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Goals!for!the!Day!
• focus!on!developm

ent!of!argum
enta+on!

skills!and!its!role!in!m
eaningKm

aking!for!
m
iddle!schools!students!

• connect!the!prac+ce!of!argum
enta+on!in!

science!to!cri+cal!thinking,!collabora+on!and!
com

m
unica+on!skills!

• explore!strategies!for!suppor+ng!student!
engagem

ent!in!argum
enta+on!

Law
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W
hat!is!argum

enta+on?!

Argum
enta+on!is!the!process!of!

construc+ng!and!cri+quing!argum
ents,!

w
hich!consist!of!claim

s,!evidence,!and!
reasoning.!!

Law
rence H
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W
hat!is!argum

enta+on!in!the!
classroom

?!

Argum
enta+on!in!science!educa+on!is!a"

process!of!proposing,!suppor+ng,!evalua+ng,!
and!refining!ideas!in!an!effort!to…

!!
develop"a"be*

er"conceptual"understanding"
and/or"be*

er"engineering"design.""

Law
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Im
portance!of!Argum

enta+on!for!Students!

• Supports!students�!understanding!of!disciplinary!
core!ideas!of!science!and!crosscuT

ng!concepts!

• Helps!students!build!an!understanding!of!the!nature!
of!scien+fic!know

ledge!

• Prom
otes!literacy!developm

ent!and!w
ri+ng!skills!ala!

CCSS!

• Allow
s!students!to!cri+cally!exam

ine!claim
s!m

ade!in!
the!m

edia!
Law

rence H
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cience 
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Guiding!Q
ues+ons!for!educators!

– How
!can!w

e!facilitate!the!learning!
experiences!to!help!our!students!com

e!to!a!
deeper,!m

ore!accurate!understanding!of!
science?!

– How
!can!m

odels,!claim
s!and!evidence!be!

used!to!help!our!students!construct!
explana+ons?!

– How
!can!w

e!keep!track!of!our!students’!
grow

ing!understandings!along!the!w
ay?!!

Law
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Evidence!For!and!Against!
• Heavy!things!sink!because!they!w

eigh!m
ore!

than!things!that!float.!
• The!substance!the!object!is!m

ade!of!
determ

ines!w
hether!it!floats!or!sinks.!

• The!tem
perature!of!an!object!or!substance!

determ
ines!w

hether!it!floats!or!sinks.!
• The!density!of!an!object!or!substance!
determ

ines!w
hether!it!floats!or!sinks.!

Law
rence H

all of S
cience 



!!

Debrief!For/Against!Ac+vity!

!How
!does!the!ac+vity!help!students!to!

build!argum
enta+on!skills!or!to!clarify!

the!skills!needed!for!argum
enta+on?!

!!!!
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The!M
ystery!of!the!Floa+ng!Balloons!

Law
rence H

all of S
cience 

W
hat m

akes things Float or S
ink? 
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Challenge!to!design!your!ow
n!

Inves+ga+on:!M
ake!balloons!that!

float,!sink,!suspend!in!w
ater!

• Fill!balloon!w
ith!a!

test!Substance!
• M

ake!a!Predic+on!
• Record!the!Result!

Law
rence H
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Key"Concept"

Scien+sts!need!to!be!ready!to!change!
their!ideas,!predic+ons!(claim

s),!and!
explana+ons!based!on!new

!evidence.!
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M
odels used in O

cean S
cience 

activities 
• inflatable E

arth globes 
• m

aps 
• tableKtop containers w

ith different 
tem

peratures and salinities of w
ater 

• large tank w
ith different tem

peratures of 
w

ater 
• cup w

ith m
arbles &

 salt 

Law
rence H
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M
olecular M

odel C
ards 

• Look through the cards representing  
m

olecules.   
• Discuss w

ith a partner how
 the cards could 

be used to explain the differences betw
een 

the substances inside the balloons.  
• Use the cards to discuss your explanation 
for w

hat caused the balloons to float or 
sink. 
 

