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interaction with the application; if the recommender detects
that a specific command would be useful, but is never used,
it invites the developer at a convenient moment, e.g., when
she has time, to learn and use this command in the future. To
date, a set of algorithms for generating IDE command recommendations have been devised by Murphy-Hill et al. [20] and
Zolaktaf and Murphy [32], but we are not aware of any well
motivated and validated user interface to present these recommendations. Nevertheless, the recommendations must be
presented in a graphical user interface (GUI) that allows the
user to evaluate and act upon them [21]. We stress that the
presentation itself can play an important role in the usage of
a RS, such as: it can affect the user’s trust and loyalty to the
system, and it can influence the user’s final decision to accept
the recommendation [27]. We propose a GUI that is intended
to present global suggestions [16], which are usually based
on the entire command usage history and suggest commands
that are relevant in general (as opposed to opportunistic suggestions [16], which are only relevant at a particular moment),
but it is not bound to a particular recommendation algorithm.
In this paper, we focus on how the recommendations should
be presented once the attention has been acquired.

ABSTRACT

This paper describes a novel design of a graphical user interface (GUI) to recommend useful command within an integrated development environment. The recommendation GUI
contains a description of the suggested command, an explanation why the command is recommended, and a command
usage example. The proposed design is based on the analysis
of relevant guidelines identified in the literature. Its perceived
usability and acceptance were evaluated in a live user study
with 36 software developers. Our findings, partially contradicting existing literature, indicate that the presentation of the
command—the description and the example—is perceived as
more useful than the explanation of the rationale for the recommendation.
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INTRODUCTION

High-functionality applications are complex systems that
serve the needs of a diverse user population, providing a potentially overwhelmingly large set of functions [6]. While it
is not expected that a generic user accesses all the provided
functionality, for some applications the rate of the used functionality is surprisingly low [14, 19]. One of the reasons for
such a behaviour is the lack of knowledge of which functionality is available and potentially useful [4, 9]. As a consequence, many users do not exploit the full potential offered
by the application.

The contributions of this paper are: a) a new GUI design of
an IDE command RS, which is based on design guidelines
identified in the literature, and b) the evaluation of its perceived usability and acceptance, performed with 36 software
developers. The proposed design consists of three parts: the
command description and the usage example, both presenting
the recommended item, and the explanation, providing a rationale for the recommendation. Our results show that most
of the interviewed software developers would like to use an
IDE command RS if it is augmented with a convenient GUI,
such as the one proposed in this paper. Moreover, the results
indicate that the acceptance of the GUI could be improved
further, if it was adapted to the command and the recipient’s
profile. Finally, we discovered that study participants find
the description of the command and its usage example more
valuable than the explanation of the reasons for the recommendation. This finding disagrees with the outcome of previous research focused on traditional RSs (e.g., [10] and [25]);
however, it is supported by the observations of Viriyakattiyaporn and Murphy [29]. We argue that this behavior occurs
because almost half of the users do not perceive such explanations as useful.

In order to improve the knowledge of the application functionality, recommender systems (RSs) have been proposed.
RSs are personalized information search and filtering tools
that direct the users to items that are estimated to be useful for
them [23]. They are primarily conceived to support individuals who lack sufficient knowledge or time to evaluate a large
set of available options [22, 24]. In this paper, we focus on
command recommendations in an integrated development environment (IDE). We envision the following use case: while
developers use an IDE, the command RS is observing their
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RELATED WORK

The proposed GUI is influenced by the guidelines suggested
by Murphy-Hill and Murphy [21], who have identified five
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important success factors for an interface of a recommendation system for software engineering (RSSE). We directly addressed three of them: understandability (i.e., the user can
identify what is recommended), transparency (i.e., the user
can identify why it is recommended), and assessability (i.e.,
the user can assess if the recommendation is relevant).1 We
are not aware of any other application of the success factors presented in [21]. Furthermore, the GUI is influenced
by the ASPECT and ARCADE models [12], which are reference models for understanding and supporting human choice
in human-computer interaction, in the field of RSs. The ASPECT model defines six basic choice patterns that people apply when taking the decisions and the ARCADE model is
a synthesis of high-level strategies that a RS can use to improve the quality of those decisions. We applied a set of the
ARCADE strategies to directly support attribute-, socially-,
experience-, and consequence-based choice patterns.2 In addition to [21] and [12], we also followed the usability guidelines in a human-computer dialog, provided by Molich and
Nielsen [18], and argumentative facts recommendation explanation approach, i.e., “A, B therefore C”, suggested by
Zanker and Schoberegger [31].

