11/19/16

EDUCATIONAL TRANSFORMATION

AT A CRITICAL TIME:
WHY US AND WHY NOW
THE PROMISES OF DISCIPLINARY ENGAGEMENT

APS- SBF Physics Professor Lecture Series
10 Nov 2016

Instituto de Fisica
Universidade Federal do Rio de Janeiro

Noah Finkelstein
Physics Department &
Center for STEM Learning
Timmerhaus Teaching Ambassador
noah finkelstein @colorado.edu

Association of American Universities (AAU) Universities

47 Washington

« Oregon

Chicago Pinsburgh:
Purdue Oftiost CMellon ?v\

\ «UCDavis lowa
—__Pennsylva

UCSystem . e
Stanford Colorado Bimots g1 2 ~-Johns Hopl
Indiana Virginia
K: ol ¢ Y Maryland
ucsB ansas” Missouri WashingtonU Duk
uke,
e Vanderbilt . AL
. NCarolina

mory

GeogiaTech"E
AAU Universitig
« Private
* Public

* Arizona

TexasA&M

Texase °* Rice
x

| Note: for clarity, some liberties were taken with the pl 1t of institutions |
University of Colorado - Planning, Budget, and Analysic

Noah Finkelstein, UFRJ, 10-Nov-2016



]

*F;)unded 1876

30,000 Students

¥ Strong Research Focus:
Five Nobel Prize Winners
Eight MacArthur “Genius” Awards
Top 20 in US in citations of research
$400+M (USD) in sponsored research

Many top 10 programs within US

World Rank: University of Colorade.Boulder #34

United States Public Comprehensive Universities: #19
Rank in Physics #11

Find Your Place

Boulder, Colorado

PHYSICS EDUCATION RESEARCH AT CU BOULDER

Faculty:

Melissa Dancy
Michael Dubson

Noah Finkelstein
Heather Lewandowski
Valerie Otero

Robert Parson

Kathy Perkins

Steven Pollock

Carl Wieman*

Teachers / Partners / Staff:

Shelly Belleau, John Blanco
Kathy Dessau, Jackie Elser
Molly Giuliano, Kate Kidder
Trish Loeblein, Chris Malley
Susan M. Nicholson-Dykstra
Oliver Nix, Jon Olson

Emily Quinty, Sam Reid
Sara Severance

Funded by:

National Science Foundation
Association of American Universities
Association of Public & Land-grant Univ.
William and Flora Hewlett Foundation
American Association of Physics Teachers
Physics Teacher Education Coalition
American Institute of Physics

American Physical Society

National Math & Science Initiative
Howard Hughes Medical Institute

g AIP

\merican Institute
of Physics

THE WILLIAM AND FLORA

HEWLETT

FOUNDATION

Noah Finkelstein, UFRJ, 10-Nov-2016

Postdocs/ Scientists:
Michael Bennett
Stephanie Chasteen
Joel Corbo

Dimitri Dounas-Frazer
Karina Hensberry
Christine Lindstrem
Emily Moore

Ariel Paul

Qing Ryan

Jacob Stanley

Grad Students:
Simone Hyater-Adams
lan Her Many Horses
Jessica Hoy

George Ortiz

Enrique Suarez
Bethany Wilcox
+recent grads (4 PhD)
+ many participating
faculty and LAs

HOWARD HUGHES
MEDICAL INSTITUTE

11/19/16



Adam Blanford
Adam Light

Akira Miyake
Alice Healy
Anastasia Maines
Andrea Bair
Andrew Martin
Angel Hoekstra
Angela Bielefeldt
Anne Bekoff
Anne Dougherty
Anne Gold
Anne-Barrie Hunter

Anne-Marie Hoskinson

Anthony Bosman
Ariel Paul

Audrey Schaiberger
Barbara Kraus
Barry Kluger-Bell
Ben Spike

Ben Van Dusen
Benjamin Zwickel
Bethany Wilcox
Bill Wood

Brian Argrow
Brian Couch
Callie Pilzer
Cathy Regan
Chandra Turpen
Charles Baily
Clayton Lewis
Colin Wallace

