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1 Research Summary

The area of my research is Digital Archeology [1]: a study of
software developers’ culture and behavior through the recov-
ery, documentation, and analysis of digital remains. These
digital traces reflect various projections of collective and in-
dividual activity. The fundamental method of Digital Arche-
ology is the reconstruction and quantification of the behav-
ior of an individual, a team, or an organization from these
projections. Digital Archeology allows a live, non-intrusive,
fine-grained, and practical way to observe, analyze, and sup-
port large groups such as software development teams [2],
entire companies [3, 4], or an entire population of open
source projects [5, 6]. Two decades ago, software develop-
ment was the only domain with accessible detailed records of
people’s activities retrievable from version control and prob-
lem tracking systems. The research in the area has expe-
rienced a dramatic growth as indicated by the recognition
of my early work [2], conferences such as Mining Software
Repositories and Mining Software Archives, and adoption
of these novel measurement and decision support methods
by industry. Some of my early work [2] inspired research
in domains not related to software engineering, for example,
innovation [7], computer-supported collaborative work [8],
management science [9], and others.

Combining insights from software development models
and software change data I constructed tools optimally to
distribute work [10], estimate and present developer exper-
tise [11], and improve the quality of software [12, 13]. I have
packaged these tools in the SoftChange system and deployed
it in Lucent’s and Avaya’s projects. The measurement and
analyses from these tools are used to determine if projects
meet their quality targets [13], to guide strategic company
decisions [4], and to demonstrate that the reliability of prod-
ucts meets the requirements of existing and prospective cus-
tomers [13, 14].

Presently, many other forms of human endeavor are
recorded in unprecedented detail leading to the explosion
of interest in ways to analyze these digital projections [15].
This approach to understanding human activity can be both
enhanced by and also advance Digital Archeology and open
new opportunities to benefit mankind (see “Vision” Section
for more details).

2 Research Topics

Cost and quality

A decade ago, I introduced a methodology that uses widely
available repositories of automatically recorded project data
in change management and problem tracking systems to
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model and analyze software development. By performing
statistical analysis of software changes I quantified the most
influential drivers of cost [16, 17], interval [18], quality [12]
and differences between development patterns in commer-
cial and open source software development [19]. These
methods are now widely used throughout the software en-
gineering community to predict quality, cost, and schedule.

The impact of my work dramatically affected practice be-
cause the information crucial for decision making could fi-
nally be obtained without incurring prohibitive costs and de-
lay of manual collection practices [20], thus leading to better
and radically different decisions and practices as outlined be-
low. The impact was not contained within a single company,
but affected the entire industry, including companies such as
Microsoft, IBM, AT&T, and Alcatel/Lucent.

In particular, I developed techniques for precise estima-
tion of productivity gains for a variety of tools and soft-
ware development methods. This led to their adoption and
to changes in development practices [17, 16, 21, 22, 23].

The investigation of quality issues in software patches re-
sulted in the discovery that the desire to increase the revenue
by including new features in patches made it inevitable that
such patches would fail. This led, among other things, to
the abandonment of this apparently lucrative, but in reality
harmful practice [24, 12].

The discovery that defect density (the development view
of quality) is anti-correlated with the fraction of customers
reporting software issues (the customer view of quality) re-
sulted in more effective quality improvement methods that
take the customer perspective into account. These measures
and approaches are used within Avaya and shared with key
Avaya customers [13].

I introduced Customer Quality Metric [13] (the fraction
of early customers affected by product issues) which is now
used to evaluate and improve all major software products in
Avaya.

Large-scale phenomena

Assembling large, interconnected data sets from multiple
projects and data sources allows to answer entire classes of
questions about large-scale behavior that could not be ad-
dressed in other ways. I created methods for discovering,
acquiring, integrating, and analyzing these heterogeneous
types of data [25, 26]. A complete collection of data within a
company [4] or an entire collection of open source code [5],
gives ability to determine the source code origins and author-
ship via Universal Version History [27, 28] or the spread of
innovation via code reuse [6]. The authorship and code ori-
gin analyses are used in Avaya to identify open source code,
thus addressing key source code licensing issues. More im-
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portantly, such analysis opens the possibility to investigate
creativity and innovation in software development: an intan-
gible asset that is both crucial to business success and, at the
same time, tends to be the first casualty in any cost-cutting,
offshoring, or outsourcing scenario.

Transfer of work

Software development practice is experiencing a radical
change driven by the open source movement, the business
needs to move development to low-cost locations, the ag-
ing and renewal of core developers in legacy products, re-
cruiting in fast growing Internet companies, and the turmoil
of the economy causing unprecedented turnover in software
projects.

To address these challenges, my research investigates the
transfer of work [1] and the associated phenomena related to
organizational change [3] and the growth of software project
competencies [29]. More specifically, I discovered that the
relationship between the social and technical competencies
was associated with the fraction of new participants who be-
come long term contributors of a software project [30]. It
provides a tantalizing opportunity to study how the initial
environment a person encounters when joining a team or an
organization affects motivation and long-term behavior.

The findings of performance issues related to transfer of
code [1] and the project expertise [29] led to radical changes
in the way work transfers were handled, in improvement of
the hiring practices at offshore locations, and other substan-
tial changes.

Given the diversity of software projects and the creative
nature of software development, I sought to find out how
much the context of a project may affect the outcomes by
conducting multi-company studies [31, 23, 32] which took
into account not only technical, but also social [33, 32] as-
pects of software development. Surprisingly, a software
project with identical requirements may cost an order of
magnitude more and require correspondingly more effort
simply because of the differences in the nature of com-
pany’s customer base [31]. At the same time, many phe-
nomena related to how developers make mistakes leading to
software defects are similar in diverse projects and compa-
nies [3, 32, 23].

