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What was Then 

  Guido Sarducci Five Minute University 



Brain Systems Relation to Complex 
Cognition and Behavior 

  ά Ŏŀƴ ƻƴƭȅ ōŜ ŜȄǇƭŀƛƴŜŘ ǎŀǘƛǎŦŀŎǘƻǊƛƭȅ ōȅ a 
comprehensive blend of theories and facts related to 
all the levels of organization of the nervous system, 
from molecules, and cells and circuits, to large-scale 
systems and physical and social environments. We 
must beware of explanations that rely on data from 
ƻƴŜ ǎƛƴƎƭŜ ƭŜǾŜƭΣ ǿƘŀǘŜǾŜǊ ǘƘŜ ƭŜǾŜƭ Ƴŀȅ ōŜΦά 

 (Antonio Damasio,  

 

Head of the Department of Neurology  

at the University of Iowa Medical Center) 

Beware of 



Left Brain-Right Brain Myth 

 According to the myth, we would all be more 
successful and fulfilled people if we learned to 
tap the full potential of both hemispheres. 

 

 Individuals do differ in the way they think 
through problems and reflect on the world, 
but this has nothing to do with different 
balances of power between their 
hemispheres.  

 

 



Left Brain-Right Brain Myth 

 

 "But boiling it down into a left brain 'logical' and right 
brain 'creative' approach does not follow from what we 
see in how the brain operates. It also suggests you 
could be using one hemisphere more than the other 
ŀƴŘ ǘƘŀǘϥǎ ƴƻǘ ǊŜŀƭƭȅ Ƙƻǿ ƛǘ ǿƻǊƪǎΦά 

 

 The two sides communicate with each other and work 
together via a complex wodge of neural cabling known 
as the corpus callosum. The two sides of the brains are 
complementary and work in concert. ( Scott,2011) 



What We Know about the Brain 

 What we know about 
the brain comes from 
biologist who study 
brain tissue, 
experimental 
psychologist who study 
behavior, cognitive 
neuroscientist who 
study how the first 
relates to the second. 
(Medina, 2008). 



Brain Based Education 

 Where are we at in the 
acceptance of  brain-based 
education?  
 

 

 Harvard University now 
offers a master's  degrees in 
Mind, Brain and Education.  
 
 

 
 
  



Brain Based Education 

 IŀǊǾŀǊŘΩǎ Ƴƛǎǎƛƻƴ ƛǎ ǘƻ 
build a movement in 
which cognitive science 
and neuroscience are 
integrated with 
education in research 
and in practice. 



We are Born to Learn 

The brain was meant to explore and learn 

 



The Human Brain 

 The human brain weighs three (3) pounds but 
uses 20-25% of the bodies energy. 



The Human Brain 

 The human brain has 100 billion neurons.  

   (It does grow thousands of new cells daily) 

www.enchantedlearning.com/.../gifs/Neuron.GIF 
 



The Human Brain 

  

 

 These 100 billion neurons 
are capable  of making 
40,000,000,000,000,000  

 (Forty quadrillion connections  ) 

   

 

 

 

 (John Ratey, Users Guide to the Brain, 2001) 



¢ƘŜ .ǊŀƛƴΩǎ bŜŜŘǎ 

 The brain needs to 
function effectively: 

1. Exercise 

2. Sleep  

3. Oxygen 

4. Hydration 

5. Food (glucose) 



Learning is when Neurons Wire 

 

 Learning is a change 
in the neuron-
patterns of the 
brain. 

  (Ratey, 2002, Goldberg, 2009) 

www.virtualgalen.com/.../ neurons-small.jpg 
 



¢ŜŀŎƘŜǊǎΩ 5ŜŦƛƴƛǘƛƻƴ ƻŦ [ŜŀǊƴƛƴƎΚ 

  
 Learning is the ability to use information after 

significant periods of disuse  

     and  

 it is the ability to use the information to solve 
problems that arise in a context different (if only 
slightly) from the context in which the information 
was originally taught.  

