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What do we know about learning?

The Science of Learning

“An empirical approach to 
understanding how people 
learn” 
- Benassi, Overson, and 
Hakala, 2014

“Scientific study of how people 
learn”
- Mayer, 2011

Brown, P., Roediger, H., McDaniel, M. (2014). Make it stick: the science of 
successful learning, Belknap Press, Cambridge MA, p. 155-157.
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How do students study?

• 84% of students re‐read their notes or 
textbook

• 55% ranked this as their #1 strategy!

Karpicke, J.D., Butler, A.C., & Roediger, H.L., III. (2009). Metacognitive strategies in 
student learning: Do students practice retrieval when they study on their own? Memory, 17, 
471-479.

Other evidence

Testing

Testing

Testing
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Who are our readers?

• Low‐structure builders (Example learners)

• High‐structure builders (Rule learners)

Who are we as authors?

• Low‐structure Builders (Example Learners)

• High‐structure Builders (Rule Learners)

– Don’t get caught in the expert blind spot!
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How can we help our readers?

• Build a Structure

• Generate Understanding

• Offer Opportunities for Retrieval Practice

• Mix, Don’t Block

Building Structure
What works better than just re‐reading?

From Nguyen and McDaniel in Benassi, V.A., Overson, C.E., & Hakala, C.M. (2014). Applying Science of 
Learning in Education: Infusing psychological science into the curriculum. Retrieved from the Society for 
the Teaching of Psychology website: http://teachpsych.org/ebooks/asle2014/index.php, p.112.
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How can we build structure?

12

What do I need to know 
for the exam?  How can I 
tell what is important?

Building Structure
Identifying Core Chemistry Skills

13
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Building Structure
Reviewing Core Chemistry Skills at End of Chapter

14

15

Building Structure 
Embedding Questions
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Building Structure 
Embedding Questions

Building Structure 
Provide Learning Outcomes and Practice
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• Use contrasting examples with critical attributes
– Look for differences, not similarities

• Similar examples are hard to learn together
• Latitude and longitude

• Simile and metaphor

• Meiosis and mitosis

• Point out the differences first

• Discuss them one at a time

Building structure 
Use contrasting examples

Contrasting
Examples
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Building Structure
Provide review information

20

Generate Understanding
Color Blocks Identify Factors

56
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Retrieval‐practice

53% 39%

28%

What is better, re‐reading or retrieval‐
practice?

Roediger, H.L., & Karpicke, J.D. (2006). Test-enhanced learning: Taking memory tests 
improves long-term retention. Psychological Science, 17, 249-255.

S = Study
T = Test

Cramming 
actually 
works short 
term!

Retrieval-
practice 
works for 
retention
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Opportunities for Retrieval Practice
Suggested Practice Problems

Opportunities for Retrieval Practice
Self‐Test Practice Problems
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Opportunities for Retrieval Practice
During Class – Clicker Questions

63

Student 
Responses

64

Opportunities for Retrieval Practice
After Class – Video Practice

Blue play button icons in margins of text
• ask students to practice the concepts through 

watching a short video
• use QR on text cover

Green play button icons
margins throughout text 
introduce key topics before/after class
walk through problem solving
in web and mobile formats in etexts
at App Store 
or use QR on text cover
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Opportunities for Retrieval Practice
After Class – Online Homework

Retrieval Practice

Mix, don’t Block

Rohrer, D., & Taylor, K. (2007). The shuffling of mathematics problems 
improves learning, Instructional Science, 35(6), 481-498.

• Blocking facilitates processing of similarities, 
mixing facilitates processing of differences.
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Mixing 
Combining Ideas 

68

Why Interleave vs. Block?

69

Interleaved practice requires the brain to bring the appropriate 
knowledge into working memory each time  ABCBCACBA   (9)
Block practice only requires this process the first time 
AAABBBCCC (3).
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70

Clinical 
Themes 
Begin 
each
Chapter

Interleaving
Within the Chapter

71

Interleaving
Clinical Themes Within the Chapter
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Interleaving
Throughout textbook

• Re‐introduce topics during the semester

• Develop homework sets for your text that 
brings in material from previous chapters

73

Interleaving 
Chapter Readiness
Skills Needed from Previous Chapters
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How can we help our readers?

• Build a Structure

• Generate Understanding

• Offer Opportunities for Retrieval Practice

• Mix, Don’t Block

75

This is beginning to  
making sense now.

I actually got a B+ on 
the last exam. Looks 
like I can do this.

Successful Learning
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