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About Deans for Impact

who are committed to
transforming educator
preparation and elevating the
teaching profession.
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Session goals

Describe skills that teachers must possess to
personalize learning effectively

Describe connection between learning
science and personalized learning
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“It’s just good,
sound teaching
practice’.I<
It’s nothing new.”

>l<When it’s done well. |&&

Big asterisk.




Session outline

* Introduction

Individual brainstorm

Small group activity: skill grouping

Small group activity: skill sequencing

Presentation: Learning Engineers
* Quiz

* Discussion
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Individual brainstorm

What skills must teachers have in order
to personalize learning effectively?

Write one skill per Post-It note
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Small group discussion

 Fach member of the group shares

* Group similar skills together using post-it
notes, what do you notice?
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Small group discussion

* Imagine that you were sitting down with a
local teacher preparation program to
sequence the development of skills that a
new teacher must have in order to
personalize learning effectively?

What skills should be developed
pre-service?

* During student teaching?
 During the teacher’s first year?

e After the teacher’s first year?
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Why learning engineers?

Engineers...

* I|dentify real-world problems to be
solved

. De5|gn solutlons by applylng Le:i\rnmg
___________ science

___________ *====-|  (or how
. |\/|ake those solutlons feasible, students

within practical and financial learn)
constraints

Engineers view technology as a tool, not a
o solution

N

DEANS FOR IMPACT
Hess, Frederick, and Saxberg, Bror. “Schooling rebooted.” Education Next. Spring 2014.



Why start with learning science?

THE

SCIENCE

OF LEARNING

 All educators, including new teachers, should know
basic principles of cognitive science

* For teachers aiming to personalize learning, a
fundamental understanding of how students learn can
help teachers decide how and when to use technology
as a tool to further learning

N0

\'\/-‘

DEANS FOR IMPACT




How well do you know cognitive science?

* Cognitive science indicates that frequent
quizzing (“retrieval practice”) is an effective
strategy to improve learning. Let’s test that

hypothesis.

* Using the browser on your smartphone or
computer, please go to and
enter code 76 30 39.
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American education reporters

Novices and experts essentially think the same way.

Most humans are either left-brained or right-brained.

Students learn more %Zen information is tailored to

their particular learning style (audio or visual).

Students learn more when th
content of their learning.

control the pace and

3.7
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Turn and talk

What would it take for school systems
and preparation programs to work
together to prepare and empower
teachers to be learning engineers?
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SCIENCE

OF LEARNING




Design principles

Research
organized

around key
questions

@_ COGNITIVE
PRINCIPLES

Students learn new ideas by
reference to ideas they already
know.'

To leam, students must transfer
information from working
memory (where it is consclously
processed) to long-term
memory (where it can be
stored and later retrieved).
Students have limited working
memory capacities that can be
overwhelmed by tasks that are
cognitively too demanding.
Understanding new ideas can
be impeded if students are
confronted with too much
information at once.*

Cognitive development does
not progress through a fixed

sequence of age-related stages.

The mastery of new concepts
happens in fits and starts.*

Bransiord, lrown, & Cocking. 2000
* Agodini, Marris, Atlies-Burnen,
Mosvinade, Novak, & Murphy, 2009
TeachingWorks
¥ Richlandl, Zur, & Molyoak, 2007
* Sweller, 1988

HOW DO STUDENTS UNDERSTAND NEW IDEAS?

[ T T F F T L P P T T T T y  r rr

¢  Awellsequenced curnculum s important to ensure that students have the
prior knowledge they need 10 master new idess.*

¢ Teachers use analogies because they map a new idea oMo one that
students already know. But analogios are efloctive only If teachers elaborate
on them, and direct student attention 1o the crucial similaritios between
exnting knowledge and what is to be learned*

* Teachers can use "worked examples” as one method of reducing students
cognitive burdens.* A worked example is a step-by-step demonstration of
how 10 perform a task or solve a problem. This guidance - or "scafiolding®
- can be gradually removed in subsequent probloms so that students are
required to complete more problem steps independently

