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Abstract

Post-deployment maintenance and evolution can ac-
count for up to 75% of the cost of developing a software
system. Software refactoring can reduce the costs associ-
ated with evolution by improving system quality. Although
refactoring can yield benefits, the process includes poten-
tially complex, error-prone, tedious and time-consuming
tasks. It is these tasks that automated refactoring tools
seek to address. However, although the refactoring pro-
cess is well-defined, current refactoring tools do not sup-
port the full process.

To develop better automated refactoring support, we
have completed a usability study of software refactoring
tools. In the study, we analysed the task of software refac-
toring using the ISO 9241-11 usability standard and Fitts’
List of task allocation. Expanding on this analysis, we re-
viewed 11 collections of usability guidelines and combined
these into a single list of 38 guidelines. From this list, we
developed 81 usability requirements for refactoring tools.
Using these requirements, the software refactoring tools
Eclipse 3.2, Condenser 1.05, RefactorIT 2.5.1, and Eclipse
3.2 with the Simian Ul 2.2.12 plugin were studied. Based
on the analysis, we have selected a subset of the require-
ments that will be incorporated into a prototype refactor-
ing tool intended to address the full refactoring process.

1 Introduction

Software refactoring is a software development process
designed to reduce the time and costs associated with soft-
ware development and evolution. Refactoring is defined as
the process of internal improvement of software without
change to externally observable behaviour [9, 22]. In [17],
we evaluated automated software refactoring tool support
using the DESMET Feature Analysis technique [15]. The
evaluation showed that usability of software refactoring

tools varied greatly, as did their level of support for the
full refactoring process.

Software refactoring presents several challenges for au-
tomated tool support. During refactoring, users must
synthesize and analyse large collections of data (code)
to identify inappropriate or undesirable features (such as
duplicated code), propose solutions to discovered issues,
and perform potentially complex, error-prone and tedious
transformations to rid their systems of these undesirable
features. Throughout the process, the user must maintain
the existing behaviour of their system in addition to main-
taining or improving their own mental model and under-
standing of the system. This in turn means that the level
of automation the tool exhibits must not negatively affect
the user’s understanding. Through the application of re-
search and theory from situation awareness [4, 5, 34] and
task allocation, we aim to improve the quality of support
provided for software refactoring.

Usability of software refactoring tools is an area in
which little research has been performed. In general,
the production of and research into software development
tools often overlooks the issue of usability [30]. In the
area of refactoring, usability-related research has focused
on understandability of error messages and assisting the
user in the selection of text with a mouse cursor prior to
the application of an automated refactoring transformation
[20]. We believe that there are more important aspects af-
fecting the usability of existing refactoring tools and we
wish to identify and address these issues. To identify ar-
eas in which usability can be improved, we have developed
usability requirements for refactoring tools and have used
these requirements to analyse the state-of-the-art for refac-
toring tools. To achieve this, we sought usability design
guidelines that could yield a set of usability requirements
when combined with a definition of the tasks, users, and
environment of refactoring. This definition was developed
using the framework presented in the ISO 9241-11 inter-
face design standard [13].



Guidelines have been used for both the design and eval-
vation of user interfaces since the early 1970s [11]. In
looking at usability guidelines, we found many different
sets of guidelines, rules, heuristics, maxims, etc.!, yet
no single set provided a complete set of guidelines that
could be used to develop usability requirements for soft-
ware refactoring tools. To manage the number of indi-
vidual guidelines (we collected 120 from 11 sources), we
collated and categorised the lists based on fundamental
groupings that were evident across the initial 11 sources.
The categories selected were based upon common termi-
nology from within the usability community. Duplicate
guidelines and those addressing a similar or closely-related
concept became more prevalent, as the categorised list be-
came larger. We distilled the categorised list of 120 initial
guidelines into 29 to provide a more usable list.

