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ABSTRACT

This experience report discusses my views on raising MSR
researchers through a graduate-level seminar course. A key
goal of this report is to kick start a discussion on this topic
within our growing community. A discussion for which there
is rarely a suitable venue. Yet, it is an essential discussion
to have as a community grows, especially given the rapid
growth of the MSR community over the past decade.

1. INTRODUCTION

Much of the literature on computer science education fo-
cuses primality on undergraduate education. Over the years,
the SIGCSE conference series has become a key venue for
sharing and discussing teaching philosophies about under-
graduate education. SIGCSE led to the birth of many valu-
able initiatives for improving computer science education
at the undergraduate level. The Nifty Assignments reposi-
tory [8] is one example of such valuable efforts, where edu-
cators can share, reuse and extend examples of interesting
assignments and projects for undergraduates.

Unfortunately, there exists no specialized venue for dis-
seminating, and discussing experiences and best practices in
graduate education for computer science in general and soft-
ware engineering in particular — with very few publications
on this important topic (e.g., [2]). All too often, such discus-
sions and decisions are often relegated to a general research
methods graduate course that is taken by all graduate stu-
dents across all sub-disciplines of computing in their first
term of graduate studies.

The design and content of such a course is often too wide
in scope. Many of the needed skills to succeed as a theory
researcher vary considerably from the needed skills to suc-
ceed as a systems or software engineering researcher. Nev-
ertheless, due to the small size of the graduate cohorts and
limited resources, it is often the case that students from
various sub-disciplines of computing are co-taught the same
research methods course.
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Recently, at Queen’s University we split off our research
methods course into two courses: a general research meth-
ods course and a systems-oriented research methods course,
thanks to strong financial support from NSERC (the Natu-
ral Sciences and Engineering Research Council of Canada).
This splitting has permitted us to customize the course per
sub-disciplines of computing.

While such discipline-focused research methods are a step
in the right direction, we should take a more holistic view
about graduate education even within our area-focused grad-
uate courses (i.e., one’s own grad course). Our primary goal
should not be solely focused on teaching students about the
latest and greatest advances in our area (e.g., Mining Soft-
ware Repositories, Testing, or Requirement Engineering).
Instead we should keep an eye on raising the next genera-
tion of our community. As for that is the generation that
will shape and lead our community for years to come.

This paper recounts my experiences and lessons learned
from teaching a term-long graduate course on Mining Soft-
ware Repositories since 2007. The primarily goal of this pa-
per is to kick-start a community-wide discussion about the
important topic of raising the next generation of researchers
in our community. This paper is not complete by nature
nor are the proposed methods empirically validated through
large scale studies. Nevertheless, I believe that the paper
will be valuable to others throughout our community. Valu-
able for faculty members who plan to teach such type of
grad course. Valuable for students who wish to understand
the rationale behind the design of a graduate course.
Paper organization. Section 2 gives a brief overview of
my MSR grad course. Section 3 highlights the risks associ-
ated with solely covering the latest MSR research. Section
4 discusses the importance of replication as a pedagogical
and mentoring instrument. Section 5 discusses critiquing as
an essential and powerful tool for top researchers. Section 6
gives a brief summary of the paper and the discussed topics.

2. MY MSR GRAD COURSE

My primary goal of teaching my MSR course is to raise
world-class MSR researchers — this goal applies even to stu-
dents who are not doing their thesis research in MSR. I
believe that many of the MSR teachings (e.g., empirically-
driven research, extensive use of analytics techniques, and
an eye on the practical impact of research) are applicable
across many disciplines of computing. Furthermore, the dis-
cussed presentation and writing advice applies across many
research disciplines.
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Each of the previous eight offerings of the course had on
average ten graduate students. The students appreciate the
course — their average rating of the course is 4.8 out of 5.
However, the course rates as one of the heaviest workloads
in the department. Nevertheless, the course project and as-
signments has led to the publication of 27 papers over the
past few years: 2007(2), 2008(2), 2009(6), 2010(6), 2011(2),
2012(4), 2013(1), 2014(2), and 2015(2) — the bracketed num-
bers indicate the number of published papers in that year not
the number of published papers by students who took the
course on that year since a journal publication might take
a few years to get published. Some of the papers (e.g., [1])
brought many MSR thinkings to other disciplines of comput-
ing and are well-cited today. Moreover, ten of the previous
students that took or audited this course are now faculty
members who are today actively doing research in MSR or
Software Engineering, in general.

