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Abstract

Programming can be a difficult task for both students and professionals, requiring programming environ-
ments that include editors, compilers, and debugging tools. This study assessed the usability of three
commonly used programming environments in higher education, NetBeans, Eclipse, and Dev-C++,
through a System Usability Scale (SUS) survey, with participation from 143 computer engineering
students. NetBeans received the highest usability perception, but all three IDEs scored below the usability
threshold (SUS score of 68), particularly struggling in learnability. A consultation with experts was also
conducted to gather additional information. Expert feedback from seven professionals highlighted
NetBeans, Eclipse, and Visual Studio as the most commonly used IDEs, emphasizing simplicity and rich
features as their key strengths. Key areas for improvement include usability, customizable interfaces, and
integration of Al-assisted coding. Future work will include evaluating Visual Studio Code and the usability
of Al code generation tools.

Keywords: Usability, programming environment, usability perception.

Resumen

Programar puede ser una tarea dificil tanto para estudiantes como para profesionales, ya que requiere
entornos de programacién que incluyan editores, compiladores y herramientas de depuracién. Este
estudio evalué la usabilidad de tres entornos de programacion comunmente utilizados en la educacion
superior (NetBeans, Eclipse y Dev-C++) mediante una encuesta utilizando la Escala de Usabilidad del
Sistema (SUS), con la participacién de 143 estudiantes de ingenieria informatica. NetBeans recibi6 la
mejor percepcidon de usabilidad, pero los tres IDE obtuvieron puntuaciones por debajo del umbral de
usabilidad (puntuacién SUS de 68), con especial dificultad para aprender. También realizamos una
consulta a expertos para recopilar informacion complementaria. Las opiniones de siete profesionales
destacaron NetBeans, Eclipse y Visual Studio como los IDE mas utilizados, destacando la simplicidad y la
gran cantidad de funciones como sus principales fortalezas. Las areas clave de mejora incluyen la usabi-
lidad, las interfaces personalizables y la integracién de la codificacién asistida por IA. El trabajo futuro
incluira la evaluacién de Visual Studio Code y la usabilidad de las herramientas de generacién de codigo
con IA.

Palabras clave: Usabilidad, entornos de programacién, percepcion de usabilidad.
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INTRODUCTION

Programming is a challenging endeavor for students and professionals alike. Programmers need a
programming environment to write their code. Programming environments typically contain,
among other elements, editors for different languages, compilation tools, and debugging tools.
Various programming environments exist to support different types of users, ranging from chil-
dren to adults and technology professionals to non-professionals. In this paper, we focus on
analyzing Integrated Programming Environments (IDEs) used in Computer Science degree
programs. The objective of this study is to determine whether the IDEs students use during their
undergraduate training meet minimum usability requirements that support learning and tool use.
This study can also serve as input for those who teach programming and help determine which
IDEs students use.

A survey tailored to programming environments using the System Usability Scale (SUS) was
conducted to gather perceptions of usability across Dev-C+ +, Eclipse, and NetBeans. Also, expert
programmers were asked to gather further information about the programming environment they
use and their perceptions of usability.

The System Usability Scale (SUS) results show that NetBeans achieved the highest score among
the assessed IDEs. However, the low overall scores suggest that NetBeans, Eclipse, and Dev-C ++
are not fully usable. Expert consultations further emphasize the significance of usability and iden-
tify the incorporation of Al for code generation as a desirable feature.

This work is organized as follows: the background section provides relevant information about
the programming environments, usability, user experience, and programmer experience; the
Methodology section presents the questionnaires used to collect usability information on the
programming environments; the results section presents the analysis of the collected data; and
finally, we present the conclusion and future work.

BACKGROUND

Learning to program is a challenging activity for beginners, which explains the difficulties that
students face when they start programming courses [1,2]. This has generated a great variety of
programming environments that aim to facilitate the incorporation of programming concepts
through graphical interfaces, thereby avoiding the complexity of the syntax [3,4]. Then the
concern arises about the usability of these environments, to determine if they really meet the
declared goals. Below are explained the concepts of programming environments, usability, and
user experience, which are based on the programmer’s experience, on which this work is based.

Programming environments

A programming environment provides programmers with several tools for developing software. It
is also known as a development environment or an integrated development environment (IDE).
An IDE can support multiple programming languages. This includes a compiler, interpreter, or
both. It features a source code editor, a debugger, and tools such as code auto-completion,
language keyword recognition, and auto-indentation to maintain program order through proper
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indentation. A programming environment is one of the most used tools by programmers. Several
articles about IDEs were found, such as articles that propose improvements to IDEs used by
professional programmers, such as visibility of code [5], [6], navigation of code [7], [8],
improving the process of refactoring [9], and making a more understandable error message [10],
[11].

