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ABSTRACT

Context: Productivity is a central concern in software engineering,
but traditional approaches often overlook the human aspects of
daily work. Aims: To investigate how software practitioners per-
ceive productivity challenges and how they impact their well-being
and their tasks. Method: We conducted a thematic analysis of grey
literature, drawing from discussions in two Stack Exchange commu-
nities (Software Engineering and Project Management). Results:
We identified 21 factors that affect productivity, emphasizing time
management, adopting new standards and technologies, difficulty
measuring productivity, and context switching. These challenges
reflect technical issues and human concerns such as demotivation
and psychological pressure, showing that productivity cannot be
understood in isolation. The study also revealed 17 direct impacts
on professionals, including stress and perceived fluctuations in
productivity, and 8 impacts on tasks, such as delays and rework.
Conclusion: This study offers a broader understanding of produc-
tivity in software engineering by connecting technical and human
factors. It highlights the value of grey literature in uncovering
underexplored dimensions of practitioners’ experiences.
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1 Introduction

The intense competition in the software industry challenges com-
panies to deliver high-quality products within increasingly shorter
deadlines. To remain competitive, development teams must enhance
performance and reduce production costs [26]. In this context, pro-
ductivity is crucial to business success, serving as a key factor in
generating products and services [43].

Given the strong influence of human factors in Software Engi-
neering (SE) activities, developers’ productivity is critical for min-
imizing software production costs [6]. However, achieving good
results requires implementing effective practices based on the fac-
tors influencing productivity [44]. The challenge lies in the com-
plexity of understanding and identifying these factors [6]. The
socio-technical nature of SE further complicates the analysis of
productivity-related influences in software projects [15]. This com-
plexity directly impacts the industry, leading to challenges in cost
estimation and developers’ satisfaction [21].

Productivity in software development has been primarily re-
searched to facilitate decision-making in organizations [5, 6]. Al-
though existing literature extensively focuses on measuring produc-
tivity, there is still a gap in understanding how developers perceive
and evaluate their productivity [24]. Studying productivity gains
additional relevance as it relates to project success and practitioners’
well-being and satisfaction [15].

Grey literature (GL), which includes unpublished materials not
found in traditional channels such as peer-reviewed academic jour-
nals [18], constitutes an underexplored data source for understand-
ing productivity-related challenges. Different sources of GL have
been used to explore SE topics [7, 8]. Q&A platforms, such as Stack
Exchange!, have proven to be a valuable resource, offering a rich
space for sharing experiences and solutions to issues faced by pro-
fessionals in the SE field [1, 3]. Analyzing these sources can expand
the reach of research, enabling the inclusion of updated data and
more diverse approaches to emerging problems such as code smells,
interpersonal skills, and technical debt [16, 20, 25, 29, 36, 37, 41].

This study focuses on the human factor influencing software
practitioners and uses GL as a data source, aiming to capture prac-
titioners’ perspectives on productivity in software development.
Including this data connects academic knowledge with practice,
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filling gaps in understanding the factors influencing practitioner
productivity and offering a broader view of how individual and
contextual variables impact this process. By prioritizing practition-
ers’ experiences and perceptions, this work seeks to contribute to
developing new strategies to optimize productivity and bridge the
gap between academia and practice, benefiting the SE community.

This study offers an in-depth analysis of the productivity chal-
lenges faced by software practitioners based on 91 discussions of
two Stack Exchange communities (Software Engineering and Prod-
uct Manager). The main goal is to investigate the factors that lead
to these challenges, their impacts on practitioners, and the tasks
they perform.

The main contributions of this work include (i) identifying 21
factors influencing productivity, (ii) recognizing 17 direct impacts
on practitioners and 10 direct impacts on the tasks, (iii) releasing
a curated dataset of annotated Stack Exchange discussions to sup-
port future research on software practitioners’ productivity, and
(iv) building a conceptual framework that correlates productivity
factors with their impacts on professionals and tasks.

The remainder of this paper is composed of six sections. Section
2 explores the context of productivity in SE. Section 3 presents the
adopted research method. Section 4 presents the main findings of
the study. Section 5 discusses the results. Section 6 considers the
limitations of the research. Section 7 concludes the article, high-
lighting the main contributions and suggesting directions for future
investigations.

2 Background

This section discusses the concept of productivity and its application
within software development, followed by an analysis of the factors
influencing productivity in this context.

2.1 Productivity

The definition of productivity emerged in 1950 and generally refers
to the relationship between the number of goods and services pro-
duced and the resources required for their production [17]. Al-
though there is no consensus on a single definition, many scholars
consider it the relationship between the products generated and
the resources (human or non-human) used during the development
process [10]. However, this definition may be simplistic, as produc-
tivity can vary depending on the application area. For an engineer,
productivity may relate to the number of products produced per
work time, while for an accountant, it may be the relationship
between profit and investment [31].

