Thomas Zimmermann — Research Statement

Email: tz@acm.org Web: thomas-zimmermann.com

Software engineering plays a pivotal role in shaping the technological landscape of the modern world, as
it drives innovation, supports complex systems, and enables the creation of robust and scalable solutions.
| have 15+ years of experience with cutting-edge software engineering research with a focus on how we
can use data to support decision making and improve the creation of software. My technical achievements
are impacting daily practices at many of the world’s largest software companies and my foundational work
continues to shape academic research worldwide. I've published 150+ papers (27K+ citations, h-index: 78)
in software engineering’s highest impact venues. | am an IEEE Fellow for “contributions to data science in
software engineering, research and practice”, an ACM Fellow for “contributions to mining software repos-
itories and defect prediction”, and an IEEE Edward McCluskey Technical Achievement Award recipient.

My research philosophy is to focus on software engineering in a practical setting and combine building
tools with empirical studies. As a data scientist at heart, my journey into the realm of numbers and pat-
terns began in my childhood, where | first discovered the joy of turning raw data into meaningful insights.
| continued my passion for data when | started my research career in software engineering. Initially, my
work was deeply rooted in the automated mining of software data sources and quantitative methodolo-
gies. However, with time, my professional pursuits have evolved to put more focus on the people creating
the software and to integrate qualitative methodologies (surveys, interviews) into my research repertoire.
This progression has not only enriched my understanding of software development but has also allowed
me to contribute more comprehensively to the field of software engineering as well as other fields (e.g.,
HCI, CSCW, software security, digital games).

In this statement, | will describe my contributions to mining software repositories, my current work on
developer productivity and experience, data science and artificial intelligence as well as my plans for fu-
ture research. Much of the research highlighted in this statement, though often described from a personal
perspective, is the product of collaborative work, and | have been fortunate to work with remarkable
collaborators throughout my career, each contributing their unique expertise and vision.

Mining Software Repositories

| am best known for pioneering the Mining Software Repositories (MSR) field, also known as software
analytics. The MSR field analyzes software data from version archives, bug databases, pull requests, and
telemetry, to uncover actionable information about software systems, projects, and users. My algorithms
to extract, link, and analyze data across software repositories are at the core of many MSR and SE inno-
vations, for example:

e My landmark paper on the automated mining of data from software repositories [TSEQ5] is con-
sidered the founding paper of the MSR field. | demonstrated the potential of analyzing software
repositories by building the first recommender system for related files by automatically mining
rules from version control systems. These recommendations helped developers navigate through
software and prevent defects caused by missing changes. The paper has 1,700+ citations and is
one of the most cited papers in software engineering. Papers on MSR now account for 20% of
submissions to top IEEE/ACM SE conferences (ICSE, FSE).
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e My paper on identifying defect-introducing changes [MSR05] introduced foundational algorithms
for the identification of bug fix commits and fix-inducing commits — commits that likely intro-
duced a bug. With 1,250+ citations, this is the most cited paper in the 20-year history of the MSR
conference. The techniques introduced in this paper are now used daily in approaches for bug
prediction, detection, and localization to improve software quality. A systematic literature review
identified 273 papers that used the SZZ algorithm for their research.

Defect prediction, a subfield of software analytics, is the creation of data science models for identifying
potentially defective areas in a software system. These models are commonly used to assess code quality
and guide the limited quality assurance resources. A bibliometric assessment published in the Journal of
Systems and Software identified me as a top scholar in defect prediction. My work on defect prediction
had industry-wide implications on software quality. My research is applied at Microsoft (for example,
Windows, the largest operating system in the world), at other companies (Google), and in open-source
projects.

My technical achievements focused on removing the limitations of traditional defect prediction models
to make them useful in industrial practice.

e Toreduce the need for retraining, | pioneered adaptive defect prediction models, which automat-
ically adapt to the changing contexts of software development. Using a cache model with differ-
ent types of localities and replacement strategies, the FixCache approach selected the 10% of
files that accounted for 73%- 95% of future defects [ICSEQ7]. FixCache was later deployed inde-
pendently at Google. Adaptive models do not need frequent retraining like static models when
the context of software development changes.

e To address the limitations of project-specific models, | investigated to what extent models from
one project can predict defects in another project. | pioneered cross-project defect prediction
models, which are useful when little or no training data is available [ESEC/FSE09]. | showed the
feasibility of transferring models with Firefox and Internet Explorer. In a large-scale experiment
with 622 experiments, | showed that cross-project defect prediction is a hard, non-trivial problem:
only in 3.4% of the experiments, the prediction models could be applied out of the box. Since
2009 cross-project defect prediction has become one of the most active research areas in defect
prediction with 200+ published papers.

Developer Productivity and Experience

| am also known for my empirical studies of software development practices in industry and open source.
My research focused on aspects such as developer productivity and satisfaction, work-life balance, task
management, perceptions, and experiences with creating software systems. For example, | have studied
perceptions of productivity [FSE14], retrospections [CSCW17], software engineering managers [TSE19],
developer satisfaction [TSE21a], reflective goal setting [TSE21b], physical work environments [TSE21c],
and objectives and key results in software teams [ICSE-SEIP24].
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SPACE framework. | am one of the co-creators of the SPACE framework, a conceptual model developed
to understand and measure developer productivity. SPACE is based on decades of productivity research.
SPACE identifies five dimensions of productivity: Satisfaction, Performance, Activity, Communication, and
Efficiency. The SPACE framework moves beyond traditional, narrow measures of productivity (like lines of
code) and encompasses a broader, more holistic view of what impacts a developer's work and productiv-
ity. It's particularly relevant in modern software engineering, where teamwork, well-being, and a diverse
range of activities are integral to successful project outcomes. The paper on the SPACE framework is the
sixth most frequently downloaded paper among 750K papers in the ACM Digital Library. [QUEUE21]

