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Making It Stick
(Adapted by Lawrence Loo, MD, from the AAIM Conference – October 21, 2017:
Klein A, Carter A, McNeil M: Applying the Science of Learning to Everyday
Teaching during Lectures, in Clinic, and on the Wards)

Truths about Learning:
 To be useful, learning requires memory. What we have learned
needs to be there later when we need it.
 Learning is an acquired skill. The most effective strategies are often counterintuitive.
 Learning is deeper and more durable when it is effortful. The greater the effort the
longer the memory retention. (Myth: Learning is better when it’s easy.)
 Paths in the brain that are worn deeper and used repetitively over time are easier to
follow the next time.
 We are poor judges of when we are learning well.
 Re-reading and massed practice (i.e. cramming) give rise to a false sense of fluency
and mastery but lead to learning that is often shallow and less durable.

Four Evidence-based Cognitive Learning Strategies:
1. Testing Effect (or Retrieval Practice): Repeated testing promotes better retention of learning.
2. Spacing Effect (or Distributed Practice): Learning is more resilient when spread out over time.

3. Interleaving: Learning that is varied and shuffled tends to be more flexible and adaptable.
4. Self-explanation, Elaboration, Generation & Reflection: Learning is more durable if it is
meaning and relevance comes from the learner.

Highly Recommended Resources:
 Make It Stick: Peter Brown, et al.
 Small Teaching: James M. Lang
 How Learning Works: Susan Ambrose
 The Learning Scientists @ https://www.
learningscientists.org

 Retrieval Practice website: https//www.retrievalpractice.org
 Learning and Memory Strategy Demonstrations for the Psychology Classroom: JA MCCabe
@ https://teachpsych.org/Resources/Documents/otrp/resources/mccabe14.pdf
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Metacognitive Learning Strategies
Evidence-based Education & the Science of Learning: Key Summary
(Revised January 30, 2018 – Lawrence Loo, MD)
*”Evidence-based Education” bridges the gap between the practice of learning in real world situations and research from the
medical education literature, general education, neurosciences and cognitive psychology.
Adv Health Sci Educ Theory Pract 2012;17(2):225-240

1) No particular learning “style” is more effective than another. Most medical learners
use more than one learning approach (i.e., there is no “holy grail” of study methods
where one is clearly better).
2) Proven methods of long term (i.e. months to years) memory retention:
a) Practice Testing Effect (or Test-enhanced Learning): When studying material
previously learned, repeated testing of information produces superior retention
relative to repeated studying.
i) Effort retrieval: When testing, recall questions (e.g. short answers, fill in responses) promote
better retention that recognition tests (e.g. multiple choice questions [MCQ]).
ii) One can turn a MCQ into a short answer question by covering up the answer options and
asking oneself what the correct answer would be.
iii) Multiple methods of “testing” including writing down everything one thinks they know about
a topic; flash cards (but you must write your own flash cards, not use others); verbal
questioning from a colleague, small group discussions, etc.

b) Spacing Effect (or Distributed Practice): Intermittent testing or studying distributed
over time confers better memory retention than mass-practicing at a single point
in time (i.e. it’s better to study repeatedly over time than trying to “cram”
everything in a single session).
i) The optimal number of times to retest and space in between varies with the goal of long term
memory retention. The longer one wants to remember, the greater the frequency of retesting
and the interval in between.
ii) For example in a 10 week cycle of major retesting, one may ideally want to test oneself three
times: immediately after studying the material, one week later and 2-3 weeks later.

c) Interleaving Effect: Is it better to study in blocks (i.e. one subject at a time until
“mastery”) or mix subject topics while studying (i.e. interleaving)? Surprisingly,
mixing subject topics reinforces long term memory better.
d) Why learners don’t use the above 3 methods? Unfamiliar and takes more effort. In short
term testing, often results in poorer performance; but long term testing, memory retention is
clearly better.
e) Elaborate Interrogation, Self-Explanation & Generation: Learners generate
explanations for an explicitly stated fact or concept or explaining how new information is related
to known information or explaining the steps taken during problem solving. Examples: think-pairshare, discussions, organizing maps & tables, etc.
i) underlying theory: facilitates organization and discrimination (similarities & differences)
ii) possible use as a form of testing effect and spaced effect to quiz oneself
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Evidence-based Education & the Science of Learning: Key Summary
(“Don’t bother to take notes. Half of what you are taught as medical students will in five years have been shown
to be either wrong or out of date. The trouble is, none of your teachers know which half. So the most important
thing to learn is ‘how to learn on our own.’ ” From the opening address to the entering class of medical students
by the Dean at the Harvard Medical School. BMJ 1956;2:113-6)

