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Welcome

Why Spend Time on Teaching the Skill of Question
Formulation?

Collaborative Learning with the Question Formulation
Technique (QFT)

Explore Real Classroom Examples & Applications
Why is Question Formulation Important Now?e
Final Thoughts & Reflection






Origin of the Right Question Institute:
Parents in Lawrence, Massachusetts, 1990

"“We don’t go to the
school because we
NS \ don't even know what
| to ask.”




‘There Is no learning without
having to pose a question.”

- Richard Feynman
Nobel Laureate, Physics, 1965



"We must teach students
now to think in questions,
now to manage
IGNORANC ignorance.”
HOW IT DRIVES SCIENCE
— Stuart Firestein
STUART FIRESTE! Former chair, Department of Biology,

Columbia University



“The primary skills should be analyfical skills of
iInferpretation and inquiry. In other words, know how to

frame a guestion.”
- Leon Botstein, President of Bard College

*...The best we can do for students is have them ask

the right questions.”
- Nancy Cantor, Former Chancellor of University of lllinois

The New York Times, August 4, 2002



Yet, Only 27% of Graduates Believe College
Taught Them How to Ask Their Own Questions
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@ Agree @ Disagree

Alison Head, Project Information Literacy at University of Washington, 2016



But, the problem begins long
before college...



Question Asking Declines with Age

30 30
20 20
10 10

Tizard, B., Hughes, M., Carmichael, H., &

0 Pinkerton, G. (1983).

0 Pearson, J.C. & West, R. (2009)

3-4 Year Olds College Students



BY HIGH SCHOOL, HIGH ACHIEVING
STUDENTS WERE ASKING ON AVERAGE

3.1X

MORE QUESTIONS IN A CLASS PERIOD THAN
THEIR MIDDLE AND LOW ACHIEVING PEERS

Tizard, B., Hughes, M., Carmichael, H., & Pinkerton, G. (1983)

MALE STUDENTS ARE

2.9X

MORE LIKELY TO ASK A QUESTION
IN AN ACADEMIC SEMINAR

Carter, A., Croft, A., Lukas, D., Sandstrom, G. (2017).



We can work tfogether on creating
more opportunities tor all students
to ask their own questions




We Are Not Alone

More than 1 million classrooms worldwide
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What happens when students do
learn fo ask their own questionse



Self-questioning (metacognitive strategy):

» Student formulation of their own questions is one of the most
effective metacognitive strategies

* Engaging in pre-lesson self-questioning improved students rate of
learning by nearly 50% (Hattie, p.193)

John Hattie

Visible Learning: A Synthesis of Over 800
meta-Analyses Relating to Achievement, 2008



Student Reflection
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“The way it mode me feel was smor’r because | WCIS

asking good questions and giving good answers.’
-Boston 9™ grade summer school student
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Collaborative Learning with the
Question Formulation Technigue (QFT




Please think or work on the task assigned

Use the chat box to share some of your
work



Individuals learn to:

Produce their own gquestions

Improve their questions
Strategize on how to use their questions

Reflect on what they have learned and how
they learned it



/1. Ask as many guestions as you can N

2. Do not stop to answer, judge, or discuss

3. Write down every question exactly as stated

4. Change any statements into questions
\ 9 Y Qg /




1. Ask Questions

2. Follow the Rules
* ASK s many questions as you can.
Do not stop to answer, judge, or discuss.

*Write down every question exactly as it was
stated.

Change any statements into questions.
3. Number the Questions



Some students are not asking guestions.

[INow, ask questions. Number the questions. Follow the rules:

Ask as many questions as you can.

Don't stop to answer, judge, or discuss.

Record each question exactly as it was stated (or first came to mind).
Change any statements into questions.



Definitions:

*Closed-ended questions can be answered with o
‘ves” or "no” or with a one-word answer.

*Open-ended questions require
more explanation.

Directions: ldentify your questions as closed-ended or
open-ended by marking them with a “C” or an “0.”




Discuss -

Closed-ended Questions

Advantages




DIsSCUSS -

Open-ended Questions

Advantages




Improve Questions

- Take one closed-ended question and change it into an
open-ended question.

— S

*Take one open-ended question and change it info a
closed-ended question.

—_—> Closed

* Add these as new questions to your list




Review your list of questions
 Choose three questions that you feel are most important.

* While prioritizing, think about your Question Focus, Some
sfudents are not asking questions.

‘Then, think abbout why you chose those questions.



