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Abstract

Context: Despite growing discussion and concern, gender diversity and in-
clusion in Exact Sciences and Technology still require attention. Several authors
observed that it is not significantly present in development teams, despite pos-
itive effects. Moreover, the rise of software ecosystems (SECO) creates oppor-
tunities for external developers and renews discussions on women’s inclusion,
especially in proprietary SECO (PSECO) based on protected contributions.

Goal: This work aims to propose an actionable framework to foster the
inclusion of women in software development teams within PSECO. Using this
framework, we identify motivations for women entering the area, barriers faced,
contextual characteristics, strategies for dealing with barriers, and coping mech-
anisms to which women resort when strategies fail or are non-existent.

Method: This study builds upon a previously conducted multivocal literature
review (MLR), which identified gender-related barriers and strategies in soft-
ware engineering teams in PSECO context. Using the findings from that MLR
as input, we conducted semi-structured interviews with 21 women who are part
of different development teams within organizations classified as keystone orga-
nizations, those responsible for the evolution and maintenance of technological
platforms.

Results: As a result, we developed PSECO-GDI, an actionable framework to
foster the inclusion of women in software development teams within PSECO. In
addition to the barriers already mapped in the literature, two new ones emerged:
client resistance and lack of collaboration between business partners.

Conclusions: These newly identified barriers provide a deeper understand-
ing of how actors of different genders interact within a PSECO and how they
perceive these relationships.
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1. Introduction

Although the ICT sector has been expanding rapidly, with a high demand
for STEM professionals, it remains predominantly dominated by men [5]. To ad-
dress the increasing complexity and pace of innovation required to meet evolving
business needs, companies have turned to software ecosystems (SECO). SECO
offer a common technological platform that enables businesses to manage the
challenges of a fast-changing market, in which a single isolated application often
falls short of fulfilling dynamic demands [2].

A subset of SECO, in which the value creation is based on proprietary con-
tributions, protected by intellectual property management processes, is called
proprietary SECO (PSECO). In a PSECO, in which actors and their relation-
ships with other entities form key parts of the ecosystem, investigating the
nuances of gender diversity is important, as it can reveal potential biases or
gaps in how different groups experience and impact the ecosystem. By address-
ing these issues, we can have the ecosystem functions more fairly and efficiently,
thereby fostering a more balanced and innovative environment, and ultimately
enhancing the overall functionality and success of PSECO.

In the PSECO context, some previous studies have identified that gender
diversity in the board of directors of companies has a positive impact on their
market value and greater profitability [1, 6]. Despite this positive effect, several
studies point out that there is a big gender disparity in the software industry
in which women are underrepresented [15, 18]. The barriers that women face in
entering and remaining in these environments are one of the factors that cause
gender disparity in software development teams.

This work aims to investigate women inclusion in software development
teams in the context of PSECO. To support this investigation, we used in-
sights from a previous study, a multivocal literature review (MLR) that mapped
existing knowledge on gender-related barriers and strategies in software engi-
neering [11]. Building on this foundation, we conducted a field study based on
interviews with women who are part of software development teams in PSECO
organizations that operate in Brazil to map their professional experiences. Our
work is guided by the following main research question (RQ): Which barriers
and motivations affect women’s entry and permanence in software development
teams as well as contextual characteristics, strategies, and coping mechanisms
present in proprietary software ecosystems?

As a result of our investigation, we proposed the PSECO-GDI framework
as an actionable artifact designed to foster women inclusion in software devel-
opment teams in the context of PSECO. It identifies: (i) the motivations for
women joining in software development teams; (ii) contextual characteristics
that can affect gender barriers; (iii) gender barriers for women to remain in
the environment; (iv) strategies used by keystones to deal with mapped gender
barriers; and (v) coping mechanisms that women are subjected to when barriers
occur.
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This work is organized as follows: Section 2 presents background and related
work; the research method is described in Section 3; Section 4 presents the
framework and Section 5 refers to the discussion; Section 6 presents the threats
to credibility and reliability; and Section 7 concludes this work with some final
remarks and future work.

2. Background and Related Work

To ground our study, we first present key concepts related to software ecosys-
tems and diversity, building the foundation for understanding the specific chal-
lenges women face within proprietary ecosystems.

2.1. Software Ecosystems

Given that our research focuses on the software industry’s organizational
structures, we start by defining SECO, i.e., a key concept for understanding
collaborative environments in software development.

SECO can be defined as a network of actors interacting with each other
and software solutions that support these interactions, with the support of a
common technological platform [3]. These ecosystems require the integration
of mechanisms and tools to provide the exchange of information, resources and
artifacts, as well as ensure the communication and interaction of developers and
users [4]. Resources in this context refer to inputs or assets that contribute to
the software development process (such as time, people, effort, and knowledge)
[42], while artifacts are outputs or deliverables produced as a result of that
process (such as code documentation, architectural and detailed designs, code,
user stories, and bug reports) [47]. Although several definitions of SECO exist
[3, 21], this study adopts a relationship-centered perspective, as it aligns better
with our focus on diversity and inclusion.

Building on this understanding, SECO actors can be categorized into key-
stones (platform maintainers), dominators/competitors, suppliers, developers,
and end-users [30]. Each actor engages with the ecosystem motivated by busi-
ness models or mutual interests.

Understanding SECO structure helps clarify how collaborative dynamics
and, consequently, diversity challenges manifest within these environments. SECO
are typically classified into proprietary, open source, or hybrid types [29]. This
study was conducted in the context of proprietary software ecosystems (PSECO),
as the participating organizations operate under this model. PSECO are char-
acterized by centralized governance, intellectual property constraints, and for-
malized relationships between actors, all of which shape how inclusion practices
are implemented and barriers emerge. These structural features directly inform
the scope and focus of our investigation on gender diversity.

In PSECO, examples such as SAP illustrate how diverse actors (e.g., service
providers, third-party developers) interact with the platform. In the systematic
literature reviews (SLR) performed by Manikas and Hansen [30], it was observed
that open source SECO (OSSECO) studies are mainly concerned with problems
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of a technical or social nature. On the other hand, PSECO studies include
business and strategic problems, and there is a lack of literature on PSECO
studies that address technical and social issues.

A recent study by Steglich et al. [44] also contributes to this debate by
investigating factors that influence developers’ entry and permanence in mo-
bile software ecosystems (MSECO), highlighting social and motivational aspects
that may affect participation. Although their scope is broader and focused on
MSECO, the findings reinforce the importance of understanding the human and
social dynamics within SECO. In a previous study, we performed a systematic
mapping study (SMS) on diversity in SECO [35] and observed that gender di-
versity in PSECO requires further investigation. As such, the present work aims
to deepen the understanding of gender diversity in these environments.

2.2. Diversity

After establishing the organizational context of PSECO, we now introduce
the concept of diversity, crucial for analyzing participation and inclusion within
these ecosystems. Diversity can be observed in any environment where different
aspects stand out than those considered a normal pattern with a given statis-
tical parameter [31]. Diversity can be categorized along social (e.g., gender,
ethnicity), psychologically (e.g., values, knowledge), or organizationally (e.g.,
hierarchical level, occupation) [20].

Based on a qualitative research, Ely and Thomas [13] observed that the
presence of diversity in an organizational group improves the effectiveness of the
group in achieving its objectives. To reinforce the aforementioned benefits, the
literature review carried out by Dutra and Prikladnicki [12] pointed out the main
behavioral characteristics that high-performance teams must have in software
development in order to achieve their goals: (1) effective communication; (2)
diversity that encourages learning and innovation; and (3) cohesion, motivation,
leadership and coordination.

In this study, we particularly focus on gender diversity, an aspect recognized
both as critical and still insufficiently addressed within the software industry.
According to Rodrigues and Rosin [36], gender is a social and historical construc-
tion, pointing to the dimension of female and male social relations; biological
difference is just the starting point of what gender would be (being a man or be-
ing a woman). However, gender goes beyond the sex of each person, because sex
is biological and gender is social, constructed by different cultures [22]. There-
fore, gender is self-perception and the way a person expresses himself/herself
socially.

In terms of gender, it is also worth highlighting that gender identity is differ-
ent from gender expression. Gender identity refers to an individual’s deeply felt
sense of their own gender, which may be as a woman, a man, a blend of both,
or neither. It may or may not align with the gender assigned at birth [43]. On
the other hand, gender expression refers to how the person’s external presenta-
tion (e.g., a person’s name, clothing, behavior, hairstyle, voice etc.) [28]. The
present work did not delve into the assessment of gender expression and was
limited to the assessment of barriers for women, not contemplating the other
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genders. Moreover, we investigate team diversity, which refers to the individual
differences between members of a team.