The composite set of guidelines still did not provide ad-
equate guidance for the development of usability require-
ments for the task of software refactoring. As a result, we
defined six new guidelines for use in designing computer-
based support for software refactoring. From the com-
plete set of usability guidelines, we have developed a list
of 81 usability requirements for software refactoring tools,
some of which could not be readily attained through the
use of the existing usability guidelines. Using these re-
quirements, we have evaluated four existing refactoring
environments: Eclipse 3.2 [7], RefactorIT 2.5.1 [29], Con-
denser 1.05 [18], and Eclipse 3.2 with the Simian U1 2.2.12
plugin [3]. Based on the analysis, we will identify areas
that will be addressed in a prototype refactoring support
tool.

The remainder of this paper is organised as follows:
Section 2 presents an analysis of the task of software refac-
toring with respect to information required for appropriate
user interface design. The specification of the refactoring
usage environment (ISO 9241-11) is presented in Section
3. Section 4 presents literature on automation for situa-
tion awareness and Fitts’ List for task allocation, applying
these to software refactoring. Section 5 presents the results
of the collation, categorisation and distillation of existing
usability guidelines. Section 6 defines additional guide-
lines for computer-supported tasks such as refactoring. In
Section 7 we present some of the 81 identified usability
requirements and analyse four of those that were derived
from the additional guidelines from Section 6. Finally,
Section 8 presents the analysis of four refactoring tools
to identify gaps in the current state-of-the-art for software
refactoring tools. The paper closes with a summary of the
contributions of this paper and an identification of future
work.

'We will use “guidelines” to include all of these related concepts.

2 Software refactoring

Refactoring is the process of internal improvement
of software without change to externally observable be-
haviour [9, 22]. Tourwé and Mens [31] identify three
phases associated with the process of refactoring:

1. Identifying when an application should be refactored.

2. Proposing which refactorings should be applied.
3. Applying the selected refactorings.

The first stage of refactoring can also be described as
the identification of code-smells. Beck and Fowler [1] de-
fine code-smells as “certain structures in the code that sug-
gest (sometimes they scream for) the possibility of refactor-
ing” [1, pg 75]. Like coding style violations, code-smells
are issues that exist in a system that do not prevent the sys-
tem from performing the function it was developed for (un-
like compiler errors), but inhibit the developer’s ability to
maintain, understand or modify a piece of code. It is code-
smell instances that are remedied or eliminated by the pro-
posal and application of appropriate refactoring transfor-
mations.

3 ISO 9241-11 usability specification for
software refactoring tool support

The following specification of the usage environment
of software refactoring tools, according to ISO 9241-11
[13], has been broken into sections on the goals of soft-
ware refactoring tools and the context in which software
refactoring occurs.

3.1 Goals

The major goal of software refactoring is to improve in-
ternal quality of a software system whilst not changing its
observable behaviour. Furthermore, it is the goal of soft-
ware refactoring tool support to assist a software developer
to perform software refactoring in the most efficient and
effective way. Additionally, as software refactoring is only
part of the software development process, another goal of
software refactoring tool support is to not hinder the devel-
oper’s ability to understand and reason about the software
system being refactored and developed.

3.2 Context of use

For software refactoring tools, the context of use, as
outlined in the following sections, specifies the user set,
the component sub-tasks of software refactoring, and the
environment and equipment needed.



3.2.1 Users

Software refactoring tool users are mid- to high-level com-
puter experts. Software refactoring tool users are also soft-
ware developers, with knowledge of the language they are
developing in and refactoring theory and practices. The
level of experience in each of these areas (software devel-
opment, language and refactoring theory and practice) can
vary from novice to expert.

3.2.2 Tasks

As outlined in Section 2, refactoring can be broken down
into three tasks: detection of code-smells, proposal of
transformations to remove code-smells, and the applica-
tion of the selected refactoring transformation. Within
these tasks, sub-tasks include program analysis to identify
issues and potential ways to remedy them within the code
base; and reasoning to determine the severity and legiti-
macy of a potential code-smell and for selecting the best
refactoring transformation to remove an identified code-
smell without changing the behaviour of the program. The
application of refactoring transformations is a generally
mechanical process, which can be error-prone, repetitive,
time-consuming and tedious, and are ideally completed au-
tomatically.