Share using Padlet

hitps://padlet.com/katyconnolly1/é6ab5ogtwix?2dxgpx



https://padlet.com/katyconnolly1/6gb5oqtwtx9dxqpx




)
2)

3)

4)

5)

1. Ask as many questions as you can

Ques’rion Focus 2. Do not stop to discuss, judge or
Produce Your Questions answer
Eollow the rules 3. Record exactly as stated
v 4. Change statements info questions

v Number your questions

Improve Your Questions

v Categorize questions as Closed or Open-ended
v’ Change questions from one type to another

Strateglze Closed-Ended:
v/ Prioritize your questions Answered with *yes,” “no”
v’ Action plan or discuss next steps or one word
v Share

Open-Ended: Require
Reflect longer explanation

Source: The Right Question Institute  rightquestion.org




thinking abillities

oNne Process



Thinking In many different directions




Narrowing Down, Focusing

Y
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Metacognition



\

Exploring Classroom Examples




Teacher: Rachel Riemer, Cambridge, MA

Topic: Relationship between angle of incline and
acceleration

Purpose: For students to develop their own question to
iInvestigate in a lab




Question Focus
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Next Steps with Student Questions

Original Questions
spark curiosity aboul a particular topic.

Is there uniform acceleration? (closed) i

Are we measuring a specific incline? (closed) .

Are you going up or down? (closed)

Did Isaac Newton discover the equations for it? (closed) i

Does weight matter for the motion? {closed/open) |1l

Is there a starting velocity? (closed) il

Is gravity involved? (ciosed) i

How long are you traveling for on the incline? (closed) [li]

Does the shape of the object affect motion?{closed/open) L1
How much friction is there? (closed) [l

Can the tracks be put on an incline? {closed) i

Does the angle affect the acceleraton exponentially? (closed) 21
Is there any other form of resistance (besides possibly friction)? {closed/open) | I
How would a no-uniform incline be represented on a velocity graph? (open) _

Can you use the same equations? {closed/open) Il

What effect would air resistance have on the motion? (open)

How much energy is required 10 move up an incline? (closed)

Is there a maximum speed you can reach when going down an incline? (closed)

Is there a minimum speed you can reach when going up an incline? (closed)
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Our group settled on the question:

These questions were generaled using the QRT method, a method of generating as many questons as possible in order to

We thought these categones most
accurately descnbed our data
because we had a jot more closed
guestions, and in order to avoid
simply having two calegones, we
defved more into the possible
answers lo the guestions. We found
calegonzing types of closed questions
helped us think about how we might
solve the question.

Does weight change the coefficient of acceleration up an incline/down an incline/ on an incline? (closed/open) LI

Does the angle affect the acceleration exponentially?




Next Steps with Student Questions

Does the angle of the incline affect the
acceleration exponentiallye

.

Qz-‘ 5 7.'7'1 E —
}‘blb AOeS +re. Mass of ™ cart Affect Mo GCColcarenck e, can? k

Independeny Vaciabie:Mass ot tve cart (k)
Dependent Vanable: Accelerahion ([,M]sq

i /o~ x=a
“ / M
Te ﬁr\b‘l{:: . -

V‘ =- V\ m& o
\“:0 O Direccn
a=? Z \\

1=T8D o

5 \@

What would the velocity and position graphs of an
object moving up and down an incline look like<¢




Altering The Question Based On Our Experiment:
While initially all agreeing on the question, we
did not have the same understanding of what
exponential meant. As a result, solving this
question naturally morphed intfo a simpler
question: What is the relationship between
iIncline angle and acceleration?

Ovuicome:
we weren't able to see what that relationship might be. As a result, while generating
our second set of questions, we decided to settle on the question of “do multiple
lines appear to satisfy the pointse” In an effort to answer this question, we thought
that more data points would be helpful, so for our next course of action, we
collected more points.



“In the end, It is evident that
none of our graphs were the
perfect fits for our data. It s
obvious that the linear fit didn't
work, and while the quadratic
line of best fit appeared to fit the
most appropriately, it still wasn’t
perfect. We came 1o the
conclusion that no function in
our toolkit would be the perfect
one.”
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Enduring Questions \ i

1. Would require more testing/ new trials:

a. Ifwe added a drastic amount of mass would we be able to see a difference?

b. Could weight factor into an equation for motion on an incline?

¢. How might the distribution of weight on the cart affect its motion?

i. 2 weights neg direction: m (Slope): 2.126 m/s?
ii. 2weights pos direction: m (Slope): 2.119 m/s?
iii. 2 weights diagonal: m (Slope): 2.100 m/s?
2. Graphing/ representational:

a. Why is the correlation always 100% for quadratic LOBFs on the position
graphs and a couple ten-thousandths short of 100% for linear LOBFs on the
velocity graphs?

b. Does the +/- (some value) included in A, B and C for the LOBFs of position
graphs represent error bars (the true values of A, B, and C could be anywhere
within that range)? If so, why is the range of error/ the value after +/- sign
different for each trial?




