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Learning Science

Construction Critique
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AND

Knowing	why	you	are	wrong	matters	as	much	
as	knowing	why	you	are	right!



The Role of Argument in Science
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argued'that'it'was'possible'to'identify'major'
shifts'in'scientific'thinking'for'which'there'was'
no'clearly'identifiable'reason,'and'sociologists,'
psychologists'and'linguists'have'studied'science'
to'identify'how'the'common'practices'of'scientists'
enable'the'genesis'of'scientific'knowledge'and'
how'our'understanding'is'shaped'by'both'the'
material'world'and'the'community'within'which'
scientists'work.
One'way'of'capturing'the'activity'of'science'

is'shown'in'Figure'1,'which'shows'scientists'as'
operating'in'three'overarching'practices:

�' investigating?
�' developing'explanations'and'solutions?
�' evaluating.

On'the'left'they'are'working'in'the'investigational'
space,'designing'experiments,'and'collecting,'
analysing'and'interpreting'data.'On'the'right,'
they'are'engaged'in'theorising'about'the'world,'
developing'hypotheses'and'constructing'
explanations'–'a'feature'that'is'currently'less'
common'in'the'teaching'of'science.'In'the'middle,'
at'their'intersection,'they'are'engaged'in'argument'
and'critique,'evaluating'the'validity'and'reliability'
of'their'data,'contrasting'their'data'with'their'
theoretical'predictions,'and'identifying'flaws'in'
both'their'own'and'other’s'ideas'–'experiences'
that'are'even'less'common'in'the'teaching'of'
science.'All'of'these'activities'can'be'seen'as'a'set'
of'eight'practices'that'are'described'more'fully'in'
what'follows.

This'is'not'to'say'that'the'doing'of'science'
is'the'same'as'the'learning'of'science.'The'two'
have'differing'goals.'In'learning'science,'the'
student'seeks'to'understand'the'major'elements'
of'a'body'of'preGestablished,'consensually'
agreed'knowledge.'In'doing'science,'the'scientist'
seeks'to'create'new'knowledge.'Rather,'my'
argument'is'that'understanding'science'requires'
a'knowledge'of'its'common'practices'and'their'
function'in'the'generation'of'new'knowledge.'
Such'knowledge'about'science'is'an'essential'
element'of'the'knowledge'that'a'scientifically'
literate'individual'holds.

1. Asking questions and defining problems
On'the'left'of'Figure'1'is'the'real'world'that'
scientists'interrogate,'asking'essentially'three'
types'of'questions:

a' What%happens%and%what%exists?'This'is'
essentially'a'descriptive'question.'Developing'
an'answer'requires'the'scientists'to'develop'
taxonomies'and'a'complex,'descriptive'
language'with'which'to'communicate'with'
other'scientists.

b' Why%does%it%happen?'This'is'the'causal'
question.'Science'deals'with'objects'at'the'
human'scale,'as'well'as'at'the'microscopic'
and'the'very'large.'Building'an'understanding'
requires'scientists'to'invent'representations,'
models'and'theories.'Often'these'are'not'
of'how'the'world'seems'to'be'but'how'
it'might'be.'For'instance,'Pasteur'had'to'
imagine'that'diseases'were'caused'by'tiny,'

6. I have inserted 
“eight” here to clarify 
that, while three 
overarching practices 
have been mentioned 
above, we are now 
talking about the 
different and more 
detailed list of eight 
numbered practices 
below – OK?

Osborne Science teaching methods: a rationale for practices

Figure 1 A model of the practices of science
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What does it mean to assess the 
practice of argumentation? 



What might it mean to progress in 
the practice of argumentation?
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A LEARNING PROGRESSION FOR ARGUMENTATION



THE
TOULMIN
ARGUMENTATION
MODEL

C

CLAIM

E

EVIDENCE

W

WARRANT
I agree with Mary because the 
weight is the same and the sugar 
would have nowhere to go.



LEVEL 0: Claim and evidence are the 
fundamental building blocks of argument.

PROGRESS LEVEL 0
DESCRIPTION INTRINSIC COGNITIVE LOAD

Stating/identifying an 
explicit and relevant piece 

of EVIDENCE

Stating/identifying an 
explicit and relevant 

CLAIM

No explicit understanding 
of CLAIMS and/or 

EVIDENCE



PROGRESS LEVEL 1
DESCRIPTION INTRINSIC COGNITIVE LOAD

Constructing/Critiquing an 
explicit and relevant 

ARGUMENT or REBUTTAL

Stating/identifying an 
explicit and relevant 

WARRANT

LEVEL 1: Claim and evidence must now be coordinated 
with an explicit warrant.



PROGRESS LEVEL 2
DESCRIPTION INTRINSIC COGNITIVE LOAD

Comparing relative 
SIGNIFICANCE OF 

MULTIPLE PIECES OF 
EVIDENCE

Constructing/ Critiquing a 
TWO-sided 

COMPARATIVE 
ARGUMENT

Constructing/Critiquing a 
ONE-sided COMPARATIVE 

ARGUMENT

LEVEL 2+: TWO OR MORE EXPLICIT WARRANTS REQUIRED TO 
COORDINATE INCREASING NUMBERS OF CLAIMS AND EVIDENCE.



The Item Response Function (IRF)

b = difficulty parameter (location along x-axis of max slope)
a = discrimination parameter (max slope)
c = guessing parameter (success by chance - y-intercept)

The IRF gives the probability that a person with a given ability 
level (theta) will answer correctly.



ITEM 
RESPONSE
THEORY
ANALYSIS

LEVEL 2

LEVEL 1

LEVEL 0



ITEM 
RESPONSE
THEORY
ANALYSIS

Average difficulty of items testing scientific 
argumentation levels 

Argumentation level Average item difficulty

Level 0 -1.39 
(Range: -2.59 – 0.31)

Level 1 0.46 
(Range: -0.62 – 1.04)

Level 2 1.10 
(Range: 0.91 – 1.56)



Findings

Empirically-supported	progress	map	for	argumentation	(Osborne,	
Henderson,	MacPherson,	Szu,	&	Wild,	2016).

Greater	student	propensity	to	argue	in	the	affirmative	– CRITIQUE	
IS	CHALLENGING!

More	students	were	able	to	critique	with	PROMPTING.



Challenges and Issues

Given	the	absence	of	a	language	to	define	or	assess	
progression,	teachers	will	fall	back	on	the	familiar	content-
based	objectives.

This	work	offers	a	model	of	how	student	competency	
within	a	science	domain	progresses	and	ways	in	which	it	
can	be	assessed.



Challenges and Issues

However,	critical	considerations	remain	for	researchers	moving	
forward	with	attempts	to	develop	sufficient	notions	of	progression	
with	each	of	the	NGSS	practices.	These	include:

¤ To	what	extent	is	our	argumentation	learning	progression	
generalizable	across	different	domains?

¤ How	will	teachers	interpret	the	NGSS	shift	from	knowledge-based	
to	practice-based	assessment?	How	can	teachers	be	supported	to	
use	these	assessments	for	the	sake	of	student	learning,	as	
opposed	to	merely	accountability?

¤ Are	open-ended	assessments	amenable	to	large-scale	
accountability	testing?



Promise for automated scoring?

Predicted score

Cohen’s kappa = 0.60

Actual 
score

23 out of 257 open-ended responses scored I
NCORRECTLY (less than 9% error rate)



Domain 
generality?



Sharing our Assessment Tasks

scientificargumentation.stanford.edu



ASSESSING UNIDIMENSIONALITY
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Yao & Wilson, 2013

Scree Plot: Eigenvalues from Exploratory Factor Analysis 


