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* Socio-scientific issues (SSls) are “complex,
open-ended, often contentious dilemmas, with
no definitive answers” (Sadler, 2004, p. 514)

The Problem - Opportunities—but not requirements—exist
from national science standards guidance

* Prior research shows using SSls is valuable, but
not widely done




1. Why do teachers choose to teach about SSls?

2. How do secondary teachers go about

incorporating SSl activities into their
Research curriculum?

Questions

3. What difficulties do teachers report in
engaging students in (a) controversial topics
and (b) evidence-based thinking and
learning?




* Zoom interviews with 18 middle and high
school science teachers from mid-Atlantic and
Southeastern states

Participants - Participants were part of 2018 or 2019 Summer
Institute on connecting scientific models and
evidence in Earth/environmental science

* The MEL Project

and Setting

* 20-90 minutes each, recorded and transcribed




- Why do teachers choose to teach about SSls
and how do they go about it?

Analytic - What are the challenges of incorporating SSls
Questions into the curriculum?

* What are the affordances and outcomes of
incorporating SSls into the curriculum?




* Three researchers did an initial pass of subset
Coding of transcripts then discussed potential themes

Process

- Divided transcripts among us, with peer
debriefing and discussion afterward




Help students Always looking for evidence that contradicts with the theories. So | want to give students
understand competing 2" oPen mind... encourage them to think... present the science, but then what are some
arguments against the science that would exist... | think that's really stimulating to the

ideas in science e : : . ,
students....so | really like finding evidence, things that contradict theories. (T12)

SSl lessons invite Talking about climate change and how climate change affects us and how it affects
studentsinto real different people’s socioeconomic status. (T18)
Results I: Wh mordprovtems
. y SSI topics relate to And | want them to know how to be lifelong learners and how to take that approach to
h h students’ lives and different situations when they find a new situation and [are] not sure how to approach it.
teac e rS teac build skills for their And then they kind of think, you know, Hmm. And they start applying some of those things

without even thinking about that that’s what they're applying. That's what | like to see. (T4)

S S I S future

Potential for strong [l choose topics that] are things that are generating the most conversations in the

student engagement classroom with the students and have the highest levels of engagement. And not that it’s
all about, like, what do you like to do? We're only going to do the things that you like to do,
but at the same time, like | want to keep them engaged. (T3)

Effective for practicing It's implementing the, um, science practices....I guess also the engineering

NGSS Science and practices....evaluating a theory, looking at the evidence and drawing a conclusion..
different ways to, incorporate more of those types of activities with the students. ...I feel
the students these days, they don't know how to think rationally like a scientist....I think it's
all so new to them. They're just used to memorizing things and science. (T12)

Engineering Practices
(SEPs)




Abstract topics Any really abstract concepts teaching about subatomic particles in the atom...origin of the
difficult for students universe, you know, where did the elements come from? Students have difficulty
understanding how did like the big bang theory...(T12)

Students struggle | think a lot of what | struggle with teaching-wise is more scientific literacy than actual

with vetting and content topics. Um, just really getting my students to understand sort of what makes

evaluating evidence something valid in science and to think scientifically and to recognize... plausibility versus,
you know, probability and just kind of understanding data. (T11)

Results Il
Challenges in

Students struggle Just to make sure that kids are really actually getting information from each one...even
with reading overall simplifying some of them for some of my modified courses...| mean, reading is just a
challenge in general. (T11)

teaching

SC I e n Ce Students don’t want The more affluent the school [where I've worked] has been... the less willing the students

have been to say anything.. It's been more about how do | even get them talking and how

to talkin class
to [get] them having meaningful conversation that is both logical and rational. (T3)

Beliefs conflict with The attack on information and reliability of information has, especially in the community
science “knowledge” that I'm in...[students are] like, well, | don’t really care what you're telling me because your
data is your data. I'll just go find my own. (T3)




Results Il

Affordances
and Outcomes

Increase discourse,
such as through the
evaluation of lines of
evidence against
competing models

Students practice
using evidence to
make arguments,
resulting in deeper
thinking

Evaluating sources of
information on
controversial topics

So we all have the same evidence as we all have the same models. They would
not come to a consensus, but they all were really, really good at talking about
what their different points were and why they felt strongly about doing their
project that way. Well, their activity that way. And when | had had that open
conversation with them, | felt like, well, this is actually more meaningful than
having them all do the same thing. (T14)

Forcing them to sort of look for evidence and then make a decision based on
that evidence rather than just, Oh, well, that's what it says. So it must be true.
You know, that's what it says, but does it really support what I've decided here
and what I've seen is happening? And it just takes it to that next level of
thinking, which a lot of them will just Google it and whatever comes up first is
the right answer. You know, they have to come up with their own ideas, they
can't just find the answer. And that's always a good thing in this day and age
where they can't just rely on a computer to find the information. You have to
think about it. So it made them think more. (T8)

You know, you gotta understand what your point is through evidence....that
word model is really talking about a statement or a stance, then you gotta use
the evidence to figure out, which one’s going to back up the most? And my
hope is that what you end up with is in five, 10, 15, 20 years, you have more
scientifically literate people on the internet. (T14)



- Teachers find using SSls valuable

* Students make connections to “real world” and
build skills for the future

Discussion - SSls (and MELs) can help students evaluate
based on evidence

* SSlIs encourage student engagement especially
via discourse




* Teachers need ways to understand students’
progress toward using evidence to support
arguments and toward overall content

|mp|ication5 understanding

for Research - Scaffolding the process of justification is a
critical part of teaching SSls and what best
prepares students for interacting within a
democratic society—how to best do this?




