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Format of 
this 
workshop: 

1 Hour
4 experiments

•Experimental 
Group 
undergoes 
treatment

•Control Group 
doesn’t 
receive 
treatment 

*A and B assigned as a result of 
painting preference



PPT

Barrier with instructions

Tables 
for 
making



Turn and talk
(While I set up the next experiment)

• As a teacher, do you feel that recent 
research in cognitive science is making it 
into your classroom? Professional 
development sessions? Faculty 
meetings? 



Experiment 1



Students tend to only 
learn the things they 

think about.



Environment
Working Memory

(Where thinking happens)

Long-Term Memory
(Knowledge storage)

Adapted from: Willingham, 2009 

Attention

• Task instructions
• Language in the podcast
• Sensory of the LEGO Le

ar
ni

ng



Multitasking

A

B

Serial 
Task 
Processing

Parallel
Task
Processing A B

+ Errors
+ Processing time
- Productivity 

“Dual task interference”

(Pashler, 1994; Fischer & Plessow, 2015)



Yerkes-Dodson Law
(Diamond, Campbell, Park, Halonen, & Zoladz, 2007)

Environment

Chaos

Stress

Anxiety

Distractions



Classroom Applications

•Avoid situations that split 
students’ attention between 
more than one thing.

•Create activities that do not 
require students to multitask. 

•Apply the “Goldilocks rule” to 
ensure optimal arousal in the 
classroom.



Turn and talk
(While I set up the next experiment)

How are these strategies from 
cognitive science research 

applicable to your classroom 
setting? 

• Avoid situations that split students’ 
attention between more than one thing.

• Create activities that do not require 
students to multitask. 

• Apply the “Goldilocks rule” to ensure 
optimal arousal in the classroom.



Experiment 2



Students tend to learn 
more when they are not 

overloaded



Environment
Working Memory

(Where thinking happens)

Long-Term Memory
(Knowledge storage)

Adapted from: Willingham, 2009 

7 (+ or - 2) (Miller, 1956) 

4 (Cowan, 2000) 

• How do I put together a series circuit?
• What materials do I have? 
• How do I use them?
• How does one make a ”How to” book?
• Who’s my partner?
• Is there time to use the restroom?
• Squirrel! 
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Environment
Working Memory

(Where thinking happens)

Long-Term Memory
(Knowledge storage)

What’s overload?

Adapted from: Willingham, 2009 

Decay



How do you optimize 
cognitive load?

•Worked 
examples (Ward & 
Sweller,  1990) 

•Process sheets 
(Nadolski, Kirschner, & Van Merriënboer, 

2005)

•Other 
scaffolding 
strategies (Wasik, & 
Jacobi-Vessels, 2017). 



Expertise Reversal 
Effect • Novices encountering novel 

information learn better with 
instruction designed to reduce 
cognitive load.  

• Instructional techniques that 
are highly effective with novices 
can lose their effectiveness and 
even have negative 
consequences when used with 
more experienced learners       
(p. 23).

(Kalyuga, Ayres, Chandler, & Sweller, 2003) 



Classroom Applications

•Always be aware of working 
memory limitations. 

•Use worked examples, process 
sheets, and scaffolding to optimize 
cognitive load and foster 
independence. 

•Know that novices are easily 
overloaded. “Experts” can be 
released into the wild. 



Turn and talk
(While I set up the next experiment)

Which if these classroom 
applications resonate most with 

you? 

• Always be aware of working memory 
limitations. 

• Use worked examples, process sheets, 
and scaffolding to optimize cognitive 
load and foster independence. 

• Know that novices are easily 
overloaded. “Experts” can be released 
into the wild. 



Experiment 3



Students’ thinking is 
enhanced by background 

knowledge



Adapted from: Willingham, 2009 

Environment
Working Memory

(Where thinking happens)

Long-Term Memory
(Knowledge storage)

46
X 9

9 x 6 = 54 

Re
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Adapted from: Willingham, 2009 

Environment
Working Memory

(Where thinking happens)

Long-Term Memory
(Knowledge storage)

• Knowledge breeds quantity
• Quantity breeds quality

(Rietzschel, Nijstad, & 
Stroebe, 2007)

Re
tr
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l American Revolution/Baseball
Themed Party





Classroom Applications

• If students have insufficient background 
knowledge, then build it. If they already 
have the knowledge, then activate it. 

• Coordinate with other teachers so that 
students can apply new understandings 
across multiple contexts. 

• Have students pull from the internet, 
but know that it pales in comparison to 
also having rich schema in long term 
memory.  



Turn and talk
(While I set up the next experiment)

Take a look at the following classroom 
applications. What other insights do you 

have about the importance of background 
knowledge? 

• If students have insufficient background 
knowledge, then build it. If they already 
have the knowledge, then activate it. 

• Coordinate with other teachers so that 
students can apply new understandings 
across multiple contexts. 

• Have students pull from the internet, but 
know that it pales in comparison to also 
having rich schema in long term memory.  



Final Experiment



Students learn more from 
retrieving than from 

“going over”  



Effects of 
Retrieval 
Practice

(Roediger & Karpicke, 2006)



Classroom Applications

• Ask students to individually retrieve 
knowledge learned from last lesson rather 
than going over it for them or letting “bright” 
peers remember for them. 