 

    (Robert Bjork, Memories and Metamemories, 1994) 



Basic  Finding from Brain Research as it 
Impacts Human Learning 

 It is the one who does 
the work who does the 
learning( Doyle , 2008). 



What is Knowledge? 

 We in the West  for 2 
millennia have thought  
of knowledge  as a system 
of settled truths. 
 

 However ,the face of 
knowledge in the  age of 
the NET is: never fully 
settled ,never fully 
written and never entirely 
done. 

 
(Weinberger, Scientific American,2011) 



 
Part One 

 
 

hǳǊ {ǘǳŘŜƴǘǎΩ aƛƴŘǎŜǘǎ 

The Work of Carol Dweck 



Two Kinds of Mindsets 

Growth   Fixed 



Growth Mindset 

 Students with a growth 
mindset believe 
accurately that their brain 
is malleable and their 
intelligence and abilities 
can be enhanced through 
hard work and practice. 

 

  They believe only time 
will tell how smart they 
become. 

 



Fixed Mindset 

 In a fixed mindset 
students believe  
inaccurately that 
intelligence is a fixed 
trait -- that some 
people have it and 
others don't -- and that 
their intelligence is 
reflected in their 
performance (Dweck, 2006).  

 
 

  



Growth Mindset 

 A growth mindset is one 
ƛƴ ǿƘƛŎƘ ǎǘǳŘŜƴǘΩǎ ǾŀƭǳŜ 
hard work, learning, 
and challenges while 
seeing failure as 
something to learn 
from.  

 

  

 



Fixed Mindset 

 Students believe they 
ŜƛǘƘŜǊ ǎƘƻǳƭŘƴΩǘ ƴŜŜŘ ǘƻ 
work hard to do well  

 or  
 putting in the effort 
ǿƻƴΩǘ ƳŀƪŜ ŀƴȅ 
difference in the 
outcome.  

 



Growth Mindset 

  

 In this view students are 
willing to take learning 
risks and understand 
that through practice 
and effort their abilities 
can improve.   

 



Comparing Mindsets 

  Fixed   VS.  Growth 

 

 Intelligence is    Intelligence 

 unchangeable .   is malleable 

       and can be 

       improved.  



Comparing Mindset 

  Fixed   vs.              Growth 

 

 Look smart.   Desire to learn 

      is paramount. 



Comparing Mindset 

  Fixed   VS.              Growth 

Avoid challenges.  Failure is seen 

      as an opportunity
     to learn.    

       Risks are necessary 

      for growth. 
        
     



Comparing Mindset 

 Fixed   VS.  Growth 

 

 Make excuses    Effort is  

 and  try to avoid   necessary for 

 difficulties.    growth and  

       success. 

 



Comparing Mindset 

 Fixed   VS.  Growth 

  

Criticism is taken  Criticism is directed 

personally.    at their current 

      skills level. Know  

      they can improve. 



Mindset and Intelligence 

  

 There is no relation 
between students' 
abilities or intelligence 
and the development of 
a growth mindset. 

 

  



Feedback and Mindset 

 Teachers need to 
ǇǊŀƛǎŜ ǎǘǳŘŜƴǘǎΩ 
efforts  and  
strategies, not 
their intelligence. 
 

  



Feedback and Mindset 

 

 When students fail, 
teachers should also 
give feedback about 
effort and strategies -- 
what the student did 
wrong and what he or 
she could do now. 



Question One 

 

 What behaviors and attitudes have you seen 
in your students that might reveal what their 
mindset is towards learning in your class? 

 Behaviors that we all might look for. 