Previous studies have investigated the barriers women face in the software
industry and open source developments, such as the study of Trinkenreich et al.
[50], who carried out an SMS on the participation of women in open source
software communities, and the SLR by Canedo et al. [7], which aimed to iden-
tify factors to help increase women’s interest in contributing to open source
communities and software development projects. Both studies investigated how
gender diversity has been explored in the literature, but they are focused on
open source and seeking to understand its particularities. The present work
recognizes that many barriers exist in closed and open environments, but we
focus on investigating the particularities of PSECO.

Another study that investigate diversity in general is led by Rodŕıguez-Pérez
et al. [37] who performed a SLR to understand how perceived diversity char-
acteristics are related to software engineering. In this review, the authors ob-
served that gender diversity has been widely studying and some developers still
have a strong bias against women in open source software and industry in gen-
eral, besides the positive effects the teams. One of the differences between this
Rodŕıguez-Pérez et al. [37]’s study and the present work is that those authors in-
vestigated diversity in general and do not focus on gender or the specific context
of PSECO.

This study builds upon the findings of a previously published MLR on gender
diversity in software development teams within proprietary ecosystems [11]. The
results of that MLR served as input for the design of the interview guide used in
our field study, particularly during the guided phase. Tables 5 and 6 summarize
the set of barriers and strategies identified in the prior MLR, which formed the
empirical foundation for the development of the PSECO-GDI framework. The
complete MLR protocol is available as supplementary material via Zenodo1.

3. Research Method

We grounded our work on methods from Empirical Software Engineering
(ESE), particularly a qualitative field study, based on a previous work where
a MLR was conducted [11]. These methods were selected to explore both aca-
demic and practitioner perspectives and to analyze real-world experiences. Our
research method consists of two main steps: Step 1 - Understanding and
fostering gender diversity, and Step 2 - Developing the solution. The
following subsections provide detailed descriptions of each step.

These steps were achieved by performing a field study through semi-structured
interviews to complement and validate these findings of a previous work where
a MLR were conducted [11] with real-world perceptions. The data from Step 1
were used to develop the framework, as shown in Section 4.

1https://doi.org/10.5281/zenodo.15380955
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This work has one main research question (RQ) “Which barriers and
motivations affect women’s entry and permanence in software de-
velopment teams as well as contextual characteristics, strategies, and
coping mechanisms present in proprietary software ecosystems?”. This
question seeks to understand the occurrence or not of gender barriers in devel-
opment teams of PSECO and how relationships between actors are affected due
to such barriers.

3.1. Step 1 – Understanding and Fostering Gender Diversity

Based on the context of PSECO and its characteristics as well the MLR
conducted in previous work [35], we observed that gender diversity in PSECO
development teams has some particularities and relevance. To explore gender
diversity in PSECO development teams, we conducted a field study, follow-
ing the qualitative research principles outlined by Singer et al. [41] and Stol
and Fitzgerald [45]. This method allowed us to examine the phenomenon in a
real-world setting through semi-structured interviews with 21 women working
in keystone organizations. The interview guide included unguided and guided
impressions stage questions, and the responses were analyzed using thematic
coding inspired by the initial steps of Grounded Theory, enabling the emer-
gence of concepts directly from the data.

1. Control and Influence: The main platform of PSECO is developed and
controlled by specific companies or individuals, which means the policies,
practices, and culture of these entities directly shape the software. In
contrast, open source software often has a more decentralized development
model and might incorporate diverse perspectives more organically;

2. Market Reach and Impact: The main platform of PSECO often has
a significant market share and widespread adoption, meaning that the
inclusivity of its design and development processes can impact several
of users. The gender representation in the development teams behind
these tools can influence the functionality and user experience for a broad
audience;

3. Barrier to Entry: The main platform of PSECO often involves barriers
to access such as licensing fees or restricted access to source code. This
can impact who gets involved in the software development process and
can create gender-based disparities in participation and contribution;

4. Economic Power and Influence: Companies behind proprietary soft-
ware often wield significant economic and cultural influence. The way they
handle gender diversity can set industry standards and influence other
companies and sectors. Studying this can highlight on broader trends and
implications for gender equity in technology;

5. Innovation: PSECO are often seen as highly innovative. Examining
gender diversity in these contexts can reveal how diverse perspectives con-
tribute to or hinder innovation. It can also highlight whether diverse teams
are more likely to produce innovative solutions or address previously over-
looked issues.
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In summary, studying gender in PSECO is relevant because such ecosystems
have substantial influence over technology usage, corporate practices, and mar-
ket trends. Insights gained from this focus can inform broader discussions about
diversity and inclusion in technology and contribute to creating more equitable
and effective software solutions. In order to understand more deep about gender
diversity in PSECO and the women perceptions about this topic, we performed
a field study in which women in software development teams in the context of
PSECO were interviewed. We aimed to explore which gender barriers exist in
PSECO and how they affect relationships between PSECO actors. Moreover,
we identified strategies to foster gender diversity in software development teams
with a PSECO context.

Singer et al. [41] explain that a field study aims to investigate professionals of
some activity and, through some technique, identify how they deal with practice
or how they solve problems within their respective contexts, providing greater
detail and contributions on the subject studied, allowing greater depth in the
participants’ perceptions. Stol and Fitzgerald [45] also mentioned that field
study refers to a research conducted in a specific, real-world setting to study a
specific software engineering phenomenon. Therefore, to assess the barriers that
women face in PSECO from the perspective of several organizations that are
keystone organizations, a field study was used as a methodological approach,
conducting a qualitative, exploratory and inductive study [24]. The technique
to support the field study was the semi-structured interview. Thus, women
who work in PSECO development teams in Brazil were invited to answer the
interview questions prepared by the authors.

3.1.1. Research Question

Initially, an investigation was carried out and, based on the analysis of stud-
ies and contribution opportunities, the following five RQ were also proposed as
presented next, labeled as FS-Q. These five FS-Q represent the core compo-
nents of the framework and directly contribute to answering the main RQ of
our research.

• FS-Q1 - Which are women’s motivations for joining software develop-
ment teams? More specifically, what are women’s motivation for joining
a PSECO? Rationale: The objective of this question is to understand the
reasons that lead women to join development teams and, more specifically,
a PSECO, to adequately identify the context and strengths that attract
women and should continue to be reinforced;

• FS-Q2 - Which contextual characteristics influence in the existence
and severity of barriers for women in software development teams in
PSECO? Rationale: The objective of this question is to identify the con-
textual characteristics that influence both the existence and severity of
gender barriers, making a barrier exist, either more explicit or difficult to
overcome;
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• FS-Q3 - Which are the barriers that women face in software develop-
ment teams in PSECO? Rationale: This question aims to identify gender
barriers that affect women in development teams in the context of PSECO;

• FS-Q4 - From your current or previous professional experience, which
strategies to foster gender diversity have you seen applied to address
gender barriers in PSECO? Rationale: This question aims to identify
strategies for dealing with gender barriers that women have experienced
in their previous or current experiences that helped to deal with gender
barriers in development teams in the context of PSECO;

• FS-Q5 - Which coping mechanisms do women resort to when barriers
occurs and the strategy to address gender barriers is not implemented?
Rationale: This question aims to list the coping mechanisms that women
use when gender barriers exist but there are no strategies implemented to
deal with these barriers, aiming to understand the alternative paths that
women take in these situations.

3.1.2. Semi-structured Interviews

Through semi-structured interviews with 21 women in software development
teams in the context of PSECOO, we set out to explore which gender barriers
exist in PSECO and how they affect relationships between PSECO actors. The
process used to conduct the interviews is described next.

Formulation of the interview script: The interview guidelines used in
the study by Greiler et al. [16] were adopted as a basis to formulated the in-
terview script for this work. Thus, the interview guide was divided into three
stages: (i) unguided impressions; (ii) guided impressions; and (iii) demographic
questions. The unguided impressions stage has open questions that aim to
understand the interviewee’s perspective without making any type of contami-
nation or induction to the expected answer. The guided impressions stage aims
to identify the interviewee’s point of view on a certain known topic through ex-
planations given on previously studied items. The demographic questions stage
aims to map the profile of each interviewee. We also used other studies as a
basis for planning the conduct of the field study, such as Hove and Anda [19]
and Shull et al. [39].

For the guided impressions stage, all gender barriers identified in our previous
MLR [11] were listed and the interviewee was asked to evaluate each barrier
using the VAS scale (Visual Analogue Scale). The reason for using this scale
is that we seek to map the degree of pain women experience for each barrier.
According to Crichton [10], the VAS scale is an instrument that attempts to
measure a characteristic or attitude whose values vary continuously and cannot
be easily measured.

The most common example of using this scale is in assessing the amount
of pain a patient feels. This pain varies continuously from none to an extreme
amount of pain. From the patient’s perspective, this spectrum appears con-
tinuous – their pain does not make discrete leaps, as a categorization of none,
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mild, moderate, severe, and unbearable suggests. It was to capture this idea of
underlying continuity that the VAS scale was created. Thus, in the second part
of the interview, the interviewee was asked to evaluate the barrier, on a scale of
0 to 10, how much pain each barrier represents for her, with 0: no pain and 10:
unbearable pain. Lesage and Berjot [25] performed a study in which VAS scale
was used to occupational stress assessment. An example of an VAS scale can
be seen in Figure 1. The guide used in the interviews is shown in Appendix A.