User interfaces, visualization, optimization

I began developing the methods that became Digital Arche-
ology in my earlier work in which I investigated user inter-
faces [34, 35] and the visualization and modeling of complex
phenomena such as the spread of diseases [36, 37], displays
of a large number of images [38], and the response of the
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brain to visual or cognitive stimuli [39, 40]. My work on
algorithms involves Bayesian methods of optimization for
non-convex functions [41], boosting methods to optimize pa-
rameters of discrete optimization heuristics [42], clustering
of high-dimensional datasets [43], isotonic regression [44],
and the estimation of a covariance function from irregularly-
shaped spatial aggregates [37].

3 Vision

Software development is not an isolated activity: apart from
dealing with the technology, individuals, and teams, it also
has to satisfy existing needs or to generate new needs and to
react to technical, economic, and political changes. These
larger forces shape and direct software development in new
ways as in, for example, outsourcing/offshoring, cloud com-
puting, and mobile applications. The issues facing software
development have to be resolved within this broader context.

In particular, the cloud computing opens new possibili-
ties for Digital Archeology by concentrating immense col-
lections of software development traces (GoogleCode has
more than 300 thousand software projects and GitHub has
more than three million repositories). Mobile computing
and social networks enrich the traces with the explicit ge-
ographic and social components. These technologies also
pose urgent research challenges of understanding and im-
proving software development for cloud-based, mobile, and
social applications.

Furthermore, the detailed records of individual and col-
lective activity are now available for domains that are far
removed from software development, such as IT services
and games. Each domain reflects common aspects of hu-
man behavior related to individuals, their creative activities,
and their learning process. As the economic, political, and
cultural forces change the environment in ways that stress
the limits of human cognitive abilities, for example, the abil-
ity of a newcomer to become competent in a large software
project [29], the outcomes critically depend on the ingenuity
and motivation [45] of software creators.

My research will continue to select and solve critical is-
sues at different scales and in various contexts, painting a
unified picture of individual and collective behavior and en-
abling progress at the critical junction of society and technol-
ogy. To achieve that, I will continue existing collaborations
and will forge new ones.

At the largest scale 1 will continue to derive insights into
the behavior of the entire open source and corporate soft-
ware development and of related socio-technical systems. I
will create a repository of open source, corporate, and gov-
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ernment software project data, create valid measures that de-
scribe individual and organizational behavior (such as the
spread of innovation through reuse [6]), and create tools to
address critical issues faced at this level. I have already ob-
tained the collection of most publicly available source code
version history data [5], and I have started a collaboration
with Peking University in China and Queens University in
Canada to collect other sources of data such as problem
tracking systems and mailing lists. From the corporate per-
spective, I will create a multi-company repository similar to
the one I created for Avaya [4] to study software and organi-
zational phenomena in a global setting [32, 23]. Such global
questions start from basic census: what is the distribution
of code, people, and their activities and how does it depend
on context? Higher level questions would include compar-
ison of cultures (for example by comparing the creation of
Wikipedias in different languages) and the spread of innova-
tive practices and artifacts. The answers to such questions
would provide a basis for engineering socio-technical sys-
tems with desired features, for example, longevity.

In particular, a regional “census” of technology companies
in the New York City region would allow quantification and
understanding of factors that affect innovation and growth in
such regional ecosystems. Such understanding would be es-
sential to quickly learn what is working, and what is needed
to accelerate growth.

At the intermediate scale 1 will continue to study re-
lated groups of projects (ecosystems) in the open source and
commercial environments. A key open question is how do
ecosystems come into being? One hypothesis is that a suc-
cessful project will grow until the core team can no longer
cope with the increased amount of work. Another criti-
cal question is to what extent the context determines the
best practices of software development [31, 46]. For ex-
ample, as a result of acquisitions, Avaya has multiple prod-
ucts that serve identical business purposes and each uses
its own development and support practices: to what extent
these practices are determined by the company, the techni-
cal structure of the product, or the customer requirements?
While the project context may be a crucial factor that de-
termines the most suitable tools and practices, experiments
that could control for the context in real software projects
are prohibitively expensive [31, 47]. When conducted, how-
ever, they bring surprises, e.g., only the overall systems
size affects maintenance effort [48]. Natural experiments
where different companies or open-source projects produce
software with similar functionality would be possible using
multi-company data described above.
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At the smallest scale 1 will study individuals’ micro-
activity while navigating or editing artifacts and interacting
with others. Such data can be obtained via plug-ins of the
authoring environments, e.g., Eclipse, and from frameworks
that support analysis of web activities, e.g., Google Analyt-
ics. Such micro-level data could dramatically increase the
power of the higher level models to predict individual’s ac-
tions and motivation. However, the measurement based on
observed activities and resulting artifacts may not suffice to
understand some dimensions of individual’s behavior. I hope
to fill these gaps by direct measurements of cognitive re-
sponses using, for example, Functional Magnetic Resonance
Imaging (fMRI).

To solve the outlined challenges, it will be essential to re-
fine and enhance Digital Archeology in several ways. Tech-
nical challenges include scaling to larger and more diverse
data. Analytic challenges include piecing together these un-
structured, dirty, and difficult-to-combine data. Novel anal-
ysis and visualization techniques will be needed to address
these demanding tasks.

In summary, software development involves people,
teams, organizations, culture, and society. My research,
therefore, will both learn and contribute to these domains be-
cause most of the findings are likely to be universal for any
human endeavor: the answers to the fundamental questions
of who we are, where we come from, and how should we
live.
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