‘I learned that sometimes the questions which seem the most
simple are the best ones to ask because they ground you in
the fundamental understanding of the topic- at first | was sort
of trying to come up with complicated or specific questions
but the QFT today taught me o think in a more
broad/discussion-starting/open-ended way rather than trying
to address a small, detailed and closed area of the topic.”



“I really enjoyed the QFT today. More often than not, | tend to
spend class time simply listening to lectures rather than
proclaiming what it is that | actually want to know. Being able to
change things up today was certainly fun. | had two very good
groupmates who consistently brought up thoughtful questions
while keeping the discussion interesting; they definitely had some
ideas that | would have otherwise never come across.”



“As | asked more guestions, | began to think
more broadly and didn't just focus on
velocity or acceleration. | also wondered
about gravity and energy.”



Teacher: Sara Stephenson

Topic: Physical and chemical properties and changes

Purpose: For students to plan and perform an investigation to
test/answer one of their priority questions







1. What are the substances?

2. Why does it change coloure

3. What can we do to determine what
the substances aree

4. How did the clear liquid affect the
chemical change?

5. Does there need to be a specific
measurement of the liquid and
powder to ignite?

6. Does it change colour because
it’'s heated?

/. What causes the flame to go
oute

8. Are the substances in the watch
glass flammable?¢

?. How much liquid was in the
beakere

10. Does the colour of the solid
Impact the flame colour?
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What are the substances?

What was the rope being soaked in?

Is there a chemical change occuringe

Why does it change coloure

Was the clear liguid flammable or was it the substances in the watch glasse
What can we do to determine what the substances are?

What causes the different colours?

How did the clear liquid affect the chemical change?

How much of each substance was usede

Why does it become a coloured flame and not a regular flame?

Does there need to be a specific measurement of the liquid and powder to
ignite?

Does it change colour because it’'s heated?



Next Steps with Student Questions

e Students prioritized questions based on actions they wanted to take

e |n groups, students determined which of their priority questions were
testable questions or re-writing to turn info testable questions




Does changing the amount of liquid affect the size of the
flame?

How does changing the substance affect the colour of the
flame?

If the rope is changed, will it affect the flame colour/size¢
Does changing the room temperature affect the flame
size/colour?

If we were to change one solid, would it affect the flame
heighte

Does changing how much liguid was used effect how long the
experiment lasted?



Next Steps with Student Questions

After picking one of their testable questions, student groups designed an

experiment to test it

Purpose: Why are you doing this experiment? What are you trying to find
out (To determine if the colour of the solid impacts the flame colour of the
substance)

Hypothesis: If the colour of the solid is compared to to the flame colour,
then ...

Materials:
e Compounds listed in observations
Hydrochloric acid
Nicrome Wire
Bunsen Burner
Flint Lighter

Observations:

Table 1: what is in your table?
Comparison of solid colour, experimental flame colour and theoretical
flame colour for various ionic compounds.

Chemical

Color of solid

Experimental
Flame colour

Theoretical flame
colour

Lithium chloride




Teacher: Sara Stephenson, Ontario, Canada

Topic: Climate change

Purpose: To generate questions of interest for a mini
research project




Question Focus

River 1, position
16, altitude 707 m,
Greenland ice cap
melting area],



https://www.loc.gov/pictures/item/2011660360/
https://www.loc.gov/pictures/item/2011660360/
https://www.loc.gov/pictures/item/2011660360/
https://www.loc.gov/pictures/item/2011660360/
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14,
195.
16.
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How cold is the water?

Is there any animals theree or people?
Why did the water melt in a cold area?
How might global warming affect the
glacier?

How warm/cold is it

Why didn’t the show melt with the water?
How much has the temperature changed?
Why is there snow if the ice is melting?

Is the ice melting?

How fast does the ice melte

Is the change in temperature the cause of
the ice melting?

How long does the water go for?

s this natural?

Where was this picture taken?e

Is the water getting deepere

Or does it drain somewhere?

18.
19.
20.
21
23.
24,
25.
26.
27.
28.

What is the black stuff?
How dense is the atmosphere theree¢
Did it always look like this?

. How long does it take to melte

What time of year is this?

s it ever sunny out?

How thick is the glaciere

Does it get thinner when it meltse

Is the environment dying?

What is the average temperature for

each month?

29.
30.
31.
32.
33.

Where does the water lead to?
How fast is it melting?

Is the ice melting?

What is under the ice?

How does ice melting affect humans?