Figure 1: VAS scale.

Population Characterization: According to guidelines by Shull et al.
[40], the profile of the interviewees was defined as women who work in software
development teams, whether as developers or some other role linked to the
software development process, in the context of keystone organizations.

Pilot: According to Lethbridge et al. [27], it is recommended to pilot the
questions or forms and then redesign them as the authors learn which questions
unequivocally attack the proposed topic. Thus, to validate the interview ques-
tions, a pilot was carried out with two participants, the first being an SECO
specialist and the second being a software developer from a PSECO. As a result
of the pilot, we have decided to start the interviews by explaining the concept
of PSECO to make the context of the research clear. As such, the definition
by Manikas [29] presented in Section 2 was described to the participants at the
beginning of the interview.

Based on the pilot, we identified the need to clarify the wording of some
questions and to split some of them them to enhance understanding. The final
version of the interview guide is available in Appendix A. It is worth noting
that the data collected in the pilot were discarded and were not included in the
analysis of the work results.

Selection of Participants: Participants were selected through convenience
sampling, using the authors’ network of contacts and the research community
that they are part of. Furthermore, availability during the work period was
also taken into consideration. Firstly, they were contacted via email or instant
communication tool with an invitation to participate in the interview, briefly
explaining the research and its objectives. With the positive response, the
authors scheduled the date and time of the interview, sending by email the
link to the virtual interview room and the form on Google Forms with the
informed consent form and demographic questions. The form and consent form
were requested to be completed before the scheduled interview. The consent
form contains acceptance of participation in the research, agreement with the
conditions of the term, and permission to record the interview.

9



A total of 21 participants agreed to take part in the work, with varied pro-
fessional experience, who work in software development teams in keystone or-
ganizations. To identify interview participants throughout the work, a unique
code was assigned to each one, according to the order of the interview carried
out. Thus, the first participant interviewed was characterized as I01 and the
last one as I21. The number of interviewees was determined after analyzing the
saturation of the work, when it was observed that, in the last three interviews
(I19 to I21), the average percentage and median of new concepts was 9%; and
that the median of the last interview in which new concepts were obtained was
20. As the literature indicates that the number of interviews necessary to ob-
tain saturation of research data occurs when new themes emerge infrequently
as new interviews are analyzed [17, 23], it can be concluded that the number
of interviewees was sufficient to identify the relevant results for the work. Fur-
thermore, according to Guest et al. [17], for most research whose objective is to
understand common perceptions and experiences among a group of relatively
homogeneous individuals, twelve interviews are usually sufficient.

Execution of Interviews: The interviews were carried out between De-
cember 19 and 26, 2022, virtually through the conference toolMicrosoft Teams2.
The average duration was 32 minutes and the interviews were carried out ac-
cording to the following guidelines defined by the author: (1) only occur after
acceptance of the consent form and completion of the form with demographic
questions by the interviewee; and (2) be recorded with video and audio for later
transcription and analysis of results.

3.1.3. Coding Process

For data analysis, the interviews were transcribed using Microsoft Word3

and data analysis was carried out in a quantitative and qualitative data anal-
ysis. For the purposes of qualitative analysis, a coding process was performed
using thematic analysis based on the initial procedures of Grounded Theory
[46] over the excerpts from the interviews, summarizing the responses. The
method uses an inductive approach (bottom-up), which means that theories
emerge from collected data rather than being imposed by the researcher [9].
Two researchers, who are familiar both with the qualitative coding and with
the domain of the work, conducted and coded the interviews. The codes were
generated inductively, i.e., emerged directly from the data without prejudice or
prior assumptions by the researchers. To ensure a collaborative, comprehensive,
and reliable approach, all interviews were reviewed by each researcher to allow
for the exchange of perspectives and consensus on code generation. During the
coding process, the points of disagreement between researchers were discussed
transparently and resolved through consensus in a new review meeting. Three
other researchers with more than 15 years of experience verified the results and
ensured the compliance of the final dataset.

2https://www.microsoft.com/microsoft-teams
3https://www.microsoft.com/word
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Table 1: Examples of the coding process.

Transcript
Unit:

“I was in a management position and my peers were all men,
usually much older, so there was a lot of mistrust, people
didn’t trust me and my work, I felt tested at all times. They
asked some questions, even though they already knew the an-
swer, just to see if I knew.” (I02)

Preliminary
Code:

Male peers who don’t trust women’s work and make them
feel tested at all times.

Focused Code: Prove it again
Category: Barriers

Transcript
Unit:

“Unfortunately, wage inequality still exists and is very
strong. For years I knew that I was paid much less than
my peers who did exactly the same activity and still didn’t
have reviews as good as mine. This salary difference was
never justified.” (I05)

Preliminary
Code:

Salary inequality.

Focused Code: Glass ceiling
Category: Barriers

Those two researchers divided the transcripts of the participants into sen-
tences or paragraphs and added preliminary codes that represented the key
points that each participant talked about. Based on the preliminary codes, we
set the focused codes that captured the most frequent and relevant factors af-
fecting gender diversity. Next, we formed axial coding as described by Charmaz
[9] to group the codes into categories. Table 1 shows examples of the coding
process for some transcripts, the resulting codes, and categories.

Although the interviews were recorded and transcribed, participants did
not provide consent for full transcript disclosure. For ethical reasons, we only
share the anonymized excerpts that were coded and used in the analysis. These
excerpts are available in the public codebook at Zenodo4.

From the analysis performed from the results, the PSECO-GDI framework
was developed, consisting of five categories, inspired by the work of Greiler et al.
[16]: 1) motivations for women joining software development teams in PSECO;
2) contextual characteristics that directly affect gender diversity; 3) barriers
that women face in software development teams in PSECO; 4) strategies to
foster gender diversity; and 5) coping mechanisms that women resort when a
strategy fails or is non-existent. Such five categories are key components in the
PSECO-GDI framework that emerged from our analysis, as shown in Figure 2.
The PSECO-GDI framework is our main research outcome and it also helped
us to answer our preliminary RQ as presented in Section 3.1.1. The categories
and codes will be described in Subsection 4.1.

4https://doi.org/10.5281/zenodo.15380955
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The field study was designed to explore gender diversity in two dimensions:
the challenges to inclusion (”understanding”) and the interventions to overcome
these challenges (”fostering”). This structure was influenced by Greiler et al.
[16] and shaped both the interview protocol and the organization of our findings
in the framework.

3.2. Step 2 – Developing the Solution

As Miles and Huberman [32] points out, a framework serves as a conceptual
structure that represents the researcher’s current understanding of the topic
under investigation. In this sense, frameworks play a crucial role in bringing
clarity to research processes, as they provide a mechanism for self-checking,
ensuring cohesion and proper conceptualization when drawing conclusions [26].

The framework development process involving gathering key information
and developing the framework. The key information comprises motivations,
barriers, strategies and coping mechanisms based on the results of the studies
carried out (MLR and field study). Then, the framework was developed through
the definition of its structure, elaboration and refinement of the generated arti-
fact. Regarding the framework name, PSECO stands for ‘Proprietary Software
Ecosystem’ and GDI for ‘Gender Diversity and Inclusion’. Each phase/activity
of the framework development process is presented in more detail next.

Definition of the Structure of Framework: To define the structure of
framework, initially, an informal search was carried out in the literature to iden-
tify studies in the context of Software Engineering area that had a framework as
a result. The study by Greiler et al. [16] was selected to be used as a basis be-
cause it had a comprehensive structure. The framework offers a comprehensive
structure for analyzing variables and relationships, making it easier to identify
and categorize relevant factors in new studies.

After this step, each of the components of the framework by Greiler et al.
[16] was analyzed to check whether they would be applicable to the present
work. From the analysis, it was defined that the central concept of the proposed
framework would be gender diversity in PSECO, as it is the main theme
of the research. In the baseline study, the categories had similar nomenclature,
but related to the context of the developer experience research.

Following the model of the baseline study, on the left side of PSECO-GDI
framework, two main categories that emerged in the research were listed and
are related to understanding gender diversity in PSECO. These two categories
include motivations for joining a PSECO and contextual characteris-
tics that directly affect gender diversity, potentially bringing more or fewer
gender barriers to the environment. It is worth mentioning that in the base-
line study these two categories were called developer experience factors and
contextual characteristics. On the right side of the framework, there are three
main categories that emerged in the present research that are concerned with
fostering gender diversity in PSECO and include the barriers that women
face in PSECO, the strategies to foster gender diversity, and the coping
mechanisms to which women resort when the strategy fails or is non-existent.
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Elaboration of the Framework: The framework was developed by sys-
tematically organizing the data and components outlined in the model’s struc-
ture. This process involved an MLR and then a field study based on its results.
More specifically, we analyzed responses from 21 interviews to map elements of
five components of the framework. This phase involved axial coding to catego-
rize and connect themes emerging from the data.