In a broader context, many organizations focus on the produc-
tivity of their employees, especially in areas such as software de-
velopment, where productivity is associated with the intellectual
work of professionals and not just with machines or other material
resources [32].

Productivity in software development is a complex and challeng-
ing topic discussed by several scholars over the decades. Boehm [4]
highlighted the influence of human, technical, and organizational
factors due to the creative and intellectual nature of the work. Tra-
ditionally, productivity was defined as the relationship between the
amount of software produced and the work required for its produc-
tion [6]. However, metrics such as lines of code (LOC) written per
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hour and the number of function points implemented have become
insufficient, as they do not adequately capture the value delivered
to end users [15].

Instead of focusing on quantity, productivity in SE should con-
sider the functional value delivered to the customer and the impact
of the software in the context where it is used [34]. This led to an
evolution in the definition of productivity, considering not only the
inputs and outputs of the process but also qualitative aspects such
as innovation, quality, and product relevance.

Thus, productivity in software development can be defined as
the relationship between the functional value of the software pro-
duced and the costs or efforts involved in its production [42]. The
costs can include personnel and technological resources, and the
impacts on the quality of life of the professionals involved [34].
Additionally, traditional measurements such as the number of LOC
often prioritize quantity over the quality of the final product, which
can lead to a distorted view of productivity [28].

2.2 Factors Influencing Productivity in Software
Development

Understanding factors that affect productivity in software devel-
opment is crucial for organizations. Still, these factors can vary
according to the context, characteristics of developers, and the type
of project [10]. Identifying and analyzing these factors is not a sim-
ple task [35]. Studies such as those by Scacchi [38] and Clincy [10]
listed several technological and non-technological factors that im-
pact productivity. Technological factors include the programming
language, project complexity, and tools used. Non-technological
factors, such as team motivation, communication, and decision-
making freedom, also play a significant role [12].

Oliveira et al. [27] defined three categories that can be used to
group the factors affecting productivity in software development,
as follows:

e Human Aspects: Factors related to the characteristics of
the team members, such as motivation, communication, pro-
fessional experience, etc.

o Aspects Related to Software Products: Factors related
to software characteristics, such as programming language,
size, and software complexity, among others.

e Aspects Related to the Development Process: Factors
related to guidelines and procedures to be followed by the
organization, such as software development methodology.

Each organization needs to create its own model for measuring
productivity, considering both technological and non-technological
aspects, such as the experience of software engineers. Moreover,
each development team should carefully evaluate the factors im-
pacting productivity in its environment, avoiding adopting factors
used in other contexts without a thorough analysis [30].

3 Research Method

This section outlines the research strategy followed in this study,
including research questions, data collection strategies, and analysis
techniques. The goal is to ensure transparency and methodological
rigor, enabling replication and validation of the results.
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3.1 Research Questions

To investigate how various factors affect software practitioners’
productivity and understand their perceptions on the topic, we
propose the following research questions (RQs):

e RQ1: What productivity challenges are software prac-
titioners facing?
This question aims to identify the main productivity chal-
lenges practitioners encounter, exploring their origins and
impacts on daily tasks. Analyzing these challenges will pro-
vide a deeper understanding of the underlying factors con-
tributing to their occurrence.

e RQ2: How do productivity challenges affect software
practitioners?
The goal of this question is to understand how productivity
challenges influence software practitioners, considering their
impacts on health and well-being.

¢ RQ3: How do productivity challenges affect software
practitioners’ work?
This question investigates how these challenges directly
impact work activities and outcomes, analyzing the conse-
quences for task execution and delivery quality.

3.2 Data Collection

To answer the research questions, we conducted a thematic synthe-
sis [11] in grey literature [22], specifically discussion forums. We
choose GL because, in these environments, software practitioners
feel more comfortable expressing their opinions and feelings about
problems or everyday situations [2, 20].

For this study, we selected two communities from Stack Ex-
change: Software Engineering? forum and Project Manage-
ment? forum. Stack Exchange communities are structured around
a central question, followed by answers and comments on both
the question and the answers. Additionally, discussions are cate-
gorized using tags provided by the question’s author and are as-
signed scores by users to indicate their relevance. We choose these
communities as they bring together professionals, academics, and
students involved in the software development cycle, providing
a rich environment for practical discussions. Additionally, these
communities are complementary. For instance, while users on the
Software Engineering forum have discussed topics related to soft-
ware engineering in general, discussions about project management
are more commonly found on the Project Management forum.

