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ABSTRACT

Refactoring tools automate tedious and error-prone source code
changes. The prevalence and difficulty of refactorings in software
development makes this a high-impact area for successful automa-
tion of manual operations. Automated refactorings tools can im-
prove the speed and accuracy of software development and are
easily accessible in many programming environments. Even so, de-
velopers frequently eschew automation in favor of manual refactor-
ing and cite reasons like lack of support for real usage scenarios and
unpredictable tools. In this paper, we propose to redesign refactor-
ing operations into transformations that are useful and applicable
in real software evolution scenarios with the help of repository
mining and user studies.

CCS CONCEPTS

« Software and its engineering — General programming lan-
guages; Software maintenance tools; Software notations and tools.

KEYWORDS

refactoring, refactoring tools, productivity

ACM Reference Format:

Anna Maria Eilertsen. 2020. Refactoring Operations Grounded in Manual
Code Changes. In 42nd International Conference on Software Engineering
Companion (ICSE °20 Companion), May 23-29, 2020, Seoul, Republic of Korea.
ACM, New York, NY, USA, 4 pages. https://doi.org/10.1145/3377812.3381395

1 INTRODUCTION

Refactoring is a technique for changing the internal structure of
a program while preserving its external behavior. Refactoring op-
erations can be performed either as a set of manual source code
changes concerted by a developer or with an automated refactor-
ing tool. Such tools improve the accuracy and speed with which
developers can perform routine tasks, and most mainstream IDEs
include extensive automated support for many refactoring opera-
tions. Despite their availability and benefits, developers frequently
avoid using them and perform a majority of their refactorings man-
ually [11, 14, 25, 33].
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We refer to the manual application of a refactoring when a tool is
available as disuse of the tool. Disuse of refactoring tools is problem-
atic because manually orchestrating such program transformations
require error-prone, repetitive changes distributed across programs.
To do this manually, a developer must mentally reconstruct program
binding information and complex relationships between program
elements according to the language syntax and semantics. These
activities are time-consuming and may induce disorientation [2]
and errors.

In this work we propose to improve refactoring tools by altering
the source code transformations they implement such that they
are more effectively and frequently useful for developers. Through
surveying the literature for reasons that motivate disuse, we find
that developers find the tools unpredictable, have difficulties in-
voking them correctly and do not trust them to not mess up their
code [11, 24, 25, 33]. Furthermore, developers report being unaware
that they are, in fact, performing a refactoring, and that tools do
not implement real usage scenarios [11, 14, 25, 33]. Previous ef-
forts at improving these factors has been directed mainly at either
user-interface or transformation correctness. We ask whether tools
can better support real refactoring activities if the refactorings
operations themselves are altered.

Refactorings are inherently complex; developers manage this
complexity manually by making incremental and localized changes.
For example, when moving a method from one class to another,
a typical manual strategy is to cut and paste the method, which
(hopefully) induces compilation errors at all references, and then
navigate between the resulting compiler errors to update calls and
inheritance hierarchies. In this way, the developer only ever forms
a lightweight and flexible plan of the source code change, and rely
on the compiler and IDE support to guide her through a sequence
of local code changes [33]. In contrast, refactoring tools automates
the code change as a single source code transformation, sometimes
comprising many different types of code changes. This atomic de-
sign require the developer to invoke and configure the tool correctly
up-front, thereby forcing her to formulate the entire plan at once.
Going back to our move-example, the developer must select both
the target class (which must exist) and, for all non-static methods,
the class object through it will be accessed before she can execute
the refactoring. This premature commitment [7] to configurations
options increases the developer’s effort and subtracts from the tool’s
benefits.

Our hypothesis is: Refactoring tools are more effective and
useful during software evolution and maintenance if they
automate source code changes that more closely align with
the order and chunking of developers’ manual code changes.
To achieve this, refactoring operations may need to be decomposed
into smaller operations that potentially do not preserve behavior
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individually, but can be combined into behavior-preserving source
code changes. We speculate whether trading some safety for sim-
plicity and consistency can lead developers to find the tools more
predictable and, in fact, trust them more.

To validate my hypothesis, we formulate the following research
questions:

e R1: Why do developers disuse refactoring tools during soft-
ware evolution tasks?

e R2: How do developers’ expectations from refactoring tools
differ from the actual design of refactoring transformations?

e R3: How do developers conceptually chunk their manual
code changes during manual refactoring operations?

e R4: Which manual code changes do developers consider
repetitive and tedious during manual refactoring?

e R5: Can information about developers manual refactorings,
expectations and chunking be used to design refactoring
transformations that are more useful during software evolu-
tion?

Section 2 describes related work and how this work fits into it.
Section 3 describes the creation of software evolution tasks and
interview setup used to investigate RQ1-4. Section 4 describes how
findings will be analyzed and how they contribute to RQ5. Section 5
describes the expected contributions from this work, and Section 6
proposes the timeline.

