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A FRAMEWORK FOR

K-12 SCIENCE

EDUCATION

Practices, Crosscutting Concepts, and Core Ideas

THE REAL WORLD

Ask Questions
Observe
Experiment
Measure

¥

COLLECT DATA
TEST SOLUTIONS

Investigating

ARGUE
CRITIQUE
ANALYZE

Evaluating

THEORIES
AND MODELS

I
Imagine
Reason
Calculate
Predict

v

FORMULATE HYPOTHESES
PROPOSE SOLUTIONS

Developing Explanations
and Solutions

Evaluation as argument, critique, and analysis is central to scientific
thinking and knowledge construction
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Students may find scientific explanations (hypotheses and
theories) about a phenomenon to be implausible...

...and competing, non-scientific
explanations to be plausible

MIND THE “PLAUSIBILITY GAP”

What are some Earth and space phenomena where the scientific
explanation may seem implausible to students?

CM=L v




Directions: Draw 2 arrows from each evidence box, one to each model, You will draw a total of 8§ arrows.
e ——

The evidence supports the model I B
The evidence STRONGLY supports the model-

Key:

The evidence contradicts the model (shows its wrong)

The evidence has nothing to do with the model ;
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about the connections Evidence #1 , :
; Evidence #3
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...and (2) explicitly appraising & re-appraising the plausibility of both alternative
explanations

Model A: Climate change is caused by humans who are releasing gases into the atmosphere.

A person who supports this model makes the following argument:
A few gases in Earth s atmosphere prevent some of Earth’s energy from escaping out into space.

Human activities are increasing the amount of these gases in the atmosphere. Therefore, humans
are causing climate change.

Model B: Climate change is caused by increasing amounts of energy released from the Sun.

A person who supports this model makes the following argument:

The Sun is the main source of energy for planet Earth. Scientists have shown that for thousands of
years Earth’s average temperature increases when the Sun releases more energy. Therefore, the

Sun is causing climate change.

Plausibility is a judgment we make about the potential truthfulness of one model compared to
another. The judgment may be tentative, and you do not have to be committed to that decision.
Circle the plausibility of each model. [Make two circles, one for each model.]

Greatly

(or even ighly
impossible) plaus;
Model A 1 2 3 4 5 : 7 8 9 10
Model B 1 3 4 5 7 8 9 10
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The MEL activities result in ~1 letter grade increase in knowledge
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But, some bad news...students did not reflect scientific
thinking outside the context of the MEL activities
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Enter the idea of “conceptual agency,” where students
construct and evaluate their own MEL diagram

Students who exercise conceptual agency are authors of their own contributions, accountable
to the classroom learning community, & have the authority to think about and solve issues

(Nussbaum & Asterhan, 2016)
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Evidence #1
Land use changes have generated large

pressures on fresh water resources. These
rhannac ara affantina hath uratar amalite and

Evidence #2
The world’s population is increasing. This Model A
stresses the supply of freshwater. % " -
Pick two of the three models Earth’s freshwater is abundant and
Svidence i3 will remain so even in the face of

Groundwater provides frest to many global climate change.

people around the world. In many places, /ﬁ

neonle are nsine cronndwater faster than it is

Evidence #4 Evidence# ____ Model ence#
‘Water recl ion and desalination costs are
expensive. These costs vary depending on Model B
F re S h Wa t e r locanon. S / Earth’s freshwater challenges will

Evidence #5 be solved by engineering

. Advances in engineering have led to better ( \ solutions.
U] -a- access to quality drinking water. At the same

tionn 1ifa Avanntanar and Analibe AF 1A hava

Evidence # Model Evidence #

Evidence #6
Glaciers are a source of freshwater in many N 7 Model C

parts of the world. Glacial ice mass is

Aasraacine warldwida Earth has a shortage of freshwater,
which will worsen as our world’s
Evidence #7 S
virence population increases.

Microclimates are climates of very small
areas that usually differ from the surrounding

areas Qeientists are devaloning hich-

Pick four of the eight lines of evidence

Evidence #8
In the contlguous Us, average temperamms
and p on have i d since 1901.

From 2000- 2015 the US was abnormally dry
with some parts of the country in moderate to
severe drought.
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