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The Physicist as an Educator and Teacher

Our Objectives

i Be
Provide more
EFFECTIVE EFFICIENT
learning activities. in our
teaching

Challenges Opportunities
Sirawls




"I never teach my pupils, | only
provide the conditions in
which they can learn”

Albert Einstein
1879-1955




The Traditional Classroom

“ A Box for Enclosing Students...”

And hiding them from the world
about which they should learning.







The Sprawls Resources

Sharing the Emory Experience with the World
With Emphasis on the Developing Countries

www.sprawls.org/resources
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The Elements of

A Highly Effective Educational Session

The Brain

Developing a knowledge structure.

Needs

Analysis

The Physical Universe
(Physics of Medical Imaging)




Clinical Medicine

Imaging Radiation Therapy

Phy5|cs

The Foundation Science

Sprawls




Effective and Safe

Clinical Procedures
Imaging Radiation Therapy

Require an extensive knowledge
of
Applied Physics
and
The Associated Technology

Sprawts




Who needs a knowledge of Physics
applied to clinical imaging?

Radiologists, Residents and Fellows

Technologists

Medical Physicists

Each provides unique challenges and opportunities.

Sirants



Physics Learning Objectives
for Radiologists
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Anatomy and Pathology
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Effective
Medical Imaging Physics Education

Goals & Objectlves

Medical imaging professionals with a
knowledge of physics that will enable them
to perform clinically effective imaging
procedures with managed risk

to both patients and staff. ¢,,,,,
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Learning Physics
IS
Building a Knowledge Structure
in the Brain

Physical Universe

Learner

A mental representation of physical reality

Sprawtls



Learning is a
Natural Human Process

We Learn by Experience

Physical Universe

Sprawls




Learning is a
Natural Human Process

We Learn by Experience

Physical Universe
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Observe

Learner

Interac
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Our Early Physics Learning Activities
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Teaching

iIs helping someone
Building a Knowledge Structure in the Brain

Physical Universe

A mental representation of physical reality
Connect Organize Guide

Sprawls




The Role of Formal Education
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A Highly Effective Educational Session

. _ The Physical Universe
The Brain » Connection (Physics of Medical Imaging)

Interact

“Wlndow”
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Five Dynamics
—>

“1t’s a new ball game!”

Capability & Complexity
Geographic Dispersion
Learning & Teaching Knowledge
Expanding Educational Resources

Increased Connectivity

Sprawtls



Capability & Complexity

(Computed Tomography)
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Continuing Growth in the
Need for Physics Knowledge

Capability and Complexity

Radionuclide Imaging

Mammography

Time

Spranls



Knowledge of the
Learning & Teaching Process

We learn from the pioneers

Years

Sprawts
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Digital Resources to
Enrich Learning Activities

References

Textbooks . Clinical Teaching Files
Modules Visuals Images Modules J

Classroom Clinical Small “Flying Solo”
Conference Group
Sprawls




Clinically Focused Physics Education

Clinical Small “Flying
Classroom Conference Group

Learning Facilitator Individual
“Teacher” and
Peer Interactive
Learning

Each type of learning activity
has a unique value.

Sprawls




Clinically Focused Physics Education

Clinical Small “Flying
Classroom Conference Group Solo”

Learning Facilator Individual
“Teacher” and
Peer Interactive
The Goalu Learning

Increase the EFFECTIVENESS of each type of

learning activity with the hecessary resources

and understanding of the process by
the Learning Facilators. .S’,Ma«wfd




The Barrier

Physics Education Clinical Imaging

Efficiency
Location, Resources, Human Effort, Cost

Limited Experience o, ..
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. _ The Physical Universe
The Brain » Connection (Physics of Medical Imaging)
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Knowledge Structures in the Brain

A Complex Network
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Concepts Facts
Images [Language
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The Brain...

Premaotor
Prefrontal cortex
cortex '

Primary somatic
sensory cortex
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Structure and Function
Image: AMA
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2Zull’s Model of Brain Function

Active
testing

ﬁ f
Premotor
~ and Sensory
Frontal motor/ and Concrete

Abstract integrative ~</ postsensory experience
hvpotheses* cortex /4,/
¢
ot
e &
: ;
Reflective

James Zull, Ph.D. epservation
Professor of Biology

Professor of Biochemistry

Director of University Center for

Innovation in Teaching and Reference: '
Education thE ART OF
Case Western Reserve AN

I'HE BRAIN




Kolb’s Experiential Learning Model

Concrete
experience

U

Ohservation
2 and reflection

Testing in
new situations

3

Forming abstract

concepts

David A. Kolb, Ph.D.
Professor of Organizational Behavior
Case Western Reserve

Website: http:llwww.learningfromexperience.com




2Zull’s Model of Brain Function

Active
testing

N f
Premotor
—~” and Sensory
Frontal motor, and Concrete
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Abstract
hypotheses

Reflective
observation




Brain Functions for Learning Physics

Control

Back Integrative Frontal Integrative
Cortex Cortex

Where

(Relationships) Making Plans
Evaluating

Sensory

(Characteristics)