Course Design. The design of the course is influenced by
pedagogical thinkings on apprenticeship and situated learn-
ing [B]. Hence, the course deliberately avoids being lec-
ture based. Lecturing is an ineffective method for graduate
level teaching since lecturing often leads to a superfluous
disengaged understanding of the covered material [9]. Nev-
ertheless, lecturing is used in the first two weeks to provide
students with essential background material; then the rest
of the classes are conducted in a seminar-style setting as fol-
lows (classes are three-hours long and are held once a week):

e In the first week students are given an overview of re-
search achievements in MSR. This overview highlights
important general challenges across the field.

e The second week students are given a high level intro-
duction of various techniques (e.g., data mining tech-
niques such as Random Forest, validation approaches
such as ten fold cross-validation, code analysis tech-
niques such as island parsing, and mining heuristics
such as the SZZ approach), and tools (e.g., R) that
are commonly used throughout MSR publications.

e Weeks three to 10 are dedicated to paper presentations
and discussions.

e Weeks 11 and 12 are for course project presentations
(varies based on size of class).

Two to three research papers are covered each class. Each
student is assigned to present at least one paper per term.
A student is expected to present and guide the discussions
around that paper. All students are expected to have read
the papers that are covered in a particular week. Each stu-
dent (who is not presenting on that particular week) is ex-
pected to submit a one-page critique of one of the papers
that are covered during that week. The critique should give
a brief summary of the paper, while highlighting three strong
points and three points for improvement. In earlier offerings,
students could pick any paper to critique. In recent offer-
ings, students are assigned a paper to ensure that there is
enough critiques for each covered paper. The covered pa-
pers are used by the instructor (i.e., me) as a backdrop to
communicate various MSR teachings, research design, pub-
lication strategies, and writing style.

The marking scheme is as follows: 10% for class partici-
pation, 20% for paper presentation, 10% for weekly critique,
20% for a hands-on assignment, and 40% for a project. The
assignment is done in groups of 3-4 students. The project is
done individually. Both the assignment and project require
the submission of a 10-page double column report.

This paper primarily focuses on lessons learned about the
overall course design. I will not delve into detailed lessons
about designing the assignment and project due to space
limitations.

3. FOCUSING SOLELY ON THE LATEST
RESEARCH IS NOT SUFFICIENT

I discuss here a few key observations and lessons learned

about the main designs aspects of a grad course (e.g., the
selection of discussed papers and covered topics)
Greater emphasis should be put on the variety of
topics and methodologies. The impact of the covered
technical topics is relatively minor. All too often when de-
signing a new graduate course, the emphasis is on the techni-
cal content in the course, e.g., which technical topics should
one cover in the course. For example, a typical graduate
course in MSR should cover topics such as mining data from
source control or issue tracking systems. Furthermore, the
course should also cover topics around code quality. Inter-
estingly the specific topics are always the first thing that one
considers when designing a graduate course.

These chosen topics are often based on the instructor’s

own sub-interest and prior MSR experiences. One often
spends a considerable amount of effort in selecting these
topics. However, over the years I found that the impact
of these choices are minor relative to the other decisions
that one must take when designing a graduate course with a
long lasting impact on the students. For instance, the spe-
cific topics are always evolving as our community evolves
with new repositories being uncovered, and new research
methodologies gaining wider adoption across our commu-
nity. For example, developer surveys and manual analysis
of the data along with traditional quantitative analysis have
become more common in recent years. Hence, one should
not fret too much about the specific topics but should put
more emphasis on giving students exposure to a variety of
topics and a multitude of methodologies that are used to
study these topics. The goal of such variety would be to
ignite their minds into thinking beyond the status quo for
our community.
Covering classic papers is more valuable than cov-
ering recent advances. Once the to-be-covered topics are
chosen, one must follow up by picking the specific papers
to be presented on these topics. Over the years, as MSR
continues to grow the complexity of the used approaches by
MSR papers has grown tremendously. As researchers, we
are often excited about discussing the latest and greatest
research. Hence we often seek to cover in our courses some
of the latest and most recent advances and papers, instead
of covering older classic papers

However, the methodologies in such recent papers are of-
ten too complicated for MSR newcomers. Students are often
too overwhelmed by the complexity of the methodologies
and all too often miss the key messages of the papers. The
same holds for selecting a journal publication versus the ear-
lier conference paper which in most cases communicates the
main ideas in a much more succinct and clear manner.

Furthermore, the continuous and rapid evolution of the
field leads to one switching papers often with many papers
not being repeated across offerings. Surprisingly, the rep-
etition of papers is a desirable thing. Imagine one never
repeating an undergraduate lecture from year to year. As
papers are repeated, one is able to provide a better ped-