4. PSECO-GDI Framework

The results of our investigation are presented in the form of the PSECO-
GDI framework, which is organized into two main categories: ”Understanding”
(barriers to inclusion) and ”Fostering” (inclusive practices). This division was
inspired by Greiler et al. [16]. While the core empirical data comes from the field
stufy, the interview design was based on insights from previous MLR conducted
[35], and the synthesis of findings into the framework corresponds to Step 2.
The main outcome from this work is the “PSECO-GDI framework” (Figure 2).
Each element of the framework is detailed in the following subsections.

Figure 2: Framework PSECO-GDI.

This section presents the five elements of the PSECO-GDI framework, each
of which corresponds to one of the sub-questions (FS-Q) outlined in the study.
For each element, we combine results from the literature with empirical results
drawn from interviews conducted during the FS.

Analysis of the Profile of Interviewees: Analyzing the profile of the
interviewees based on the quantitative analysis carried out, it was possible to
verified that nine out of 21 respondents are software engineering managers,
five are senior developers, four are software engineering coordinators, and three
are business/IT analysts or juniors developers, as shown in Table 2. In the
same table we note that 14 of the 21 respondents have more than 10 years of
experience in software development. This profile indicates that the interviewees
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Table 2: Demographic information of the interviewees.

ID Age range Experience in
software develop-
ment teams

Position

I01 More than 51 Over 26 years Software engineering
manager

I02 Between 31 and 40 From 11 to 15 years Software engineering
manager

I03 Between 31 and 40 From 16 to 20 years Software engineering co-
ordinator

I04 Between 20 and 30 From 6 to 10 years Software engineering
manager

I05 Between 31 and 40 From 11 to 15 years Senior developer

I06 Between 20 and 30 From 1 to 5 years Senior developer

I07 More than 51 From 11 to 15 years Software engineering
manager

I08 Between 31 and 40 From 11 to 15 years Software engineering co-
ordinator

I09 Between 31 and 40 From 11 to 15 years Software engineering
manager

I10 Between 41 and 50 From 21 to 25 years Senior developer

I11 Between 20 and 30 From 1 to 5 years Business/IT analyst

I12 Between 31 and 40 From 11 to 15 years Software engineering co-
ordinator

I13 Between 31 and 40 From 6 to 10 years Business/IT analyst

I14 Between 41 and 50 From 11 to 15 years Senior developer

I15 Between 41 and 50 Over 26 years Software engineering
manager

I16 Between 41 and 50 From 21 to 25 years Software engineering co-
ordinator

I17 Between 31 and 40 From 11 to 15 years Software engineering
manager

I18 Between 41 and 50 From 16 to 20 years Business/IT analyst

I19 Between 20 and 30 From 6 to 10 years Software engineering
manager

I20 Between 31 and 40 From 6 to 10 years Senior developer

I21 Between 41 and 50 From 1 to 5 years Software engineering
manager
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have experience and knowledge in carrying out their activities. Additionally,
43% of the interviewees are between 31 and 40 years old, 38% are over 41 years
old, and 19% are between 20 and 30 years old, as can be seen in Table 2.

Our respondents came from different sectors of the industry, with 16 out of
the 21 operating in the financial market, three in the insurance market, three
in the oil and gas market, and two in the services market. Regarding the size of
the organization, according to the classification criteria of the Brazilian Micro
and Small Business Support Service (Sebrae) for the service sector [38], all
interviewees work in large organizations (over 100 employed people).

4.1. Understanding Gender Diversity in Proprietary Software Ecosystem

To understand gender diversity in software development teams within PSECO,
it is essential to first examine the underlying factors that shape their experi-
ences in these environments. This includes not only the motivations that lead
women to pursue careers in such settings, but also the contextual elements that
may amplify or mitigate gender-related barriers. Drawing from interviews con-
ducted with 21 women working in keystone organizations, this section presents
empirical insights into what drives women to enter these teams and contextual
characteristics that could influence their inclusion.

4.1.1. Motivations for Joining Software Development Teams of a Proprietary
Software Ecosystem

Based on the answers obtained during the interviews and the coding pro-
cess described in Section 3, five motivations for joining development teams in
PSECO environments were identified. These motivations include career evolu-
tion, encouragement from family or friends, industry knowledge, interest in the
field, and remuneration. Each motivation was coded (MO01–MO05), and their
definitions and representative interview excerpts are summarized in Table 3 and
illustrated in Figure 3.

Figure 3: Interviewees’ motivations for joining development teams.
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Table 3: Motivations for joining development teams.

Motivation Definition Example of excerpt from inter-
views

MO01. Ca-
reer evolution

Motivation driven by profes-
sional growth or the need to
adapt to evolving roles and
responsibilities.

“Going into development was a very
natural path, it wasn’t exactly a con-
scious choice. The area I worked
in was evolving, I needed to evolve
along with it and learn new skills so
as not to be left behind” (I09).

MO02. En-
couragement
from family
and friends

Motivation based on sup-
port or influence from close
personal relationships.

“My cousin was the one who en-
couraged me, she already works in
the field and explained to me more
about the subject, the opportunities
and helped me with my career choice
decision” (I02).

MO03. Indus-
try knowledge

Motivation based on prior
experience or familiar-
ity with the industry or
domain.

“My prior knowledge of the indus-
try, due to my previous professional
experiences, was important in get-
ting me to join this company” (I08).

MO04. Inter-
est in the area

Motivation driven by per-
sonal curiosity or early in-
terest in technology-related
topics.

“I was always very curious and
interested in understanding how
things worked. My interest in IT
started at school, so when it came to
choosing a career it was something
very natural” (I04).

MO05. Re-
muneration

Motivation linked to salary
expectations and the finan-
cial attractiveness of the IT
job market.

“The salary was certainly what
caught my attention at the begin-
ning, IT is an area that is growing
and the market is very hot, paying
professionals well and this encour-
aged me to start my career” (I13).
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4.1.2. Contextual Characteristics

Through the interviews, we identified five contextual characteristics that
influence the existence or severity of gender-related barriers in software devel-
opment teams within PSECO. These characteristics refer to structural, cultural,
and interpersonal elements that shape women’s experiences in the workplace and
their interactions with internal and external actors. Each contextual character-
istic was coded (CC01–CC05), and their definitions along with representative
excerpts from participants are summarized in Table 4. These contextual char-
acteristics are also illustrated in the PSECO-GDI framework (Figure 2).

4.2. Fostering Gender Diversity in Proprietary Software Ecosystem

After identifying the motivations and contextual factors that shape women’s
entry into PSECO development teams, the next step was to examine how gen-
der diversity can be actively supported in these environments. This section
presents the main barriers women face within PSECO, the strategies adopted
by organizations to overcome them, and the coping mechanisms employed when
those strategies are absent or insufficient. By combining insights from literature
and empirical indications from the field study, we highlight not only persistent
challenges but also practical pathways to mitigate them. These findings pro-
vide a deeper understanding of how gender dynamics unfold in PSECO and
how organizations can create more inclusive and equitable spaces for women in
software development.

4.2.1. Barriers that Women Face in Proprietary Software Ecosystem

Regarding barriers, below we have the results obtained in the interviews us-
ing the stages of unguided impressions and guided impressions. In the unguided
impressions stage, it was identified that 90% of respondents stated that they
had already faced some gender barrier within the PSECO throughout their ca-
reer in the organization. At this point, the participants reported the barriers in
their own words and it was necessary to map the barriers identified in prevous
MLR conducted [35]. For example, an interviewee cited “distrust in technical
capacity” and this item was mapped to the barrier prove it again, and “salary
inequality” was mapped to glass ceiling. The barriers cited by the intervie-
wees (after mapping) are described in Figure 4. The prefix BA and sequential
number were used as identifiers for each item of this component in the PSECO-
GDI framework. The excerpts from the women’s speeches that were classified
as barriers can be identified in the codebook, available on Zenodo5.

Except client resistance and lack of collaboration between business
partners, all other barriers mapped at this point in the interview had been
identified in our MLR [11]. In this work, the definition of each barrier was given
and, therefore, below we present an excerpt from the speech of an interviewee
to illustrate each barrier. The barriers client resistance and lack of collab-
oration between business partners arose during the unguided impressions

5https://doi.org/10.5281/zenodo.15380955
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Table 4: Contextual Characteristics.
Contextual
Character-
istics

Definition Example of excerpt from inter-
views

CC01. Com-
pany culture

The organization’s tolerance
or rejection of non-inclusive
behaviors, which shapes the
workplace environment for
women.