Corrie Colvin
Danny Caballero

Janet Tsai
Jean Hertzberg

Daria Kotys-Schwartz Jeffrey Shainline

David Aragon
David Webb
Derek Reamon
Diane Sieber

Dick McCray

Don Cooper
Donna Coccamise

Jenn Paul Glaser
Jennifer Stempien
Jenny Knight
Jerry Rudy
Jessica Gorski
Jia Shi

Leilani Arthurs
Lindsay Anderson
Lorrie Shepard
Louisa Harris
Maegan Gilmour
Margaret Asirvatham
Marie Boyko

Marina Cogan
Marina Kogan
Marina LaGrave

Center for STEM Learning

UNIVERSITY OF COLORADO BOULDER

Gene Glass
George Ortiz

Katie Hinko
Katie Southard

Heather LewandowskiKelly Battin

Hilarie Nickerson
Hunter Close

lan Caldwell

lan Her Many Horses
Ingrid Ulbrich

Jana Watson-Capps
Jane Meyers

Jane Stout

Janet Casagrand

Kelly Lancaster
Kevin McElhaney
Kim Trenbath
Krista Marshall
Laird Kramer
LaRuth McAfee
Laura Border
Lauren Kost-Smith
Laurie Langdon

IVIIKE NOUSS
Miranda Rieter
Nancy Guild
Nathan Canney
Noah Finkelstein
Noah Podolefsky
Okhee Lee

PJ Bennett
Rachel Pepper
Rob Tubbs
Robert Parson
Robynn Lock

Roger Larson

Ryan Grover

Sam Reid

Sandra Laurson
Sara Brownell
Sarah Wise

Scott Franklin

Seth Hornstein
Seyitriza Tigrek
Stacey Forsyth
Stephanie Chasteen
Stephanie Mollborn
Stephanie Rivale
Stephen Butler
Steve lona

Steve Pollock
Susan Hendrickson
Teresa Foley
Tiffany Ito

Travis Lund

Trish Loeblein

Tyler Schelpat

Ulaff (Benjamin
Uma Swamy
Valerie Otero
Valerie Williams
Victoria Hand
Virginia Ferguson
Wahab Baouchi
physics pedagogy astronomy

biology mathematics geology
chemistry engineering

Based
Education
Research

Ur

Why Education?

Noah Finkelstein, UFRJ, 10-Nov-2016

11/19/16



11/19/16

Individual Empowerment

Societal Empowerment

Workforce / Economic
Development

Grand Challenges in US Education

Better education U.S. ranks:
21 out of 30 in science

25 out of 30 in math
- PISA 2006

International Rankings (science

Noah Finkelstein, UFRJ, 10-Nov-2016 4
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Grand Challenges in US Education

Eﬂetter e%“gattlon onch 2/3 Physics Out of Field
ore an etter teacners Less than 50% stay

Physics Teachers with
degrees in:
22%

Major Minor
Physics

AIP Statistical Research Center

Grand Challenges in US Education
Better education

More and better teachers needed by 2_018
More and better STEM grads and growing

HELP WANTED
PROJECTIONS
of JOBS and

1 Million more STEM grads

EDUCATIO!.
REQUIREMENTY
Through ()14

Life and Ph

cupations (2005-2018)
1,020,000
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In the midst of dramatic change

New Models/Modes of Education

[Don't Buy The Hype, College
[Education Is Not An Investment

TUITION AND EXPENSES

Cost of Attendance  In-state: $29,215
Out-of-state: $52,763

Tuition and Fees In-state: $11,531
Out-of-state: $35,079

Room and Board $13.,590
Books and Supplies  $1,800
Other Expenses $2.294

Noah Finkelstein, UFRJ, 10-Nov-2016 6
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Colorado, a national leader

