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Definition

from one person to others.



One
Key to Student Success




One

Key to Student Success

without studying.

Studying Active engagement of the brain.

E.g., can include lecture, videos, etc., if you are
engaged.

And can exclude homework, labs, reading if they
are done mindlessly.



One
Key to Student Success

You cannot learn without studying.

Full-time students, time spent studying (outside class):

* 1960s: ~25 hours per week
* Today: ~14 hours per week

—> Unless today’s students study far more efficiently
(unlikely given distractions), then they are
learning less than counterparts of the past.



One
Key to Student Success

Multitasking (noun)

doing several things at once, all of them poorly.



Three
Big Picture Ideas about Teaching

Rather, a good teacher enables students to learn
something for themselves.

in other words ...



Education is not the filling of a pail, but the

lighting of a fire.
— William Butler Yeats



Three
Big Picture Ideas about Teaching

2. Brains are brains.

* Children and grownups all learn the same way...

* ... 1t’s just that as we get older, our brains are filled
with more prior knowledge (or prior misconceptions).






Three
Big Picture Ideas about Teaching

3. People have been teaching successfully for thousands

of vears.
The difference today 1is:

* 1n the past, teaching was usually one-on-one,
educating a small % of population

* today, we hope to “mass produce” education for all
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College Rule of Thumb:
2-3 hours outside class for each unit of credit
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1. Above all, try to ensure that your students study.

College Rule of Thumb:
2-3 hours outside class for each unit of credit

- class time should represent no more than 1/4 to 1/3
of total student “time on task”



Five
General Suggestions for

1. Above all, try to ensure that your students study.

College Rule of Thumb:
2-3 hours outside class for each unit of credit

- class time should represent no more than 1/4 to 1/3
of total student “time on task”

No matter how good your textbook...
No matter how effective your use of class time...

Teaching success depends primarily on motivating students
to make good use of study time outside of the classroom.



If your

time for

time for time for review total study

course is: reading the homework and test time

assigned text assignments preparation (per week)

(per week) (per week) (average per

week)

3 credits 2 to 4 hours 2 to 3 hours 2 hours 6 to 9 hours
4 credits 3 to 5 hours 2 to 4 hours 3 hours 8 to 12 hours
5 credits 3 to 5 hours 3 to 6 hours 4 hours 10 to 15hours

* Appears in all my textbooks; or freely download from my web site.
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2. Provide structure and assignments that will
help students study sufficiently and efficiently.



Five

General Suggestions for

1. Above all, try to ensure that your students
study.

2. Provide structure and assignments that will

help students stydy sufficiently and efficiently.
Cla%s time: motzfvgtf()r{fan gu)fdanceﬂ' d

Assignments: Reading, homework, exams
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2. Provide structure and assignments that will
help students study sufficiently and efficiently.

3. Teach for the long term by focusing on three
linked goals: education, perspective,
inspiration.
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inspiration.

4. Set high but realistic expectations (and spell
them out clearly).



Five
General Suggestions for

rovide structure and assignments that wi
help students study sufficiently and efficiently.

3. Teach for the long term by focusing on three
linked goals: education, perspective,
inspiration.

4. Set high but realistic expectations (and spell
them out clearly).

5. Don't take it personally.



Seven

Pedagogical Strategies
for Math/Science




Strategy 1. Begin With and Stay Focused on the Big Picture




Strategy 1. Begin With and Stay Focused on the Big Picture

e Astronomy: Seeking to understand our place in the
universe.

* Biology: Seeking to understand the nature and

evolution of life.

* Physics: Seeking to understand how we interact with
physical surroundings.

e Math: Seeking tools that help us understand the issues
we face in our daily lives.



Strategy 1. Begin With and Stay Focused on the Big Picture

Example:

“Which one is bigger?”
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Purposes of Science




Hallmarks of Science

3. Makes testable predictions that would force us to revise or
abandon model if predictions do not agree with
observations.



Strategy 2. Always Provide Context

courses in science, because students typically enter
these courses without any pre-existing “bins” in
which to organize new science knowledge.



Strategy 2. Always Provide Context




Strategy 2. Always Provide Context

If Earth moved to ~ . Result: Oceans
Venus's orbit (" Higher temperature increases evaporation, N, eyaporate and carbonate
and warmer air holds more water vapor. . rocks decompose,

More intense sunlight... releasing CO,. ..

| Runaway |
| greenhouse |
effect

...would raise surface ...making Earth hotter

temperature by about . Additional water vapor further strengthens ) than Venus.
30°C. .  the greenhouse effect.