Part Two 

Cognitive Enhancements 



Cognitive Enhancements 

 ά¢ƘŜǊŜ ŀǊŜ ƭƻǘǎ ƻŦ ǉǳƛŎƪ 
and dirty studies of 
cognitive enhancement 
that make the news, but 
the number of rigorous, 
well-designed studies that 
will stand the test of time 
is much smaller (Peter Snyder of 

Brown University Medical School) 

 

 ά²ŜΩǊŜ ǎƻǊǘ ƻŦ ƛƴ ǘƘŜ ²ƛƭŘ 
²ŜǎǘΦέ 

 



Cognitive Enhancements 

  ά²Ŝ ƘŀǾŜ ŀŎŎǳƳǳƭŀǘŜŘ 
enough knowledge 
about the mechanisms 
and molecular 
underpinnings of 
cognition at the 
synaptic and circuit 
levels to say something 
about which processes 
ŎƻƴǘǊƛōǳǘŜέ (James Bibb of the 

University of Texas Southwestern Medical 
Center) 



Cognitive Enhancements 

 Greater cognitive capacity 
means-- 

  1.More synapses 
 
 2.Higher levels of 

neurogenesis (more neurons)  
especially in the memory  
forming hippocampus 

  
 3. Increased production of  

BDNF which stimulates the 
production of neurons and 
synapses, (Neuroscientist Yaakov Stern of 

Columbia University) 



Cognitive Enhancements 

 Both neurogenesis and 
synapse formation boost 
learning, memory, 
reasoning, and creativity.  

 

 In people who excel at 
particular tasks, brain 
circuits tend to be more 
efficient, have higher 
capacity, and more 
flexible. (Yaakov Stern of Columbia 

University) We can get smarter! 



Attention and Cognitive Enhancement 

 One of the strongest 
findings in brain research, 
is that attention is almost 
magical in its ability to 
physically alter the brain 
and enlarge functional 
circuits (neuroplasticity). 

 

 What we pay attention to 
is key! 



Cognitive Enhancements 

 {ƪƛƭƭǎ ǿŜΩǊŜ ŀƭǊŜŀŘȅ ƎƻƻŘ ŀǘ 
ŘƻƴΩǘ ƳŀƪŜ ǳǎ ƳǳŎƘ 
ǎƳŀǊǘŜǊΥ ǿŜ ŘƻƴΩǘ Ǉŀȅ ƳǳŎƘ 
attention to them.  
 

 New, cognitively demanding 
activity like the martial arts 
or a foreign language is 
more likely to boost 
processing speed, 
strengthen synapses, and 
expand or create functional 
networks (Yaakov Stern of Columbia 
University.) 

 We need to learn new 
things! 



Food and Learning 

 Inhaling carbohydrates,  
cause blood glucose 
levels to yo-yo. 

 

 As a result the brain, 
which relies on glucose 
for energy, is left either 
glutted or gasping, 
neither of which makes 
for optimal cognitive 
functioning. 

 



Food and Learning 

 Learning is helped when we 
rely on the complex 
carbohydrates found in fruits, 
whole grains, and vegetables. 
 

 Also taking a multivitamin 
every day as well as 
supplementary omega-3 fatty 
acids. 

 
  The omega-3s and the E and B 

complex contained in 
multivitamins promote healthy 
brain function .  

 ό9ŘǿŀǊŘ aΦ άbŜŘέ IŀƭƭƻǿŜƭƭΣ a5ύ  

 



Nicotine Promotes Cognitive 
Enhancement 

  

  
 
 Nicotine enhances 

attentionτthat key 
driver of neuroplasticity 
and cognitive 
performance in both 
smokers and 
nonsmokers.  
 

  
 

(Martha Farah,  University of Pennsylvania) 
 

Scientists at the National Institute on 
Drug Abuse reported in a 2010 
analysis of 41 double-blind, placebo-
controlled studies. 



Nicotine is a Cognitive Enhancements 

 The improvements likely 
represent true performance 
enhancement and 
beneficial cognitive effects.  

 

 The reason is that nicotine 
binds to the brain receptors 
for the neurotransmitter 
acetylcholine that are 
central players in cortical 
circuits. (Martha Farah,  University 
of Pennsylvania) 



Adderall and Ritalin are Cognitive 
Enhancements 

 There are cognitive benefits 
of stimulants like Adderall 
and Ritalin,  at least in some 
people for some tasks.  