3.2.3 Equipment and environment

The physical equipment and environment for a refactor-
ing tool is a computer with an operating system and po-
tentially an integrated software development environment
with refactoring support.

The social and cultural environment for a software
refactoring tool includes the trust that a developer has in
the tool performing the code-smell and refactoring trans-
formation tasks correctly and completely. The safety and
security requirements that are placed on the system being
refactored play an important part in the level of trust re-
quired. Systems with safety-critical requirements will re-
quire a higher level of trust in the refactoring support. The
size of the system being refactored and the style of soft-
ware development life-cycle (e.g., agile or waterfall) also
form part of the social and cultural environment of soft-
ware refactoring tool use. In general, software refactor-
ing tool users must maintain an awareness of the structure
and an understanding of the code that they are refactoring,
therefore an important environmental requirement for soft-
ware refactoring tools is that they assist the user to develop
and maintain this understanding.

4 Automation and task allocation

Automation is often introduced to aid users by reducing
effort and cognitive load [4, 34]. In the context of soft-
ware refactoring, automation allows the ability to intro-
duce more thorough, complex or subtle code-smell detec-
tion mechanisms and better matching of refactoring trans-
formations to code-smell instances. We believe the exis-
tence of a refactoring tool with this level of automation
would lead to both more systems being refactored and
more refactorings being applied to these systems, by re-
ducing the effort required for refactoring and improving
system quality.

Although automation can bring benefits, the addition or
increase of automation in any system has inherent prob-
lems, which can include: mistrust (reliability and cali-
bration) and over-trust (complacency) [4, 34]. For com-
plicated applications, in which computer-based support is
used to assist the user operating on and understanding a
system, over-automation can have the further problem of
interfering with the user’s understanding [4, 5]. Due to
these issues, the addition or increase of automation in a
system (such as a software refactoring support tool) re-
quires careful analysis and consideration in order to em-
body the appropriate level of automation.

Sheridan [26] identifies eight levels of automation, as
shown in Figure 1. These levels range from no automation,
through levels of human-guided or supervised automation,
to completely autonomous processes. Using these eight
levels, a process can be classified as to the level of automa-
tion it exhibits. Sheridan identifies four general stages in
which automation can occur. These stages are ‘acquire’,
‘analyse’, ‘decide’, and ‘implement’. For the three-stage
process of software refactoring, code-smell detection maps
to the acquire and analyse stages, the proposal of the ap-
propriate refactoring transformations maps to the analyse
and decide stages, and the application of refactoring trans-
formations maps to the implementation stage.

In allocating tasks between computers and users, the
requirements placed upon the user to maintain an under-
standing of the software system being refactored must be
considered. A user’s situation awareness is defined in
terms of their perception and comprehension of a system’s
state and the projection to future states and required ac-
tions, relevant to the completion of a particular task [5].
For refactoring, situation awareness applies to the devel-
oper’s understanding of the system, including its structure
and conventions, and projections of how an actions will
affect their ability to maintain and re-design the system.
Endsley [4] argues that to minimise the negative effects
from the introduction of automation, systems should be de-



1. The computer offers no assistance: the human must
do it all.

2. The computer suggests alternative ways to do the
task.

3. The computer selects one way to do the task.

4. The computer selects one way to do the task, and ex-
ecutes that suggestion if the human approves.

5. The computer selects one way to do the task, and exe-
cutes that suggestion if the human approves, or allows
the human a restricted time to veto before automatic
execution.