“In my opinion, the company’s cul-
ture directly impacts the existence
of more or less barriers for women,
because when the company accepts
certain sexist behaviors and does
not take any repressive actions, this
undesirable behavior is repeated by
other people” (I21).

CC02. Family
dynamics

Family responsibilities or
expectations that influence
women’s access to opportu-
nities and workplace partic-
ipation.

“The family structure certainly im-
pacts the generation of barriers for
women, from job interviews when
they ask if you have children, age
and whether you intend to have
children in the short term is al-
ready a barrier to entering the mar-
ket. When I had young children
I felt that many opportunities were
not even offered to me, because my
managers thought I wouldn’t accept
it because of the children. I wish
I had the opportunity to choose”
(I08).

CC03. Pre-
vious experi-
ence

The presence or absence of
professional experience, and
whether it is acknowledged
or disregarded in team inter-
actions.

“At the beginning of my career I felt
like my opinions weren’t heard be-
cause I didn’t have as much experi-
ence as other peers” (I11).

CC04. Re-
lationships
with external
actors

Interactions with suppliers
or clients whose values or
conduct may conflict with
the company’s diversity
principles.

“In my previous role at the company
I had a lot of contact with suppli-
ers and customers and, in certain
cases, when the other company did
not have the same values as mine,
which respects and encourages di-
versity, the relationship was very
complicated” (I17).

CC05. Team
culture

The norms, values, and dy-
namics within a team that
influence inclusion, respect,
and collaboration among its
members.

“In my team, I often feel that I have
to prove myself more. It’s not that
people are openly disrespectful, but
there’s a kind of subtle resistance,
like when I make a suggestion and
no one listens—then a male col-
league repeats it and suddenly it’s
valid.” (I10).
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Figure 4: Gender barriers identified by the interviewees.

stage, when the barriers were mentioned by several interviewees. Each bar-
rier that represented exactly what was reported by the respondents was not
identified in our MLR [11] was included in the framework.

In the guided impressions stage, it was identified that the barriers sexism
and imposter syndrome were the most cited by the interviewees, being present
in the statements of 18 of the 21 interviewees, followed by the barrier imbalance
between life professional and personal, by 17 interviewees. The barriers
non-inclusive communication and maternal and family issues were the
least mentioned, by eight and 10 interviewees, respectively. It is worth men-
tioning that the barrier of maternal and family issues not being mentioned
much may be justified by the fact that few interviewees were mothers.

It is also possible to observe that the barrier absence of parity between
peers was cited by six interviewees as unbearable pain, followed by toxic cul-
ture, glass ceiling and imposter syndrome, by three interviewees each. The
barriers prove it again and stereotypes were the most selected with intense
pain, being chosen by seven interviewees each. The details of the responses ob-
tained for each barrier and the degree of pain indicated for each of them can be
seen in Figure 5. As such, consolidating the barriers assessed in the non-guided
impressions and guided impressions stage, the list of gender barriers in PSECO
listed in Table 5 was identified.

Additionally, we grouped the interviewees by age group to investigate how
the barriers identified in the literature are perceived by women in relation to
the pain scale already presented, as shown in the Figure 6. Based on this
analysis, we observed that the barriers that are on average painful are lack of
parity between peers and impostor syndrome. Other barriers individually were
even classified as having a higher degree of pain. However, in this evaluation,
the average level of pain stipulated by each interviewee is being considered by
age group. Each barrier is then analyzed individually. Harassment had the
characteristic of being classified with very low values for people who did not
suffer any type of harassment and with very high values for those who did,
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Table 5: List of barriers.
Barrier Description MLR

[11]
Unguided
impressions

BA01. Client
Resistance

Represents the behavior of clients in not wanting
to work with a female professional, making com-
plaints and even requesting the exchange of the
professional for another male

X

BA02. Glass
ceiling

This is a transparent barrier that prevents women
from rising above a certain level in corporations

X X

BA03. Ha-
rassment

Harassment is abusive conduct demonstrated by
means of words, behaviors, acts, gestures, or writ-
ings that may harm a person’s personality, dignity
or physical, or mental integrity, endangering their
employment, or degrade the work environment

X X

BA04. Imbal-
ance between
personal and
professional
life

Refers to the lack of support for well-being, caus-
ing an imbalance in the personal lives of profes-
sionals. It is usually caused by too much overtime
or pressure to deliver activities

X X

BA05. Im-
poster syn-
drome

Individuals who experience intense feelings that
their achievements are undeserved and fear that
they may be exposed as frauds

X X

BA06. Lack
of collabora-
tion between
business part-
ners

Represents the lack of collaboration perceived in
the relationship with business partners such as
suppliers and external developers, in which tech-
nical information was intentionally omitted

X

BA07. Lack
of peer parity

Represents the concept that an individual can
identify herself/himself with at least one other
peer when interacting in a community

X

BA08. Lack
of recognition

Not feeling valued and not being recognized when
good work is done

X

BA09. Mater-
nal and family
issues

Describes the experience of women who have chil-
dren or someone in their family who requires care
and suffer prejudice due to this situation, being
excluded from certain opportunities

X

BA10. Non-
inclusive com-
munication

Refers to the use of exclusionary communication,
such as the use of profanity and terms generally
associated with men (for example, “guys”)

X X

BA11. Prove
it again

It refer to the bias effect that occurs when a mem-
ber of a group does not align with the stereotypes
is measured to a higher standard and has to pro-
vide more evidence to demonstrate competence

X X

BA12. Sex-
ism

Sexism can be hostile or benevolent. Hostile sex-
ism is prejudice itself (microaggressions), such as
not being heard in technical discussions. Benev-
olent sexism represents subjectively positive feel-
ings towards a gender that often brings some sex-
ist antipathy

X X

BA13.
Stereotypes

Stereotypes are beliefs about characteristics, at-
tributes and behaviors of certain members of a
group

X

BA14. Tech-
nical difficul-
ties

Refers to technical problems, such as lack of
knowledge, lack of experience, and unfamiliar-
ity with the technology or programming language
used

X X

BA15. Toxic
culture

It is characterized by work environments where
there is room for favoritism, rumors, and people
trying to harm each other

X X
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Figure 5: Gender barriers identified by interviewees in the guided impressions stage.

being on average moderate pain. The 41 to 50 year old group has the highest
values. Lack of parity between pairs is the barrier with high pain for the 31-
40 year old group and moderate for the other groups. This behavior is possibly
due to the fact that the age group in which the barrier is most evident is usually
the time when management positions are sought and the lack of parity between
peers becomes more evident. Lack of recognition is a barrier with mild pain
consistent between the 31 to 40 and 41 to 50 age groups, with a small drop in
the over 51 age group. The lack of recognition becomes more evident as women
acquire experience/knowledge, however, they are not recognized for it.

Non-inclusive communication is a low or non-existent pain barrier for
almost all groups, except for the over 51 group in which pain is moderate. This
is possibly due to the difference in generations and form of treatment between
older and younger professionals (Figure 6). On the other hand, toxic culture is
a moderate pain barrier for the 31-40 age group and mild for the others. Reasons
for this group to have higher values would need to be further investigated. In the
same graph, it is also possible to observe that imbalance between personal
and professional life becomes more painful in the age group of 31 to 40
years, being a moderate pain. Such behavior may be related to the beginning of
motherhood and small children. Technical difficulties is a mild pain barrier
for younger people and non-existent for older people. As expected, this behavior
is possibly due to the knowledge and experience acquired throughout the career,
making technical knowledge no longer a pain for women.

The stereotypes is a moderate and consistent barrier between the groups
31-40 years old, 41-50 years old and over 51 years old. This is possibly due to
the erroneous view in the past that women could only perform a certain type of
activity and that perhaps it is not as noticeable to younger people. Moreover,
prove it again is a barrier with a moderate pain consistent between the 31-40
and 41-50 age groups, with a small drop in the over 51 age group. It is possibly
related to the greater exposure and responsibility that women are receiving
and, consequently, being forced to prove that they are capable of being in the
position. In turn, maternal and family issues has a mild to moderate pain
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having its highest value in the age groups of 31 to 40 years and over 51 years.
The first group is possibly affected by young children and the second group by
elderly family members who need help.

Sexism is a moderate pain barrier exists practically consistently in all age
groups, with a higher value in the 31 to 40 year old group. Imposter syndrome
has an intense pain that is present mainly in the age groups of 20 to 30 years
and 31 to 40 years, in which insecurity is still a visible trait in women at the
beginning and consolidation of their careers. In the age groups of 41 to 50 years
and over 51 years, this barrier is no longer so painful, as women possibly feel
more confident about their knowledge and experiences. Finally, Glass ceiling
is a barrier with moderate and consistent pain in the groups of 31-40 years, 41-
50 years and over 51 years. In the younger group this barrier was not observed.
The reason of this non-occurence is possibly related to the positions that women
occupy, with older women having to hold higher positions and feel more of a
glass ceiling close to them, sttipping them from continuing to progress.

