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ABSTRACT
Context: Developer productivity is a critical factor of software
project success and, by extension, a key driver of organizational
performance and software quality in software engineering. In the
era of Generative Artificial Intelligence (GenAI), understanding the
developers’ perception of productivity becomes paramount for a
software organization seeking to adopt GenAI tools. Objective:
This paper aims to examine developers’ perception of productivity,
focusing on its measurement and the expected impact of adopting
GenAI. Method: We conducted two semi-structured focus groups
with software developers from a large science and technology insti-
tute. We also administered a confirmatory questionnaire to support
the verification of our findings. The collected data were analyzed
using content analysis. Results: We identified five key productivity
factors: quality, expectations, deadlines, progress, and efficiency, in-
cluding distinct measurement systems for coding, code review, and
documentation activities. Participants consistently emphasized the
potential of GenAI to streamline and enhance a range of routine de-
velopment tasks, albeit with certain limitations regarding their use.
Conclusion: Our findings indicate that productivity constitutes
a complex multidimensional construct influenced by interrelated
factors. Moreover, GenAI emerge as a transformative technology
whose impacts on productivity require deeper investigation in fu-
ture studies, particularly regarding balancing efficiency gains with
the preservation of technical abilities.
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1 Introduction
Software development productivity represents a relevant factor in
the success of modern organizations, directly influencing software
quality, projects outcomes, team effectiveness, and organizational
competitiveness [17, 31, 37, 38]. As digital transformation acceler-
ates across industries, the ability to develop high-quality software
efficiently has become a strategic need for organizations seeking to
gain market relevance and drive innovation [4, 23].

However, productivity in software engineering (SE) remains a
complex and multifaceted construct, which is challenging to de-
fine and to measure consistently in different contexts [11, 12, 37].

Recently, the rise of Generative Artificial Intelligence (GenAI), par-
ticularly Large Language Models (LLMs), has introduced a poten-
tially disruptive force into software development workflows [5, 16].
These tools assist with coding, debugging, documentation, and
other complex tasks, reshaping how developers allocate effort and
perceive productivity [9, 28].

In Brazil’s Research and Technology Organizations (RTOs), un-
derstanding and optimizing developer productivity takes on height-
ened importance, as they differ from typical software companies
in mission, constraints, and evaluation criteria [1]. While many
commercial firms focus primarily on speed, scalability, and market
delivery, Brazil’s RTOs operate under a hybrid mission. They must
balance the goal of advancing scientific knowledge through applied
research (producing outputs like technical reports and proofs of con-
cept) with the demand for delivering practical software solutions
for their partners [2]. This dual mandate introduces challenging and
often conflicting productivity expectations. Moreover, developers in
these settings frequently face institutional constraints, such as lim-
ited infrastructure and bureaucratic delays, which directly shape
their perceptions of productivity and influence a more cautious
stance toward the adoption of new technologies like GenAI.

While several empirical studies have explored productivity in
SE [6, 14, 18, 34], much of the literature still emphasizes broad
trends across heterogeneous developer populations, often relying
on large-scale surveys. However, a growing body of work is begin-
ning to adopt qualitative and case study approaches to capture more
nuanced findings, including studies with focused samples [3, 8].
Despite this progress, the subjective and context-specific interpre-
tations of productivity (particularly in relation to GenAI support
within dual research-technology (R&T) environments) remain un-
derexplored. In contexts such as Brazil’s RTOs, where scientific in-
quiry intersects with industrial collaboration, productivity assumes
distinct dimensions that merit deeper investigation. In particular,
addressing this issue requires a closer examination of developers’
perceptions and lived experiences [29, 36].

Conducted in the Atlântico Institute (a large Brazilian RTO cur-
rently evaluating the integration of GenAI tools), this study aims to
investigate how software developers perceive productivity in their
day-to-day work and how they anticipate the impact of GenAI on
their workflows. Atlântico currently employs over five hundred pro-
fessionals distributed nationwide, predominantly operating under a
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remote work model. The novelty of this exploratory and empirical
study lies in its focus on an underexplored setting (Brazilian RTO),
the use of focus groups to uncover lived experiences, and the map-
ping of results to the SPACE Framework [13], a multidimensional
model for understanding software productivity. By anchoring our
analysis in the SPACE, we may enhance the theoretical clarity and
practical interpretability of our findings.

This study involved two focus groups with 16 developers, fol-
lowed by a confirmatory questionnaire to validate our findings.
Hence, the industry focused nature of this research provides find-
ings for organizations similarly positioned at the intersection of
R&T. In summary, our qualitative content analysis revealed that
developers’ productivity perceptions revolve around five elements:
progress/evolution, expectations, time/deadlines, quality,
and efficiency. These perceptions differ across development ac-
tivities (such as coding, reviewing, and documenting) each asso-
ciated with distinct indicators. With respect to GenAI, develop-
ers noted expected benefits (e.g., reduced time, support for
writing code and documentation) but also voiced concerns
(e.g., hallucinations, code duplication, reduced critical
thinking, and debugging overhead).

This study offers contributions to both academic research and
industry practice by examining software productivity through the
rarely explored lens of a Brazilian RTO. First, it provides empirical
evidences into how developers within this RTO environment per-
ceive and articulate productivity. Second, it maps the identified pro-
ductivity perceptions, incorporating challenges and expectations
related to GenAI, onto the dimensions of the SPACE framework.
Third, it proposes a conceptual map to help organizations evaluate
the trade-offs of GenAI adoption, supporting teams in balancing
efficiency gains with sustained software quality.

The remainder of this paper is organized as follows. Section 2
presents the background on productivity and related work. Sec-
tion 3 describes the research method. Section 4 reports the results.
Section 5 discusses our findings, including their mapping to the
SPACE Framework and the conceptual map. Section 6 addresses
the trustworthiness of this study. Finally, Section 7 concludes the
paper and outlines directions for future work.