6. The computer selects one way to do the task, and ex-
ecutes automatically, then informs the human.

7. The computer selects one way to do the task, and ex-
ecutes automatically, then informs the human only if
asked.

8. The computer selects, acts, and ignores the human.

Figure 1. Sheridan’s levels of automation
[26]

signed to maximise user involvement whilst reducing the
load that would have been associated with doing the task
manually. It is this balance between automation and user
involvement [34, 4] that is not optimal in existing auto-
mated software refactoring tools.

In order to appropriately allocate the sub-tasks of
software refactoring between computers (automated) and
users (manual), we have used Fitts" MABA-MABA List
[6] (as shown in Figure 2), otherwise known and described
as Fitts’ law of task allocation [26]. Fitts’ List identifies
which tasks can be better completed by men (i.e. users),
and which by machines. The items from Fitts’ List most
relevant to software refactoring are for men Reasoning
inductively and Exercising judgement, and for machines
Reasoning deductively. Inductive reasoning is defined as
reasoning from detailed facts to general principles (i.e.
generalisation), whereas Deductive reasoning is defined as
reasoning from the general to the particular.

The areas in which judgement must be applied within
the software refactoring process is the decision on what
refactoring transformations will be applied to remedy an
identified code-smell instance. The subjective nature of
the goal of refactoring (improving a software system whilst
maintaining behaviour) is the reason for this. Due to this
need for human judgement, only the proposal of the avail-
able options may be automated.

Code-smells include ones that can be detected automat-
ically through program analysis techniques, but also ones
that are based on loose heuristics that are difficult to de-
tect automatically [28]. An example of a code-smell that

Men [sic] are better at

e Detecting small amounts of visual, auditory or chem-
ical energy

e Perceiving patterns of light or sound

e Improvising and using flexible procedures

e Storing information for long periods of time, and re-
calling appropriate parts

e Reasoning inductively

e Exercising judgement

Machines are better at
e Responding quickly to control signals
e Applying great force smoothly and precisely
e Storing information briefly and erasing it completely
e Reasoning deductively

Figure 2. The Fitts’ MABA-MABA List

utilises deductive reasoning is the ‘duplicate code’ code-
smell [9] which can be automatically detected when a
threshold for the percentage similarity between code spec-
imens is provided. The ‘long method’, and ‘large class’
code-smells, which can be automatically detected using
software metrics where appropriate thresholds have been
identified, are other examples of code-smells that can be
computed with deductive reasoning. An example of a
code-smell that cannot be computed with deductive rea-
soning is the ‘speculative generality’ code-smell, which
exists in a class that includes extra functionality. As ‘ex-
tra functionality’ cannot be quantified, inductive reasoning
must be used. The proposal and selection of appropriate
refactoring transformations to remedy code-smells simi-
larly requires both inductive and deductive reasoning.

It is important to note that for the code-smell and rem-
edy proposal stages of refactoring, the mixture of induc-
tive and deductive reasoning required indicates that these
stages should not be fully automated. However, these
stages can be partially automated. This partial automation
will assist the user by lowering the effort needed to com-
plete refactoring whilst still allowing user input and main-
taining the user’s understanding of the code they are refac-
toring. Using a previous evaluation of refactoring tools,
our analysis of the process of refactoring using Fitts’ List,
and Sheridan’s eight levels of automation, the graph in Fig-
ure 3 was developed. In the graph, the Fitts’ List ideal level
of automation is compared to the fully manual refactoring
process described by Fowler [9] and fully-automated, au-
tonomous refactoring support such as Guru [19]. Full au-
tomation (i.e. level 8) is not optimal for the task of refac-
toring due to the need to involve the user. The sheridan
levels of 6-6-2-4 for the ideal, reflect a tool automatically
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Figure 3. Refactoring automation levels

performing code smell detection and proposing applicable
tranformations to the user, who then selects which tranfor-
mations to perform (i.e. the user approves a given choice,
c.f. sheridan level 4) and the tool automatically performs
the transformation. This balances automation with user in-
volvement to minimise user workload, and maximise the
user’s abilty to maintain an understanding of the system.

