~ cientifically literate citizens need to under-
- stand how scientists evaluate competing ex-
) planations. Likewise, students must learn
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\v ~’ to critically evaluate the quality of scientific

knowledge and weigh alternative explanations. Regret-
tably, high school graduates often aren’t critically eval-
uative about scientific topics. To help remedy that, this
article presents an instruction scaffold—called a model-
evidence link (MEL) diagram—designed to promote
students’ ability to critically evaluate scientific argu-
ments and deepen their understanding of fundamental
science concepts. First, however, we discuss the role of
critical evaluation in promoting argumentation in the
science classroom.

A Framework for K—12 Science Education (NRC 2012) ex-
plains how scientific and engineering understanding de-
velops through multiple approaches used to investigate,
model, and explain the world. A fundamental practice
of scientists and engineers is coordinating evidence,
models, and theories. This coordination occurs through
critical evaluation, which involves making judgments
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Using model-evidence link diagrams to
weigh alternative models in argumentation

about the relationship between evidence and alternative
explanations of a particular phenomenon (McNeill et al.
2006). The Framework places evaluation at the intersec-
tion of (a) investigating and (b) developing explanations
and solutions (NRC 2012, p. 45). The Framework also
states that evaluation requires critical thinking, “wheth-
er in developing and refining an idea... or in conduct-
ing an investigation. The dominant activities in [evalu-
ation] are argumentation and critique, which often lead
to further experiments and observations or to changes in
proposed models, explanations, or designs” (NRC 2012,
p- 46). Therefore, in science education, critical evalua-
tion is simply the analysis of how evidence supports not
only a hypothesis, model, or theory but also how evi-
dence supports (or refutes) alternative explanations.

The selected evidence may support more than one
explanation in much the same way a prosecutor and
defense attorney in a courtroom, for example, could use
the same evidence to support opposing claims. The goal
is getting students to critically evaluate the relationships
among evidence and claims and to effectively argue about
connections between evidence and models. We believe the
model-evidence link diagram provides an instructional
scaffold to meet that goal.



As shown in Figure 1, the MEL diagram helps students
evaluate and argue about the connections between evidences
and alternative models (Lombardi, Sinatra, and Nussbaum
2013; Chinn and Buckland 2012). The structure and mode
of MEL diagrams were originally developed by researchers
at Rutgers University under the NSF-supported PRACCIS
(Promoting Reasoning and Conceptual Change in Science)
project (Chinn and Buckland 2012). Using a MEL diagram,
students draw arrows in different shapes to indicate the
varying relationships between each piece of evidence and
each model. Straight arrows indicate that evidence supports
the model, squiggly arrows that evidence strongly supports
the model, straight arrows with an “X” through the middle
that evidence contradicts the model, and dashed arrows
that evidence has nothing to do with the model.

But how do students learn more about the evidences
and develop the skill to weigh the connection between
evidence and models? Students gain knowledge from

FIGURE 1

readily available instructional materials (e.g., classroom
activities, textbooks, or online resources) and can also use
any data gathered through their experimentation or other
activities. Then they use a quick ranking pre-task to better
understand how scientists judge the connection between
evidence and models (Figure 2, p. 52). In this pre-task,
students rank the importance of each arrow weight. Then
they learn about the tentative nature of scientific informa-
tion through a discussion of falsifiability (the ability for a
scientific idea to be proven false), as well as the relationship
between contradictory evidence and falsifiability, and then
re-rank the arrow weights. After the second ranking, teach-
ers should conduct a short class discussion on the rankings
and reinforce the idea that contradictory evidence gener-
ally has the greatest weight in changing judgments about
the connections between evidence and models. Through
this pre-task, students see that contradictory evidence is
at least as important as evidence that strongly supports a
particular model.

Student example of a model-evidence link (MEL) diagram.

Directions: Draw two arrows from each evidence box (one to each model). You will draw a total of 8 arrows.

Key:

~ NN\

The evidence supports the model

The evidence STRONGLY supports the model

v » The evidence contradicts the model (shows it is wrong)
__________________________ > The evidence has nothing to do with the model
Evidence #1 -
Atmospheric greenhouse gas ) ‘\ Evidence #3
concentrations have been rising A Model A Satellites are measuring more
for the past 50 years. Human Our current climate I —  _ | ofEarth’s energy being absorbed
activities have led to greater ?hange}s caused by by greenhouse gases.
releases of greenhouse gases. Increasing amounts
Temperatures have also been .| of gases released by
rising during these past 50 years. \‘ human activities.
- ,‘J 4
)./. !
Evidence #2 ; [ Model B Evid 44
Solar activity has decreased Our Cuqent climate L I Zl d ence st lobal
since 1970, Lower activity . change is caused by ncreases and decreases in globa
means that Earth has received ~ | increasing amounts temperatures closely ma.tched
less of the Sun’s energy. But of energy released V\f Increases and decréases in solar
Earth’s temperature has ? from the Sun. activity before the industrial
revolution.
continued to rise.
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FIGURE 2

Ranking pre-task.

