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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 any 
other formulation that indicates you are actually interested in 
answering student questions. 

 Does this work? 

 Does it support those from traditionally 
underrepresented groups?Glynda Hull,

Director UC Berkeley CTL
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We focus on women as a group traditionally underrepresented in 
physics (and STEM more broadly)
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Overview of our study:
Look at the same course over two different years

Use vocal 
characteristics to 
disaggregate by 

gender

Count the number 
of solicitations 
and questions

Watch video 
recordings of the 

class.

2019: used 
whatever prompt 

came to mind

2020: consciously 
followed the 
script “What 

questions do you 
have” Audio quality prevents us 

from knowing the content 
of the question.

http://physedgroup.umasscreate.net/
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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?

http://physedgroup.umasscreate.net/
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THE COURSE AND AUTHENTICITY
First some context

http://physedgroup.umasscreate.net/
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Basic Stats
Second in a sequence.
•Required 
•Not in major

Two sections of ~300 students each.

Opt-In Team-Based
•About 60% choose to join intentionally diverse 
teams of four. 

•CATME for team making and peer evaluation. 

1 instructor (me!).
•2 Graduate TAs.
•4 Undergraduate TAs.

Separate lab

Flipped Model

Fundamentals

Reading
•An open-access free-to-students textbook.
•Built in partnership with an undergraduate 
major

Homework
•Problems to ensure preparation mastery. 
•Formative. 

Class Problems
•iClickers. 
•Mini whiteboards. 
•Ultimately conclude with a motivating context.

Exam
•Proctored but electronically administered via 
Moodle. 

http://physedgroup.umasscreate.net/
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Binary Gender Identity

MajorsDemographics of course

Year

Ethnicity
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Five 
Units

Quantum Mechanics

Geometric Optics

Electrostatics

Circuits

Magnetism & “What is Light”

Content for the course

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.

Official Description

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

http://physedgroup.umasscreate.net/


B. Toggerson – UMass Amherst Physics – http://physedgroup.umasscreate.net – MHC Physics Seminar – 8 November 2022                                                                                        10/29

What is an electron? What is light?
Essential Questions  Topics

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 is the fundamental nature 
of light and electrons?
•Quantum theory.
•Atomic structure.

How do changes in material impact the motion of 
light and electrons?
•Geometric optics.

How does having charge impact electron behavior?

•Electric fields. 
•Electric potential.

What is the impact of many electrons moving 
together?
•Circuits.

When we say that light is a wave, what is doing the 
waving?
•Magnetism.
•Electrodynamics.

Once we have topics, 
we can define 

authentic motivating 
contexts.

http://physedgroup.umasscreate.net/
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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). 

http://physedgroup.umasscreate.net/
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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).

What do we mean by authenticity?

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.

http://physedgroup.umasscreate.net/


B. Toggerson – UMass Amherst Physics – http://physedgroup.umasscreate.net – MHC Physics Seminar – 8 November 2022                                                                                        13/29

Developing authentic 
motivating contexts  Some are obvious

 Others… a little more 
complex (particularly for an 
ex-particle physicist )

 Even the obvious ones, a lot 
of research is required to 
achieve authenticity.
• Want the language and 

values to be correct!

What is the fundamental nature of light and 
electrons?
•Quantum theory.
•Atomic structure.

How do changes in material impact the motion of 
light and electrons?
•Geometric optics.

How does having charge impact electron 
behavior?
•Electric fields. 
•Electric potential.

What is the impact of many electrons moving 
together?
•Circuits.

When we say that light is a wave, what is doing 
the waving?
•Magnetism.
•Electrodynamics.

http://physedgroup.umasscreate.net/
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Developing motivating contexts
Textbooks on 
biophysics 

Integrated 
Introductory 
Life Science 
Education 
Group (I2LSE)

On-the-ground 
lecturers from:

• Calculus for Life-Science I
• Introductory Biology I
• General Chemistry I
• Organic Chemistry II
• IPLS I & II

•Helps see the exact content.
•Explain it to each other.
•Look for connections.
•Align material so that the order makes sense. 
•E.g. do acids in bases in Chemistry before they get to the content 
in Biology. 