5 Usability guidelines

Though popularised by people such as Nielsen [21]
and Shneiderman [27] in the 1990s, collections of general
heuristics, rules and guidelines for user interfaces can be
found dating back to the early 1970s [11]. To study these
collections, we collated a number of representative lists
(spanning from 1971 to 2004) into a single list. During the
collation of this list, it was noted that although no one set
contained a complete set of guidelines, the guidelines in
the individual sets fitted into several broad categories. We
have used these categories to group like guidelines. Our
categories are: Consistency, Errors, Information Process-
ing, User Experience, Design for the User(s), User Con-
trol, Goal Assessment, and Ease of Use. Table 1 presents
the origin of the 11 sets of guidelines, the original number
of guidelines in each set, the number from each original
set in each category, and the number of distilled guidelines
for each category.

To remove duplication within the identified categories,
repeated and related concepts were distilled into a single
guideline for that concept. Examples of guidelines from
different collections that address the same concept are: Er-
ror prevention [21] and Offer error prevention and sim-
ple error handling [27]. These two guidelines have been
encapsulated in Assist the user to prevent errors (through
feedback, constrained interface, use of redundancy), in the
Error category. Table 1 also provides the number of dis-
tilled guidelines to illustrate the result of the distillation

process. The distilled guidelines are presented in full in
Figure 4.

6 Additional guidelines for software refac-
toring

When studying existing user interface design guide-
lines, we found that for software refactoring, the distilled
set of guidelines was incomplete. In general, the goal of
using a computer-based system is to allow the user to com-
plete a specified task more efficiently and to a higher stan-
dard. For simpler tasks this is relatively straightforward
and usability requirements can be developed from the ex-
isting guidelines. However, for more complex tasks, such
as software refactoring, these guidelines are insufficient, as
they do not take into account balancing automation with
user understanding and involvement as was discussed in
Section 4. As such, we have extended the existing guide-
lines with six new guidelines to augment the existing list
for use in designing interfaces for software refactoring tool
support. These new guidelines were developed using Fitts’
List [6] for task allocation and automation for situation
awareness theory [34, 4, 5].

The guidelines generated from Fitts’ List are: Au-
tomate error-prone tasks/sub-tasks (E7), Automate
tedious/repetitve/time-consuming tasks/sub-tasks (EUS),
and Automate mundane/computable tasks/sub-tasks
(DU3). The additional guidelines that have arisen from
situation awareness and automation literature are: Assist
the user to maintain a mental model of the structure of
the application system/data/task (IP6), Maximise the
user’s understanding of the application system/data/task
at the required levels of detail (IP7), and Provide
feedback/assessment/diagnostics to allow the user to
evaluation the application system/data/task (GAS5). These
additional guidelines appear as grey items in Figure 4.

7 Usability requirements for software refac-
toring

To demonstrate the use of the guidelines, and to achieve
our goal of developing usability requirements for software
refactoring tool support, we applied the full set of guide-
lines (both distilled and additional guidelines) to the task
of software refactoring. The process used to develop the
requirements from the guidelines via refinement is based
upon the model of Pierotti [24, 25]. Following the deriva-
tion and development of the requirements, any redundant
or repeated requirements were merged, with the guidelines
that generated the merged requirements noted to maintain
traceability for each requirement. Note that the removal



Consistency

1.  Ensure things that look the same act the same
and things that look different act different.

2. Be consistent with any interface standards
(either explicit or implicit) for the domain/
environment.

Errors

1. Assist the user to prevent errors (through feed-
back, constrained interface, use of redun-
dancy).

2. Be tolerant of errors.

3. Provide understandable, polite, meaningful,
informative error messages.

4. Provide a strategy to recover from errors.

5. Permit reversal of actions/ability to restart.

6. Allow the user to finish their entry/action be-
fore requiring errors to be fixed. Do not inter-
rupt the task being completed.