What

(Identification)
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Language

Comprehension

Language
Assembly

Emotions
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Brain Functions for Learning Physics

Control
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Emotions

Sprawtls




Brain Functions for Learning Physics

Control
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Brain Functions for Learning Physics

Control

Back Integrative Frontal Integrative Motor
Cortex Cortex
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Past " Future

Knowing

Sensory

Emotions

Balanced Education
Sprawtls




Forming Knowledge Structures
Physical Universe Back Integrative Cortex

Visible Physical Objects
Sprawtls




Forming Knowledge Structures
Physical Universe Back Integrative Cortex

/Sensory

Visible Physical Objects



Forming Knowledge Structures
Physical Universe Back Integrative Cortex

/Sensory

Radiation
Electrons
Magnetic
Atomic
Nuclear

Invisible Physical Objects
Strawls



Forming Knowledge Structures
Physical Universe Back Integrative Cortex

/Sensory

EINDING ENERE&Y

Radiation
Electrons
Magnetic
Atomic
Nuclear

Invisible
Physical Objects

Visuals
Sprauls



Forming Knowledge Structures

Physical Universe Back Integrative Cortex
Inverse Square Sensory g imﬁl

Effect

Exposure = 1

L Visuals

Sprawls

lnws:ble
Concepts
Ideas




Forming Knowledge Structures

Intensity = Power / Area

Surface area of a sphere = 4TI’ -

 RAN 3

So, the luminous intensity on a spherical surface

| a distance r from a source radiating a total power
'." J‘- 1/4 ’_—_'Ji ' 1 P lS
|

=3P/ 4nr’

‘ As P and pi remain constant, the luminous intensity
is proportional to the inverse square of distance:

[~ 1 fr°
Verbal and

Symbolic
Strawls




Back Integrative Cortex
Integrating experience into existing
knowledge structure

/Sensory

{l

L

Meaning Spmw{s




Back Integrative Cortex
Integrating experience into existing
knowledge structure

/Sensory

Meaning Spramls




Back Integrative Cortex
Integrating experience into existing
knowledge structure

Medical Knowledge
Spmw{s




Back Integrative Cortex
Integrating experience into existing
knowledge structure

,//Sensory

The image is the connection
Spmw(s




Back Integrative Cortex
Integrating experience into existing
knowledge structure

p
/Sensory —

The image is the starting point
for learning physics Sprawls
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Forming Knowledge Structures

Physical Universe Back Integrative Cortex
Inverse Square H,«"Sensory [ntensity = Power / Area
Effect surface area of a sphere = 4TI’
3
4‘“ So, the luminous intensity on a spherical surface
Tl 3 a distance r from a source radiating a total power
. “‘_ . i 2 P is:
\\“ = : 7
" [=3P/4nr

As P and pi remain constant, the luminous intensity
is proportional to the inverse square of distance:

. [~1/1°
Verbal and
Symbolic Sprawls




2Zull’s Model of Brain Function

Active
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Brain Functions for Learning Physics
Active Experimentation and Testing

/ Control

Back Integrative Frontal Integrative Motor
Cortex Cortex

A N
v )u'l
of the

Pt

Past
Knowing
Interact
Experience and
Observe | Affect

Physical Universe o, .,




Brain Functions for Learning Physics
Active Experimentation and Testing

Control

Back Integrative Frontal Integrative
Cortex Cortex

of the
Past
Knowing
Interact
and
Affect




Brain Functions for Learning Physics
Active Experimentation and Testing

Control

Back Integrative
Cortex

Interact
and
Affect

Experience
Observe

Phys:éal Umverse Sprawts




Brain Functions for Learning Physics
Two brains are better than one!

Collaborative Learning

Control

Problem Solving

S mw[s




Brain Functions for Learning Physics
Two brains are better than one!
Collaborative Learning

Control

Problem Solving

S mw[s




Brain Functions for Learning Physics
Two brains are better than one!

Collaborative Learning

Perspectives Perspectives
Experiences Experiences

Problem Solved!

S mw[s



Brain Functions for Learning Physics
Two brains are better than one!

Collaborative Learning

Control

Perspectives

) Perspectives
Experiences

Experiences

Analysi al;d Evaluation

Image: UGA S mw[s




Brain Functions for Learning Physics
Two brains are better than one!

Collaborative Learning
" Gontrot T~ " Gontrol T
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Problem Solving

Analysis and Evaluation
Developing Plans
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The Learning Environment

Back Integrative
Cortex

of the

Past
Knowing




Rich Learning Environments

Frontal Integrative Motor
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Challenging Learning Environments

Control

Frontal Integrative Motor
Cortex

N
DT

v the BITEY

J il , [ u“iA




Effective Learning

Rich New Integrate
Learning and g
Existing

Environment Different Knowledge

Reflection —»  spranls




Effective Learning

Interact Review Reflect

Developing useful knowledge

for the future
Spmw{s




Brain Functions for Learning Physics

Motivation Organization
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Brain Functions for Learning About
Learning Physics

Control

Back Integrative Frontal Integrative
Cortex Cortex
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Knowing
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Affect

Our Teaching Sprawls







