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Psychological safety is widely recognized as a important factor in team effectiveness,
fostering collaboration, innovation, and psychological well-being in the workplace. In
software engineering, where technical work is inherently collaborative and cognitively
demanding, the presence or absence of psychological safety shapes team dynamics
and software outcomes. Yet, empirical research remains limited in explaining how
psychological safety is challenged during specific software development practices, and
how such challenges can be effectively mitigated in practice.

This research adopts a multi-method design to investigate psychological safety
in software engineering from conceptual, behavioral, and practical perspectives. The
project is composed of three studies: (1) a systematic literature review to consolidate
academic knowledge and identify gaps; (2) a qualitative analysis of gray literature from
online developer forums to uncover real-world manifestations of psychological safety
challenges and coping strategies; and (3) semi-structured interviews with software
professionals to validate, contextualize, and expand upon the prior findings.

Findings indicate that psychological safety challenges frequently arise during tech-
nical activities including code review, requirements negotiation, time estimation, and
technology adoption. These situations involve interpersonal risks linked to speaking
up, disagreeing, and admitting uncertainty, which impact collaboration, knowledge
sharing, and software quality. The study identified practical strategies such as inclu-
sive leadership, structured communication, and trust-building to mitigate these chal-
lenges and foster safer team interactions.

This research contributes an empirical foundation tailored to the socio-technical
complexity of software development, advancing the understanding of psychological
safety from broad organizational concepts to concrete, activity-based interpersonal
dynamics. The final interview study aims to refine the recommendations and deepen
understanding of contextual barriers and impacts of psychological safety in software
teams. Ultimately, this work supports the development of empirically grounded strate-
gies to create healthier, more inclusive, and effective software engineering environ-
ments.
Keywords: 1. Software engineering. 2. Psychological safety. 3. Qualitative research. 4.
Human Aspects.
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RESUMO

A segurança psicológica é reconhecida como um fator importante para a eficácia das
equipes, promovendo a colaboração, a inovação e o bem-estar no ambiente de trabalho.
Na engenharia de software, onde as atividades técnicas são inerentemente colaborativas
e cognitivamente exigentes, a presença, ou ausência, de segurança psicológica influencia
a dinâmica das equipes e a qualidade do software. No entanto, ainda são escassas as
pesquisas empíricas que expliquem como a segurança psicológica é desafiada em práticas
específicas do desenvolvimento de software e como esses desafios podem ser mitigados na
prática.

Esta pesquisa adota um desenho multimétodo para investigar a segurança psicológica
na engenharia de software a partir de perspectivas conceituais, comportamentais e práti-
cas. O projeto é composto por três estudos: (1) uma revisão sistemática da literatura para
consolidar o conhecimento acadêmico e identificar lacunas; (2) uma análise qualitativa de
literatura cinzenta proveniente de fóruns on-line de desenvolvedores, com o objetivo de
revelar manifestações do mundo real dos desafios à segurança psicológica e das estraté-
gias de enfrentamento adotadas; e (3) entrevistas semiestruturadas com profissionais de
software para validar, contextualizar e expandir os achados anteriores.

Os resultados indicam que os desafios à segurança psicológica surgem com frequência
durante atividades técnicas, incluindo revisão de código, negociação de requisitos, esti-
mativas de tempo e adoção de tecnologias. Essas situações envolvem riscos interpessoais
associados a se manifestar, discordar e admitir incertezas, impactando a colaboração, o
compartilhamento de conhecimento e a qualidade do software. Tais desafios são moldados
por barreiras (por exemplo, confiança técnica limitada, medo de consequências relacionais
e intolerância a erros) e por fatores facilitadores (por exemplo, liderança humana, comu-
nicação aberta e interações inclusivas e respeitosas), que influenciam se os membros da
equipe se sentem seguros para participar de forma aberta e construtiva.

Cinco estratégias situadas foram identificadas como centrais para promover a segu-
rança psicológica: expor-se, incluir os outros, aprender a partir das interações, geren-
ciar processos e moldar o ambiente. Os achados também mostram que as flutuações
na segurança psicológica têm consequências significativas: níveis reduzidos de segurança
suprimem a participação, a criatividade e a troca de conhecimento, contribuindo para
retrabalho, atrasos, redução do bem-estar e perda de talentos; enquanto uma segurança
psicológica sustentada potencializa o engajamento, a qualidade do software e a inovação.

De modo geral, esta pesquisa desloca o foco de noções organizacionais amplas de
segurança psicológica para processos interpessoais sociotécnicos, situados em atividades
específicas, oferecendo estratégias empiricamente fundamentadas e alinhadas às reali-
dades do desenvolvimento de software. Além disso, evidencia as consequências relevantes
que a segurança psicológica exerce tanto sobre indivíduos quanto sobre organizações:
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xii RESUMO

enquanto ambientes de apoio promovem engajamento, aprendizagem e inovação, climas
inseguros inibem a participação e comprometem o bem-estar, frequentemente resultando
em problemas de entrega, retrabalho e perda de talentos valiosos.

Palavras-chave: segurança psicológica, engenharia de software, desafios interpessoais,
práticas técnicas, pesquisa qualitativa



ABSTRACT

Psychological safety is widely recognized as a important factor in team effectiveness,
fostering collaboration, innovation, and psychological well-being in the workplace. In
software engineering, where technical work is inherently collaborative and cognitively
demanding, the presence or absence of psychological safety shapes team dynamics and
software outcomes. Yet, empirical research remains limited in explaining how psycho-
logical safety is challenged during specific software development practices, and how such
challenges can be effectively mitigated in practice.

This research adopts a multi-method design to investigate psychological safety in
software engineering from conceptual, behavioral, and practical perspectives. The project
is composed of three studies: (1) a systematic literature review to consolidate academic
knowledge and identify gaps; (2) a qualitative analysis of gray literature from online
developer forums to uncover real-world manifestations of psychological safety challenges
and coping strategies; and (3) semi-structured interviews with software professionals to
validate, contextualize, and expand upon the prior findings.

Findings indicate that psychological safety challenges frequently arise during tech-
nical activities including code review, requirements negotiation, time estimation, and
technology adoption. These situations involve interpersonal risks linked to speaking up,
disagreeing, and admitting uncertainty, which impact collaboration, knowledge sharing,
and software quality. These challenges are shaped by barriers (e.g., limited technical
confidence, fear of relational consequences, intolerance for mistakes) and enablers (e.g.,
humane leadership, open communication, inclusive and respectful interactions) that in-
fluence whether team members feel safe to participate openly and constructively.

Five situated strategies were identified as central for fostering psychological safety:
exposing oneself, including others, learning from interactions, managing processes, and
shaping the environment. The findings also show that fluctuations in psychological safety
have meaningful consequences: limited safety suppresses participation, creativity, and
knowledge exchange, contributing to rework, delays, reduced well-being, and talent loss;
whereas supported psychological safety enhances engagement, software quality, and in-
novation.

Overall, this research shifts the focus from broad organizational notions of psycholog-
ical safety to activity-based socio-technical interpersonal processes, providing empirically
grounded strategies tailored to the realities of software development. It also highlights
the significant consequences psychological safety holds for both individuals and organiza-
tions: while supportive environments foster engagement, learning, and innovation, unsafe
climates inhibit participation and undermine well-being, often resulting in delivery prob-
lems, rework, and the loss of valuable talent.

xiii
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Chapter

1
This chapter presents the motivation and context that led to the development of this research. It in-
troduces the challenges associated with promoting PS in software engineering, explains the relevance of
investigating this topic in socio-technical environments, and outlines the research goals and questions
that guide this work.

INTRODUCTION

The evolution of economic models in recent decades reflects the growing importance of
intangible assets, such as knowledge, information, and human capital, over traditional
physical resources and industrial processes (POWELL; SNELLMAN, 2004). In response
to these changes, the United Nations’ 2030 Agenda identifies sustainable development as
a guiding principle for global policy, emphasizing the need to promote equitable, dignified,
and healthy workplaces (United Nations, 2015).

Aligned with this vision, the ISO 45003 standard, introduced in 2021, provides guid-
ance for organizations to identify and manage psychosocial risks that threaten employee
mental health and well-being. Key risk factors include poor communication, interper-
sonal conflicts, and power imbalances, challenges that are particularly common in highly
collaborative and cognitively demanding work environments (ISO, 2021).

In this context, the concept of Psychological Safety (PS) emerges as an important
factor in promoting healthier and more inclusive workplaces. It refers to a shared belief
among team members that the workplace is safe for interpersonal risk taking, such as
admitting mistakes, asking for help, or proposing new ideas, without fear of negative
consequences for one’s image, status, or career (EDMONDSON, 1999, 2018).

PS is especially relevant in Software Engineering (SE), an area profoundly shaped by
the shift toward intangible value creation. Innovation, creativity, and collaboration are
central to its processes, which include activities such as requirements negotiation, code
review, architectural planning, and time estimation. These tasks require not only tech-
nical expertise, but also interpersonal skills, feedback receptiveness, and effective conflict
management, all of which are enabled by psychologically safe environments (SANTANA
et al., 2024; ALAMI; ZAHEDI; KRANCHER, 2024).

The relevance of PS in software development was reinforced by Google’s Project Aris-
totle, which identified it as the most important factor for team effectiveness within en-
gineering teams (Google, 2015). PS enables team members to contribute ideas, raise

1
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concerns, and engage in constructive discussions, practices that are essential to managing
the uncertainty and complexity inherent in software projects. In its absence, teams can
experience decreased collaboration, reduced knowledge sharing, and increased levels of
stress and disengagement, all of which negatively impact productivity, talent retention,
and software quality (AHMAD, 2023; BUVIK; TKALICH, 2022).

Recent studies have increasingly examined the positive outcomes associated with PS
in software engineering contexts. It has been linked to enhanced team performance
(LENBERG; FELDT, 2018; GUSTAVSSON, 2022; BUVIK; TKALICH, 2022), improved
communication and knowledge sharing (KAKAR, 2018), and higher software quality
(ALAMI; ZAHEDI; KRANCHER, 2024; ALAMI; KRANCHER, 2022). In particular,
leadership has been identified as a key enabler of PS, especially in agile environments
where teams are expected to operate autonomously and make collective decisions (AH-
MAD, 2023). Other research has explored the impact of work arrangements, such as
remote, hybrid, or in person settings, on the sense of safety of team members (TKALICH
et al., 2022), as well as the potential of online retrospectives to foster open dialogue and
psychological comfort in agile teams (KHANNA; WANG, 2022).

Despite these contributions, the existing literature tends to emphasize broad con-
structs, such as organizational culture, leadership, and general team dynamics, while
offering limited insight into how PS is threatened in specific software engineering prac-
tices. This gap is particularly significant given that PS is not uniformly experienced in all
tasks; it can fluctuate depending on the nature of the activity, the individuals involved,
and the social or communicative context. Understanding when and how PS is compro-
mised during technical work is essential for developing actionable interventions to better
support software teams.

1.1 RESEARCH STATEMENT

To bridge this gap, the study adopts a multimethod research design composed of three
interrelated components: (i) a systematic review of the literature to synthesize current
academic knowledge on PS in software teams; (ii) a qualitative analysis of the gray
literature to explore how practitioners describe and navigate PS challenges in real world
development scenarios; and (iii) semi-structured interviews with industry professionals to
validate and refine the findings.

Together, these studies aim to build a robust empirical foundation for understanding
the socio-technical conditions that influence PS in software engineering. In doing so,
the research seeks to synthesize primary evidence on current challenges and inform the
development of context-sensitive recommendations to promote safer and more inclusive
software development environments.

1.2 RESEARCH GOALS AND QUESTIONS

The overarching objective of this qualitative multi-method research is to understand how
PS unfolds in software development work. In particular, the study seeks to examine what
interpersonal risks related to PS software professionals face during collaborative technical
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activities and how these experiences influence both personal and technical outcomes. PS
is understood here as a situated and dynamic process through which individuals assess
whether it is acceptable to express concerns, raise questions, acknowledge mistakes, or
challenge ideas in their work environment. This definition remains iterative and open to
refinement throughout the study based on participants’ accounts and empirical evidence.

To achieve this goal, we define the following specific objectives:

- To synthesize current knowledge about PS in software engineering teams.

- To identify situations in which PS is compromised during software development
activities.

- To formulate and refine strategies that support PS in software teams.

These objectives are addressed through the following Research Questions (RQ):

• RQ1: What psychological safety challenges do software engineering professionals
face?

• RQ2: What strategies help address or respond to the psychological safety challenges
faced by development teams?

• RQ3: What factors or enabling conditions make psychological safety possible in
software engineering teams?

• RQ4: What barriers hinder psychological safety in software engineering teams?

• RQ5: What are the consequences of psychological safety (or lack thereof) for soft-
ware development?

By addressing these RQs, this study aims to contribute to a deeper understanding of
PS in software engineering and provide practical recommendations for fostering safer and
more effective development environments.

1.3 RESEARCH CONTRIBUTIONS

This research makes four contributions to the understanding of PS in software engineer-
ing. First, it advances the field by moving beyond broad constructs and focusing on
the concrete interpersonal challenges that arise directly from specific software engineer-
ing practices. Although existing studies often examine PS in generalized organizational
terms, this research anchors its analysis in technical contexts, such as code review, time
estimation, and architectural decisions, revealing how these practices create conditions
that undermine PS.

Second, the study offers a multifaceted empirical view of PS grounded in diverse data
sources by integrating evidence from peer-reviewed literature, gray literature platforms,
and interviews with industry professionals. In particular, the use of gray literature,
including practitioner forums such as Stack Exchange, proves valuable in capturing candid
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and experience-based perspectives that might not be easily expressed in formal research
environments.

Third, the research delivers a comprehensive analytical framework that maps the
interpersonal challenges of PS across various software engineering contexts. This frame-
work, developed from multiple qualitative sources, synthesizes the recurring patterns of
difficulty, and a set of actionable recommendations aimed at cultivating psychologically
safe and inclusive development environments. It serves as a foundation for both reflection
and practice within SE teams.

Finally, the study contributes to the research community by releasing empirical datasets
that support replication and further investigation. These research packages include the
coding schemes used for analyzing the literature and practitioner data, annotated from
the gray literature, and interview instruments, providing transparency and opportunities
for methodological reuse.

This work has already resulted in three published articles and two additional manuscripts
currently in the submission process. The first publication (SANTANA et al., 2023)
presents a preliminary analysis of discussions from the Stack Exchange Software En-
gineering (SESWE), offering insights into the presence of PS issues in professional dis-
course. The second publication (SANTANA et al., 2024) expands and refines the previous
analysis by systematically identifying software engineering practices and their associated
PS challenges. The third publication (SANTANA et al., 2025) presents a systematic
literature review on PS in software.

In addition, two manuscripts are in progress. One of them presents an integration
between the challenges and strategies found in the discussion forums and interviews we
conducted with software practitioners, while the other presents enablers, barriers, and
consequences resulting from these interviews.