 
 Studies show that both 

drugs enhance the recall of 
memorized words as well as 
working memory, which 
plays a key role in fluid 
intelligence. 

   (Martha Farah of the University of 
Pennsylvania) 

 
  

 
 

The dopamine boost these drugs 
provide can also be obtained by just 
thinking/believing you  can do better. 
  



Adderall and Ritalin are Cognitive 
Enhancements 

 Ritalin or Adderall has 
stronger effects on the 
prefrontal cortex and 
can therefore improve 
concentration and 
minimize fatigue much 
more so than caffeine. 



Adderall and Ritalin have Side Effects 

  Ritalin and Adderall are 
not without their own 
health risks.   

 

 Side effects include 
difficulty sleeping, 
seizures, high blood 
pressure, loss of 
appetite, depression, 
and many others. 



Cognitive  Training 

 Cognitive training boost 
mental prowess.  

 

 BUT,  training your 
memory, reasoning, or 
speed of processing 
improves only that skill 
and does not generalize 
to other tasks.( Stern, 2010) 

 

Doing crosswords makes you 
only better at doing crosswords! 



What Enhances Cognitive 
Performance? 

Three things for sure 

 

1. Aerobic exercise 

 

2. Meditation 

 

3. Some Video Gaming 

 



Exercise and Cognitive Enhancement 

 Exercise is the single 
most important thing a 
person can do to 
improve their learning. 

 

 (John Ratey, 2008,  Spark, The 

Revolutionary New Science of 
Exercise and the Brain) 

 



Exercise Stimulates Synaptic Growth 

  

 

 Exercise stimulates the 
production of new 
synapses, whose capacity 
and efficiency underlie 
superior intelligence.  
 

 (Art Kramer of the University of Illinois at Urbana-

Champaign) 

 

 

 

 

 

 

Å   

άLǘ ǘƘǳǎ ǇǊƻǾƛŘŜǎ ƳƻǊŜ 
ƎŜƴŜǊŀƭƛȊŀōƭŜ ōŜƴŜŦƛǘǎ ά 



Exercise Stimulates Synaptic Growth 

  

 Fitness training changes 
the molecular and 
cellular building blocks 
that underlie many 
cognitive skills. 

 
 (Art Kramer of the University of Illinois at Urbana-

Champaign) 

 



Exercise and Cognitive Enhancement 

 Exercise influences 
learning directly, at the 
cellular level, improving 
ǘƘŜ ōǊŀƛƴΩǎ ǇƻǘŜƴǘƛŀƭ ǘƻ 
log in  and process new 

information. 

  Ratey, 2008 p35 



Exercise and Cognitive Enhancement 

 Exercise increases 
production of 
neurotransmitters that help: 

1.Focus and attention 

2.Motivation 

3. Patience 

4. Mood (more optimistic) 

 
(Ratey, 2008) 



Exercise and BDNF 
(Brain-derived neurotrophic factor ) 

  

 

  BDNF 
 

   Miracle Grow for 
the Brain 

 

 

 
(Ratey, 2008) 

 



Exercise Produces BDNF 

ÅImproves brain health 

 

ÅEnhances the wiring of 
neurons 

 

ÅIs a stress inoculator 

 

ÅMakes the brain cells 
more resilient 



BDNF and  Exercise 

 άLƴ ǇŀǊǘƛŎǳƭŀǊ .5bC ǎŜŜƳǎ ǘƻ ōŜ ƛƳǇƻǊǘŀƴǘ ŦƻǊ 
ƭƻƴƎ ǘŜǊƳ ƳŜƳƻǊƛŜǎέ (Ratey, 2008) 





Meditation and Cognitive 
Enhancement 

 The second form of overall 
cognitive enhancement is 
meditation. 

 
 Meditation can increase the 

thickness of  brain regions 
that control attention and 
process sensory signals 
from the outside world 
 

 (Neuroscientist Amishi Jha of the 
University of Miami) 

 
 
 
 

Å . 
 