2 Background
Despite productivity being awidely explored field, defining it within
the software development industry remains a challenge because
it relates to “knowledge work,” since its outputs are mainly infor-
mation [10]. As such, how can a metric encompass mental and
physical processes? How can a piece of knowledge or collaboration
be measured?

Jaspan and Sadowski [19] described productivity as a broad con-
cept, in which a single metric cannot capture. By employing a single
productivity measure, one is likely to exclude important factors.
An example would be using a developer’s velocity as single pro-
ductivity proxy as it hides fundamental aspects of a developers’
work, such as mentoring activities and code quality. In general,
productivity is defined as the ratio between the outputs and the
inputs. In this way, it is not what one gains after subtracting the
costs (profit), it means how much effort and investment one needs
to create an expected output [32].

When considering the software industry, Wagner and Deis-
senboeck [37] explained that productivity inputs are related to
the effort to develop and maintain a software, as outputs are associ-
ated with the value it brings for the users, which can vary based on
the market and its competitors. In spite of all the difficulties, many
researchers have been studying frameworks, metrics, techniques,
and productivity drivers for several years. This effort is naturally
justified by several benefits, such as the ones pointed out by Jaspan
and Sadowski [19]: (i) to indicate global trends in an organization’s
performance, (ii) to demonstrate the effectiveness of tools and/or
practices, (iii) to be used on interventions to compare productivity
results, and (iv) to point out areas that need improvement.

To discuss developers’ perception of productivity from Atlântico
Institute, we elected to employ the holistic and multidimensional
SPACE framework [13], recognized for its popularity and practical
method to choose the most suitable metrics for different productiv-
ity aspects. SPACE is an acronym for the following dimensions that
influence productivity: Satisfaction and well-being; Performance;
Activity; Communication and collaboration; and Efficiency and
flow. For each dimension, Forsgren et al. [13] presented a list of
metrics that can be used to evaluate individuals and teams. To un-
derstand productivity, SPACE recommends the selection of multiple
metrics from at least two dimensions, ideally three, because their
tension can enable a more insightful analysis. Next, one should add
at least one perceptual metric to capture how developers view their
work. In Section 5, we discuss the insights and conclusions of this
study through the lens of the SPACE framework.

Exploring existing research on software development productiv-
ity perceptions is important to position our study under the current
state of knowledge. For example, Meyer et al. [26] investigated de-
velopers’ perceptions of productive and unproductive work through
two studies. An initial online survey of 379 developers revealed
that a productive day is generally characterized by task progression
or completion with minimal interruptions. The study also explored
potential productivity metrics. Building on the survey findings, an
observational study of 11 developers across three companies further
examined the definition of a task, the outcomes of productive work
in various situations, and the nature of uninterrupted work.

A different research stated that productivity perception varies
greatly among individuals and is influenced by numerous factors [25].
This study has identified common trends related to working habits
and computer interactions. The study indicated developers often
fall into ‘morning’, ‘low-at-lunch’, or ‘afternoon’ productivity pat-
terns, suggesting a personal rhythm to their work. Furthermore, a
high volume of mouse and keyboard activity tends to correlate with
a positive perception of productivity, whereas time spent on emails,
scheduled meetings, and non-work-related websites is generally
associated with a feeling of unproductivity.

When it comes to the perceived productivity with AI assistance,
Glushkova [15] surveyed 150 practitioners in the software industry
to understand the influence of ChatGPT on their activities. The
participants concluded that it can support junior developers and
amplify senior abilities, increase code velocity and quality, and im-
prove processes like requirements gathering and project planning.

Beyond these findings, two additional qualitative studies rein-
force the cited benefits. Banh et al. [3] further emphasized the im-
portance of advanced reasoning capabilities. Their research, based
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on interviews with 17 engineers from European software develop-
ment companies, detailed several challenges in adoption: limited
integration, intellectual property concerns, underestimated over-
head, and issues of reliability and dependency.

Coutinho et al. [8] examined the integration of GenAI tools in
a large software organization with over 1,200 employees. Using a
mixed-methods approach that included a survey of 13 developers
and a four-week observation of internal communication channels,
the study identified both the perceived benefits and the practi-
cal challenges of AI adoption in professional settings. Developers
generally viewed generative AI tools as beneficial for improving
individual productivity. However, they identified barriers, includ-
ing concerns about the credibility and accuracy of AI-generated
outputs, the difficulty of crafting effective prompts, and constraints
related to data confidentiality in high-security projects.

Despite advancements in frameworks and empirical studies, soft-
ware development productivity remains a highly complex construct.
In this regard, the rise of GenAI tools adds new layers of opportu-
nity and challenge. In contexts like Brazilian RTOs, where research
and application intersect, understanding productivity demands a
more context-aware approach. This study seeks to advance this
evolving understanding, offering empirical findings into how de-
velopers perceive productivity and anticipate the impact of GenAI
in a relevant yet underexplored setting.

3 Research Method
This section outlines the research questions that guided this work,
as well as the data collection and analysis methods used.

3.1 Research Questions
Our goal is to examine developers’ perception of productivity, fo-
cusing on its measurement and the expected impact of adopting
GenAI. We split it into the following research questions (RQs):

• RQ1: What is the perceived productivity of software
developers? This question investigates the main factors that
lead developers to feel productive when performing their
activities.

• RQ2: How do software developers measure productiv-
ity within the software development lifecycle? This
question investigates how developers assess productivity
in coding, code review, and documentation activities. We
chose these activities because they are typically performed
together in a developer’s daily tasks.

• RQ3: How is GenAI expected to affect the productivity
of software developers? Given the growing use of GenAI
in software development tasks, this question seeks to identify
the expected impact of GenAI on developer productivity.

3.2 Data Collection
In an exploratory research scope, we conducted online focus groups
to capture qualitative data through group interactions [33]. This
interactive approach allowed participants to build on each other’s
responses, generating richer insights than individual interviews,
especially for exploring nuanced concepts like productivity, where
meaning is socially constructed through dialogue [22, 24].