IDEs are explicitly created for developing programming skills in beginners [12], as well as for
non-programmers and children [13].

Usability

Usability is defined as follows: "The Extent to which specified users can use a system, product, or
service to achieve specified goals with effectiveness, efficiency, and satisfaction in a specified
context of use"[14]. Usability is composed for attributes such as: Learning is a vital attribute for
novice users, related to easy to learn; Efficiency is the speed with which the user can reach their
objectives, or how much steps the user needs to complete a task; Memorability is the ability to be
remembered for sporadic users or frequent users; Errors, a good indicator in this attribute is a low
number of errors committed by the user during the development of a task; and Subjective satis-
faction, a subjective attribute that measures the impression subjective that the user has of the
system [15].

User experience

User eXperience (UX) is defined as follows: “person's perceptions and responses resulting from
the use and anticipated use of a product, system or service” [16]. UX is unique for different
people, given the emotional factors involved in how they uses a product, service, or system, the
satisfaction derived from use, and the time period of use.

One of the models used to explain UX aspects is the Honeycomb model, a website user experience
model proposed by Morville [17]. This model comprises seven aspects: Valuable, Usable, Useful,
Desirable, Findable, Accessible, and Credible.

Programmer experience

Programmers are the people who write and maintain code. This work focuses on this specific role
in software development.

The programmers are considered users of specific software, such as programming environments
or design documents. In this way, the PX was investigated from the perspective of programmers,
specifically in the case of UX.

In previous studies, we found several works on developers and the impact of happiness and
unhappiness on their work [18] - [21]. Another study focuses on programmer behavior and indi-
cates the activities they carried out in their work, providing information about the tools used [22].
It also examines the effort programmers invest in implementing code changes [23].

All of these studies provide interesting insights into the programmers. After analysis it was found
that PX is composed of intrinsic motivation, technical skills, and social skills of the programmers.
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In addition, PX can be influenced by the tools programmers use in their work.

Usability in programming environments

Various usability studies have been carried out across different programming environments, for
example, those that provide graphical programming interfaces [24,25], intended to be simple and
friendly for non-programmer end users.

Specifically, there are studies comparing block programming environments and hybrid environ-
ments that, in addition to blocks, support data-flow programming. In their study, the authors
found that users prefer hybrid environments and found high usability for block programming
[26].

On the one hand, some studies in programming environments for programmers (not end users)
show that perceived usability, ease of learning, and navigability can affect the adoption of a tech-
nology [27]. On the other hand, studies on the usability of programming environments have eval-
uated perceived usability, and some have identified various issues [28].

Therefore, usability in programming environments can be seen as a crucial element of study for
both end users and programmers, who must use them to program. If these programming environ-
ments are usable, they could promote their adoption, facilitate learning, and help them achieve
their goals.

METHODOLOGY

The System Usability Scale (SUS) questionnaire was used to conduct this work, as shown in Table
1. This questionnaire is well-known and widely used. This questionnaire contains five positive
(uneven) and five negative (even) statements. Respondents’ level of agreement is graded on a
5-point Likert scale, with 5 indicating "strongly agree" and 1 indicating "strongly disagree." Scores
are calculated for odd-numbered questions as the sum of the scores minus 5, and for even-num-
bered questions, 25 minus the sum of the scores. Finally, the sum of the above results is multi-
plied by 2.5 to give the final score [29]. The questionnaire was administered to undergraduate
computer engineering students over a four-month period. All of the participants freely and volun-
tarily shared their perceptions. Regarding the participants, they regularly used these program-
ming environments for their programming assignments in the various courses they took in their
undergraduate program. The usability assessment in this study was based on the students' accu-
mulated experience working with these environments. The questionnaire was administered
through a classroom intervention, during which the study's objective was explained, and guidance
was provided. Those who freely chose to participate were given a maximum of 20 minutes to
complete the questionnaire.
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Table 1. System usablity scale.

1 | think that | would like to use this system frequently.
2 | found the system unnecessarily complex.
3 | thought the system was easy to use.
4 | think that | would need the support of a technical person to be able to
use this system.
5 | found the various functions in this system were well integrated
6 | thought there was too much inconsistency in this system.
7 | would imagine that most people would learn to use this system very
quickly.
8 | found the system very cumbersome to use.
9 | felt very confident using the system.
10 | needed to learn a lot of things before | could get going with this
system.

Source: Brooke, [29].

The questionnaire, detailed in Table 2, was sent to expert programmers with more than five years
of experience to supplement the survey. The questionnaire was distributed via email. The
responses were collected between November and December 2024.

Table 2. Questions for expert programmers.