1.4 STRUCTURE OF THE DOCUMENT

The remainder of this document is structured as follows:
Chapter 2 – Background: This chapter provides the theoretical foundation for the

study, presenting key concepts, antecedents, and consequences of PS in software engi-
neering.

Chapter 3 – Methodology: This chapter details the multi-method research design
adopted in this work, which includes three complementary studies. The chapter also
describes how the findings from all studies will be integrated to address the research
questions.

Chapter 4 – Psychological Safety Challenges and Strategies: This chapter presents the
challenges that undermine psychological safety in software development and the strategies
practitioners employ to address them, drawing on analyses of online forum discussions
and interview data.

Chapter 5 – Enablers and Barriers to Psychological Safety: This chapter identifies
the conditions that enable or hinder psychological safety in software engineering teams,
based on evidence from the interview study.

Chapter 6 – Consequences of the Presence and Absence of Psychological Safety: This
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chapter examines the consequences of psychological safety, as well as its absence, inte-
grating findings from the systematic literature review and complementary insights from
interviews to illustrate their impact on software development outcomes.

Chapter 7 – Discussion: This chapter discusses the key findings and reflects on their
implications for understanding PS in software engineering.

Chapter 8 – Threats to Validity and Trustworthiness: This chapter examines the
rigor and trustworthiness of the multi-method qualitative design adopted in this thesis,
drawing on established criteria for qualitative inquiry and empirical standards in software
engineering.

Chapter 9 – Conclusion: This chapter presents a summary of the main contributions
of the research, discusses its limitations, and outlines future research directions.





Chapter

2
This chapter introduces the state-of-art on psychological safety in software engineering and presents the
theoretical foundation that supports this research.

BACKGROUND

This chapter begins by presenting the conceptual foundations and historical development
of PS, outlining its evolution from early organizational change theories to more recent
frameworks focused on team dynamics. This theoretical background establishes a basis
for understanding how PS has been defined and investigated across domains.

Subsequently, the chapter synthesizes findings on PS within the context of software
engineering, based on a systematic literature review conducted as part of this research.
This synthesis highlights key antecedents, such as leadership behavior, team autonomy,
and agile practices, as well as the main consequences associated with PS, including effects
on team collaboration, software quality, and job satisfaction.

Lastly, the chapter presents the related work, highlighting gaps in the existing liter-
ature—particularly the limited empirical understanding of how PS is shaped by specific
software engineering practices.

2.1 PSYCHOLOGICAL SAFETY IN ORGANIZATIONS

PS is a construct that first emerged in organizational change research. In 1965, Schein and
Bennis emphasized its importance in understanding how workplace environments contin-
uously evolve, introducing new challenges or altering existing ones (SCHEIN; BENNIS,
1965). They argued that fostering PS is essential for employees to feel secure in adapt-
ing their behaviors when necessary. Additionally, they highlighted that a psychologically
safe environment encourages tolerance for failure without fear of retaliation or blame,
ultimately facilitating learning and adaptability in dynamic organizational contexts.

Decades later, Kahn expanded on the concept by examining its role in personal en-
gagement at work, focusing on architects and camp counselors (KAHN, 1990). His find-
ings indicated that PS directly influences individuals’ willingness to express themselves
physically, cognitively, and emotionally rather than resorting to self-protective behaviors.
When employees feel psychologically safe, they are more likely to fully engage in their

7
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work, contribute meaningfully, and avoid withdrawal, thereby fostering a more open and
productive work environment.

Edmondson later conceptualized PS at the team level, defining it as “a shared belief
held by team members that the team is safe for interpersonal risk-taking” (EDMOND-
SON, 1999, p. 9). Her pioneering work differentiated PS from team cohesion, clarifying
that while cohesion pertains to group unity, PS is specifically linked to individuals’ per-
ceptions that expressing themselves within the team will not result in rejection or punitive
consequences. To empirically assess PS within teams, Edmondson developed a measure-
ment scale, which has since been widely adopted in organizational research.

While leadership plays a pivotal role in fostering PS, Edmondson argues that sus-
taining it requires continuous reinforcement from all team members to prevent and man-
age crises effectively. In hierarchical settings, openly voicing concerns, challenges, and
opinions are not always intuitive; however, encouraging such behaviors is essential for
promoting intelligent risk-taking, embracing diverse perspectives, and tackling complex
problems collaboratively (EDMONDSON, 1999).

In psychologically safe environments, failures, particularly those associated with inno-
vation, are viewed as opportunities for reflection and strategic improvement rather than
as personal shortcomings (EDMONDSON; LEI, 2014). Employees operate not to pro-
tect their reputations but to drive progress by pursuing novel opportunities, even when
these involve calculated risks. For instance, setbacks such as technological obsolescence
are reframed as catalysts for transformation rather than as failures to be feared. The
growing recognition of PS as an important factor in organizational success has led to an
increasing body of research exploring its antecedents and outcomes.

A meta-analytic review by Frazier et al. (2017) identified multiple factors influencing
PS in the workplace, including individual traits (e.g., proactive personality, emotional sta-
bility) and organizational elements (e.g., leadership style, peer support). The review also
highlighted its strong associations with positive workplace outcomes, such as knowledge
sharing, learning behaviors, and job performance.

The significance of PS has been extensively recognized in fields such as healthcare
and sports. In hospital environments, where interdependence, complexity, and dynamic
working conditions are prevalent, PS has been linked to patient safety and improved team
performance (O’DONOVAN; MCAULIFFE, 2020). Similarly, in the domain of sports,
research has established a positive association between PS and mental health (VELLA et
al., 2024). As a result, substantial research efforts have been dedicated to understanding
and fostering PS in these contexts. Investigating PS within specific professional domains
contributes to conceptual clarity and supports the development of effective strategies for
its enhancement (VELLA et al., 2024).

2.2 PSYCHOLOGICAL SAFETY IN SOFTWARE DEVELOPMENT

Software development is a knowledge-intensive activity in which knowledge sharing is
a fundamental component (AHMAD, 2023). Given the highly collaborative nature of
software engineering, PS plays a role in fostering environments where team members feel
comfortable expressing their ideas, proposing improvements, and addressing challenges.
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The benefits of open communication, such as enhanced processes, stronger team relation-
ships, and higher software quality, must outweigh the perceived risks of misinterpretation
or negative judgment (EDMONDSON, 2018).

Research highlights the specific challenges PS poses in software development. For in-
stance, Lenberg e Feldt (2018) argue that while PS is important for engineering teams, it
requires active effort from both managers and team members to be effectively cultivated
(LENBERG; FELDT, 2018). Challenges such as subgroup formations and communica-
tion barriers can impede PS, though they can be mitigated depending on the team’s work
modality (on-site, remote, or hybrid) (TKALICH et al., 2022).

Creating psychologically safe software development environments requires a compre-
hensive understanding of the construct and the establishment of reflective spaces where
continuous feedback is valued. Without such spaces, individuals may withhold informa-
tion about problematic situations, potentially leading to project inefficiencies and reduced
team performance (TKALICH et al., 2022). According to Alami, Krancher e Paasivaara
(2022), PS is essential for enabling development teams to discuss failures and imperfec-
tions openly, ultimately driving technical excellence through the exchange of new ideas
(ALAMI; KRANCHER; PAASIVAARA, 2022).

2.2.1 Antecedents and consequences of psychological safety

Although PS has been explored in software engineering with respect to specific outcomes
and interactions, these findings have not yet been consolidated in a comprehensive review.
To address this gap, we conducted a systematic literature review synthesizing current
knowledge on PS in software workplaces (SANTANA et al., 2025). Our analysis of 28
primary studies identifies key antecedents and consequences of PS. This review thus
offers a summary of the current state of research on PS in software development.

In our revision, we identified the interaction between PS and various factors within
software development environments. Based on this interaction, we categorized the find-
ings of the studies into two primary categories: antecedents and consequences of PS. The
first category includes a range of elements that contribute to the establishment of PS
within teams, while the second category focuses on the outcomes that PS affects.

In relation to the antecedents of PS, we identified both elements that promote PS, such
as spontaneous interactions, the use of tools, and agile practices, as well as factors that
may undermine it, including high negative affectivity within the group. These factors are
organized into three distinct levels: organizational, team, and individual levels. Below,
we provide a detailed explanation of each level.

• Team level: We identified seven studies exploring team dynamics concerning PS.
Buvik e Tkalich (2022) noted that team autonomy enhances PS, while Hood et
al. (2016) provided evidence supporting the promotion of PS environments based
on group effectivity, with negative affectivity contributing to psychologically unsafe
environments. Furthermore, Hood et al. (2016) found that transactive memory sys-
tems, storing and sharing knowledge within a team, positively impact PS. Tkalich
et al. (2022) and Ågren, Knoph e Svensson (2022) examined the effects of remote
work on PS. Both studies highlighted that social and spontaneous interactions were
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critical in influencing PS. The lack of interaction has negative consequences, while
the presence of such interactions fosters PS. Alami, Zahedi e Krancher (2023) iden-
tified collective decision-making as a behavior that precedes PS at the group level.
Furthermore, Ahmad (2023) highlighted the fostering of interpersonal relationships
of trust and respect as a relevant antecedent for the team. Hennel e Rosenkranz
(2021) highlighted that social agile practices, including Daily Stand-ups, Reviews
and Retrospectives, Pair Programming, Sprint Planning and Prioritization, Collec-
tive Code Ownership, and Cross-Functional Teams, positively impact PS, enhancing
and strengthening this aspect within the team.

• Organizational level: Regarding practices that promote PS at the organizational
level, Zhang et al. (2019) indicated that high-commitment work systems1 facilitate
PS. Additionally, Christensen e Tell (2022) found that using tools as an intervention
activity facilitated the enhancement of PS within teams. In Faraj e Yan (2009),
boundary work is a factor affecting PS, with three specific boundary activities,
boundary spanning, buffering, and boundary reinforcement, playing a role. This
factor can be moderated by environmental factors such as team task uncertainty
and resource scarcity. Thorgren e Caiman (2019) identified cultural differences as
challenges to maintaining PS. Alami, Zahedi e Krancher (2023) identified owner-
ship of PS as an antecedent, highlighting the responsibility of organizational leaders
in fostering a culture that prioritizes PS. Additionally, Ahmad (2023) highlighted
leader behavior and designing a team for learning as antecedents that require orga-
nizational efforts to establish and sustain practices that enable PS.

• Individual level: We identified four studies that examined behaviors that im-
pact PS at the individual level. Alami, Zahedi e Krancher (2023) investigated the
antecedents of PS, focusing on strategies to promote this aspect within agile de-
velopment teams. The other studies highlighted behaviors that indicate a lack of
PS (SANTANA et al., 2023), presented indicators of PS (KHANNA; WANG, 2022),
and outlined interpersonal challenges and related practices that affect PS (SAN-
TANA et al., 2024).
Specifically, Alami, Zahedi e Krancher (2023) identified two antecedents: openness
and no blame, which are foundational and at the individual level. Santana et al.
(2023) observed situations where a lack of PS included divergent ideas, commu-
nication issues, and the absence of good programming practices. Moreover, they
highlighted that these challenges occurred across various types of relationships, in-
cluding those with customers, different departments, developers, leaders, and team
members . Santana et al. (2024) revealed that interpersonal challenges arising from
certain SE practices could undermine PS. Seven specific interpersonal challenges
were identified, including disagreeing with suggestions or ideas and calling atten-
tion to errors. These challenges can occur in a variety of practices, such as require-
ments definition, code review, and development process decisions. Khanna e Wang

1High-commitment work systems encompass a set of systematic human resources practices (ZHANG
et al., 2019).
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(2022), in their turn, found the presence of specific behaviors, sharing opinions,
making mistakes, raising problems, asking questions, and showing consent using
online tools, to indicate PS in online retrospectives.

A review of the consequences of PS revealed its impact at the individual, and team
levels. Additionally, we identified aspects directly related to software development, such
as software quality, which are affected by PS as well. These factors are discussed below:

• Team level: Four studies indicated that PS positively impacts team performance
(LENBERG; FELDT, 2018; GUSTAVSSON, 2018, 2022; BUVIK; TKALICH, 2022).
Beyond performance, PS is positively associated with other group attributes, such
as belonging to the team (TRINKENREICH; GEROSA; STEINMACHER, 2024),
team effectiveness (VERWIJS; RUSSO, 2023), team capabilities (BARROS; TAM;
VARAJAO, 2024), team reflexivity (BUVIK; TKALICH, 2022), transactive mem-
ory systems (HOOD et al., 2016), and knowledge sharing (KAKAR, 2018).
Regarding aspects directly related to software development, we found that so-
cial agile practices depend on and are influenced by the level of PS (HENNEL;
ROSENKRANZ, 2021). PS indirectly influences the success of agile projects through
its positive impact on customer involvement (BARROS; TAM; VARAJAO, 2024).
Technical excellence is facilitated by PS (ALAMI; KRANCHER; PAASIVAARA,
2022), as it promotes behaviors such as proactive initiative and ongoing learn-
ing without fear of consequences. Alami, Zahedi e Krancher (2024) and Alami e
Krancher (2022) suggested that PS has contributed to software quality by facil-
itating open discussion of issues and admission of mistakes (ALAMI; ZAHEDI;
KRANCHER, 2024), as well as fostering efforts and transparency regarding quality
expectations (ALAMI; KRANCHER, 2022).

• Individual level: Lenberg e Feldt (2018) suggested that PS positively influences
individual job satisfaction. At the same time, the choice of knowledge sources
(“knowledge sourcing”) is affected by an individual’s level of PS (SAFDAR; BADIR;
AFSAR, 2017). Those with high levels of PS tend to consult team members,
whereas those with low levels of PS prefer external sources.

In addition to the antecedents and consequences of PS, we identified the results that
the PS did not moderate nor was moderated by other variables. For instance, Khan et
al. (2024) indicated that PS does not moderate the relationship between social anxiety
disorder (SAD) and psychological distance. Similarly, Lenberg e Feldt (2018) found that
team norms do not moderate the relationship between team performance and PS.

Regarding indirect effects, Ahmad et al. (2023) found that PS mediates the relation-
ship between ethical leadership and innovative work behavior and the interactive effect
between ethical leadership and proactive personality. Similarly, Gaan e Sahoo (2023)
reported significant findings on the mediating role of PS in the relationship between
software developers’ mindfulness and team performance. Lastly, we identified a study
presenting “brain drain” as an effect of a lack of PS (AHMAD, 2023).
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In summary, PS is shaped by a variety of antecedents and, in turn, leads to several
important consequences in software development contexts. Key antecedents include in-
dividual, team, and organizational-level factors such as autonomy, social agile practices,
and interpersonal behaviors (e.g., expressing opinions). The consequences of PS involve
positive impacts on team performance and software quality, including greater customer
engagement and increased transparency in technical discussions. The lack of PS can
also result in negative outcomes, such as “brain drain,” underscoring its significance in
organizational settings.

