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` Question: Do students learn differentlyy
from different pedagogies?

` Difficulty:` Difficulty:
Ń Need to compare across disciplines
Ń Need to study a large number of students iny g

many different universities (900)
` Solution: Analyze evidence of students’y

reasoning as exhibited in their responses
to written content questions.q
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Design with end goals in mind1

Reasoning rather than correctness Higher Levels of thought processing

Question Development Template

Contextualize hierarchies of thought processes Contextualize level of abstraction

b l S d ’

Contextualize hierarchies of thought processes Contextualize level of abstraction

Rubric to Analyze Students’ Responses

Classify the quality of the responses Compare the performances based on RTOPs

1-Wiggins and  McTighe (1998)
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Knowledge Dimension Cognitive Processes Knowledge Dimension g
Dimension

` Factual Knowledge ` Understand` Factual Knowledge

` Conceptual

` Understand

Ń Compare` Conceptual 
Knowledge

Compare
Ń Infer
Ń Explain

` Procedural Knowledge
p

` Apply

4
2-Anderson & Krathwoll (2001)



Inter-rater Reliability

78 5%78.5%

Traits
Evidence

Traits
No-

Evidence

3-Wiggins & McTighe (1998)
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a b Coefficients that fit
At least one variable is dichotomous

a, b: Coefficients  that fit 
the  regression model

x: RTOP scores

f(x) : Probability of 
evidence  that certain 

t f tcomponent of taxonomy 
occurred

0              20              40              60           80           100
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Infer
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% Explain

1
0

0
%

xp
la

in
 

Explain

5
0

%

oo
d 

of
 e

x
oc

cu
rin

g
Li

ke
lih

o o

0
%

0 20 40 60 80 100
RTOP average Score

p  1
Explainp  �(0.4)1�e

10



Apply
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1
Comparep  1

�(2.08�0.84Prop�0.41Combination)1�e
Inferp  1

�(1.82�0.45Prop)1�
1�e

Inferp
1�e

p  1
Explainp �(1.47�0.44Prop)1�e

1
Applyp  1

�(0.23Prop)1�e1�e
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Scientific ConceptsScientific Concepts

Descriptive Hypothetical TheoreticalDescriptive Hypothetical

Concepts directly
observed 

Concepts
indirectly 

Measurement or

Concepts that
can’t be

observed  and 
h d fMeasurement, or 

analogical model
comprehend from 
logic and theories

4-Lawson et al. (2000)
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One concept-level-links Cross concept-level-links
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5-Nieswandt & Bellomo (2009)
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` Group A= Two or more High-level links1

` Group B= One High-level-link with Middle-
level-links2

G C T Middl l l li k` Group C= Two or more Middle- level- links
` Group D= One Middle-level-link
` Group E Low level links3` Group E = Low- level links3

` Group F= Discrete concepts with no links

1-High-Level-link :D-H-T, T-T-T, H-H-H, T-H-T, T-H-H
& T-T-T-T

2-Middle-level-link:T-T, T-H, H-H & D-H 

3-Low-level-link: D-D, D-D-D
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Compare As the RTOP score increases, the likelihood of 
the evidence for compare in student responses p p
increases.

Infer There is no relationship between the RTOP 
d id i t d taverage score and evidence in student 

responses for inference 

Explain There is no relationship between evidence ofExplain There is no relationship between evidence of
students’ ability to explain and the increase in
RTOP average score

Apply Likelihood of evidence in their responses of
students’ ability to apply slightly increases as the
RTOP average score increases
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Propositional
k l d

As the propositional knowledge
i th lik lih dknowledge score increases, the likelihood

of the evidence for the most of
the traits decreases.

Combination
score

The combination score
positively affects the likelihoodscore positively affects the likelihood
of knowledge dimension traits.
The effect is positive for
Compare and negligible for
other cognitive processes.
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