C—JRestore K-12 Cut

N Restore Higher Education Cut
=1 Higher Education

K12

. Human Services

=™ Other GF Departments
I Medicaid

@ Corrections

N GF Reserve

e General Fund for Programs Baseline

2015 2016 2017 2018 2019 2020 2021 2022 2023

Forecast from CU-VP and CFO Dec 13

A Era of Significant Attention:

the National Academies

the White House

Professional Organizations Societies

Assocu'nou OF S

PUBLIC AND
LAND-GRANT A
'UNIVERSITIES physics

Noah Finkelstein, UFRJ, 10-Nov-2016 7
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Higher Education & Disciplines:
key levers in education

Educational Research in
Disciplines

Noah Finkelstein, UFRJ, 10-Nov-2016 8



11/19/16

A possible “tipping” point

* Force Concept Inventory*
» Multiple choice survey, (pre/post)
» Experts (especially skeptics!)

necessary (not sufficient) indicator of
conceptual understanding.

* Hestenes, Wells, Swackhamer, Physics Teacher 20, (92) 141

Sample question

Looking down at a track (flat on table), a ball enters at point 1 and exits
at point 2. Which path does it follow as it exits (neglect all friction)?

Noah Finkelstein, UFRJ, 10-Nov-2016 9
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We are not teaching students

traditional lecture <o = post-pre
100-pre

o 11

0.08 0.14 0.20 0.26 0.32 0.3§ 2.44 0.50 0.56 0.62 0.68

R. Hake, ”...A six-thousand-student survey...” AJP 66, 64-74 (‘98).

But my students learn . . .

Calculate:

(a) current in 2-Q resistor

(b) ...

Mazur (1997; 2004)

Noah Finkelstein, UFRJ, 10-Nov-2016 10
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When S is closed, what happens to:

(a) intensities of A and B?

(b) ...

conventional conceptual

—— 69% 49%

Noah Finkelstein, UFRJ, 10-Nov-2016 11



conceptual problem
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Attitudes & Beliefs:

Noah Finkelstein, UFRJ, 10-Nov-2016
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Attitudes and Beliefs®

Assessing the “hidden curriculum” -
beliefs about physics and learning physics

Examples:
e “I study physics to learn knowledge that

will be useful in life.”

e “To learn physics, I only need to memorize
solutions to sample problems”

*Adams et al, (2006). Physical Review: Spec. Topics: PER, 0201010

CLASS categories

Shift (%) (“reformed” class)

Real world connect... -6

Personal interest -8
Sense making/effort... -12
Conceptual -11
Math understanding... -10
Problem Solving -7
Confidence -17

Nature of science
(All +2%)

Noah Finkelstein, UFRJ, 10-Nov-2016 13



11/19/16

modeling
education and learning

Trad’l| Model of Education

Instruction via

tl‘ . . . .
a,,sblllltvldwmual ransmission Content (e.g. circuits)
Sioh:,

‘r

|-

Noah Finkelstein, UFRJ, 10-Nov-2016 14
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Built in to our classes?

Education?

Enculturation,
socialization of individuals into a cultural system
ways of walking, talking and squawking...

Not: simply the transfer of information

Noah Finkelstein, UFRJ, 10-Nov-2016 15



11/19/16

Many (research-validated)
curricular innovations
i PHYSICS
g BY INQUIRY

B UST-IN-TIME
g TEACHING:

Blending Active Learning
with Web Technology

Teach by actively engaging
students...
based on what they know . . .

Noah Finkelstein, UFRJ, 10-Nov-2016 16
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Engagement Improves Learning
traditional lecture  interactive engagement

<g>= post-pre

100-pre

@ =
B w1

=
[®)

Fraction of Courses

0.2

|
b |||DHLDHDHHHH r

0.08 0.14 0.20 0.26 0.32 0.38 0.44 0.50 0.56 0.62 0.68
learning gain

R. Hake, ”...A six-thousand-student survey...” AJP 66, 64-74 (‘98).
Pollock & Finkelstein, Physical Review, 4, 010101 (2008).