1 What programming environments do you frequently use?

2 If you had to recommend a programming environment, which one
would it be and why?

3 Indicate one or more positive aspects of the programming
environments you have used.

4 What would you like to improve about the programming environments?

RESULTS

Initially, the questionnaire contained information relevant to consent to participate and the confi-
dentiality with which the data would be treated.

Participants were surveyed about their perception of usability across three programming environ-
ments: Dev-C++, NetBeans, and Eclipse.

A total of 143 responses were obtained. Not all respondents responded to all three programming
environments; the distribution of responses is as follows: Dev-C++: 132; NetBeans: 102; and
Eclipse: 112.

The age distribution shows that the majority of participants are men, a common occurrence in
computer engineering programs, 13 participants were women, representing 9%; 118 men, repre-
senting 83%; and 12 participants of other genders, representing 8%.
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Regarding age group, the majority of participants were between 20 and 25 years old, totaling 126
participants, or 88%. Those over 25 were 17, representing 12% of the total. The average age was
23,5 years.

In Table 3, the data show that the highest frequency value (mode) for Dev-C+ + is 62,5, while for
NetBeans and Eclipse it is 50. This indicates that Dev-C++ has a higher frequency value than
NetBeans and Eclipse.

The mean indicates that the best average was obtained by NetBeans (60,64), followed by
Dev-C++ (58,58), and finally, the lowest average was achieved by Eclipse (57,61).

The median indicates the central value of the data; in this case, NetBeans has the highest median,
61,25 points. Meanwhile, for Dev-C++ and Eclipse, at least half of the data are lower than the
obtained values of 60 and 57,5 points, respectively.

Regarding standard deviation, the lowest data dispersion is Dev-C++ with 11.99 points,
suggesting fewer variable results, followed by NetBeans with 12,64 points, and finally Eclipse
with the most varied responses at 13,05 points.

Finally, NetBeans shows better means and medians, albeit with moderate variability. Dev-C+ + is
more consistent, with less dispersion, although its mean is slightly lower than NetBeans. Eclipse
shows more variability and a lower mean score.

Considering the SUS level scale [30], all the programming environments evaluated would be in
grade D, with scores between 51,7 and 62,6, which are relatively low. This means that they are
far from meeting the expected usability requirement of 68 points.

Table 3. Results of system usablity scale.

Dev-C++ NetBeans Eclipse
Mode 62.5 50 50
Mean 58.58 60.64 57.61
Median 60 61.25 57.5
Standard deviation 11.99 12.64 13.05

The Shapiro-Wilk test (a more reliable test for small samples) was used to determine whether the
results obtained from the three IDEs follow a normal distribution.

It is defined:
Null Hypothesis (H): The data have a normal distribution.
Alternative Hypothesis (H;): The data do not have a normal distribution.

It was found that all of them had p-values > 0,05, with Dev-C++ (p-value = 0,106), NetBeans
(p-value = 0,111), and Eclipse (p-value = 0,165). This indicates that the results from all three
IDEs follow a normal distribution, thus confirming that the null hypothesis is fulfilled (Table 4)
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Table 4. Shapiro-Wilk test.

Shapiro-Wilk
Statistic
Dev-C++ 0,979 102 0,106
NetBeans 0,979 102 0, 1M
Eclipse 0,982 102 0,165

The one-way ANOVA test was then used to determine whether there were significant differences
between the groups. The following analyses were performed to conduct the test.

Levene’s test was performed, establishing:
Null hypothesis (Hy): the variances are equal across groups.
Alternative hypothesis (H;): the variances are not equal across groups.

The results shown in Table 5 indicate that equality of variances (H,) is confirmed across groups
(p-value = 0,807).

The ANOVA test was then performed, establishing the following:

The null hypothesis (H,) establishes that there are no significant differences between the group
means. The alternative hypothesis (H;) states that at least two of the group means are different.

The results shown in Table 6 indicate that Hy is true (p-value = 0,201), meaning there are no
significant differences between the means of the groups analyzed.

Table 5. Test of homogeneity of variances.

Levene Statistic

0.215 2 343 0.807

Table 6. One-Way ANOVA.

SuUs
Sum of Squares Mean Square
Between Groups 507.057 2 253.528 1.613 0,201
Within Groups 53915.848 343 157.189
Total 54422.905 345

An analysis of each item shows that scores are generally low (Table 7), with a target score of 68.
However, Item 1 (I think I would like to use this system frequently) and Item 5 (I found the
various features of this system to be well-integrated) achieved high scores, with a target score of
68.
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For Item 1, Eclipse achieves a score of 3,69, which is a low score, with a target score of 80, which
is higher (with greater perceived usability). This same situation occurs for Item 5 for NetBeans,
with a score of 3.92. This means that NetBeans integration is perceived as very well-integrated.

Furthermore, the lowest scores are observed in items 4 and 10, which are precisely those related
to the learning dimension [31]. Therefore, according to the results, the three environments would

show a low perception in this area.