How Might Global Warming Affect The Glacier? e Students did
internet research to

As the Earth warms, the melt line moves upwards so that the glacier melts faster answer d prioriTy
and faster at the bottom, shortening the glacier and reducing its mass. Ultimately, quesTion and share
the melted water flows into streams and rivers and ends up in the oceans,
contributing to accelerating sea level rise.

iINn a class slide
deck.

e Students created
short 3-5 minute
informative videos
climate change &
human health.




High School Biology

Teacher: Dr. Leah Cataldo Cambridge, MA

7 Properties of Life

Order: Sunflower

Regulation:
Jackrabbit

Evolution and
Adaptation: Pygmy sea
horse in water

Giraffes

Energy
Processing: Response to
Butterfly on flowers the

Environment:
Venus Fly Trap
Growth and

Development:

Oak Seedling

Reproduction:

—_

. Ask as many questions as you can

2. Do not stop to discuss, judge or
answer

3. Record exactly as stated

4. Change statements into questions

There are seven properties that are
associated with something being
characterized as living.

Observe this figure that names each
of the seven properties together
with an image that portrays that
attribute in living things.

Working with your partner over the
next three minutes, write down as
many questions as you can that
come to mind based on those names
and images.

Choose three questions that...

You can use the internet to explore. Bring
what you learn to our next class (brief
summary/bulleted list).



AP Biology

Teacher: Dr. Leah Cataldo Cambridge, MA

Introduction to Water Potential

Net water potential depends on the effects of both solute
concentration ¥rand pressure ¥,

water potential

(=) decreases 0

increases (+)

5

P

Net water potential

posnti\e

1%

negahive

(a) (b)

hr

nega tive

(c)

balance

(d)

pure waler

Sxti\'e

(e)

1. Ask as many questions as you can

2. Do not stop to discuss, judge or
answer

3. Record exactly as stated

4. Change statements into questions
2021 Questions

* What is the relationship between [solute] and pressure?

* Whatis a scenano where osmotic potential is (-) and pressure potential is (-)
but rising? **

* Why does concentration always have a (-) vector
* Because adding solute lowers water potential

* What is the water potential of pure water?
* Zero, answered in the graph presented

* Does net water potential differ with different environmental conditions?
* How does a change in ___ influence net water potential?***

* How do cells adapt to changes in water potential?
**¥ to be discussed further



Teacher: Rachel Riemer, Cambridge, MA

Topic: Bias in science

Purpose: To open up discussion around an important issue
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What are some occurrences?e
What topics in science have most bias?
How is bias defined?

Are there different types of biases in
sciencee

How does bias affect experiments and
resultse

How does bias influence data
collectfione

s it possible 1o be completely bias free?
How to reduce bias?

Why is there bias?

s bias intrinsice

s bias necessarily bade ,
kH),owewzn ortant is the fact that there is
QIS¢

13.
14,

15.
16.
17.

18.

19.

20.

21.

s it important that there is biase (C)

When in history did bias in results of
experiments affect the public?

How do you quantify biase
What increases/decreases biase

What is the trend of bias in
science< More?¢ Lesse

Are certain groups of people more
easily biased? (C)

What are the certain groups of
people? (O)

How can we eliminate bias in high
school experiments w/o high tech?

What's in place now to reduce
bias?



Next Steps with Students Questions
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-They categorized
their guestions into
those patterns

-Students’ priority
guestions were used
as a class discussion
Activity

§
|

QHOA) tan we
Schou| exre(

Oor 2 % and why they'e impodmrym W

T

ehmwnate bas ; Msh
mett s Wo W Aech?

e -
S wgae am 2 vone biasT ()

interpsted

= How i5 bias Je€ined

& Dickates how we interpret further exploration

& Lundemental question

ory esuH experiment afbect public.
L b  skewed world

Proforivnally
s public and science worll




History/definition

* How is bias defined?

* Why is there biase

* |s bias infrinsice

* |s bias necessarily bad?

* When in history did bias in results of
experiments affect the public?

* How do you quantify biase

What are some occurrencese

What topics in science have most
bias?

Are there different types of bias in
science?

Impact
* How does bias affect experiments and resultse
* How does bias affect influence data collection?

s it possible to be completely bias free?
How do you reduce bias?
What increases/decreases bias?

How can we eliminate bias in high school
experiments w/o high tech?

What's in place now o reduce biase

What is the trend of bias in science?¢ More?
Lesse

Are certain groups of people more easill
biased? (C)g P PEOP y

What are the certain groups of people?¢ (O)



Continue to add ideas to the Padlet

How could you use the QFT in your work?e

https://padlet.com/katyconnolly1/6ab5ogtwix?dxapx



https://padlet.com/katyconnolly1/6gb5oqtwtx9dxqpx

Why Is the skill of question formulation
SO Important nowe




CLIVE THOMPSON

"How should you respond
when you get powerful new
tools for finding answerse

Think of harder questions.”