We collect data using the Stack Exchange Data Explorer (SEDE),
which allows querying and extracting information from forum
posts, comments, and metadata. To refine the search, we used a
string containing the terms “productivity” and “development perfor-
mance”, applied to the title, tags, and body of posts. These terms
were selected based on preliminary tests and sample analysis, en-
suring greater accuracy and relevance in the results.

Inclusion criteria (IC) were defined based on the questions that
initiated the discussions to identify the most relevant and high-
quality discussions. These criteria (see Table 1) guided the data
extraction in SEDE. They were adapted from the study by Gomes
etal. [19, 20], with the addition of a temporal criterion regarding the
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creation date of the questions (IC5 described in Table 1). Discussions
that did not meet the inclusion criteria were excluded.

Table 1: Inclusion Criteria

ID Criterion

IC1 The discussion must have at least two posts (a question
and an answer).

IC2 The discussion must involve at least two people (the
author of the question cannot be the same person who
answered it).

IC3 The question’s score (upvotes) must be greater than

zero.

IC4 The discussion must be related to productivity.

IC5 The question’s creation date must be on or after
01/01/2012.

Based on the search string and these criteria, 211 questions
were extracted from the Software Engineering forum and 65
questions from the Project Management forum, totaling 275
questions. These questions then proceeded to the selection process.

3.3 Data Selection

The selection stage was structured to prioritize the most relevant
discussions. A preliminary analysis of the 275 questions selected
in the data collection phase was conducted to achieve this*. The
goal was to avoid choosing a random sample, considering time
and human resource constraints, as this could compromise the
representativeness of the analyzed challenges. Instead, the selection
process was designed to allow reviewers to focus on potentially
positive cases, increasing analysis efficiency and ensuring a more
precise focus on the topics of interest.
One reviewer initially classified each question into one of four
categories®:
e False Positive — irrelevant to the study (e.g., questions not
addressing productivity-related factors);
o Positive — clearly relevant, directly related to software prac-
titioners’ productivity, and included in the analysis;
o Probably False Positive — likely irrelevant, but with some
uncertainty regarding its content;
e Probably Positive — likely relevant, but ambiguous enough to
prevent a definitive classification at the time.

A second researcher then reviewed the classifications, adjust-
ing the uncertain cases into either the Positive or False Positive
categories. Questions that did not address software practitioners’
productivity issues were ultimately classified as False Positive and
excluded from the analysis.

As a result of this process, 68 questions from the Software
Engineering forum and 33 from the Project Management forum
were initially selected as positive for analysis. However, during
the qualitative analysis phase, 10 questions from Software Engi-
neering and 10 from Project Management were identified as false

4Two reviewers participated in this stage to ensure the quality and consistency of the
selection.

5The intermediate categories were introduced to manage ambiguous cases where the
primary reviewer did not have sufficient confidence to make a clear decision.
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positives and excluded by the reviewer pairs, resulting in a final set
of 58 and 23 valid discussions, respectively.

3.4 Qualitative Data Analysis

Before starting the data analysis, we conducted a calibration step
to ensure consistency and alignment among the reviewers. In the
Software Engineering (SE) forum, four researchers analyzed the
same set of three predefined discussions. This step allowed all
reviewers to familiarize themselves with the analysis criteria and
adjust their interpretations, minimizing potential individual biases
and ensuring a more uniform evaluation.

The calibration step was also applied in the Project Management
(PM) forum, where only two researchers were responsible for the
analysis. The pair reviewed three initial discussions to ensure that
both were aligned with the established criteria before proceeding
to the complete analysis.

After completing the calibration in both forums, the following
steps were carried out:

o First Complete Reading of Discussions: An initial read-
ing of the discussions was performed. This step aimed to
familiarize the reviewers with the content, immerse them
in the data, and identify relevant information to answer the
research questions.

o Text Segment Extraction: Two independent researchers
extracted key text segments from each discussion based on
their perceptions without using predefined codes. These
segments were selected to address research questions RQ1
to RQ3, ensuring an initial data collection free from pre-
established biases.

e Consensus on Responses: After analyzing all assigned
questions, each pair of researchers compared their responses.
Potential divergences were resolved in meetings, during
which they presented their arguments and debated their
analyses to reach a consensus. In cases where consensus was
not possible, a senior third researcher was consulted to medi-
ate the discussion and ensure the resolution of divergences,
maintaining the consistency and reliability of the results.