2.2.2 Related work

Some of the studies found share similarities with the current research, offering guidance
on the relationship between PS and software development. For example, Ahmad (2023)
investigated PS in large-scale agile software development (LSA) teams through semi-
structured interviews with seven practitioners from a Scandinavian technology company
participating in the NODLA project. The study employed a grounded theory approach
to analyze practitioners’ experiences with working environment challenges in real-world
settings.

The findings indicate that building a psychologically safe environment in LSA teams
is a multidimensional effort. Key antecedents include proactive leadership, team design
that fosters learning, open communication and feedback, and structured onboarding.
Conversely, its absence is linked to the accumulation of social and people-related debt.
The authors emphasize the role of leadership in fostering PS by recognizing employees’
contributions, promoting involvement in projects, and enabling learning from mistakes.
They also stress the importance of designing teams to address competence gaps and
support continuous development.

Similarly, Alami, Zahedi e Krancher (2023) explored the antecedents of PS in agile
software development (ASD) teams. The authors adopted a mixed methods approach,
following an exploratory sequential design in which a qualitative phase informed the devel-
opment of hypotheses subsequently tested in a quantitative phase. The qualitative phase
was conducted through interviews, aiming to generate detailed explanations of how PS
emerges in ASD contexts. Based on the insights gained, the authors formulated hypothe-
ses that were then tested in the quantitative phase using a survey. The findings revealed
that PS in ASD teams is influenced by factors at the leadership, team, and individual
levels. Among the antecedents tested, no-blame practices and collective decision-making
showed the strongest relationship with PS. Openness and leadership commitment were
also significantly associated.

Tkalich et al. (2022) conducted a longitudinal study of three agile teams during the
pandemic and post-reopening period, based on 16 semi-structured interviews. The study
examined four key dimensions of PS: Safe to be honest, Safe to make mistakes, Safe
to ask for help, and Valuing each other. Their findings suggest that teams adopting a
partially aligned hybrid model, coordination of presence on site on specific days, experi-
enced greater PS due to increased opportunities for spontaneous collaboration. Although
remote work maintains productivity, it adversely affects PS, highlighting the importance
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of regular in-person interactions to foster a supportive and cohesive work environment.
Finally, Khanna e Wang (2022) assessed whether the use of online tools in agile

retrospectives fosters a psychologically safe environment. The authors conducted a case
study with a research and development team. Data were collected through three sessions:
an unstructured group interview with the product manager and team leaders to gather
contextual information about the company and its agile practices; a recorded online
agile retrospective (OAR) session conducted by the team at the end of a sprint; and a
follow-up unstructured interview with the product manager to clarify and complement
the data. The study found that participants experience PS when using online tools to
share opinions, admit mistakes, raise concerns, ask questions, and express consent.

By situating PS within different stages of software development, such as require-
ments, design decisions, development, and project management, our research moves be-
yond broad organizational discussions to provide actionable insights into how technical
and collaborative aspects of software engineering shape PS. Moreover, our study extends
existing literature by proposing targeted strategies for mitigating PS challenges, offering
a structured framework applicable to diverse software development environments.





Chapter

3
METHODOLOGY

We conducted this study using a qualitative research approach, following the framework
proposed by Creswell e Creswell (2017). Qualitative research is particularly effective
for examining social phenomena within their natural organizational and interpersonal
contexts (SEAMAN, 1999). Given that PS in software engineering is both complex and
highly context-dependent, this approach allows to capture of rich, nuanced insights that
quantitative methods alone might fail to reveal, providing a deeper understanding of how
interpersonal dynamics unfold in real-world software development settings.

To achieve this, the study adopts a multi-method qualitative design, combining a
systematic literature review, qualitative analysis of online forum discussions, and semi-
structured interviews. This approach was chosen to enhance validity, reliability, and
depth of interpretation through the triangulation of complementary data sources and
analytical perspectives (DONKOH; MENSAH, 2023). By integrating these methods, the
study both corroborates and extends findings, addressing the multifaceted phenomenon of
PS in software engineering from multiple angles. This design aligns with the research ob-
jectives by enabling a comprehensive exploration of conceptual foundations, practitioner
discourse, and in-depth experiential insights.

Data collection followed a sequential design, where each phase informed and refined
the next. The literature review provided the conceptual groundwork, which guided the
subsequent forum analysis. The interview phase then expanded and deepened the pat-
terns identified in the previous phases, exploring how these behaviors materialize in ev-
eryday work contexts.

This sequential integration aligns with the principles of mixed- and multi-method in-
tegration (STOREY et al., 2025), combining theoretical, data-based, and result-based
connections across studies. The Systematic Literature Review informed the analyti-
cal framework; the forum analysis generated an empirical taxonomy of challenges, and
strategies; and the interviews provided contextualized evidence of how these dynamics
unfold within real teams.

The integration was both data-based (using shared codes across datasets) and results-
based (comparing convergences and divergences among sources). While the first two
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studies (SLR and forum analysis) addressed RQ1, RQ2, and RQ5, the interview study
expanded the scope by uncovering barriers (RQ3) and consequences (RQ4) that had not
emerged in previous phases.

Combining these sources mitigated the limitations inherent to each dataset, such as
the decontextualized nature of online discussions or the subjectivity of interview accounts,
and enabled meta-inferences that could not be drawn from any single source. The re-
sulting synthesis offers a multi-layered, empirically grounded perspective on how PS is
challenged, maintained, and cultivated throughout the software development process.

The study is composed of three complementary components, each designed to address
specific aspects of the research questions.

3.1 RESEARCH QUESTIONS

To guide the investigation, we formulated five research questions (RQs). Each question
is addressed by one or more of the studies described in this chapter.

RQ1: What PS challenges do software engineering professionals face? In
this study, we examine PS challenges through two analytical lenses: (1) the part of the
software development process in which they occur, and (2) the type of interpersonal
behavior affected. This structure allows us to capture both when and how challenges to
PS arise, supporting teams and leaders in recognizing which behaviors to encourage and
identifying gaps in collaboration and communication.

RQ2: What strategies help address or respond to the PS challenges faced
by development teams? Since PS is evidenced by interpersonal behaviors, it is nec-
essary to examine the strategies that enable individuals to enact these behaviors
when they are socially risky. Investigating successful practices provides actionable
recommendations that software teams can implement to enhance PS. These insights con-
tribute to the development of structured guidelines that support a healthier and more
productive work culture in software engineering.

RQ3: What factors or enabling conditions make PS possible in software
engineering teams? Understanding the factors that enable PS is essential to identify
what supports team members in speaking up, sharing ideas, and engaging in collaborative
problem-solving. This question aims to capture the enablers that foster trust, openness,
and learning within teams, providing insight into the conditions that promote a safe and
productive work environment.

RQ4: What barriers hinder PS in software engineering teams? Examining
the barriers to PS helps reveal the obstacles that prevent team members from expressing
concerns, raising questions, or contributing fully. By identifying these obstacles, research
can clarify how organizational, leadership, team, and individual factors can inhibit open
communication and mutual support, highlighting areas for potential improvement.

RQ5: What are the consequences of PS (or lack thereof) for software devel-
opment? Exploring the consequences of PS, or its absence, provides an understanding of
how varying levels of safety impact software engineering outcomes. This includes effects
on individual well-being, team dynamics, and organizational performance. The ques-
tion motivates an analysis of the practical implications of fostering or neglecting PS in
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software development contexts.
These RQs were addressed through three interrelated studies that constituted the

multimethod design of this research. RQ1 and RQ2 were examined in Studies B and C.
In Study B, we analyzed real-world discussions from developer communities to identify
interpersonal risks, contextual practices, and strategies. These questions were further
explored in depth in Study C, where interviews with industry professionals provided
richer and more situated accounts of these experiences. Furthermore,RQ3 and RQ4 were
primarily informed by Study C, which sought to uncover the organizational, cultural,
and structural conditions that enabled or hindered PS. Finally, RQ5 was investigated
across Studies A and C, identifying the practical consequences of PS, or its absence, for
collaboration, communication, and software project outcomes. Together, these interlinked
RQs (RQ1-RQ5) formed a coherent investigative pathway in which each phase built upon
the previous, ensuring both methodological rigor and interpretative depth in addressing
the overarching RQs.

3.2 STUDY DESCRIPTIONS

To address the RQs presented above, this research draws on evidence from three inter-
related studies, each employing a distinct methodological approach. Together, they offer
a comprehensive investigation into PS in software engineering. Figure 3.1 synthesizes
studies and integration. Each component is described in detail below.

3.2.1 Study A – Systematic literature review

This study consists of a systematic literature review conducted following the established
guidelines for evidence-based software engineering (KITCHENHAM; CHARTERS et al.,
2007). Its objective was to synthesize empirical research on PS in software development
environments. A total of 28 primary studies were selected for analysis. The results of
this study were published in Information and Software Technology (IST) (SANTANA et
al., 2025).

3.2.1.1 Article search strategy. We conducted an automated search across four
major online databases: ACM Digital Library, IEEE Xplore, Web of Science, and Sco-
pus. The search query employed the term “psychological* safe,” drawing upon search
strategies used in prior systematic reviews on PS in other domains (EDMONDSON; LEI,
2014; FRAZIER et al., 2017; NEWMAN; DONOHUE; EVA, 2017). The inclusion of the
asterisk (*) allowed for variations of the term “psychological safety,” such as “psycholog-
ically safe,” as well as related expressions that may appear in the technical literature.

Given the multidisciplinary scope of Scopus and Web of Science, we restricted the
search to article titles, abstracts, and keywords. Additionally, we incorporated terms
related to software development (“program* ” OR “software”) to refine the scope of
relevant studies. To further enhance specificity within Scopus, we applied an additional
filter to limit results to the field of computer science. The search was conducted in June
2024.



18 METHODOLOGY

Data Collection Data Analysis Data Extraction

Challenges (RQ1) and
Strategies (RQ5)

 749 posts
 SESWE and SEPM

 110 posts 
SESWE and SEPM

110 Challenges and
 479 Strategies 

6 Challenges and
4 Strategies 

Data Analysis
  

Semi-Structured 
Interviews

Participant recruitment
and profile

12 interviews
32 Challenges, 
  21 Strategies, 

68 Enablers, 45 Barriers 
and 38 Consequences

Data Extraction

Challenges (RQ1) and
Strategies (RQ5)

6 Challenges, 
 5 Strategies, 15 Enablers,

9 Barriers, and 12
Consequences 

Data Extraction

Challenges (RQ1) and
Strategies (RQ5)

Exploration
RQ1 and RQ2

Data Extraction

Challenges (RQ1) and
Strategies (RQ5)

In-depth analysis
 (RQ1, RQ2, RQ5) and
Further Exploration 

(RQ3, RQ4)

Challenges (RQ1) 
and

 Strategies (RQ2)

 Studies B + C 

Consequences
 (RQ5)

RQ1 - RQ5 (Triangulated Results)
Synthesis of Challenges, Strategies,

Enablers, Barriers, and
Consequences 

Data Collection Data Analysis Data Extraction

Challenges (RQ1) and
Strategies (RQ5)

1.024 articles
ACM, IEEE, Scopus, 

Web of Science

28 articles 13 Consequences 13 Consequences
Data Extraction

Challenges (RQ1) and
Strategies (RQ5)

RQ5 
and 

theoretical basis

Study C

Documental
 analysis

Search and Selection Data Analysis Data Extraction Coding

Data Collection Data Analysis Data Extraction Coding

Study B

Results

Results

 Studies A + C Analysis of
convergent,

complementary, and
divergent findings

Final results

Sistematic 
Literature Review

Search and Selection Data Analysis Data Extraction Coding

Study A

Results

Figure 3.1 Synthesis of studies and integration

In addition, we employed a snowballing search, which yielded several new articles for
analysis. Snowballing is a method for identifying relevant sources by examining the refer-
ences of discovered articles (WOHLIN, 2014). This technique was applied to expand the
set of primary studies for our research. We conducted both forward snowballing (explor-
ing the references cited by the primary studies) and backward snowballing (exploring new
studies that cite the primary studies). In total, we identified 1,024 articles for analysis.

3.2.1.2 Article selection process. In our systematic review, two researchers inde-
pendently conducted the article selection process, adhering to predefined inclusion and
exclusion criteria, as shown in Table 3.1. This dual-review approach aimed to enhance the
rigor and reliability of the selection process. Initially, titles and abstracts were screened to
eliminate false positives, followed by a thorough full-text review of the remaining articles.

The researchers convened to resolve any discrepancies in the article selection process,
ruling out the need for the participation of a third researcher. To assess the original inter-
rater reliability of the article selection, we employed Cohen’s Kappa coefficient (COHEN,
1960), which yielded a value of 0.86. This indicates near-perfect agreement between
the researchers, demonstrating strong alignment in their judgments, consistent with es-
tablished standards for interpreting Kappa scores (COHEN, 1960). Furthermore, this
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Table 3.1 Inclusion and exclusion criteria
Criterion Description of Inclusion Criterion (IC) /

Exclusion Criterion (EC)

IC1 The study presents an investigation of PS
within the context of software development.

EC1 The article is complete, thus opinions, keynotes,
viewpoints, and posters were excluded from the sample.

EC2 The full text of the article is available.
EC3 The article is not written in English.
EC5 The full text is not accessible.
EC6 The article is a short paper with fewer than six pages.
EC7 The article is a secondary study.
EC8 The article is a grey literature (e.g., dissertations, technical reports).

Kappa value exceeds 0.79, a threshold indicating high agreement in the SE field (LIU et
al., 2020).

During the initial screening process, we eliminated several false positives by reviewing
the titles and abstracts of the papers. For instance, the article titled “Gratitude and
Adolescents’ Mental Health and Well-Being: Effects and Gender Differences for a Posi-
tive Social Media Intervention in High Schools1” was excluded as it focused on a school
environment, which falls outside the scope of PS in software development. Additionally,
we identified studies that examined PS in contexts such as human-robot interaction and
manufacturing. While these articles offered valuable insights, they were deemed irrele-
vant to the specific focus of our research. In summary, we included 20 articles from a
total of 1,024 retrieved from the digital libraries.

The snowballing approach yielded 305 additional articles for analysis. We applied the
same selection process to these articles, screening their titles and abstracts, followed by
full-text reading of the selected candidates for quality assessment. This process led to
the inclusion of 8 additional studies, bringing the total to 28 articles for analysis. The
selection process is illustrated in Figure 3.2 based on PRISMA flow diagram2.

3.2.1.3 Methodological quality assessment. To ensure the robustness of the evi-
dence synthesized in this review, the methodological quality of the included primary stud-
ies was systematically appraised. Given the heterogeneity of research designs observed
in the literature on psychological safety in software engineering, including qualitative,
quantitative, and mixed-methods studies, the Mixed Methods Appraisal Tool (MMAT,
2018 version) was selected as the assessment framework (HONG et al., 2018).

