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Due to complexity, abstractness, or controversy, 
teaching about some topics can be a challenge 

Teaching the science alone isn’t enough…. We have to aim for scientific 
literacy



Scientific literacy  = knowing both: (1) what scientists 
know & (2) how scientists know

Evaluation as argument, critique, and analysis is central to scientific thinking 
and knowledge construction (NRC, 2012)



The activities we’ll talk about today connect to 
NGSS/3D learning’s SEPs and CCCs

Science & Engineering Practices:
•Engaging in Argument from Evidence
•Constructing Explanations from Evidence
•Developing & Using Models

Crosscutting Concepts:
•Cause & Effect
•Systems & System Models
•Energy & Matter 
•Varies by scaffold



You may already be familiar with the Claim- 
Evidence-Reasoning (CER) approach

•Claims: A proposed answer 
to a question 

•Evidence: The information 
used in an argument to 
support the claim

•Reasoning: Justification that 
links the claim and 
evidence. 

Scientists construct MODELS to explain evidence 



Evidence is the foundation for both claims 
and models

CLAIMS

•An answer to a question

•An assertion based on results 
of an investigation

•Requires justification to 
support the claim

MODELS

•An explanation of a 
phenomenon

•A hypothesis that leads to 
new questions

•Predicts or describes how and 
why a phenomenon occurs



Models alone are not sufficient to support 
scientific thinking

Models must be coordinated 
with lines of evidence to help 

build an argument about a 
particular phenomenon and its 
systematic relationships. (NRC, 

2012)

How are scientific models evaluated?



Scientific Evaluations and Judgments 
about Knowledge

Scientists make judgments about 
both evidence and explanations 
about phenomena

For example, scientists judge the 
credibility and reliability of evidence

Scientists also evaluate the 
plausibility of explanations in light of 
other alternatives



Our plausibility judgments are 
tentative and changeable

Shifts in plausibility judgments toward the scientific can help us learn 
more deeply



Falsifiability makes explanations scientific, 
that is, scientific explanations must be open 
be able to be proven wrong (i.e., false). 

--Karl Popper

Plausibility and Falsifiability

The only consistent characteristic across disciplines is that scientific 
explanations are open to revision in light of new evidence (NGSS, 2013, 
Vol 2, p. 96)



Introducing Students to Plausibility

The Plausibility Ranking Task



Classroom 
instructional 
scaffolds can 
help make 
students’ 
evaluations 
explicit, 
thoughtful, & 
scientific

Chinn & 
colleagues 

(2012, 2014)

Scientific evaluations may also promote students’ reappraisal of their initial 
plausibility judgments & knowledge reconstruction (Lombardi et al., 2016a)

Example of student completed Model-Evidence Link (MEL) diagram 

The Model-Evidence Link Diagram



Causes of current climate change

Formation of Earth’s Moon

Hydraulic fracturing & earthquakes

Value of wetlands

The first four MELs we developed cover the areas of 
geology, hydrology, climate, and astronomy



When teaching the 
MEL, introduce the 
explanatory models 
and have students rate 
model plausibility 

MEL Step 1: Model Plausibility Ratings



Complete the MEL diagram using 
the evidence texts as a resource

Students would work in groups and come to 
consensus about the arrows drawn

MEL Step 2:  Examining the Evidence



Complete a written explanation task after completing 
the diagram and then re-rate plausibility of the models

MEL Step 3:  Explanation Task





Our research shows that students make scientific 
evaluations and learn about these topics more deeply

But we are unsatisfied, because some students are not transferring their 
evaluative thinking outside of the classroom context 



Students who exercise conceptual agency are authors of their own 
contributions, accountable to the classroom learning community, and have the 
authority to think about and solve problems (Nussbaum & Asterhan, 2016)

Introducing the build-a-MEL (baMEL)



The sequence of baMEL activities takes about twice as 
long as the pre-constructed MEL (90-120 minutes)

1. Present 3 
competing models 
& rate their 
plausibility

2. Read & discuss 
the 8 evidence 
texts & build the 
MEL

3. Complete the explanation task



Extreme weather & climate change

Origin of the universe

Fossils & Earth’s past surface
Availability of freshwater resources

Similar to the pre-constructed MELs, the baMELs cover 
the areas of geology, hydrology, climate, & astronomy



Learn more about the MEL/baMEL and how to use them 
in open-access issues of The Earth Scientist 

The Earth Scientist is a peer-reviewed publication for Earth and environmental 
science teachers, and these issues are freely available for download

https://sites.temple.edu/slrg/files/2018/09/tes_summer_2016.v3.pdf


Please visit the MEL project website for free access 
to all our instructional materials and resources

https://serc.carleton.edu/mel/

https://serc.carleton.edu/mel/index.html


First test of the virtual 
Fracking MEL in 

classrooms happened 
this week!

Watch our website for 
future releases

Virtual MELs in Development!



Earth and 
Environmental 

Science Educators 
Institute: 

Connecting Models 
and Evidence

Forsyth County, GA

• June 7-9, 2021

Duke Farms, Hillsborough, NJ

• July/August, TBA

Stipend - $750

Professional Development Opportunity!

Applications available in early 2021



Thanks so much for attending! 

Please visit us at 
https://serc.carleton.edu/mel/

Janelle Bailey
• janelle.bailey@temple.edu

Doug Lombardi
• lombard1@umd.edu

 Tim Klavon
• tim.klavon@temple.edu

Questions & Comments?

https://serc.carleton.edu/mel/