The focus groups were conducted with software developers from
the Atlântico Institute. It specializes in applied research, technologi-
cal development, and innovation. While headquartered in Fortaleza,
capital of the state of Ceará, it maintains international operations
in the information technology sector, with core expertise in four
strategic domains: applied artificial intelligence, virtual and immer-
sive reality systems, intelligent automation systems, and distributed
architectures and connectivity solutions. Currently employing over
five hundred professionals distributed nationwide, the organization
predominantly operates under a remote work model. The partic-
ipants in our study were affiliated with several of these organi-
zational units, which are structured according to the clients they
serve, thus covering a diverse range of project domains. Due to con-
fidentiality agreements, we cannot disclose specific unit or project
names.We purposefully selected this institute because of its interest
in incorporating GenAI tools into its workflows.

To conduct the focus group sessions, we defined a semi-structured
interview script consisting of three primary questions and ten
follow-up questions, as shown in Table 1. Each question was care-
fully mapped to our RQs to ensure comprehensive coverage of the
research domain. For instance, the question “From your perspective,
how do you define productivity in the performance of a software de-
veloper?” directly addressed RQ1, while follow-up questions such as
“What makes you feel productive on a daily basis?” provided a deeper
exploration of personal productivity experiences. Questions related
to specific tasks such as coding, code review, and documentation
(Q2.1–2.4) were designed to address RQ2’s focus on measuring pro-
ductivity across different development activities. The final section
of questions (Q3) explored the potential impacts of GenAI, address-
ing RQ3 through inquiries about usage patterns, perceived benefits,
challenges, and effects on collaboration.

To select participants, we employed purposive sampling, a com-
mon qualitative research approach focused on achieving diversity
of perspectives rather than statistical representativeness. To en-
sure this diversity, we asked project managers at the Atlântico
Institute to nominate developers from different software projects
and organizational units, with varying experience levels, and to
avoid hierarchical dependencies that could limit open discussion.
Availability and interest in the study were also considered. This
recruitment strategy aligns with the recommended practices for
focus group studies in SE, where the emphasis is on depth and di-
versity of perspectives, rather than sample size. We also explained
the research goal, focus group format, and ethical considerations,
emphasizing that participation was voluntary and aimed at con-
tributing to the organization’s understanding of productivity per-
ceptions. All participants provided informed consent through a
form, acknowledging their right to withdraw at any time without
consequence.

In total, we had 16 participants, whom we divided into two focus
groups (seven and nine members) to ensure better interaction. Both
groups represented a diverse cross-section of developers from differ-
ent teams within Atlântico Institute. Despite scheduling challenges,
participants were selected with diversity in mind.

Each focus group was scheduled for 120 minutes and facilitated
by three researchers: a primary moderator who guided the discus-
sion, and two secondary moderators who took notes and managed
recordings. The sessions were conducted in an online meeting room
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Table 1: Script of the focus group questions.

RQ Question ID Follow up questions

RQ1 From your perspective, how do you define pro-
ductivity in the work of a software developer?

1.1 What makes you feel productive on a daily basis? Can you give an example?

1.2 What do you think affects or impacts your productivity?
1.3 How do you measure or perceive your own productivity? Are there any indica-

tors you consider?

RQ2 From your perspective, how do you define pro-
ductivity on your day-to-day tasks?

2.1 In what circumstances is writing code productive? Is there a metric or indicator
that reflects this perception?

2.2 In what circumstances is code review productive? Is there a metric or indicator
that reflects this perception?

2.3 In what circumstances is writing documentation productive? Are there any
metrics or indicators that reflect this perception?

2.4 What other tasks do you perform on a daily basis? How productive do you feel
in these tasks? Are there any metrics or indicators?

RQ3 What do you think about the impact of GenAI
on your productivity?

3.1 What do you think are the greatest benefits of GenAI for a developer’s produc-
tivity?

3.2 Do you consider any negative impacts of using GenAI tools for software devel-
opment?

3.3 If you could sum up the impact of AI on your productivity in one sentence or
one word, what would it be?

via Google Meet in November 2024, creating an environment where
participants felt comfortable sharing their perspectives.

In line with best practices, the focus groups followed a structured
yet flexible approach [24]. The sessions were designed to foster di-
alogue among participants, not just between the moderator and
individuals, which is the hallmark of the focus groupmethod.We be-
gan with introductions and a brief explanation of the research goal,
followed by obtaining verbal confirmation of informed consent. An
introductory round allowed participants to become comfortable
speaking in a group setting. The main discussion then progressed
through our semi-structured protocol, with the moderator using
open-ended questions to encourage participants to respond to and
build upon each other’s ideas. This interactive dynamic is what dif-
ferentiates a focus group from a collective interview and is aligned
with accepted practices, even when conducted remotely due to the
Atlântico distributedworkmodel. Themoderator employed probing
techniques when necessary to elicit deeper reflections, particularly
when discussing abstract concepts like productivity perception.
Our moderation strategy prioritized open dialogue and collective
reflection, not forced consensus; divergent views were allowed to
surface and were preserved as valuable data. The other moderators
documented these group dynamics, capturing moments of both
natural convergence and contrasting viewpoints. Following each
session, all moderators conducted a debriefing to document initial
impressions and emerging themes. This reflection helped capture
fresh findings before they were diluted over time and provided a
preliminary direction. All sessions were recorded with participants’
consent and subsequently prepared for detailed analysis.