e Open Coding: One researcher coded the responses for each
RQ, generating descriptive codes that were later reviewed
by a second reviewer. The process was iterative: codes were
refined and merged until no new relevant elements emerged.
We monitored saturation through iterative coding cycles,
analyzing additional blocks of discussions until no new rel-
evant codes emerged. This process was documented in a
control spreadsheet, and disagreements were resolved by
consensus or arbitration. Theoretical saturation was con-
sidered achieved when the data ceased to yield new codes,
indicating a stable and comprehensive coding scheme. This
approach was adopted to ensure that the identified factors
and impacts were both comprehensive and representative.

o Classification: After refining the codes, the categorization
process began. The primary goal of this step was to group
the codes into broad and representative categories. Thus pro-
moting an efficient information organization and enabling
a more structured data analysis [11]. This wider approach
allowed for exploring meanings and relationships among the
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analyzed elements and facilitated synthesizing the obtained
information.

Figure 1 shows an example of the analysis process, illustrating the
extraction of text segments to answer the three research questions
of this study. From the text segment highlighted in orange, the
code Inadequate work environment was identified for question RQ1
regarding challenges faced by practitioners. To answer question
RQ2 (regarding how practitioners are affected by the challenges),
the blue-highlighted segment was extracted, resulting in the codes
Stagnation and Cognitive overload. For question RQ3, regarding how
challenges affect the work, the green-highlighted excerpt evidenced
the codes Maintenance difficulty and Quality reduction.

'Is it normal that | can't keep in my head more than
three bugs assigned to me, nor can | understand a
thousand lines of spaghetti code?

I'm working on an old codebase which is... not perfect, in an environment which isn't
either./It's not the worst codebase I've seen in my life, but there are still lots of issues:

19  zero unit tests; methods with thousand+ lines of code; misunderstanding of basic object
oriented principles; etc.

[It hurts to maintain the code. |

[ 1. Every time | have to debug a thousand lines of a badly written method with variablesJ
L reused all over, I'm totally Iust.J’

o

. Seme madifications or refactoring I've done introduced bugs in other places of the ‘

application. |

v

. Lacking any documentation, tests, or an observable architecture and combined with
badly named methods, | feel that | fill up all of my available working memory. There
is no room left over for all the other things | have to remember in order to

L understand the code | should modify. J'

'S

. Constant interruptions at the workplace disturb me and slow me down.

w

.| can’t remember more than two or three tasks at a time without a bug tracking
system, and | forget all of them over the weekend.

RQ1 D RQ2 |:\ RrQ3

Figure 1: Example of an article analysis

4 Results

This section presents the findings from analyzing 58 discussions
from the Software Engineering forum and 23 from the Project
Management forum.

4.1 RQ1: What productivity challenges are
software practitioners facing?

The analysis revealed 21 factors that impact practitioners’ pro-
ductivity, considering their perception. Multiple factors were often
mentioned in a single discussion. We grouped these factors into four
categories. Figure 2 illustrates the overall occurrence distribution
of these factors into the categories. We detail the categories below.
Additionally, we present one factor per category. The complete list
with descriptions and examples is available in the supplementary
material [40].

e Organizational factors refer to how work is structured
and managed, including leadership, processes, and the work
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environment. For instance, Management issues is an orga-
nizational factor. It refers to leadership issues such as poor
task distribution, lack of planning, and arbitrary decisions.
As P14 notes: “Sadly, upper management has a tendency to
set deadlines without consulting the programmers, which has
led to many an all-nighter.”

o Interpersonal factors involve team dynamics, such as com-
munication, collaboration, and relationships among team
members. Lack of skilled co-workers emerged as an in-
terpersonal factor. It concerns the difficulty of working with
less experienced or technically outdated colleagues. P47 com-
ments: “How do you handle yourself in a new team where you
are the senior most practitioner and most others in the team
are junior to you by several years.”

e Personal factors relate to individual aspects such as moti-
vation, well-being, and the practitioner’s ability to maintain
focus. Context switching is a personal factor. It refers to
the difficulty of frequently shifting between tasks or projects,
which hinders concentration and reduces productivity. P1
states: “If I compare this to working on one small library or just
some deep backend stuff, I find that my productivity basically
non-existent, because I constantly switch around and find bugs
in 50 different places, instead of just focusing on one.”

e Technical factors concern technical expertise, skills, and
the characteristics of the software being developed. For in-
stance, Technical debt management emerged as a techni-
cal factor. It relates to the negative impact of accumulated
technical debt, often resulting from short-term solutions. As
P28 explains: ‘T don’t expect zero tech debt. In this post, tech-
nical debt problem refers to the severity that has been causing
a negative impact, say, productivity.”