*  Teachers often use multiple modalities 1o convey an idea; for example, they
will speak while showing a graphic. i teachers take care 10 ensure that the
two types of information complement one another - such as showing an
animation while describing it aloud = learning is enhanced. But if the two
sources of information are split — such as speaking aloud with differant text
desplayed visually — attention is divided and learning is impaired *

*  Making content explicet through carefully paced explanation, modelng
and examples can help ensure that students are not overwhelmed.'
(Note. “explanation” does not mean teachars must do all the talking )

¢  Coment should not be kept from students because it is “developmentally
nappropriate.” The term implies there is a biclogically inevitable course
of development, and that this course is predictable by age. To answer the
Question “is the student ready? it's best 1o consider “has the student
mastered the prerequisites ™

' Pashier, Bain, Botige, Graesser ! Kirschner, Sweller, & Clark, 2004

Koedinger, & McDaniel, 2007, Kirschner, ToachingWorks
Swelles, & Clark, 2004; Atkinson, Detry * Fiynn, O'Malley, & Wood, 2004;
Renkd, & Wortham, 2000; Sweller, 2006 Sewcher. 1995

* Chandler & Swaller, 1992, Moreno A * Willngham, 2008

Mayer, 1999; Moreno, 2004
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Design principles

HOW DO STUDENTS UNDERSTAND NEW IDEAS?

| ®, COGNITIVE I
i PRINCIPLES |

Based on the

best scientific
consensus

Students learn new ideas by
reference to ideas they already
know.'

To leamn, students must transfer
information from working
memory (where it is consclously
processed) to long-term
memory (where it can be
stored and later retrieved).
Students have limited working
memory capacities that can be
overwhelmed by tasks that are
cognitively too demanding.
Understanding new ideas can
be impeded if students are
confronted with too much
information at once.*

Cognitive development does
not progress through a fixed

sequence of age-related stages.

The mastery of new concepts
happens in fits and starts.*

Bransiord, lrown, & Cocking. 2000
¥ AQodiw, Marria, Atlues-Burnen,
Mewvinide, Novak, & Murphy, 2009
TeachingWorks
Y Richlandl, 2ur, & Molyoak, 2007
* Sweller, 1988

¢  Awellsequenced curnculum s important to ensure that students have the
prior knowledge they need 10 master new idess.*

¢ Teachers use analogies because they map a new idea oMo one that
students already know. But analogios are efloctive only If teachers elaborate
on them, and direct student attention 1o the crucial similaritios between
exnting knowledge and what is to be learned*

*  Teachers can use "worked examples” as one method of reducing students’
cognitive burdens.* A worked example is a step-by-step demonstration of
how 10 perform a task or solve a problem. This guidance - or "scafiolding®
- can be gradually removed in subsequent probloms so that students are
required to complete more problem steps independently

*  Teachers often use multiple modalities 1o convey an idea; for example, they
will speak while showing a graphic. i teachers take care 10 ensure that the
two types of information complement one another - such as showing an
animation while describing it aloud = learning is enhanced. But if the two
sources of information are split — such as speaking aloud with differant text
desplayed visually — attention is divided and learning is impaired *

*  Making content explicet through carefully paced explanation, modelng
and examples can help ensure that students are not overwhelmed.”
(Note: “explanation” does not mean teachars must Jo all the talking )

¢ Coment should not be kept from students because it is “developmentally
nappropnate.” The term implies thore is a biclogically inevitable course
of developement, and that this course is predictable by age. To answer the
Question “is the student ready? it's best 1o consider “has the student
mastered the prerequisites ™

' Pashier, Bain, Botige, Graesser
Koedinger, & McDaniel, 2007; Kirschner,
Swuller, & Clark, 2004, Atkinson, Detry
Renkd, & Wortham, 2000; Sweller, 2006
* Chandler & Swaller, 1992, Moreno A
Mayer, 1999, Moreno, 2004

inschner, Sweller, & Clark, 2004,
ToachingWorks
* Fiynn, O'Mallery, & Wood, 2004;
Simgher, 1995
* Willngham, 2008
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Design principles

Accessible and
useful for

teachers and
teacher-
educators
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HOW DO STUDENTS UNDERSTAND NEW IDEAS?

@_ COGNITIVE
PRINCIPLES

Students learn new ideas by
reference to ideas they already
know.'

