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Learning Objectives

Describe evidence-based learning principles

Provide concrete examples of their use

Incorporate into classroom & clinical teaching



Evidence-Based Learning Principles

Understand Retain Apply Master

Cognitive load theory
Mayer’s multimedia
Advanced organizers

Retrieval practice
Spaced learning
Interleaving
Elaboration
Desirable difficulty

Generation
Transferability

Deliberate practice
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How we process information

visual

auditory Working Memory

Long-term Memory

store

retrieve

5-7 ”pieces” of information

Young, J. Q., Merrienboer, J. V., Durning, S. & Cate, O. T. Cognitive Load Theory: Implications for medical education: AMEE Guide No. 86. Med Teach 36, 371–384 (2014). 

Infinite storage of information
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Intrinsic Load

Extraneous Load

Germane Load

Complexity of the content 
or task being learned

Unnecessary information or 
distraction from the task

Effort required to organize
the content or task 

Cognitive Load Theory: Optimizing information processing

Young, J. Q., Merrienboer, J. V., Durning, S. & Cate, O. T. Cognitive Load Theory: Implications for medical education: AMEE Guide No. 86. Med Teach 36, 371–384 (2014). 

Working Memory



@JenniferSpicer4

Definition Strategies

Intrinsic Load

Extraneous Load

Germane Load

Strategies to manage cognitive load

Young, J. Q., Merrienboer, J. V., Durning, S. & Cate, O. T. Cognitive Load Theory: Implications for medical education: AMEE Guide No. 86. Med Teach 36, 371–384 (2014). 

Complexity of the content 
or task being learned

Unnecessary information 
or distraction from the 
task

Effort required to organize
the content or task 
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Definition Strategies

Intrinsic Load

- Assign “pre-reading” to familiarize
- Decrease or simplify content
- Use analogies to familiar concepts
- Build complexity over time (“spiral”)

Extraneous Load

Germane Load

Strategies to manage cognitive load

Young, J. Q., Merrienboer, J. V., Durning, S. & Cate, O. T. Cognitive Load Theory: Implications for medical education: AMEE Guide No. 86. Med Teach 36, 371–384 (2014). 
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Definition Strategies

Intrinsic Load

- Assign “pre-reading” to familiarize
- Decrease or simplify content
- Use analogies to familiar concepts
- Build complexity over time (“spiral”)

Extraneous Load
- Provide a single learning resource
- Limit text & pictures on visuals
- Eliminate external distractions

Germane Load

Strategies to manage cognitive load

Young, J. Q., Merrienboer, J. V., Durning, S. & Cate, O. T. Cognitive Load Theory: Implications for medical education: AMEE Guide No. 86. Med Teach 36, 371–384 (2014). 
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Definition Strategies

Intrinsic Load

- Assign “pre-reading” to familiarize
- Decrease or simplify content
- Use analogies to familiar concepts
- Build complexity over time (“spiral”)

Extraneous Load
- Provide a single learning resource
- Limit text & pictures on visuals
- Eliminate external distractions

Germane Load
- Refer to previously learned content
- Organize information for learners

Strategies to manage cognitive load

Young, J. Q., Merrienboer, J. V., Durning, S. & Cate, O. T. Cognitive Load Theory: Implications for medical education: AMEE Guide No. 86. Med Teach 36, 371–384 (2014). 

Complexity of the content 
or task being learned

Unnecessary information 
or distraction from the 
task

Effort required to organize
the content or task 



@JenniferSpicer4

Dual-Channel Processing: Improving Presentations

visual

auditory Working Memory

Long-term Memory

store

retrieve

5-7 ”pieces” of information

Young, J. Q., Merrienboer, J. V., Durning, S. & Cate, O. T. Cognitive Load Theory: Implications for medical education: AMEE Guide No. 86. Med Teach 36, 371–384 (2014). 

Infinite storage of information

Dual-Channel 
Processing
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Mayer’s Multimedia Principles: reduce extraneous load

Mayer, R. E. & Moreno, R. Nine Ways to Reduce Cognitive Load in Multimedia Learning. Educ Psychol 38, 43–52 (2003). 

Pre-training:
Key terms & concepts

Multimedia:
Words + pictures > words

Coherence:
Eliminate the “extra”

Spatial & temporal 
contiguity:
Words & pictures near each 
other and simultaneous

Signaling:
Cues that highlight

Personalization:
Conversational > formal
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Applying Mayer’s multimedia principles improves learning

Issa, N. et al. Applying multimedia design principles enhances learning in medical education. Med Educ 45, 818–826 (2011). 
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Applying Mayer’s multimedia principles improves learning

Issa, N. et al. Applying multimedia design principles enhances learning in medical education. Med Educ 45, 818–826 (2011). 

Coherence principle: exclude 
unnecessary pictures
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Applying Mayer’s multimedia principles improves learning

Issa, N. et al. Applying multimedia design principles enhances learning in medical education. Med Educ 45, 818–826 (2011). 