Strategy 3. Emphasize Conceptual Understanding

Use concepts to guide selection of facts:
* relevance to big picture

* taught in context

* contribute to conceptual understanding



Strategy 4. Proceed from the Concrete to the Abstract.

Key approaches:
context-driven vs. content-driven teaching

“bridges to the familiar”



Strategy 4. Proceed from the Concrete to the Abstract.

Premise: Long known that this is the best way to learn.




Strategy 5. Recognize and Address Student Misconceptions

Identify misconceptions, then get students to recognize
them for themselves. E.g.,

e dispel through experience — paper and rock

(4

e “personal paradoxes”



* seasons misconception :

- “What season is it now in the southern hemisphere?”

Spring (March) Equinox

s
. Winter (December) Solstice }_

Summer (June) Solstice

Fall {September) Equinox

—







* Why does the flag stay up?

Taori thought that Max should know a little history before his “Armstrong said:
The Apollo Heon Landings trip. S0 she told Max about the first astronauts who went to the

Moon.

That's one small step for a man,

M5 Eng 20 hes ages s i ol ngand Aldrin the ana giart leap for mankind. :
. first people to walk on the Moon. Their mission was called Apollo Do you understand, Max?™ P
-

11. They landed on the Moon on July 20, 1965, Neil Armstrong Max barked, and Tori took that as a "yes.”
stepped out first. Do you know what he said when he took his first “Good boy, Max,” said Tori. ‘

moon step?”




Strategy 6. Use Plain Language




Strategy 6. Use Plain Language

terms whenever possible.



Strategy 6. Use Plain Language

terms whenever possible.

For example: Do you know what these terms mean?

scarps on Mercury
lunar regolith

chondrites vs. achondrites



Strategy 6. Use Plain Language.

Premise: The number of new terms (jargon) in many introductory

science books is larger than the number of words taught in many
first courses in foreign language!

A — Eliminate unnecessary jargon: Use common English
terms whenever possible.

Solutions:

scarps on Mercury = cliffs on Mercury
lunar regolith = powdery lunar soil

chondrites vs. achondrites =

primitive vs. processed meteorites




Strategy 6. Use Plain Language.

e hydrostatic equilibrium = gravitational equilibrium
e inertial reference frame = free-float frame

e Type I/Il supernovae = white dwarf (Type Ia) or
massive star (Typea Ib, c, II)
supernovae

e Dwarfs...






b. white dwarf to red dwarf to black dwarf, but never
becoming a brown dwartf.

c. white dwart to red dwarf to dwartf planet.

d. white dwarf to black dwarf without passing
through anything else in between.



d. Dwarf planet
e. Red Giant



d. Brown Dwarf
¢. Dwarf planet

Key point: Professionals get comfortable with all this jargon,
but it will drive our students nuts!



Strategy 7. Challenge Your Students




Strategy 7. Challenge Your Students

If a topic is important and interesting, find a way to present
it. If you do it well, your students will find it just as
interesting as you do.



Quito Nairobi




Why you can’t go faster than a constant c:

Your point of view .

Mo matter how long you o ... your own light races ahead
fire your rocket of you at c.
engines . . .

Anyone else’s point of view .

Your light is traveling a ... and because it is moving
atc... ahead of you, you must be
going slower than c.
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Max Goes to the Moon

A Science Advemure with MaxHEPeg
THE FOLLOWING PREVIEW HAS BEEN APPROVED FOR

Premlere!

With Special Guest % & ¥ \ BY FISKE PLANETARIUM AT THE UNIVERSITY OF COLORADO

CRRe i
ASTRONAUT .\ L
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THE FILM ADVERTISED HAS BEEN RATED

E EDUCATIONAL &5

ALVIN DREW @'

EVERYONE CAN ENJOY S50 INVITE YOUR PARENTS AND FRIENDS

CARTOON LIKE ILLUSTRATIONS,
SCIENCE EDUCATION, HISTORY LESSONS,
GREAT ANIMATIONS, LOTS OF FUN AND LAUGHS

fiske.colorado.edu www.bigkidscience.com

Based on the book
by Dr. Jeffrey Bennett

Max Goes to the Moon

available to planetariums everywhere
www bigkidscience.com/planetariumshow




Coming Soomnk.::

Maijoes to the el 2015 :
--._\Q@c tion - Mlax Goes to the Space Station

Adventure Wth Mux the Dog

- “Story Time From Space”

www .jeffreybennett.com

& - early 2014 jeff@bigkidscience.com