— Clive Thompson

Journalist and Technology
Blogger



“We need o be
taught to study rather
than to believe, to
inquire rather than to
affirm.”

— Septima Clark

Chapter 6 on Septima Clark in Freedom Road: Adult Education of African Americans (Peterson, 1996)



Final Reflection

hitps://bit.ly/QFTKeynoteEval



https://bit.ly/QFTKeynoteEval

Thank you!

RQ I Right Question rightquestion.org
Institute



Teacher: Rachel Riemer, Cambridge, MA

Topic: Relationship between angle of incline and
acceleration

Purpose: For students to develop their own question to
iInvestigate in a lab




Question Focus
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Next Steps with Student Questions

Students categorized their P
1 i 1 1 These questions were generaled using the QRT method, a method of generating as many questions as possible in order to
queSTlonS ”’]TO TOp|CS USIng spark curiosity aboul a particular topic. Key:
CO l or-co d N g 1. Isthere uniform acceleration? {closed) .
H H 1 ' 2. Are we measuring a specific incline? (closed
. o 7 H " 4. Did Isaac Newton discover the equations for 1? (closed)
IdeﬂTIfled a |eOd CIUGSTIOn Ond 5. Does weight matter for the motion? (&f)sedlopen)-l
. y 6. Isthere a slarting velocity? (closed)
the questions they'd have to 7. s gravity involved? (ciosed) [l -
. 8. How long are you lraveling for on the incline? (closed) We thouah .
answer first o g et at the lead 13. Soes the rfr;ape of th& obje;c: affec(t, ]miuon?(closediopen] L a;(: ’:tl;?y Lgh;?wczlzumr dmamost
. ; ow much friction is there? (close osed
q U eShO N 1. Can the tracks be put on an incline? {closed) i Facsn. e ha(? .30 ot &
guestions, and in order o avold
. oy . 12.  Does the angle affect the acceleration exponentially? {closed) 21 simply having two categories, we
S T U d en TS p rNno r|T|Ze d Wi 1' h Th e 13.  Isthere any other form of resistance (besides possibly friction)? {closed/open) | I deived more into the possible
. . 0 . 14.  How would a no-uniform incline be represented on a velocity graph? (open) _ answers fo the questions. We found
. . 16. Whal effect would air resistance have on the motion? (open) _ heiped us think about how we might
a |C| b, Wh|Ch queshon WOU|d YOU 17.  How much energy is required 1o move up an incline? (closed) solve the question.
. " 18.  Is there a maximum speed you can reach when going down an incline? (closed)
deS|gn d |C|b Qround, Qnd Whye 18.  Isthere a minimum speed you can reach when going up an incline? (closed)
. 20. Does weight change the coefficient of acceleration up an incline/down an incline/ on an incline? (closed/open) LIl
Students then designed a lab to
nswer -|-h ir -|-| Nn. Our group settled on the question:
answe € q UesTIO Does the angle affect the acceleration exponentially?




Most groups ended up | P ———— Does the angle of the incline

choosing very similar questions, Iy g -
sither: How does the mass of T gy affect Thg acceleration
the cart affect the motion?2 Or hadbli exponen’nolly?

how does the angle of incline
affect the motion?

9 \J
X &

How ¢ CORS Hre. (MASS o1 Cart affectme o Ceprammndt e
cam

Partner groups identified ettt e o 1
dependent variable(s), il e o i pp o
independent variable(s), and e i B
the set up for their experiment, & b oy P A
all groups using the same - o oo o 8 | |
materials. s N R O

L PRS et (L
Over the course of the next few o T il ) i b
days, they experimented and i @ L i B fw;:,;:zx;m
collected data. 5 g G aed g SO

; e znou nt \mmb\n Dei -

They gathered their inifial - Eraco K s o o m i
questions, thought process in % L (3 T =i ok
designing a lab, and results in a N e ke E
final Powerpoint presentation . - What would the velocity and position

that they each presented to

the class. graphs of an object moving up and

down an incline look like?