Meditation and Cognitive 
Enhancement 

 Meditation enhances 
mental agility and 
attention by changing 
brain structure and 
function so that brain 
processes are more 
efficient, the quality 
associated with higher 
intelligence (Neuroscientist 

Amishi Jha of the University of Miami) 

 



Gaming and Cognitive Enhancement 

 Some videogames might 
improve general mental 
agility (Yaakov Stern of Columbia 

University). 

 

  Games that require motor 
control, visual search, working 
memory, long-term memory, and 
decision making, plus require that 
elixir of neuroplasticity: attention, 
specifically the ability to control 
and switch attention among 
different tasks.  

 

  

 

Space Fortress Video Game 



Gaming and Cognitive Enhancement 

 People get better on 
tests of memory, motor 
speed, visual-spatial 
skills, and tasks 
requiring cognitive 
flexibility (Yaakov Stern of 

Columbia University). 



Serious Games 

 A serious game is a game 
designed for a primary 
purpose other than pure 
entertainment. 

 

  The "serious" adjective 
refers to products used by 
industries like defense, 
education, scientific 
exploration, health care, 
emergency management, 
city planning, engineering, 
religion, and politics. 

http://en.wikipedia.org/wiki/Game


Virtual Textbooks  
The Future is Here--Almost 

  Click on any bar in the 
timeline, and that bar 
expands to a list of 
images, which in turn are 
linked to video about that 
artist.  
 

 That's key, because, like a 
great documentary, it 
makes learning about 
what can be a fairly 
narrow subject into 
something painless. 

Art  Textbook 



Question Two 

 How do we get our students to exercise more, 
especially aerobic exercise? 

 

 How do we get and keep their attention? 



Part Three 

 New Ideas about what 
!ƛŘǎ hǳǊ {ǘǳŘŜƴǘǎΩ 

Learning  



Rest after Learning Improves Recall 

 NYU researchers found that 
during rest periods 
following  directly after new 
learning, the  same areas of 
the brain that were active 
during learning remained 
just as active.  
 

 The greater the correlation 
between rest and learning 
the greater the chance of 
remembering the task in 
later tests.  

 Dr Lila Davachi, NYU's Department of 
Psychology and Center for Neural Science. 



Significance of this Finding 

 Should students  take 
classes back to back? 

 

 "Taking a (coffee) break 
after class can actually 
help you retain the 
information you just 
learned." Dr Lila Davachi NYU 



Naps Help Learning 

 You need to sleep before 
learning, to prepare your 
brain, like a dry sponge, to 
absorb new information (M. 
Walker, UC Berkley). 

 
 
 A NASA study found 

astronauts who napped for 
27 minutes in the afternoon  
improved their cognitive 
functioning on later day 
tasks by 34% over non 
napping astronauts(Medina 

2008) . 
 
  

 



Caffeine + Sugar and Learning 

 In multiple studies the 
combination of caffeine and 
sugar enhanced attention, 
learning and memory.  

 
 Sugar combined with 

caffeine improves cognitive 
performance in terms of 
sustained attention and 
working memory by 
increasing the efficiency of 
the areas of the brain 
responsible for these two 
functions.  
 

  
(Grabulosa,  Adan, Falcón, and Bargalló, 2010 
reported in the journal Human 
Psychopharmacology: Clinical and Experimental 



Movement and Learning 

 Natural selection 
resulted in a human 
brain that could solve 
problems of survival in 
outdoor, unstable 
environments while in 
almost constant 
motion. 

 ( Dr. John Medina, Developmental Molecular 

Biologist, University of Washington and Author 
of Brain Rules) 



Movement and Learning 

 άLŦ ŜŘǳŎŀǘƻǊǎ ƘŀŘ  ǎŜǘ 
out to design a learning 
environment that was 
in complete opposition 
to what the human 
brain is good at they 
would have designed 
the schools of yesterday 
ŀƴŘ  ǘƻŘŀȅΦέ 

 (John Medina, Brain Rules, 2008) 



Neuroplasticity 

 The ability of the brain 
to rewire and remap 
itself by means of 
neuroplasticity is 
profound. 

