Creating a Classroom Culture
Prioritizing Science Practice to
Meet the New Science Standards
Katherine L. McNeill, Boston College
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Science Practices:
A shift in science education
l

l

Historically, science education has
overemphasized students learning a myriad of
facts rather than understanding how ideas are
developed and transform over time (Roth &
Garnier, 2006).
“Science is not just a body of knowledge that
reflects current understanding of the world; it is
also a set of practices used to establish, extend,
and refine that knowledge. Both elements –
knowledge and practice – are essential” (NRC,
2012, p. 26).

Science Practices:
What are they?
l

“The practices do not operate in isolation, and we argue that part of
giving students opportunities to participate in authentic scientific and
engineering work is ensuring that they can experience firsthand the
interrelateness of these practices – as an unfolding and often
overlapping sequence, or a cascade.” (Bell et al., 2012, p. 2)

l

Eight NGSS Scientific Practices
1.
2.
3.
4.
5.
6.
7.
8.

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

Science Practices:
3 Potential Challenges
l

Actively engage students
l

l

Integrate practice and content
l

l

Students need to actively engage in the practices, not
just observe their teachers engage in the practices
(NRC, 2012).
The practices and disciplinary core ideas need to be
integrated coherently in curriculum, instruction and
assessment (NRC, 2012).

Not everything is a practice
l

The term “inquiry” has been used in many different ways
(NRC, 2012), the same concern potentially exists with
science practices (McNeill, et al., 2013).
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2nd Grade Science Lesson
l

Are any of the science practices included in this
introduction to the lesson? If yes, which ones
and why?
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Science Practices Continuum
(McNeill, Katsh-Singer & Pelletier, 2015)

l

Instructional Leadership for Science Practices
l

www.sciencepracticesleadership.com
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Grouping the Practices
(McNeill et al., 2015)

Investigating
Practices
1. Asking questions
3. Planning and carrying
out investigations
5. Using mathematical
and computational
thinking

Sensemaking
practices

Critiquing
Practices

2. Developing and using
models

7. Engaging in argument
from evidence

4. Analyzing and
interpreting data

8. Obtaining, evaluating
and communicating
information

6. Constructing
explanations

Science Practices Continuum
(McNeill et al., 2015)

Science Practices Continuum
(McNeill et al., 2015)
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Science Practices Continuum
(McNeill et al., 2015)
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Engaging in Argument from
Evidence
Level 1
(Not Present)
Engaging in
argument
from
evidence

Students do not
engage in
argumentation.

Level 2
(Emergent)

Level 3
(Proficient)

Level 4
(Exemplary)

Students engage in
argumentation
where they support
their claims with
evidence or
reasoning, but the
discourse is
primarily teacherdriven.

Students to engage
in student-driven
argumentation. The
student discourse
includes evidence
and reasoning to
support their claim.
Students also agree
and disagree, but
rarely engage in
critique.

Students engage in
student-driven
argumentation. The
student discourse
includes evidence,
reasoning that links
the evidence to
their claim and
critique of
competing
arguments during
which students
build on and
question each
other’s ideas.
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Argument from Evidence
Structure
l Claim – Provides a conclusion or solution
l Evidence – Scientific data such as measurements or
observations
l Reasoning – Explains why the evidence supports the
claim
Process
l Multiple Claims – Students compare and critique multiple
claims
l Student Interactions through critique – Students pose
and respond to questions to challenge ideas and resolve
conclusions

CER Framework (McNeill & Krajcik, 2012)
EVIDENCE

REBUTTAL

CLAIM A

EVIDENCE

NOT

CLAIM B

because

EVIDENCE
and
REASONING

EVIDENCE

REASONING

Physics Example
Does a lever make work easier?

Levers sometimes make work easier. (Claim) When we
picked up the load without the lever, it was 2.2 N. When the
load was 5.0 cm from the fulcrum and the effort was 10 cm
from the fulcrum, it was 0.8 N. When the load was 20 cm
from the fulcrum and the effort was 10 cm from the fulcrum,
it was 4.3 N. When the load was 10 cm from the fulcrum
and the effort was 5.0 cm, it was 5.3 N. When the load was
10 cm from the fulcrum and the effort was 20 cm, it was 1.3
N (Evidence) Doing work is the ability to move an object. If
it takes less force, the work is easier. A lever can make
work easier depending on the position of the fulcrum, effort
and load. When the fulcrum is close to the load and far
from the effort, the work is easier. (Reasoning)
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Biology Example
What will happen to the shark population if the phytoplankton
populations die out?

