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Who has heard this advice?

The most common-and-very-worst-way to solicit questions is
to look at the class and say, "Any questions?" or the

truncated "Questions?" or "Ok?" or "Is that clear?" These
often have a deadening effect, as if you are really just
pausing, or asking just pro forma. Whether or not you intend
it, the subtext can be "You shouldn't have questions." Try out
a variety of other formulations: "I'm sure at this point you'll
have some questions, so let me try to answer them." "This is
a complex point, so please ask me questions about it." Or an
other formulation that indicates you are actually interested in

answering student questions.

Does this work?

Does it support those from traditionally
underrepresented groups?

L 2o Glynda Hull,
4 Director UC Berkeley CTL
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We focus on women as a group traditionally underrepresented in
physics (and STEM more broadly)

Percent of Physics Bachelor's Earned by Women,
Classes of 1976 to 2020
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Overview of our study:
Look at the same course over two different years

2019: used
whatever prompt
came to mind

Use vocal
characteristics to

3 dec Count the number
recordings of the of solicitations

class. and questions disaggregate by

2020: consciously gender
followed the

script “What 360

questions do you eCh®
have © Audio quality prevents us

from knowing the content
of the question.
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Outline

= Basics of the Introductory Physics for Life Sciences II (IPLS-II)
course in which this work was done.
- Demographics.
- Content.
« Authenticity.

= Why asking questions is important & why students may be
reluctant to ask them.

= Does changing the solicitation enhance equity in such a course?
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First some context

THE COURSE AND AUTHENTICITY
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Fundamentals
Basic Stats

Second in a sequence.

eRequired
eNot in major

Two sections of ~300 students each.

Opt-In Team-Based

eAbout 60% choose to join intentionally diverse
teams of four.

*CATME for team making and peer evaluation.

1 instructor (mel!).

o2 Graduate TAs.
¢4 Undergraduate TAs.

Separate lab

Flipped Model

Reading

*An open-access free-to-students textbook.
eBuilt in partnership with an undergraduate
major

Homework

eProblems to ensure preparation mastery.
eFormative.

Class Problems

eiClickers.
*Mini whiteboards.
eUltimately conclude with a motivating context.

Exam

eProctored but electronically administered via
Moodle.
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Demographics of course

- Ethnicity
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Content for the course

Official Description

Basic principles of physics
illustrated by example and
demonstration, whenever
possible, from the biological
sciences, with lab. Topics:
electricity, magnetism,
radiation, optics, quantum
theory, atomic structure,
nuclear physics.

What concept(s), which my
students will see as relevant,
connect these ideas?

PHYSICS 132:
WHAT 16 AN ELECTRON?
WHAT 16 LIGHT?

Editors: Brokk K Toggerson and Emily Hansen

Five Quantum Mechanics

Units
Geometric Optics
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What is an electron? What is light?
Essential Questions - Topics

of light and electrons?

eQuantum theory.
eAtomic structure.

LWhat is the fundamental nature J

Basic principles of physics
illustrated by example and
demonstration, whenever
possible, from the biological
sciences, with lab. Topics:
electricitys<magnetism,

|I\ﬁ:

How do changes in material impact the motion of
light and electrons?

eGeometric optics.

‘ How does having charge impact electron behavior? J

eElectric fields.
sElectric potential.

nuclear physi
together?

oCircuits.

LWhat is the impact of many electrons moving J

Once we have topics,
we can define
authentic motivating e

contexts eElectrodynamics.

When we say that light is a wave, what is doing the
waving?
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What is an authentic motivating context?

An authentically interdisciplinary problem
(biological or chemical in our case), towards
which a unit builds. The context is introduced
early and referred to often in the unit.

Biology vs. physics epistemology:
“Biology faculty prefer to discuss
real specific systems - cells,
organisms, ecosystems - and
most examples require
appreciating a great deal of
realistic detail, even in
introductory classes.”

- E.F. Redish et al, Am. J. Phys.
82, 368 (2014).

)

Essential questions: as “open-
ended,” “thought provoking and
intellectually engaging,” which
“recur over time” and “call for
higher-order thinking”

- J. McTighe and G. Wiggins,
Essential Questions: Opening
Doors to Student Understanding

(ASCD, 2013).

