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ABSTRACT

This paper argues that the essential point of software engineering is
not to (semi-automatically) improve the quality of software, but
rather to help human problem solvers to improve the quality of
software. This paper argues that this essential point of software
engineering research has been forgotten, and that without regaining
that perspective, significant progress is not likely.
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D.2.0 [Software Engineering] General

General Terms: Reliability, Human Factors.
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1. INTRODUCTION

As the challenges of software quality grow, with huge software the
size of cities, a diverse population of developers, and increasing
malicious activity, the future of software engineering lies with
human problem solvers. Unfortunately, this point is being largely
ignored in software engineering research. This paper argues that
ignoring the fact that the point of software engineering research is to
enhance human problem-solving—not to replace it—obscures our
vision, thereby imprisoning much of software engineering research
in myopic activities.

First, why am I arguing that human problem solving is being
ignored? After all, we can point to a growing empirical studies
presence in software engineering whose focus is on how humans
behave with software engineering problems. Further, these works
are being published in mainstream software engineering venues in
increasing quantities.

The problem is, these studies tend to be too myopic for long-term
vision, because they necessarily deal with low-level questions. For
example, formative empirical research looks at questions like how
developers refactor or to what extent they navigate when performing
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maintenance. Using these results, researchers then build tools to
solve these low-level needs. Summative empirical work then
investigates how well the tools helped, in terms of outcome
measures such as time spent or bugs fixed. These are all valuable,
but they do not usually promote big steps forward. Specifically, they
do not (and usually cannot) consider whether the studied approach
enhances human problem solving ability with software engineering
problems in a general way, so that when a very difficult problem
comes along, a human-tool partnership is available that has been
honed to handle those kinds of problems. Addressing this kind of
question cannot be done solely by empirical work—it requires the
involvement of human-oriented theories from the outset.

Second, why do I think human problem solvers are so important?
The current trend is instead to continually try to make the tools
(rather than the humans) smarter. The implied motivation for this
approach is that eventually, tools will become smart enough to
replace the need for human problem solving entirely—an argument
that I think none of us actually believes. For example, it seems
unlikely that software engineering tools' would be able to cope
without human intelligence when malicious or unprecedented events
cause a tool’s knowledge base to have errors, cause requirements to
change suddenly, or require different inferences on similar data than
were required in the past.

2. A VISION OF HUMAN/TOOL
PARTNERSHIPS IN SOFTWARE
ENGINEERING

What is needed is a true partnership between humans and software
engineering tools. In such a partnership, the software engineering
tool is regarded as a human intelligence enhancer, not a
replacement. Further, when the tool goes awry, the human is
positioned not to be a slave to the tool, but rather to lead a
partnership in which the tool contributes, but each partner knows
how much to trust the other, and when to step in and argue.

To accomplish such a vision, at least four steps must be taken: (1) to
develop or borrow theories of human problem-solving as they apply
to software engineering, (2) to employ under-the-hood software
engineering reasoning approaches around what is needed to advance

" In this paper, I will use the term “software engineering tools” to denote
embodiments of software engineering research. For example, if a new
formal reasoning approach is developed, it often will also be
implemented in tools for purposes of further investigation or
dissemination.



human effectiveness at solving software engineering problems, (3)
to introduce transparency into software engineering tools, so that
humans have the information and intuitions necessary to know
where and how to step in, and (4) to take into account all/ software
engineering populations, not just the ones who are “like me”.

Regarding the first two steps, developing or borrowing theories of
human problem-solving in software engineering and then basing
tools on those theories, an obvious objection arises: most
researchers in software engineering are not trained in social
sciences. This objection may be one reason progress in this area has
been so slow, but it is not a good argument against the need for this
step. Avenues for addressing it include multidisciplinary
collaborations with social scientists or HCI researchers, or
borrowing  existing theories from other disciplines and
systematically investigating their applicability to software
engineering. Examples of both approaches have been emerging in
recent literature, such as information foraging work applied to
debugging [4], the WhyLine for debugging [3], and an emerging
working-set notion of supporting humans doing software
development [1]. A key attribute of the work I am envisioning is
that it aims for tools to be designed from the outset around
thoroughly researched principles of human problem-solving needs,
not around “‘what is something we can automate”.

The third step involves transparency. By this I mean that software
engineering tools would communicate the reasoning they were
conducting, including /sow they were conducting it. Without
transparency, humans are in a poor position to judge tools’
outcomes or reason about which aspects might be wrong. Further,
without transparency, human abilities in reasoning can atrophy. For
example, how many of us have run across cashiers who are unable
to make change if their cash register’s calculation device
malfunctions, or students unable to read cursive handwriting
because they rarely use it? Transparency can help to balance the
fine line between a tool contributing to a human’s reasoning versus
supplanting it entirely for better or worse.

Unfortunately, transparency is not necessarily easy to achieve.
Many software engineering tools are based on complex algorithms
that are difficult to explain to humans. Cases in point include some
of the more sophisticated machine learning algorithms used to
inform software engineering reasoning tools. Finding ways to
achieve transparency to enhance human reasoning power, given
sophisticated software engineering reasoning tools and huge
amounts of data, is a challenging problem.

Finally, we must take into account the problem-solving needs of a/l
populations of developers, not just the ones closely resembling the
predominantly white, well-educated, male, software engineering
research population of today. For example, research has already
shown that female software developers do not necessarily approach
software development problems the same way males do [2]. Further,
the amount of software development done by end users greatly
exceeds the amount of software development done by professional
developers [5]. Without taking into account the human problem-
solving needs of these diverse populations of software developers,
the chances of software engineering research making real-world
impact seem slim.

3. SUMMARY

The vision advocated in this paper is a human/tool partnership—one
that is able to cope as a team even in the face of unexpected events,
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suddenly changing requirements, malicious activity, or erroneous
information in a tool’s knowledge base.

To achieve this vision will require promoting the needs of human
problem solving to become first principles in software engineering
research, which will need to be achieved by drawing upon theories
that describe what these human needs are. Achieving this vision
will also require addressing the issue of transparency, and taking
into account the diversity of reasoning approaches by the human
software developers expected to benefit from the research.

Moving toward this vision entails solving difficult challenges, and
further will require both a culture and a methodological shift in the
software engineering research community. Despite the challenges, I
believe such a shift is necessary, because without it, the human
developers intended to ultimately benefit from our research will be
in a weak position to face the difficult software engineering
challenges ahead.
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