7. Automate error-prone tasks/sub-tasks.

User Experience

1.

Make interfaces minimal, simple to under-
stand, organised, without redundancy, socially
relevant (especially for communication) and
aesthetically pleasing.

Provide the information, or access to the infor-
mation, needed for a decision when/where the
decision is needed.

Use the fewest number of steps/screens/
actions to achieve the user’s goal.

Ease of Use

Bl e

n

Make the system flexible.

Make the system simple to use.

Make the system efficient to use.

Make the system enjoyable to use.

Automate tedious/repetitive/time-consuming
tasks/sub-tasks.

Design for the User

1.
2.

(%)

Define the user and match the system to the user.
Use the user’s mental model and language (avoid
codes).

Automate mundane/computable tasks/sub-tasks

Information Processing

1.
P

Assist the user to understand the system.

Minimise memorisation (i.e. reduce short- term mem-
ory load), through use of selection rather than entry,
names and not numbers, predictable behaviour and
access to required data at decision points.

Make commands and system responses self-
explanatory.

Use abstraction or layered approaches to

assist understanding,

Provide help and documentation, including tutorials
and diagnostic tools.

Assist the user to maintain a mental model of the struc-
ture of the application system/data/task.

Maximise the user’s understanding of the application
system/data/task at the required levels of detail.

User Control

1.

Adapt to the user’s ability, allow experienced users to
use shortcuts/personalise the system, and use multiple
entry formats or styles.

Put the user in control of the system, ensure that they
feel in control and can achieve what they want to
achieve. Allow users to control level of detail, error
messages and the choice of system style.

Goal assessment

1.

Ensure the user always knows what is happening. Re-
spond quickly, meaningfully, informatively, consis-
tently and cleanly to user requests and actions.

Make it easy for the user to find out what to do next.
Make clear the cause of every system action or re-
sponse.

Provide an action/response for every possible type of
user input/action.

Provide feedback/assessment/diagnostics to allow the
user to evaluate the application system/data/tasks.

Figure 4. User Interface Guidelines



| Original Set |[C] EJIP]UX[DU]| UC | GA | EU | Total |
Nielsen [21] 1 2 2 1 1 1 1 1 10
Shneiderman [27] 1 2 1 1 0 2 1 0 8
Lund [16] 4 6 4 8 3 3 2 4 34
Hansen [11] 0 6 5 0 1 5 0 0 17
Cheriton [2] 0 4 1 1 0 2 1 0 9
Gaines and Facey [10] 1 0 2 0 1 1 3 0 8
Kennedy [14] 0 3 0 3 1 4 0 1 12
Pew and Rollins [23] 0 1 0 0 3 0 1 1 6
Wasserman [33] 0 0 1 1 0 2 0 1 5
Turoff, Whitescarver and Hiltz [32] | O 2 1 0 0 1 0 2 6
Hedberg and Perry [12] 0 1 0 0 1 1 0 2 5
Total 727 |17 15 11 22 9 12 120
Distilled 2 7 5 3 2 2 4 4 29

Table 1. Number of initial and distilled guidelines. Key: Consistency (C), Errors (E), Information
Processing (IP), User Experience (UX), Design for the User(s) (DU), User Control (UC), Goal As-

sessment (GA), Ease of Use (EU).

of redundant or repeated requirements meant that all re-
quirements derived from the Ease of Use (EU) guidelines
have been registered under other categories due to overlap
of generated requirements.

7.1 Usability requirements analysis

Refining usability guidelines into requirements resulted
in an initial set of 81 usability requirements. We have se-
lected three requirements for discussion. The full set of
usability requirements is available in the Appendix of the
online version of this paper?.

