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ABSTRACT
Refactoring tools automate tedious and error-prone source code
changes. Such tools can improve the speed and accuracy of soft-
ware development, yet developers frequently eschew automation
in favor of manual refactoring. Developers report distrust and lack
of predictability as reasons for not using automated tools, but there
are no comprehensive explanations of trust and predictability nor
guidelines for how to improve these aspects of tools. In this position
paper we explore choices and tradeo�s in refactoring tool design.

CCS CONCEPTS
• Software and its engineering → Software notations and
tools; Software maintenance tools; General programming lan-
guages.

KEYWORDS
refactoring, tool usability, productivity

1 INTRODUCTION
Refactoring is prevalent during software development and evolution
but is tedious and error-prone to perform manually. Therefore,
automating such program changes have a high potential impact on
developer productivity. However, despite most mainstream IDEs
providing extensive support for automated refactorings, these tools
are underused [14, 22, 31, 39] and have been for decades.

Underuse of refactoring tools has been researched for a long
time. Through empirical studies and interviews, previous work
has found underuse to be tied to reasons ranging from unaware-
ness of refactorings [30, 31, 39], issues in user-interface [10, 21],
bugs [14], distrust [22, 31, 39] and reluctance to rely on unpre-
dictable automation [14, 31, 39]. Many of these areas have been
addressed by researchers, such as improving refactoring correct-
ness [2, 6, 27], detecting overly strong preconditions [18] and
bugs [17], together with various improvements to the user interface
of tools [5, 7, 10, 15, 20, 21].

An area that has beenmostly unexplored is improving predictabil-
ity and avoiding “unintended code changes“ [22, 39]. In an e�ort
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to make tools ‘smarter’, they may be designed to handle precondi-
tion violations or other problems by introducing additional code
changes. For example, IntelliJ’s Rename will rename comments and
references in xml-�les as well, and Extract Method may generate
additional code to make programs compilable when preconditions
are violated. In this way, an otherwise rejected refactoring can
be made to correctly succeed. However, these code changes may
alter code in ways that developers do not expect or want. They
are nonetheless correct with respect to program semantics. In com-
parison, mainstream IDEs o�er so-called unsafe [4] refactorings
which trade correctness for usefulness by allowing the developer
to continue a refactoring invocation after being alerted of violated
preconditions. In this case, a developer may experience the tool
as unpredictable when it rejects invocations of refactorings that
are incorrect because she expect the refactoring to proceed even
if it breaks the code and manually clean up compilation errors
afterward [4, 39].

Refactoring tools have been extensively studied as program trans-
formations between well-formed programs of a single language,
under the assumption that user’s goal is “improving code quality
without changing the behavior of the program“, including breaking
its well-formed property. In practice, a refactoring operation is not
necessarily applied with the expectation of increasing code quality.
Developers apply refactoring tools to programs that are
outside the domain of well-formed, single-language,
closed-world programs, and do so with the intent of
reaching a source code state they have envisioned.

As long as tool designers consider the latter a misuse of the tools,
rather than part of their speci�cation, developers are left with
either overly restrictive tools that require too much setup to use,
or unpredictable ad-hoc solutions to use cases that are part of their
everyday work. As a �eld, we need to consider new approaches to
tool use that has previously been dubbed incorrect.

How does the design of refactoring transformations impact tool
predictability? A design is usually predictable when it shares simi-
larities with other designs that the user has encountered before, or
somehow conforms to the user’s mental model. Refactoring tools
may be made more predictable either by improving the developers’
ability to make predictions presumably through education, or by
improving the tool’s predictability through a coherent and consis-
tent design. Such a design should allow users to trust that they can
rely on, and generalize from, previous experiences by minimizing
variation or contraction.

In contrast, the design of refactoring operations typically vary
across IDEs and even within the same IDE [24]. In this position pa-
per, we discuss the notions of predictability and trust in refactoring
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tools and how they may be in�uenced by tradeo�s in the design of
refactoring work�ows.

2 TRADING FLEXIBILITY FOR
PREDICTABILITY

Underuse or disuse of refactoring tools refers to developers per-
forming refactoring operations manually rather than using tools.
Previous work found that more than half of refactorings are done
manually: Kim et al. �nds that developers at Microsoft self-report
doing 86% manually [14]; Murphy-Hill et al. found 90% to be man-
ual [22]; both Negara et al. and Silva et al. report more than half to
be performedmanually, and that developers are more likely to avoid
automation as the complexity of refactorings increase [23, 31]. Vak-
ilian found that developers prefer automating simple code changes
that they can predict the outcome of and manually composing them
into more complex code changes, rather than relying on complex
automated tools [38, 39].

Reasons for disuse arise from both technical and human-oriented
aspects of refactoring tools. Developers report avoiding tools due to
lack of trust and predictability [14, 31], �nding them awkward to in-
voke and incorporate into their work�ow [39], and lacking support
for refactorings performed in the wild [14, 31]. State-of-the-practice
tools1 implement diverse versions of the same refactorings and sim-
ilar refactorings appear under di�erent names, thereby making it
challenging for users to predict their outcomes accurately [24].

Current refactoring operations are often ambiguous. Most tools
implement refactorings from Opdyke’s [25] or Fowler’s [8] cata-
logues, potentially extended using new techniques and encompass-
ing new language features. The IDE interactions are still largely
similar to the Smalltalk refactoring browser [26]. This results in
ambiguous interpretations of refactorings that are more complex
than Rename. A recent survey illustrates the range by which devel-
opers’ expectations di�er for even simple refactorings [24], while
in more complex refactorings, di�erences are likely to diverge fur-
ther. Fowler’s refactoring catalogue lists high-level descriptions of
refactorings, including steps like ”adjust the method’s body to its
new home” after moving it to another location.