“If the experiments analyzed here had been conducted
as randomized controlled trials of medical interventions,
they may have been stopped for benefit” -Freeman, PNAS 2014

Active learning increases student performance in science,
engineering, and mathematics

b
, Sarah L. Eddy’, Miles McDonough’, Michelle K. Smith”, Nnadozie Okoroafor”,
nd Mary Pat Wenderoth”

Noah Finkelstein, UFRJ, 10-Nov-2016 17



examining the how and the why...

Sure it works in practice,

focusing on context

but does it work in theory?

Foregrounding Context in PER

Artifact

a. Individ’l

b. Course

c. Depart’l

i. Tools

Representation
Analogy
PhET

Sims in Class
Clickers in Class
Using Reps & Analogy

Faculty use of PER
Frameworks of change

Noah Finkelstein, UFRJ, 10-Nov-2016

ii. Practices

Tch to Lrn Physics
Labs
Talking Physics

Course Redesign
Clicker Use
Tutorials

TA, PD, Fac Dvmt
Community Partnr

iii. Norms

Class (beliefs)
Interp in QM

Tutorial Adaptation
Tchng Interpret.
Gender intervention

Dept’'l norms
Partnership in Phys
Inclusion

11/19/16
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Sample applications

Artifact
i. Tools ii. Practices iii. Norms

a. Individ'l
Identity & Belong

Transforming Courses:

b. Course e e
lower division to upper division

Creating & Studying New

c. Depart'l Classroom Models

With M. Dubson, D. Lieberman, J. Olsen, E. Johnsen
witllyitk SPSIBER, ROPELKies, FehaswdivalisskbtBuzWielpc

Sample applications

Artifact
i. Tools ii. Practices iii. Norms

a. Individ'l

Transforming Courses:
lower division to upper division

b. Course

c. Depart'l

With SPollock, K. Perkins, H. Lewendowski, B. Zwickl

Noah Finkelstein, UFRJ, 10-Nov-2016 19
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Embedded Context(s)

Frames of Context

Departmental Level

Course (Physics I)

'’

Class activity (Tutorial)

|

Task (2-D drawing)

Finkelstein, N. (2005). Int. J. Science Education.

modest reframing of class
fools and context

Noah Finkelstein, UFRJ, 10-Nov-2016 20
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Course transformation using
Backwards Design

What should What are
students students
Consensus learn? learning?

learning
Conceptual

Assessments

Which instructional Studer.1t
approaches Reasoning

Evidence- Peer instructiOpiELAAAds
Lecture activitie student

ing?
based Recitation -Iearnlng.

Instruction  FET
Homework

Practices

SEI, C. Wieman et al, www.colorado.edu/sei

U. Washington Tutorials
50 min/wk, 30 students, 1 grad TA
+ undergrad Learning Assistant

_ Phys lecture
O I-N o lY"AN 300-1200 students Text

3 lectures/wk trad or PER
based

Interactive Lectures
Peer Instruction,
pers. resp. system

Noah Finkelstein, UFRJ, 10-Nov-2016 21
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Tutorials in Introductory Physics

Reconceptualize Recitation Sections
» Materials
* Classroom format / interaction
* Instructional Role

Proven Curricula

D.E. Trowbridge and L. C. McDermott, "Investigation of student understanding of the concept
of acceleration in one dimension," Am. J. Phys. 49 (3), 242 (1981).

D.E. Trowbridge and L. C. McDermott, "Investigation of student understanding of the concept
of velocity in one dimension," Am. J. Phys. 48 (12), 1020 (1980)

R.A. Lawson and L.C. McDermott, "Student understanding of the work-energy and impulse-
momentum theorems," Am. J. Phys. 55 (9), 811 (1987)

L.C. McDermott and P.S. Shaffer, "Research as a guide for curriculum development: An
example from introductory electricity, Part I: Investigation of student understanding." Am.
J. Phys. 60 (11),994 (1992); Erratum to Part I, Am. J. Phys. 61 (1), 81 (1993).

P.S. Shaffer and L.C. McDermott, "Research as a guide for curriculum development: An
example from introductory electricity, Part II: Design of instructional strategies." Am. J.
Phys. 60 (11), 1003 (1992)

L.C.McDermott, P.S. Shaffer and M. Somers, "Research as a guide for curriculum
development: An illustration in the context of the Atwood's machine," Am. J. Phys.62 (1)
46-55 (1994).