“examples in which fundamental
physics contributes significantly
to understanding a biological
system to make explicit the value
of physics to the life sciences.
This requires selecting the course
content to reflect the topics most
relevant to biology while
maintaining the fundamental
disciplinary structure of physics.”

- C.H. Crouch and K. Heller,
American Journal of Physics 82,
378 (2014).
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What do we mean by authenticity?

By biologically authentic applications, we mean those that use tools —such as concepts,
equations, or physical tools —in ways and for purposes that reflect how the discipline of
biology builds, organizes, and assesses knowledge about the world. We note that it is not
only the perspective of the disciplinary expert that matters here; the student’s perception of
biological authenticity matters as well. When they perceive physics as valuable to their
understanding of biology and chemistry, their engagement in-creases dramatically.

E.F. Redish et al, Am. J. Phys. 82, 368 (2014).

34.33 - BID The Cornea As a Simple Lens. The cornea behaves You Try — Farsightedness (hyperopia)

: : : Last time, you determined the focal length of a
as a thin lens of focal length approximately 1.8 cm, although this | <22 e e was 21 .0mm. This is for the eye
varies a bit. The material of which it is made has an index of [ atrestandlooking infinitely far away.

refraction of 1.38, and its front surface is convex, with a radius of a) For someone with “perfect” vision, the
closest they can see Sthe near point) is

curvature of 5.0 mm. (a) If this focal length is in air, what is the about 250mm (25cm). What focal length of
. . the eye is needed to see this distance if the
radius of curvature of the back side of the cornea? (b) The closest eye is 21.9mm across? This is the shortest

. . . . focal length your eye can attain.
distance at which a typical person can focus on an object (called
the near point) is about 25 c¢m, although this varies considerably | P) Whatif your eye was only 21.1mm across

i Where would the image be, relative to the

with age. Where would the cornea focus the image of an 8.0-mm- . ,{jst'u“ni;niilj';9°n‘f§ai§;d%i:§,;§§t‘}it§%°%";t?h
tall object at the near point? (c) What is the height of the image in g Toma S Ear Gt Wosld you mbed o ba'eo

be able to see?

part (b)? Is this image real or virtual? Is it erect or inverted? (Note:
The results obtained here are not strictly accurate because, on one
side, the cornea has a fluid with a refractive index different from
that of air.)

[1] Updated information used throughout these slides from

Hugh D. Young and Rodger A. Freedman, Sears and Zemansky’s University Physics with
Modern Physics, 13th ed. (Addison-Wesley, San Fransisco, 2012). pp. 1156.
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Developing authentic

L = Some are obvious
motivating contexts |

{What is the fundamental nature of light and J )
electrons? N\
eQuantum theory. e’ BN Water-filed
eAtomic structure.
Epithelium
How do changes in material impact the motion of
light and electrons?
E : : o > 2 57 Pigmented
«Geometric optics. %{gﬁi,ﬁr layer
. - (retina)
How does having charge impact electron Optenerve
\behavior?
ETectc felde. = QOthers... a little more

eElectric potential.

complex (particularly for an
[What is the impact of many electrons moving J ex-particle physicist ©)
|

together? ]
cgt Even the obvious ones, a lot
of research is required to
[When we say that light is a wave, what is doing J achieve authenticity.

the waving?
«Magnetism. - Want the language and

*Electrodynamics. values to be correct!

B. Toggerson — UMass Amherst Physics — http://physedgroup.umasscreate.net — MHC Physics Seminar — 8 November 2022


http://physedgroup.umasscreate.net/

—[ Going week-by-week through the material. }—

eHelps see the exact content.
eExplain it to each other.

Developing motivating contexts

Leiaan T_extboo_ks on eLook for connections.
siormaton. 1 bIOthSICS eAlign material so that the order makes sense.
oE.g. do acids in bases in Chemistry before they get to the content
in Biology.

—[ Understand differences in disciplinary language and variables. J—

eVariables
eMath: uses the same set x,y,z,t,a,b,c and tends to avoid subscripts.