Figure 6: Pain scale for gender barriers identified in the literature by interviewees’ age group.

4.2.2. Strategies to Foster Gender Diversity in Proprietary Software Ecosystem

In addition to understanding gender barriers and their effects on relation-
ships with different actors, this work also sought to identify strategies to promote
gender diversity and reduce existing barriers. The interviewees reported some
actions that their organizations have, which they believe are positive and that
really help to promote gender diversity in the environment. All the actions
listed below were mentioned by the interviewees:

• Be part of the citizen company program6, thus increasing some benefits,
including the length of maternity leave from four to six months. This

6The Citizen Company Program, established by Law No. 11,770/2008 and regulated
by Decree No. 7,052/2009, aims to extend the duration of maternity leave by sixty days
and fifteen days, in addition of the five already established, the duration of paternity leave
(Law nº 13,257/2016). Link: https://www.gov.br/receitafederal/pt-br/assuntos/orientacao-
tributaria/isencoes/programa-empresa-cidada/orientacoes
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strategy is indirectly applicable to PSECO, as it aims to address the bar-
riers maternal and family issues and imbalance between personal
and professional life;

• Provide courses to encourage women to enter software development. This
strategy is applicable to PSECO, as it aims to address barriers technical
difficulties and, indirectly, imposter syndrome;

• Provide campaigns, lectures and mandatory training on diversity, empow-
erment, prejudice, behavior, ethics and social responsibility. This strategy
is applicable to PSECO, as it aims to address the barriers sexism, ha-
rassment, non-inclusive communication, prove it again, stereo-
type and toxic culture; non-inclusive communication, prove it
again, stereotype and toxic culture;

• Open intentional and preferential vacancies for women on technology teams.
This strategy is applicable to PSECO, as it aims to address the barriers
lack of parity between peers, glass ceiling and, indirectly, toxic
culture, sexism and stereotype;

• Create affinity groups for women and other minorities. This strategy is
applicable to PSECO, as it aims to address the barrier absence of parity
between peers;

• Assign a woman to lead and conduct all admission interviews in which
the interviewee is a woman. This strategy is applicable to PSECO, as it
aims to address the barriers lack of parity between peers and glass
ceiling;

• Make the organization’s code of ethics easily available, citing support for
gender diversity and repudiation of prejudice actions, to any degree. This
strategy is applicable to PSECO, as it aims to address the barriers sex-
ism, harassment, non-inclusive communication, prove it again,
stereotype and toxic culture; and

• Present and reinforce the code of ethics in favor of diversity and inclu-
sion with your customers and suppliers, before signing the contract and
whenever necessary. This strategy is applicable to PSECO, as it aims to
address the client resistance barrier and lack of collaboration be-
tween business partners.

Details on the actions of each suggested strategy were included, most of
these actions were identified in the study by Trinkenreich et al. [49] and new
strategies were incorporated based on the results obtained in the present work,
as seen in Table 6. The prefix ST and sequential number were used as identifiers
for each item of this component. For the actions of each strategy, the prefix AC
and sequential number were used as identifiers.
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Table 6: Detailed strategies of the framework PSECO-GDI.

Strategies Actions MLR
[11]

Field
Study

ST01. Create
and raise aware-

Ac.01. Create, publicize and raise awareness about
the code of conduct

X X

ness of policies in
favor of diversity

Ac.02. Promote policies against harassment in orga-
nizations

X X

Ac.03. Make explicit statements that there is zero
tolerance for behavior contrary to gender inclusion

X X

Ac.04. Present and reinforce the code of ethics in
favor of diversity and inclusion with your customers
and suppliers, before signing the contract and when-
ever necessary

X

ST02. Embrace
equality

Ac.05. Train all managers in soft skills to have more
empathy and avoid burnout

X

Ac.06. Respect and give women a voice X
Ac.07. Guarantee equal pay, opportunities and chal-
lenges

X

Ac.08. Do not allocate women only to procedural
tasks

X

Ac.09. Give women the opportunity to make career
choices (in the same proportion as they are given to
men)

X

ST03. Empower
women

Ac.10. Publicize women’s successes on social media
and external events

X

Ac.11. Recognize and reward the achievements of
women

X

Ac.12. Provide training to boost women’s careers X

ST04. Hire more
women

Ac.13. Make job opportunities attractive to women’s
needs

X X

Ac.14. Change the recruitment and marketing pro-
cess

X X

Ac.15. Have more women recruiting for open posi-
tions

X X

Ac.16. Create IT vacancies aimed exclusively at
women

X X

Ac.17. Invest in programs to attract girls to STEM X X

ST05. Promote Ac.18. Organize a support group for women X X
women’s groups Ac.19. Promote interaction between women X X
and events Ac.20. Organize campaigns and/or lectures on the

importance of gender diversity
X X

ST06. Support Ac.21. Encourage women to advance in their careers X
women’s career Ac.22. Have more women in (technical) leadership X
growth Ac.23. Promote mentoring with other women who

are role models
X

ST07. Support Ac.24. Implement well-being policies X
work-life balance Ac.25. Discourage overtime X

Ac.26. Improve location and time flexibility X
Ac.27. Support fatherhood X X
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4.2.3. Coping Mechanisms

Based on the interview responses, it was possible to observe that 10 out of
19 interviewees who faced some gender barrier stated that the barrier occurred
with an internal professional from the organization itself, seven stated that the
barrier occurred with both internal and external professionals and two intervie-
wees stated who faced barriers with professionals external to the organization.
An internal professional means an employee in the same organization as the
interviewee. Using concepts and key roles explained in Section 2, an internal
professional can be understood as a professional from a keystone organization
itself, such as internal developers, business analysts, testers and others. The
prefix CM and sequential number were used as identifiers for each item in this
component.

In turn, an external professional is a professional who does not work in the
same organization as the interviewee, such as a supplier, client or outsourced
service provider. According to SECO definitions, external professionals can
be external developers (such as third-party service providers or suppliers who
provide software, make customizations or provide infrastructure for software)
or end-users (such as customers). It is worth mentioning that, from 10 inter-
viewees who mentioned that they suffered barriers with internal professionals,
three do not have direct contact with a client, supplier or external outsourced
service provider. Thus, we can observe that barriers occur with both internal
and external professionals of a keystone organization, being more observed in
internal environments. No barriers were reported with professionals outside the
evaluated ecosystem.

For those interviewed who mentioned that they faced barriers with internal
professionals, it was identified that the barrier occurred with their immediate
manager for 47% of them; for 35% of those interviewed, it was with peers from
other areas; and for 18%, it was with teammates. This information demonstrates
that most of the gender barriers with internal professionals end up happening
to the immediate manager, who should be the person responsible for ensuring
professional well-being. This information can be corroborated with I19’s report:
“It’s very difficult having to face these challenges with my manager, because it’s
not a temporary thing. I continued to have contact with him every day and the
situation ended up repeating itself, making me feel discouraged and unmotivated
at times”.

For those interviewed who mentioned that they faced barriers with external
professionals, it was possible to observe that, for 67% of them, the barrier oc-
curred with external clients, 22% with suppliers and customers and only 11%
exclusively with suppliers. It was also asked whether the interviewee observed
the same barrier occurring in other projects or other areas of the organization,
with the aim of identifying whether the barrier would spread to the organization
as a whole or whether it was restricted to one area or project. With the answers
obtained to this question, it was not possible to reach an assertive conclusion,
since 53% of the interviewees responded that they identified the barrier in other
areas or projects of the organization and 47% responded that they did not iden-
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tify the spread of the effect to the organization as a whole. This restricted
themselves to the project and area in which they operate.

For women who reported barriers with professionals who are internal to key-
stone organizations, a series of consequences can be perceived. The consequences
of these barriers are also called coping mechanisms in the framework. As such,
32% of those interviewed in the study said that they do not have reported the
problem to anyone, 21% reported it to their immediate manager, 11% spoke
directly to the person, 11% were changed areas, 11% requested to be termi-
nated, 5% filled a complaint with the ombudsman and 5% were terminated, as
described in Figure 7. We can see that over 27% of women had some type of
loss in their careers, as they were changed areas, laid off or asked to leave.

It was also possible to observe that women who did not report the issue
to anyone, who were changed areas, who requested dismissal, and who were
terminated were not satisfied with the resolution given, showing a negative effect
on the relationship between the actors involved. However, women who reported
to the immediate manager, who spoke directly with the person and who filled
a complaint with the ombudsman were satisfied with the resolution, as they
had the opportunity to discuss the issue and resolve the problem, without the
barrier occurring again.

Figure 7: Consequences of barriers with internal actors of a keystone organization.