The shark population will die out.(Claim) The shark eats
other fish such as the ocean fish and the lantern fish. The
ocean fish and the lantern fish eat other organisms such as
shrimp and copepods. The shrimp and copepods eat the
phytoplankton. (Evidence) Phytoplankton are producers
and they make their own food from the sun. All of the other
organisms in the food web depend on the phytoplankton,
even if they do not directly eat them. If the phytoplankton
die, primary consumers (shrimp and copepods) will die
because they will have no food which will cause the
secondary consumers (ocean fish and lantern fish) to die,
which will cause the shark to die. (Reasoning)

Biology Example
What will happen to the shark population if the phytoplankton
populations die out?
The shark population will die out.(Claim) The shark eats other fish such
as the ocean fish and the lantern fish. The ocean fish and the lantern
fish eat other organisms such as shrimp and copepods. The shrimp
and copepods eat the phytoplankton. (Evidence) Phytoplankton are
producers and they make their own food from the sun. All of the other
organisms in the food web depend on the phytoplankton, even if they
do not directly eat them. If the phytoplankton die, primary consumers
(shrimp and copepods) will die because they will have no food which
will cause the secondary consumers (ocean fish and lantern fish) to die,
which will cause the shark to die. (Reasoning) You might think the

shark population would not change, because they do not
eat the phytoplankton. But they will actually die out
because they eat organisms that eat organisms that eat the
phytoplankton. (Rebuttal)

Environmental Science
What affects the water quality in our stream?
“My partner though that the reason the levels might be so
bad is that there might be left over salt from last year. Well I
don’t have any solid evidence to contradict this theory, I do
have critical thinking on my side. We were told that in
pervious years of testing the results were much, much
worse because it had already snowed and salt had already
been put down on the parking lots. Since this year the
levels were down so much because of the lack of salt, that
makes me believe that any salt that may be left over isn’t
sufficient to affect it hat much, because if the salt really was
affecting it drastically we would probably be getting closer
results to what other testers have gotten in previous years.”
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Environmental Science Example
Mr. Garcia: Do you think the climate is changing? Make
sure you support your idea with evidence and reasoning.
Olivia: I think the climate is changing (Claim) because this
fall has been really warm (Evidence).
Mariela: Does being warm just one fall count as evidence
for climate change?
Nate: No, climate is long term changes. It is just weather if
it is one day or a month or a season (Reasoning). So I
agree with Olivia that the climate is changing (Claim). But
I think it is changing because the air temperature has
slowly gotten warmer over a long time. The average
temperature has increased like 2 degrees in the last 100
years (Evidence).

CER Framework (McNeill & Krajcik, 2012)
EVIDENCE

REBUTTAL

CLAIM A

EVIDENCE

NOT

CLAIM B

because

EVIDENCE
and
REASONING

EVIDENCE

REASONING
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Level 1
(Not Present)
Engaging in
argument
from
evidence
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argumentation.

Level 2
(Emergent)

Level 3
(Proficient)

Level 4
(Exemplary)

Students engage in
argumentation
where they support
their claims with
evidence or
reasoning, but the
discourse is
primarily teacherdriven.

Students to engage
in student-driven
argumentation. The
student discourse
includes evidence
and reasoning to
support their claim.
Students also agree
and disagree, but
rarely engage in
critique.

Students engage in
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argumentation. The
student discourse
includes evidence,
reasoning that links
the evidence to
their claim and
critique of
competing
arguments during
which students
build on and
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other’s ideas.
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7th Grade Example
7th Grade Lesson Focus:
l
l
l

Context: Heredity Unit
Question: What kind of allele causes the glowing trait?
3 Possible Claims
l
l
l

l
l

The allele for fluorescence is dominant.
The allele for fluorescence is non-dominant.
The allele for fluorescence is incompletely dominant.

Evidence: Punnett squares of different crosses of the cats.
Data about crosses from jelly fish.
Activity: Science Seminar

Questions to Consider for CER structure and process:
l
l

What are the strengths and challenges in terms of the student
talk?
How did the teacher support the student discussion?
l
l

What are some aspects that he did well?
What are some areas in which he could improve?

7th Grade Example

Engaging in Argument from
Evidence
Level 1
(Not Present)
Engaging in
argument
from
evidence

l

Students do not
engage in
argumentation.

