Teaching Statement

Liu Yang'*

My motivation in teaching mathematical subjects is to statmiintellectual growth among the students, bringing them
closer to being productive contributers to the researchneonity. At the graduate level, teaching is a process of pignt
seeds, which will eventually grow into fruitful collaborahs and theorems in the future. At the undergraduate les@thing
a mathematical subject is about inducing the students teldje\certain skills, while at the same time conveying thessenf
beauty that underlies the discipline.

Lecturing

One thing | have learned is that interaction is essentiaéflucation, particularly in theory-oriented courses. 8tisllearn the
material best when they are themselves rediscoveringdtjtas the teacher’s role in this process to guide the stutteward
these discoveries. In college, as | became more senior, freqgently asked to tutor less-experienced studentsiritethem
to understand basic concepts and techniques. Throughrtigess, | learned the skill of guiding the students to andiagir
own questions, turning their question into a sequence gblsinones that they can answer. Whenever possible, | belgéve t
technique should be used in the classroom, and in less fomteahctions with students, as its effectiveness has bemrep
time and again, both anecdotally and in scientific studies.

Of course, the Socratic style of teaching is not always gmaite, and sometimes one must resort to the traditionaldec
format. In these cases, it is especially important to plaefadly, and make every effort to anticipate the mental psscof the
students. During the lecture, it is important to be mindfulne students’ reactions and expressions in the classrabvays
trying to guess at how much they understand and what the gapBar instance, when the room is quiet, and nobody is asking
guestions or making comments, this is often a sign that theynat following. To avoid this, it is important to maintain a
constant friendly dialogue with the students, to develofnaiting environment where the students are encouragegmess
their lack of comprehension, not hide it. For instance, euhdergraduate class Modern Computer Algebra at CMU, which
was a teaching assistant for, the instructor would inteiatig plant a mistake in the lecture, offering a bounty foy@me who
could find it, so that the students were induced to questigtharg they did not understand.

Something | learned from interaction with Steven Rudichhfg“Technically Speaking” class, taught at CMU) is thattpar
of giving a good lecture is telling a good mystery story. lgims with an intriguing puzzle, posed to the students rheddy;
they cannot help but wonder how such a puzzle might be solVeén over the course of the lecture, at moments when the
solution seems impossible, gradually hints are revealgdthB end of the lecture, the students and instructor togdiee
been on an investigative journey, feeling they have wite@sise discovery of this solution, that they were a part ofliis type
of lecture lingers in the students’ memories for years,aielt conveying the technical content, but simultaneosslying to
engage and inspire. Over the course of taking his class, ableso master this skill by practicing in my in-class preatans,
and have since found it a most-effective strategy in guestites |1 gave in the CMU Graduate Algorithms class (taught by
Manuel Blum, Spring 2011) and the Modern Computer Algebaa(taught by Victor Adamchik, Fall 2011) at CMU.

As for planning the lectures themselves, there are at leaddistinct approaches to teaching courses on theoretibf@sts,
and | personally strive for a good mix of the two. One appraadaksult-driven. For each topic covered in the class, Vahg
the result-driven approach, one selects the most signifieanlts in that area, and makes it the goal of the coursesgept these
results, their proofs, and examples illustrating what thplications of these results are. The intention behindapoach is
that students should become familiar with everything th&hiown about a topic, understanding the “road map” of tha,ae
that (for instance) in the future they can place any new tesuicontext, and appreciate their significance. In the ggecthe
students become aware of some of the history of an area,éts pblems and directions, and the narrative of what leads t
what, and why we are interested in that.

The other approach to designing a theory course is techiufuen. In some cases, there are important techniques that
while present in the proof of some major results, would beebatught in the context of proving a lesser result. In the
technique-driven approach, rather than starting withtafisnajor results, the seed of the course is a list of majdmapes,
which can be useful to the students in their future caredrs.riotivation behind this approach is that the job of the seis to
prepare the students for careers requiring mathematiitts, sind in that context they will inevitably find a few comols quite
useful, so that the course should be focused around thelse aw instance, the practical skill of recognizing howrtmisform
a problem into one where the Chernoff bound for Bernoulli giesican be applied might not be considered a core result in a
probability theory class, but it is so widely useful thasitciertainly worth covering.

Of course, the best scenario is when these two approachesdmiso that the proofs of the major results are also perfec
case studies in the use of a particular technique. HoweV@nuhe two approaches split, it is best to provide a goodurext
covering the important results, but also focusing a goaottifsa of lectures on techniques. One approach that seerisyparly
effective is to focus the homework assignments on techsiquhbile the lectures focus largely on the major results. el@x;
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by mixing in a few lectures on techniques, the students seeagettfar more out of the class. So it is important never to $ocu
on one of these two approaches to the exclusion of the other.