The MMAT provides an initial set of screening questions applicable to all studies, fol-
lowed by design-specific criteria tailored to qualitative, quantitative, and mixed-methods
research. All studies retained after the selection process met the screening criteria, con-
firming their suitability for full quality appraisal.

1https://psycnet.apa.org/record/2023-59338-068
2<https://www.prisma-statement.org/prisma-2020-flow-diagram>
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Figure 3.2 Steps to perform the review

Quality assessment was conducted by applying the criteria corresponding to each
study’s methodological category. For studies evaluated using five criteria (e.g., qualitative
and mixed-methods designs), the majority satisfied four or all five criteria. Quantitative
non-randomized studies without an intervention or exposure, assessed using three crite-
ria in accordance with MMAT guidelines, consistently met all applicable criteria. This
flexible application of the tool aligns with MMAT’s recommendations for accommodating
differences in study design.

Overall, the appraisal indicates a generally high level of methodological rigor among
the included studies. Rather than serving as a basis for excluding studies, the quality
assessment informed the interpretation of findings during synthesis, supporting a more
nuanced understanding of the reported evidence. Detailed appraisal results for individual
studies are provided in the supplementary material.

3.2.1.4 Extraction and coding. Data extraction followed a structured protocol de-
signed to capture key information from each primary study, including study character-
istics, PS conceptualizations, measurement instruments, antecedents, and consequences.
For the purposes of this thesis, the extraction focused particularly on identifying the con-
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sequences associated with the presence or absence of PS in software engineering contexts.
Extracted consequences were operationalized as any reported outcomes linked to psy-

chologically safe or unsafe environments, at the individual, team, or organizational level.
These data were inductively coded, grouped by analytical level, and compared across
studies to identify recurring patterns. This procedure ensured a coherent synthesis of
heterogeneous evidence and provided the theoretical foundation for answering RQ5, as
well as supporting the empirical design of subsequent studies.

3.2.2 Study B – Documentary analysis

This study consists of a qualitative analysis of discussions from two Stack Exchange
communities, Software Engineering and Project Management. Its objective was to explore
real-life experiences of PS challenges and strategies shared by practitioners in online
forums. A total of 110 posts were selected for in-depth analysis. Preliminary results based
on the Software Engineering forum dataset were published in the Brazilian Symposium on
Software Engineering (SBES) (SANTANA et al., 2023) and the IEEE Software magazine
(SANTANA et al., 2024).

3.2.2.1 Discussions search strategy. We defined the search terms as “psychologi-
cal* safe,” “speak up,” “voice,” and “silent.” The first term addresses PS, while the others
explore behaviors such as speaking up or remaining silent when reporting situations. Be-
havioral terms were chosen because searches using only “PS” yielded limited results. We
adopted the search strategy employed by O’Donovan e Mcauliffe (2020) in systematic
reviews across related fields. After reviewing the initial results, we found that most dis-
cussions were purely technical. To refine the search, we added “team” and “people” to
target the human aspects of development. Posts were screened in two stages. First,
we excluded threads unrelated to interpersonal or collaborative issues (e.g., purely tech-
nical troubleshooting). Second, we retained discussions in which participants explicitly
described a challenge or recommended a way of responding to it.

We collected discussions from both forums retrieved up to December 2024: we
gathered 433 discussions from SESWE and 316 discussions from Stack Exchange Project
Management (SEPM). In total, we analyzed 749 posts.

3.2.2.2 Discussion quality criteria As online discussions vary considerably in terms
of clarity, relevance, and credibility, explicit quality criteria were applied to ensure that the
forum data analyzed in this study reflected content collectively recognized as meaningful
by the practitioner community. Rather than treating all available posts as equivalent, this
study leveraged platform-specific signals to distinguish substantively relevant discussions
from low-quality or marginal content.

Following prior research that examined practitioner knowledge in software engineer-
ing forums (GOMES et al., 2023), the selection of discussions was guided by voting and
interaction mechanisms native to the Stack Exchange platform. These mechanisms func-
tion as forms of community-based validation, whereby participants collectively evaluate
the relevance, usefulness, and legitimacy of contributions.
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We applied the following quality filters:
• Positive community evaluation: Only threads whose initial question received a

score greater than zero were included. A positive score indicates that community
members perceived the problem as relevant and sufficiently well articulated to merit
attention.

• Evidence of interaction: Eligible threads were required to contain at least one
answer. This criterion ensured that the issue raised elicited interpersonal engage-
ment and dialogue, rather than remaining unanswered.

• Community-endorsed advice: For the analysis of responses, only answers with a
score greater than zero were retained. This filter aimed to ensure that the strategies,
explanations, or guidance analyzed were recognized by peers as constructive and
credible.

Voting patterns and participation signals on Stack Exchange can be understood as a
form of in situ peer review, reflecting collective judgments about the clarity, utility, and
trustworthiness of shared knowledge.

3.2.2.3 Discussions selection process. Two researchers analyzed independently
the full content of posts to identify relevant topics without selecting data. This phase
identified content types for extraction and other discussion topics. Table 3.2 presents all
identified situations and some post examples.

Based on these outcomes, we perceived that only situation 1 involves a PS situation,
allowing us to define inclusion and exclusion criteria. They are shown in Table 3.3.

Two researchers individually analyzed the textual content of the 749 retrieved discus-
sions considering the inclusion and exclusion criteria. They recorded the findings in Excel
spreadsheets. After completing their analyses, they reached a consensus, totalizing 110
discussions for the analysis. We measured the agreement level between the researchers
using Cohen’s Kappa index (MCHUGH, 2012), achieving a value of 0.916. This value is
more significant than 0.79, an expected high agreement rate in the software engineering
field (LIU et al., 2020).

3.2.2.4 Extraction and coding. The extraction and coding procedures in Study B
were designed to identify how PS challenges and strategies were described and discussed
within the selected Stack Exchange posts. Once the 110 eligible discussions were iden-
tified, we conducted a qualitative content analysis (KRIPPENDORFF, 2018) to extract
units of meaning that reflected practitioners’ real experiences related to PS in software
development contexts.

For each included thread, we analyzed the question post as the primary source of
PS challenges. A challenge was operationalized as any situation in which the author
described hesitations, interpersonal risks, uncertainty about how to act, or difficulties re-
lated to speaking up, asking for help, proposing changes, pointing out errors, or disagree-
ing, behaviors closely associated with PS. These narratives were treated as naturalistic
accounts of situations in which PS was present, threatened, or absent.
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Table 3.2 Types of situations analyzed in the study.
ID Situation Sample post
1 Situations in which PS challenges

were present: Posts that pre-
sented real situations where PS
challenges were encountered.

“What does a Product Owner do
if they disagree with the CEO’s di-
rection on product strategy?”

2 Purely technical issues: Posts
that did not address aspects of
human relationships.

“How should a REST API han-
dle PUT requests to partially-
modifiable resources?”

3 Individual questions: Questions
that did not involve interactions
with other people.

“When can you call yourself good
at language X?”

4 Hypothetical situations: Ques-
tions about scenarios that did
not occur, on which the authors
sought opinions.

“Imagine that a project has failed
due to processes not being fol-
lowed. What are some exam-
ples of specific kinds of analy-
sis or planning which could have
alerted the management team to
the shortage in resources?”

In addition to content-based criteria, basic demographic information was derived from
publicly available profile metadata where provided. Although most users did not disclose
personal details, 40 posts included geographic information, indicating participation from
users located in regions such as South Africa, Germany, Canada, Sri Lanka, India, Aus-
tralia, Denmark, Argentina, France, Poland, Sweden, the United Kingdom, Switzerland,
Iran, and various states within the United States. This information is used here solely to
indicate the international dispersion of contributors and does not imply any comparative
or cultural analysis.

This analysis addressed both RQ1 and RQ2, providing a rich understanding of the
challenges and mitigation strategies in real-world software development contexts. The
results of this study are detailed in Chapter 4.

Table 3.3 Inclusion (IC) and exclusion (EC) criteria.
Criterion Description

IC1 The discussion contains challenges to
PS in software development.

EC1 The discussion is not related to interactions
with other people.

EC2 The discussion involves purely technical situations.
EC3 The discussion refers to hypothetical situations.
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3.2.3 Study C – Semi-structured interviews

This study consists of a series of semi-structured interviews with software professionals.
Its objective was to explore practitioners’ perceptions and lived experiences regarding PS
across different stages of the software development process. A total of 12 interviews were
conducted. Findings from this study have supported two publications currently under
review: one submitted to a conference and another submitted to a journal.

This study was approved by the Research Ethics Committee under the protocol num-
ber 7.807.142, registered in Plataforma Brasil with CAAE number 389437125.0.0000.5033.
The research follows the ethical guidelines established by the Brazilian National Health
Council Resolution CNS 466/2012, ensuring the protection of participants’ rights and
confidentiality.

3.2.3.1 Data collection. Semi-structured interviews were conducted with a protocol
organized around five core topics: (1) a situation in which the participant felt hesitant to
speak up; (2) barriers to and factors that enabled PS in that situation; (3) perceived con-
sequences of the situation; (4) actions, supports, or practices that could have improved
PS; and (5) additional experiences or reflections related to PS. Follow-up questions were
included under core topic (1) to probe details about context, participants involved, and
specific outcomes. The full interview script is presented in Table 3.4. This approach
enabled consistent data collection while capturing rich, detailed accounts of participants’
experiences. This approach enabled consistent data collection while capturing rich, de-
tailed accounts of participants’ experiences.

We developed the research protocol based on insights from previous empirical studies
and literature on PS, ensuring alignment with the study’s research questions (RQ1–RQ5).
The questions were iteratively refined and validated through discussions with multiple
researchers and a pilot interview, allowing us to confirm clarity, relevance, and complete-
ness. The data collected during the pilot interview were used exclusively to validate and
refine the research instrument and were not included in the final dataset or subsequent
analysis.

Prior to the interviews, participants read and accepted an informed consent form and
completed a brief pre-interview questionnaire in a spreadsheet, which collected demo-
graphic and professional information such as role, experience, and team size. This step
ensured that participants met the inclusion criteria and facilitated contextualization of
the interview data.

Twelve participants with diverse backgrounds were recruited through convenience and
snowball sampling, leveraging professional contacts. Their demographic and professional
profiles are presented in Table 3.5. The sample includes professionals from startups,
medium-sized companies, and large organizations, occupying both technical and leader-
ship roles, and working under remote, hybrid, or on-site arrangements. Interviews were
conducted remotely, audio-recorded with informed consent, and fully transcribed.

This integrated presentation supports a nuanced examination of PS, combining practi-
tioner perspectives with community discourse to answer all research questions effectively.
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Table 3.4 Interview script
Interview questions

1. Have you ever encountered a situation within your team in which you
felt apprehensive or reluctant to express your opinions or take a stance
before your team, leadership, clients, or other departments?
1.1 Based on your experience, particularly in [explicitly stated specific job-
related activities], have you ever faced a situation where it was challenging
to admit mistakes, disagree with colleagues, propose changes, request
assistance, or provide negative feedback?
1.2 If not, in your experience, what factors do you believe enable individ-
uals to feel comfortable admitting mistakes, disagreeing with colleagues,
proposing changes, requesting assistance, or providing negative feedback
in the workplace?
1.3 Could you describe this situation in greater detail?
2. What factors hindered or enabled your response or actions in that
situation?
3. What consequences did this situation have for you personally, for the
team, or for the progress of the project?
4. What might have helped you (or the team) manage this situation
more effectively?
5. Is there any additional experience or aspect related to psychological
safety that you would like to share?

3.2.3.2 Extraction and coding. The extraction and coding procedures in Study C
focused on identifying participants’ lived experiences of PS across all research questions.
After transcription, each interview was examined in full to identify segments in which
participants described situations involving interpersonal risk, hesitations, difficulties in
speaking up, or behaviors reflecting either the presence or absence of PS. These segments
constituted the primary units of meaning for the analysis.

Data were analyzed using thematic analysis (CLARKE; BRAUN, 2013), following
an iterative process of identifying codes, grouping them into conceptual subcategories,
and consolidating them into broader analytical categories. Throughout the process, two
researchers independently coded a subset of interviews to establish coding alignment.
Iterative cycles of comparison, refinement, and consensus meetings were conducted to
ensure analytical consistency. An external expert later reviewed the coding structure
and category definitions to validate coherence and interpretative rigor.

During the analysis process, theoretical saturation was reached after the tenth inter-
view, when no substantially new themes emerged. However, two additional interviews
were conducted to confirm the stability of the thematic structure and ensure robustness
of interpretation.

This procedure enabled a comprehensive reconstruction of how PS is experienced, hin-
dered, and supported in software development teams. By capturing challenges, strategies,
relational conditions, emotional responses, and contextual factors embedded in real work
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Table 3.5 Participants’ demographics
Participant (P) Company type Years of experience Team size Work modality Gender Role

P1 Startup 9 5 Remote Male Software Engineer
P2 Large 26 50 Remote Male Chapter Lead
P3 Startup 3 6 Remote Male Software Engineer
P4 Large 3 40 Remote Female Software Engineer
P5 Large 9 5 Remote Male Developer
P6 Startup 8 6 Remote Male Frontend Developer
P7 Medium sized 35 70 Remote Female Software Director
P8 Large 4 5 Remote Female Backend Developer
P9 Startup 2 4 Remote Female Frontend Developer
P10 Large 4 13 Remote Male Product Owner
P11 Medium sized 6 5 On-site Female Product Owner
P12 Large 6 32 Hybrid Male Frontend Developer

situations, Study C provided the empirical foundation for addressing all four research
questions and for integrating the results across Studies A and B.

3.3 METHODOLOGICAL GUIDANCE FOR THE RESULTS CHAPTERS

Because this dissertation adopts a multi-study qualitative design, the results are presented
across multiple chapters, each corresponding to a specific study or combination of data
sources. Although this chapter provides the overarching methodological framework, each
results chapter begins with a brief methodological overview. This structure is intentional
and serves two purposes.

First, the studies included in this dissertation differ in their data sources, sampling
criteria, analytical procedures, and their role within the triangulation strategy. Providing
a concise methodological recap at the beginning of each results chapter helps clarify how
the general framework described here was operationalized for that specific study.

Second, this approach enhances transparency and readability. Rather than requiring
the reader to continually refer back to Chapter 3, each results chapter summarizes only
the methodological elements necessary for interpreting its findings, without repeating the
full methodological description.

This means that Chapters 4, 5, and 6 open with a study-specific methodological
overview, followed by the empirical findings derived from the procedures and datasets
defined in this chapter.



Chapter

4
This chapter presents the challenges and strategies related to psychological safety identified through anal-
yses of online forum discussions and interview data.

