moves
**communicate through writing

The lesson above is a barrage of IRE (Initiate,
Response, Evaluate) exchanges between the
educator and the students. It is a ping-pong
game of talking. Instead, include the
Productive Talk Moves Tool to turn this lesson
into a volleyball game, where the students are
engaged with one another rather than the
educator.

Let the students ask the questions of each other
by adopting a Dialogic/Interactive class
culture. Include fewer, closed-ended questions.
Ask Why and How rather than What questions.
Maybe just 2 questions that cannot be
answered quickly but require students to
naturally think about more questions as they
figure out their claims. For example, “how
does pollution affect how animals survive in
their space?” This open question will lead to all
sorts of rich, inquiry-based investigations,
modeling, evidence collecting, and explaining.
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Prompting Notes
Implementing even one of the above best practices tools will build the culture of student discourse, and not
just between them and you, but more importantly among the students. When you hear the word inquiry, and
even more precisely the word scientific practices, it is social AND cognitive aspects of science that you are
having your students engage in. Sharing observations and wonderings with one another, questioning one
another and corroborating information are the pillars of scientific discovery and literacy.

Guiding Discussion Lessons/Questions

1. Share a lesson you teach that most closely reflects the Dialogic/Interactive space in the Share
Information in Groups Tool (or from the Teaching Continuum).

2. Select a lesson you teach that is more reflective of the Authoritative/Non-Interactive space in the
Share Information in Groups Tool (or Traditional from the Teaching Continuum), and
redesign/discuss how you would make it more Dialogic/Interactive.

Additional Resources:

Exploring the Science Framework. Engaging Learners in the scientific practices of obtaining,
evaluating and communicating information. NSTA Science Scope. November  2012 . By Philip
Bell, Leah Bricker, Carrie Tzou, Tiffany Lee, and Katie Van Hone.

Talk Science Primer. TERC. 2012. By Sarah Michaels and Cathy O’Connor.
http://searkscience.pbworks.com/w/file/fetch/67803311/18-TalkScience_PrimerArticle.pdf

https://drive.google.com/file/d/1BEaY0uz_b2KXMLxsFE4PIgDE4n9sPedC/view?usp=sharing
https://drive.google.com/file/d/1BEaY0uz_b2KXMLxsFE4PIgDE4n9sPedC/view?usp=sharing
http://searkscience.pbworks.com/w/file/fetch/67803311/18-TalkScience_PrimerArticle.pdf
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Additional Readings and Resources
Introduction
Cultivating a next-generation classroom culture. NSTA Science Scope Teachers Toolkit. January
2014. By Chritina Krist, Lisa Brody, Michael Novak, and Keetra Tipton.

Observations and Questioning
The Driving Question Board. A Visual Organizer for Project Based Science. November 2008. By
Ayelet Weizman, Yael Schwartz, David Fortus.

Scientific and Engineering Practices in K-12 Classrooms. Understanding A Framework for K-12
Science Education. NSTA Science Scope. December 2011. By Roger Bybee.

Modeling
Engaging Students in Scientific Practices: What does constructing and revising models look like
in the science classroom? Understanding A Framework for K-12 Science Education. NSTA
K-12 Journals. March 2012. By Joseph Kracik and Joi Merritt.

Carrying Out Investigations
The integral role of laboratory investigations in science instruction. NSTA Position Statement.

Explaining Evidence
Engaging Students in the Scientific Practices of Explanation and Argumentation. Understanding
a Framework for K-12 Science Education. NSTA K-12 Journals April/May 2012 . By Brian
Riser, Leema Berland, Lisa Kenyon.

Helping students write scientific explanations. NSTA Science Scope. September 2019. By Ann
Novak, Katherine McNeill, and Joseph Krajcik.

Sharing Information
Exploring the Science Framework. Engaging Learners in the scientific practices of obtaining,
evaluating and communicating information. NSTA Science Scope. November  2012 . By Philip
Bell, Leah Bricker, Carrie Tzou, Tiffany Lee, and Katie Van Hone.

Talk Science Primer. TERC. 2012. By Sarah Michaels and Cathy O’Connor.

https://drive.google.com/file/d/1gKQPdA5vB4mnjHRytEsZ2NJ0wmYb_xP8/view?usp=sharing
https://drive.google.com/file/d/11Hgq2hzUF9QuT0NkvqIQOZRwvHjUesP6/view?usp=sharing
https://drive.google.com/file/d/1lGYZgkmEQ1KRJs3mpexntK1fCSGo4Vz3/view?usp=sharing
https://drive.google.com/file/d/1lGYZgkmEQ1KRJs3mpexntK1fCSGo4Vz3/view?usp=sharing
https://drive.google.com/file/d/1UE2giJoE6H_ZW6T3bx_zKJw16P44KnG-/view?usp=sharing
https://drive.google.com/file/d/1UE2giJoE6H_ZW6T3bx_zKJw16P44KnG-/view?usp=sharing
https://drive.google.com/file/d/1Cvp5yfGV-NLrMd6rs5ClmP9BlH75ckRY/view?usp=sharing
https://drive.google.com/file/d/1oBK69h2lY-g3-iWysGHMyHV52Di9Gah2/view?usp=sharing
https://drive.google.com/file/d/1oBK69h2lY-g3-iWysGHMyHV52Di9Gah2/view?usp=sharing
https://drive.google.com/file/d/1fu3V9yPkKtTLFMDuZc7HEO-SDq6B0e7d/view?usp=sharing
https://drive.google.com/file/d/1BEaY0uz_b2KXMLxsFE4PIgDE4n9sPedC/view?usp=sharing
https://drive.google.com/file/d/1BEaY0uz_b2KXMLxsFE4PIgDE4n9sPedC/view?usp=sharing
https://drive.google.com/file/d/1NkZUrcldTli-R_-BlxsvaIKSrD5n_qxJ/view?usp=sharing
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Appendix: Best Practices Tools (Full-Size)
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Dialogic-authoritative dimensions of discourse on an interactive–non-interactive continuum (adapted
from Mortimer & Scott, 2003, p. 35).
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Adapted from TERC (2012), Talk Science in the Inquiry Project.
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Adapted from TERC (2012), Talk Science in the Inquiry Project.