How do scientists change their plausibility judgments?

Scientists may change their plausibility judgments about scientific ideas. They do this by looking at the
connections between evidence and the idea. Evidence may:

1. Support an idea

2. Strongly support an idea

3. Contradict (oppose) an idea

4. Have nothing to do with the idea

Which type of evidence do you think is most important to a scientist’s plausibility
judgment? Use numbers 1to 4 to rank each evidence. (1 = most important and
4 = least important)

Type of evidence Your ranking

Evidence supports the idea

Evidence strongly supports the idea

Evidence contradicts (opposes) the idea

Evidence has nothing to do with the idea

Carefully read the following paragraph.

Scientific ideas must be falsifiable. In other words, scientific ideas can never be proven. But, ideas can
be disproven by opposing evidence. When this happens, scientists must revise the idea or come up with
another explanation. Falsifiability is a very important principle when evaluating scientific knowledge.

With falsifiability in mind, re-rank each evidence from1to 4. (1= most important and
4 = least important)

Type of evidence Your ranking

Evidence supports the idea

Evidence strongly supports the idea

Evidence contradicts (opposes) the idea

Evidence has nothing to do with the idea

The Science Teacher



Students now evaluate the links in their completed MEL
diagrams (Figure 3, p. 53), writing about three evidence-
to-model links they made. Students identify each end of
the link with an evidence (numbered) at one end and the
model (either A or B) at the other. Students write their
judgment about the strength of the link (i.e., the evi-
dence strongly supports the model, supports the model, has
nothing to do with the model, or contradicts the model).
Students then justify their weighting of link strength.
Then they can use their written explanations for collab-
orative argumentation, by which students work together
to compare, critique, and revise explanations (Nussbaum
2008). For example, during discussion, students could
use MEL diagrams to present their arguments, and other
students could use the diagrams for rebuttal. Using the
MEL diagram to help bring collaborative argumentation
into instruction may allow for greater elaboration and

FIGURE 3

What’s the Alternative?

evaluation when explicitly considering alternative expla-
nations about a particular phenomenon.

A recent research study (Lombardji, Sinatra, and Nussbaum
2013) used a MEL diagram to significantly increase student
understanding (measured by pre- and posttest gains) of cli-
mate change in less than 90 minutes of instruction. This
increased understanding remained when tested again six
months later. The MEL diagram used in the study present-
ed students two competing models explaining the causes of
current climate change: (A) human-induced climate change
(i.e., the scientifically accepted model; Intergovernmental
Panel on Climate Change 2007) and (B) increasing solar en-
ergy (i.e,, a popular skeptic model, Cook 2010). A sample
climate change MEL diagram completed by a student is
shown in Figure 1 (p. 51); a completed explanatory task ap-
pears in Figure 3. Blank templates of this climate change
MEL diagram and texts for each of the evidences can be
downloaded (see “On the web”).

Student example of the MEL explanatory task.

Provide a reason for three of the arrows you have drawn. Write your reasons for the three most

interesting or important arrows.

A. Write the number of the evidence you are writing about.
B. Circle the appropriate word (strongly supports | supports | contradicts | has nothing to do with).

C. Write which model you are writing about.
D. Then write your reason.

1. Evidence # upporls | contradicts | has nothing to do with Model é

because: they're okh -{ulk., aloout climate d’\dﬂe due 4o human mlea_s"lj

mho the ar

Hhey both Support-—weman— eath other
2. Evidence # 2 strongly supports | supports has nothing to do with Model B

because: +hey both +alk about the Sun's eamay but

from different parts.

The OppoSing sdes are’ \ot ge-t-hiﬂ em"lﬂk Sun or 5&-[—:3 Yo Much

3. Evidence # strongly supports | supports | contradicts Mode] A

because: Modd A & '{’&"\::‘U’& Gbou*‘kﬂﬂ

SSes and evidence 3 is Aalking

Qbout apteldes and about the energy bétae alosovbed ,

4. Circle the plausibility of each model. [Make two circles. One for each model.]

Greatly implausible

or even impossible
Model A 1 2 3 4
Model B 1 2 3 4

Highly
Plausible

5 6 7 8 9

@ 6 7 8 9 10
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Developing MEL diagrams for
classroom use
MEL diagrams are relatively new and have not been de-
veloped for many science topics. However, our experi-
ence has shown that teachers can quickly create a MEL
diagram by examining two alternatives: (1) the scientifi-
cally accepted model and (2) a compelling alternative.
The key is to gather reasonable evidence that connects
to both models. For example, we recently conducted a
workshop for high school science teachers combining a
field experience with classroom time to construct MEL
diagrams. Participants collected data in Death Valley,
California, that related to re-
gional evidence for past and
present climate change. As
a group, the teachers then
developed alternative expla-
nations about regional and
global climate change con-
nections. Finally, teams of
teachers developed MEL di-
agrams using the data they
collected and the alternative
models they developed.