As additional techniques or algorithms make tools more power-
ful and �exible, they also become increasingly di�cult to predict.
Some overly strong preconditions can be amended by making addi-
tional code changes [28, 36]. For example, when invoking Extract
Method in IntelliJ on a selection with incomplete return branching,
the tool automatically generates a boolean �ag as aworkaround [36]
rather than rejecting the refactoring2 like Eclipse would do. We
do not know how such additional changes impact the predictabil-
ity of the tool. Constraint-based refactoring tools can, in theory,
generate any program equivalent to the original [27, 32, 34] but
also face di�culties with how to capture refactoring intents. Pre-
vious works suggest composing smaller refactorings [19, 38], yet
there is no guide for how to do such a decomposition. Schäfer
et al. decomposed Extract Method into components that eased
implementation, but without addressing the impact on use [29].

Technical areas of refactoring tools regularly receive incremental
improvements. Such areas include incorrectness and bugs [17, 18],

1IDEs like Eclipse, IntelliJ, NetBeans, and Visual Studio
2https://youtrack.jetbrains.com/issue/DOC-6231

long processing time and limited applicability of refactoring op-
erations. Researchers e�ort at improving tools’ speed [12] and
correctness [2, 6, 9, 13, 33] or language extensions [29] across in-
creasingly varied programs [1, 28, 36, 37]. However, predictability
and trust are challenging both to de�ne and improve [4, 11], and
have traditionally received little focus.

Alternative perspectives on the refactoring process invite di�er-
ent design priorities for tools. The traditional model [16] describes
the process as driven by the intention to refactor code, and consists
of the following steps:

(1) Identify where the software should be refactored;
(2) Determine which refactoring(s) should be applied to the

identi�ed places;
(3) Guarantee that the applied refactoring preserves behavior;
(4) Apply the refactoring;
(5) Assess the e�ect of the refactoring on quality characteristics

of the software (e.g., complexity, understandability, main-
tainability) or the process (e.g., productivity, cost, e�ort);

(6) Maintain the consistency between the refactored program
code and other software artifacts (such as documentation,
design documents, requirements speci�cations, tests and so
on).

In practice, developers are rarely given time to perform smell-
removal or “root-canal” [22] refactoring during software develop-
ment and evolution. Most refactorings occur as part of a larger,
high-level goal [14, 31]. Such a goal may not be overall behav-
ior preserving: for example, introducing a feature, �xing a bug or
changing an API may include refactoring operations that IDEs can
automate. Since IDEs usually implement these code transforma-
tions as atomic refactorings like Move Method or Extract Class,
the developer has to be able to map her high-level goal onto the
available refactoring operations. This may include composing sev-
eral operations interleaved with manual code changes. During this
process we may assume that she assess the tools not on their con-
tribution to code quality per se, but on their likeliness to bring her
closer to her high-level goal than the corresponding manual change
would [3, 7]. The second perspective illustrates the importance of
predictability and why an unsafe tool may in fact be more useful
than a restrictive and correct one.

3 DISCUSSION
We have argued the importance of improving non-technical aspects
of tools like predictability and trust. How might we as a community
approach these areas of refactoring tool design?

Perhaps refactoring operations can be amended to be more con-
sistent or even decomposed into simpler operations that can ex-
press a similar set of transformations? Data mined from reposi-
tories provide valuable information about the context in which
such operations are applied, and datasets of IDE interactions can
teach us about how developers use refactoring tools to explore, or
sketch, changes that they never apply, yet learn from. However,
while mining provides knowledge about the refactoring operations
that developers do eventually keep (manually or using tools), it is
equally valuable to learn about what transformations developers
do not want refactoring tools to automate. Through surveys or lab
studies grounded in realistic software evolution scenarios, we may
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learn more about which “unintended“ changes developers consider
unacceptable.

A natural question to ask is what impacts developer’s develop-
ment of trust in tools. Perhaps more importantly, is what impacts
developers loss of trust in refactoring tools. This may vary across
skill-level (or rather, the accuracy of their mental models): For ex-
ample, an expert user who expects a refactoring tool to succeed but
instead encounter an uncommon error message and a tool failure,
may be able to correctly associate the error with limitations of an
underlying analysis tool and adjust her expectation of the refac-
toring tool appropriately. On the contrary, a novice experiencing
the same scenario may be unable to correctly interpret the error
and instead conclude broadly that the refactoring tool is �awed and
untrustworthy in general. Is there any way refactoring tools can
meet the needs of both novice and expert users?

Studies may also provide more information about what non-
language factors impact developer predictions. While developers
have self-reported issues with trust and predictability in surveys
and interviews, previous lab studies have emphasized more tech-
nical or UI-based usability problems that shows up when the code
changes are motivated with a refactoring goal. Consider that is
quite di�erent to measure how e�ciently developers use a tool like
Extract Method to achieve a prescribed goal of extractingmethods,
in comparison to how e�ciently they can use it to achieve software
evolution goals [35]. Indeed, in a study of refactoring bene�ts in soft-
ware evolution, developers were found to attempt to use refactoring
tools in ways that were outside of the speci�cations, yet nonetheless
made “intuitive sense“ to the participants [35]. This aligns with the
claim that unsafe tools may be more useful than strictly safe ones,
and developers seem satis�ed with unsafe tools that can speed up
code changes as it is clear what has changed [4, 22, 39]. There exist
little observational information about developers’ use of refactoring
tools during software evolution, nor are self-reported experiences
usually grounded in examples or concrete code changes. It could
be interesting to explore how software context like function names,
test-code, API-borders, polyglot projects or code ownership interact
with refactoring tools and developers’ expectations from them.

By considering how trust and predictability of refactoring tools
are impacted by the design of tools and transformations, we may
better provide developers with useful automation that they are not
afraid to use.
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