4.2 RQ2: How do productivity challenges affect
software practitioners?

To address RQ2, we analyzed how practitioners describe their emo-
tional and psychological responses to productivity challenges. Fif-
teen distinct types of impact were identified and grouped into three
categories, as shown in Figure 3. Below, we present an example of
one factor per category. Full descriptions and additional examples
are available in the supplementary material [40].

e Mental health issues reflect emotional and psychological
impacts such as frustration, stress, or a sense of unproductiv-
ity. For example, Unhappiness came up as a mental health
challenge. It relates to a feeling of frustration and dissatisfac-
tion with one’s performance. P32 expresses: “Sometimes I'd
spend a good part of the day without writing any code. This is
making me unhappy since I don’t feel I'm productive enough.”

o Performance issues include changes in motivation and
behavior, such as difficulty concentrating or delaying tasks.
Procrastination is an example of a performance issue. It
is the tendency to delay tasks due to low motivation or dis-
engagement. P23 comments: ‘T can’t fix the issue with these
people; I can only try to fix myself. I believe that issues come
when they make me work on the same thing again and again,
and I get demotivated to work, and I procrastinate.”
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[ Factors that create productivity challenges ]

| |

Interpersonal
Factors

+ Productivity measurement « Ineffective communication
issues + Team cohesion

+ Management issues « Lack of skilled co-workers

+ Improper workspace

» Lack of autonomy

+ Toxic organizational
culture

Technical
Factors

Personal

Factors

+ Adoption of new standards/
technologies

+ Product complexity

+ Deadline management

* Requirements volatility

« Technical debt
management

+ Time management

+ Context switching

» Productivity variation

« Lack of motivation

« Distraction

» Psychological distress

+ Working under pressure

+ Insufficient role experience

Figure 2: Distribution of productivity factors by category.

e Physical issues refer to physical symptoms related to stress
or work overload. Physical pain is categorized as a physical
issue. It refers to the physical discomfort, such as headaches,
related to pressure and technical complexity. As reported by
P38: “In the end this led to a bunch of spaghetti code, untestable
tasks [...] and a bunch of headaches.”

4.3 RQ3: How do productivity challenges affect
software practitioners’ work?

To address RQ3, we investigated the practical consequences of
productivity challenges on practitioners’ work output. Eight distinct
types of impact were identified and grouped into operational and
technical issues, as shown in Figure 4. Below, we present one factor
per category. Detailed descriptions and examples are included in
the supplementary material [40].

e Operational issues concern task delivery, time manage-
ment, and workflow organization. Delivery delays is a op-
erational issue. It occurs when the practitioner is unable to
complete tasks on time. P51 reports: “The result is often that
I don’t deliver. Now I may know at the back of my head what I
need to do, but I would appreciate your strategy on how to be
the guy who ‘delivers’”

o Technical issues relate to code quality and product reliabil-
ity, often affected by haste, multitasking, or lack of testing.
Reduced quality is an example of a technical issue. It refers
to producing lower-quality code prone to bugs, often due
to overloaded schedules. P22 describes: “At any given time I
handle around 3-4 projects [...] As a result, many bugs escape
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[ Impact of the factors on professionals ]

| |

Mental Health
Issues

Performance Issues

» Insecurity « Variation in perceived
« Unhappiness productivity
+ Exhaustion + Loss of focus

« Frustration « Stagnation

« Cognitive overload « Reduced problem-solving
« Stress ability

« Anxiety « Procrastination

« Irritation

+ Discomfort

« Concern

. S

Physical Issues

« Physical pain

Figure 3: Distribution of impacts on professionals by cate-
gory.

[ Impact of the factors on tasks ]

Operational Issues Technical Issues

« Reduced quality
« Difficulty in completing
tasks

« Performance reduction

+ Delivery delays
* Rework

. .
+ Work overload Maintenance challenges

» Failure to perceive value

Figure 4: Distribution of impacts on tasks by category.

to production, which I have to fix and, in turn, sets back my
other projects.”

5 Discussion

In this section, we discuss the main findings of our study in light of
the research questions. We present a conceptual map that organizes
the relationships between the factors affecting productivity (RQ1),
their impacts on professionals (RQ2), and their effects on work
tasks (RQ3). We also compare the identified factors with related
work and highlight the unique contributions of our study. Finally,
we explore the practical and research implications derived from the
results.

5.1 RQ1: What productivity challenges are
software practitioners facing?

As expected, the productivity challenges faced by software prac-
titioners and project managers involve both common factors and
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those specific to each role. While both groups deal with issues that
impact team performance, discussions in the forums indicate that
engineers tend to report challenges related to individual task exe-
cution, such as technical difficulties, concentration, and personal
organization. In contrast, managers focus more on collective factors
such as coordination, communication, and interpersonal conflicts.
This combination of shared and distinct challenges reinforces the
need for distinguished approaches to support productivity in tech-
nical and managerial contexts, respecting the particularities of each
professional profile. This finding aligns with a recent survey at a
large governmental software organization [9].