Chemistry
eChemistry and Physics: love our subscripts!
Integ rated oE.g. 1st Law of Thermodynamics:
Introducto ry Physcs n Eiology ePhysics is typically the work done by the system: AE = Q — W.
|_|fe Science eChemistry is interested in the work done on the system > AE =Q + W.
; eC - C = C bond
Educatlog S ePhysics: a delocalized electron
Group (I°LSE) «Chemistry: a conjugated m-bond
[ Understand differences in values. }
On_the_g rou nd ¢A physics toy model may be off 20% and we consider that “pretty
|eCtu rers from . good.” Biologists recoil at that (such a difference turns a carrot

from orange to violet!).

» Calculus for Life-Science I eChemistry texts tend to have formulas for hydrogen spectra and

o Introductory Biology I photoelectric effect. Physicists, see them as applications of

. General Chemistry I conservation of energy.

« Organic Chemistry II — | Watch each other teach. —
e JIPLST&II eSee how the principles are used in class.

eLearn new techniques for teaching large courses.
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My motivating contexts:

[What is the fundamental nature of light and electrons? J

Why does chemistry work?
We know electrons in atoms exist in discrete energy levels, why?
Can we predict the molecular orbital shapes and transitions for some long carbon chains?

[How do changes in material impact the motion of light and electrons? J

How did the eye evolve? How do eyes earlier in evolutionary history work?
How does the human eye work?
How do classes correct vision?

[How does having charge impact electron behavior? }

How does the presence of a surrounding material impact electrical forces?

Gel electrophoresis and membrane potentials: both of these biological concepts center around the idea of “voltage.”
What is “voltage?”

How voltage related to the ideas of force and energy we discussed in 131?

[What is the impact of many electrons moving together? J

The neuron: how can we model it as an electrical circuit?
What can we learn about the biology by looking at a neuron from this perspective?

When we say that light is a wave, what is doing the waving?
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Why does chemistry work?
We know electrons in atoms exist in discrete energy levels, why?

Can we predict the molecular orbital shapes and HOMO to LUMO
transitions for some long carbon chains?

EXAMPLE

B. Toggerson — UMass Amherst Physics — http://physedgroup.umasscreate.net — MHC Physics Seminar — 8 November 2022


http://physedgroup.umasscreate.net/

Ultimate Goal H H

= |1,3-butadine has 3 conjugated carbon-carbon é &33?_'nm
bonds. H” \\(\/ Nalt 1-3 butadine
o Thgredare four electrons in so-called < Il I; instead of usual
-bonds. 0.56 nm ;
« These electrons are delocalized H H SRl
. TEe_y are free to move the length of the C=C-C=C E
chain.

= They are in a box!!!!
+ C-Cbond is 0.139 nm
« Electrons can go past the C’s on the ends — Ty
« Boxis L =3(0.139nm) + 0.139 nm = 0.56 nm

- (Sin_ce I can C||3ut 'tW% elec)trons in edach state
spin-up and spin-down) n=1 and n = 2 are —A\7
populated LUMO 3

e n=2isthe HOMO
(highest occupied molecular orbital)

- n=3isthe LUMO
(lowest unoccupied molecular orbital)

Questions
a) Draw molecular orbital for the HOMO. HOMO _l+ Ty
b) What wavelength photons will be

emitted as a HOMO electron jumps to

the LUMO? {'f- T
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H d tart? Reviews 8. Review from Chemistry of
Ow do we slar : calculating Application of Conservation of

emission lines

Readings In custom from hydrogen Energy to Photons and Atoms

free and open web-book

http://openbooks.library.umass.edu/toggerson-132/ ‘ In your general chemistry courses, you already

2In
I Bioloay chemistry, you did this in the context of looking

Thinking about Atomic Transitions from a Physics - . at atomic transitions. In this chapter, you will re-
view the ideas from chemistry, and then be ex-

Perspect ive Malhematies posed to some differences in how we will treat

this same situation in a physics course. The rea-
sons for the differences are three-fold. First, as
escribed elsewhere in this book, each scientific discipline grew with its own his-
ry and conventions. The second reason for a different perspective is that the
ew taken by

In chemistry, the starting point for the anzalysis was generally

AE=1*%

The third, and arguably most important reason, mirrors the motivation for

or if, you were looking at the hydrogen atom specifically,
AFE = —Rhe (_1, - _1,).
ﬂ‘]« iy

Moreover, when solving the problem, you would probably just consiier the absolute value of
the change in energy and then figure out emission or absorptio

How would we look at this same problem in physics? IRphySicsivelikeiostartwithfundas)

nd then apply definitions as described in Unit | On-

A-Page: Principles and Definitions . . .
|[EnSIgyAE = @V; this basic idea will, therefore be our starting point. To see how this e and Particle Natures of quht ";!I]the Context o
works in practit, let's look at an example, the » = 6 — n = 2 transition discussed in the video. Hydrogen Atom from Chemistry"

Thinking about Atomic Transitions from a Physics
Perspective

Taken
directly from
OpenStax
Chemistry
2e for
authenticity.

iew of Connecting Conservation of Energy to the +

+
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How do we get there? More traditional problems too!