3.3 Data Analysis
All focus group recordings were transcribed verbatim using Google
Colab with Whisper, a general-purpose speech recognition model
developed by OpenAI. The accuracy of the transcriptions was veri-
fied through a double-checking process conducted by two of the
authors. For the data analysis, we employed content analysis [21]
following an open coding process inspired by Strauss et al. [35]. The
process was designed to be inductive, ensuring no predefined codes

imposed on the data. First, two researchers independently read the
transcripts and identified “recording units”, i.e, short text segments
relevant to the research questions. These units were stored and re-
viewed in a shared spreadsheet. Subsequently, the researchers held
iterative discussionmeetings to compare, consolidate, and refine the
codes derived from these units. Divergences in interpretation were
resolved through these consensus meetings. This systematic and
inductive approach allowed the categories and themes presented
in our findings to emerge directly from the participants’ discourse.

Next, the same researchers manually and independently coded
the recording units to identify codes related to productivity per-
ceptions (RQ1), measurement approaches (RQ2), and the impacts
of GenAI (RQ3). Divergences in coding were addressed through a
consensus meeting between the researchers. For example, in the
recorded unit: “When you manage to spend effort on that task that
you have as an objective, let’s say there, daily, those goals of yours,
and you manage to walk, you manage to get out of there according to
what you expected, or better than the effort,” one researcher coded
it as expectation, while the other annotated expectation and
progress. After the consensus meeting, they decided to maintain
expectation and progress, as the recorded unit addresses both
the expectation of finishing an activity and the progress towards
the goal. Another example, the recording unit “A productive day is
when I make progress on something and hit or exceed the exact level I
was aiming for” was coded as progress/evolution, as it describes
how the developer perceives a productive day.

During the coding process, the researchers observed that soft-
ware developers referred to both productive and unproductive fac-
tors when describing their perceptions of productivity in their
work. Similarly, they mentioned both expected benefits and poten-
tial drawbacks associated with the use of GenAI to support their
activities. These different and complementary perspectives con-
tribute to a more comprehensive understanding of productivity
from the developers’ point of view.

3.3.1 Reporting. Our findings are reported in alignment with the
three research questions, presenting both the commonalities and
variations in developers’ perspectives. For each research question,
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Table 2: Focus Groups Characterization.

ID Seniority 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑎 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦𝑏 𝑈𝑠𝑒?𝑐

P1-FG1 Senior or more More 10 Very often Yes
P2-FG1 Mid-level Between 1-3 Very often Yes
P3-FG1 Senior or more More 10 Very often No
P4-FG1 Senior or more More 10 Eventually Yes
P5-FG1 Senior or more Between 1-3 Eventually Yes
P6-FG1 Junior Between 1-3 Often Yes
P7-FG1 Senior or more Between 1-3 Often Yes

P1-FG2 Senior or more Between 4-6 Often No
P2-FG2 Mid-level Between 4-6 Often Yes
P3-FG2 Mid-level Between 4-6 Rarely No
P4-FG2 Mid-level Between 4-6 Rarely No
P5-FG2 Senior or more Between 1-3 Rarely Yes
P6-FG2 Mid-level Between 1-3 Eventually No
P7-FG2 Senior or more Between 4-6 Eventually No
P8-FG2 Senior or more Between 7-10 Eventually No
P9-FG2 Mid-level Between 4-6 Often Yes
Legend:
𝑎 Years of experience as a software developer in the Atlântico Institute
𝑏 Weekly usage frequency of GenAI systems
𝑐 Uses GenAI in their daily work in the Atlântico Institute

we describe the codes that emerged from our analysis, supported by
representative quotes from participants. We maintain participant
anonymity through the use of pseudonyms (e.g., P1-FG1 for Par-
ticipant 1 from Focus Group 1), ensuring ethical research practices
while providing the necessary context for quote interpretation.

3.3.2 Results Cross-Checking. To ensure the credibility and con-
firmability of our findings, we developed a confirmatory question-
naire aimed at validating the results, as presented in our public
repository [7]. The questionnaire consisted of six demographic
questions and sixteen items specifically addressing the study’s main
findings. For example, the question “Initially, the concept of pro-
ductivity was discussed. The following factors were identified as
having a positive impact on productivity: (. . . results . . . ). Do you
agree that these factors were discussed during the focus group you
attended?” aimed to verify whether the participant agreed with the
factors identified in the focus groups. Additionally, we provided
an opportunity for participants to point out any inconsistencies
in our findings, as illustrated by the question: “If not, what fac-
tors were not discussed?” The questionnaire was distributed to all
16 software developers who participated in the focus group ses-
sions and distributed approximately six months after. This interval
was not planned from the outset but emerged naturally from the
time required for data transcription, coding, and analysis, and also
coincided with a period of increased GenAI adoption within the
Atlântico Institute. It is important to note that we did not collect
new data through the questionnaire, but rather limited its use to
validating the findings.

4 Results
Table 2 summarizes the key demographic characteristics of the
participants, ensuring their anonymity.

The seniority levels were classified based on participants’ self-
reported roles and years of experience. Labels such as “Junior,”
“Mid-level,” and “Senior or more” reflect the internal job titles and

the nature of responsibilities within the Atlântico Institute. Most of
the developers hold “senior-level” positions or above, followed by
“mid-level” and “junior” roles. Regarding experience in the Atlântico
Institute, the majority of participants reported having between 1
and 3 years of experience, followed by those with 4 to 6 years, more
than 10 years, and 7 to 10 years. Most participants reported using
GenAI tools with a frequency of “eventually” (1 to 2 times a week),
followed by “often” (3 to 5 times a week), and with the same count,
“rarely” (less than once a week) and “very often” (more than once
a day). The gender distribution revealed a predominance of male
participants (80%), with 20% identifying as female. One participant
preferred not to disclose their gender. The average age of developers
at the Atlântico Institute was found to be 33 years. Regarding the
use of GenAI in work activities, most developers in FG1 reported
having used it, whereas in FG2, there was a balance, with nearly
equal numbers of developers who use and do not use the tools. The
following subsections present the results for each RQ.