More: see htt rw.phys.washington.edu/groups/peg/pubsa.html

Noah Finkelstein, UFRJ, 10-Nov-2016 22



Tutorial Materials

Hands-on, Inquiry-based, Guided, Research-based

Assignment 11M:
Buoyancy

Name

Tutorial section,

. Three objects are at rest in three beakers of water as shown.

a. Compare the mass, volume, and density of the objects to the mass, volume, and density of the displaced

water. Explain your reasoning in each case.

Object floats on top

[

Object floats as shown

[

Object sinks

Exnlain

>
Is Mipject < Misplaced water?

>
Is Mobject < Misplaced water?

Exnlain

>
Is Mgpject < Misplaced waler?

Exnlain

Trad'l Recitation vs

L SR Cr'T
| =

Tﬁﬁf@m :ﬁ
fnnk sl E:E

Noah Finkelstein, UFRJ, 10-Nov-2016

Tutorial

GZ@_E}ZE

11/19/16
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Experiential Learning Model for STEM Education,
Faculty Development, and Teacher Preparation

COLORADO
| LEARNING
ASSISTANT
MODEL

UNIVERSITY OF COLORADO BOULDER

Valerie Otero

V. Otero, N.D. Finkelstein, S.J. Pollock and R. McCray (2006). Science, 313, 445

Courses Transformed using

Noah Finkelstein, UFRJ, 10-Nov-2016 24



Impact and Reproducibility

Newton & Force diagrams Newton Il Combine Newton's

constraints Laws

UW - No Tut

Trowbridge and McDermott," Am. J. Phys. 49 (3),242 (1981).
Finkelstein and Pollock, (2005). Phys Rev ST PER, 1,1.010101

Engagement in Learning

traditional lecture  interactive engagement

0.6

=
3]

o
N

<g>= post-pre
100-pre

CU-IE&

Fraction of Courses

o
N

trad recitations CU-IE &

/ Tutorials
222 //,///{/// 722777

OIII llIIIIIIIII

0.08 0.14 0.20 0.26 0.32 0.38 0.44 0.50 0.56 0.62 0.68

£d
lealmn0 gain

=
W

R. Hake, ”...A six-thousand-student survey.. > AJP66, 64-74 (°98).
Pollock & Finkelstein, Physical Review, 4, ()101()1 (2008).

Noah Finkelstein, UFRJ, 10-Nov-2016
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Lasting Impacts
Longitudinal Studies

How Junior level E&M fair on BEMA?

[ No Tutorials

©
©

°
o

I
N

o
]

o
IS

average BEMA score
o
(o)}

e
w

o
[N]

Fa04-Fa05 Sp06- Sp07

After completing Jr Level E/M (3310 or 3320)
Only students who took Phys 2 (1120) without Tutorials

Noah Finkelstein, UFRJ, 10-Nov-2016 26



average BEMA score

Impact of Tutorials

[0 No Tutorials M Tutorials

Fa04-Fa05 Sp06- Sp07

bins: students who had taken

Freshman physics (1120) with Tutorials (~2 years prior)

Impact of LA experience

0.9

0.8

average BEMA score

[ONo Tutorials M Tutorials [Jhad been an LA

(32)

(33

+.1

) L

Fa04-Fa05 Sp06- Sp07

Beige: students who had been 1120 LAs

Noah Finkelstein, UFRJ, 10-Nov-2016
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Modern Physics
'COURSE MATERIALS X

Modern Physics Course Materials
Please contac Charleg . h
updated

Jassical Mechanics/ Ma
TRANSFORMED COURSE MATERIALS =4 S -
DEPARTMENT OF PHYSICS

Are you using t
these course materia
these materials, plea
aluable feedback wi
v i

Home  About the Course

INIWIURY Upper-Division Electr

TRANSFORMED COURSE MATERIALS'