Rank these particles by their speed. Ties are possible. (Enter Compton Scattering ‘,\ f
Enter your answer as follows: if you want to say Text and
(A=B)>C>D>E, write A=BCDE. Press Compton scattering is when a photon bounces off an electron as
For E > (A =C = D) > B write EA=C=DB. | SEE) shown in the diagram below. This is one of the most common
Graph A-Electon \ Graph 8- Elecron . Graph C - Proton interactions between photons and electrons. High energy photons, as

in this example, have important uses in radiobiology.

In this example the incoming photon has an energy of 1MeV and the
o 2 4« & 8 w0 w o 2 ¢ & 8 10 u electron is initially at rest. The electron leaves with a (kinetic) energy
) * of 0.208MeV. What is the wavelength of the outgoing photon?

A ] : Hint: Don't think of the photon as energy leaving the system!
s " L, 08 Vi
m www @ )

A T e s w4 iy L L E; = 1MeV
o 2

Join: vevo:

UMass, Amherst — Physics 55, Amherst - Physics

Applying the physics method of

g B problem solving to new situations

Which of these waves are permitted?

)
i : POLL
You may select as many as you think. J : ‘ i
Vote for up to 3 choices e | Graph A
1. GraphA , —
2 G /\/
.~ {GraphB
3. GraphC o e e e

Join: vevox.app ID: 185-200-010

IMass, Amherst - Physics
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Authentic motivating contexts can be challenging to create,
but are helpful to both students and instructors

Challenges

= Creating disciplinarily = Instructors
authentic examples requires - Help keeps focused on which
that the instructor gain some topics to cover € Doesn't help
mastery of the material. your context? Drop it!
. Not just the facts. « Disciplinary diversity provides a

natural segue into discussions on

- Must also learn some of the other forms of diversity and

- Language inclusion.
« Conventions

= Students
- Values

- Get a chance to be the experts in
the classroom.

« Feel more connected to the
material.

= This is challenging without
peer support.
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Anecdotal Support for Student Buy-In

uotes from an end-of-semester survey: "What are the three most valuable
things you learned in this course?”

= “How interconnected and important physics is- physics used to be seemingly useless
to me as a biology major, but after this course, the way in which is was modeled
taughtlme r|1co|w it is impossible to study biology without seeing the physics behind the
natural world”

= “Optics!!! Doing prescriptions was awesome.”

= “Learning about the ‘particle in a box’ idea was very valuable to me because I never
really understood the ‘HOMO’ and ‘LUMQ’ concepts concerning electrons in an atom.”

= “I learned how connected all science courses really are. We touched upon not only
chemistry and biology, but into the specifics of how things like dipoles and
electrophoresis really work.”

= “About neurons! I have always had trouble with neurons and through physics eyes it
makes more sense now.”
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2019: used
whatever prompt

came to mind

Use vocal

e characteristics to
o ducctions [ <=-cores=te by
2020: consciously gender
followed the —

script "“What
questions do you
have”

INCREASING EQUITY BY INVITATIONAL
PHRASING IN QUESTION SOLICITATION

With D. Frykenberg
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Why students asking questions matters

Percentage of Students

B. Toggerson — UMass Amherst Physics —

40%
35%
30%
25%

20%
15%
10%
w ol I
0%
0\0

N S

v R > ° A D b N
A ? 2 c? 6‘ @ ‘9 N
Score Range

Post-test Chemistry Concept
Reasoning Scores:
Vocal vs. Silent Students

Difference significant
at p = 0.005

C. A. Obenland, A. H. Munson, and J. S. Hutchinson, Silent and Vocal Students in a
Large Active Learning Chemistry Classroom: Comparison of Performance and
Motivational Factors, Chemistry Education Research and Practice 14, 73 (2013).