Level 2
(Emergent)

Level 3
(Proficient)

Level 4
(Exemplary)

Students engage in
argumentation
where they support
their claims with
evidence or
reasoning, but the
discourse is
primarily teacherdriven.

Students to engage
in student-driven
argumentation. The
student discourse
includes evidence
and reasoning to
support their claim.
Students also agree
and disagree, but
rarely engage in
critique.

Students engage in
student-driven
argumentation. The
student discourse
includes evidence,
reasoning that links
the evidence to
their claim and
critique of
competing
arguments during
which students
build on and
question each
other’s ideas.

What level would you place the students’ argumentation?
Why?
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6th Grade Example
l

l

l

A Science Seminar exploring the question - How will the Indian plate
be different in 50 million years?
Below is an excerpt from the beginning of the conversation. Pablo
volunteered to go first and he initially read his argument to Ms.
Richardson and this is how she responded:
Ms. Richardson: Pablo, I am going to ask that you say that one more
time and a little bit slower and a little bit clearer. And make sure you
address the people in the inside circle and not me. So pretend I am
not here. Ok. Go ahead.

Pablo: My claim is that the Indian plate will get smaller in 50 million
years. My evidence is that on the collision zone – the Indian plate is
located at a collision zone. And my reasoning is that at a collision
zone, the plate folds and crumbles.
A number of students raise their hands.
l Ms. Richardson: Ian.
l

6th Grade Example
l

Ian: I disagree with Pablo. Because on the map it is surrounded by
spreading zones. And my reasoning is that spreading zones will
have it - that it will make new crust.

A number of students raise their hands.
l

Ms. Richardson: Jose.

l

Jose: My claim is that the Indian plate will get bigger and my
evidence is that there are spreading zones around the boundaries of
the Asian plates - at spreading zones plates move apart from each
other.

l

Ms. Richardson: So, Jose are you saying you agree with Pablo or
you agree with Ian?

l

Jose: I agree with Pablo because he said it - oh, I agree with Ian
that the Indian plate will get bigger.

Engaging in Argument from
Evidence
Level 1
(Not Present)
Engaging in
argument
from
evidence

l

Students do not
engage in
argumentation.

Level 2
(Emergent)

Level 3
(Proficient)

Level 4
(Exemplary)

Students engage in
argumentation
where they support
their claims with
evidence or
reasoning, but the
discourse is
primarily teacherdriven.

Students to engage
in student-driven
argumentation. The
student discourse
includes evidence
and reasoning to
support their claim.
Students also agree
and disagree, but
rarely engage in
critique.

Students engage in
student-driven
argumentation. The
student discourse
includes evidence,
reasoning that links
the evidence to
their claim and
critique of
competing
arguments during
which students
build on and
question each
other’s ideas.

What level would you place the students’ argumentation?
Why?
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Instructional Strategies for
Science Practices

7 Instructional Strategies for
Argumentation

7 Instructional Strategies for
Argumentation
l

#5. Create a poster in the classroom that
supports the CER structure as well as students
critiquing different ideas. It could include
sentence starters such as, “My evidence is…”
and “I disagree because...”, as well as questions
such as “What are some other possible claims?
Do we have support for those claims?” and “Why
did you decide to use that evidence to support
your claim? Could the data be interpreted in a
different way?”
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7 Instructional Strategies for
Argumentation
l

#4 Facilitate a discussion about the norms for argumentation.
Explain to students that they should be talking directly to each other,
and not through the teacher. In addition, they should be questioning
and critiquing each other’s ideas. However, it is also important for
students to be willing to change their minds if new ideas or evidence
are presented by their peers that convinces them of the strength of a
competing claim.

l

#7 Limit teacher talk during argumentation by physically removing
yourself from the discussion (e.g. sit in the corner of the room) and/
or telling students that you have a specific task during the
discussion. For example, you can tell the class that your job is to
record the different evidence that comes up during the conversation
and that you will not be actively talking during the discussion.

Stepping Back During Science Seminars

http://www.argumentationtoolkit.org/argument-elements.html
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Conclusions
l

l

l

l

The focus on science practices is an exciting but
challenging time.
Students need support to actively engage in these
practices while they are simultaneously applying and
developing stronger understandings of disciplinary core
ideas.
Grouping the 8 science practices into Investigating,
Sensemaking and Critiquing can be an entry point for
analyzing current science lessons.
The Science Practices Continuum offers key levers for
each practice that are linked to Instructional Strategies to
move students towards greater proficiency.
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