To leam, students must transfer
information from working
memory (where it is consclously
processed) to long-term
memory (where it can be
stored and later retrieved).
Students have limited working
memory capacities that can be
overwhelmed by tasks that are
cognitively too demanding.
Understanding new ideas can
be impeded if students are
confronted with too much
information at once.*

Cognitive development does
not progress through a fixed
sequence of age-related stages.
The mastery of new concepts
happens in fits and starts.*

------L------

L------------------------------

Bransiord, lrown, & Cocking. 2000
* Agodini, Marris, Atlues-Burnett,
Meoaviside, Nowak, & Murphy, 2009
TeachingWorks
) Richlandd, Zur, & Molyosk, 2007
* Sweller, 1988
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A wellsequenced curnculum & important to ensure that students have the
prior knowledge they need 10 master new idess.*

Teachers use analogies because they map a new ikioa 0o one that
students already know. But anslogies ae effoctive only If teachers elaborate
on themn, and direct student attention 1o the crucial similaritios between
exiting knowledge and what is to be learned *

Teachers can use "worked examples” as one method of reducing students
cognitive burdens.’ A worked example is a step-by-step demonstration of
how 10 periorm a task or solve a problem. This guidance - or "scafiolding*
= can be gradually removed in subsequent probloms so that students are
required to complete more problem steps independently

Teachers oftan use multiple modalities 1o convey an idea; lor example, they
will speak while showing a graphic. i teachers take care 10 ensure that the
two types of information complemnent one another - such as showing an
animation while describing it aloud = learning is enhanced. But if the two
sources of information &
displayed visually — attention is divided and learning is impaired *

wplit = such as speaking aloud with different taxt

Making content explict through carefully paced explanation, modelng
and examples can help ensure that students are not overwhelmed.'
(Note: “explanation” does not mean teachars must Jdo all the taking )

Coment should not be kept from students because it is “deveiopmentally
nappropriate” The term implios thore is a biclogically inevitable course
of development, and that this course is predictable by age. To answer the
Question “is the student ready™ it's best 1o consider “has the student
mastered the prerequisites ™

¥ Pashier, Bain, Botige, Graesser ! Kirschner, Sweller, & Clark, 2004;
Koedinger, & McDaniel, 2007, Kirschner, TeachingWorks

Swuller, & Clark, 2006, Askinson, Detry * Fiynn, O'Mallery, & Wood, 2004;
Renkd, & Wortham, 2000; Sweller, 2004 Semger, 1995

* Chandler & Sweller, 1992 Morenc A * Willngham, 2008

Mayer, 1999, Moreno, 20046
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HOW DO STUDENTS UNDERSTAND NEW IDEAS?
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@_ COGNITIVE
PRINCIPLES

Students learn new ideas by
reference to ideas they already
know.'

To leam, students must transfer
information from working

memory (where it is consclously

processed) to long-term
memory (where it can be
stored and later retrieved).
Students have limited working
memory capacities that can be
overwhelmed by tasks that are
cognitively too demanding.
Understanding new ideas can
be impeded if students are
confronted with too much
information at once.*

Cognitive development does
not progress through a fixed

sequence of age-related stages.

The mastery of new concepts
happens in fits and starts.*

Bransiord, lrown, & Cocking. 2000
* Agodini, Marris, Atlies-Burnen,
Mosvinade, Novak, & Murphy, 2009
TeachingWorks
¥ Richlandl, Zur, & Molyoak, 2007
* Sweller, 1988
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¢  Awellsequenced curnculum s important to ensure that students have the
prior knowledge they need 10 master new idess.*

Provides
practical
implications
for teaching

¢ Teachers use analogies because they map a new idea oMo one that
students already know. But analogios are efloctive only If teachers elaborate
on them, and direct student attention 1o the crucial similaritios between
exnting knowledge and what is to be learned*

* Teachers can use "worked examples” as one method of reducing students
cognitive burdens.* A worked example is a step-by-step demonstration of
how 10 perform a task or solve a problem. This guidance - or "scafiolding®
- can be gradually removed in subsequent probloms so that students are
required to complete more problem steps independently