* Supporting teachers to integrate SSls is
valuable

* Having a flexible structure helps bring in the
topics to existing curriculum
Implications - Interdisciplinary opportunities

for Practice * Requires differentiation for many groups but
still seeing positive outcomes (MEL use)

* Need to do more to bring SSls into preservice
teacher ed (many of our teachers very
experienced but still find training helpful)




Summary

Thoughts from
T1

were a
well su
highlig

- *...from a content side of things | feel like they

ole to come to the conclusions and, and
pported conclusions....l enjoyed how it

nted scientific thinking deficits and also

writing deficits and explaining deficits.”



* More detailed analysis of interviews is ongoing

* Manuscript submission goal summer 2021
(Journal of Science Teacher Education or
Teaching and Teacher Education)
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Directions: Draw 2 arrows from each evidence box, one to each model. You will draw a total of 8 arrows.

i ] \
&/ - The evidence supports the model

The evidence STRONGLY supports the model

The evidence contradicts the model (shows its wrong)

The evidence has nothing to dkoit_hlhe/model/

| Evidence #1
e O e — Atmospheric greenhouse gas Model A

concentrations have been rising fof the (e eorent T ity

. = past 50 years. Human activities hfive o o e 13

EV I d e n C e L I n led to greater releases of greenhfpuse : inorcgsing amounty
gases. Temperatures have also peen £

5 : of gases released

rising during these past 50 yeafss. bk i

Evidence #3
¢ measuring more of

(MEL)

n
D odel B

I a g ra l I I Evidence #2 Our cfirrent clima Evjdence #4
Solar activity has decreased sin change is caused b, Increases angl decreases in global
1970. Lower activity means that {arth incrfasing amounts closely matched
has received less of the Sun’s eneryy. of£nergy released A d decreases in solar
But, Earth’s temperature has m the Sun. activity Jefore the industrial
continued to rise. \_/

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




Mid-Ocean Ridge: New crust formed here

Trench: 01d crust destroyed here

Causes of current climate change
Temperature vs. Solar Irradiance
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MEL Step 1:
Model

Plausibility
Ratings

Plausibility of Models Explaining Climate Change

Name: Date: Teacher: Period:

Please work on this individually.
Read the following information carefully.
Humans create models to help explain things.

Below are twe models. These provide different explanations for why global temperatures have
increased over the past 100 years and average sea levels have increased over the past 50 years.

Model A: Climate change is cansed 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 info space.

Human activities are increasing the amount of these gases in the ammosphere. 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 af

years Earth's average temperature increases when the Sun releases move energy. Thervefore, the
Sun is causing climate change.

Plavsibility 15 a judgment we make about the potential truthfulness of one model compared to
another. The judgment may be tentative (not certain). You de not have to be committed to that
decision.

Circle the plausibility of each model. [Make two circles, one for each model.]

Greatly
mplmsible
(ior evan. Highly
mapossible) plansible
Model A 1 2 3 4 5 6 7 8 9 10

Model B 1 2 3 4 5 6 7 g 9 10

Students are
introduced to the
explanatory
models and rate
model plausibility



e 1 e s cncenmatn e e s r e [ PR
N e e Tempe received less of the Sun’s . Earel’s emperature has continned 1o ise,
have alse been rising during these past 50 years.
[ rre—— Temperature vs. Solar Imadiance
e 7 P
= T
Selir Irraiance (1 year average) F
/
g M (e 5 om e e e
H ! H
o H ! H . .
- g e | 3
o a z lagram using the
These 1 Coname g .. =
o . People exll ’

itkezeps some of Earti's eneryy from escaping to spnce

BN e evidence texts as a

R — A Yo
i ; o B ‘Figurs | Solr atviry s over s, Crus: Wrige Seanes
i -1 . T
El| L. £ ‘Sun'sbeigatoers. Since 1970, the Sun's brightness has been dscreasing The solid lie on the
il ; wk g shows Eaxths empesature. The graph shows Mt tespesatuces ace incseasing while solsr
2 = e by the dash-dot vl y
T Tk T ecrensing sad easperatuce is increasing
Figme €O e by bnman s e Wt Snees
Fige 2 COpby e fosil fuels,
inchadiag coal, gasolioe, natoral s, and wood. Burming fossi foes releases CO3 ko the
stmosphere.
Eard's energy being by
Ereemhonse gaser. Evidence #4: a

decreases in solar activiey before the industrial revobution.