in Tab. 1. The presentation starts with the command name,
followed by its shortcut, to enable more experienced users to
execute it faster, which is in compliance with [18]. Next is a
brief, single sentence description of the command, which supports understandability and assessability [21], by informing
the user about the benefit and the functionality of the command. For instance, in Fig. 1, the Open Resource command
“enables quick finding and opening of project resources”.
The description is formulated according to the guidelines of
Molich and Nielsen [18], i.e., avoiding rarely needed information, expressing the message clearly, using familiar words,
and minimizing the user’s memory load.

Existing IDE command RSs are Spyglass [29], which recommends navigation commands in IBM RTC [11], and Vignelli [26], which detects design flaws in the code and recommends suitable refactoring commands in IntelliJ IDEA [13].
But, since these RSSEs have been tailored to suggest specific types of commands, their GUI design cannot be directly applied to other types of IDE commands. On the other
hand, various systems providing command recommendations
within other high-functionality applications have been developed: OWL [15] for Microsoft Word [17], CommunityCommands [16] for AutoCAD [2], and two RSs developed
by Wiebe et al. [30] for GIMP [8], namely, social and taskbased RSs. These tools are not focusing on IDE command
recommendations, but the criteria that an effective recommendation presentation must satisfy are somewhat similar.
Observing these GUIs from the perspective of the three factors proposed in [21], we can say that they all support understandability and assessability, by providing short (OWL
and CommunityCommands) and long command descriptions
(GIMP RSs); while OWL and the social GIMP RS support
also transparency in a form of the command popularity. The
main distinctive features of our GUI are: it can be used to
present IDE commands of any type, it provides explicit and
personalized explanation why the command is recommended,
and it provides a command usage example.

Figure 1. Command presentation GUI, indicating its main three parts.

Guideline
Support understandability [21]
Enable transparency [21]
Support assessability [21]
Support a attribute-based choice pattern [12]
Support a socially-based choice pattern [12]
Supporta an experience-based choice pattern [12]
Support a consequence-based choice pattern [12]
Access information and experience [12]
Represent the choice situation [12]
Combine and compute [12]
Evaluate on behalf of the chooser [12]
Use simple and natural language [18]
Minimize user’s memory load [18]
Provide shortcuts [18]

Part
1 2 3
5 5
5
555
5
5
5
5
55
55
5
5
5
5
5

Table 1. Guidelines for each GUI part and the supporting literature.

To enforce transparency [21], part 2 contains an explanation
of why the command is recommended. It starts with a description of the context in which the command is often used,
by illustrating in which GUI element, during which activity,
on which artifact, and after which other activity the command
is typically applied. For instance, in Fig. 1, the Open Resource command “is often used in JSP-HTML editor when
users are editing Java methods”. This context, which is identified by the RS, also represents the situations in which the recommendation recipient often works. In that way, the context
description supports assessability [21] and the experiencebased choice pattern [12]. By making the situation recognizably similar to the previous experiences of the user, the GUI
also complies with the represent the choice situation strategy [12]. We note that the exact identification of the relevant