Law
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Scien+fic!Statem
ents!

• All!m
olecules!of!a!par+cular!substance!are!the!

sam
e!shape!and!size.!

• U
nder!norm

al!condi+ons,!m
olecules!can’t!

change!shape!or!size.!

Law
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Density!

• For!any!type!of!substance,!such!as!w
ater,!

it!w
ill!be!m

ore!dense!if!the!m
olecules!are!

closer!together.!It!w
ill!be!less!dense!if!

the!m
olecules!are!farther!apart.!

Law
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U
sing M

odeling to explain a 
phenom

enon 
• The balloon containing 
hot w

ater w
as floating 

at the top of the tank. 
• A

fter about 10 m
inutes 

this balloon sank to the 
m

iddle of the tank. 
• W

hat happened??? 
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M
O
RE!Scien+fic!Statem

ents!About!
M
olecules!

• M
olecules!are!alw

ays!m
oving.!

• Increasing!the!tem
perature!of!a!substance!

(adding!heat!energy)!increases!
the!m

ovem
ent!of!its!m

olecules.!!
• W

hen!m
olecules!collide!they!can!transfer!

energy.!
!!!

Law
rence H

all of S
cience 



!!

Crea+ng,!Sharing!&
!Evalua+ng!M

odels!

● 
Create!a!m

odel!w
ith!a!partner!K!10!m

inutes!
● 

M
ake!sure!that!your!m

odel:!
○ 

explains!w
hy!the!balloon!eventually!sank!

○ 
fits!w

hat!w
e!know

!about!m
olecules!K!the!

scien+fic!statem
ents!

Share!your!m
odel!w

ith!another!pair!and!provide!
feedback!on!w

hether!their!m
odel!m

eets!the!
criteria !

Law
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Thinking!about!senseKm
aking!

• W
hat!role!did!discussion!and!argum

enta+on!!
and!m

odeling!serve!in!senseKm
aking?!

• W
hich!cross!cuT

ng!concepts!w
ere!applicable!

to!understanding!the!science?!

• W
hich!scien+fic!prac+ces!w

ere!used!in!order!
to!com

plete!the!task?!

!
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P
rim

ary purpose for  
U

sing S
cientific M

odels 
In science,  a m

odel is a tool used to m
ake 

sense of the w
orld.   

M
odels = explanations 

 

M
odels are also used in engineering for 

analyzing, testing, and designing. 
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A
n exam

ple of a student’s 
conceptual m

odel for evaporation  
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W
hat is S

cientific M
odeling? 

• D
eveloping a m

odel that em
bodies 

aspects of an explanation and the 
evidence 
•  E

valuating that m
odel against em

pirical 
evidence and the explanation 
•  U

sing the m
odel to illustrate, predict and 

explain  
•  R

evising the m
odel based on m

ore 
evidence 

Law
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K
ey E

lem
ents of M

odeling 
• M

odel explains the phenom
enon and 

helps us m
ake predictions. 

• Involves!cycles!of!m
odel!developm

ent,!
evalua+on,!and!revision!w

ithin!a!social!
seT

ng. 
• M

odel m
ust be consistent w

ith (and 
evaluated against) observational data 
and established scientific ideas. 
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According!to!N
GSS!argum

enta+on!is…
!

!a!process!based!on!evidence!and!reasoning!
that!leads!to!explana+ons!acceptable!by!the!
scien+fic!com

m
unity!and!design!solu+ons!

acceptable!by!the!engineering!com
m
unity.!!

!!
!

!
!

!
!

