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A Model for Scientific Practices?
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Sclence as a Set of Practices

1.
2.
3.
4.
5.
6.
/.
8.

Asking Questions & Defining Problems
Developing and Using Models
Planning and Carrying out Investigations

Analyzing and Interpreting Data

Using Mathematical and Computational Thinking
Constructing Explanations & Designing Solutions
Engaging in Argument from Evidence

Obtaining, Evaluating and Communicating
Information
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“The history of science in the European
tradition Is the history of vision
and argument”



Learning Science

Construction AND Critigue
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Knowing why you are wrong matters as
much as knowing why you are right!



How do we know?e

That Day and Night are caused by a spinning Earth

Arguments Against:
o The Sun moves

o If you jumped up you would not land in the
same spot

a If the Earth was spinning at that rate, the
speed at the equator is over a 1000 mph and

you should be flung off.
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A Structure for Deoxyribose Mucleic Acid

E wiah to pagngest & structurs for the salt
af decxyribsnse nuaclee acid (DN A0, Thi=
ptruciure hda novel fastnress which are of comaidoesble
nlagieal intarast.

A atfedure for nuclews acad has plready been
proposscl by Pauling and Corey?. Thay kindly maads
thenr rmanviacrypt  Svaalalsls to ues im sdvanos of
publisstion. Theor model consiste of thees iare-
twirnsd clmans, with ihs phosphadess neir the fAhbre
axis, sl the boses on the nutside, ITn oar opinson,
this siranture 18 unestmfactory for two reasons
{1} We helieve that tha matorsal whieh gvea the
X -ray chsgeraens 12 the ealt, ek the fros nedd. VWithaouat
Ll mi ol I|.:.-'-Ir:||;- Ino&bomms of 1R il Slenr W hsl foroas
wianildl holl the straoture togsther, capepinlly ss the
negatively charged phisaphatos near the axis will |
repel sdcls other ¥ Some of the v st Waul= |
ilistances appear to be too amall.

Another three-obaun stucture hos also been sap
guated] by Frosor [in tha preas). Tn his ssadal the
phosphates are on the ootside and the bases on the
irasde, linked fopedher by hydeopen bomils,  This
siructure a8 described B mther (ll-defre<l, sand for
(e Pemsan we alin | nod eorrmniRi
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Data Claim

Humans burn fossil

fuels releasing CO: Global Warming, caused by

Carbon Dioxide levels humans, is definitely
are increasing happening
Mean temperatures are _ JE— —
rising M
——————

Temperatures on the

o Earth vary naturally
Carbon dioxide captures solar

radiation and reradiates it at

warrant wavelengths which cannot Rebuttal

escape from the Earth

[ —
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A similar effect occurs

Backing in greenhouses




Examples of Argument

Stanford is a better football team than Berkeley. It has won
more football matches at home and away because its players

have superior skills.

It is wrong to plant genetically modified crops. The pollen
from the crops will escape. This will cause their genes to
spread throughout all similar species with totally unknown
outcomes.

VVe see objects because light enters the eye; as we cannot
see in the dark vision must be caused by light entering the
eye rather than rays leaving the eye.

Covering a |leaf with aluminium foil will cause it to go yellow.
A starch test on the leaf shows that no starch has been
produced in the leaf compared to other leaves. Light must
be responsible for producing the starch unless it is some
effect of the aluminium.

The Moon must shine by reflected sunlight. Ve cannot see

the Moon during the day so it cannot be very bright.
Otherwise we would be able to see it like the Sun.



What is the Evidence?

For each of the following beliefs that we commonly teach in science,

a. Provide any evidence to support the belief
b. Provide an argument which shows how the data is related to a claim.

Idea Evidence

Forces are pushes and pulls

Pancs rake in carbon dioxide and give
out oxygen during photosynthesis

Day and night are caused by a spinning
Earth

Current is conserved In a simple creuit

Martter is conserved in a chemical
reaction

Living matter is made of cells

Lithium, sedium, and potassium are
similar elements

We live at the bottom of a “sea of air

Seasons are caused by the tile of the
earth's axis



What is the Evidence Againste

« Gases do not weigh anything
e« Heavier things always fall faster

« We see because light rays come out of the eye



Engaging Students in Argumentation

[ think the planf’s
new masg must come
from the goil.

Ag thie plant grows, lfhmkihe
thkrtsnewm new masge comes
comes from water. fromfheaur




It will keep him cold and
stop hirr malting

Pen't put the coat on
the snowman. [t will

rmelt hirm
| don't think the coat
will mske any
ditference

©Brendg Keogh & Stuart Naylor



Argument Line

—

Different Different
Countries see Countries see the
different same Phases of
Phases of the the Moon on the
Moon on the same day

same day



Four Corners

Strongly Agre
Agree e

Wolves should be
a protected
species in Finland

Disagre Strongly
e Disagree



Establishing the Norms

1.Valuing Student Talk

2.5et Norms and Expectations
3.Clarity Expectations
4.Reinforce Expectations
5.Include All sfudents

6.How long does it take?



Resources

« Science: April 23, 2010

http://www.sciencemag.org/conte ;-
nt/328/5977/463.abstract

 Tools For Teaching Science:
www.tools4teachingscience.org

Science, Language, Siiiiteracy

e Productive Talk Moves ’ | |

>

Inquiryproject.terc.edu \
especially PD for teachers -> |
Library of Resources AAAS



http://www.tools4teachingscience.org
http://inquiryproject.terc.edu