Impact of work from home on productivity. | led several projects at Microsoft on how the COVID-19
pandemic and work from home policy affected productivity, and social connectedness of employees. The
initial research identified a list of challenges, benefits, and best practices and quantified their impact on
productivity. The work highlighted that there was a dichotomy of developer experiences influenced by
many different factors [TOSEM21]. Thousands of employees started to work for Microsoft during the pan-
demic. Through interviews and a survey, our team identified a list of recommendations that teams can
follow to onboard new hires more efficiently [ICSE-SEIP21] and to work more efficiently as a team [ICSE21,
ACM SIGSOFT Distinguished Paper]. The findings from this research were prominently featured within
Microsoft, included in the Microsoft New Future of Work reports, and impacted thought leadership across
the company.

Data Science, Artificial Intelligence and Software Engineering

| spearheaded data science projects related to several Microsoft software products. My work influenced
the development practices of some of the world’s most important software systems at Microsoft and
Google. For Windows, which is built by 4,000 engineers and used by 1.5 billion people, my work has been
influential in speeding up development by 8.9 days through improved branch structures [FSE12]. For Xbox
(48 million members), my analytics models of player behavior and engagement have improved the reten-
tion of millions of video game players [CHI13]. For example, | invented a technique to create engagement
profiles of 1.2 million players of Forza Motorsport 5, a popular Xbox car racing game, and highlighted
patterns associated with active gameplay. Subsequent Forza titles used the profiles to improve the game
design. The analysis was repeated for other Microsoft games such as Killer Instinct, Solitaire, Minecraft,
and Halo Reach (3 million players). [CHIPLAY15].

Artificial intelligence (Al) has been another central component of my research. My work has been lever-
aging Al techniques for software engineering tasks. For example, | used language models such as GPT 3
and 3.5 to recommend root causes and mitigation steps for cloud incidents. More than 70% of the on-call
engineers gave a rating of three or above (out of 5) for the usefulness of recommendations in a real-time
production setting. This is an important technology to swiftly resolve disruptions, maintain service relia-
bility, and prevent future occurrences of similar issues for cloud services [ICSE23].

| have also focused on the engineering of Al-powered software applications. | published a highly influen-
tial case study on software engineering for machine learning [ICSE-SEIP19, IEEE Software Best SEIP Paper,
830 citations]. This paper explored the integration of Al capabilities into software and services. It reported
on a study observing Microsoft software teams as they develop Al-powered applications and identified a
nine-stage workflow process as well as a maturity model. The paper discussed the unique challenges faced
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in machine learning applications compared to traditional software engineering, such as complex data
management, model customization, and difficulty in handling Al components as distinct modules. This
work helped design a process for responsible Al in Microsoft software products.

Finally, | worked on empirical studies of how software developers use Al-powered tools such as GitHub
Copilot. GitHub Copilot is an Al-powered code completion tool that uniquely assists programmers by sug-
gesting entire lines or blocks of code in a wide range of programming languages, learning from the context
provided in existing code. My work on analyzing GitHub user behavior and feedback helped shape the
GitHub Copilot product launch and informed features and pricing strategy [QUEUE22].

Future work

The emergence of software and Al-driven technologies has transformed industries across the world and
reshaped the way we work, communicate, and live. This paradigm shift represents a unique opportunity
in history to engage in software research, as it enables us to explore novel applications, address complex
challenges, and unlock untapped potential across various domains. In 2011, Marc Andreessen famously
said that “Software is eating the world”, and now in 2024, Al is eating the world as well. My future research
will focus on several aspects at the intersection of Al and software and their profound impact on society,
shaping the future of technology and innovation.

o How we consume software is changing. Al is fundamentally altering how we consume and inter-
act with software, moving away from static products to dynamic, evolving services that are hidden
behind a common interaction model. With Al, software will also be capable of increased person-
alization and adaptation to user needs. It will be important to understand how people are using
software in this new world. | have started some work in this direction by investigating trust in Al-
powered tools and their recommendations. This led to the PICSE framework for trust in software
tools which identified five dimensions of trust [ICSE-SEIP23].

e Democratization of software development. Al will democratize software development, making
the creation of software accessible to a broader range of people, regardless of their technical
background. By automating repetitive tasks, offering code suggestions, and simplifying develop-
ment processes, Al tools will lower the barriers to entry, empowering more people to participate
in software creation and innovation.

e Al and software for social good. With my colleague Denae Ford Robinson, | investigated the mo-
tivations and challenges of contributing to open source for social good [ICSE21]. Al holds immense
potential for software applications aimed at social good, such as addressing healthcare disparities,
optimizing resource allocation, and aiding disaster response. By harnessing Al's capabilities, we
can develop innovative solutions that have a positive impact on society, improving the quality of
life for communities worldwide.

I'm frequently asked about the possibility of Al replacing software engineers. While Al is a disruption and
the role of software engineers will change in the future, Al won't replace software engineers. Instead, it
will augment their capabilities by automating routine tasks, enabling engineers to focus on more complex
and creative aspects of software development. Software engineers will need to adapt by acquiring skills
in Al, data science, and continuous learning to thrive in this evolving technological landscape. With my
future research, | hope to maintain a positive impact on the ongoing transformation of software by Al.
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