!
!!NGSS%Appendix%F%
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Som
e!im

portant!argum
enta+on!term

s!
Explana:

on:"answ
ers!w

hy!or!how
!som

ething!happens!
Claim

:"a!statem
ent!proposed!for!acceptance;!an!explana+on!that!is!open!to!

discussion!and!substan+a+on!
Evidence:"data!or!facts!suppor+ng!a!claim

.!Evidence!is!not!sim
ply!found.!For!a!

fact!or!data!to!becom
e!evidence,!it!m

ust!be!linked!through!an!argum
ent!

to!an!interpreta+on!or!explana+on.!The!evidence!m
ust!be!acceptable!by!

the!standards!of!the!discipline.!
R
easoning:"discussion!of!the!relevancy!of!data/evidence!to!a!claim

;!connects!
a!claim

!w
ith!the!evidence;!can!address!the!strength!of!the!claim

,!how
!sure!

you!are!about!it!
Counterclaim

:"can!be!a!rebuhal!to!the!claim
,!reserva+ons!about!the!claim

,!or!
can!describe!excep+ons!to!the!claim

!and/or!situa+ons!w
here!it!doesn

�t!
apply!

A
rgum

ent:"the!product!of!argum
enta+on.!An!argum

ent!is!in!response!to!a!
ques+on,!(stated!or!unstated)!w

here!the!answ
er!is!necessarily!uncertain!

am
ong!the!people!considering!it.""
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�Science is a set of m
ethods designed to describe 

and interpret observed or inferred phenom
ena, 

past or present, and aim
ed at building a testable 

body of know
ledge open to rejection or 

confirm
ation.�

M
ichael Sherm

er!
D

irector of Skeptics Society  
Law

rence H
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Scien+fic!Argum
enta+on!is!not!

this…
!

 

But it is…
a!process!of!proposing,!suppor+ng,!
evalua+ng,!and!refining!ideas!in!an!effort!to!
develop!a!beher!understanding!!

Law
rence H
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Engaging!in!Argum
ent!from

!Evidence!
In"science,!reasoning!and!argum

ent,!are!essen+al!for!
iden+fying!the!strengths!and!w

eaknesses!of!a!line!of!
reasoning!and!for"finding"the"best"explana:

on"for!a!
natural!phenom

enon.!!
!Scien:

sts!m
ust!defend!their!explana+ons,!form

ulate!
evidence!based!on!a!solid!founda+on!of!data,!exam

ine!
their!ow

n!understanding!in!light!of!the!evidence!and!
com

m
ents!offered!by!others,!and!collaborate!w

ith!
peers!in!searching!for!the!best!explana+on!for!the!
phenom

ena!being!inves+gated.!

Law
rence H
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Scien+sts!engage!in!argum
ent!to:!

• Defend!claim
s!using!evidence!and!reasoning:!

– Interpreta+on!of!data!
– Experim

ental!designs!
– M

ethod!of!data!analysis!
– The!appropriateness!of!a!ques+on!

• Defend!m
odels!

– evaluate!and!com
pare!different!m

odels!

• Cri+que!the!claim
s!of!other!scien+sts!

– Look!for!suffi
cient!and!appropriate!evidence!

Law
rence H
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W
ho!is!right?!

How
!do!you!know

?!
Law

rence H
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cience 
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In!other!w
ords…

!

!�Secure!know
ledge!and!understanding!is!as!

m
uch!a!product!of!know

ing!w
hy!som

e!ideas!
are!erroneous!as!w

hy!other!ideas!are!
correct.�!
!!

!–O
sborne,!Erduran,!and!Sim

on!(2004)!
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E
vidence is inform

ation about the natural w
orld 

th·at is used to support a claim
. In a scientific 

argum
ent, evidence often consists of data, w

hich 
can be m

easurem
ents and observations. 

A
R

G
U

M
E

N
TATIO

N
 

TO
O

LK
IT 
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Criteria!for!Evalua+ng!the!
STR

EN
G
TH!!

of!Evidence!

!
 Q
uan+ty!of!evidence!

!
 Size!of!assum

p+on!
!
 Q
uality!of!source!

Law
rence!Hall!of!Science!
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U
seful!Criteria:!Q

uan+ty!of!Evidence!