Modern Physics| AtCU Soulder, we are wd
introductory physiq our Classical Mechanics |

These course matel

Classical Mechanics /Mat
sequence. Contentcover \N@|CcOMeE
mechanics courses; this ¢

On this site, youwill ind AT€ YOU using these mate]
use what you like - wew  Materials for your own elect
sources whenever possib  out a short survey (~ 5 min.)]

where and how these materi JVNRNUNNRRSIN

i About this site

Welcome
The Physics Education Reseal
a number of resources for re
provides access to those resc please fill outa short survey (~ 5 mi

help us understand where and how

EQM1 | is the first course in ¢ improved

About this site

The Physics Education Research gro
developed a number of resources fc
This website provides access to tho:
upper-division quantum mechanics

On this site, you willfind a number
use what you like - we would like to
Sources whenever possible.

We ask for your cooperation in not

per.colorado.edu

Search Modern physics Materiais

Are you using these materials? Please contact us if you plan to use all or part of these
course materials for your own quantum course. If you have already used these materials,  University of Colorado

(U RN L SEEBEEEE, Home  About the Course  Learning Goals  Students’ Challenges  Browse Materials ~ Associated Research  Download Al Materials

Upper-Division Qi

TRANSFORMED COURSE MATERIALS

Learning Goals ~ Students’ Challenges ~Browse Materials  Associated Research  Download All Materials

Contact

Prof. Steven Pollack

Physics

ADVANCED LAB: COURSE MATERIALS

Physics 3340/4430, Advanced Lab, covers aspects of experimental optics (Gaussian beams, polarization,

diffraction, Fourier optics, i Y Pphysics (scanning tunneling microscopy, NMR,

PP The course ignif emphasis on ing, testing, i
‘models; experimental design; icati i i and data
analysis (using Mathematica).

To access the materials
please visit our course archive page at
http: colorad: i 3340/

About the Transformation:

We transformed senior-level Advanced Lab using:

|dentity &

i. Tools

Artifact

a. Individ'l

b. Course

c. Depart'l

Belonging

ii. Practices

Identity & Belonging
in STEM Education

with Kost-Smith (2011), Ito, Cohen, Miyake, Stout, Lewis, Pollock

NSF 0448176, CAREER: Physics Education

Noah Finkelstein, UFRJ, 10-Nov-2016

of Student Learning.

11/19/16

28



Physics Identity

| feel like | could be a good physicist.

W Females m Males

p <0.001

% of Students

Disagree Neutral

Sense of Physics Identity

Jane G. Stout,! Tiffany A. Ito,! Lauren E. Kost-Smith,2 Geoff L. Cohen,? Noah D. Finkelstein,!
Akira Miyake,! & Steven J. Pollock?!

1 University of Colorado Boulder 2 Northwestern University 3 Stanford University

“The way a person understands and
views himself, and is viewed by
others” 1

“who they think they are ...
and who they want to be.” 2

1J. Lave & E. Wenger, Situated Learning, 1991.
2 N.W. Brickhouse, et. al. J. Res. Sci. Teach. 37, 441 (2000).

Noah Finkelstein, UFRJ, 10-Nov-2016
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Physics Self-Efficacy

Physics makes me feel uneasy.

m Females mMales

p <0.001

% of Students

Neutral Disagree

Experimental Design

« 2 X 2 randomized design:
— gender (M,F) X condition (affirmation, control)

« Administer affirmation exercise 2 times

Week 1 Week 4 Rest of the
Recitation Online HW Semester

FMCE Affirmation Exam 2
Exercise Exam 3
~15 minutes FMCE Posttest

Final

Affirmation
Exercise
~15 minutes

Noah Finkelstein, UFRJ, 10-Nov-2016
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Affirmation Impact

Mean End-of-Semester FMCE Score (%) ®

Control Values Affirmation

Values Affirmation Condition

Miyake, Kost, et al, Science Dec 2010

Affirmation Impact: Grades

M Control

OValues Affirmation

% of students

Miyake, Kost, et al, Science Dec 2010

Noah Finkelstein, UFRJ, 10-Nov-2016 31



Belonging and Participation

via structural equation modeling

Women's lower sense of belonging leads to lower self-efficacy and intentions to pursue STEM in the future

S5 7EHe Intentions to
Gender —>|{ Sense of Belonging Pursue STEM in the
Future
-.089* l637"*"
e
195 ol
**5<.01
Self-efficacy EpILT

Jane G. Stout,! Tiffany A. Ito,* Lauren E. Kost-Smith,? Geoff L. Cohen,? Noah D. Finkelstein,*
Akira Miyake,! & Steven J. Pollock?