2 RELATED WORK

Previous work consistently report that more than half of refac-
torings are done manually. Kim et al. finds that developers at Mi-
crosoft self-report doing 86% manually [11]; Murphy-Hill et al.
found 90% to be manually [14]; both Negara et al. and Silva et al.
report more than half to be performed manually, and that devel-
opers are more likely to avoid automation as the complexity of
refactorings increase [15, 16, 25]. Vakilian also found that devel-
opers prefer automating simple code changes [32] and conclude
that refactoring tools should implement smaller code changes that
can be composed to form more complex ones. Field studies of refac-
toring have provided quantitative data about refactoring use and
disuse, but without providing actionable findings on disuse [14-
16, 33]. Our work is motivated by these findings and improve on
them by grounding terminology in code changes or tool behavior
during software evolution scenarios.

Developers report avoiding tools due to lack of trust and pre-
dictability [11, 25], finding them awkward to invoke and incorpo-
rate into their workflow [33], and lacking support for refactorings
performed in the wild [11]. There is little observational data on
tool disuse. Most findings are self-reported in surveys and inter-
views without concrete examples or definitions. A recent survey
illustrates how developers’ expectations differ for even simple refac-
torings, as do the implementations of state-of-practice tools [17],
but contains simple abstract examples. Most lab studies use explicit
refactoring goals which are not representative for the majority of
floss-refactoring [14] during software evolution. Kataoka et al. stud-
ied benefits of refactoring in software evolution, and reported some
interesting expectations from refactoring tools that violated their
specifications, like using Rename to redirect method calls [9]. Our
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work is motivated by these findings and compliment them in terms
of study design and data collection.

Technical reasons for disuse include incorrectness [1, 27], long
processing time [10], bugs [13] and limited applicability of refac-
toring operations [13, 22]. Researchers improve tools’ speed [10]
and correctness [1, 3, 6], create new techniques [22, 30, 31] or lan-
guage extensions [23] to increase the scope of tools. Most of these
areas are orthogonal to our approach. We may make, and evaluate,
tradeoffs with technical aspects.

In order to improve trust, researchers attempt to ensure that
tool produces only correct programs. For example, constraint-based
refactoring tools can, in theory, generate any program equivalent
to the original [21, 26] but also face difficulties with capturing
intent and determine acceptable additional changes [28]. In the pro-
gram metamorphosis system [20], the user themselves navigates
the space of possible programs through a structural editor while
the a model-checker ensures that behavior is preserved at the end.
Synthesis-based refactorings [19] lets the user invoke a refactoring
by introducing a few changes in the code and automatically syn-
thesize a sequence of refactoring that can complete the operation.
These approaches complement ours: the search-based ones may
benefit from a dataset to develop heuristics for delimiting the search
space, and all of them may implement the transformations that we
develop. In contrast, we prioritize predictability and transparency
over behavior-preservation and correctness.

There are no comprehensive, modern lists of refactoring specifi-
cations. Fowler’s refactoring catalogue [5] lists high-level, ambigu-
ous descriptions of refactorings with steps like "adjust the method’s
body to its new home”. The most detailed catalogue [18] is 30 years
old, based on closed-world, C++ programs. Many preconditions
and assumptions about the programs are violated or impossible to
check in modern software. We speculate if it is more useful to pro-
vide a different set of refactorings to modern developers. Vakilian
suggested decomposed refactorings and performed a case study on
Extract Class [33]. Schéfer et al. decomposed Extract Method
into components that eased implementation, not use. Our work is
motivated by these findings and aims to propose and evaluate a set
of decomposed code changes.

3 STUDYING REFACTORING DISUSE AND
MANUAL CHANGES

We investigate R1-4 in a lab study and interview setup designed
to capture refactoring tool disuse during software evolution tasks.
The task set is designed by mining repositories for refactorings
with RefactorMiner [29] and investigating refactorings from a pre-
existing dataset [25]. By manually investigating the mined code
changes we pick severals potential commits that have strong con-
ceptual motivation as a software evolution task, typically described
in the commit message or related documentation artifact. To en-
sure that the study investigate refactoring tool disuse in software
evolution scenarios, and not usability issues in refactoring invo-
cation scenarios, we take care to motivate the changes without
using code smells or refactoring terminology. This conceptual mo-
tivation is used as a task description for our subjects, and when
prompted for more information, we present them with additional
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context collected from the project’s pull request discussion or other
documents.

The tasks are selected such that their goals are not refactoring
code, but they can be partially solved using refactoring tools. For
example, one task instructs the subject to Remove two methods. In
order to do so, she needs to inline, or otherwise move, the method’s
bodies into their callers. Another task instructs the developers to
remove a functionality from a class. This functionality is specified by
callers through a boolean flag argument in method calls to this class.
In order to solve the task, subjects may use repeated invocations of
Remove Parameter or other refactorings that can solve their high-
level goal. This is a realistic task — and was praised as such by several
subjects — that lets us both observe their workflow in a realistic,
complex refactoring task, and provides a grounding foundation for
a subsequent interview about their previous experiences.