4.1 RQ1: What is the Perceived Productivity of
Software Developers?

To address this research question, we identified key factors that
make developers feel productive or unproductive. We begin by
presenting the factors that contribute to productivity. We identi-
fied the following factors that contribute to software developers’
productivity: progress/evolution (23 mentions), expectations
(21), time/deadline (15), quality (9), and efficiency (6).

In the context of this study, progress/evolution refers to the
ability to maintain continuity in software development despite
inherent process challenges, as we can see in: “A productive day is
when I make progress on something and hit or exceed the exact level I
was aiming for” (P3-FG1). Expectations, in turn, are understood
as the capacity to meet projected needs (whether from stakeholders
or oneself), as illustrated in: “Whether I’m being productive really
depends on what the team expects, what the client wants, and how
we handle our sprints” (P6-FG2). Time/deadline corresponds to
the predetermined time frame for completing planned activities
within the development cycle, as evidenced in: “We’ve got this re-
ally hands-on way to measure productivity - we track what demands
get done within their timeboxes” (P1-FG2). Quality refers to the
correct implementation of functionalities in compliance with both
functional and non-functional requirements, as demonstrated in:
“Happy I delivered something, but I’d still feel unproductive knowing I
could’ve delivered better quality work” (P1-FG1). Finally, efficiency
is defined as the adoption of practices that optimize processes and
minimize waste during development, as shown in: “I see productiv-
ity as delivering your tasks in a smart way and then optimizing your
time” (P5-FG2).

Finding #1: Participants identified progress/evolution,
expectations, time/deadline, quality, and
efficiency as key factors contributing to produc-
tivity, with progress/evolution emerging as the most
frequently cited.
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We also identified the following key factors that make develop-
ers feel unproductive: performing repetitive tasks, context
switching, non-coding activities, and unclear requirements.

More specifically, performing repetitive tasks refers to
writing code with identical structures without incorporating new
elements, as evidenced in: “There are very repetitive processes we
end up doing, not exactly copying and pasting code. [. . . ] The process
is always the same. You always write the same things in the same
places. Not exactly the same things because property names change,
table names vary, but having to repeat that is very tedious. It makes
me feel unproductive. I’m working hard for little results”(P4-FG2).
In addition, context switching refers to constantly alternating
between multiple tasks, impairing concentration, as exemplified in:
“I’m greatly affected by context switching. I generally perform better
when I take one activity, focus on it until completion, and only then
move to another task. I don’t know if it affects everyone the same way,
but it really impacts me”(P5-FG1).

Non-coding activities is related to periods when developers
are engaged in tasks that do not involve actual coding, as illustrated
in: “Things that block our work . . .On those days I end up feeling
unproductive because I have tasks to do, but various project factors
prevent me. So I’ll take on another activity or do something else to feel
better, to feel productive, so to speak” (P6-FG1). It is important to note
that software developers often perform non-coding activities, and
considering these activities as unproductive is an individual choice.
Finally, unclear requirements is a lack of demand specificity,
requiring additional interpretation effort from developers, as show
in: “A lack of definition in tasks, or lack of clarity about things, these
are what prevent you from working more smoothly” (P6-FG1).

Finding #2: Participants identified performing
repetitive tasks, context switching, unclear
requirements, and non-coding activities as the key
factors that make developers feel unproductive.

Considering the factors that make developers feel productive or
unproductive, it becomes evident that the concept of productivity
constitutes a multidimensional construct, shaped by systematic
interactions among five key elements: code quality, adherence to
deadlines, fulfillment of multifaceted expectations (personal, team,
and client), perceived progress, and efficiency. Conversely, repeti-
tive tasks, context switching, unclear requirements and noncoding
workload emerge as detractors of perceived productivity. This un-
derstanding is exemplified in: “Sometimes we had this feeling of
productivity, but at the same time we didn’t. We were meeting, solv-
ing, understanding—everything was new: the technology was new,
the requirements were being discovered as the project progressed. So
sometimes we didn’t have any deliverables, but we made advances
in our understanding of the system. On the other hand, the client
had demands—they wanted a deliverable at the end of the day. So
we had this mixture of ‘I was productive’ and at the same time ‘I
wasn’t productive,’ because while we had gained understanding, the
client still expected something tangible. So I think there’s this duality”
(P7-FG2).

Finding #3: Aggregating the key factors, we summarize
RTO developers’ perceptions of productivity as:

“The perception of productivity is experienced
by developers when some progress, whether
quantitative or qualitative, is made in
writing code that meets quality criteria
and requirements, as well as personal, team,
and client expectations within the stipulated
deadline. This feeling can be negatively
impacted by performing repetitive tasks, context
switching, unclear requirements or performing
non-code activities.”

4.2 RQ2: How do Software Developers measure
Productivity within the Software
Development Lifecycle?

We identified distinct productivity indicators organized by core
activities: coding, code review, and documentation.

Regarding coding activities, software developers defined indica-
tors related to multiple software quality attributes simultaneously,
such as reusability and readability, as we can see, respectively,
in: “I feel productive when I successfully reuse particular code, when
the work avoids becoming repetitive. I know that component will be
valuable at different stages, creating tangible impact. This enables me
to develop generalized solutions that can be effectively repurposed”
(P1-FG1) and “I make sure the final code is super clear: I use mean-
ingful names for functions, keep each function short and to the point.
The code ends up being smooth to read and easy to grasp. That’s what
matters most: whether someone else can pick it up and understand
what was done without struggling” (P5-FG1).

They also identified code optimization and functionality
as relevant indicators for assessing their coding productivity, as
described in: “There are other cases that’ll need this optimization
right here, because it’ll directly impact the code. Responsibility is this
system’s core characteristic - it’s one of its foundations” (P4-FG1)
and “Is actual working implementation. When I write the code and
verify that my proposed solution - that specific algorithm - is truly
functioning as intended” (P1-FG2), respectively.