I_._

Other reasons

ml Benefits to the student asking

¢ Aid their own learning as well as that of their
peers
(Chin & Osborne, 2008; Nadile et al.,

e Increased motivation
(Almeida, 2012; Chin & Osborne, 2008;
Gasiewski et al., 2012).

e Improved study habits and reduced test
anxiety.

(Aflalo, 2021; Harper et al.,

2021).

2003).

= Pcer benefits

e Often harbor the same questions,

e Gain new perspectives from questions they
did not previously consider.

e Increased engagement
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Why don’t students ask questions then?

Factors that discourage students from asking
questions in large-enrollment college science
courses

% (n)
(N = 361)

Summary of significant demographic differences
in which students selected each factor

I feel anxious when I ask questions.

72.3% (261)

Women and students with high fear of negative
evaluation (FNE) were more likely to select this
reason.

I worry others will judge me.

62.0% (224)

Students with high FNE were more likely to select
this reason.

I have the option of asking my questions to other
students during class.

57.3% (207)

I can look up the answer to my question myself.

56.8% (205)

I don’t know the material well enough to ask a
good question.

53.1% (192)

Women, and students with high FNE were more
likely to select this reason.

T have the option of asking the instructor my
question outside of class.

50.7% (183)

Students with higher GPAs were more likely to
select this reason.

It would take away from other students’ class
time.

32.4% (117)

Another student will likely ask my question.

23.6% (85)

Students with high FNE were more likely to select
this reason.

I don’t think I will get a detailed enough answer
to my question during class due to limited time.

21.7% (78)

Latinx students were more likely to select this
reason compared to white students.

Logistic regression was used to test to what extent student demographics predict whether a student would select a
particular factor for why they are discouraged from asking questions in large-enrollment college science courses. The
results of all regressions are reported in the S1 Appendix. All significant findings are summarized in the last column
of the table. If a box on the table is left blank, no significant demographic differences were found based on the

demographic variables that we tested. We only included students in these analyses who reported, on average, never

asking questions in large-enrollment college science courses or asking only 1-2 questions, on average (n = 361). Four

students reported that none of the factors applied to them.

https://doi.org/10.1371/journal.pone.0243731.t003

80+
Females Enrolled In Class

70+ M Questions asked by Females

60 - . I
.50
=
@
© 40
@

30-

20—

I N |

0-—— | | A A | | | i
Individual Classes Avg.

Fraction of female-
identifying students
and questions in
intro-biology

S. L. Eddy, S. E. Brownell, and M. P.

Wenderoth, Gender Gaps in Achievement
and Participation in Multiple Introductory
Biology Classrooms, LSE 13, 478 (2014).
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Using Vocal Characteristics to Identify Gender ldentity

Il Cisgender women

Fundamental frequency 260 B Transgender women
d=3.8%** 240+ ’
300~
d=3.5%** 220+
250- 5
0.0 200-
~~
godods = ° I
g 200+ r%‘s s L 1804
°°8o T 160
=] - [
~ 150+ 050 3
OO o 0o 5 )
e 140
le) (o]
100+ 09805 i
120 -
50— = - 100 . ;
1ISswomen ansmen iIsmen i
Cisgender Transgender
women women
Hodges-Simeon, Carolyn R., et al. “Testosterone Therapy Masculinizes Speech and Schwarz, Karine, et al, “Perceptual-Auditory and Acoustical Analysis of the Voices of
Gender Presentation myTransgender Men.” Scientific Re%(l)rts vol. 11, o, 1, Feb. Transgender Women. JO.Ur”a/pOf Voice, vol. 32, no. 5, Sept. 2018, pp. 602-08
2021, p. 3494. www.nature.com, https://doi.org/10. 1038/s41598 2021-82134-2. ScienceDirect, https://doi.org/10.1016/j.jvoice.2017.07.003.