MEL Step 2:

Crrelstion bebacenSunsputs and Eet's emperature
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Evidence #2 Our current climate Evidence #4
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But, Earth’s temperature has from the Sun. activity before the mdustrial
arrows to draw - — i




MEL Step 3:

Explanation
Task

1. Please work on this part individually after vou complete vour diagram. Now that you have completed the diagram, reconsider the
plausibility of Models A and B, Cirele the plausibility of each model, [Make two circles, one for each model.]

Greaily implassible Highly
{or cven impossible) plausible
Model A i 2 3 4 5 6 7 E (= 10
Model B 1 2 k] 4 5 6 ) 5 ° ]
What were vour previous rankings? Model A: SI Model B: -

2. Did the plausibility of Model A and/or Model B change after you completed the diagmm?ﬁ’?c_s:dr No [Circle One]

3. Which arrows changed your plausibility judgments about the models? If your plawsibility judgment did not change, which arrows
supported your original plausibility judgments? Use the following steps to provide two explanations for why your plausibility
judgments did or did not change.

1) Write the number of the evidence you are writing about. [Mote: it is okay to include more than one evidence, |
2} Circle the appropriate word (strongly supports | supports | contradicts | has nothing to do with).

3) Write which model you are writing about. [Mote: it is okay to include both models. ]

4) Then write your reasomn,

Evidence # | strongly supports | supports | contradicts | has nothing to do with Model A beeause:
H e TN T oy LD S e g etlSrals are Lor et
maTura | (_ﬂl.a_*.r_':‘l 3 aar [ fi"i"_',l are S e S S
o ‘ )
Hree Cuc S would subfer

A
4. In your final ranking, did you rank either Model as 17 or 107" Yes n@_ﬁ:) [Circle One] Why? Why not?

l a

s oerause Py (it =l evigence A= Tt ot

Y Supportive
I Mo =oho rhve =t =1

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




Extreme weather & climate change

Fossil evidence of the
Triassic land reptile
Lystrosaurus

Africa

45-year trend in
spring/summer
temperatures

South
America

Australia

Fossils of the fern
Glossopteris, found in
all of the southern

continents, show that
they were once joined

Fossil remains of
Cynognathus, a

Triassic land reptile
approximately
3m long

Fossil remains of the
freshwater reptile Mesosaurus

Average Spring/Summer Temperatures (°F)
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baMEL.:
Supporting

Students'’
Agency

Evidence #1
Land use changes have generated large
on fresh water resources. These
Ahannas ava affastinn hath watar Analine and

Evidence #2
The world's population is increasing. This
stresses the supply of freshwater.

Evidence #3

Pick two of the three models

Model A
Earth’s freshwater is abundant and
will remain so even in the face of

Groundwater provides freshwater to many global climate change.
people around the world. In many places, )
neonle are nkine oronndwater faster than it is
Evidence #4 Evidence # Model ence #
‘Water reclamation and desalination costs are
expensive. These costs vary depending on Model B
locotian. -~/ Earth’s freshwater challenges will
Evidence #5 be solved by engineering
Advances in engineering have led to better 7 N\ solutions.
access to quality drinking water. At the same
Foms Wn Amormnbrms s, s sevsnlites wE 136 Iawan
Evidence # Model Evidence #
Evidence #6
Glaciers are a source of freshwater in many Ny A
parts of the world. Glacial ice mass is Model C
Assrepvinemineldos e 4_.' Earth has a shortage of freshwater,
— which will worsen as our world’s
yidence . -
Microclimates are climates of very small P DPUIatlon Increases.
areas that usually differ from the
arsac Seianticte ar hich_ S
Pick four of the eight lines of evidence
Evidence #8
In the contiguous US, average temperatures
and precipitation have increased since 1901.
From 2000-2015, the US was abnormally dry
with some parts of the country in moderate to
severe drought.
Name: Date: Teacher: Period:
Pleaze work on thiz part individually after you complete your di Now that you h leted the di der the plansibility of
Models A, B, and C.
Circle the plansibility of each model. [Make three circles, one for each model]
_Greatly
mplausible (or Highly
‘ven impossihle) plmusible
Model A 1 2 3 4 5 [ 7 8 9 10
Model B 1 2 3 4 5 [3 7 8 9 10
Model C 1 2 3 4 5 [3 7 8 9 10

Did the plauzibility of Model A, Model B, and'or Model C change after you completed the diagram? Yes or No [Circle One]
[Note: you may have to look at your previous ratings if you do not remember what they were. Ask your teacher for assistance.]

Which arrows changed your plansibility judzments about the model:T If your plﬂll!llnl‘lb’ judgment did nm rhange, wlncll arrows supported

your original plansibility judzment=7 Use the following steps to provide ftwo for why your did or did not
change,

A Wnte the number of the evidence you are wnting about. [Mote: it 15 okay to include more than one evidance]

B.  Circle the appropriate word (strongly supports | support: | contradicts | has nothing to do with).

C.  Wnte which model you are writing about. [Mote: it 15 ckay to melude more than one modal].

D.  Then write your reason.
1. Evidence # strongly support: | supperts | contradicts | has nothing to do with AModel becanse:

2. Evidence # stremgly supperts | supports | contradicts | has nothing to do with Model because:
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