Signaling principle: highlight 
essential material

Spatial contiguity principle: place 
words & pictures near to each other
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Advanced Organizers: optimize germane load

Process/Timeline Hierarchy Compare & Contrast
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Advanced Organizers: Examples

Pitt MB, Orlander JD. Bringing mini-chalk talks to the bedside to enhance clinical teaching. Med Educ Online. 2017;22(1):1264120. doi: 10.1080/10872981.2017.1264120. PMID: 28178911; 
PMCID: PMC5328338.

Venn Diagrams

Anatomic Drawings

Pathways

2x2 Tables

Visual Paradigms

Simple Graphs
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Summary: practical strategies to help people “understand”

Prep materials 
before session to 
familiarize with 
terms & concepts

Break down 
concepts into 
small chunks and 
build over time

Eliminate 
material that isn’t 
absolutely essential

Organize terms 
& concepts to 
help learners see 
connections

Flashcards
Videos
Text (short!)

Non-expert review Clean up slides Guided handouts
Advanced organizers
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Term Definition Example

Retrieval

Spaced Practice

Interleaving

Elaboration

Cognitive science principles

Gooding, H. C., Mann, K. & Armstrong, E. Twelve tips for applying the science of learning to health professions education. Med Teach 39, 1–6 (2016). 
Cecilio-Fernandes, D., Patel, R. & Sandars, J. Using insights from cognitive science for the teaching of clinical skills: AMEE Guide No. 155. Med Teach ahead-of-print, 1–10 (2023). 
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Term Definition Example

Retrieval Pulling information from memory
Flashcards
Test/quiz questions

Spaced Practice

Interleaving

Elaboration

Cognitive science principles

Gooding, H. C., Mann, K. & Armstrong, E. Twelve tips for applying the science of learning to health professions education. Med Teach 39, 1–6 (2016). 
Cecilio-Fernandes, D., Patel, R. & Sandars, J. Using insights from cognitive science for the teaching of clinical skills: AMEE Guide No. 155. Med Teach ahead-of-print, 1–10 (2023). 
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Term Definition Example

Retrieval Pulling information from memory
Flashcards
Test/quiz questions

Spaced Practice Revisiting material over time
Studying a little each day
Anki flashcard platform

Interleaving

Elaboration

Cognitive science principles

Gooding, H. C., Mann, K. & Armstrong, E. Twelve tips for applying the science of learning to health professions education. Med Teach 39, 1–6 (2016). 
Cecilio-Fernandes, D., Patel, R. & Sandars, J. Using insights from cognitive science for the teaching of clinical skills: AMEE Guide No. 155. Med Teach ahead-of-print, 1–10 (2023). 
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Term Definition Example

Retrieval Pulling information from memory
Flashcards
Test/quiz questions

Spaced Practice Revisiting material over time
Studying a little each day
Anki flashcard platform

Interleaving Mixing up topics when studying
Mixed problem sets
Compare & contrast tables

Elaboration

Cognitive science principles

Gooding, H. C., Mann, K. & Armstrong, E. Twelve tips for applying the science of learning to health professions education. Med Teach 39, 1–6 (2016). 
Cecilio-Fernandes, D., Patel, R. & Sandars, J. Using insights from cognitive science for the teaching of clinical skills: AMEE Guide No. 155. Med Teach ahead-of-print, 1–10 (2023). 
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Term Definition Example

Retrieval Pulling information from memory
Flashcards
Test/quiz questions

Spaced Practice Revisiting material over time
Studying a little each day
Anki flashcard platform

Interleaving Mixing up topics when studying
Mixed problem sets
Compare & contrast tables

Elaboration
Explaining concepts & connecting 
them to prior knowledge

”How” & “why” questions
Creating concept maps

Cognitive science principles

Gooding, H. C., Mann, K. & Armstrong, E. Twelve tips for applying the science of learning to health professions education. Med Teach 39, 1–6 (2016). 
Cecilio-Fernandes, D., Patel, R. & Sandars, J. Using insights from cognitive science for the teaching of clinical skills: AMEE Guide No. 155. Med Teach ahead-of-print, 1–10 (2023). 
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Cognitive science principles: clinical examples

Patient care Case 
Discussions

Chalk Talks

Clinical decision-making
(retrieval)

Seeing varied patients
(spacing, interleaving)

Asking learners questions
(retrieval, elaboration)

Asking learners questions
(retrieval, elaboration)

Applying to patients
(spacing)
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Explicitly teach interleaving: Compare & contrast table

RMSF = Rocky Mountain spotted fever

Epidemiology Time course Imaging Features Diagnostic testing

Tuberculosis

Anaerobic 
abscess

Lung cancer

Geographic 
Location

Seasonality Rash Characteristic 
Lab FIndings

Anaplasma

Ehrlichia

Lyme

RMSF
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Cognitive science principles: classroom examples