agogical experience to students. For example, one is able
to reuse their knowledge about what aspects students find
hard to understand, or how students often misinterpret find-
ings. Furthermore, one is able to identify ideal spots (e.g.,
findings, figures, or statements) that can be used to drive
students to reach their own conclusions without one lectur-
ing about a specific topic. Such style of learning through
cues that force students to actively engage and apply their
learning is desirable especially in grad courses [3].
Discussing the historical backdrop of research is as
essential as presenting the technical aspects. With
the growing popularity of search engines and the digitiza-
tion of knowledge, students can easily locate papers on var-
ious topics of interest. However, there are many important
nuances that students (or even young researchers) are not
able to discern easily from simply reading papers. Nuances
like researchers which are often always leading the pack, re-
searchers who have a knack for picking interesting problems,
or researchers who have special skills (e.g., able to com-
municate complex problems in a very simple fashion) and
expertise (e.g., ones with extensive in-depth machine learn-
ing or statistical expertise). Furthermore, it is also impor-
tant to have discussions about family trees of researchers
and research teams. Such discussions help students recog-
nize patterns of paper-writing and research-methodologies
across our field. Students can use such patterns to structure
for their own future research efforts. Finally, it is essen-
tial to give students some background about the area (e.g.,
work that was thought to be a dead-end (or very hard to
publish) but has become popular in recent years). Hence
for each presented paper, the presenting student is asked to
not only discuss the current paper but to give the class a
brief overview of the key authors of the paper (e.g., who
are they? what were they doing at paper publishing time?,
Where are they today? What work have they been doing
since the writing of the paper, especially the work related to
the presented paper). This historical backdrop is augmented
by the instructor. Nevertheless, students are asked to do it
so they can learn how to do such historical digging later on
in life.

Such a backdrop helps the course achieve three key goals:

e Students feel that they are part of a much bigger com-

munity in which they are excited to grow and which
they want to grow, instead of being solely focused on
the technical aspect of the work.
Student acquire a historical perspective of the chal-
lenges of younger researchers like themselves (helping
them cope with their own challenges (e.g., future rejec-
tions) and the overall community’s historical missteps
(helping them protect our community by avoiding the
repetition of community missteps later on).
Students are able to locate links (through people) for
other related work that might not be easy to spot by
only focusing on the technical relations.

4. REPLICATIONS ARE AN OUTSTANDING

PEDAGOGICAL AND MENTORING IN-
STRUMENT

In earlier offerings, I put great emphasis and effort in the
design of the course assignment. Students were divided in
groups and were given a curated data set (by me), and were
asked to answer specific (never-investigated-before) research
questions (e.g., [4,16]). Each group had to produce a ten-page

double column report. Each group had to give a progress up-
date presentation and a final presentation. Groups were also
expected to identify and resolve inconsistencies in findings
across groups, and groups were given permission to share
data after their update presentation.

The assignment’s key goal was to offer students a hands-
on experience about the challenges that are associated with
producing an MSR paper (e.g., data analysis, paper writing,
and differences in results). The assignment was done in a
group setting so students can mentor each other. The ex-
pectation is that some students are good coders, others are
strong analysts, and others are great writers. In many ways,
the goal was to teach them how to bike, then to remove the
training wheels once they are ready to do their final project
(which is done individually). An important side effect was
to the ability to eventually publish the final reports as novel
research — something which we were fortunately successful
in doing on a few occasions (e.g., [4, [6]).

The tackling of a novel research questions often lead to
students that are confused about the expected final outcome
(since that outcome is a moving target as we learned more
about the data and the research questions). For this reason,
the course assignment was switched to a different approach:
replication of prior MSR papers with a twist. The twist can
be either new data, new pre/post processing of the data,
or new modeling techniques. The replication is an ideal
pedagogical instrument since students have a very concrete
and clear idea of what the final outcome of the work will be
(i.e., produce the same exact paper with the same research
questions and methodology — even same figures — but make
sure that the results reflect the requested changes in the
replication). Perhaps one of the most important benefits
of replications is that the methodology has already been
chosen and described in the original paper; often this is one
of the most challenging aspects of conducting new research,
and it is often one of the areas where students struggle the
most. This new approach helps achieve the same goals while
guiding students in a more structured fashion.

Unexpectedly, some of these replications have uncovered
new findings and observations that have been published in
the literature (e.g., [7]). I believe a key reason being that
students had a very clear template to follow (i.e., the earlier
paper), so they were able to put their focus on interesting
intricate details that might have been beyond the original
research and to uncover publishable observations.

S. CRITIQUING IS AN ESSENTIAL TOOL
FOR TOP RESEARCHERS

At first glance one might think that the key goal of a
graduate course is to teach students about the latest research
in the area. For instance, earlier offerings of the course were
concerned that each student read at least one paper per
week (hence the request that a student must submit one
paper critique per week). However, over the years I came to
the realization that another key aspect is to teach students
how to critique work (i.e., to recognize good and bad work).

Such critiquing skills are essential for their future research
careers where they have access to a much wider set of re-
search works with no experienced person available to point
out major problems with it. Furthermore, the critiquing
prepares them for when they receive reviews for their own
papers later on in their academic career. For example, the
critiquing of papers, that are written by others, gives them



an idea of how others might misinterpret their results, writ-
ings, or intentions. In recent years, I made critiquing as an
essential skill that a student is expected to learn through
my course. This is done through a variety of methods as I
explain below.