Going week-by-week through the material.

•Variables
•Math: uses the same set 𝑥𝑥,𝑦𝑦, 𝑧𝑧, 𝑡𝑡, 𝑎𝑎, 𝑏𝑏, 𝑐𝑐 and tends to avoid subscripts. 
•Chemistry and Physics: love our subscripts! 

•E.g. 1st Law of Thermodynamics:
•Physics is typically the work done by the system: Δ𝐸𝐸 = 𝑄𝑄 −𝑊𝑊. 
•Chemistry is interested in the work done on the system  Δ𝐸𝐸 = 𝑄𝑄 + 𝑊𝑊.

•C – C = C bond
•Physics: a delocalized electron
•Chemistry: a conjugated 𝜋𝜋-bond

Understand differences in disciplinary language and variables. 

•A physics toy model may be off 20% and we consider that “pretty 
good.” Biologists recoil at that (such a difference turns a carrot 
from orange to violet!).

•Chemistry texts tend to have formulas for hydrogen spectra and 
photoelectric effect. Physicists, see them as applications of 
conservation of energy. 

Understand differences in values.

•See how the principles are used in class. 
•Learn new techniques for teaching large courses. 

Watch each other teach.

http://physedgroup.umasscreate.net/
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My motivating contexts:
What is the fundamental nature of light and electrons?

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?

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?

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?

http://physedgroup.umasscreate.net/
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EXAMPLE

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?

http://physedgroup.umasscreate.net/
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Ultimate Goal
 1,3-butadine has 3 conjugated carbon-carbon 

bonds. 
 There are four electrons in so-called 

𝜋𝜋-bonds. 
• These electrons are delocalized
• They are free to move the length of the C=C-C=C 

chain. 
 They are in a box!!!!

• C-C bond is 0.139 nm
• Electrons can go past the C’s on the ends
• Box is 𝐿𝐿 = 3 0.139 nm + 0.139 nm = 0.56 nm

 Since I can put two electrons in each state 
(spin-up and spin-down) 𝑛𝑛 = 1 and 𝑛𝑛 = 2 are 
populated 

• 𝑛𝑛 = 2 is the HOMO 
(highest occupied molecular orbital)

• 𝑛𝑛 = 3 is the LUMO
(lowest unoccupied molecular orbital)

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

emitted as a HOMO electron jumps to 
the LUMO?

0.139 nm

0.56 nm

HOMO

LUMO

1-3 butadine 
instead of usual 
𝛽𝛽-carotene

http://physedgroup.umasscreate.net/
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How do we start?
Readings in custom 
free and open web-book
http://openbooks.library.umass.edu/toggerson-132/ 

Reviews 
calculating 

emission lines 
from hydrogen

Taken 
directly from 

OpenStax 
Chemistry 

2e for 
authenticity.

http://physedgroup.umasscreate.net/
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How do we get there? More traditional problems too!

Interpreting 𝜓𝜓 Applying the physics method of 
problem solving to new situations

Fitting waves in a box

http://physedgroup.umasscreate.net/
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Challenges
 Creating disciplinarily 

authentic examples requires 
that the instructor gain some 
mastery of the material.
• Not just the facts.
• Must also learn some of the 

• Language
• Conventions
• Values

 This is challenging without 
peer support. 

Benefits
 Instructors

• Help keeps focused on which 
topics to cover  Doesn’t help 
your context? Drop it!

• Disciplinary diversity provides a 
natural segue into discussions on 
other forms of diversity and 
inclusion. 

 Students
• Get a chance to be the experts in 

the classroom. 
• Feel more connected to the 

material. 