Altering The Question Based On Our Experiment:
While inifially all agreeing on the question, we did
not have the same understanding of what
exponential meant. As a result, solving this question
naturally morphed into a simpler question: What is
the relationship between incline angle and
acceleration?

o o 0 o i e k1 1 3 3 2 coocoocood
SRS RS ERENB e R RE RN AR G5 8RB RE

Position
0.379 m

Outcome:

After collecting four data points and graphing their accelerations, our
group concluded that there is definitely a relationship between the
angle of the incline and the acceleration of the object. However,
with our four data points, we weren't able to see what that
relationship might be. As a result, while generating our second set of
questions, we decided to settle on the question of “do multiple lines
appear to satisty the pointse” In an effort to answer this question, we
thought that more data points would be helpful, so for our next
course of action, we collected more points.



“In the end, It is evident that
none of our graphs were the
perfect fits for our data. It s
obvious that the linear fit didn't
work, and while the quadratic
line of best fit appeared to fit the
most appropriately, it still wasn’t
perfect. We came 1o the
conclusion that no function in
our toolkit would be the perfect
one.”

\‘\'Uul L " BrE S R P ) n -“:/ NV ‘f‘
mll
Enduring Questions \ i

1. Would require more testing/ new trials:

a. Ifwe added a drastic amount of mass would we be able to see a difference?

b. Could weight factor into an equation for motion on an incline?

¢. How might the distribution of weight on the cart affect its motion?

i. 2 weights neg direction: m (Slope): 2.126 m/s?
ii. 2weights pos direction: m (Slope): 2.119 m/s?
iii. 2 weights diagonal: m (Slope): 2.100 m/s?
2. Graphing/ representational:

a. Why is the correlation always 100% for quadratic LOBFs on the position
graphs and a couple ten-thousandths short of 100% for linear LOBFs on the
velocity graphs?

b. Does the +/- (some value) included in A, B and C for the LOBFs of position
graphs represent error bars (the true values of A, B, and C could be anywhere
within that range)? If so, why is the range of error/ the value after +/- sign
different for each trial?




What did you learn today?

| learned that asking multiple questions, even if they don't
seem related, can lead to other interesting questions. It can
also seem like you don't have any more questions, but if you
just think, there are actually a lot more. | also realized that in
each group we came up with similar questions.

I learned that sometimes the questions which seem the most
simple are the best ones to ask

because they ground you in the fundamental
understanding of the topic- at first | was sort of trying to
come up with complicated or specific questions but the QFT
today taught me to think in a more
broad/discussion-starting/open-ended way rather than
trying to address a small, detailed and closed area of the
topic.

Today | learned how easy it is fo generate questions when
you simply let your mind wander. However, | also found
myself asking questions that | know the answer to, which isn't
always productive.

Today, | learned about some new factors that affect motion.
While discussing movement on an incline with my
classmates, we came across many different ideas. For
example, the concepts of mass, speed, and slope were
spoken about often. | learned a lot throughout the
qguestioning process. Subjects like air trajectory, gravity, and
friction broadened my initial thoughts. | even began to
picture new types of graphs and their possible equations.

How did you feel as you went through the QFT today?

| felt like at first we had more questions as a group, but
then we began to be more specific/creative as the big
questions were said. Though it was sometimes hard o
come up with a question, the QFT definitely made you
think harder about motion on an incline than just learning
about it.

linitially felt like | was asking the wrong types of questions -
it seemed like Ms. Riemer was looking for something other
than what we were saying, and | thought | was going to
run out of questions, but by the end | think everyone
became a litfle more comfortable because people
started spouting questions and | was surprised how we
were able to continue generating so many ideas.

| felt a little agitated when people asked questions that
seemed pretty obvious and | felt they should've known the
answer to, but reflecting on that feeling, it is all part of the
process.

| really enjoyed the QFT today. More often than not, | fend
fo spend class time simply listening to lectures rather than
proclaiming what it is that | actually want to know. Being
able to change things up today was certainly fun. | had
two very good groupmates who consistently brought up
thoughtful questions while keeping the discussion
interesting; they definitely had some ideas that | would
have otherwise never come across.

How did your thinking change as you asked questions?

As | asked more questions, | began to think more broadly and
didn't just focus on velocity or acceleration. | also wondered
about gravity and energy.

My thinking kind of expanded in relation to my approach to
the prompf; I initially went from considering how velocity and
acceleration might change under specific circumstances to
how they might interact in general, how they might be
written, graphed, etfc.

At the start | was focused on asking "good questions," but as |
let my mind wander, | let myself ask any question that came
to my head, which | think is part of the process.

Initially, many of my questions seemed to coincide with ideas
about acceleration and velocity. But, as the conversation
went on, | started to wonder more about the physical
make-up of the graphs (displaying an object fraveling up an
incline). Not to mention, | started to question how various
factors (beyond velocity and acceleration) would affect
motion on an incline. Getting to talk with other people and
look at the work of other groups definitely helped to change
my thoughts around.