The use of easychair to manage the critiquing pro-
cess. In earlier offerings, students would privately submit
their critique to me via email or some online course man-
agement software. Other students did not have access to
the critique. Hence, it was not read by anyone other than
me. The goal of the critique was to ensure that each student
read at least one paper. Later on I used the critique to raise
points that students might be too shy to raise themselves
during the in-class discussions.

Recently I moved the whole critiquing process to easy-
chair. In easychair, each presented paper is uploaded as
a separate submission. Students are asked to bid for papers
which they would like to review for each week. Then a paper
assignment is generated (just like in a conference setting).
By moving to easychair, each student is able to read the
critiques of others. Hence they are able to learn from others
(and anecdotally I have noticed quite a bit of improvement
in critique quality as the term progresses, compared to the
old private critiquing setup). Furthermore, the critiques can
be discussed in an online setting well-before the class time
(giving students a glimpse of the whole paper reviewing pro-
cess very early in their careers and freeing time in the class
for more deeper discussions). Finally, the student that is al-
located to present each paper is responsible for summarizing
and responding to the critiques of their peer reviewers.

There are interesting side benefits of using easychair to
manage this process:

e Students receive notification of updates (e.g., new cri-
tiques, update critique, new comments) — so they are
up-to-date about the concerns of their peers,

e casychair manages the access control extremely well
since students cannot read the other critiques for their
assigned paper until they submit their own first. Fur-
thermore, students can read critiques for other papers
that are being covered that week so they are already
getting different points of view from their peers.

e Students are able to decide at the end of the term if
any papers should be rejected (i.e., dropped) in future
offerings (in a sense the whole course is formulated like
a term-long Program Committee meeting).

I have also moved to using easychair for assignment and
project submissions (the submission are treated as reviews
for a phantom assignment or project paper). The use of
easychair for such submissions again helps students in be-
ing aware of the work of their peers in a more active and
automated fashion.

A bigger focus on best practices for critiquing and
the importance of active critiquing. In earlier offerings,
the critiquing process was quite ad hoc and passive in na-
ture. Students were not given much guidance on how to go
about producing a good (e.g., critical yet constructive and
respectful) critique. Nowadays, the course puts a stronger
emphasis on critiquing by spending more time on discussing
a) what is the ideal structure of a research paper, and b)
what are the common building blocks of an MSR study. It
is interesting to note that these two aforementioned points
are examples that highlight the importance of having such
a discussion in an area-focused course instead of relegat-

ing such a discussion to a general research methods course
(since these discussions vary considerably across communi-
ties). For example, I formulated a set of anti-patterns for
critiquing. Some notable examples are listed below:

e Obuvious results: Students are asked to rethink the va-
lidity of such a critique had they not read the paper
(since quite often things look quite obvious once an
elegant and simple solution has been proposed).

o N+1 systems: Students are asked to think deeper about
the goal of our field — Are we in search for a unifying
theory that unifies knowledge across the whole field
(and hence a considerable amount of systems must be
studied for each paper)? Or are we more case study fo-
cused and are concerned about showing that the work
can help at least a few systems (that are possibly im-
pacting the lives of many)?

e Industry vs. open source: A classic critique is to com-
plain that the studied projects are open source ones
or industrial ones. Students are asked to go beyond
the specific projects and to think about the overall im-
pact of the results and on the availability /rarity of the
studied data.

e Not novel (e.g., Replication studies): This is rarely
raised once students are halfway through their assign-
ment.

e Un-addressable critiques: Students are asked to com-
bine their critique with a realistic way to address it.

Furthermore, students are reminded throughout the course
about being respectful and mindful of others. That at the
end of the day there is a person (or set of persons) that are
behind the work and who have worked hard to make it hap-
pen. Hence students are always reminded to reread their
critique and think of how they would have felt about it, if
it were for their own work. For this reason, I rarely cover
papers by my group in the course so students are more com-
fortable with their critiquing. Finally, I always aim to have
one paper in the term that has major flaws in it so the stu-
dents can learn to judge each work on its own merits and
to exercise such critiquing skills without being influenced by
the fact that a piece of work is already published.

6. CONCLUSION

This paper presents a set of guidelines and lessons learned
about the design of an MSR graduate course. The paper de-
parts from the traditional advice of designing such courses
by highlighting the fact that the technical content is rarely
the main concerns of the course. Instead other more im-
portant concerns (such as mentorship and critiquing) play
a much wider role in producing a graduate course that has
a long lasting impact on the students. As an experience
report, the paper is subjective in nature and its main goal
is to push such a discussion about MSR grad course design
to the forefront of our community. Such a discussion is es-
sential for the long term success and health of the rapidly
growing MSR community.
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