1 University of Colorado Boulder 2 Northwestern University 3 Stanford University

Survey of Physics 1

Lewis (in revie

Noah Finkelstein, UFRJ, 10-Nov-2016

11/19/16

32



11/19/16

Sample applications

Artifact
i. Tools ii. Practices iii. Norms

a. Individ'l

b. Course

Creating & Studying New

c. Depart'l Classroom Models

With M. Dubson, D. Lieberman, J. Olsen, E. Johnsen

NSF 0448176, CAREER: Physics Education and Contexts of Student Learning. I:{>

Affordances of MOOCs and humans:

A STUDY COMPARING IN-PERSON AND MOOC
INSTRUCTION IN PHYSICS 1

Noah Finkelstein, Michael Dubson, David Lieberman,
Katherine Goodman, Edmond Johnsen, and Jack Olsen

Noah Finkelstein, UFRJ, 10-Nov-2016 33
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Traditional

Department of Physics
UNIVERSITY OF COLORADO BOULDER

A traditional brick-and-mortar Physics 1 for
Physical Science Majors (PHYS 1110)

+ 3 lectures + 1 small workgroup per week

+ Introductory mechanics concepts

* Peer Instruction & Tutorials

+ Large enrollment numbers (~800 students)

Residential

' V‘ The: Gol%Shir# ong\m;n
e 9 sty 8w

High enrollment (~16,000 students) Engineering Exploration Through Physics (GEEN

Paralleling the on campus course of same 1010) for underrepresented or underprepared

name (making them directly compamme] students. ‘Bridging’ program is characterized by:
" * Small enrollment numbers (~30 students

g2 ?f 15.Weeks, JEEsE F'r.'al * Residential-based environment

Online videos, homework, assignments, ...

= 3 in-class sessions, lectures assigned as
Replace Tutorials with Discussions homework, 2 hours per week in lab

Pre-/Post-FMCE Averages

Comparing Average FMCE Scores (%) for the Different Environments

100.00

80.00
60.00
40.00
20.00

0.00

MOOC Certificate  MOOCAIlFMCE  PHYS 1110 FA12 PHYS 1110 FA13 GEEN 1010 FA13

Average FMCE Score (%)

B Average Post-FMCE Thornton Scoring

Noah Finkelstein, UFRJ, 10-Nov-2016 34
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Pre-/Post-FMCE Averages

Comparing Average FMCE Scores (%) for the Different Environments

100.00
80.00 +

60.00 +
40.00

20.00 {
0.00

MOOC Certificate  MOOCAIIFMCE PHYS 1110 FA12 PHYS 1110 FA13 GEEN 1010 FA13

Average FMCE Score (%)

@ Average Pre-FMCE Thornton Scoring @ Average Post-FMCE Thornton Scoring

We know a great deal about:
Student reasoning in STEM
Student practices

Faculty use of tools practices and norms
Course tools, practices, norms
Departmental tools, practices, norms
Institutional tools, practices, norms

Noah Finkelstein, UFRJ, 10-Nov-2016 35
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I’m Proud that
Physics identifies with PER
and education

| Omn iaundrzﬁzUt (Zungrzs

| of the
MAnited States of America
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I’m Proud that
Physics identifies with PER
and education

ADAPTING TO A
CHANGING WORLD—

CHALLENGES AND OPPORTUNITIES IN
UNDERGRADUATE PHYSICS EDUCATION
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We are the ones involved

where it matters most
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Much more at: per.colorado .edu
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