PSYCHOLOGICAL SAFETY CHALLENGES AND
STRATEGIES

This chapter presents the results of our investigation into the factors that challenge PS in
software development and the strategies practitioners employ to address these challenges.
We address the following research questions:

RQ1: What psychological safety challenges do software engineering professionals face?
RQ2: What strategies help address or respond to the psychological safety challenges

faced by development teams?
These questions were examined through a two-phase qualitative study combining nat-

urally occurring data from online forums with reflective accounts from semi-structured
interviews. The goal was to characterize how PS is undermined and enacted in everyday
software work. To answer these RQs, we use and analyze the dataset presented in Chapter
3, which integrates evidence from online communities and professional interviews.

This chapter is based on the following papers: (i) Exploring Psychological Safety
in Software Engineering: Insights from Stack Exchange (SANTANA et al., 2023), (ii)
Psychological Safety in the Software Work Environment (SANTANA et al., 2024), (iii)
Understanding Psychological Safety Challenges and Strategies in Software Development
(2026)

4.1 METHODOLOGICAL OVERVIEW

The findings presented in this chapter derive from two complementary data sources: the
forum analysis (Study B) and the interview study (Study C). Together, they provide a
comprehensive understanding of the challenges software professionals face when engag-
ing in psychologically risky behaviors, and the strategies they employ to navigate such
situations.

The forum analysis was conducted on two Stack Exchange communities, Software
Engineering and Project Management. After iterative screening and removal of non-
relevant or purely technical content, 110 threads were retained. Each thread described a

27
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real situation involving interpersonal risk and peer responses, thus serving as a naturalistic
source of evidence on how practitioners experience and discuss PS in practice.

The interview study complemented these findings by providing contextualized ac-
counts of participants’ lived experiences. A total of 12 software professionals participated
in semi-structured interviews focusing on situations in which they felt hesitant to speak
up, perceived barriers or enablers, and the strategies they used to handle those situa-
tions. To address RQ1 (What challenges hinder PS in software development?) and RQ2
(What strategies help address or respond to the PS challenges?), we analyzed the subset
of interview data referring to unsafe or safe situations in the workplace, as prompted by
specific questions in the interview protocol:

Q1. Have you ever encountered a situation within your team in which you felt appre-
hensive or reluctant to express your opinions or take a stance before your team, leadership,
clients, or other departments?

Q1.1. Based on your experience, particularly in [explicitly stated specific job-related
activities], have you ever faced a situation where it was challenging to admit mistakes,
disagree with colleagues, propose changes, request assistance, or provide negative feed-
back?

Q1.3. Could you describe the situation in more detail?
Q4. What might have helped you (or the team) manage this situation more effectively?
Data from both sources were analyzed through qualitative content analysis (KRIP-

PENDORFF, 2018). Forum data were coded to identify recurring patterns of interper-
sonal risk and recommended practices. Interview data were thematically analyzed to
capture the participants’ first-hand reasoning behind these behaviors. The two datasets
were then compared and integrated to form a consolidated taxonomy of PS challenges
and strategies across software development stages.

a) PS Challenge identification To identify the PS challenges that emerge during
the software development lifecycle, we grounded our analysis in the behavioral frame-
work proposed by (EDMONDSON, 1999, 2003). This framework was adopted based
on the findings of the systematic literature review conducted in Study A, which showed
that the majority of empirical investigations in software engineering rely on Edmondson’s
conceptualization of PS or closely aligned behavioral dimensions. As a result, her frame-
work provides a theoretically grounded and empirically dominant reference for examining
PS-related phenomena in this domain.

Edmondson’s framework operationalizes PS through observable interpersonal behav-
iors that individuals tend to avoid in low-PS environments or engage in when PS is high.
These behaviors include: Asking questions or seeking information; admitting or drawing
attention to errors; asking for help; trying new things, recommending changes; taking ini-
tiatives; sharing negative feedback; disagreeing with suggestions, opinions, or procedures;
expressing concerns; and avoiding seeking feedback, information, or help.

In the forum data, we examined the questions posted by practitioners to identify
instances that reflected one or more of these behaviors. Each discussion was treated as
a potential account of a psychologically risky situation, such as expressing disagreement,
acknowledging mistakes, or challenging authority, thus signaling a PS-related challenge.
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In the interview data, we focused on participants’ narratives describing similar sit-
uations of interpersonal tension, hesitation, or discomfort when speaking up. These
accounts were coded according to the same behavioral dimensions, enabling alignment
between naturalistic (forum) and experiential (interview) evidence.

b) Strategy selection After identifying the PS challenges in each discussion, we ana-
lyzed the corresponding answers to extract strategies proposed by community members
to address the reported issues.

The same principle guided the analysis of interview data, in which strategies were
defined as deliberate actions, attitudes, or contextual mechanisms that helped individuals
or teams handle risky situations more effectively. This parallel structure allowed for
cross-source comparison of challenges and strategies, facilitating the construction of an
integrated taxonomy presented in the following sections.

4.1.1 Integrated categorization

To ensure analytical consistency across research questions, we developed a unified cat-
egorization scheme that captures how PS manifests across interpersonal behaviors and
at distinct stages of the software development process. This scheme was constructed
iteratively by integrating insights from both datasets, the forum discussions (Study B)
and the interviews (Study C), that served as complementary perspectives that jointly
informed the refinement of the analytical framework.

Establishing preliminary categories from forum data. The forum dataset pro-
vided a wide range of concrete, situated accounts of interpersonal risks within software
development work. The posts typically consisted of requests for advice or clarification, in
which practitioners sought guidance on whether they should take specific interpersonal
actions, such as expressing disagreement, asking for help, or pointing out mistakes, and
how to do so appropriately within their teams. These discussions thus highlighted mo-
ments in which individuals hesitated, struggled, or faced resistance when attempting to
express concerns, propose alternatives, ask for help, or acknowledge mistakes.

Through qualitative content analysis, these instances were categorized along two an-
alytical dimensions that capture the behavioral nature of the interpersonal risk and its
situational context within the development process:

1. Behavioral dimension, representing the type of interpersonal behavior under
consideration (e.g., expressing disagreement, drawing attention to errors, admit-
ting mistakes). In forum data, this dimension reflects the behavior about which
practitioners were uncertain or sought advice, rather than an observed action itself.

2. Process dimension, indicating the phase of the software development process to
which the situation referred (e.g., requirements, planning, design and architecture,
development and delivery, project management). This situates the interpersonal
challenge within the broader workflow of software engineering.
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This produced a preliminary taxonomy representing where interpersonal risks emerge
and how they are perceived or negotiated in collaborative work.

Figure 4.1 Examples of how excerpts from forums and interviews were categorized according
to behavioral category and development process phase.

Figure 4.1 illustrates how the categorization was applied consistently across the two
datasets. For RQ1, both excerpts are coded under Expressing disagreement or raising
concerns, but each captures a distinct form of situated experience. The forum excerpt
refers to the Development and Delivery phase, specifically in the context of a code
review, where a practitioner recounts a real situation in which they felt uncertain about
how to disagree during line-by-line evaluation, seeking advice on how to handle it more
effectively. The interview excerpt corresponds to the Design and Architecture phase,
where participants described experiences of difficulty voicing critique during strategic
technical discussions.

For RQ2, both excerpts are categorized under Exposing oneself. The forum example
illustrates the use of routine ceremonies as opportunities to introduce potentially sensitive
topics, while the interview example refers to raising issues during retrospectives when
role-based boundaries might otherwise make doing so less straightforward.

Presenting these excerpts side by side shows how the same behavioral categories were
identified across sources, both grounded in lived professional experiences—while the asso-
ciated process phase situates each instance within its specific organizational and technical
context.
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4.2 RQ1: WHAT PS CHALLENGES DO SE PROFESSIONALS FACE?

PS challenges can be understood as interpersonal behaviors that serve as tests of the
team’s PS climate. These behaviors, such as expressing concerns and disagreements, rec-
ommending changes, acknowledging errors, asking for help, and sharing critical feedback,
tend to be enacted when team members feel safe to take interpersonal risks. Conversely,
these same behaviors are often avoided or suppressed in environments characterized by
low PS, where fear of negative consequences prevails.

Considering the list of PS challenges proposed by Edmondson (EDMONDSON, 1999,
2003), we identified all of them in the discussions. They are described below.

Our analysis of both forum discussions and practitioner interviews revealed six re-
curring challenges that test PS in software development. These challenges center on
developers’ ability to engage in open and constructive communication within their teams
and organizations. Specifically, they involve (1) expressing concerns and disagreements,
(2) recommending changes to existing practices or decisions, (3) drawing attention to
errors, (4) admitting errors and limitations, (5) asking for help, and (6) sharing and
receiving negative feedback.

Table 4.1 summarizes the integrated frequency of these challenges across the two data
sources. Expressing disagreement or raising concerns was the most prevalent challenge in
the forum (81 mentions), and it also appeared across the largest number of interviewees
(P1, P2, P3, P6, P8, P11, and P12). In contrast, challenges such as recommending
changes or drawing attention to errors appeared less frequently in forum discussions,
though still present across multiple interviews. Seeking help and admitting errors were
relatively rare in the forum dataset but were reported by a broader range of interviewees,
indicating that these behaviors are more likely to occur in private or trusted interactions
than in public, text-based discussion spaces. Sharing negative feedback was the least
mentioned challenge across both datasets, suggesting that feedback remains a socially
sensitive domain even in professional environments.

Table 4.1 Integrated results: Combined evidence from forums and interviews.
Challenge F (#) I I (#) T (#) T (%)
Expressing disagreement or
raising concerns 81 P1, P2, P3, P6, P8, P11, P12 11 92 66.7%

Recommending changes 14 P1, P7, P9, P10, P12 3 17 12.3%
Drawing attention to errors 6 P1, P6, P12 6 12 8.7%
Seeking help 3 P1, P4, P5, P8, P12 5 8 5.8%
Admitting errors 5 P1, P4, P6, P8, P12 2 7 5.1%
Sharing negative feedback 1 P6 1 2 1.4%
Total 110 — 28 138 100%

Note. F = Forum; I = Interview; T = Total (F + I).

Importantly, these challenges do not arise uniformly throughout the software devel-
opment process. Figure 4.2 depicts how each challenge manifests across different stages
of software work, showing that their occurrence is shaped by the social and coordination
demands of each practice. Expressing concerns and disagreements is the most pervasive
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challenge, appearing across all activities, where collective reasoning and decision-making
are most visible. Behaviors involving vulnerability, such as admitting errors or asking
for help, tend to cluster in Development & delivery work, where individual competence
is under scrutiny. Meanwhile, the challenge of sharing negative feedback is concentrated
in Project management contexts, where evaluation practices and authority relationships
are more prominent.

Thus, PS in software development is not solely a property of the team climate; it is
shaped by the situational demands and power relations embedded in different stages of the
development process. The following subsections detail how each challenge unfolds across
these phases, drawing on convergent evidence from both online forums and practitioner
interviews.

Figure 4.2 PS Challenges that software engineering professionals face in different parts of the
software development process.

4.2.1 Expressing concerns and disagreements

Our analysis revealed a recurring pattern: developers often struggle to express concerns
and disagreements. This difficulty, appearing at multiple stages of software development,
lies at the heart of PS. The ability to raise objections, question decisions, or point out
risks is essential for uncovering hidden problems and improving collective decisions. Yet,
across contexts, developers described how such openness was frequently constrained by
hierarchy, interpersonal dynamics, and organizational culture. In our taxonomy, 66.7%
of the challenges belong to this category.
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In psychologically safe environments, participants portrayed open, balanced conver-
sations. One interviewee (P6) described a healthy exchange with product representatives
where “the people who bring requirements are very open to conversation . . . the discussion
happens on the same level, there is room to question, to understand why things are being
done this way, and even to suggest alternative paths.”

In these cases, questioning was not seen as confrontation but as collaboration, a signal
of mutual respect and shared accountability.

However, this was far from universal. In less safe environments, expressing disagree-
ment came at a cost. Interviewees participants alike described leaders who personalized
critiques or punished dissent. “we didn’t feel openness from management to deal with
critiques and suggestions . . . it felt like anything we said would be taken more personally
than professionally, which made it unsafe to share concerns.” recalled one developer (P3).
In public forums, practitioners echoed the same tension, reporting hesitation to speak up
due to fear of conflict or hierarchical backlash.

These accounts illustrate that silence is rarely a matter of individual reticence; rather,
it reflects structural and relational barriers.

Across both datasets, this challenge of “voicing concerns” emerged repeatedly through-
out different parts of the software development process, from requirements to project
management, manifesting in different ways as projects evolved. The following subsec-
tions illustrate how these tensions unfold in each stage.

4.2.1.1 Requirements. The requirements phase often sets the tone for communi-
cation in later stages. Developers reported hesitating to challenge Product Owners or
clients, even when requirements seemed technically unfeasible. One forum participant
captured this dilemma: “Should the Product Owner dictate what info the UI needs to
display? Very often, the PO suggests, in detail, how a user interface of our software
should be. . . My question is: to what extent should the PO describe the requirements of a
UI? Should we (the developers and designers) look to the PO to decide and say what the
information in the UI should be?” [58 SEPM].

4.2.1.2 Planning. During planning, teams commonly face challenges when raising
concerns about priorities, task estimation, or sprint strategies. Hierarchical pressures,
dominant voices, and a lack of support for open dialogue discourage team members from
speaking up, reducing the effectiveness of collaborative planning. One participant (P6)
described discomfort when a newly introduced internal planning process unintentionally
became the actual plan: “We created a somewhat tighter planning, and in the end, this
planning that was supposed to be internal became the actual planning . . . I didn’t feel safe
to question it, I felt upset, and that was the end of it . . . ” (P6). Other cases echoed similar
discomfort, particularly around unclear ownership, estimation practices, and retrospective
procedures, emphasizing that planning is as much a social process as a technical one.

4.2.1.3 Design and Architecture. In design and architecture, challenges stem from
balancing individual creativity with collective decision-making. Team members may hes-
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itate to voice concerns about technical approaches or code quality due to fear of conflict
or uncertainty about authority. A forum participant expressed frustration over architec-
tural standards: “I’ve only been on this team for a week, but I see so many issues with
their codebase that I imagine I’ll be spending more time addressing what’s already written
than I would if I were working on a project that followed more widely accepted coding
standards, architecture patterns, and best practices. How can I tactfully communicate that
the project’s codebase needs serious work?” [21 SESWE].

Here, interpersonal sensitivity and established norms can inhibit constructive discus-
sions about quality and maintainability.

4.2.1.4 Development and Delivery. In development and delivery, concerns often
arise during code reviews or discussions of implementation choices. Developers may
fear conflict or reputational risk, leading to silence or passive compliance. One forum
participant illustrated this dilemma: “If the reviewer changes your code and goes through
it with you line-by-line, what do you do if you disagree? Sometimes you made choice X and
the reviewer changes it to Y, and you had Y in your mind but decided not to do it because
of the disadvantages, but the reviewer asserts that those disadvantages are not important.
Should you verbalise your disagreement, or just not and listen to them?” [24 SESWE].