YAt first, they weren’t buying in. They would say, ‘Just tell us what you want us to
do.’ It took them awhile to frust each other too. Now, most of the students will say
they really like the flexibility in the labs, that because not everyone is doing the
same thing they learn more, and being in the lab is their favorite part.”

“Give them time to sit quietly, come up with their own questions individually,
then go around in a group and record, and give some time to keep adding
questions as a group after their initial questions.”

“One group sat there with 5 questions, other groups went a lot further, so we did
a quick gallery walk so they could look at the other groups, and then gave
them another 2-3 min to add a few more gquestions.”



Teacher: Sara Stephenson

Topic: Physical and chemical properties and changes

Purpose: For students to plan and perform an investigation to
test/answer one of their priority questions







1. What are the substances?

2. Why does it change coloure

3. What can we do to determine what
the substances aree

4. How did the clear liquid affect the
chemical change?

5. Does there need to be a specific
measurement of the liquid and
powder to ignite?

6. Does it change colour because
it’'s heated?

/. What causes the flame to go
oute

8. Are the substances in the watch
glass flammable?¢

?. How much liquid was in the
beakere

10. Does the colour of the solid
Impact the flame colour?



— —
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What are the substances?

What was the rope being soaked in?

Is there a chemical change occuringe

Why does it change coloure

Was the clear liguid flammable or was it the substances in the watch glasse
What can we do to determine what the substances are?

What causes the different colours?

How did the clear liquid affect the chemical change?

How much of each substance was usede

Why does it become a coloured flame and not a regular flame?

Does there need to be a specific measurement of the liquid and powder to
ignite?

Does it change colour because it’'s heated?



Next Steps with Student Questions

e Students prioritized questions based on actions they wanted to take

e |n groups, students determined which of their priority questions were
testable questions or re-writing to turn info testable questions




Does changing the amount of liquid affect the size of the
flame?

How does changing the substance affect the colour of the
flame?

If the rope is changed, will it affect the flame colour/size¢
Does changing the room temperature affect the flame
size/colour?

If we were to change one solid, would it affect the flame
heighte

Does changing how much liguid was used effect how long the
experiment lasted?



After picking one of their testable
questions, student groups designed an
experiment to test it

Groups were prompted to complete a
worksheet to help design the
experiment:

o Purpose

o Hypothesis

o Materials needed

Students created a table to record
their observations

Finally, students analyzed their results
and explained if their prediction was
correct or not

Purpose: Why are you doing this experiment? What are you trying to find
out (To determine if the colour of the solid impacts the flame colour of the
substance)

Hypothesis: If the colour of the solid is compared to to the flame colour,
then ...

Materials:

Compounds listed in observations
Hydrochloric acid

Nicrome Wire

Bunsen Burner

Flint Lighter

Observations:

Table 1: what is in your table?

Comparison of solid colour, experimental flame colour and theoretical
flame colour for various ionic compounds.

Chemical Color of solid Experimental Theoretical flame

Flame colour colour

Lithium chloride




Teacher: Sara Stephenson, Ontario, Canada

Topic: Climate change

Purpose: To generate questions of interest for a mini
research project




Question Focus

River 1, position
16, altitude 707 m,
Greenland ice cap
melting area],



https://www.loc.gov/pictures/item/2011660360/
https://www.loc.gov/pictures/item/2011660360/
https://www.loc.gov/pictures/item/2011660360/
https://www.loc.gov/pictures/item/2011660360/
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13.
14,
195.
16.

— OO0 Ne O

How cold is the water?

Is there any animals theree or people?
Why did the water melt in a cold area?
How might global warming affect the
glacier?

How warm/cold is it

Why didn’t the show melt with the water?
How much has the temperature changed?
Why is there snow if the ice is melting?

Is the ice melting?

How fast does the ice melte

Is the change in temperature the cause of
the ice melting?

How long does the water go for?

s this natural?

Where was this picture taken?e

Is the water getting deepere

Or does it drain somewhere?

18.
19.
20.
21
23.
24,
25.
26.
27.
28.

What is the black stuff?
How dense is the atmosphere theree¢
Did it always look like this?

. How long does it take to melte

What time of year is this?

s it ever sunny out?

How thick is the glaciere

Does it get thinner when it meltse

Is the environment dying?

What is the average temperature for

each month?

29.
30.
31.
32.
33.

Where does the water lead to?
How fast is it melting?

Is the ice melting?

What is under the ice?

How does ice melting affect humans?