3) “Retroactive Inhibition”: Studying material in a highly emotional state (e.g. cramming the
night before a national exam) may displace long term memories (i.e. learners might
remember the material studied most recently but will often forget key information
studied in the past). Always get a good night’s rest before a major exam. Remember
the brain is working to consolidate and store information while sleeping.
4) Less Effective Techniques for Improving Learning: Possibly helpful to some students under
some circumstances but the following cannot be recommended as a general evidence-based
learning strategy for everyone.
a) Rereading: Overall utility ranking is “low.” Comparative studies to distributed practice, elaborative
interrogation and self-explanation (see first page), rereading has been shown to be a
“consistently inferior” technique for learning
- spaced rereading (i.e. rereading a second time several days, weeks or even months later) is
superior to rereading immediately after the first time
b)Highlighting/Underlining: Overall utility ranking “low.” The greatest problem is the variability in
how learners use this technique. For some learners, training is required to optimize learning.
i) Marking too much text reduces its utility as a learning technique.
ii) Several authors suggest that one impose explicit limits on the amount of highlighting (e.g. a
single sentence per paragraph).
c)Summarization: Overall utility ranking is “moderate.” Main problem is again students may not know
how to summarize (i.e. identify the main points while excluding unimportant material).
Students may need considerable training before ensuring this technique optimizes learning.
i) Higher-quality summaries that contained more information and that were linked to prior
knowledge were associated with better performance. For students who already know how and
effectively use summaries, probably can continue. A trickier issue is whether to use this
strategy with those who are less skilled at creating summaries.
ii) In comparative studies a “middle of the pack” technique. More useful than rereading, as useful
as note-taking, but less powerful than elaborative interrogation and self-explanation.
d)Key word Mnemonic and Imagery Use: Overall utility is “moderate.” May be very context specific
(mnemonics for vocabulary words, lists of names and for imagery-friendly materials)
i) learners need to be trained; instructors may have to supply the mnemonics and images to be
optimally used
ii) studies examining the durability of learning and variety of learning outcomes are preliminary
Recommended Resources:
(1) Pahler H, et al.: Organizing Instruction & Study to Improve Student Learning (NCER 2007-2004). Washington, DC: National
Center for Education Research, Institute of Education Sciences, U.S. Dept. of Education. 2007. http://ncer.ed.gov
(2) Dunloshy J, Rawson KA, et al.: Improving students’ learning with effective learning techniques: Promising directions from
cognitive and educational psychology. Psychological Science 2013; 14(1):4-58.
(3) Fiorella L, Mayer RE: Eight ways to promote generative learning. Educ Psychol Rev 2016; 28:717-741.
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Three Recommended Metacognitive Learning Strategies

Predisposing: KWL Method previewing prior to a learning experience.
(Ogle DM: K-W-L: A teaching model that develops active reading of expository text. Reading Teacher 1986;39:564-70)

Ask yourself:
K: What do I already know?
W: What do I want to know?
L: (Afterwards ask) What did I learn?

Enabling: Reflection using the Four-Questions Technique
(Dietz-Uhler B, Lanter JR: Using the four-questions technique to enhance learning. Teach Psychol 2009;36:38-41)

1. Identify one important concept, research finding, theory or idea that you
learned while completing this activity. (Analyzing)
2. Why do you believe that this concept, research finding, theory or idea is
important? (Reflecting)
3. Apply what you have learned from this activity to some aspect of your life.
(Relating)
4. What question(s) has the activity raised for you? What are you still
wondering about? (Questioning)

Reinforcing: The “One-Minute” Paper:
A quick guide to assessing student learning after an educational experience
(Sinclair M, Rowe K, Brown G: NT Learn Curve 1998 2:4-5 – modified by LLoo Jan. 2017*)

Directions: Take a moment to think about the educational experience you just
completed and then answer the following three questions.

1. What was the most important thing you learned from this educational
experience?
2. What question remains the uppermost in your mind at the end of this
educational experience?
3. What was the “muddiest (i.e. unclear) point” from this educational
experience?
(1) Stead DR: A review of the one-minute paper. Active Learning in Higher Education Aug 2015; 6(2):118-131.
(2) Colbert CY, et al.: Teaching Metacognitive skills: Helping your physicians in trainees in the quest to “Know
what they don’t know.” Am J Med March 2015; 128(3):318-324.
(3) NIcol DJ, et al: Formative assessment and self-regulated learning: a model and seven principles of good
feedback practice. Studies in Higher Education 2006:31(2):199-218.
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How can we apply evidence-based education strategies to enhance long-term learning?

Topic

Course

Year

Spaced
Retrieval
Practice:
Studying information
more than once but
leaving considerable
time between practice
sessions.

Self-Elaboration:
Giving new meaning
by expressing it in your
own words and
connecting it with what
you already know.

Generation:
Trying to answer a
question or solve a
problem before being
presented any cues,
information, or
solution.

Reflection:
Reviewing what has
just been learned as a
tool for consolidating
knowledge.

Interleaving:
Learning more than
one concept at a time
so that you can
alternate between
different problems that
call for different
solutions.
Adapted from Winn AS, et. al.: Applying cognitive learning strategies to enhance learning and retention in
clinical teaching. MedEdPORTAL 2019;15:10850
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Instructional Design: The

systematic process of arranging
how learning can happen in a more consistent and reliable fashion.

A) Predisposing: Activate prior knowledge
1) Turn off distractions (e.g. mobile phone, texting, pagers, ?wifi)
2) Activate prior knowledge (e.g. ask a question, give a quiz, recall
a past similar experience, encourage the K-W-L method [pg. 8]
etc.)

3) Tell a story, show a video (from a movie, of a patient, etc.)
4) Other _______________________________________________________
5) Other _______________________________________________________
Of the above, I am willing to try _____________________________________

B) Enabling: Self-explanation, reflection, elaboration, generation
1) See “Effective Lectures” & “Active Learning Strategies” [pgs. 6-7]
2) Case-based, tell a story, show a video, try 4-question reflective technique [pg. 8]

3) “Incomplete” handouts (i.e. make them write / type or fill out something)
4) Other _______________________________________________________
5) Other _______________________________________________________
Of the above, I am willing to try _____________________________________

C) Reinforcing: Testing effect, spacing, and interleaving
1) Give a post-quiz or periodic “low stakes” quizzes (@ end of a lecture, one day
later, one week later, etc. – spaced retrieval [pg. 9])

2) Give an open book exam, make all quizzes & exams comprehensive
3) Encourage use of the One-Minute Paper post learning experiences [pg. 8]
4) Other ______________________________________________________
5) Other ______________________________________________________
Of the above, I am willing to try ____________________________________
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