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Old Brain, New Insight: 

Leveraging the science 
of learning to address 
current challenges in 
education

Dr. Leanne Ramer
lramer@sfu.ca
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A bit about me:

Senior Lecturer at SFU Burnaby

Teach primarily anatomy & 
neuroscience

Neuroplasticity is a central theme 
in my life.

Neuroplasticity: 
How the nervous system changes with 
experience
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Learning is a structural and 
functional change in the brain.
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In our discussion today, I hope to dispel three myths that currently plague education:

Myth #1: Knowledge is not important / content is irrelevant.

Myth #2: Traditional testing is bad.

Myth #3: Students are different now.
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In our discussion today, I hope to dispel three myths that currently plague education:

Myth #1: Knowledge is not important / content is irrelevant.
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FACT:
Foundational knowledge that is contextualized and readily retrievable 
is the prerequisite for analysis, evaluation, and creativity.

How did the knowledge and content become so maligned?
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thesecondprinciple.com
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thesecondprinciple.com
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citt.ufl.edu/resources
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simplypsychology.org

Depicting Bloom’s Taxonomy as a 
pyramid has created the widespread 
perception that knowledge & basic 
skills are inferior to critical thinking, 
making judgements, and creating new 
knowledge.

… And this is particularly prevalent in 
higher education.
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Knowledge matters!
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Foundational knowledge has never been more important than right now.

1. In the information age, educators are compelled to select, evaluate, distill and 
contextualize knowledge.

2. Cognitive neuroscience has demonstrated that without foundational knowledge in 
long term memory that can be readily retrieved, ”higher” level thinking is 
impossible.
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What do you see in this image?

Gerace, 1992
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Information does not equal 
knowledge.

Educators are curators: 

From the Latin curare, to care.

• We pick what we value.

• We find, critically evaluate, and foster
meaningful connections among
“pieces” of information.
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Gerace, 1992
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How can we reinforce the importance of foundational knowledge in our teaching?

Make our expert knowledge structure visible to students. 

• Create a knowledge structure for courses/lessons (and complete it with students)

• Use a knowledge structure as a living syllabus

• Offload nodes of the structure to create explicit direction for independent learning
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Muscles of the Upper Limb

Functional groups Regional groups

Other?

Act on the shoulder girdle Act on the elbow Act on the wrist
Thorax

Shoulder

Arm

Forearm

Flexion

Biceps
Brachialis Brachioradialis
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impossible.

25

Our knowledge is stored in specific patterns of activity in the brain.

https://sites.google.com/view/efratfurst/learning-in-the-brain

Attention Working Memory
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https://sites.google.com/view/efratfurst/learning-in-the-brain

Working MemoryWorking memory is 
very limited:

It can hold small 
amounts of 
information for a 
short time and using 
it is energetically 
costly & challenging.

The limited capacity and 
high energetic cost of 
working memory creates 
cognitive load.
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https://sites.google.com/view/efratfurst/learning-in-the-brain

Long term memory is unlimited (in comparison):
It can store large amounts of information semi-
permanently.

With extensive practice, information can be 
automatically recalled from long term memory with 
minimal conscious effort. This ‘automation’ reduces 
cognitive load, because when information can be 
accessed automatically, the working memory is freed 
up to learn new information.
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https://learningspy.co.uk/learning/novice-expert-model-learning/

David Didau
learningspy.co.uk/learning/novice-expert-model-learning/
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In problem-solving, experts 
exhibit less brain activity in 
working memory centres than 
non-experts. 
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https://learningspy.co.uk/learning/novice-expert-model-learning/
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Experts exhibit less brain 
activity in the working memory 
centres than non-experts. 
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https://learningspy.co.uk/learning/novice-expert-model-learning/

David Didau
learningspy.co.uk/learning/novice-expert-model-learning/
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https://learningspy.co.uk/learning/novice-expert-model-learning/
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Two main hallmarks of expertise:

1. Automaticity of foundational/procedural knowledge

2. Ability to see deep structure 

(In order to achieve higher levels of cognitive function), we need to master 
procedural knowledge to the point where we no longer have to think about it so 
that it doesn’t take up space in working memory.

https://learningspy.co.uk/learning/novice-expert-model-learning/

David Didau
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David Didau
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Moving from Novice to Expertise and Its Implications for Instruction
Adam M. Persky, PhD  a and Jennifer D. Robinson, PharmD
Am J Pharm Educ. 2017 Nov; 81(9): 6065.
doi: 10.5688/ajpe6065

Novice Stage Learning Proficient Stage Learning
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In our discussion today, I hope to dispel three myths that currently plague education:

Myth #1: Knowledge is not important / content is irrelevant.

36

https://pubmed.ncbi.nlm.nih.gov/?term=Persky%20AM%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Robinson%20JD%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5738945/
https://doi.org/10.5688%2Fajpe6065
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In our discussion today, I hope to dispel three myths that currently plague education:

Myth #1: Knowledge is not important / content is irrelevant.