How Might Global Warming Affect The Glacier? e Students did
internet research to

As the Earth warms, the melt line moves upwards so that the glacier melts faster answer d prioriTy
and faster at the bottom, shortening the glacier and reducing its mass. Ultimately, quesTion and share
the melted water flows into streams and rivers and ends up in the oceans,
contributing to accelerating sea level rise.

iINn a class slide
deck.

e Students created
short 3-5 minute
informative videos
climate change &
human health.




“Since | wanted to focus on climate change (a unit of study in our
course) | laid more detailed groundwork before the QFT to shift the
mindset of the students fowards this fopic. For example, we had some
preliminary discussions looking at other images of how our planet is
being impacted by rising global temperatures ... | find | get much
deeper questions when we've zoned in on the topic first, before
starting the QFT.”

“One of the reasons | love using a QFT is because it acts as both a
diagnostic activity and lays groundwork for our next steps in a way that
is very student-centered. | find that the nature of the questions that
stfudents ask is very indicative of what they already know about the
topic. Using their priority research as a starting point for investigations
and learning activities ensures that they are fruly learning new things.”



High School Biology

Teacher: Dr. Leah Cataldo Cambridge, MA

7 Properties of Life

Order: Sunflower

Regulation:
Jackrabbit

Evolution and
Adaptation: Pygmy sea
horse in water

Giraffes

Energy
Processing: Response to
Butterfly on flowers the

Environment:
Venus Fly Trap
Growth and

Development:

Oak Seedling

Reproduction:

—_

. Ask as many questions as you can

2. Do not stop to discuss, judge or
answer

3. Record exactly as stated

4. Change statements into questions

There are seven properties that are
associated with something being
characterized as living.

Observe this figure that names each
of the seven properties together
with an image that portrays that
attribute in living things.

Working with your partner over the
next three minutes, write down as
many questions as you can that
come to mind based on those names
and images.

Choose three questions that...

You can use the internet to explore. Bring
what you learn to our next class (brief
summary/bulleted list).



AP Biology

Teacher: Dr. Leah Cataldo Cambridge, MA

Introduction to Water Potential

Net water potential depends on the effects of both solute
concentration ¥rand pressure ¥,

water potential

(=) decreases 0

increases (+)

5

P

Net water potential

posnti\e

1%

negahive

(a) (b)

hr

nega tive

(c)

balance

(d)

pure waler

Sxti\'e

(e)

1. Ask as many questions as you can

2. Do not stop to discuss, judge or
answer

3. Record exactly as stated

4. Change statements into questions
2021 Questions

* What is the relationship between [solute] and pressure?

* Whatis a scenano where osmotic potential is (-) and pressure potential is (-)
but rising? **

* Why does concentration always have a (-) vector
* Because adding solute lowers water potential

* What is the water potential of pure water?
* Zero, answered in the graph presented

* Does net water potential differ with different environmental conditions?
* How does a change in ___ influence net water potential?***

* How do cells adapt to changes in water potential?
**¥ to be discussed further



Teacher: Rachel Riemer, Cambridge, MA

Topic: Bias in science

Purpose: To open up discussion around an important issue
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What are some occurrences?e
What topics in science have most bias?
How is bias defined?

Are there different types of biases in
sciencee

How does bias affect experiments and
resultse

How does bias influence data
collectfione

s it possible 1o be completely bias free?
How to reduce bias?

Why is there bias?

s bias intrinsice

s bias necessarily bade ,
kH),owewzn ortant is the fact that there is
QIS¢

13.
14,

15.
16.
17.

18.

19.

20.

21.

s it important that there is biase (C)

When in history did bias in results of
experiments affect the public?

How do you quantify biase
What increases/decreases biase

What is the trend of bias in
science< More?¢ Lesse

Are certain groups of people more
easily biased? (C)

What are the certain groups of
people? (O)

How can we eliminate bias in high
school experiments w/o high tech?

What's in place now to reduce
bias?



Next Steps with Students Questions
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-Students identified
patterns that
emerged from their
guestions

-They categorized
their guestions into
those patterns

-Students’ priority
guestions were used
as a class discussion
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History/definition

* How is bias defined?

* Why is there biase

* |s bias infrinsice

* |s bias necessarily bad?

* When in history did bias in results of
experiments affect the public?

* How do you quantify biase

What are some occurrencese

What topics in science have most
bias?

Are there different types of bias in
science?

Impact
* How does bias affect experiments and resultse
* How does bias affect influence data collection?

s it possible to be completely bias free?
How do you reduce bias?
What increases/decreases bias?

How can we eliminate bias in high school
experiments w/o high tech?

What's in place now o reduce biase

What is the trend of bias in science?¢ More?
Lesse

Are certain groups of people more easill
biased? (C)g P PEOP y

What are the certain groups of people?¢ (O)