Such hesitation limits collaborative learning and reinforces deference to authority,
even when technical disagreements could enhance product quality.

4.2.1.5 Project management. In project management, PS is frequently challenged
when team members raise concerns about priorities, deadlines, or stakeholder demands.
Hierarchical pressure and fear of conflict may inhibit open communication, reducing en-
gagement and ultimately jeopardizing project outcomes.

One forum participant reported: “It is very common for a stakeholder (read: client)
to approach one of my 2 Project Managers with an ‘urgent’ request . . . I try to advocate
for my team and preserve the timeline, however I am forced to capitulate to the pressure
coming from both the top and sides, which I believe frustrates the dev team and causes us
further issue when trying to meet our deadlines. I have tried to speak with the dev team
during our Retrospective meeting, however they are loathe to speak their minds, despite
my assurances . . . ” [61 SEPM].

Similar challenges have been reported across various agile ceremonies and development
activities. Teams frequently face the presence of external participants in meetings, urgent
client requests that disrupt planned work, and discussions that stray beyond scheduled
topics. When combined with reluctance from team members to voice concerns, these
factors often result in passive compliance, uneven workload distribution, and delays,
highlighting how fragile PS can be in practice.

4.2.2 Recommending changes or improvements

Our data revealed that recommending changes or improvements constitutes a pivotal yet
challenging behavior for PS in software engineering. Unlike simply raising concerns, rec-
ommending changes implies suggesting concrete modifications to processes, workflows, or
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technical solutions. These behaviors are vital to enhance efficiency, product quality, and
collaboration. Yet, our evidence indicates that such proposals are not always welcomed
or enacted, depending on the degree of PS within the environment. In our taxonomy,
12.3% of the challenges belong to this category.

In psychologically safe environments, participants described situations where team
members’ suggestions were actively considered and led to tangible improvements. As P7
explained: “The team that was building services on top of this product had a series of
suggestions. It was bad for them to work with. They came up with the idea to improve the
product. And this product became excellent. Several times new components of the product
were created from the inconformity of those who were using it, thinking it could be better
. . . ” This illustrates how openness to change proposals can transform dissatisfaction into
innovation.

Conversely, in environments with lower PS, recommendations were often disregarded
or invalidated. P9 described this frustration: “We still use Angular 14 in the system,
and Angular is already at a more updated version, I think 20. A colleague had already
raised this point, and recently I brought it up again, that we needed to update because it
was getting outdated. We would end up with a legacy system, very distant. In my opinion.
But this opinion was kind of invalidated, I gave the suggestions and they were invalidated.
What am I supposed to do?” Forum participants echoed similar challenges, reporting
that suggestions for process improvements or technical updates were frequently met with
hierarchical pressure, peer resistance, or fear of conflict, which discouraged them from
insisting on changes.

These findings suggest that recommending changes is not merely about individual
initiative but depends on systemic conditions of openness and follow-through. PS enables
such contributions by ensuring that suggestions are heard, validated, and acted upon,
whereas dismissive leadership or rigid processes undermine the potential for improvement.
Evidence from both interviews and forums further reveals that these dynamics unfold
across multiple practice of the software development process. The following subsections
illustrate how these tensions unfold in each software development stage.

4.2.2.1 Planning. During the planning phase, recommending process improvements
or methodological adjustments may pose challenges to PS. When team members propose
changes, such as altering estimation practices, adopting vertical slicing, or adjusting sprint
strategies, they can face silence, resistance, or dismissal. The lack of responsiveness from
peers and managers can discourage future initiatives and reinforce a sense that change
proposals are unwelcome.

One participant from the forum described the challenge of proposing more structured
estimation practices: “At the end of the 2nd sprint, I brought up the fact that we are mix-
ing paradigms—we are ‘not estimating,’ yet somehow we are ‘behind estimates.’ I proposed
estimating tasks and breaking them down, however that was met with push-back, since ‘it’s
ok to take as long as it takes.’ This was largely met with silence . . . ” [45 SESWE].
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4.2.2.2 Development and Delivery. In the context of development and delivery,
recommending changes often involves promoting new practices, tools, or workflows aimed
at improving software quality. PS challenges emerge when recommendations are perceived
as criticism, imposition, or a threat to established habits. Team members may resist
adopting new practices, dismiss suggestions, or question the authority of the person
making the recommendation.

A forum participant shared the difficulty of encouraging adoption of practices like
test-driven development and continuous integration: “I’m a software development pro-
gram manager who has experienced many of the benefits of test-driven development and
continuous integration. But some of the dev teams I work with don’t follow these practices.
It’s not my place to tell them how to do their jobs, but how can I encourage them to adopt
these practices without overstepping the bounds of my role?” [36 SEPM].

4.2.2.3 Design and Architecture. In design and architecture, recommendations
often concern code quality, consistent design principles, or the adoption of standards.
Resistance may stem from peer dismissal or perceived threats to authority.

One forum participant expressed frustration with architectural and coding standards:
“I’m a newcomer (this is my third day of work), and most of my teammates are more
experienced than me. When I look at our code, I see some code smells and bad engineering
practices. . . The latter two seem to be a real problem. I want to convince my teammates to
use smaller classes and methods. But should I do that? If yes, then how?” [26 SESWE].

4.2.2.4 Project Management. In project management, recommending changes of-
ten requires balancing influence with authority, especially when leaders or facilitators lack
formal power to enforce decisions. PS challenges arise when suggestions risk being per-
ceived as intrusive, unnecessary, or threatening to established practices, creating tension
between the intent to improve processes and the need to preserve trust and collaboration.

One forum participant illustrated this difficulty when trying to encourage more en-
gagement in team ceremonies: “How to influence a scrum team to do something you as a
SM feel is beneficial to the team. I was thinking of talking individually to each and explain
why seeing their faces is important for me to do my job, i.e., is it reasonable given the
situation to ask scrum team members to turn on their cameras during ceremonies?” [25
SEPM].

4.2.3 Drawing attention to errors

In our analysis, we found that drawing attention to errors is fundamental for sustaining
accountability and ensuring the reliability of software development outcomes. These situ-
ations include highlighting recurring mistakes, delays, quality issues, or leadership short-
comings. Unlike recommending changes, drawing attention to errors focuses primarily on
exposing problems rather than proposing solutions. However, forum posts indicate that
these behaviors are often inhibited by fear of conflict, hierarchical constraints, or con-
cerns about damaging relationships. In our taxonomy, 8.7% of the identified challenges
are related to this category.
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Challenges in drawing attention to errors appear across the software development
process. Interview data exemplify these challenges in practice. One interviewee described
a situation where they identified many misunderstandings in a teammate’s task and took
the initiative to explain the correct approach. The teammate accepted the feedback
calmly and made the corrections before the task reached production: “And there was also
the situation of another task where the other guy had a lot of misunderstandings, and I
took advantage of being more familiar with the project. I showed him, started explaining
to him because there were many things wrong. I pointed out another way, and then he
accepted it calmly and did it before we actually moved to production”[P1].

This example illustrates how drawing attention to errors necessitates careful interper-
sonal navigation to maintain PS while addressing performance issues.

The following sections analyze how these dynamics manifest in each phase, presenting
specific practices and examples.

4.2.3.1 Planning. During planning, difficulties in pointing out errors often emerge
in estimation practices and workload distribution. Team members recognize recurrent
problems, but struggle to confront them openly, fearing resistance or rejection from peers.

One forum participant illustrated this frustration when dealing with unrealistic esti-
mations: “I’ve been here for a year and we have a very persistent problem: almost everybody
can’t finish planned work in almost every sprint. We have huge carryovers in every sprint.
I tend to vote for larger estimates, but my teammates almost never learn from their past
mistakes and persistently vote low in these estimations . . . ” [25 SESWE].

4.2.3.2 Development and Delivery. In development and delivery, pointing out
errors often relates to recurring technical issues, such as bug accumulation, low-quality
outputs, or repeated process failures.

One forum participant described a persistent challenge with unresolved defects: “We
are in a loop of pointing out the issues → Team records it → on next sprint, same issues
→ Retrospective . . . Front-End team produces a lot of bugs (defects) inside a sprint cy-
cle. Even they spend overtime, all nights, double shifts, they only can resolve 90% of the
bugs within a given sprint period. The remaining 10% is mostly the complex bugs. Even
we provide a few extra days or in some cases an extra week, they fail to deliver . . . ” [14
SEPM]

4.2.3.3 Project Management. In project management, drawing attention to errors
is frequently related to accountability, either of project leaders or team members. Forum
participants describe the difficulty of confronting poor leadership, unfulfilled responsibil-
ities, or disengagement, fearing that being direct could harm relationships or generate
backlash.

One forum participant illustrated this dilemma when questioning how to hold a project
leader accountable without causing offense: “How do I hold a project leaders feet to the
fire without offending? I have been bitten in the past for being too honest with my feelings
when project leaders drop the ball (like not recording requirements changes and then having



38 PSYCHOLOGICAL SAFETY CHALLENGES AND STRATEGIES

to discuss the same things multiple times . . . or helping write extremely poor requirements
in the first place) . . . ” [37 SEPM].

4.2.4 Admitting errors and limitations

The ability to admit errors and limitations constitutes another fundamental, yet often
challenging, aspect of PS in software development. These situations include acknowl-
edging personal mistakes, technical failures, knowledge gaps, or professional weaknesses.
Admitting such vulnerabilities plays a central role in collective learning and team growth.
However, forum discussions suggest that developers and managers frequently experience
stress, defensiveness, or concerns about professional reputation when openly acknowledg-
ing these shortcomings. In our taxonomy, 5.1% of the identified challenges are related to
this category.

In psychologically safe contexts, admitting errors is normalized and treated as a le-
gitimate step in the problem-solving process. One interviewee (P6) recounted how they
skipped an established quality-validation step in an urgent situation. Instead of hiding
the incident, they openly acknowledged responsibility: “I skipped the process, it was my
mistake, but it was to solve an urgent problem . . . I took responsibility with the team and
said I will avoid repeating it.” Another participant (P8) described a similar openness,
highlighting how the team collectively addressed a deployment error without blame:“we
deployed with a bug, and instead of judging, we just rolled back and fixed it together.”
These narratives exemplify how PS fosters constructive learning by framing mistakes as
opportunities for improvement rather than as grounds for punishment.

By contrast, forum accounts documented situations where admitting mistakes was
accompanied by fear of judgment or loss of credibility. Taken together, these findings
highlight that the challenge of admitting errors does not stem purely from individual
reluctance, but from relational and organizational climates that either normalize or stig-
matize vulnerability. As P6 and P8 indicate, supportive environments enable error ac-
knowledgment to serve as a mechanism for team learning and resilience. Conversely,
accounts from forums illustrate how climates lacking PS foster defensiveness, blame, and
avoidance. The convergence of evidence across data sources indicates that this challenge
extends throughout all parts of the software development process, manifesting through
both recurring patterns and context-specific forms.

4.2.4.1 Requirements. In the requirements phase, admitting errors often involves
acknowledging misunderstandings, incomplete specifications, or gaps in knowledge.

One participant shared the difficulty of recognizing gaps in business requirements:
“As senior dev, I quickly realised that the functional and technical spec contained some
huge gaps and uncertainties. As first and foremost a developer, I found this a very stress-
ful and difficult situation. The ‘business’ accused IT of being incompetent and, being the
messenger, I received a few ‘bullets’. The customer threatened to cancel the account . . . ”
[19 SESWE].
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4.2.4.2 Planning. During planning, admitting errors often emerges in the context of
inaccurate estimations. Developers struggle with the guilt of underestimating complexity,
fearing that their credibility will be questioned.

One forum participant described this dilemma: “When it took me more time than
estimated for the implementation, then I always had a bad conscience. However, having
taken more time than estimated doesn’t explain whether I had worked badly/slowly or I
had only estimated badly/inaccurately or whether the obstacles/unforeseen events were not
foreseeable at all either because of my own level of knowledge or the problem in question
could not have been foreseen at all . . . ” [46 SESE].

4.2.4.3 Development and Delivery. In the context of development and delivery,
admitting errors often revolves around recognizing technical shortcomings, miscommuni-
cation, or lack of skill in specific practices. PS challenges emerge when such acknowledg-
ments expose individuals to criticism, create feelings of inadequacy, or threaten profes-
sional identity. Developers may fear reputational damage, avoid admitting mistakes, or
downplay personal limitations to maintain credibility.

A forum participant shared the difficulty of admitting weaknesses when reviewing
peers’ code: “I can be very critical when writing code myself since I’m deeply involved with
it, but when reviewing others’ code more passively, I’m not very good . . . ” [47 SESWE].

4.2.4.4 Project Management. In project management, admitting errors often in-
volves acknowledging limited authority or competence in leading technical and business
aspects.

One participant explained this difficulty: “I’m the product manager but my technical
and business knowledge are limited in the area of this particular project. Nobody will con-
sider me as a lead. And for some reason, I feel that the ‘product manager/owner’ is the less
important role in the company. I’m more like just the custodian of my boss’ reputation, a
placeholder, someone that can be easily bypassed and overruled . . . ” [48 SEPM].

4.2.5 Asking for help

The ability to ask for help is central to PS in software development teams. Seeking assis-
tance allows individuals to overcome knowledge gaps, solve problems efficiently, and learn
from more experienced colleagues. Unlike admitting errors or recommending changes,
asking for help explicitly involves soliciting guidance, clarification, or practical support.
Forum posts indicate that this behavior is often inhibited by fear of judgment, concern
about bothering others, or uncertainty about the appropriateness of asking. In our tax-
onomy, 5.8% of the challenges belong to this category.

One participant illustrated the use of coaching and pair programming as a way to
seek help and improve skills: “But I consider him a Senior. So many times during the
project, I tried to do pair programming sessions with him to at least try to develop better
and improve my code knowledge . . . ” [P1].

Another highlighted help-seeking to overcome communication barriers with Product
Owners: “Usually, my Tech Lead filtered requests before they reached us, but some details
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had to be resolved by talking directly to the PO. These meetings were quite difficult for me
because not all POs were technical. I asked my Tech Lead to intervene more or join those
meetings to help communicate with the POs . . . ” [P5].

These examples illustrate how PS influences the willingness and ability to ask for help
across various stages, encompassing both technical learning and relational support in
complex communication contexts. Further specific practices and examples are discussed
in the following sections.

4.2.5.1 Requirements. In the Requirements phase, asking for help primarily in-
volves soliciting support to clarify, interpret, or negotiate complex stakeholder needs and
requirements. This phase presents unique challenges as stakeholders often have diverse,
sometimes non-technical backgrounds, and communication can be difficult or ambigu-
ous. PS plays a vital role in enabling team members to seek assistance without fear of
judgment or damaging relationships.

