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Students’ knowledge may be different than scientifically 
accurate conceptions…
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Main effect: F (1,80) = 16, p <.01, η2 = .17; interaction: F (1,80) = 3.2, p = .08; Lombardi & Sinatra (2012)

…and in some situations, prior knowledge may act as a
barrier to learning



“Educators need to understand how people process information, how they modify
their existing knowledge and how worldviews affect their ability to think rationally”

However, the “Information Deficit” model of 
misunderstanding is essentially incorrect

https://skepticalscience.com/docs/Debunking_Handbook.pdf


Scientific literacy involves 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)



Relatedly, students may find scientific explanations to 
be implausible

Epistemic judgments (e.g., plausibility) are often formed through automatic 
cognitive evaluations with little purposeful thinking (Lombardi et al., 2016a)



Plausibility is specifically an epistemic judgment 
associated with explanations

Other types of epistemic judgments are associated with evidence (e.g., 
credibility, trustworthiness, and reliability; Lombardi et al., 2016a)



Plausibility is a tentative epistemic judgment, and with 
reappraisal, may facilitate change

Model of plausibility judgments in conceptual change (PJCC; Lombardi et al., 2016a)



“Some people believe that the greenhouse effect is 
something dangerous created through human activity.” 

“However, it is incorrect to think that the earth’s greenhouse effect is something 
dangerous caused by humans. The earth’s greenhouse effect is actually…”

Lombardi et al. (2016b)

Refutation texts are experimental tools to investigate 
cognitive co-activation of prior and scientific knowledge



Student who were more evaluative and reappraised 
plausibility shifted toward more scientific knowledge...
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…but only after reading a refutation text…and refutation texts are difficult to 
design and use effectively in authentic classroom instruction

Total R2 = .51, n = 45 Total R2 = .26, n = 50



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 



Lombardi et al. (2013)

The climate change MEL resulted in shifts in middle 
school students’ plausibility and increased knowledge
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Causes of current climate change

Formation of the Earth’s Moon

Hydraulic fracturing & earthquakes

Value of wetlands

We expanded and replicated this study with secondary 
students who experienced four different MELs



This project involved three school districts from very 
different parts of the US

One in a large urban 
district; low SES

Two in small suburban 
districts; high SES

8 master teachers & hundreds of their secondary (grades 9-
12) Earth science students participated in this project



Year 2 pilot study results revealed plausibility shifts for 
some topics (e.g., climate change), but not for others
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However,  all topics showed increases in knowledge

F(12,546) = 15.1, p < .001, ηp
2 = .251
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The Model-Evidence Link (MEL) diagram, 
4 lines of evidence, 2 alternatives

The Model-Evidence Link Table (MET), 
4 lines of evidence, 2 alternatives 

In Year 3, we conducted a quasi-experiment comparing 
three different tasks

The Mono-MEL diagram, 4 lines of 
evidence, only 1 alternative



In this scaffold, students complete a written explanation 
task after drawing their diagram 



Deeper evaluations facilitated participants’ plausibility 
reappraisals and greater knowledge

GoF = .437 (large explanatory power); APC = .265, p < .001; ARS = .330, p < .001; 
AVIF = 1.12; AFVIF = 1.46; and NLBCDR = 1.0; Lombardi et al. (2018a)
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Researchers & instructors need to help students scientifically 
evaluate & reappraise their epistemic judgments…

…and such scientific thinking practices are essential for development by
all so that we can productively address both mitigation & adaption

We must teach K-16 students to source, analyze, critique & judge the plausibility 
of both scientific & lay explanations (e.g., from online sources) for evaluating the 
truthfulness of solutions to equitably address human-induced climate change
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