In turn, for women who experienced barriers with professionals who are
external to keystone organizations, 33% say that their immediate manager spoke
to the client/supplier, 33% report that the organization took no action, 22%
confirm that the organization interrupted business with the customer/supplier,
and 11% describe that the organization changed customers, as described in
Figure 8. For cases in which the organization spoke to the customer/supplier
and interrupted business, women reported that they were satisfied with the
resolution given. For cases in which the organization took no action or they were
switched customers, they state that they were not satisfied with the resolution
given. Interviewees I01, I02 and I09, respectively, detail the result presented
from their perspective:
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“When you present yourself as the leader of that development project,
the supplier accepts, but it is clear that the expectation was that
another male person would be leading the project.” (I01)

“My company didn’t take any action, they just asked me to take it
easy and be patient. It was an important client and they didn’t want
to run the risk of losing the business because of an analyst.” (I02)

“I could clearly see a pattern, as there were clients that I knew I
couldn’t hire a woman for, because he would complain. With suppli-
ers I also felt a preference to work with men, however, with suppliers
we had a little more power to say that the girl would remain in the
project.” (I09)

Thus, whether arising from internal (or external) professionals of (or from)
keystone organizations, it can be observed that the barriers directly affected
the relationships between the actors, having a negative effect when they are not
properly reported, discussed and resolved. In the responses, it is also possible
to observe that there are still cases in which the blame for the occurrence of the
barrier ends up falling on women, such as in cases in which the professional was
changed area, client or terminated.

Figure 8: Consequences of barriers with external actors of a keystone organization.

5. Discussion and Implications

Gender diversity is not a new topic and has been studied by researchers for
a few years in various fields. Previous studies have already identified benefits
of including women in different organizational groups and have also identified
barriers in open software development and in the software industry. However,
our research takes a holistic view of the topic, aiming to identify the specific or
most striking characteristics of PSECO.
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As PSECO is a subset of SECO, many gender-related issues observed in
generic SECO are also present in PSECO environments. However, the propri-
etary nature of PSECO introduces specific characteristics, such as hierarchical
governance, intellectual property restrictions, and formalized relationships be-
tween keystone organizations and external actors, that influence how collabo-
ration occurs and how inclusion is negotiated. Prior research has shown that
hierarchical structures and rigid organizational boundaries can limit autonomy,
reinforce status-based dynamics, and reduce space for marginalized voices to
emerge, all of which may exacerbate existing gender inequalities in technical
teams (e.g., Ford et al. [14], Terrell et al. [48]). In contrast, OSSECO tends to
involve more decentralized and community-driven interactions, which may re-
duce the intensity of certain power dynamics, although they still present biases
such as informal exclusion and stereotype-based assumptions [50]. Our study
builds on this body of work by examining the specific challenges women face in
proprietary software ecosystems.

Based on the responses of the 21 interviewees, who are part of development
teams in PSECO, it was possible to identify similar contexts in their differ-
ent organizations. However, individual perception varied in some aspects. All
interviewees faced some barrier, which may have been mapped in the guided
impressions or unguided impressions stage of the interview. In the guided im-
pressions stage, the most cited barriers were imposter syndrome, sexism
and imbalance between professional and personal life. This result par-
tially reinforces the results obtained in the study by Trinkenreich et al. [49], in
which an exploratory study was carried out in a software organization and it
was identified that the barrier corresponding to imbalance between personal
and professional life was the most cited, followed by ceiling of glass and
sexism. The barrier imposter syndrome ranked seventh in this work.

In the study by Canedo et al. [8], in which a field study was carried out
through interviews with 17 female developers, the problems faced by women in
male-dominated organizations were divided into challenges, barriers and gender
issues. The most cited challenges in this study were lack of trust, lack of oppor-
tunity, and lack of credibility. The results obtained in this paper reinforce the
results of Canedo et al. [8] because, in the unguided printing stage, the barrier
prove it again was the most cited and glass ceiling was in fourth position
among the most cited items.

Still on the study by Canedo et al. [8], it was possible to observe that the
most cited barrier was gender bias in task allocation. This barrier was cited by
some participants during the interview, as exemplified by I19 (below). However,
this barrier was not categorized in a segregated manner, and it is not possible
to corroborate this result. For gender issues, the study by Canedo et al. [8] had
as the most cited: gender bias, gender language and representation of women.
The first item was frequently mentioned during the interviews, but also classified
under the barriers sexism and stereotypes. Gendered language was identified
as non-inclusive communication and classified by seven interviewees as some
degree of pain – this was the second barrier with mildest pain identified. The
representation of women was identified as the barrier lack of peer parity,
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which was the most classified as unbearable pain by the interviews.
Additionally, it was possible to observe that power relations between actors

directly interfere with the existence of gender barriers. In relationships in which
the power relationship is disproportionate, there is a greater incidence of gender
barriers, as in the case of the keystone’s relationships with its clients. As a key-
stone organization wants to maintain a good relationship with its clients and
avoid direct conflicts, it ends up being more permissive in relation to the treat-
ment of its female employees, increasing the incidence of barriers and discontent
among professionals. Such permissiveness is not seen as often in relationships
with suppliers since, in this type of relationship, the power relationship is more
favorable to the keystone organization.

Another point to note is that the barrier technical difficulties was the
fourth most cited barrier in the MLR’s selected studies [11]. However, in the
interviews, this barrier was classified as milder pain, i.e., with the largest number
of people choosing the no pain option. Thus, it can be concluded that, although
the fact that women experience some type of technical difficulty in software
development is widely discussed in the literature, in practice, this difficulty
has not been shown to be present in a significant way. From 15 out of 21
interviews, it was reported that they did not face this barrier and that technical
knowledge is not a problem. This result further reinforces the need for academia
to understand in which women’s pain really lies and act on such barriers so that
the environment is more inclusive and welcoming for them.

Van Breukelen et al. [51] brings in his study a very important topic, which
is the intersection between two minority groups, bringing barriers between both
groups, such as veteran women in the software industry or black women. These
women who are present in more than one minority group suffer even more
barriers throughout their career, some of them may not be listed in this study,
as they belong to another type of diversity in which they are part. They need to
be analyzed carefully so that more targeted strategies can be applied to actually
have an effect.

To provide more data on this topic and based on grouping the interviewees
by age, we observed how the barriers identified in the literature are perceived
by women according to their age group, analyzing how painful each barrier is
for them. We observed that the age group from 31 to 40 years old has a higher
rate of painful barriers. The barriers decrease in the age group from 41 to 50
years old. However, for the age group over 51 years old, some barriers continue
to decline and others increase again, possibly due to the age barriers that exist
in the IT industry, as studied by Van Breukelen [51].

Our research culminates in the PSECO-GDI framework, based on the DX
Framework of Greiler et al. [16], which includes motivations for joining PSECO,
contextual characteristics, barriers that women face in PSECO, strategies for
dealing with barriers and coping mechanisms. We focus on highlighting ac-
tionable factors that can pave the way for attract and retain more women in
PSECO. For industry practicioners, we propose a three-step process for lever-
aging the PSECO-GDI framework to systematically improve gender diversity in
PSECO. The PSECO-GDI framework aims to help IT managers and keystone
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organizations to promote gender diversity in PSECO.
We detail the guidelines for using framework next. It is important to high-

light that the information presented is not static, requiring updates by experts
and adaptation to the organization’s reality. To use the PSECO-GDI frame-
work, we draw the an approach similar to Greiler et al. [16]. The authors
recommend using an Ask-Plan-Act process to get the framework up and run-
ning, as follows:

1. Ask: The first step is to identify the problems. Ask women on the team
what barriers they have already faced, present a list of barriers and under-
stand if they have faced any of them in their career in the organization. It
is important that this step is done individually and online forms can also
be used, if preferred;

2. Plan: Improvement actions must take place at the individual, team and
organizational level, depending on the barrier identified. After collect-
ing feedback, responses should be evaluated to determine which barriers
should be addressed as a priority. Correction actions need to be planned
and receive financial resources for correction, if necessary. The list of
strategies raised in framework has suggestions for actions to be taken; and

3. Act: Make small, continuous improvements. After implementing the ac-
tions gradually, check whether the actions taken are actually addressing
the barrier. Monitoring the success of actions taken is essential so that
barriers can be overcome one by one. Once the planned improvements are
implemented, this three-step process can be repeated to continue progress
to the next hurdle and keep the process continuous.

To ensure that the PSECO-GDI framework contributes meaningfully beyond
the scope of this study, it is essential to outline how its findings can inform both
academic research and industry practices. The following implications illustrate
its potential applications in each context.

Implications for Academia: The PSECO-GDI framework offers a concep-
tual lens and empirical basis for future academic research in software engineer-
ing, and gender diversity. Researchers can adopt the framework to guide new
studies on organizational behavior in PSECO or expand the model to other
diversity dimensions. The structured categorization of motivations, barriers,
contextual characteristics, strategies, and coping mechanisms provides a valu-
able foundation for building survey instruments, comparative analyses across
SECO types, or longitudinal studies on diversity evolution in software teams.