One participant described how their Tech Lead acted as a critical support by facilitat-
ing communication in challenging meetings: “This type of meeting, where I had to talk to
the PO about what they wanted to implement, what they expected to be done, and the actual
requirements I needed to work on, was usually pretty hard for me. That’s because many of
these POs weren’t technical; most of them actually came from non-technical backgrounds,
from other kinds of companies. So, in the one-on-one meetings I had with my Tech Lead,
I’d usually bring this up. I’d tell him that communication with the POs wasn’t always easy
and ask for his help, for him to step in more during those discussions, try to clarify things,
or just be present in those meetings to help me communicate better. And he did help me
with that” [P5].

4.2.5.2 Design and Architecture. In Architecture and Design, asking for help of-
ten involves consulting experts to scope projects or understand complex systems. PS
challenges arise when such experts are scarce, busy, or reluctant to engage, creating
frustration and inhibiting proactive inquiry.

One participant illustrated this difficulty: “How do I begin scoping a project I have
little knowledge of? I have one expert engineer on our team but he really is busy and very
begrudgingly responds when asked things. I try to keep my questions to 1 every 3 days, so
I group them. When I asked how to scope this, or in general where to start he just said
open the code base and determine the hours for the project . . . ” [49 SEPM].

4.2.5.3 Development and Delivery. In development and delivery, asking for help
may be hindered by fear of judgment, concerns about interrupting colleagues, or the
emotional impact of feeling stuck on challenging tasks. PS influences whether individuals
feel comfortable reaching out for support amid these pressures.

A forum participant vividly described the emotional toll of being stuck on difficult
problems while hesitating to ask for help due to fears of making a bad impression: “There
are often times I have to spend a good couple hours or even days to understand a problem
and then apply code to it. What are some things I can do? I feel like once I am stuck on
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a problem, I find myself closing up, unable to voice it, as if asking for help is a sign of
incompetency” [10 SESWE].

4.2.6 Sharing and receiving negative feedback

The ability to share and receive negative feedback is a important aspect of PS in software
development teams. These situations include both giving constructive criticism about
individual or team performance, and receiving critical evaluations from peers or leaders.
Handling negative feedback effectively is essential for learning, improving processes, and
maintaining trust. Forum posts indicate that these behaviors are often inhibited by fear
of conflict, concern about offending others, or emotional vulnerability. In our taxonomy,
1.4% of the challenges belong to this category.

In our data, challenges related to sharing and receiving negative feedback were iden-
tified exclusively in the Project Management phase. Here, team leads struggle to com-
municate concerns about individual or collective underperformance without triggering
defensiveness or damaging relationships. Specific practices and examples are discussed
below.

4.2.6.1 Project Management. In the Project Management phase, sharing and re-
ceiving negative feedback primarily involves communicating concerns about individual
or team performance constructively. This phase presents unique challenges, as feedback
often triggers defensive reactions, threatens relationships, or creates emotional discom-
fort. PS plays a vital role in enabling team leads and members to engage in honest and
respectful dialogue without fearing conflict or reprisal.

One forum participant described the difficulty of providing feedback about underper-
formance to a colleague: “How to tell whether your programmers are under-performing?
I am a team lead with 5+ developers. I’ve had a straight talk with him regarding my per-
ception on his performance. He was indignant when I suggested that he wasn’t performing
at his best level. He felt that this was a completely unfair feeling . . . ” [34 SESWE].

Another interviewee participant reflected on discomfort arising when feedback is de-
livered by managers less familiar with day-to-day work, reducing trust and engagement
with the feedback process: “Very recently, we had a few rounds of feedback sessions, and
the person giving the feedback was a manager who isn’t really involved in our day-to-day
work. That caused a lot of discomfort and complaints from the team, because people felt
like — ‘hey, this person isn’t part of my daily routine, so I don’t have enough connection
with them for them to be giving me feedback.’ They also said they didn’t feel comfortable
questioning anything, because they knew that manager wouldn’t be able to give real answers,
the ones who actually know what’s going on day to day aren’t them” [P6].

These examples underscore that effective sharing and receiving of negative feedback
in Project Management requires a foundation of trust, familiarity, and PS to overcome
relational barriers and enable constructive performance improvement discussions.
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4.3 RQ2: WHAT STRATEGIES HELP ADDRESS OR RESPOND TO THE PS
CHALLENGES?

Our analysis revealed that the strategies identified across both datasets represent comple-
mentary perspectives on how PS is cultivated in software development. In the interviews,
participants described both (a) ongoing, organization-wide practices (e.g., structured
spaces for feedback, support networks, leadership vulnerability) and (b) situated practices
embedded in specific parts of the development process, such as negotiating requirements,
co-designing solutions, or collaborating during implementation.

Similarly, the forum data captured peer recommendations for handling concrete situ-
ations where interpersonal risks arise, such as asking questions, exposing mistakes, giving
critical feedback, or making decisions under disagreement. These strategies were often
tied to specific stages of the workflow (e.g., Planning, Development & Delivery, Project
Management), offering actionable guidance for navigating day-to-day interactions.

While both sources provided situated strategies, the interviews emphasized practices
that are more institutionalized or sustained over time, whereas the forum discussions
tended to frame strategies as adaptive responses to immediate challenges. Taken to-
gether, these perspectives show that PS depends simultaneously on structural conditions
that shape the environment and interactional practices enacted throughout the software
development process.

Synthesizing insights from both strands, we identified five overarching dimensions of
action that collectively support PS: (1) Shaping the Environment, which refers to the
organizational, cultural, and structural conditions that sustain PS across all phases, (2)
Exposing Oneself, which involves sharing ideas, concerns, and suggestions constructively;
(3) Including Others, which emphasizes validating diverse perspectives and promoting
participation; (4) Managing Processes, which ensures fairness and predictability through
clear agreements and boundaries; and (5) Learning, which fosters reflection and continu-
ous improvement. Each dimension comprises concrete strategies and practices embedded
in specific parts of the development process, illustrating how general principles translate
into situated actions that mitigate PS challenges in practice.

4.3.1 Shaping the Environment

The dimension of Shaping the Environment concerns the organizational, cultural, and
relational conditions that sustain PS over time. Rather than focusing solely on isolated
interactions, this dimension highlights practices that make openness, trust, and mutual
support part of the team’s ongoing routines. These practices include maintaining close
communication channels, cultivating support networks, investing in well-being training,
and building spaces where individuals can connect beyond immediate task demands. Such
strategies help establish shared norms for how to ask for help, express vulnerability, and
respond constructively to conflict.

For example, some organizations reinforce PS through structured support and ex-
plicit cultural signals. One participant described how well-being training and recurring
moments of reflection help internalize shared expectations: “The company invests a lot
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in well-being training, a lot of training focused on how to deal with things. So it kind of
gets into people’s mindset, how the company expects you to handle situations, who to talk
to, how to ask for help. Sometimes it even sticks in your head” [P4].

Weekly anonymous check-ins and open channels for suggestions further provide ongo-
ing, low-risk opportunities to voice concerns. Such routines signal that participation and
emotional expression are not exceptional events, but part of everyday work.

Leader behavior also plays a key role in shaping the environment. By modeling
vulnerability, leaders help normalize uncertainty and mistake-making: “One strategy I
use when leading others is to show that I also make mistakes, that I also have bad days,
that I am vulnerable. If I make a mistake and I go to the team and say, ‘Hey, I messed
this up, I’ll fix it,’ then I know they’ll feel safer doing the same when it happens to them”
[P6].

Through these practices, organizations and teams provide stable opportunities for
openness and dialogue to take place. When mistakes are treated as learning opportuni-
ties and diverse perspectives are welcomed, individuals feel more confident participating,
contributing ideas, and voicing concerns.

Below, we detail the other dimensions and illustrate how professionals implement
these strategies, highlighting the contextual adaptations that shape product security
throughout the software development process.

4.3.2 Exposing Oneself

The dimension of Exposing Oneself refers to the act of constructively sharing ideas, ex-
pressing concerns, and proposing improvements. This behavior encourages open dialogue
and mutual understanding. A practical way to support team members in disclosing is to
encourage them to expressing concerns and opinions. This approach helps create an
atmosphere of openness and constructive communication.

A key way to encourage team members to expose themselves is by creating opportu-
nities to express concerns and opinions in a structured and respectful manner. Imple-
menting this approach requires raising issues clearly, communicating disagreements, and
presenting diverse viewpoints thoughtfully. When sharing concerns, individuals should
articulate the situation from their perspective, specify the goals they aim to achieve,
and seek the engagement and buy-in of colleagues. This framework not only aligns ex-
pectations but also cultivates a receptive environment where contributions are valued
and problem-solving is a collective endeavor. By providing clear guidance on how to
share feedback and concerns, these strategies help foster a psychologically safe and open
environment in which all team members feel empowered to speak up.

Applications across the development process. In the context of requirements,
exposing oneself involves providing constructive feedback to the Product Owner or other
stakeholders about the feasibility, complexity, or impact of requested features. Forum
members highlighted that clearly communicating these challenges helps adjust stories,
clarify limitations, and align expectations.

Example: “Now the Product Owner might not be a technical person. That means you
have to provide feedback on how hard it is to do what the PO requests so the PO can adjust
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the story accordingly.”
During planning, exposing oneself entails assertively communicating project con-

straints and defending estimates when deadlines are unrealistic. Raising these concerns
early and respectfully supports informed decision-making and helps align team expecta-
tions.

Example: “You will need to defend the figures every time they are different from the
ones provided by an architect or a sales person. Make it clear on the outset, don’t let
anyone assume it is any other way and interpret your silence as a sign of agreement. Be
prepared to defend your estimate.”

Forum members recommend that questions and suggestions regarding software design
or architecture decisions be expressed thoughtfully and respectfully. Less experienced
team members should acknowledge the limits of their knowledge while contributing con-
structively.

Example: “It’s not wrong to doubt any decisions, or a given design/software architec-
ture, unless it is your first job, in which case you may be wrong most of the time due to
missing parts of the bigger picture. When you (and/or the team) have differing opinions,
ask the project leader if they have time to discuss it, or even plan a short meeting (15–
30 minutes). Express your opinion respectfully and listen to the reasoning behind their
decision.”

In development and delivery, exposing oneself involves raising concerns, suggesting
improvements, and influencing team practices thoughtfully. Forum members emphasize
that communicating the limitations, costs, and complexity associated with a request helps
stakeholders understand potential challenges and supports constructive decision-making.

Example: “If you know that the request will add an unreasonable amount of time and
complexity to implement then state that up front. Not as opposition to doing the request,
just as an explanation of what you think it will take to implement.”

In project management, exposing oneself involves voicing concerns and sugges-
tions about processes, leadership practices, or organizational constraints constructively
and solution-oriented. Forum members recommended approaches such as raising diffi-
cult questions to prompt reflection (e.g., why the team only achieved half of its sprint
commitment) and communicating the opportunity cost of unproductive metrics.

Effective exposure also requires framing contributions to highlight value rather than
obligation. For example, one member advised: “Explaining to people the benefits of at-
tending & then have them want to attend is a far stronger tactic & more likely to bring
the improvements in process that agile offers. Offer insights & info in the meeting that are
unavailable elsewhere—treat the session as special & attending the session is a benefit, not
a chore.”

This guidance underscores that exposure, when grounded in concrete benefits and
respectful communication, increases acceptance of new practices, reduces resistance, and
fosters a psychologically safe environment where individuals feel encouraged to share
concerns and propose changes without fear of dismissal.
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4.3.3 Including Others

The dimension of Including Others highlights the importance of fostering a collabo-
rative and inclusive environment, where team members feel their perspectives and con-
tributions are acknowledged and respected. One practical way to encourage inclusion
is by understanding team motivations and needs. This strategy helps build trust
and ensures that team members feel seen and heard. To implement this advice, it is im-
portant to actively listen and seek to understand what drives each person’s behavior, as
well as the challenges they may be facing. This involves validating their concerns within
the current context and engaging in open conversations to uncover underlying needs or
uncertainties. This kind of inquiry promotes mutual understanding and helps align team
efforts around shared goals.

Applications across the development process. In the context of require-
ments, including others involves fostering collaboration across roles, particularly when
responsibilities overlap. This approach ensures that contributions are valued while main-
taining clarity about boundaries, helping create a psychologically safe environment where
team members can openly share input.

Example: “As a general rule, the Product Owner describes what a feature should do,
while the Development Team determines how it should be implemented. However, some
aspects (such as the user interface) can fall into both buckets simultaneously. Resolving
this requires active collaboration and ongoing communication.”

During planning, including others entails empowering team members to generate
and evaluate their own ideas. Allowing them to propose solutions and experiment with
promising options enhances ownership, increases motivation, and reinforces PS by making
collective decision-making the foundation for progress.

Example: “You can allow the team to create (horizontally-sliced) sub-tasks under a
work-item to know in which technical areas work needs to be done, but the completion of a
sub-task would have no meaning for any metrics that you track. They can, however, help
the team to see where/how multiple people can collaborate on the same work-item.”

In architecture and design, inclusion is promoted through open dialogue and col-
lective reasoning. Rather than imposing solutions, team members are encouraged to
listen, ask constructive questions, and engage in joint problem solving. This collabora-
tive stance improves the quality of design decisions while fostering PS, as all perspectives
and expertise are genuinely valued.

Example: “Now set some class problems to work through. How can we make enhance-
ment X? Choose something non-trivial that "goes with the flow" of the system design, and
work through what you would change. They should be getting the rationale of the system
now. Choose another enhancement that could break the system if done wrong, and show
how it can be done right. That should be an Ah Ha moment for them. Some might even
beat you to it!”

In development and delivery, including others involves both knowledge sharing
and creating a supportive environment where challenges can be raised openly. Instead of
relying solely on senior developers, teams are encouraged to treat reviews and feedback
as collective learning opportunities. Structured activities such as workshops, whiteboard
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sessions, and informal discussions help surface issues and co-create improvements.
Example: “Always question them, but listen to their reasoning. Sometimes, people just

forget about the practicality of a feature or how long programming it would take. On the
flip side, we sometimes get locked into a programmer mentality of being efficient/no frill-
s/etc and we forget that what we consider as non-essential for a project really isn’t for the
client.”

In project management, including others relates to how meetings, decisions, and
communications are structured. Managers should balance efficiency with creating oppor-
tunities for all participants to contribute. Conflicts and inefficiencies should be addressed
through dialogue rather than enforcement, fostering PS by ensuring disagreements can
be discussed without fear of reprisal.

Example: “Try to get a handle on what is demotivating the team. Have retrospectives
and more importantly, act on the output. It is equally important to celebrate successes as
well as looking at failures.”

4.3.4 Managing Processes

The dimension of Managing Processes refers to creating clarity and stability in the
work environment by defining technical procedures, establishing boundaries, and improv-
ing software development workflows. One way to help team members feel confident about
managing processes is to allow team members to Improve software work environ-
ment processes as needed by the team. This strategy contributes to a more predictable
and collaborative environment, reducing friction and uncertainty during development ac-
tivities. To implement this recommendation, teams can regularly review workflows to
identify inefficiencies and opportunities for improvement. The goal is to make processes
more fluid and engaging, while encouraging participation and a sense of ownership. This
type of action can increase clarity, promote shared responsibility, and encourage team
members to contribute ideas and raise concerns more openly.