 

  
  



Neuroplasticity 

 When the correct skill-
building protocol is 
used, educators can 
make positive and 
significant changes in 
ǎǘǳŘŜƴǘǎΩ ōǊŀƛƴǎ ƛƴ ŀ 
short time. (Neuroscientists 

Michael Merzenich and Paula Tallal) 



Treating Developmental Disorders 

 "Showing that it's 
possible to rewire a 
brain's white matter has 
important implications 
for treating reading 
disabilities and other 
developmental 
disorders, including 
ŀǳǘƛǎƳΣέ Marcel Just, D. O. Hebb 

Professor of Psychology at Carnegie 
Mellon University 

 



Dendrite Growth 

 The picture show the 
dendritic growth that 
has taken place 20 
minutes  into new 
learning . 

 See the new cellular 
material! 

 
(Cognitive Neuroscientist Janet Zadina, 2010) 



Use it or Lose it 

 When new material is 
not practiced the new 
dendrite tissue is 
reabsorbed  by the 
brain to conserve 
resources. 

 
(Dr. Janet Zardina, 2010) 

Reabsorbed 



[ŜŀǊƴƛƴƎ !ŎǘƛǾŀǘŜǎ ǘƘŜ .ǊŀƛƴΩǎ  
Reward Pathway 

 Real life, meaningful, 
and authentic learning 
activates the reward 
pathway in the brain 

 

 It is this pathway that 
keeps us alive 

 

 (Dr. Janet Zardina, 2010) 



[ŜŀǊƴƛƴƎ !ŎǘƛǾŀǘŜǎ ǘƘŜ .ǊŀƛƴΩǎ  
Reward Pathways 

 By giving us a jolt of 
pleasure (dopamine) 
the reward pathway 
works to ensure that we 
will repeat the 
behaviors necessary to 
survive. 

 

 
 http://learn.genetics.utah.edu/content/ad

diction/reward/  



Multitasking Slows Learning 

 It is not possible to 
multitask when it 
comes to activities 
that require the 
ōǊŀƛƴΩǎ ŀǘǘŜƴǘƛƻƴ. 
(Foerde, Knowlton& Poldrack, 2006) 



Multi-tasking 

 Multi-tasking violates 
everything we know about 
how memory works . 

 
  
 The imaging data indicated 

that the memory task and 
the distraction stimuli 
engage different parts of 
the brain and that these 
regions probably compete 
with each other.  
 

 (Foerde, K., Knowlton, Barbara J., and 
Poldrack, Russell A. 2006. ) 



Multitasking 

 Our brain works hard to fool 
us into thinking it can do 
more than one thing at a 
time. Lǘ ŎŀƴΩǘΦ 
 

  When trying to do two 
things at once, the brain 
temporarily shuts down one 
task while trying to do the 
other. 

 
( Dux, P. E., Ivanoff, J., Asplund, C. LO., and Marois, R. 2007. ) 

 

 
 
 
 
 
 
 
 
 



Sleep and Memory 

  "Periods of slow-wave 
sleep are very long and 
produce a recall and 
probably amplification of 
memory traces.  

 
 Ensuing episodes of REM 

sleep, which are very short, 
trigger the expression of 
genes to store what was 
processed during slow-
wave sleep."  

 
Sidarta Ribeiro, Duke University, 2004 

 



Sleep and Memory 

  
 "When you're asleep, it seems as 

though you are shifting memory 
to more efficient storage regions 
within the brain. 

 
  Consequently, when you awaken, 

memory tasks can be performed 
both more quickly and accurately 
and with less stress and anxiety."  
 

  
 
 
 Matthew Walker, PhD, director of BIDMC's Sleep 

and Neuroimaging Laboratory and  Assistant 
Professor of Psychiatry at Harvard Medical School,  



Awake but Off Line 

  
 New findings suggest that when  

the brain is sleep deprived even 
though the person is fully awake 
the neurons used for many  
important mental tasks switch off. 