Requirement 1: Automate code-smell identification
This requirement originates from the additional error
guideline: Automate error-prone tasks/sub-tasks (ES8),
the additional Design for User(s) guideline: Auto-
mate mundane/computable tasks/sub-tasks (DU3), and
the additional Ease of Use guideline: Automate
tedious/repetitive/time-consuming tasks/sub-tasks (EUS).
Code-smell identification challenges the user to synthe-
sise and analyse a code base to identify potential un-
desirable trends (code-smells). It is the task of synthe-
sis and analysis that can be error-prone, computable and
tedious/repetitive/time-consuming.

Requirement 2: Allow rules for detection of code-
smells to be customised (added, removed and modified)
by the user This requirement was derived from the dis-
tilled User control guidelines: Put the user in control of
the system, ensure that they feel in control and can achieve
what they want to achieve. Allow users to control level

Zhttp://www.itee.uq.edu.au/erica

of detail, error messages and the choice of system style
(UC2). Allowing the user to define, modify and remove
rules for how code-smells are detected, supports the defi-
nition of newly discovered code-smells, but also allows the
user to control what is considered a code-smell, support-
ing differences in personal preference as well as corporate
standards.

Requirement 3: Allow suggested changes (to the system
being refactored) to be viewed, changed, or cancelled
prior to transformation Based upon the need for the
user to maintain a mental model and understanding of the
system being refactored, this requirement is derived from
the Information Processing guidelines: Assist the user to
maintain a mental model of the structure of the applica-
tion system/data/task (IP6), and Maximise the user’s un-
derstanding of the application system/data/task at the var-
ious required levels of detail (IP7); as well as the Goal
Assessment guideline: Provide feedback/assessment/ di-
agnostics to allow the user to evaluate the application sys-
tem/data/task (GAS).

This requirement ensures that a refactoring tool will
keep the user aware of changes that will be made
to their code so that they can adjust their mental
model/understanding of the system accordingly.

7.2 Discussion

Overall, the use of the combined set of both the distilled
and additional guidelines has yielded a more complete
set of user requirements for software refactoring tools,
than if only the distilled guidelines were used. The ad-
ditional guidelines we have developed and applied provide
the added specificity required for the domain of software



refactoring. This added specificity ensures that develop-
ment of applications such as software refactoring tools in-
clude much needed usability support for error-prone, time-
consuming, mundane and repetitive tasks; suggesting the
automation of these concepts in accordance with Fitts’
List.

8 Usability analysis of refactoring tools

To analyse the state-of-the-art for usability of auto-
mated refactoring tools, we selected four refactoring tools.
These tools have been analysed using a small case study
to identify compliance with the 81 usability requirements.
The refactoring tools studied are: Eclipse 3.2 [7], Con-
denser 1.05 [18], RefactorIT 2.5.1 [29], and Eclipse 3.2
with the Simian UI 2.2.12 [3] plugin. These tools were
selected as representative of available automated refactor-
ing tools, with the inclusion of Eclipse and RefactorIT
due to their reputation as premiere refactoring transforma-
tion tools [8], and Condenser (command-line) and Simian
(GUI) as representative of code-smell detection tools.

The process for the evaluation was to use each tool to
refactor a Java program that implements a library system
(also used in [17]). The system has 12 initial classes with
319 LOC, which is refactored into 15 classes with 250
lines of code. After the case study, a checklist of the re-
quirements is completed using a three-point scale (0, 0.5,
1) for the level of compliance with the usability require-
ment. A summary of the results of the evaluation by cate-
gory is presented in Table 2. The full results of the usabil-
ity evaluation are available online as an appendix to this
paper®.

8.1 Discussion

Overall the requirements that the tools performed most
poorly on are those related to user control, i.e. the ability
to define new, and modify or delete existing code-smell,
smell-to-transformation mappings and transformation def-
initions; and those related to automation of code-smell de-
tection and remedy proposal. Providing feedback about
code-smell instances to the user within the user’s regular
development view was also an issue in which further ad-
vances can be made. Finally, user control of the levels of
automatic investigation, i.e., whether refactoring tools act
reactively (i.e. only when the user instructs) or actively
(such as with incremental compilation) was not supported
by any of the studied tools.