• Vary the conditions of retrieval practice 
(whiteboards, games, Kahoot!, Quizlet, 
flashcards, etc.) to increase engagement. 

• Give students many, many chances for 
retrieval - and space them out - rather than 
giving just one large test during a unit. 



Time for a Test!



Easter Eggs in 
this 

workshop

A and B assigned as a result of painting 
preference

• A and B actually assigned randomly. 

Priming effects

• Money shown during a slide

• Eyes shown during a slide 



educationrickshaw.com

@mrzachg

Zach Groshell
PYP Design



Multitasking: 
Adler, R. F., & Benbunan-Fich, R. (2012). Juggling on a high wire: 
Multitasking effects on performance. International Journal of Human 
Computer Studies, 70(2), 156–168. 
https://doi.org/10.1016/j.ijhcs.2011.10.003

Fischer, R., & Plessow, F. (2015). Efficient multitasking: Parallel versus serial 
processing of multiple tasks. Frontiers in Psychology, 6(September), 1–11. 
https://doi.org/10.3389/fpsyg.2015.01366

Working Memory Model: 
Willingham, D. T. (2009). Why Students Don’t Like School. American 
Educator, Spring 200, 4–13. Retrieved from 
https://www.aft.org/sites/default/files/periodicals/WILLINGHAM%282%29.
pdf

References



Social Categorization: 
Tajfel, H., Billig, M. G., Bundy, R. P. & Flament, C. (1971) ‘Social 
categorization and intergroup behaviour’, European Journal of Social 
Psychology, 1(2), 149-178.

Yerkes-Dodson Law (Optimal Arousal): 
Diamond, D. M., Campbell, A. M., Park, C. R., Halonen, J., & Zoladz, P. R. 
(2007). The temporal dynamics model of emotional memory processing: A 
synthesis on the neurobiological basis of stress-induced amnesia, flashbulb 
and traumatic memories, and the Yerkes-Dodson law. Neural Plasticity, 
2007. https://doi.org/10.1155/2007/60803

Expertise Reversal Effect:
Kalyuga, S., Ayres, P., Chandler, P., & Sweller, J. (2003). The Expertise 
Reversal Effect. Educational Psychologist, 38(1), 23–31. 
https://doi.org/10.1207/S15326985EP3801

References



Priming effects: 
Vohs, K. D., Mead, N. L., & Goode, M. R. (2008). Merely activating the 
concept of money changes personal and interpersonal behavior. Current 
Directions in Psychological Science, 17(3), 208–212. 
https://doi.org/10.1111/j.1467-8721.2008.00576.x
Bateson, M., Callow, L., Holmes, J. R., Redmond Roche, M. L., & Nettle, D. 
(2013). Do images of “watching eyes” induce behaviour that is more pro-
social or more normative? A field experiment on littering. PLoS ONE, 8(12), 
1–10. https://doi.org/10.1371/journal.pone.0082055

Cognitive Load
Paas, F., & Sweller, J. (2012). An Evolutionary Upgrade of Cognitive Load 
Theory: Using the Human Motor System and Collaboration to Support the 
Learning of Complex Cognitive Tasks. Educational Psychology Review, 24(1), 
27–45. https://doi.org/10.1007/s10648-011-9179-2

References



Domain Knowledge and Brainstorming:
Rietzschel, E. F., Nijstad, B. A., & Stroebe, W. (2007). Relative accessibility of 
domain knowledge and creativity: The effects of knowledge activation on 
the quantity and originality of generated ideas. Journal of Experimental 
Social Psychology, 43(6), 933–946. 
https://doi.org/10.1016/j.jesp.2006.10.014
Worked examples and process sheets: 
Ward, M., & Sweller, J. (1990). Structuring effective worked examples. 
Cognition and Instruction, 7, 1–39.
Nadolski, R. J., Kirschner, P. A., & Van Merriënboer, J. J. G. (2005). Optimizing 
the number of steps in learning tasks for complex skills. British Journal of 
Educational Psychology, 75(2), 223–237. 
https://doi.org/10.1348/000709904X22403
Scaffolding: 
Wasik, B. A., & Jacobi-Vessels, J. L. (2017). Word Play: Scaffolding Language 
Development Through Child-Directed Play. Early Childhood Education 
Journal, 45(6), 769–776. https://doi.org/10.1007/s10643-016-0827-5

References



Working Memory Capacity: 
Cowan, N. (2000). The magical number 4 in short-term memory: A 
reconsideration of mental storage capacity. Behavioral and Brain Sciences, 
24, 87–185.
Miller, G. A. (1956). The magical number seven, plus or minus two: some 
limits on our capacity for processing information. Psychological Review, 
63(2), 81–97. https://doi.org/10.1037/h0043158
The Research Question (Podcast)
http://bit.ly/mrzachgpodcast

Testing Effect: 
Roediger, H. L., & Karpicke, J. D. (2006). Test-enhanced learning: Taking 
memory tests improves long-term retention. Psychological Science, 17(3), 
249–255. https://doi.org/10.1111/j.1467-9280.2006.01693.x

References