Among the factors analyzed, time management was the most
discussed topic in the SE forum. Practitioners reported difficulty
handling multiple tasks, setting priorities, and managing idle time,
such as waiting for software tests. Initially, these challenges were
grouped under the code time fragmentation. Still, refining the anal-
ysis led to the creation of two separate categories: context switch-
ing, referring to productivity loss due to switching between com-
plex tasks, and time management, for mentions of inefficient
use of available time. This distinction allowed a more accurate
understanding of the impacts and underlying causes.

In contrast, the PM forum highlighted productivity measure-
ment issues more prominently. This is a recurring issue in knowled-
ge-based work, such as software development, where simplistic
metrics like lines of code are widely criticized for failing to capture
essential aspects of professional performance [15, 21]. Both man-
agers and engineers expressed dissatisfaction with these metrics
and sought more representative alternatives aligned with project
realities.

Both communities also emphasized interpersonal factors, espe-
cially team cohesion, lack of skilled co-workers, and ineffec-
tive communication [13-15, 21]. Well-aligned teams are more pro-
ductive, while communication failures hinder alignment, increase
rework, and limit access to crucial information. Team diversity can
enhance problem-solving and reduce burnout risks, provided re-
sponsibilities are well distributed in a collaborative environment
[15].

Although academic literature has proposed various metrics and
models to assess productivity in software development, the interest
shown by members of both communities in the practices adopted
by other organizations suggests a need for more effective strate-
gies to bridge the gap between academic knowledge and industry
application.

5.2 RQ2: How do productivity challenges affect
software practitioners?

In the SE forum, practitioners often report how productivity chal-
lenges affect them emotionally. Many express frustrations when
performing tasks perceived as unproductive, such as configuring
environments or running tests, revealing a narrow view of produc-
tivity focused solely on coding. This perception overlooks the value
of essential activities like planning and documentation.

Reports also frequently mention difficulties in maintaining con-
sistent performance, referencing exhaustion and a sense of ineffi-
cacy. The expectation of continuous productivity leads to job dissat-
isfaction. These narratives expose human vulnerabilities, making
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the Software Engineering forum a technical space and an environ-
ment for emotional support and shared experiences. As P7 reflects:
“Sometimes frustrating, stressful & overwhelming. In an ideal world it
wouldn’t be this way but it appears to be very common. When you
are in a setup where it can’t be avoided, how do you make the best of
it?”

In contrast, the PM forum discusses impacts more objectively and
is results-driven. Only two impact types emerged: mental health
and performance issues, with emphasis on stagnation (linked
to a sense of lack of progress) and concern about uneven team
performance. We presume that the scarcity of emotional accounts
may reflect a professional culture where expressing vulnerability is
seen as less appropriate.

5.3 RQ3: How do productivity challenges affect
software practitioners’ work?

Both forums’ most commonly reported work-related impact was
performance reduction. This terminology was adopted due to a
central finding of the analysis: the lack of consensus among pro-
fessionals on what truly defines “productivity.” Participants often
referred to “productivity loss” when describing efficiency, effective-
ness, or profitability.

To address this ambiguity, the concept of performance proposed
by Brumby et al. [5] was adopted, offering a more integrated and
comprehensive view of software development work. In this context,
efficiency refers to the optimized use of resources such as time,
memory, and computational effort; effectiveness relates to delivering
functionalities as expected by stakeholders; profitability involves
the balance between development costs and the value generated,
and productivity relates to the volume of work delivered in a given
period. Therefore, performance encompasses all these elements,
including the ability to sustain results over time.

Figure 5 illustrates the relationship between these concepts, of-
fering a broader understanding of productivity in software engi-
neering. Adopting this perspective allows for a straightforward
interpretation of the everyday challenges faced by professionals
and supports the development of more effective strategies to ad-
dress them.

Y
Performance

.
Profitability

[

Effectiveness
Purpose
4 Functionality
Quality
Cost
v 4 Efficiency

h
Productivity

Figure 5: Integrated definition of software productivity.
Adapted from Brumby et al. [5].
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5.4 Comparison with related work

To broaden the understanding of productivity factors, this study
was compared to the work of Wagner and Murphy-Hill [44], which
compiles findings from peer-reviewed scientific literature. Unlike
their study, this work used GL and data from online forums, environ-
ments where professionals feel more comfortable sharing personal
experiences. This approach enabled identifying factors and under-
standing how these challenges emotionally affect professionals and
directly impact their work.