COMMAND RECOMMENDATION GUI

Fig. 1 shows the proposed GUI for recommending, for instance, the Open Resource command. The GUI consists of
three parts, which are based on the guidelines summarized
1
The distraction and the trust [21] factors are out of scope of this
study: the first because we are focusing on the user interaction with
the system only after the attention was already acquired and the second because it is typically affected by many other aspects of a RS.
2
We do not address the remaining choice patterns because the support for the trial-and-error is already provided in an IDE by the
Undo command and the policy-based pattern does not apply.
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guages they used in the last two years. After that, they had
to mark, on a five-point Likert scale, how strongly they agree
with the following statements:
• “It would be useful for me to learn more commands available in my IDE”;
• “It would be useful for most of the IDE users to learn more
commands”; and
• “I think that using an IDE command recommender system
would be a good idea”.
In the second part of the questionnaire, for each of the nine
sample commands, we asked the participants if they ever used
the command before (in any IDE) and how familiar they are
with it, for which we provided four options (following the
taxonomy proposed by Anderson-Meger [1]):
• “I have never heard of it”;
• “I have some idea what it is”;
• “I have a clear idea what it is”; and
• “I can explain what it is”.
In the third part, we presented a fictional scenario of a situation in which the command recommendation appears on
the bottom-left side of the screen when the user starts up the
IDE, and if the user selects the recommendation, the here proposed command recommendation GUI becomes visible in the
center of the screen. For the study purposes, we printed the
mock-ups of the application interface and attached them to
the questionnaire. Each participant had to select a command
from the list of commands presented before and imagine that
this is the recommended command. We asked them to select a
command they do not know yet or a command that is the most
interesting to them, if they already know all the commands.
Then they had to express their agreement with three statements from the System Usability Scale (SUS) [3] and with
three statements from the Unified Theory of Acceptance and
Use of Technology model (UTAUT) [28], using a five-point
Likert scale. The statements are listed in Tab. 2, together with
the responses of the participants. Finally, we asked survey
participants which parts of the GUI—“command name and
description”, “explanation of recommendation”, and “usage
example” (see Fig. 1)—they find necessary and which they
find useful for evaluating the quality of the command recommendation, and if they think that some information is missing. A sample of the questionnaire is publicly available at:
https://sites.google.com/site/mgasparic/gui.

context factors may be delegated to a specific context model,
as that proposed by Gasparic et al. [7]. For the purposes of
this study, we manually identified the relevant context.
The second sentence in part 2 indicates the proportion of users
who already use this command and are similar to the target
user, or slightly more proficient. For instance, in Fig. 1, the
Open Resource command “is used by 48% of users working
on similar tasks who know up to 30% more commands”. This
sentence follows the access information and experience and
the combine and compute ARCADE strategies [12]. It also
supports socially- and attribute-based choice patterns [12],
by providing the information that emphasizes the sense of
identification and affiliation of the user to a group of people
and by numerically expressing the level of command popularity. In this study, we arbitrarily defined the proportions.
The third sentence in part 2: “Therefore, the command seems
to be suitable for your work.”, is the conclusion of the argument, structured according to the argumentative facts explanation approach [31]. While the first part of the argument
leverages the command popularity and implies that the context in which the command can be used is also a common
usage context of the user, the last sentence, which is always
the same, adopts the evaluate on behalf of the chooser strategy [12], by implicitly urging the user to use the command.
In part 3, which is—as part 1—dedicated to the command
presentation, we placed a graphical usage example consisting of two screenshots: the first shows a typical situation in
which the proposed command can be used and the second
shows how executing the command affects that situation. The
example follows the access information and experience and
the represent the choice situation ARCADE strategies [12],
by providing the information about the initial state in the
first image and “a preview of the experience of executing a
particular action” [12] in the second image. In that way it
also supports understandability and assessability [21] and the
consequence-based choice pattern [12]. For the purposes of
this study, we manually generated usage examples.
EVALUATION

We conducted a survey among the participants of XP 2016: a
scientific conference with a strong participation of practitioners from the industry. Our goal was to test whether the proposed GUI would be well accepted by the target population,
to understand the importance of the different GUI parts, and
to identify potential GUI flaws and opportunities for improvements. In the survey we gathered demographic data, the general attitude towards IDE command recommendations, and
the familiarity with nine editing, navigating, and debugging
sample commands from Eclipse [5] (presented in a random
order), and we assessed how the recommendation of the least
familiar command was perceived.

Results and Discussion

We distributed approximately 100 questionnaires and we received back 40, out of which 36 had all the compulsorily
questions answered and were therefore included in the analysis. Five participants are female, and the age range is between
18 and 64. Four participants have less than 2 years of programming experience, 3 have more than 30 years, and others
have between 2 and 30. All except one participant—who is
not using any IDE—are editing and navigating in an IDE, 32
participants are also debugging, and 20 are using version control. 20 participants used Eclipse recently, which means that
approximately one half of the participants should be familiar
with the environment in which the GUI mock-ups were presented. 28 participants were recently programming in Java,