Our subjects are professional developers who are at least some-
what familiar with refactorings and have at least a year of experi-
ence in Java. They are instructed to solve software evolution tasks
in Java using Intelli] IDE. We take care to select tasks such that the
motivation and the code change are possible to understand without
deep domain knowledge, and are possible to solve within two hours;
a number of pilot studies verified this. We create a scoped-down
clone of an existing software project, Apache Commons Lang, that
is well-written with tests and documentation and understandable
without domain knowledge. We find two suitable tasks from the
projects’ history that mirror similar scenarios that we frequently
observe. These two commits can be used out of the box without any
mapping. One other task is mapped from another software project
onto a class in this project, such that the core transformations are
similar. We aggregate the project versions where the different com-
mits reside and create a standalone version where all refactoring
tasks can be executed in succession. This result in a collection of
tasks that more accurately represents refactoring in the wild than
is common in previous lab study tasks. To our knowledge this is a
novel way of creating realistic refactoring tasks.

During the experiment, participants’ source code changes and
workflow are recorded using screen capture and notes. Subjects
are prompted using a think-aloud protocol, to report their own
terminology, descriptions and motivations for their changes, and
to chunk their source code changes into tedious or repetitive sets.
After they finish, the interviewer ask in-depth about motivating
reasons for using or disusing refactoring tools during the tasks
based on their observations. They are also prompted using what-if
questions. We expect that many participants will not use refactoring
tools even though it could save them significant time. None of our
pilot participants have, and were reluctant when we suggested it
because of the conceptual difference between the tasks and the
refactoring names.

The results from this study form two complementing datasets.
One is the transcribed dialogues containing concepts, beliefs, termi-
nology and expectations. The other is a set of observed source code
changes applied to solve the software evolution tasks. Through
combined analysis of the two we expect to ground terms like pre-
dictable, trust, tedious and repetitive, in actual source code changes
or other relevant observations. This analysis will conclude my in-
vestigation of RQ1-4. We will report our qualitative findings and
publish the task set. Both may benefit tool designers and researchers
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of workflows, productivity and refactorings. In the time of writing,
the user study is concluded and is being analyzed.

4 DESIGNING PREDICTABLE
REFACTORINGS

The datasets from Section 3 are used to investigate RQ5. We observe
that developers could have used refactorings like Inline Method,
Move Method and Remove Parameter during the study, yet fre-
quently chose not to. We investigate whether their manual changes
differ from the design of these tools. We explore different source
code transformations that align with the chunking and terminology
used by developers to see if they can be made more predictable
than the existing refactorings.

For an example of what such a decomposition could be like, con-
sider that find-and-replace seems to be an intuitive decomposition
of a textual change. If we find that developers chunk their manual
changes similarly (which was the case with several pilot partici-
pants), the following is an example of how Inline Method and
Move Method could be decomposed into a similar pattern: Inline
Method finds calls to a method and replaces them with the method
body. Then one can consider there to be a clean-up-step where in-
direction through parameters and return values are removed. Move
Method first moves a method to another class, then finds calls to the
original method and replaces them with calls to the new method.
If the method is accessed through an object, replacing the call in-
cludes replacing the invocation argument with a reference to an
object from the new class.

The proposed operations are evaluated in terms of expressivity,
feasibility, composability and usefulness. To evaluate whether they
combine to express common refactoring operations we manually
analyze how to combine them into some common refactorings,
and validate them by using them to replay real refactorings from
our mined software repositories. We previously investigated how
many instances of Inline Method from Silva et al.’s dataset was
supported by Eclipse, and found that 24% were not. A decomposed
version should perform at least comparably. To evaluate the fea-
sibility of these refactorings, we implement a prototype tool that
automates them and can be invoked from an IDE. The prototype’s
usefulness is evaluated by repeating my user study using this tool.
We use the same evolution tasks and compare developers’ experi-
ence with my tool to investigate the potential impact on developers’
real software evolution tasks. The decomposition will impact which
program transformation frameworks is preferred. Eclipse and In-
telliJ are both candidates due to their tight IDE integration. Intelli]
would be ideal for repeating the study in the same IDE. Regardless
of IDE, the backend may be implemented using other rewriting
tools. JastAdd [4] provides easy language extensions that are useful
for refactorings and has been used in related work [21-23]. Another
option is the Rascal metaprogramming language [8, 12].

5 CONTRIBUTION
The expected contributions of this work are:

(1) A reusable set of realistic software evolution tasks that can
be solved partially using refactoring tools.

(2) A dataset of source code changes and developers’ expecta-
tions and reasons for disuse grounded in code changes.
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(3) A set of chunked source code changes as repetitive, pre-
dictable or conceptually similar.

(4) A set of specifications for simple, predictable source code
transformations that can help developers speed and accuracy
during software evolution tasks.

(5) A prototype implementation and evaluation.

6 TIMELINE

The expected timeline is:

o Execute developer study during winter 2019/2020. Code and
analyze collected data during spring 2020.

Potential publication venues for the results are FSE 2020
and the Programming Journal.

e Iterative work on combined top-down / bottom-up design of
appropriate refactoring operations based on findings summer-
autumn 2020. Iteratively evaluate design through replicating
open-source refactorings.

Potential publication venue for the result is ICSE 2021.

e Implement operations in a prototype tool, evaluate by re-
peating user study winter 2020/2021.

Potential publication venue is FSE 2021 and OOPSLA 2021.
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