This same process could
be used with students in a
classroom. Even without the

field experience, students
could gather data from class-

room experiments, online
data sets, and other activities.
Evidence can also be gathered through research, as in
our most recent workshops with high school teachers.
These teacher-created MEL diagrams are available for
download (see “On the web”) and include, for example,
the topics of lunar phases and genetically modified food.

Tips for creating MEL diagrams

Compare only two models, and have six or fewer blocks
of evidence. Although many phenomena are supported by
more than six lines of evidence, having too many models
and evidences can quickly overwhelm students, making
the evaluation process difficult and rendering the activity
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Teachers can employ MEL diagrams in
one class meeting and immediately foster
a scientific habit of critical evaluation.
MEL diagrams fit into the science
curriculum because they support student
understanding of the vital connections
among disciplinary core ideas and scientific

and engineering practices.

ineffective. Subsequent activities in the instructional unit
could address additional lines of evidence.

When developing a Model A and Model B, consider
the educational goal. To teach disciplinary core ideas, for
example, a model representing a scientifically valid concept
could be paired with a common student misconception (e.g.,
Newton’s notion of force versus the impetus notion of force,
Mendelian genetics versus Lamarckian inheritance, scientifi-
cally accurate explanations for the seasons or phases of the
moon versus alternative conceptions). Then, evidence blocks
could consist of student experiences from classroom activities.

Avoid non-scientific models
that compare opinion-based
claims, such as, Model A, “Plastic
bags are good for grocery stores,”
and Model B, “Plastic bags are
not good for grocery stores.”
Such models don’t support sci-
entific understanding in that
“good” and “not good” cannot be
scientifically evaluated as writ-
ten. Investigating either model
won'’t help students develop a
more comprehensive under-
standing of the nature of science.

Deepening
understanding

of concepts and
practices

MEL diagrams are efficient replacements for instructional
materials that merely provide information. Teachers can em-
ploy MEL diagrams in one class meeting and immediately
foster a scientific habit of critical evaluation. MEL diagrams
fit into the science curriculum because they support student
understanding of the vital connections among disciplinary
core ideas and scientific and engineering practices (NRC
2012). The use of MEL diagrams increases student engage-
ment. We find that students quickly learn to use the MEL
diagrams with enthusiasm, perhaps because they are free to
evaluate alternative explanations and make judgments about
the connections between evidence and these alternative ex-
planations. This may seem counterintuitive to science teach-



ers wanting students to consider only valid scientific explana-
tions. However, science literacy includes the ability to argue
about alternative explanations. Furthermore, such critical
evaluation can lead to greater understanding of the scientific
concepts (Lombardi, Sinatra, and Nussbaum 2013).

In summary, here are suggested steps for incorporating
MEL diagrams into classroom instruction:

1. Complete the quick ranking pre-task (Figure 2, p. 52)
2. Complete the MEL diagram (Figure 1, p. 51)

3. Complete instruction (this may include laboratory
activities, readings, simulations, and so on)

4. Reevaluate the connections in the MEL diagram (typically
in a different color for comparative purposes) (Figure 2)

5. Complete the explanatory evaluation (Figure 3, p. 53)

Teachers can use MEL diagrams to support students as they
evaluate connections among evidence and engage in scien-
tific discourse. This in turn can support the development
of scientific thinking (Kuhn and Pearsall 2000), a skill de-
manded by both the Framework (NRC 2012) and the Com-
mon Core State Standards (CCSS) for English Language Arts
and Mathematics (NGAC and CCSSO 2010). The Frame-
work elevates engaging in argument from evidence to one of
the eight practices of scientists and engineers, stating that in
science, reasoning and argument are used to show how data
supports a claim as well as to consider possible weaknesses
in scientific arguments (NRC 2012, p. 72). The importance
of this practice is echoed throughout the CCSS. A student
who meets the CCSS can comprehend as well as critique
the veracity of claims and soundness of reasoning presented
by an author or speaker, as well as evaluate others’ use of
evidence (NGAC and CCSSO 2010a, p. 7). In mathematics,
students should be able to construct viable arguments and
critique the reasoning of others (NGAC and CCSSO 2010b,
p. 6). There is therefore a shared importance among the
recently established science education Framework and the
CCSS to support critical evaluation through the perspective
of engaging in argumentation using evidence.

The MEL promotes scientific thinking using critical
evaluation as a vehicle for students to confront multiple pieces
of evidence while considering alternative explanations. Such
understanding is essential to developing a society that exhibits
scientific habits of mind and is equipped to deal with future
socio-scientific challenges (e.g., global climate change and
freshwater resource depletion) in a way that is beneficial to
our nation and global community. ®

What’s the Alternative?

On the web

Climate change MEL and related texts: waww.nevadangse.
net/?p=357
Teacher-created MELSs: www.nevadangse.net/?p=378
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