Lastly, meeting established software requirements was
cited as another productivity indicator, as evidenced in: “Every task
has its requirements, right? When you write code that perfectly meets
what the task needs, you can call that productivity. The key is keeping
tasks as small as possible - that way you can better track and measure
exactly how much time you spent on each” (P5-FG2).

Finding #4: Participants considered source code at-
tributes (such as code reusability, readability,
optimization, and functionality) as key indicators
when assessing their coding productivity. Notably, they
also look beyond source code characteristics by viewing
meeting established software requirements as an
additional indicator of productivity.
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The findings on code review productivity revealed diverse per-
spectives. The developers considered learning in the process
as an indicator, as exemplified in: “When I manage to learn some-
thing new or see a different way to do something” (P6-FG1). The
other indicator is quality of the analyzed code, as evidenced
in: “When working on projects, we maintain specific quality criteria
for pull requests and implementations. Thus, productivity is achieved
when these quality standards are met within a timeframe deemed rea-
sonable for the specific task. However, what constitutes a reasonable
timeframe inherently depends on the unique characteristics of each
project and pull request” (P4-FG1). These indicators reveal that code
reviews ranging from knowledge-sharing processes (learning in
the process) to code quality standards as productivity indicators.

The developers also cited other indicators as achieved demand
expectations and speed in the process, as evidenced in: “Pro-
ductivity to me is when you have a problem to solve, and you manage
to reach that exact solution you had set as your goal from the start”
(P2-FG1) and “I consider a productive review to be one that returns
the code for changes when adjustments are needed quickly, because
in this case there will need to be adjustments, the code will need to go
back for another review, and this cycle should repeat until the code
gets merged. And if no changes are required, that this feedback is
given quickly so the code can be merged” (P7-FG1), respectively.

During the focus group sessions, some participants reported a
lack of perceived connection between code review and productivity,
as exemplified in: “when identifying potential defects or improve-
ments, I feel I’m contributing, but reviewing code doesn’t generate
a sense of being productive” (P8-FG2). Moreover, although they ac-
knowledged its role in ensuring software quality, many participants
viewed the activity as inherently unproductive, as evidenced in: “I’d
feel more productive without PR reviews, as they’re time-consuming
tasks potentially automatable” (P1-FG2).

Finding #5: Although often perceived as unproductive,
participants reported that code reviews can enhance their
sense of productivity when the activity expands their
knowledge, leads to high-quality code, and is easy and
quick to analyze while meeting the expected requirements.

Finally, in documentation activities, software developers mea-
sure their productivity using the indicators writing quality and
clear information, as illustrated in: “I’ve always struggled with
starting documents - never know how to begin. Now I use tools that
give me starting points, even when writing team cards for test scenar-
ios or acceptance criteria I’d never think of alone. This actually made
my team more productive, because now my cards are better described
and structured. I feel highly productive having found ways - and tools
- that help me write better” (P2-FG1) and “When I manage to include
everything that matters in the documentation - all the necessary el-
ements. And when I can explain it in a way that’s crystal clear for
whoever’s going to use that documentation” (P7-FG1), respectively.

During the focus group sessions, the indicators writing quality
and clear information were consistently agreed upon by all de-
velopers, as evidenced in: “the feeling of productivity comes when I
manage to include all relevant details, eliminating ambiguities and

ensuring anyone can follow the described steps without encountering
surprises or needing additional interpretation” (P5-FG1).

Finding #6: In documentation activities, participants used
writing quality and clear information as indica-
tors to assess their productivity. This perspective high-
lights how comprehensive, well-structured documentation
serves as a mechanism to prevent rework, for example.

4.3 RQ3: How is GenAI expected to affect the
Productivity of Software Developers?

We identified both benefits and drawbacks stemming from software
developers’ expectations regarding GenAI assistance in their activi-
ties. Regarding the benefits developers expected reduce the time
spent on technical activities and support code writing,
as GenAI tools can generate or test code. These benefits are respec-
tively explained in “For anything that can save time and streamline
processes. Obviously we’re still responsible for checking and analyz-
ing if the output fits our needs. Absolutely everything, whether it’s
generating code or testing a reference” (P2-FG2) and “So, time-wise,
for those big chunks of code you mostly copy-paste, I think it helps a
ton” (P4-FG1). However, developers also acknowledged the need to
review and validate the generated output.

Additionally, they anticipated learning assistance and help
initiate tasks, since GenAI tools may act like a senior developer
by providing guidance on specific tasks or suggesting approaches to
problem-solving. The following quotes exemplified these benefits:
“ChatGPT turns out to be really productive for basic questions - the
kind I’d normally ask more senior colleagues. This way I don’t have to
constantly bother everyone with simple conceptual doubts” (P6-FG1)
and “The biggest impact is that initial push to get started. (. . . ) AI
tools really help here, especially by giving you that ‘hey, I can do
this quickly’ confidence then you operate at a whole different pace”
(P7-FG1).

Finally, GenAI was expected to support the use of effective
tools and techniques and to support documentation writing,
as these tools can offer working examples for tools and generate or
review technical content. These benefits are evidenced in “When
the tool shows me working examples and all, proving the approach
actually works, I feel way more confident to implement and push
forward my ideas and code” (P6-FG1).

Finding #7: Participants expected GenAI tools to help
them reduce time spent on technical activities,
support code writing, provide learning assistance,
help initiate tasks, assist in the use of effective
tools and techniques, and support documentation
writing.

On the drawbacks, software developers expected that GenAI
tools can generate dead/duplicated code, often producing more
code than necessary, as evidenced in: “From my recent experience,
what’s somewhat concerning about coding with these tools is they
seem to measure quality by quantity - they often produce more code
than needed. Like some teammates mentioned, you end up reading
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through lots of stuff that shouldn’t even be there” (P7-FG1). The tools
can lead to AI hallucinations, since generated text is not always
precise, as we can see in: “I’ve tried using it, but I think the technology
still wanders too much when generating text - it ends up not being
that useful for me” (P4-FG2).

