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An experiment: An IBL graduate topics course

Math 797:
A class on methods in
combinatorial topology

Class homepage:

All course material available:

https://dept.math.lsa.umich.
edu/~jchw/2024Math797.html
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Class structure

e Begin class with 10-25 minutes of lecture.

e Students break into groups of 3-4. (Shuffled every ~ 2 weeks.)
Each group gets a chalkboard. Groups work on worksheets.
| circulate and assist the groups.
* Worksheets have definitions, examples, problems,
& bonus problems of increasing difficulty.
Any technical questions are *highly* scaffolded.

e Groups work until every group finishes the non-bonus questions.
Goal: 2-3 class periods per worksheet,
enough bonus problems that no group runs out

e Each main problem assigned to one student to tex up in shared
Overleaf document.
| gave students feedback on solutions, and asked them to revise.

e Grade: 50% class participation, 50% worksheet solutions.
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ample Worksheet

March 2021 Math 797: Worksheet #18. Jenny Wison

1 PLMorse Theory

Morse Theory”. prove the Theorem 135

Theorem 1. Let ¥ be a simplical comples, and X € Y a subcomples, Assume X and Y satigy the folluing.
0 X i fidl subcomplexof V- ",
) X isdcomeced,

Ly (1

) Forall ertices y, i ¥\ X, there 5 v el (1) X .

(00 Foall vertcs € Y\ X, the ik Ly (1) i (¢~ 1-comnatel.

Then Y s connectd,

e Y is construced from X by -

Ly (5) 1., with apex the vertex ,foreach vertex y € Y | X

March 2024 Math 797: Worksheet #18. Jenny Wilson

) Verfy that if X7 Conclude theresltin the case
(© Supposern > k. Let ' be a vertexin Xos1 \ Xa. Show Ly, (V) & X4

() Use Theorem 1 and theinductive hypothesis on 1 to conclude Theorem Il

i then Xi

k

groupt. Let ' be a fnite-dimensional vector space over a feld &, Recal from Worksheet #11 Section 15 that
denoted T(V" 3

ety e
Theorem I (Soman-Tis Theore,type Al LtV b sl ccor s, The Tits i T(V) it
=3y o

STl ot by Wt 7 oty T 1 il b e e
0 isawodgeof (n-

Exercise 1. (Bonus) Prove Theorem | directy.
s GomugLto < 1 nandie &

(), Consider the subxomplexes A"~ € A" and Li. (1),

L ple e bt U b
Exercise 3.

B € L0 1 b g Lo X~ (8 b bty o of o bkltn o
an n-simplex 1), ond

inclusion. A5 warn-up appliaton o Theorem | wewil proe hai X3 s (1 <onneced, W

i e by o e el hold o < o a2
@ We defne  fitaton Xo € X, € Xg € 1 € Xayy = X as follows. At each step, veriy the desripton of

* Xo = Staryea ()

. Xiis Xy and all -+ 1] of cardinalty 1 ot
contained i Xo, L, al vertices {a) with s # 1

. e, allvetices a1, a2}
With 1 01,00

i th ll subcomple o X, and ll suses o+ 1 of il ot conved i X.
ertices (o0} 1.

¢ Xup = X4
0 Fori 1.2 b et in X\ X bt of 11 fcalinally ot cotaiing et . Db
x (V) <i)
(0 The sub iy
X1, Xy, and X, areconteacile.

Exercse 5. Theorem I. Bestving’s note. We proceed
by induction on dim(1), and induction on a lration o T(1).

(6 Verify that Theorem 11 holds when dim(V) = 1

ixa line Ly  V, and define a filtration Xo C X; € X3 €

twoen the newely added vertces.
* Xo = Starrv (L)

2 n 4o
Xy the full subeomplex on X, and all planes P .V ot n X These ar allplanes satifying P 2 Lo

: v thatis, il
bspaces IV satisying W 2 Lo,
X =T)
(© Fori=1,2,__.n~2,a vertexin X, \ Descrbe Ly, (W),
<n-m
@ Thesuopace X Lo Apply
hat X, X, and .3 a1 conracible

(© Fora vertex W in T(V) | X, show that iy () = T(W).
(9 Use Theorm L and e duciveFypothests nn o ol Thesem

Exer o a(T(V)). Inthe
e 1. it Bid i el fo the ek o s g

Eerise . Bomu et 2K bea symplectic vecor spac it symplectform. Th Tis g 7(1) s b
V)
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IBL Best Practices

IBL best practices:

e Have an explicit code of
conduct for group work.

e Stress importance
often.

e Seek student input.

From class webpage:

Class conduct: Class discussions and small group work are major components of this
course. Students are expected to be active participants in the classroom, and are expected to
conduct themselves with professionalism and respect for their classmates. Our goal is to
create a supportive class environment where students are comfortable testing ideas,
questioning each others' ideas, having their ideas challenged, and working together to reach a
solution.

The student 'participation’ grade is based on the following expectations. Students should ..

« attend class and participate in a group discussion

« present ideas and contribute to the discussion

« ensure their groupmates have equal opportunity to contribute
+ make a genuine effort to engage with their groupmates' ideas
« treat their groupmates with patience and encouragement

« take responsibility for speaking up when they are confused

* take for ensuring their are included and are understanding the
discussion.
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Pros and cons of IBL format vs traditional lectures

¢ Pro: student feedback on IBL format uniformly positive!

e Con: cover *much* less material

¢ Pro: students engage longer and more actively with each topic

* Pro: teacher can assess student comprehension in real-time

e Con: for class sizes > 16, it is hard for one teacher to provide
enough real-time support

e Con: may need to manage student interpersonal dynamics

* Pro: can have (class or individual) discussions with students about
how to collaborate effectively and respectively, how to have
confidence to ask questions, how to project encouragement, etc

e Con: lose control over pacing
¢ Con: lose control over which technical details students focus on
¢ Con: worksheets take time to prepare (offset by slowed pace ?)

¢ Pro: worksheets are useful for reading courses and PhD student
training. Worksheets can be re-used if class is offered again.
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Thank you!

Questions? Q&A period!
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