How
%m

uch%evidence%has%been%collected%
that%supports%the%explana<on?%

Law
rence!Hall!of!Science!
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W
here%do%earthquakes%usually%occur?%

100!data!points!

Law
rence!Hall!of!Science!
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400!data!points!

W
here%do%earthquakes%usually%occur?%

400!data!points!

Law
rence!Hall!of!Science!
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800!data!points!

W
here%do%earthquakes%usually%occur?%

800!data!points!

Law
rence!Hall!of!Science!
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W
here%do%earthquakes%usually%occur?%

1,000!data!points!

Law
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1500!data!points!

W
here%do%earthquakes%usually%occur?%

1,500!data!points!

Law
rence!Hall!of!Science!



!!

3000!data!points!

W
here%do%earthquakes%usually%occur?%

3,000!data!points!

Law
rence!Hall!of!Science!
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U
seful!Criteria:!Size!of!Assum

p+on!
How

%m
uch%of%a%conceptual%leap%does%it%

take%to%connect%the%evidence%to%the%
possible%explana<on?%

??? 
Law

rence!Hall!of!Science!
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Sort%the%cards%in%order%of%size%of%the%assum

p<on%needed%to%
support%this%explana<on:%

Cheetahs"are"predators"of"w
ildebeest.%

Law
rence!Hall!of!Science!
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U
seful!Criteria:!Q

uality!of!Source!

W
here%did%the%evidence%com

e%from
%and%

how
%reliable%is%it?%

Sort!the!cards!in!order!of!highest!to!
low

est!quality!of!source.!
Law

rence!Hall!of!Science!
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H
ow

 is argum
entation in school 

different from
 w

hat scientists do? 
 H

ow
 do students learn the 

language and processes of 
argum

entation? 

Law
rence H
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A!m
ajor!aim

!of!the!science!curriculum
!is!for!

students!to!acquire!an!understanding!of!
the!scien+fic!view

!of!the!w
orld!and!to!use!

scien+fic!reasoning!w
hen!appropriate.!!

!Ironically,!this!aim
!is!underm

ined!w
hen!

students!com
m
it!to!m

em
ory!a!great!deal!of!

scien+fic!know
ledge!but!grasp!lihle!of!the!

grounding!for!that!know
ledge.!

!!
!!KN

orris,!Phillips,!and!O
sborne,!2007!

!
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Q
ues:

ons"to"ask"w
hen"evalua:

ng"
argum

ents"in"science"
!• Is!the!explana+on!suffi

cient)and!coherent?!
• Is!there!enough)evidence!to!support!their!ideas?!
• Is!the!evidence!of!high)quality?!!
• Is!there!any!counterevidence)that!does!not!support!the!
explana+on?!!
• How

!w
ell!does!the!explana+on!fit)w

ith)other)theories)and)
law

s!that!are!used!in!science!to!explain!or!describe!how
!the!

w
orld!w

orks?!!
• Is!the!reasoning!suffi

cient!(it!explains!w
hy!the!evidence!w

as!
used!and!w

hy!it!supports!the!explana+on)!and!appropriate!
(ra+onal!and!sound)?!

Law
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W
hat!does!it!take!to!get!argum

enta+on!to!
happen!in!a!classroom

?!
1. 

Establish!norm
s!to!support!a!culture!of!academ

ic!talk!
2. 

Focus!on!reaching!the!best!explana+on!or!solu+on!–!
em

phasize!w
hy!argum

enta+on!is!im
portant!!

3. 
Pose!opposing,!evidenceKbased,!explana+ons!that!can!
be!argued!

4. 
Provide!prac+ce!w

ith!opportuni+es!to!explain,!
cri+que!and!jus+fy!science!ideas!–!m

odel!and!em
ploy!

scaffolds!
5. 

Give!students!a!chance!to!address!their!naïve!
concep+ons!

6. 
Engage!students!in!genera+ng!and!interpre+ng!data!

Law
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Argum
enta+on!Prom

pts!