Table 7. Results of system usablity scale.

Item SUS Dev-C++ Eclipse NetBeans
1 3,03 3,69 3,51
12 2,53 2,79 2,57
13 3,57 3,36 3,31
14 2,64 2,89 2,94
15 3,48 3,75 3,92
16 2,57 2,59 2,33
17 3,26 3Mn 3,42
18 2,58 2,74 2,47
19 3,48 3,52 3,56
1no 3,08 3,36 3,16

Regarding the experts’ responses, we got answers from seven experts, as follows:

1.- What programming environments do you frequently use? The most frequently mentioned
programming environments were NetBeans (five times), Eclipse (four times), and Visual Studio
(four times). These results converge with those obtained in the evaluation of the SUS question-
naire, where NetBeans obtained the highest usability score among the three evaluated. Visual
Studio is worth considering for future evaluations because it is frequently mentioned. Figure 1

shows the cloud of words mentioned by the experts.

€{ialStudio
NetBeans’

IntelliJ GoogleColab  ynity

Dreamweaver

DevC

Figure 1. Programmer environments mentioned by experts.

Ingeniare. Revista chilena de ingenieria | v.34:05 | 2026

Pagina 8



Morales, Silva-Aravena & Saez Evaluating the usability of integrated

2.- If you had to recommend a programming environment, which one would it be and why? The
recommended programming environments were Eclipse, Dreamweaver, IntelliJ, NetBeans, and
Visual Studio, primarily due to their simplicity and varied functionality.

Expert: "Eclipse for its ease of learning and the fact that it doesn't generate code for the tool itself, but
for the developer."

Expert: "Dreamweaver, for its dynamism and simplicity for working with local servers."
Expert: "IntelliJ because it offers so many features and is easy to use."
Expert: "Apache NetBeans. It's quite versatile."

Expert: "Visual Studio, I would recommend it because it's one of the few I still use from time to time.
It's also compatible with many programming languages and has an exquisite interface."

3.- Indicate one or more positive aspects of the programming environments you have used. The
most frequently mentioned favorable aspects are “ease of learning” (cited by three experts),
“variety of functionalities” (mentioned by three experts), “usability” (mentioned by one expert),
and “the use of few computing resources” (cited by one expert). Expert comment: "Multiple
features, easy to use, and not too resource-intensive."

4.- What would you like to improve about the programming environments? Among these
responses, they highlight what they would like to improve in programming environments: that
they be cross-platform, offering the same options regardless of the operating system; from a
usability perspective, that error messages be more explicit, which points to ease of use, as
explained in [32]; and that they be easy to use with more intuitive icons and interfaces, like
authors consider in the heuristics for programming environments [33]. Resource optimization
was also mentioned, as certain features consume significant machine resources. Among the
comments, the inclusion of artificial intelligence, which is widely used today, stands out. An
expert: "A very good improvement would be to natively implement Al in programming environments
to develop more robust systems, mitigate errors, reduce lines of code, and optimize execution times."
This turns out to be a differentiating element from what the authors analyzed in similar previous
studies [28].

CONCLUSION

Considering the importance of usability in systems and the difficulty of programming code, this
work conducted a usability perception survey using the System Usability Scale (SUS) across three
programming environments commonly used in higher education. A total of 143 undergraduate
students from computer engineering programs participated in the survey. The results show that
NetBeans was the most highly rated; however, the three IDEs evaluated have many areas for
improvement, so their scores were low, with a minimum average of 68, considered usable.
Furthermore, when analyzing the results by item, it was found that the integration of NetBeans
and Eclipse functions was well received, and the intention to use them was high. The low scores
per item are consistent with the learnability aspect, with the three IDEs having the weakest results
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in items 4 and 10. Using one-way ANOVA, no statistically significant difference was found among
the three IDEs, indicating that the groups are homogeneous and that there is no real difference in
user-perceived usability between the analyzed IDEs.

Responses from seven experts, who determined that the most widely used IDEs are NetBeans,
Eclipse, and Visual Studio, were received. On the one hand, their recommendations for program-
ming environments and their positive aspects relate to ease of use, simplicity, and feature variety.
On the other hand, the factors they would most like to improve in a programming environment
include usability related to error messages, configurable interfaces, and icon recognition, as well
as a new element: the incorporation of Al-powered code.

Some limitations of this work include that the IDEs analyzed are used with different approaches
and scopes. However, in this case, we are examining the programmer’s perception of usability in
the specific context in which it is used, rather than in every context. Furthermore, it is necessary
to increase the sample size to obtain results that are more representative and generalizable.

In future work, it is expected to evaluate Visual Studio Code as one of the most frequently
mentioned environments and to analyze the usability of code generation using Al assistants.
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