Implications for Industry: For industry practitioners, the PSECO-GDI
framework can guide the design and evaluation of diversity and inclusion (D&I)
initiatives. It can support IT managers, HR departments, and keystone actors
in diagnosing current barriers and planning targeted interventions based on the
identified strategies. The Ask-Plan-Act cycle proposed helps organizations em-
bed continuous improvement practices into their D&I programs. Furthermore,
the coping mechanisms revealed by the study serve as signals of organizational
deficiencies, alerting leadership to situations where women must compensate
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for institutional gaps. By operationalizing the framework, companies can foster
more inclusive, equitable, and innovative work environments.

The proprietary nature of PSECO introduces structural, organizational, and
relational conditions that significantly differ from those in open-source or tra-
ditional enterprise environments. In PSECO, development is driven by cen-
tralized governance, strict control over intellectual property, and contractual
relationships that regulate participation and define obligations between key-
stones, suppliers, and clients, as noted in Outao et al. [34]. These features
result in power asymmetries, restricted contribution models, and high-impact
external dependencies that shape how inclusion, and exclusion, are experienced.
While our findings confirmed common gender-related barriers such as imposter
syndrome and sexism, we also identified two context-specific barriers: client re-
sistance and lack of collaboration between business partners. These reflect how
external commercial actors and inter-organizational dynamics can reinforce gen-
der inequalities in proprietary ecosystems. Compared to diversity frameworks
developed in open-source (e.g., Trinkenreich et al. [50], Canedo et al. [7]) or
hybrid contexts (e.g., Steglich et al. [44]), the PSECO-GDI framework provides
a tailored structure that accounts for the dual influence of internal organiza-
tional dynamics and external contractual relationships. This duality is rarely
addressed in prior work. Moreover, by distinguishing between understanding
(barriers and context) and fostering (strategies and mechanisms), our frame-
work supports actionable interventions that are specific to PSECO, contexts
where alignment, control, and reputation management are central to decision-
making and ecosystem participation.

6. Threats to Credibility and Reliability

The reliability of the results is directly linked to the credibility of the work.
Unlike quantitative studies, qualitative studies face a higher risk of threats to
credibility than validity. The credibility and trustworthiness of qualitative re-
search primarily depend on the diligence, thoroughness, and integrity demon-
strated by the researchers throughout the process of data collection and analysis
[33]. In the following, we mainly describe threats to external and internal cred-
ibility of our work and the limitations.

For internal credibility, the semi-structured interview protocol and script
were defined jointly by the authors, which were validated in a pilot with two
participants, with adjustments prior to conducting the interviews. Furthermore,
the discussion of the results was carried out considering the theories and works
related to the work. The transcriptions were carried out automatically, but
reviewed by two authors to avoid errors with the support of the original au-
dios. The coding process was carried out iteratively by at least two authors and
reviewed by the others authors. An RLM was carried out to support the prepa-
ration of the interview protocol and script, as well as validation of the script by
an expert in SECO domain. The protocol strictly followed steps to ensure the
work was as accurate and objective as possible. In addition, we also kept an
extensive audit trail in the form of complete transcripts from all participants.
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Additionaly, some responses described scenarios involving colleagues with
overlapping identity traits (e.g., older male peers), which raises the possibility
that discrimination may result from multiple factors, such as age and gender
combined. Although our coding focused on gender-related barriers, we acknowl-
edge that these intersectional dimensions challenge the isolation of gender as a
sole explanatory factor. This complexity has been similarly noted in prior work
exploring how intersecting identities, such as race, age, and gender, shape ex-
periences in software development contexts [52]. The absence of a dedicated
intersectional analysis in our study may limit the credibility of certain interpre-
tations, as it introduces ambiguity in how participants’ experiences are catego-
rized.

With respect to external credibility, our sample size of 21 participants ex-
ceeds what Guest et al. [17] recommends for achieving saturation as our group of
participants were a relatively homogeneous group of active software developers.
It is worth noting that no new categories or concepts emerged during the last
two interviews, indicating that saturation was reached. As limitations, firstly,
the absence of an evaluation mechanism for the framework is indicated to con-
firm that, in the view of experts on the topic, the model adheres to the initially
designed objectives. Another limitation is related to the high-level description
of the strategies to be adopted, which was not in detail, as it depends on the
reality of each organization. The lack of a proof of concept is also highlighted as
a limitation, since the goal was to empirically develop the proposed framework
in this work.

7. Conclusion

This work presented a work on the perspective of women who work in soft-
ware development teams at PSECO regarding the effects of gender diversity on
relationships with different actors in the environment. To do so, a field study
were conducted based in the findings of a previous MLR [11]. In addition to
asking open questions to identify the details of women’s careers, the barriers
identified in MLR [11] were also listed so that the interviewees could evalu-
ate each one with based on the VAS scale, describing how much each barrier
represents a pain for herself.

Among all the diverse responses obtained in the interviews, it was possible
to observe that the gender barriers identified by the open questions (unguided
impressions stage) reinforced those identified in the literature. Furthermore,
two new barriers were identified: client resistance and lack of collaboration
between business partners. At this stage, the most cited barriers were prove
it again, sexism, and client resistance. In turn, in the unguided impressions
stage it was identified that the most cited barriers were imposter syndrome,
sexism and imbalance between professional and personal life, with the
barriers lack of parity between peers, glass ceiling, imposter syndrome
and harassment being highlighted most times as unbearable pain. It was
also possible to observe that barriers occur both with internal and external
actors to the keystone organization and that they generate a negative effect
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on the relationship between the actors when not reported and discussed, even
leading to the interruption of the relationship, such as a request termination or
termination of business with a specific customer or supplier.

Based on the existing literature on the topic of gender diversity and, with
the results of this work and previous ones carried out, it is necessary to orga-
nize the body of knowledge. In order to achieve this objective, a framework to
foster gender diversity in PSECO was proposed. The PSECO-GDI framework
presents the main elements that affect the gender diversity of PSECO: motiva-
tions for joining PSECO, contextual characteristics, barriers that women face in
PSECO, strategies for dealing with barriers, and coping mechanisms. The work
brought together 15 gender barriers that affect women and 27 strategies to deal
with these barriers, in addition to four motivations for joining a PSECO, five
contextual characteristics, and six coping mechanisms.

This work sought to organize the body of knowledge on the topics of gender
diversity and PSECO, given the lack of technical content that brings together
the two topics. This organization was carried out by consolidating concepts,
information and categorizations that can be used by IT managers and central
PSECO organizations to foster gender diversity in their teams. As such, all
the benefits that gender diversity brings to software development teams can be
enjoyed, such as increased productivity and increased profitability of the orga-
nization. This study highlights several areas that warrant further investigation,
particularly the exploration of diverse gender identities, the interaction between
multiple forms of diversity and their associated barriers, and the application
of intersectional perspectives (e.g., gender combined with age, race, or other
attributes). Understanding how human behavior is shaped by the presence or
absence of diversity in development teams remains an open and relevant area
for future inquiry.
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Appendix A.

Interview Guide

Estimated time: 30 minutes
People to interview: Female developers from a keystone of PSECO.
Disclaimer: Ask for permission to record, communicate that the interview

will be used for research and that your data will be analyzed by researchers,
but will be anonymized before being shared publicly. Also describe the concept
of PSECO by Manikas [29] and the concept of keystone described by Manikas
and Hansen [30].

Research objective: In this interview, we want to understand what bar-
riers women face as developers in keystone organizations. In addition to un-
derstanding their relationships with other actors in the software ecosystem, the
main gender barriers they faced and strategies that, in their view, worked to
foster gender diversity in these environments.

Part 1 - Demographic questions: Questionnaire to be sent before the
interview via Google Forms

Part 2 - Unguided impressions
2.1 What motivated you to become a developer?
2.2 What motivated you to join as a developerat your current company

(keystone)?
2.3 Have you faced any barriers within your company for being a woman

working on a development team? Which ones?
2.4 What happened after you faced this challenge/barrier?
2.5 Who were the main people involved in this challenge/barrier? People

inside the company or external actors (suppliers, clients etc.)?

7https://doi.org/10.5281/zenodo.15380955
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2.6 Have you faced any type of barrier with stakeholders outside your com-
pany? Whih ones?

2.7 How has your company positioned itself on this topic?
2.8 As part of this research, we also want to understand the possible strate-

gies for dealing with gender diversity in PSECO. What strategies have you seen
adopted to deal with gender diversity in PSECO that you think have actually
worked?

Part 3: Guided impressions:
3.1 I would like you to evaluate, on a scale of zero to ten, with zero being

painless and ten being the worst possible pain, how much each of the barriers
that I will present below is a pain for you?

3.2 Is there another barrier that you think is important and that I did not
mention?

References
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