B. Toggerson — UMass Amherst Physics — http://physedgroup.umasscreate.net — MHC Physics Seminar — 8 November 2


http://physedgroup.umasscreate.net/

Full results

Video # Topic T Topic/S Question Solicitahion Ti Taal M Taal F Totd Qu Diff %F
2019 Unit 1-D1-Jan 28 Double-dit doors with observer problem. 0:10:49 Topic Questions? I'm expecling quite a few_ 5 6 11 1 5455
2019 Unit 1-D1-Jan 28 Photon probability from light wave 0:34:48 Topic Questions on that? 0 1 1 1 10000
2019 Unit1-D3-Feb1 Miooscopic view of virus 01908 Topic Questions on this process? 2 0 2 2 000
2019 Unit1-D3-Feb 1 Miooscopic view of virns 0:26:15 Topic Questions on the photon part of this? 3 1 4 2 25.00
2019 Unit1-D3-Feb1 Hechon frequency 0:40:26 Topic Questions on this ane? 1 0 1 1 000
2019 Unit1-D4-Feb 4 Gravitaiona impart on pholons 0:41:55 Topic Questions on this? 2 0 2 2 000
2019 Unit1-D6-Fcb 8 of Energy Problem” dedron enargy levds in anm. 0:27:53 Sequence Any other questions? 1 0 1 1 000
2019 Unit1-D6-Fcb 8 of Energy Problem” dedron enargy levds in anm. 0:28:30 Sequence Any other questions? 0 2 2 2 10000
2019 Unit1-D6-Feb & Conservaion of Energy Problem: Phatnelediric effect 0:38:24 Topic Questions on this one? 3 1 4 2 25.00
2019 Unit1 -D7-Feb 11 Hlechron in abax 0:16:47 Topic Questions on this? 1 0 1 1 000
2019 Umit1-D7-Feb 11 Hlechon in abax 0:41:37 Topic Questions on that? 1 0 1 1 000
2019 Unit1-D8-Feb 13 Pink Sheet Group pink shedt answer seleion 0:28:22 Topic Questions on that? 0 1 1 1 10000
2019 Unit1-D9-Feb 15 Exam debrief dectron in abox 0:26:16 Topic Any questions on this one? 1 1 2 0 50.00
2019 Unit1-D10-Feb 19 Snells Law: Total Internal R eflection Demonsiration 0:26:50 Topic Questions on this? 0 1 1 1 10000
2019 Unit1-D10-Feb 19 Sadl’s Law: TIR Ulirasound 0:36:22 Topic Questions on this? 2 0 2 2 000
2019 Unit2 -D1-Feb 20 Ranking indicies of refracfion 0:15:17 Topic Questions on this one? 2 2 4 0 50.00
2019 Unit2 -D2-Feb 22 Ray d&agram for convex mitror 0:24:58 Topic Questions on the process? 1] 1 1 1 100.00
2019 Unit2 -D2-Feb 22 Ray diagram for convex mimor 0:30:03 Topic Questions up o here? 3 1 4 2 25.00
2019 Unit2 -D4-Feb 27 Ray diagram for a converging lens 0:14:55 Topic Questions on the ray diagram part? 1 0 1 1 000
2019 Unit2 -D4-Feb 27 Ray diagram for a converging lens 0:16:39 Sequence Any other questions about the diagram? 1 0 1 1 000
2019 Unit 2 - D5 - March 1 A ray & fara ing lens 0:12:24 Topic OQuestions on this one? 1 1 2 0 50.00
2020 Unit 1-D2 - Jan 24 Arbitrary Dimness Possible? Lead into Double Skt 0:36:12 Topic ‘What questions do you have about this? 1 0 1 1 000
2020 Unit 1-D3 - Jan 27 Double Skt with Observer 0:11:30 Sequence ‘What other questions do yall have about this? 0 6 6 6 10000
2020 Unit 1-D3 - Jan 27 Double Skt with Observer 0:17:56 Sequence ‘What other questions__? [Solicitalion breaks off as sindentis called on] 1 2 3 1 66.67
2020 Unit 1-D3 - Jan 27 Double Skt with Observer 0:27:42 Sequence ‘What other questions do you have? 1 5 6 4 83133
2020 Unit 1-D4 - Jan 29 Amplinde squared 0:39:00 Sequence “What other do youh sbout this one? 0 1 1 1 10000
2020 Unit 1-D4 - Jan 29 Amplinde squared 0:46:02 Topic ‘What questions do you have about this? 0 2 2 2 10000
2020 Unit1-D6-Feb3 Ranking the mergy of quaninm objecis 0:27:36 Topic “What questions do folks have up o there? 0 1 1 1 10000
2020 Unit1-D8-Feb 7 Introdadion to Photodedric Effect 0:13:53 Topic ‘What questions do you have about this? 1 2 3 1 66.67
