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In a world where pursuing a bachelors degree is no longer necessary simply to learn to write code, I
believe computing students need to be more than just programmers. They still need the skills to practice
professionally as a programmer, but they also must be expert software designers. They need to think
analytically about designs and to be critical of design alternatives and existing designs. They have to be
creative, and they must understand how their designs will interact with society.

I find that students learn best by interacting with knowledge. Therefore, my role as a teacher is to act
as a facilitator to their learning. I need to motivate them to take an active role in their learning the course
content and to structure the course in a way that facilitates their directed learning. I also have to provide
a scaffold for the construction of knowledge. I do this by deciding what I want students to be able to do at
the end of the course, provide practice with these learning objectives both in and out of class, and keep my
assessments focused on those objects. All of this provides an environment for students to pursue their own
learning, but it is also necessary for me to sometimes provide information as needed by the students. This
may mean delivering traditional lectures, but I believe the lectures need to be motivated by the students
needs and fit into the learning structure that I am providing.

In my classes, rather than simply presenting the known solution to a problem, I like to present the
problem and have the class work on ideas of how to solve the problem. This lets them exercise their design
creativity, and discussion of their design alternatives helps them to build critical analysis skills as well.
I dont expect them to spontaneously develop a complex design with all the details of solutions already
deployed in the real world, but they are able to develop simple solutions that use the same basic concepts
that they will learn in class. I conclude by explaining the details of how the actual implementation in
current technology works, with its extra features and complexity, but they have already constructed the
basic concepts underlying the technology themselves. As one example of how I put this into practice, I
ask students to think of ways they could help people take turns talking in a crowded room, and after
discussing their ideas, I relate their solutions to the technical approaches for managing multiple access. I
found students come up with good analogs for most of the several techniques used in this area, proving
they are capable of solving real problems themselves if they are presented in a way the students can get
their heads around.

I also ask students to analyze designs, either by identifying the trade-offs of different design alternatives
or by relating design mechanisms to the features / emergent behavior they produce. Following the multiple
access activity, I ask students to identify the pros and cons of the different multiple access techniques, which
I follow with a guided class discussion where they share their ideas. In another activity, after learning how
DNS works, I have the students identify which of its mechanisms help to make DNS scalable. In doing so,
they learn how to think about why particular mechanisms are included in a protocol, rather than doing it
some other way.

I also like to allow students to practice design for themselves. I believe advanced undergraduate classes
should have opportunities for students to design software, even if the class is not billed specifically as a
design class. These may be smaller designs than would be created in a design class, but students should
be given some decision power on how the software will actually behave and not merely write code from
a well-specified design document that is handed to them by the instructor. I include one such design
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project in my computer networking class: a peer-to-peer chat application. Without defining the specific
details of how such a thing should be made, they were required to design the protocol themselves before
implementing it in the client application. They first turned in a design sketch, then a formal design, and
finally an implementation, receiving feedback after each step.

When possible, I also like to give students some choice about what to do, because working on things
that are exciting to them not only enhances their motivation but also gives them more flexibility to exercise
their computing creativity. For example, my students write papers about a topic in the field and are allowed
to choose a topic from an extensive list of options or to propose their own topic to write about.

I also believe two of the best ways to learn are to analyze the work of others and to practice, reflect
on ones work and/or receive feedback, and then respond to the feedback with further practice. To become
an author, a person reads many works by others and thinks critically about the structure and style of the
writing. They also write a lot, reflect on their work, solicit feedback from experts, peers, and readers and
then write some more. I believe that learning to program well or to design software is much the same.
Students of all levels need to analyze existing designs and design alternatives, practice designing, reflect
on their own designs, and receive feedback from the instructor, experts and/or peers.

Feedback is very important, but it is not sufficient just to give it. It must be received, considered
and learned from, but feedback given only with a returned final grade is easily ignored or glanced at and
discarded. Therefore, one thing I like to do with student projects is to provide iterative feedback. A design
project, for example, may have checkpoints along the way. The checkpoints may not be graded, but I
can provide feedback that allows students to revise their work before the next checkpoint. By the final,
graded submission, they will have had ample opportunities to correct their work. In another scenario, I
can allow students to submit their work multiple times, providing feedback each time, and only grading
them based on the last version they submitted. For example, in my computer networking class, students
developed a simple web browser. After the initial submission, I supplied feedback and gave students the
option to revise their assignment in response to the feedback and resubmit it for a new grade. I used the
same approach of feedback and resubmission for their paper as well.

I have refined my teaching skills by revising the implementations of some of my ideas over a few
semesters of computer networking. I made the assignments more clear and explicit, which helps students
to succeed at them, and I revised the design project description to better describe the issues I want their
designs to address and what should be included in their design documentation. I also improved the feedback
loop by making it more necessary for students to address the feedback they are given, making it a pervasive
element of the class in which all students must participate.

In the future, I look forward to bringing these ideas of thinking about design and analyzing different
solutions to the Introduction to Systems class this spring. I have also learned a lot teaching Object-
Oriented Programming this fall and have some improvements in mind for the next time I have a chance to
teach this course. Since this class is an introduction to object-oriented concepts in Java and not an object-
oriented design class (which comes later in the curriculum), teaching about design is not immediately
relevant. However, I would spend more time in class analyzing provided code samples and asking the
students questions about them. I would also improve feedback by having the students write smaller and
more frequent programming assignments near the beginning of the semester, and if class logistics allow,
I would make these pass/fail and let them keep resubmitting until they pass. This should help them to
really master the basic concepts in the class, and then we may move to larger projects due every 2-3 weeks
in the second half of the semester, so they can learn how to integrate those concepts into larger projects.

I believe that my techniques for providing ample design practice, giving students plentiful feedback
and requiring them to apply it, allowing them flexibility to be creative, and discussing design analysis in
class help to support my goals for the students. I want my students to be skilled designers, not merely
programmers, and to be creative with software. I want them to have high aspirations and to be successful.

2