• 
How

!do!you!know
!that?!

• 
W
hat!evidence!supports!your!idea/explana+on?!

• 
W
hat!have!you!observed!that!tells!you!that?!

• 
W
hat’s!the!quality!of!the!evidence?!

• 
Does!the!explana+on!fit!w

ith!w
hat!w

e!know
!about!

how
!the!w

orld!w
orks?!

• 
Do!you!agree!w

ith!this!explana+on?!W
hy!or!w

hy!not?!
• 
W
hat!are!som

e!other!possible!explana+ons?!
• 
W
hich!idea!is!best!supported!by!the!evidence!w

e!
have?!

Law
rence H
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G
rades"K"R"2"

G
rades"3"R"5"

"
M
iddle"School"

"
H
igh"School"

"

M
ake!a!

claim
!and!

use!
evidence!

Construct!
and!support!
scien+fic!
argum

ents!
draw

ing!on!
evidence,!
data,!or!a!
m
odel.!!

Consider!
other!ideas.!
!

Construct!and!
present!oral!and!
w
rihen!argum

ents!
supported!by!
em

pirical!evidence!
and!reasoning!to!
support!or!refute!
an!explana+on!for!
a!phenom

enon.!
!

Construct!a!
counterK
argum

ent!that!is!
based!in!data!
and!evidence!
that!challenges!
another!
proposed!
argum

ent.!!
!

G
reater sophistication in argum

entation 

Law
rence H
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To!engage!students!in!the!N
GSS!Scien+fic!

prac+ces!w
e!m

ust:!

• provide!opportuni+es!for!conversa+ons!about!
science!ideas!

• em
phasize!connec+ons!betw

een!ideas!and!
evidence!

• use!argum
enta+on!to!w

eigh!evidence!learn!
science!ideas!

Law
rence H

all of S
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W
hat!do!you!think!w

ill!be!m
ost!challenging!

about!incorpora+ng!argum
enta+on!into!your!

teaching?!
– !Having!students!use!evidence!
– !Providing!alterna+ve!explana+ons!
– !Students!being!respecoul!of!other!students�!ideas!
– !Suppor+ng!students!in!w

ri+ng!argum
ents!

Teacher!Challenges!

Law
rence H
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Student!challenges!
• 

U
sing!evidence!to!support!their!ideas!

– Can!rely!on!their!ow
n!opinions!and/or!have!diffi

culty!using!
suffi

cient!evidence!

• 
Explaining!w

hy!their!evidence!supports!their!ideas!
– Can!have!diffi

culty!ar+cula+ng!this!link!and/or!using!scien+fic!
principles!

• 
Considering!alterna+ve!claim

s!
– Can!focus!on!one!idea!

• 
Revising!argum

ents!based!on!new
!evidence!

• 
Taking!into!considera+on!the!view

points!of!others !
Law

rence H
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Conclusions!
• Argum

ents!build!and!refute!claim
s!using!

evidence!and!reasoning!
– Explana+ons,!ques+ons,!data!analysis,!and!design!!

• Explana+ons!and!designs!are!the!final!ar+facts!
• N

eed!to!support!students!if!they!are!going!to!
engage!in!argum

enta+on!
– E.g.!“a!structure”,!“m

odels”,!“cri+ques”,!“norm
s”!

• Im
portant!to!build!understanding!of!

argum
enta+on!over+m

e!
• All!learners!can!engage!in!the!prac+ce!!

Law
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Som
e!resources!to!support!teachers…

!

• Talk!Science!from
!TERC:!

hhp://inquiryproject.terc.edu/prof_dev/!

• Teaching!Argum
enta+on!in!the!Classroom

:!
hhp
://w

w
w
.psh.org.uk/ext/cpd/argum

enta+on/
index.php!

• The!Argum
enta+on!Toolkit!from

!Law
rence!

Hall!of!Science:!
hhp://w

w
w
.argum

enta+ontoolkit.org/!!
Law

rence H
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