The comparison revealed several correspondences between the
two studies, even if not always direct, such as in the cases of technol-
ogy adoption, inadequate work environment, team cohesion, tech-
nical complexity, inefficient communication, and context switching.
There were also similarities in factors related to psychological well-
being and managerial experience.

However, some factors identified in our study were not found in
Wagner and Murphy-Hill [44], including lack of motivation, produc-
tivity measurement issues, management issues, lack of autonomy, time
management, lack of skilled co-workers, technical debt management,
working under pressure, and productivity variation. This highlights
the value of GL in expanding the perspective on productivity in
real-world contexts.

Table 2 presents the equivalence between the factors identified
in both studies.

5.5 Conceptual map: linking factors and
productivity impacts

To integrate the responses to RQ1, RQ2, and RQ3, we built a con-
ceptual map representing the relationships between the factors
influencing productivity, their impacts on professionals, and their
effects on tasks. These relationships are organized into two figures:
Figure 6 links factors to impacts on professionals, while Figure 7
shows their effects on tasks.

Four-factor categories comprise the figures: technical, organiza-
tional, personal, and interpersonal. Arrows indicate the connections
identified in the qualitative analysis. Although the frequency of
each occurrence is not shown, every relationship represented was
reported at least once in the dataset.

The analysis revealed relevant patterns. Technical factors affect
tasks directly (e.g., delays or rework), while personal factors such
as time management and context switching more strongly impact
professionals, leading to exhaustion, stress, and insecurity. Orga-
nizational and interpersonal factors showed significant effects at
both levels, influencing both individual well-being and the quality
of task execution.

This visual mapping supports a clearer understanding of the in-
teractions between factors and their effects. It can help researchers
and practitioners identify priority areas for intervention. It also
serves as a foundation for future research and practical strategies
to improve productivity in software development environments.

For example, a software team leader could use the conceptual
map to identify how recurring context switching (a personal factor)
reported by developers may lead to cognitive overload and loss
of focus. By recognizing this pattern, the leader might restructure
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Table 2: Comparison between factors identified in this study and those reported by Wagner and Murphy-Hill [44]

Factors identified in this study

Factors identified by Wagner and Murphy-Hill [44]

Adoption of new standards/technologies
forms”

Platform experience: “The familiarity with the hardware and software plat-

Application domain experience: “The familiarity with the application do-

main”
Improper workspace
Team cohesion
Product complexity

software”
Ineffective communication

the team”

Proper workplace: “The suitability of the workplace to do creative work”
Team cohesion: “The cooperativeness of the stakeholders”
Product complexity: “The complexity of the function and structure of the

Communication: “The degree and efficiency with which information flows in

Credibility: “Open communication and competent organization”

Deadline management

Context switching
son”

Psychological distress

Insufficient role experience

Schedule: “The appropriateness of the schedule for the development task”
Time fragmentation: “The amount of necessary ’context switches’ of a per-

Psychological safety: “The atmosphere is safe for risk-taking”
Manager application domain experience: “The familiarity of the manager

with the application”

Requirements volatility

Requirements stability: “The number of requirements changes”

work routines to minimize interruptions, reduce parallel task assign-
ments, or schedule more focused work sessions—ultimately aiming
to improve both developer well-being and delivery outcomes.

5.6 Implications of the study

This study provides meaningful contributions for researchers, prac-
titioners, and educators by analyzing the factors affecting productiv-
ity and their impacts on professionals, their tasks, and the strategies
discussed by the communities.

For researchers, the findings highlight the importance of explor-
ing underrepresented factors in the academic literature, especially
those related to well-being and emotional dynamics in the work-
place. The study provides evidence of GL as a valuable data source
for uncovering additional dimensions and identifying new research
opportunities in industrial and complex settings. We offer a publicly
available dataset and a set of visual artifacts that synthesize key
insights and can serve as foundations for comparative studies or
tool development.

For professionals, the study offers insights to support more
effective management practices by emphasizing how communica-
tion, team cohesion, and time organization influence productivity
and well-being. For instance, a manager can use our conceptual
map to identify recurring challenges developers face, identify a
pattern, and seek focused improvement for developers’ well-being
and delivery outcomes.

For educators, the results provide a foundation to better prepare
students for real-world challenges, promoting the development of
skills such as time management, teamwork, and resilience under
organizational pressure.

Overall, by addressing the factors and their practical effects, this
study advances knowledge, professional practice, and educational
preparation in software engineering.