 
 This is likely to have 

consequences on mental 
performance and we likely  
function less well the longer 
ǿŜΩǾŜ ōŜŜƴ ŀǿŀƪŜΦ  

 
 Chiara Corelli,2011( Nature) 

 
 
 



Long Term Stress 

  

  Long term stress 

diminishes/ harms 
brain function. 

 



Short Term Stress 

 Acute stress activates 
selective  molecules 
called corticotropins 
(CRH) releasing 
hormones, which 
disrupted the process 
by which the brain 
collects and stores 
memories. (Baram,2010) 

 



The Brain is Social 

 Survival is accomplished 
by working with other 
brains 

 

 Groups of brains  
almost always 
outperform a single 
brain 

 



The Brain is Social 

 The brain was built for 
cooperative activity.  

  
 

 When it comes to the brain 
and cooperation, the whole is 
definitely greater than the 
ǎǳƳ ƻŦ ƛǘǎ ǇŀǊǘǎΣέΦ  

 
 ά²Ŝ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ōǊŀƛƴ ƻŦ 

each individual participant 
prefers the combined activity 
ƻǾŜǊ Ƙƛǎ ƻǊ ƘŜǊ ƻǿƴ ǇŀǊǘΦέ  
 

(E. Fortune ,2011 in  Science) 

 
 
 



Question Three 

 How can we get more movement in to our 
classrooms and other learning environments? 

 

 

 

 

 How do we get students to better use 
collaborative learning practices? 

 

 

 



Part Four 

Multisensory 
Approaches to 
Learning and 

Recall 



We Use all our Senses 

 Prior to 2006 the belief 
among neuroscientists was  
that the five senses operate 
largely as independent 
systems. 
 

 However, mounting data 
suggest interactions 
between vision, hearing, 
smell, touch and taste are 
the rule, rather than the 
exception. 

  Aaron Seitz ς Journal Current Biology, 2006 

 



Senses Create Multiple Pathways 

 The more senses 
used  in learning and 
in practicing what 
has been learned  
the more pathways 
are available for 
recall. 



 
Smells and Learning 

 
  

 Proust Effect is the 
unusual ability of smell 
to enhance recall. 

 

 Best results when 
smells are congruent 

with the situation. 
 Medina, 2008, Brain Rules, p.212 

 



Vision Trumps All 

   Vision trumps all other senses 

 



Vision Trumps All 

 Text and oral 
presentations are 
not just less efficient 
than pictures for 
retaining 
information they are 
way less efficient 

  (Medina, Brain Rules p.234) 



Vision Trumps All 

 Oral information has a 
recall of about 10% 
after 72 hours. 

 

 Add a picture and the 
recall increases to 65%. 

 

 

 
 (Medina, Brain Rules, P.234) 



192.107.108.56/.../m/murray_k/final/img004.jpg 

 

192.107.108.56/.../m/murray_k/final/img004.jpg 
 

Cramming 



Cramming 

 The short-term 
advantage of study 
practice shows that 
cramming can improve 
exam scores.  

 
 
  

 

 Carrier & Pashler, 1992; Roediger & 
Karpicke, 2006b; Thompson, Wenger, 
&Bartling, 1978; Wenger, Thompson, & 
Bartling, 1980; Wheeler, Ewers, & 
Buonanno, 2003 

 
 
  

  
  
 However, if the goal of 

practice is long-term 
retention of course 
material, cramming 
appears to be an 

 irrational behavior. 



Cumulative Tests Work 

 These studies show that 
reviews in general and 
cumulative tests in 
particular lead to 
improved student 
performance (Thomas 

Edmonds, 1984) 



Using Cumulative Exams 
  

 If the intervening 
test includes correct 
answer feedback, it 
is not surprising that 
testing often 
improves long-term 
retention.  

 
Cull, 2000; McDaniel & Fisher, 1991; Pashler, 

Cepeda, Wixted, & Rohrer, 2005); 
 

  
 . 


