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Teaching, in itsmany guises—be it creating new courses, training graduate students, helping talented
undergraduates advance towards the research frontier, deliveringpopular lectures andwriting review
articles—should stem from understanding learning as a fluid and life-long process. As an educator,
as a life-long learner, I have realized that engaging in research within the same field that I teach, at-
tending conferences, workshops, and seminars to push the boundaries of my own knowledge and
continuously evaluating my teaching methodologies, have been indispensable to all aspects of my
career.

I have had the opportunity to design, organize and deliver several extended research courses at lead-
ing institutions and deliver plenary-level talks at conferences, named lectures, tutorials and technical
lecture series at universities and research institutes around the world. These have received wide en-
gagement and the accompanying written materials, thousands of citations.

My experiences in the study and application of quantum computing, quantum information science,
and theassociated techniquesofmathematical physics have taughtme the immense capabilities that
people have to address problemswith thedevelopmentof streamlinedprocesses and tools. This hap-
pens through the development andunifying concepts, which in their simplest formmight connect the
behavior of two physical systems through a transformation of variables. This perspective has been a
catalyst in designing learning experiences that aim to cultivate problem-solving capabilities in stu-
dents, as well as an appreciation for the scope and practical application ofmathematical and compu-
tational sciences and for the field of quantum information in general.

Teaching Philosophy

The overarching approach that I take to education stems from my belief that both the student and
the instructor develop and learn from one another throughout the teaching process.  Students that
engage with learning content and participate in learning activities are learning to apply themeans by
which they individually learn best. Meanwhile, the students’ questions challenge the teacher to think
creatively, to explain things in new ways, and to continually develop high-quality teaching methods
that must be continuously evaluated and adapted to the unique qualities of the learners. In addi-
tion, the teacher learns to develop an appropriate and engaging learning environment thatmaintains
student engagement. While ensuring group focus, interaction must be encouraged, and individual
student needs must also be addressed. Whereas technology may change how courses are taught,
how assignments are done, and how people collaborate, interactive classes and individual guidance
have no replacement. I strive to designmy learning experience objectiveswith this inmind, while still
remembering that a variety of approaches is more likely to be effective rather than a single-faceted
approach.

As a professional educator in mathematical and computational sciences, I aspire centrally towards
three learning experience objectives:

(i) To support an inclusive and safe environment for students to develop enhanced
problem-solving abilities

(ii) To demonstrate the vast scope and practicality of the mathematical and
computational andmathematical sciences

(iii) To increase appreciation and interest of the mathematical sciences

The first of these (i) is of the most practical importance to undergraduate students who must master
thebasicsof adiscipline toprogress forwardandeventually apply their knowledge in real-worldappli-

30 March 2022 Biamonte ⋅ Skoltech page 1 of 3

mailto:~j.biamonte@skoltech.ru
http:// http://quantum.skoltech.ru 


cation. To quantify (i), I found that for certain topics—such as linear algebra and complex analysis—a
fewexaminations per term (or as inOxford, oneper year) is insufficient to address difficulties students
might be experiencing with certain subjects. In addition, although I would assign and grade weekly
homework, I found that for certain topics it was not uncommon for students to perform poorly on
examinations yet rather well on the homework. For these reasons, I developed single problemmini-
exams for specific courses, which were administered weekly for fifteen minutes of class time. These
did not form part of the grade, but were marked, offering much-needed regular and direct Feedback
to students This, coupledwith the fact that the assessmentwas purely for the sake of learningwithout
a grade attached, immediately increased student performance. I believe this form of feedback in part
offers an additional resource to account for different learning styles, which could stem from speaking
different native languages or a students own ethnic or gender identity.

Points (ii) and (iii) are harder to quantify, but the exceptional feedback I have received from students
over the years, suggest that students benefit from an understanding of the vast scope and practicality
of mathematical and computational sciences. To accomplish (ii), I point out and work simple exam-
ples, to illustrate how one set of techniques can often be adapted to solve an apriori entirely different
problem. Demonstrating the transferability of techniques from one problem to another allows stu-
dents to view science in broad terms and to avoidmerely applying a formula in abstraction. It enables
students to see the practical side of mathematical and computational sciences by exploring bridges
between concepts.

Regarding point (iii), my own interest and excitement in the mathematical sciences often motivates
others. I enjoy explaining some history surrounding the results being taught, and I believe that in-
clusive content that aims to increase representation of students of color and previously unheard of
contributions from Black, female, or other disenfranchised groups of mathematicians and scientists
canmake a positive impact onmy commitment to diversity, equity and inclusion. This places difficult
topics into perspective, and further accentuates the key fact that Rome wasn’t built in a day. Indeed,
I emphasize that science is very much an incremental process of learning and developing, a process
of which we are all capable. This capability comes to life given the appropriate level of dedication
together with the correct learning environment. Because maintaining student engagement is largely
dependent on the instructor creating an engaging learning environment, I strive to maintain a learn-
ing environment that encourages peer-to-peer learning and problem-posing instruction that aims to
support student’s ability to developmathematical tools to solve real-world problems.

Future Teaching Plans

It is time to broaden my engagement audience of my research courses to encompass the entirety of
this growing field. I have prepared for this for many years in two ways. The first is by systematically
training my graduate students and postdocs to utilize my research level teaching materials so that
they canprovide short research courses at institutes around theworldwithoutmydirect involvement.
Such an approach evidently takes several years, but the fruits of this endeavor are nearing comple-
tion. My basic proposal is to first have my students help me teach my existing courses then to gain
confidence to build on my materials to create their own research course. The availability of these
short research courses will be made available on the laboratory homepage.

Secondly, my research coursematerials include several hundred custom problems, course notes and
numerical programming exercises. Such an integrated approach, together with the development of
several educational games to teach quantum concepts, from the base for educational materials that
learners can independently engage with. This would include underprivileged learners whomight not
otherwise have access. These materials, including the educational games, will soon be published.

I also plan to broaden my engagement audience when it comes to my own university teaching. In-
deed, after a senior faculty member left to became Rector at a neighboring university, I was asked
by the head of department to “...take over and redevelop” the required PhD level course, research
methodology. My basic task then became to promote a unified problem solving methodology which
applies across the mathematical sciences. In doing so, I created deductive approaches to help stu-
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dents begin to formulate the solution to extremely difficult problems. I also addressed how to make
progress on problems which in all likelihood, won’t be solved in my (or their) lifetime(s). Prima facie
this course appears distant frommy research, yet it proved to be very fruitful and I would like to con-
tinue to offer such a course. It is always rewarding to receive glowing feedback from a wide range of
students in disciplines far frommy own research.
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