6 Limitations

This section exposes some of the limitations of this study and the
actions we took to mitigate the issues through our research design.
We adopted the Total Quality Framework (TQF) approach for quali-
tative research [33]. TQF derives from experiences in qualitative
research and is more appropriate to this work than the typical in-
ternal/external/construct frame often applied in statistical studies
[23]. Below, we present some limitations in terms of the subdo-
mains’ credibility (concerning data collection), analyzability (data
analysis), transparency (reporting), and usefulness (results).

Regarding credibility, we sought to reinforce the completeness
and accuracy of data collection. The scope of the study was limited
to a representative sample of texts collected from the Software En-
gineering (SE) and Project Management (PM) forums. As described
in Section 3.2, we applied a temporal filter, excluding discussions
created before January 1, 2012, in order to focus on more current
practices and challenges in software development. However, we
acknowledge that this temporal cutoff may influence the results, as
older discussions could reflect different perceptions, organizational
contexts, and technological trends. Analyzing other platforms could
also yield different answers to the research questions. Therefore,
this study does not aim to be exhaustive, and the findings are spe-
cific to the sample of texts obtained from these communities and
within the selected time frame.

To minimize the inclusion of participants without professional
experience, we selected only discussions in which the authors ex-
plicitly or implicitly demonstrated real-world experience in soft-
ware development. Indicators of professional background included
references to corporate environments, organizational practices, pro-
fessional tools, team management, and responsibilities typically
associated with workplace settings. While it is not possible to fully
verify each author’s background, these criteria served as filters to
enhance the credibility of the analyzed contributions.
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FACTORS AND THEIR EFFECTS ON PROFESSIONALS
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Figure 6: Map of factors and their impacts on professionals.

The analyzability of the analysis and interpretations depends
on human judgment, which may introduce research bias. To miti-
gate this limitation, we performed a calibration step in which four
independent researchers reviewed the generated codes. We dis-
cussed the analysis with experienced researchers until saturation.
However, we still recognize that the codes are open to interpreta-
tion. Hence, the dataset is available as supplementary material [39],
allowing other researchers to examine and validate the analysis.

Concerning the transparency of the study, the curated dataset
used in the analyses is available in our supplementary material [40]
at Zenodo, allowing other researchers to access and analyze the
data to verify and validate the conclusions presented. Hosting the
data in this repository allows us to validate the present study and
foster future research that may expand or question its findings. The
proposed methodology can be applied to other communities, such
as Reddit or GitHub, with appropriate adjustments. The stages of
data collection, filtering, and analysis are replicable, provided that
selection criteria and language style are adapted to the specific
platform. Thematic analysis and the use of conceptual maps remain

applicable, enabling the exploration of how professionals articulate
their challenges in more informal or collaborative environments.
This may reveal new patterns and enhance the findings with broader
and more diverse perspectives.

About the usefulness of the findings, this study may be valuable
for both researchers and practitioners, as it deepens the understand-
ing of the factors that affect productivity in different contexts. This
study addresses a data source under-explored in studies on pro-
ductivity in software engineering: grey literature. This approach
allowed us to identify additional dimensions of productivity and
specific challenges practitioners face, as discussed in Section 4. In
addition, the work generated practical implications for different
audiences, as presented in section 5.6.

7 Conclusion

In this study, we investigate how software development profes-
sionals perceive and experience productivity-related challenges in
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FACTORS AND THEIR IMPACTS ON TASKS
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Figure 7: Map of factors and their impacts on work tasks.

their daily work. By analyzing online discussion forums, we aim to
understand their concrete impacts on professionals and their tasks.

Adopting a human-centered approach, our study highlights that
productivity challenges go beyond technical or organizational is-
sues, encompassing emotional, cognitive, and social dimensions.
We grouped the identified factors into technical, organizational,
personal, and interpersonal categories and analyzed individual and
collective performance. This perspective allowed for a broader un-
derstanding of the complexity of productivity in SE.

Our analysis also reveale notable differences between profession-
als’ perceptions of technical roles and management positions. While
the former tend to be more open about personal and emotional dif-
ficulties, the latter usually approach productivity more objectively
and are results-oriented. These distinctions underscore the need
for tailored strategies that reflect the realities and responsibilities
of each professional profile.

The conceptual map developed throughout the study visually
synthesized the relationships between factors and their impacts,

contributing to a more integrated understanding of the challenges
involved and helping to identify priority areas for action.

As future work, we identified several strategies shared by com-
munity members during data collection, which are currently being
analyzed to understand how the professionals propose solutions to
productivity challenges in software development. In addition, we
plan to expand the study’s scope to other sources of grey literature,
including communities such as Reddit and GitHub Discussions, and
to complement the analysis with semi-structured interviews. These
initiatives aim to enhance the validity and generalizability of our
findings, providing a broader understanding of productivity in SE.
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