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3-Tier STEAM Education
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STEM-for-all Curriculum for S.2 Students 

https://www.dendrite.me/competition/view/competitionid/59d50b8c08d734008f5bcae9#tab:collection-groups

Visual Art MathematicsComputingDesign &
Technology

Science
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Action Research

Can Productive Failure pedagogical 

design improve the capacity of 

struggling learners to acquire scientific 

concepts and to form complex link 

between them such that knowledge 

might be applied to solve novel 

problems as compared with Direct 

Instruction in a STEM curriculum?
http://patterns.transitionresearchnetwork.org/Action_Research.html
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Inter-disciplinary Curricular Design
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Micro:bit Technology: Data Logging 
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Understanding of Speed and its Graphs



Direct instruction

The use of instruction on the 

targeted concepts followed by or 

coupled with the use of well-

designed worked examples to 

illustrate and explain the targeted 

concepts.
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Productive Failure (PF)

A pedagogical design which affords 

the students the opportunities to 

generate suboptimal or incorrect

solutions to a novel problem for 

preparing them to learn better from the 

subsequent instruction that followed.

Kapur, M. (2016). Examining productive failure, productive success, unproductive failure, and unproductive success in learning. 
Educational Psychologist, 51(2), 289-299.
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Kapar’s Productive Failure
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the short run

Learning in the 

long run
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Kapur, M. (2016). Examining productive failure, productive success, unproductive failure, and unproductive success in learning. 
Educational Psychologist, 51(2), 289-299. 11
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“By failure, I simply mean that students 

are rarely able to solve the problems 

and discover the canonical solutions by 

themselves.” (Kapur, 2013)

Kapur, M. (2013). Comparing learning from productive failure and vicarious failure. The Journal of the Learning Sciences, 23(4), 651–677.
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Chances to Failure



A novel problem

Design a streamline rocket car for the competition in 

which the speed is competed.
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Learning Phases

Kapur, M., & Bielaczyc, K. (2012). Designing for productive failure. Journal of the Learning Sciences, 21(1), 45-83.

Phase 1: Problem-solving

Generate and explore 

representations and 

solution methods

Phase 2: Instruction

Consolidation and 

knowledge assembly
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Lessons design

Class / Lesson 1 2 3 4 5 6

Treatment
Class 

Pre-
test

Consolidation and 
refinement

Post-
test

Comparison 
Class
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Engineering design process
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Pre-post Test
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Pre-post analysis
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Post – Pre t df p

Treatment 4.442 31 < .001

Comparison 2.778 32 .009



Snapshot
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Knowledge Integration Categories

20
Liu, O.L., Lee, H.S., Hofstetter, C. & Linn, M.S. (2008). Assessing knowledge integration in Science: Construct, measures, and evidence. Educational Assessment, 13(1), 33-55.
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IRT analysis
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Item Response Theory (IRT) is applied to test whether 

PF learning design might change students’ perception in 

item difficulty in Science subject.  

Treatment 
Class

Comparison 
Class

F

L
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concepts

Complex 
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Conclusion
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PF pedagogical design can help the struggling 

learners to acquire scientific concepts and to form 

complex link between them.



Further Discussion
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How are basic facts retrieved for further 

integration to form complex links?
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