Other drawbacks mentioned include the need to analyze and
check for bugs, as the code generated by GenAI tools requires
debugging, as described in: “With AI, you take half the time to de-
velop, but spend four times longer debugging the created solution. On
one hand, you develop and deliver faster; on the other, you spend much
more time debugging, more bugs end up appearing, etc” (P7-FG1);
and the decreased critical sense of novice developers,
as novice developers may become dependent on GenAI tools, as
detailed in: “You gotta use it wisely, or you’ll get hooked - especially
newbies. The danger is losing your independent thinking skills and
becoming tool-dependent” (P6-FG2).

Finding #8: Participants expected that GenAI tools could
produce dead or duplicated code and generate AI halluci-
nations, as well as diminish the critical thinking of novice
developers. They also noted that using these tools increases
the need to carefully analyze and verify the generated code
for potential bugs.

5 Discussion
This section compares our findings with related studies and maps
them onto the dimensions of the SPACE framework. It then in-
troduces a conceptual framework that synthesizes our results and
discusses their practical implications for both researchers and in-
dustry practitioners.

5.1 Comparison to Related Work
Our findings underscore the cognitive-intensive nature of productiv-
ity in software development, distinguishing it from other fields. Un-
like domains such as manufacturing or administration, where pro-
ductivity centers on quantifiable, time-bound throughput [20, 27],
developers’ perceptions are shaped by intangible and qualitative
factors. Productive factors such as progress/evolution, quality, and
efficiency (Finding #1) reflect this view, while unproductive ones,
including context switching and unclear requirements (Finding #2),
emphasize the need for sustained focus. This supports the notion
that software productivity depends less on task volume and more
on the ability to solve complex problems effectively [26, 34].

In SE field, Meyer et al. [26] investigated on developers’ pro-
ductivity perceptions, suggesting that perceived productivity is
strongly associated with task progression and uninterrupted fo-
cus. Interestingly, while participants reported that task switching
impairs productivity, observations revealed frequent switching,
suggesting that interruptions are not uniformly perceived as detri-
mental. Our findings partially align with this view: participants also
emphasized the importance of progress and uninterrupted focus,
yet their narratives revealed that context (such as task type and
urgency) shapes whether interruptions are viewed as disruptive.
In addition, our study emphasizes factors shaped not just by indi-
vidual preferences but also by organizational context (e.g., quality

expectations, delivery deadlines, and team dynamics) particularly
relevant in RTO environments where academic and technical pres-
sures coexist.

When it comes to the influence of GenAI, Glushkova [15] re-
ported that developers perceive tools like ChatGPT as supportive of
productivity, particularly for junior developers and routine coding
tasks. Our participants echoed these benefits (highlighting gains in
efficiency and support for code and documentation generation) but
also brought forward additional concerns less emphasized in prior
work, such as the potential for reduced critical thinking among
novice developers and challenges in code review dynamics when AI-
generated code is involved. These concerns align with the barriers
reported by Banh et al. [3], including limited integration, relia-
bility issues, and underestimated overhead. While Banh et al. [3]
focus on engineers from European software companies, our study
contributes a perspective from a RTO operating under research
and development mandates in Brazil, where adoption of GenAI
also raises questions about scientific rigor, explainability, and long-
term workforce development. Coutinho et al. [8] examined GenAI
adoption in a large organization through surveys and observation,
discussing productivity benefits alongside challenges like prompt
crafting and data confidentiality. Our findings complement this
view, but go further by surfacing how developers interpret GenAI’s
influence in different types of engineering activities (e.g., coding,
documentation, reviewing), and by revealing how these perceptions
vary even within a single organization depending on the activity’s
nature, required autonomy, and expected quality standards.

In summary, our findings confirm and extend prior work, partic-
ularly by: (i) grounding the analysis in an RTO setting; (ii) offering
a fine-grained perspective on how productivity perceptions vary
by activity (e.g., coding vs. reviewing); and (iii) contextualizing the
benefits and trade-offs of GenAI based on developer expectations.

5.2 Discussing our Findings through the Lens of
SPACE Framework

Our findings suggest that the RTO could benefit from adopting
the SPACE framework, which promotes a balanced approach to
measuring software developer productivity. This recommendation
emerges from the recurring perception among participants that
traditional productivity metrics alone (such as task completion rates
or code volume) do not sufficiently capture critical aspects like code
quality, collaboration, or well-being. To enrich our interpretation,
wemapped the insights derived from the focus group sessions to the
five SPACE dimensions (Satisfaction and well-being, Performance,
Activity, Communication and Collaboration, and Efficiency and
Flow) as illustrated in Figure 1.

The initial dimension of the SPACE framework, encompassing
satisfaction and well-being, is considered by RTO developers
to be fostered through the development of reusable code and the
reduction of manual efforts like email correspondence and docu-
mentation. In this context, GenAI adoption could provide assistance
in documentation authoring and the review of technical materials.

Forsgren et al. [13] explained that performance should be re-
lated not only by its outputs, but also by its quality and impact on
customer satisfaction. In this research, having enough time to de-
liver high-quality code was considered important. For this study’s
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Figure 1: SPACE Framework mapped to productivity perceptions and GenAI support strategies in software development.

participants, GenAI tools would support their work by reviewing
code and validating outputs based on the stakeholders’ demands.

The activity dimension represents the quantity of actions to
complete a task or outputs delivered. The participants feel pro-
ductive when they complete or make progress on a task. Some of
them explained that they use or would use GenAI to initiate tasks
in order to bring clarity on where to begin. For instance, a junior
developer mentioned taking advantage of GenAI to learn and to
avoid consulting seniors.

Communication and collaboration dimensions involve team
coordination and information flow among members, enhancing
discoverability, performance, and reducing burnout risks by ex-
posing bottlenecks. When it comes to the RTO investigated, the
developers stated that delivering what is expected by themselves,
the team, and the stakeholders is an indication of being productive.
Consequently, they would make good use of GenAI tools to write
clear documentation.