Myth #2: Traditional testing is bad.

Myth #3: Students are different now.

37

FACT: Testing is an extremely effective learning strategy that is 
supported by evidence and based in cognitive neuroscience.
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In 1620, Francis Bacon wrote, “If you read a piece of text through twenty times, you 
will not learn it by heart so easily as if you read it ten times while attempting to 
recite from time to time and consulting the text when your memory fails.”

Bacon identified the importance of retrieval 
practice. 
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• 80 undergraduate students studied a science text under one of four conditions:

i) Single study period
ii) Four consecutive study periods
iii) Concept mapping (with instruction on CM and examples)
iv) Single study period + free recall + restudy + free recall

• They asked students to predict how much they learned through each approach 
(based on how they expected to perform on a test one week later)
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Retrieval practice resulted in 
~50% improvement.
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This single study showed that, in undergraduate science:

• Testing outperformed even complex learning strategies, like concept mapping

• Testing outperformed concept mapping, even when the final test involved 
concept mapping

• Students had little-to-no metacognitive insight into the testing effect.
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The testing effect is supported by an enormous body of evidence, across every age group 
and level of learning, from elementary school students to university undergraduates to 
medical students, residents, and faculty.

Long-standing debates around optimizing the testing effect but the summary is simple:
Any testing is better than no testing. 

Predictive power or pre-testing effect: testing before mastery primes for encoding

• Can be pure guesswork, and effective even when feedback is delayed (Zawadzka et 
al., 2023)
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https://theeducationhub.org.nz/an-introduction-to-cognitive-load-theory/

+consolidation
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https://sites.google.com/view/efratfurst/learning-in-the-brain

To create the conditions for
long term storage:

• Info must be processed in 
working memory

• Assigned context

IF both occur, this creates 
the potential for durable 
and useful learning, through 
the formation of an engram.
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https://theeducationhub.org.nz/an-introduction-to-cognitive-load-theory/
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An “engram” refers to the enduring offline physical and/or chemical changes in the 
brain that are elicited by learning and underlie the newly formed memory associations.

https://sites.google.com/view/efratfurst/learning-in-the-brain
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The initial pattern of activity does not constitute durable or useful knowledge: 
Reconsolidation (through retrieval practice) is essential.

https://www.nature.com/articles/nrn4000.pdf
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https://sites.google.com/view/efratfurst/learning-in-the-brain
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The robustness of the testing effect means that it is relatively easy to incorporate:

Small teaching tweaks, big learning wins.

• Implicit retrieval practice – what do you remember from last class?

• Explicit retrieval practice – Brain, Book, Buddy

• Be transparent about why and how we use tests – including summative tests

Transparency is key for students – they need to be reminded WHY. 
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In interviews, this student 
acknowledged that re-reading the 
textbook and re-writing notes weren’t 
working for them:

HOWEVER, they had worked in the 
past and the student described them as 
“comfort food” – and used them 
anyway.
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These two myths are particularly 
damaging to education.

Students who grew up with the internet 
and social media (and now AI):

i) Have inherent technological expertise

ii) Can multitask 
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These two myths are particularly 
damaging to education.

Students who grew up with the internet 
and social media (and now AI):

i) Have inherent technological expertise.

ii) Can multitask.  

• Digital exposure does not equate to digital literacy. 

• Evidence suggests that generation Google uses a few technological applications 
extensively, but do not (automatically) leverage technology effectively for learning

• If we expect students to use technology in education, we need to be explicit
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These two myths are particularly 
damaging to education.

Students who grew up with the internet 
and social media (and now AI):

i) Have inherent technological expertise.

ii) Can multitask.  

• Multitasking is a myth: time cost, financial cost, brain cost

• Americans 8-18 y old spend 7.5 h per day on media; 30% MMT (2009)

• Evidence on the impact of MT experience as cognitive training is mixed… and some 
studies show that heavy MMTs have more limited working memory
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Students today (as a group) may have impaired working memory.

https://sites.google.com/view/efratfurst/learning-in-the-brain

Attention Working Memory
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In our discussion today, I hope to dispel three myths that currently plague education:
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Tackling multiple challenges:
• Accommodation
• Financial pressure
• Independent living 
• Loneliness
• Overwhelm in the transition to 

independent learning
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https://learningspy.co.uk/learning/novice-expert-model-learning/

learningspy.co.uk/learning/novice-expert-model-learning/
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Tackling multiple challenges:
• Accommodation
• Financial pressure
• Independent living 
• Loneliness
• Overwhelm in the transition to 

independent learning

When we explore all these issues, it’s 
important to remember one thing:

The brain hasn’t changed.
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Focusing on how the brain 
learns is the best way to 
address problems in education. 
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