*  Teachers often use multiple modalities 1o convey an idea; for example, they
will speak while showing a graphic. i teachers take care 10 ensure that the
two types of information complement one another - such as showing an
animation while describing it aloud = learning is enhanced. But if the two
sources of information are split — such as speaking aloud with differant text
desplayed visually — attention is divided and learning is impaired *

*  Making content explicet through carefully paced explanation, modelng
and examples can help ensure that students are not overwhelmed.'
(Note. “explanation” does not mean teachars must do all the talking )

¢  Coment should not be kept from students because it is “developmentally
nappropriate.” The term implies there is a biclogically inevitable course
of development, and that this course is predictable by age. To answer the
Question “is the student ready? it's best 1o consider “has the student
mastered the prerequisites ™

' Pashier, Bain, Botige, Graesser ! Kirschner, Sweller, & Clark, 2004
Koedinger, & McDanield, 2007, Kirschner, ToachingWorks

Swuller, & Clark, 2006; Azkinson, Detry * Fiynn, O'Mallery, & Wood, 2004;
Ronkd, & Wortham, 2000; Sweller, 2006 Sewcher. 1995

* Chandler & Swaller, 1992; Morenc &
Mayer, 1999; Moreno, 2004

* Willngham, 2008




Design principles
HOW DO STUDENTS UNDERSTAND NEW IDEAS?

@. COGNITIVE L PRACTICAL
PRINCIPLES §£= FORTHECL

Students learmn new ideas by ¢  Awellsequenced curnculum s important to ensure that students have the

reference to ideas they already prior knowledge they need 10 master new idess.*

know.' ¢ Teachers use analogies because they map a new idea oMo one that
students already know. But analogios are efloctive only If teachers elaborate
on them, and direct student attention 1o the crucial similaritios between
exnting knowledge and what is to be learned*

To leam, students must transfer * Teachers can use "worked examples” as one method of reducing students

information from working cognitive burdens. ' A worked example is a step-by-step demonstration of

memory (where it is consciously how 10 perform a task or solve a problem. This guidance - or "scafiolding®

processed) to long-term - can be gradually removed in subsequent probloms so that students are

memory (where it can be required to complete more problem steps independently

stored and later retrieved). *  Teachers often use multiple modalities 1o convey an idea; lor example, they

Students have limited working will speak while showing a graphic. i teachers take care 10 ensure that the

memory capacities that can be two types of information complement one another - such as showing an

overwhelmed by tasks that are animation while describing it aloud = learning is enhanced. But if the two

cognitively too demanding. sources of information are split — such as speaking aloud with different text

Understanding new ideas can desplayed visually — attention is divided and learning is impaired *

be impeded if students are *  Making content explicet through carefully paced explanation, modelng

confronted with too much
information at once.*

and examples can help ensure that students are not overwhelmed.’
(Note: “explanation” does not mean teachars must Jo all the talking )

Links to

academic
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Bransiord, lrown, & Cocking. 2000

' Pashier, Bain, Botige, Graesse
Koedinger, & McDanisl, 2007; Kirschnar,

! Kirschner, Sweller, & Clark, 2004
TeachingWorks

Cognitive development does *  Coment should not be kept from students because it is “developmaentally "
not progress !Mough a fixed nappropnate.” The term implies thore is a biclogically inevitable course I
sequence of age-related stages. of development, and that this course is predictable by age. To answer the I resea rc h
The m“.ry of new concepts Question “is the student ready”™ it's best 10 consider “has the student I
happens in fits and starts.* mastered the prerequisites ™ I
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Heosvinide, Novak, & Murphy, 2009
Teaching'Works
Y Richlandl, 2ur, & Molyoak, 2007

l * Sweller, 1988

I * Agodini, Marrts, Atliems-Burnet,

Swuller, & Clark, 2004, Atkinson, Detry
Ronkd, & Wortham, 2000; Sweller, 2006
* Chandler & Swaller, 1992, Moreno A
Mayer, 1999, Moreno, 2004

* Fiynn, O'Mallery, & Wood, 2004;
Simgher, 1995
* Willngham, 2008
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www.deansforimpact.org
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n facebook.com/deansforimpact

N~

N0

IMPACT