The format of the survey was “paper and pencil”. The questionnaire started with 3 non-compulsory fields: email address,
gender, and age; all the remaining fields were compulsory.
We asked participants to state their programming experience
(in years) and to list the activities they perform in an IDE. We
asked participants to list the IDEs and the programming lan-
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thus, more than three quarters of the participants know the
programming language in which all the selected commands
are applicable and is used also in the command usage examples. 30 participants agree or strongly agree with the statement that it would be useful for them to learn new commands; 34 think that it would be useful for others. 29 agree
or strongly agree that an IDE command RS is a good idea, 6
are neutral, and only 1 disagrees.

useful, compared to the others; 3) those participants who find
the command easy to use also tend to find the presentation
less complex; 4) older participants are more likely to perceive
the presentation as unnecessarily complex than younger, regardless of their programming experience; and 5) the need for
an additional support varies considerably between the commands. The observations 1 and 2, and the high proportion
of the interviewees who would like to learn more commands
indicate that such a system, if provided in practice, would be
well accepted. The observations 3, 4, and 5 indicate that the
ease of use and the need for an additional support depend on
the command and on the user, thus, we conjecture that a certain level of the GUI customization could be beneficial.

In general, the participants have a good knowledge of IDE
commands: 12 participants used in the past all nine commands included in the questionnaire and only two used less
than 5 of those commands; additionally, the most common familiarity levels are “I have a clear idea what it is” and “I can
explain what it is”. As we report in Tab. 2, most participants
perceive the recommended command as easy to use and the
majority also think that other people would quickly learn how
to use this command, however, there is a disagreement about
the presentation: 36% (8%+28%) think that they would still
need some additional support to learn how to use the command and 39% (31%+8%) think they would not. A minority,
14% (8%+6%) of the participants, think that our GUI is unnecessarily complex. On the other hand, 31% think that there
is still some information missing in the presentation; they
suggested to add the following information: a list of commands similar to the recommended one or commands that are
used with it, more usage examples, step-by-step instructions,
a video describing the command, and a “stop recommending this command” option. In replying to the question about
which parts of the GUI were considered necessary and/or useful, the command description and the usage example were
perceived as useful by almost 90%, but only 53% perceived
the explanation as useful. To further stress the importance
of the description and the example, in comparison with the
recommendation explanation, we note that the command description is perceived necessary by 83% and the usage example by 75%, but the explanation is perceived necessary only
by 36% of participants. Nevertheless, the acceptance of recommendations was high: three quarters of participants would
find the command useful in their job and almost two thirds
plan to use it in the future.

Based on these results, we made a number of changes to the
proposed GUI: 1) we now provide a link to a video illustrating the command usage, to offer clearer and more detailed
instructions; 2) we place the recommendation explanation at
the end, since it was perceived as less useful, compared to the
other parts; and 3) we modify the explanation text, since it
was perceived complex, not so useful, and—according to the
side note on one questionnaire—even offensive. The updated
GUI is presented in Fig. 2.

Figure 2. Updated command presentation GUI.

CONCLUSIONS AND FUTURE WORK

This paper describes the first GUI explicitly designed for recommending different types of IDE commands. Moreover,
it is the first GUI for recommending commands in highfunctionality applications that contains personalized explanation or usage example. The design was motivated by a set of
guidelines that we identified in the literature. Furthermore,
we analyzed the acceptance and the perceived usability of the
GUI in a live study with 36 software developers. The results
show that the GUI is well accepted by the study participants
and that the command presentation is perceived more useful
than the explanation of the recommendation rationale. We
note that in this analysis the recommendations were not generated and personalized by a recommendation algorithm and
that we did not measure the user response to the recommendation while using an IDE. In the future, we plan to evaluate
the proposed improved version of our GUI, and to address the
above mentioned limitations.

SA A N D SD
(Answers in %)
I would find the command easy to use.
19 67 8 3 3
I think I would need some additional support 8 28 25 31 8
to actually learn how to use the command.
I would imagine that most people would 14 44 22 14 6
learn to use this command very quickly.
I find the command presentation unnecessar- 6 8 36 47 3
ily complex.
I would find the command useful in my job. 19 58 14 6 3
I intend to use the command in the future. 25 39 28 6 3
Statement

Table 2. Results of the agreement with UTAUT and SUS statements.

By studying the survey results we observed also that: 1) there
is a strong tendency among those that think that others should
learn more commands to consider a command RS as a good
idea; 2) those participants who think that they should learn
more commands also perceive the recommendations as more
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