Finally, the ability to progress without distractions or interrup-
tions (efficiency and flow), as defined by the SPACE framework,
supports continuous delivery and high performance. Our findings
showed that developers perceive this aspect of productivity when
the code works on the first attempt, suggesting that GenAI may
enhance effectiveness in this regard.

To sum up, the expectation to use GenAI tools (RQ3) reveals
important relations with previously identified productivity fac-
tors (RQ1). Specifically, the Reduced time spent on technical
activities benefit directly relates to both the Time/Deadline
factor (RQ1) and the Speed in the process metric for code
review (RQ2). This example of our results demonstrates that GenAI
adoption may positively impacts productivity perception among
the participants.

5.3 Implications for Practitioners and
Researchers

Figure 2 presents a conceptual map that summarizes our findings.
It highlights the factors that software developers involved in this
study identified as contributing to feelings of productivity or un-
productivity during focus group sessions. The map also includes

the expected benefits and drawbacks associated with the use of
GenAI tools to support software development activities. Lastly, it
illustrates the indicators used to assess productivity in coding, code
review, and documentation tasks.

The map offers contributions to both industry and academia.
For industry practitioners, it provides empirical evidence on the
multidimensional factors influencing developer productivity within
the complex environment of a Brazilian RTO. It can serve as an
evidence-based foundation for designing organizational strategies
that balance GenAI-driven efficiency gains with the preservation
of technical quality standards.

From an academic perspective, the map serves as a starting point
for systematically investigating productivity dynamics in RTOs,
an area that remains understudied in the literature. It also opens
avenues for future research aimed at deepening the understanding
of productivity and unproductivity factors, and how these relate to
emerging technologies and evolving engineering practices.

6 Trustworthiness of the Study
To assess the validity threats of this study, we adopted the qualita-
tive framework proposed by SIGSOFT [30]. Regarding credibility,
we acknowledge that focus groups are susceptible to researcher
bias. To mitigate this, three researchers acted as mediators in each
session, and a confirmatory questionnaire was later administered
to validate preliminary interpretations. As the questionnaire was
sent six months after the focus groups, we recognized the risk of
recall bias and therefore embedded synthesized findings for partic-
ipants to confirm or challenge. Only two discrepancies emerged:
one participant did not recall the discussion on documentation-
related productivity indicators (upon reviewing the focus group
session inwhich they participated, we found that this topic had been
only minimally discussed), and another clarified that non-coding
activitiesmay or may not be perceived as unproductive, depend-
ing on the developer. These limited divergences suggest that the
time gap did not substantially hinder participants’ ability to reflect
critically on the findings. Another methodological consideration
is our focus on coding, code review, and documentation ac-
tivities. This decision was both methodologically and empirically
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Figure 2: Software developers’ perception of productivity conceptual map

grounded, as these were the most frequently cited by participants
when describing their productivity experiences during the focus
groups. We acknowledge that this scope may exclude other rele-
vant aspects of software work (e.g., requirements elicitation, testing,
team meetings) that could reveal additional productivity factors.
We view this as a necessary trade-off to ensure analytical depth in
the developer-centric activities most salient to our participants.

For multivocality, moderators actively promoted participatory
equity by encouraging input from less vocal members. Group di-
versity was planned to include participants with different seniority
levels and organizational tenure. In discussions about GenAI use,
FG2 had a balanced mix of users and non-users, while most FG1
participants used the tools. The benefits and drawbacks reported in
RQ3 aligned with expectations, as moderators asked participants
to reflect from a user experience perspective when applicable.

Concerning reflexivity, we adopted an independent analysis
conducted by two researchers, with arbitration by a third in cases
of interpretive disagreement. To ensure methodological rigor, we
fully documented the process, from session transcripts to coding
procedures. The codebook and analytical protocols are openly avail-
able [7] for transparency and replication. On transferability, we
compared our findings with related studies and mapped them to
the SPACE framework [13], which helped contextualize the results
and highlight both convergences and context-specific limitations.

Lastly, another consideration is the sample size (𝑁 = 16). Al-
though related studies have surveyed larger populations, they pri-
marily relied on questionnaires—methods suited for breadth but
limited in contextual depth. In contrast, our focus group approach
within a large industrial setting prioritized interpretive depth over
statistical generalizability. Given the interactive nature of focus
groups, smaller samples are both expected and methodologically

appropriate. While our sample aligns with qualitative research stan-
dards, we acknowledge the limitations of working with a small
participant group.

7 Conclusion
This study examines developers’ perceptions of productivity, fo-
cusing on its measurement and the expected impact of adopting
GenAI within a large RTO (namely Atlântico Institute) which is
a domain barely explored in SE research. Based on focus groups
with developers, our findings reinforce that productivity is a multi-
dimensional and context-sensitive construct shaped by interrelated
factors across activities such as coding, code review, and docu-
mentation. Developers also recognized the dual nature of GenAI,
noting both benefits (e.g., task acceleration and quality support) and
drawbacks (e.g., over-reliance and reduced critical engagement). To
contextualize our results, we mapped them to the five dimensions
of the SPACE framework.

As future work, we suggest replicating this study in other RTOs
to deepen the understanding of productivity perceptions across dif-
ferent organizational contexts. Expanding participation to include
roles such as project managers, product managers, and UI/UX de-
signers could provide a broader view of productivity dynamics. Our
methodological design—combining focus groups, thematic analy-
sis, and open data—can serve as a replicable foundation for future
studies. Moreover, controlled experiments with LLM-based tools
could produce quantitative evidence of their impact on software
development workflows, complementing our qualitative findings.

ARTIFACT AVAILABILITY
To ensure transparency and replicability, all data supporting this
study are openly accessible via our public repository [7].
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