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How Fading Worked Solution Steps Works — A Cognitive Load Perspective
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Cognitive Load Theory: The worked example effect and its reversal
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Structuring the transition from example study to problem solving

Expertise reversal effect, redundancy effect
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Experimet1: Position hypothesis and specificity hypothesis
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1 “ Faded Principle” complementary rule  multiplication rule
“ Position” ...forward fading or backward fading
“ Tested Principle” ... complementary rule  multiplication rule

complementary rule P(R) =1-P(A)

P(A) P(A)

multiplication rule P(ANB) =P(A)P(B|A)
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Learning environment
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multiplication rule, addition rule, complementary rule
=0.1*0.05=0.005
0.1+0.05-0.005=0.145
=1-0.145=0.855
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complementary rule multiplication rule
= complementary rule, addition rule, multiplication rule



Pretest and post-test

multiplication rule complementary rule
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Results
First step faded Last step faded
Complementary Principle Multiplication Principle Complementary Principle Multiplication Principle
score 0.54(0.25) 0.60(0.22) 0.54(0.27) 0.52(0.22)
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First step faded

Last step faded

Complementary Principle Multiplication Principle

Complementary Principle Multiplication Principle

time 11.68(4.86) 9.07(2.74) 11.13(3.73)

8.84(3.14)

Position

Faded Principle Complementary Principle
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Table 1. Means and standard deviations (in brackets) of the post-test scores (comple-

mentary rule and multiplication rule) in the experimental conditions

First step faded Last step faded

Faded principle: Faded principle:

Complementary Multplication

Faded principle:
Complementary

Faded principle:
Multiplication

Tested principle: 0.52 (0.28) 0.50 (0.27) 0.56 (0.31)

Complementary
0.43(0.28) (.40 (0.33)

Tested principle: 0.25 (0.30)

Multplication

0.34 (0.21)

0.30 (0.26)

Position “ Position”

- “ Position” Position
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* Faded Principle” “ Tested Principle”
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Discussion

CLT Position
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Experiment2: Impasse-triggered learning events
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Example-problem group
Worked Example

Worked Example
Learning environment
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Analysis of example processing/thinking aloud data

Renkl1(1997)

Impasse

Principle-based explanations

multiplication rule
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Goal-operator combinations

Anticipative reasoning

Elaboration of problem situation

Noticing coherence

Renk],1997
0.06 0.43 0.02 0.84 1.96 0.10

- self-explanation
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Re-Reading
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Solution of a step
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=0.69

Results

Pre-analysis

Learning outcomes and error rates
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Table 2. Means and standard deviations (in brackets) of the pretest. the learning time,
the near transfer performance, the far transfer performance. errors during learning, and

the impasse-triggered learning events in the experimental conditions

Fading Example-problem
pairs
Pretest 0.47(0.20)  0.56(0.31)

Learning time

Near transfer

Far transfer

Errors during learning

Impasse followed by self-explanations
Impasse followed by superficial processing

Impasse: “lgnored”

31.52(7.26)
0.48 (0.35)
0.37(0.22)
0.36 (0.25)
0.56 (1.08)
3.84 (3.54)
1.36 (1.29)

30.28 (11.27)
0.40 (0.33)
0.27 (0.26)
0.57 (0.29)
0.29 (0.62)
3 u.;'« 23)

Ry

Near transfer Far transfer Fading
Near transfer F(1,47)=4.55, p=10.038
Far transfer #(1,47)=9.22, p=0.004

Fading

Errors during learning #'(1,48)=7.42, p=0.009

Renkl et al(2002) Fading
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Impasse

FADING WORKED STEPS
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Examples / Problems

Figure 1. Impasses as a function of faded step.
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Worked Example
(¢£(23)=4.84, p< .001)

Fading
-PT1-1 PT1-2 PT1-2 PT1-3

F 1
(F (3,45) = 4.41, p < 0.008)
(3,45)=7.87, p < .001)

Impasse-triggered learning events

- Fading

Impasse-triggered learning events
Self-explanations

Superficial processing

Ignored

Ignored impasse  Near transfer Far transfer

Near transfer r=-0.35, p <0.013 Far transfer r=-0.36, p <0.012

- Ignored impasse

Fading impasse-triggered learning events

Discussion

backward fading Near transfer Far transfer
Fading
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self-explanation
= Fading

self-explainer

General discussion
(Atkinson, Renkl, Merrill, in press)
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