In-class 
questions

Partial lecture 
outlines

Flashcards Quizzes Study 
partners

Retrieval
+/-

Elaboration
Spaced practice

Interleaving
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Example: In-class questions (PollEverywhere)
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Example: In-class questions (PollEverywhere)

Choices typed & 
added by audience

Audience can 
up/down vote responses
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Cognitive science principles: classroom examples

In-class 
questions

Partial lecture 
outlines

Flashcards Quizzes Study 
partners

Retrieval
+/-

Elaboration
Spaced practice

Interleaving

Elaboration
+/-

Retrieval
Spaced practice

Interleaving



@JenniferSpicer4

Example: Partial lecture outline
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Cognitive science principles: classroom examples

In-class 
questions

Partial lecture 
outlines

Flashcards Quizzes Study 
partners

Retrieval
+/-

Elaboration
Spaced practice

Interleaving

Elaboration
+/-

Retrieval
Spaced practice

Interleaving

Retrieval
Spaced Practice

Interleaving
Elaboration
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Example: Electronic Flashcards (Anki)
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Cognitive science principles: classroom examples

In-class 
questions

Partial lecture 
outlines

Flashcards Quizzes Study 
partners

Retrieval
+/-

Elaboration
Spaced practice

Interleaving

Elaboration
+/-

Retrieval
Spaced practice

Interleaving

Retrieval
Spaced Practice

Interleaving
Elaboration

Retrieval
Spaced Practice

Interleaving
+/-

Elaboration

Retrieval
Elaboration

+/-
Spaced Practice

Interleaving
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Create desirable difficulty to enhance learning

Gooding, H. C., Mann, K. & Armstrong, E. Twelve tips for applying the science of learning to health professions education. Med Teach 39, 1–6 (2016). 
Cecilio-Fernandes, D., Patel, R. & Sandars, J. Using insights from cognitive science for the teaching of clinical skills: AMEE Guide No. 155. Med Teach ahead-of-print, 1–10 (2023). 

Able to do 
without assistance

Able to do 
with assistance

Not able to do even 
with assistance

Zone of 
proximal 
development
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The zone of proximal development: clinical examples

Zone of 
proximal 
development

Example Assistance provided
Placing a difficult IV Direct supervision w/ demo
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The zone of proximal development: clinical examples

Zone of 
proximal 
development

Example Assistance provided
Placing a difficult IV Direct supervision w/ demo

Dosing an aminoglycoside Handout with instructions
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The zone of proximal development: clinical examples

Zone of 
proximal 
development

Example Assistance provided
Placing a difficult IV Direct supervision w/ demo

Dosing an aminoglycoside Handout with instructions

Breaking bad news Role play  supervision
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The zone of proximal development: classroom examples

Zone of 
proximal 
development

Example Assistance provided
Multiple-choice questions Answer with explanation
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The zone of proximal development: classroom examples

Zone of 
proximal 
development

Example Assistance provided
Multiple-choice questions Answer with explanation

Clinical problem set Group work
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Application of Knowledge

Gooding, H. C., Mann, K. & Armstrong, E. Twelve tips for applying the science of learning to health professions education. Med Teach 39, 1–6 (2016). 
Cecilio-Fernandes, D., Patel, R. & Sandars, J. Using insights from cognitive science for the teaching of clinical skills: AMEE Guide No. 155. Med Teach ahead-of-print, 1–10 (2023). 

Generation

Transfer

Ability to solve problems independently prior to seeing the 
solutions

Ability to apply learning to new and varied contexts



@JenniferSpicer4

Generation & Transfer: clinical example

Patient with FUO

Patient #1

Patient #2

Patient #3

Develop & 
present a plan for 
varied contexts
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Generation & Transfer: classroom example

Case-based learning

PBL
(Problem-based 

learning)

TBL
(Team-based 

learning)
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Deliberate Practice: experience does not equal expertise

Ericsson, K. A. Deliberate Practice and the Acquisition and Maintenance of Expert Performance in Medicine and Related Domains. Acad Med 79, S70–S81 (2004). 

Deliberate 
practice
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Deliberate practice requires feedback

Goal Practice Feedback
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Deliberate practice: examples

Communication Clinical reasoning Procedures

Feedback:
Patient response

Feedback:
Clinical outcomes

Feedback:
Procedure success
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Simplify & 
organize
content.

Practice 
repeatedly 
on difficult

…and 
realistic 

scenarios

…with 
targeted 

feedback.
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Evidence-Based Learning Principles

Understand Retain Apply Master

Cognitive load theory
Mayer’s multimedia
Advanced organizers

Retrieval practice
Spaced learning
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Deliberate practice

Simplify & 
organize
content.

Practice 
repeatedly 
on difficult

…and 
realistic 

scenarios

…with 
targeted 

feedback.