2020 Unit1-D8-Feb 7 Phoioeleciric Effect 0:25:40 Topic ‘What questions do people have up to here? 0 2 2 2 10000
2020 Unit1-D8-Feb 7 Phoioeleciric Effect 0:26:49 Sequence ‘What other quesiions do folks have? 0 2 2 2 10000
2020 Unit1-D8-Feb 7 Compion Scaltering 0:28:12 Topic ‘What questions do you have up o here? 1 0 1 1 000
2020 Unit1-DE-Feb7 Phoiodlectric Effect 0:30:21 Topic “What questions dofolks have? 2 0 2 2 000
2020 Unit1-D9-Feb 10 Intodadion o Phoiodedric Effect 0:13:53 Topic ‘What questions do you have about this? 1 2 3 1 66.67
2020 Unit1-D9-Feb 10 Compion Scallering 02812 Topic ‘What questions do you have up o here? 1 0 1 1 000
2020 Unit1-D10-Feb 12 Smallest Possible Mioowave 0:31:48 Topic What hons do peopleh sbout this? 1 0 1 1 000
2020 Unit1-D10-Feb 12 Smallest Possible Mioowave 0:32:03 Sequence “What other questions? 0 1 1 1 10000
2020 Unit2 -D2-Feb 19 Pin-hale camera 01818 Topic ‘What questions do folks have shout this? 2 0 2 2 000
2020 Unit2 -D2-Feb 19 Comparing Penmies 0:21:32 Sequence "What other questions do folks have about this? 1 1 2 0 50.00
2020 Unit 2 -D4 -Feb24 Concave Mirmor Problem 0:19:33 Topic “What questions do folks have up o there? 0 1 1 1 10000
2020 Unit 2 -D4 -Feb 24 Concave Mirmor Problem 0:20:23 Sequence ‘What other questions do falks have on this part up to here? 0 1 1 1 10000
2020 Unit 2 -D4 -Feb 24 Concare Miror Problem 2 0:37:27 Topic ‘What questions do you have about this? 0 1 1 1 10000
2020 Unit 2 -D4 -Feb 24 Concare Miror Problem 2 0:41:53 Sequence ‘What other do folks h sbout this one? 0 1 1 1 10000
2020 Unit 2 -D4 -Feb 24 Concare Miror Problem 2 0:45:18 Topic ‘What last do folks h shout this? 0 1 1 1 10000
2020 Unit2 -D5 -Feb 26 Compound lens system 0:41:12 Sequence ‘What other quesiions do folks have? 1 1 2 0 50.00
2020 Unit2 -D6-Feb 28 Maore on Compound Syisiems 0:14:54 Topic ‘What questions do you have about that? 1 0 1 1 000
2020 Unit2 -D6-Feb 28 Farsighiedness 0:25:06 Topic ‘What questions do folks have shout this? 1 0 1 1 000
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2019 vs. 2020 Question Solicitations

2019

e "Questions on that?”
e "Questions on this?”

e "Questions on the photon part
of this?”

e "Questions on this one?”
e "Questions on this?”

2020

¢ "What questions do you have
about this?”

e “What questions do you have
about this?”

e “What questions do folks have
up to here?”

e "What questions to you have
about this?”

e "What questions do people
have up to here?”

I am consistent:
2019 = “"Questions?”

2020 = "What questions do you have?”
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Results

N of Questions from Average %F
NSolicitations Women (NWomen/NQuestions)

38.8%

Remember, the class is ~60% women

v [ e
R 5 @
N - o 62

Numbers in parenthesis are expected values
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Summary and What Needs To Be Done

Results What needs to be done

= [t seems that a more = Only one class at one
invitational solicitation of institution with only one
questions promotes more instructor — me!
questions from women = Need to check:
specifically. - Other courses: engineering

= Perhaps this more equitable majors, physics majors, ...
distribution of questions could » Other instructors with other
gaps?
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Currently preparing a manuscript for the International Journal for the
Scholarship of Teaching and Learning

WHAT QUESTIONS DO YOU HAVE? |
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