The results of the usability requirements evaluation can
also be summarised using Sheridan’s levels of automation

3http://www.itee.uq.edu.au/"erica

presented in Section 4. The graph in Figure 5 shows the
levels of automation for the four refactoring tools studied
compared to the proposed ideal level presented in Section
4. From this graph is can be seen that none of the stud-
ied tools provided the ideal level of automation. The tools
exhibiting automation closest to the ideal are Eclipse with
the Simian UI plugin and Condenser, however these tools
still over-automated and under-automated key parts of the
refactoring process.
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Figure 5. Automation levels for refactoring
tools

The purpose of this evaluation was not to find partic-
ular faults with the tools studied but rather to identify ar-
eas in which the tools consistently do not fulfil usability
requirements. From the results of the usability require-
ments analysis of existing tools, we are going to focus on
21 requirements in a prototype refactoring tool. The proto-
type will be developed as a plugin to the Eclipse software
development environment [7], so that it may be used in
conjunction with other plugins such as Simian UI. As our
prototype is planned to be an incremental improvement on
support provided by existing refactoring tools, a subset of
the requirements that were not supported was selected for
study and implementation. These requirements have been
chosen from those that apply to code smell detection and
transformation proposal, with a particular focus on integra-
tion and automation of these stages. The full set of selected
usability requirements is available in the Appendix of the
online version of this paper? .

The set of selected usability requirements includes:

e Automate code smell detection.

e Automate the proposal of transformation to remedy
identified code smells.

o Integrate the stages, i.e. remove the need for the user
to pass output from one stage into the next.



| Refactoring tool | C] EJIP]JUX|DU]JUC] GA | Total |
Eclipse 3.2 4 8.5 9 71175 6| 35| 455
Condenser 1.05 0.5 5 1 31 25| 15 3 16.5
Refactor IT 2.5.1 4 | 10.5 7 9 7 4 6| 475
Eclipse 3.2 with Simian 2.2.12 4 12 9 91 75 7 6 54
Total requirements by category 4 15 | 10 10 9 25 8 81

Table 2. Refactoring tool evaluation: requirements score by category

e Provide incremental exception (code smell) checking
with inline, non-disruptive feedback.

e Support the whole refactoring process.

o Allow the user to chose if detection is constantly run-
ning (real-time, incremental), at selected intervals or
only when activated.

9 Conclusion

This paper has presented an initial usability study of
software refactoring tools. ISO 9241-11 has been used
to specify the task of software refactoring, including the
users, operation environment and the component sub-
tasks. Additionally, we have analysed the level of automa-
tion and the allocation of tasks between the user and the
computer, to propose an optimum level of automation for
software refactoring tool support. To further study the gen-
eral usability of refactoring tools, we have gathered and
distilled 120 usability guidelines from 11 different sources,
into a list of 29 usability guidelines. Six additional guide-
lines were developed to complete this list based upon Fitts’
List for task allocation, and literature from the area of situ-
ation awareness and automation. Using a set of 81 usabil-
ity requirements derived from the complete set of guide-
lines, four refactoring tools were evaluated. From these
evaluations, it is clear that work to automate the areas
of code-smell detection and proposal of refactoring trans-
formations is needed to improve the usability of software
refactoring tools.

In future work we will build a prototype refactoring
support tool implementing the semi-automated approach
to software refactoring outlined in this paper, based upon
the outlined subset of usability requirements. This refac-
toring support will address usability requirements that are
not being met by existing refactoring tool support. Be-
ing careful to balance automation with user interaction, the
prototype will assist users by removing error-prone, time-
consuming and tedious tasks, whilst assisting the user to
maintain an accurate mental model of the software that is
being refactored. In order to determine the effectiveness of
this approach in improving the usability of software refac-
toring tools, this prototype will also be evaluated.
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