Related to this issue, one way many theory lectures runyaistta focus too much on presenting a correct formal argument
and not enough on the concepts and ideas that underly thosalfarguments. That is, in presenting a step-by-step wbaf
major theorem, it may well be the case that most of the stedzant follow every step, yet still not understand at all what t
general idea of the proof is, or even what the theorem isyr@dlbut. One thing | learned from Avrim Blum’s lectures isttha
the key to cutting through this problem is to, in additiontie formal details, take a moment to explain at a purely iveeiind
informal level what the proof is about, what the key insidtattcracks open the solution is, and why we care about thisehe
at all. Often the students get far more out of these littldesthan from the formal proof itself. This is partly becatlse key
insight often also reflects some aspect of an idealizedigegatocess that could potentially explain how the origipralof was
discovered.

For me, FOCS, STOC, and the CMU Theory Lunch are also goodgetb learn teaching skills. | benefited substantially
from attending Shafi Goldwasser’s Piore Award Lecture at 5QQ11; she held a large audience’s constant attention amer m
than 40 minutes, exciting the audience with spontaneotesjokith a perfect balance between intensive informatiom #od
motivating examples. | also enjoyed the style of Silvio Miilsseminar talk at CMU in fall 2011. At times in the talk, itraost
felt like an open discussion, with everyone discussinglyrea the topic; but when a question would naturally ariserfrihe
discussion, Silvio’s next slide would somehow always malfjiccapture the exact answer to the problem raised. It se@dmas
was most likely happening was that Silvio had anticipatedaitecise natural progression for this discussion, inolyithie gaps
that required him to provide the next step, and preparedsijigst to help the discussion along at these times.

Evaluation

Evaluation can be an important part of the education proesss motivating factor, a way to catch students who areislipp
way to identify stars, and perhaps most importantly, as afaathe students to practice the mathematical skills beanglat in
the class. On this latter note, it has been my observatiaticpkarly in the CMU Graduate Algorithms class | was a téagh
assistant for (taught by Manuel Blum, Spring 2011), thateim®tional struggle of working through homework problemaris
essential part of learning Mathematics. This forces théesttito develop an understanding of the ideas behind theafdymin
the process, the student develops critical problem solskilts, which are virtually impossible to teach in any othey than
by doing: by solving problem after problem, learning to mgaiae patterns by a succession of “aha” moments. This pmoble
solving skill is often the most valuable thing the studeni take away from a theory class, in terms of usefulness @irth
future careers.

Another creative use of evaluation, which | learned from MgBlum, is to get students involved in the lecture. At vaso
times in the lecture, Manuel would stop, and ask the studerdsscuss amongst themselves and try to resolve some point,
work out some example, essentially letting the students tiak lead. When someone finally came up with a correct answer,
Manuel would write down which student it was, and then usgitiformation when determining grades.

Beyond the Classroom

So far, | have been describing my attitude toward classraauhing. But teaching extends beyond the classroom, inst mo
aspects of academic life. Generally, teaching is an esdgrait of an academic environment, since research is maltyt
learning new things. Furthermore, research is a commuffiidyteso that having a smarter, better-educated commuafity
colleagues is in all of our best interests. Especially inheatatical disciplines, the graduate students sittingdtute today
are likely to be proving the next major results only a few slyears from now. So an instructor should approach the task of
graduate-level teaching as being part of the process avatiftg her own future colleagues. By properly preparirgntior the
challenges they will face in their future research endeg\be teacher is contributing to the right combination ofwinstances
for the next breakthrough, by one of those very students.

The other aspect of teaching is its effect on the teacheelierfearned long ago that the best way for me to learn soimgth
is by preparing to teach it to someone else. Anticipatinggihestions of students forces one to consider a topic fromyman
different angles. And the need to clearly explain a topicdésrone to distill it down to its essence. By tutoring stugent
preparing guest lectures and conference presentatidgasdting with students in office hours, writing and gradnagnework
problems, and addressing student questions, | have beeceiddo see new perspectives and insights into my disciplihieh
| otherwise might have missed. This is just one of the manyaes| find teaching a fulfilling and essential part of my acaide
life.

My teaching skills are continually improving, and | am cargty learning new approaches, attending workshops and
seminars on the subject, and practicing these skills viatdaetures and other presentations. | plan for this growttontinue
in the future, as | move into the next phase of my career as t@dsral fellow, where teaching will take an even more
prominent role in my daily life.