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

http://physedgroup.umasscreate.net/
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Anecdotal Support for Student Buy-In

Quotes 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 
taught me how 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 ‘LUMO’ 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.”

http://physedgroup.umasscreate.net/
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INCREASING EQUITY BY INVITATIONAL 
PHRASING IN QUESTION SOLICITATION

With D. Frykenberg

Use vocal 
characteristics to 
disaggregate by 

gender

Count the number 
of solicitations 
and questions

Watch video 
recordings of the 

class.

2019: used 
whatever prompt 

came to mind

2020: consciously 
followed the 
script “What 

questions do you 
have” 

http://physedgroup.umasscreate.net/
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Post-test Chemistry Concept 
Reasoning Scores: 
Vocal vs. Silent Students
Difference significant 
at 𝑝𝑝 = 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).

Other reasons

• Aid their own learning as well as that of their 
peers
(Chin & Osborne, 2008; Nadile et al., 2021). 

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

• Improved study habits and reduced test 
anxiety. 
(Aflalo, 2021; Harper et al., 2003).

Benefits to the student asking

• Often harbor the same questions, 
• Gain new perspectives from questions they 

did not previously consider. 
• Increased engagement

Peer benefits

Why students asking questions matters

http://physedgroup.umasscreate.net/
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Why don’t students ask questions then?

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).

http://physedgroup.umasscreate.net/
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Hodges-Simeon, Carolyn R., et al. “Testosterone Therapy Masculinizes Speech and 
Gender Presentation in Transgender Men.” Scientific Reports, vol. 11, no. 1, Feb. 
2021, p. 3494. www.nature.com, https://doi.org/10.1038/s41598-021-82134-2.

Schwarz, Karine, et al. “Perceptual-Auditory and Acoustical Analysis of the Voices of 
Transgender Women.” Journal of Voice, vol. 32, no. 5, Sept. 2018, pp. 602–08. 
ScienceDirect, https://doi.org/10.1016/j.jvoice.2017.07.003.

Using Vocal Characteristics to Identify Gender Identity

http://physedgroup.umasscreate.net/
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Full results 
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2019 vs. 2020 Question Solicitations
2019

• “Questions on that?”
• “Questions on this?”
• “Questions on the photon part 

of this?”
• “Questions on this one?”
• “Questions on this?”

2020

• “What questions do you have 
about this?”

• “What questions do you have 
about this?”

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

• “What questions to you have 
about this?”

• “What questions do people 
have up to here?”

I am consistent: 
2019 = “Questions?”

2020 = “What questions do you have?”

http://physedgroup.umasscreate.net/
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Results

Semester NSolicitations NQuestions

N of Questions from 
Women

Average %F
(NWomen/NQuestions)

2019 46 49 19 38.8%

2020 43 49 33 67.3%

Difference 3 0 14 28.5%

Variable F M

2019 19 (26) 30 (23)

2020 33 (26) 16 (23)

𝜒𝜒2 Test Result 𝜒𝜒2 dof = 1,𝑁𝑁 = 98 = 8.03,  𝑝𝑝 = 0.0046

Numbers in parenthesis are expected values

Remember, the class is ~60% women

http://physedgroup.umasscreate.net/
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Results
 It seems that a more 

invitational solicitation of 
questions promotes more 
questions from women 
specifically. 

 Perhaps this more equitable 
distribution of questions could 
lead to a reduction in exam 
gaps?  

What needs to be done
 Only one class at one 

institution with only one 
instructor – me!

 Need to check: 
• Other courses: engineering 

majors, physics majors, … 
• Other instructors with other 

identities: not a cis- white- male! 

Summary and What Needs To Be Done

http://physedgroup.umasscreate.net/
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WHAT QUESTIONS DO YOU HAVE?

Currently preparing a manuscript for the International Journal for the 
Scholarship of Teaching and Learning

http://physedgroup.umasscreate.net/
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