Applications across the development process. In planning, process manage-
ment focuses on ensuring clarity, predictability, and shared understanding. Teams are
advised to carefully evaluate estimates, consider task complexity and dependencies, and
validate assumptions before committing. These practices help reduce uncertainty, pro-
mote collaboration, and create a stable workflow where all members feel confident con-
tributing.

Example: “Do not commit to an awful or any estimate for that matter, before you had
an opportunity to do due diligence.”

Managing processes in architecture and design involves setting clear boundaries,
establishing technical guidelines, and balancing authority with collaboration. Explicit
goals, and agreed-upon standards are important for ensuring discussions remain con-
structive rather than divisive. Jointly defining coding and architectural guidelines fosters
trust and adherence.

Example: “The way to handle this is to jointly create a coding guideline document
which everyone can agree with. Don’t try forcing this on them, it will backfire if you do.”

During development and delivery, process management balances efficiency, pre-
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dictability, and collaboration. Teams are advised to measure progress at the collective
level, establish regular routines, and adopt structured practices such as peer reviews,
coding standards, and pair programming. Boundaries also help prevent overload and
maintain transparency, while retrospectives and risk mitigation practices ensure team
members can voice concerns and suggest adjustments.

Example: “Use pair programming to increase knowledge of the codebase and program-
ming techniques. Specific retrospectives can be used to uncover issues that are hampering
some developers. Let them try to find solutions.”

In project management, process management involves setting boundaries, clarify-
ing expectations, and creating structures that support collaboration between stakeholders
and development teams. Forum advice stresses the need to establish clear ground rules in
meetings such as defining who can speak and when, to ensure that external participants
(e.g., managers, operations staff, or clients) do not disrupt the team’s self-organization,
channel client demands through defined roles to avoid disruptions, and use practices such
as timeboxing and change control to keep projects transparent and sustainable. Another
recurring recommendation is to manage workload and overtime explicitly, negotiating
realistic deadlines and rejecting unhealthy work patterns, which strengthens PS by pro-
moting sustainable practices.

Example: “Discussing the plan with the team is important and if you do decide to pro-
ceed it is worth laying out some ground rules. For example, you could ask the operations
admin to remain silent during the meeting but at the end they would get a chance to ask
questions.”

4.3.5 Learning

Finally, the dimension of Learning emphasizes the importance of using conflicts and
external perspectives as opportunities for reflection and improvement. This approach
promotes both individual growth and team development. A practical strategy to support
this behavior is to Learn from conflict. This helps team members frame challenges as
opportunities rather than threats. To implement this recommendation, teams should re-
flect on challenges and disagreements to gain insights and drive continuous improvement.
This involves recognizing that others can make valuable, even if uncomfortable, contri-
butions, regardless of their level of experience. Encouraging this type of shared reflection
cultivates a mindset in which exposing vulnerabilities is seen as part of a constructive
learning process, reinforcing PS.

Applications across the development process. In planning, learning occurs
when teams use conflicts and external perspectives as opportunities to reflect on their col-
laboration and improve collective practices. Rather than avoiding disagreements, teams
are encouraged to explore them constructively, for example, by introducing external view-
points or revisiting challenges during retrospectives. This reflective approach helps teams
understand the underlying causes of issues, such as insufficient pairing or collaboration,
and to transform them into learning opportunities that strengthen PS and foster contin-
uous improvement.

Example: “It might be helpful to do an exercise in the retrospective to reach a good un-
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derstanding of why people are not pairing enough (by the way, what counts as “enough”?)
and insufficiently collaborating as a team.“

In architecture and design, learning emerges through reflection on conflicting view-
points and the integration of diverse perspectives to enhance decision-making and col-
laboration. Differences in opinions about priorities or design choices should be viewed
as opportunities to deepen understanding of the business context, strengthen reasoning,
and refine team skills. Encouraging respectful and constructive dialogue transforms dis-
agreements into valuable learning experiences, reinforcing PS and fostering continuous
growth.

Example: “It’s not wrong to question any decisions or a given design or software ar-
chitecture—unless you’ve just started your first job, in which case you’ll probably be wrong
99% of the time because you’re still missing parts of the bigger picture. When you or the
team have differing opinions, ask the project leader if there’s time to discuss them. You
should see it as an opportunity to learn, and as long as you keep the discussion civilized
and respectful, you’ll have great experiences with these conversations.“

In development and delivery, learning is supported by treating feedback and differ-
ing perspectives as opportunities for growth. Team members are encouraged to actively
seek input from peers, code reviewers, or less hurried observers and to listen carefully to
alternative approaches. Suggestions may reveal areas for improvement, knowledge gaps,
or valid new ideas. Approaching feedback respectfully fosters mutual respect, PS, and
encourages contributors to share insights openly.

Learning from conflicts also involves accepting imperfection and viewing mistakes as
part of the iterative software delivery process. Reflecting on code reviews, mistakes, and
differing opinions allows team members to identify actionable improvements, adjust prac-
tices, and refine skills over time. Structured reflection and open dialogue turn challenges
into opportunities for collective development.

Example: “Ask what is wrong with your code and how you can improve it. Treat feed-
back respectfully, and use it to learn and apply improvements in future revisions.”

In project management, learning involves leveraging feedback, conflicts, and di-
verse perspectives to enhance team performance and processes. Managers and team
members are encouraged to engage with colleagues, Product Owners, and stakeholders
to understand different viewpoints before making decisions. This includes addressing
interpersonal issues, exploring the causes of conflicts, and reflecting on processes, tools,
and knowledge systems.

Teams should treat disagreements and problems as opportunities to investigate root
causes rather than assign blame. Regular retrospectives, data-driven indicators such
as team velocity, and structured one-on-one discussions help identify issues and inform
improvements. Consulting the development team, facilitating open dialogue, and con-
sidering perspectives from sales, clients, or other external parties fosters trust, enhances
collaboration, and reinforces PS.

Example: “Discuss with the team, stakeholders, and relevant colleagues to understand
the root causes of issues. Use retrospectives and one-on-one conversations to reflect on
conflicts and identify actionable improvements.”
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4.4 CONCLUDING REMARKS

This section examined the core interpersonal challenges (RQ1) and strategies (RQ2) that
shape PS in software development teams. Together, these findings show that difficulties
such as expressing concerns, offering critical feedback, highlighting errors, disagreeing
with ideas, admitting mistakes, or seeking help are not isolated behaviors but unfold
within concrete development contexts that heighten or reduce interpersonal risk. Ac-
tivities such as code review, requirements clarification, technical decision-making, and
incident response often amplify vulnerabilities, making developers more cautious about
exposing uncertainty or challenging established viewpoints.

Overall, the results reveal that PS is influenced by the interplay between interper-
sonal behaviors and the structural characteristics of software development work. These
findings highlight that fostering PS requires not only encouraging open communication,
but also redesigning team practices and decision-making routines to lower the social cost
of speaking up.





Chapter

5
This chapter presents the enabling conditions and barriers that shape PS in software engineering teams,
based on evidence from the interview study.

ENABLERS AND BARRIERS TO PSYCHOLOGICAL
SAFETY

This chapter presents the results of our investigation into the factors that enable or hinder
PS in software engineering teams. We address the following research questions:

RQ3: What factors or enabling conditions make psychological safety possible in soft-
ware engineering teams?

RQ4: What barriers hinder psychological safety in software engineering teams?
These questions were examined using data from the interview study (Study C), which

was designed to capture practitioners’ lived experiences with speaking up, making mis-
takes, and navigating interpersonal risks in collaborative settings. The objective is to
identify the interpersonal, organizational, and work-related conditions that shape the
presence or absence of PS in software development contexts.

This chapter is based on the paper: (i) Investigating Enablers, Barriers, and Conse-
quences of Psychological Safety in Software Engineering (2026).

5.1 METHODOLOGICAL OVERVIEW

For the analysis presented in this chapter, we focused specifically on Topic 2 of the
interviews, which asked participants to describe the factors that hindered or enabled
their actions in situations involving psychological risk:

“What factors hindered or enabled your response or actions in that situation?”
This question directly addresses RQ3 and RQ4, which investigate enabling and hin-

dering conditions for PS.
The data were analyzed through inductive thematic analysis (CLARKE; BRAUN,

2013). Meaningful excerpts describing enabling or hindering factors were identified and
systematically coded. Each code was then aggregated into a subcategory and subse-
quently grouped within one of four levels of influence:
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Individual level: personal traits, skills, and emotional factors affecting participation
and openness;

Team level: collective norms, communication dynamics, and collaboration practices;
Leadership level: behaviors and management styles that foster or inhibit safety;
Organizational level: cultural or structural conditions shaping the broader envi-

ronment for PS.
Coding was performed iteratively by two researchers, followed by consensus meetings

and expert review to ensure consistency and analytical reliability.
To identify codes related to enablers and barriers, we relied on participants’

descriptions of factors that enhanced or hindered PS. Codes summarizing participants’
experiences were inductively derived from the data, mapped to subcategories, and subse-
quently aggregated into their corresponding levels of influence (Individual, Team, Leader-
ship, and Organizational). For instance, enablers such as humane leadership were coded
under the subcategory accessible and empathetic managers and grouped within the
category namely Leadership. Similarly, barriers like aggressive communication or
exacerbation of errors were classified under the subcategory inadequate leadership
behaviors, also grouped within Leadership.

Table 5.1 shows an example of the initial coding of the quotes and labels, while the
mapping to subcategories and categories between levels of influence is shown in Table
5.2.

Table 5.1 Examples of enablers and barriers of psychological safety
RQ Code Quote
RQ3: Enabler Humane Leader-

ship
“I was lucky to have extremely humane
bosses. It has a lot to do with the personali-
ties of the people I work with. My boss treats
me well, listens to me, and if when say some-
thing, he really listens, tries to understand,
and if he thinks what I’m saying makes sense,
he says ‘go for it, it’s worth it.’ But if not,
he doesn’t make a big deal out of it, it’s fine.”

RQ4: Barrier Fear of relational
consequences

“I also avoid pointing out whose fault it is.
The person made a mistake once; I usually
correct it myself. But I end up not telling
them directly, mainly because I’m afraid of
damaging our relationship and making myself
look mean.”

5.2 RQ3. WHAT ENABLERS MAKE PS POSSIBLE IN SOFTWARE ENGINEER-
ING TEAMS?

PS in software development environments is not a passive condition; it is actively con-
structed and nourished by an interconnected set of factors. Our findings reveal 16 en-
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Table 5.2 Examples of subcategories and categories associated with PS codes
Initial Code Subcategory Category
Humane leadership Accessible and empathetic managers LeadershipLeader open to new ideas
Fear of relational conse-
quences Fear of interpersonal consequences Individual

Fear of hindering a col-
league’s performance

ablers, as shown in Figure 5.1, distributed across four dynamic levels: Leadership, Team
Dynamics, Organizational Context, and Individual Characteristics. These factors work
in concert to enhance confidence in authentic participation.

Culture of open dialogue;
Culture of collaboration;
Specific work processes;
Initiatives for well-being;
Diversity and inclusion.

Open communication;
 Mutual support;
 Interpersonal respect;
 Smaller team size.

Accessible and empathetic
managers; 
Technical expertise; 
Leaders as mediators;
Solution-oriented
management style.

Enablers 

LeadershipOrganizational Team

Extroversion; 
Openness to feedback;
Negotiation skills.

Individual

Figure 5.1 Enablers of psychological safety across four analytical levels (Organizational, Lead-
ership, Team, and Individual).

5.2.1 Organization level

The organization signals its tolerance for risk through its culture and formal processes.
Five factors, culture of collaboration, specific work processes (e.g., pair programming),
culture of open dialogue, institutional initiatives for well-being and continuous monitor-
ing, and diversity and inclusion, serve as structural pillars. The use of processes like pair
programming exemplifies how software practices become vehicles for safety, transforming
solitary, risky work into a transparent, mutual learning activity. Furthermore, diversity
and inclusion initiatives are vital not only for representation but for legitimizing the voice
of marginalized groups who would otherwise face profound insecurity.

Culture of collaboration factor was particularly relevant, as P7 explained: “there
is this very collaborative culture, you know, if you do not know something, someone else
teaches you (. . . )”. Specific work processes factor such as pair programming and agile
practices supported transparency and reduced the fear of mistakes, as P4 recalled: “We
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practiced pair programming, we were doing things together and that gave me a lot of secu-
rity, even to make mistakes.” Culture of open dialogue factor were also important, as
illustrated by P5: “the company’s posture with us is one of understanding (. . . ) let’s deliver
with quality. If you think something is not good, let’s discuss and change it.” Well-being
and continuous monitoring factor (e.g., training, anonymous surveys, and listening
channels) reinforced institutional perceptions of support, as P6 described: “since I joined
the company, I have always seen initiatives to check how the teams are doing; every week
we have an anonymous form to say how we are feeling about the work.” Diversity and
inclusion further strengthened belonging and legitimacy of participation, as P8 shared:
“This whole diversity thing, I can see other women as programmers, I can have an active
voice and not be diminished. So I think this really strengthens my sense of safety, you
know? I know I’m in a company where I can be heard.”

At the same time, participants’ reflections revealed that the benefits of diversity ini-
tiatives become especially salient when contrasted with the challenges of underrepresen-
tation. P4 noted the defensiveness sometimes encountered when women occupy positions
of authority: “We women engineers are in the middle of this, with a lot of men (. . . )
when you are in a position they think you are above. They get kind of defensive.” P9
described feelings of insecurity and silence when joining an all-male team: “At first, I felt
very insecure because it was actually an all-male team, and that was a particularly difficult
time for me. In fact, I stayed quiet for a long time because I was feeling stupid, impostor
syndrome, right? I was not confident.” Similarly, P11 associated her lack of confidence
with a leadership style that overemphasized mistakes: “It made me think about women in
technology and how much harder it is for us. I kept asking myself, what am I doing here?”

These accounts suggest that diversity and inclusion function as facilitators not merely
through the presence of formal initiatives, such as women-only groups (P8), but also
by counteracting experiences of marginalization and reinforcing a sense of legitimacy,
representation, and voice within software teams.

5.2.2 Leadership level

At the Leadership level, PS is established through behaviors that model openness and
competence. Four attributes were salient: accessible and empathetic managers, technical
expertise, leaders acting as mediators, and a solution-oriented management style. Effec-
tive leaders function as risk buffers and dialogue facilitators. Accessibility and empathy
were particularly valued, as they create a safe harbor for vulnerability, signaling that
errors will not result in punishment.

Accessible and empathetic managers factor was particularly valued, as explained
in: “I had a very easygoing boss, he used to say that no matter what kind of problems I
had, if I made a mistake, if I made the company lose millions, or anything like that, I just
had to be open. I just had to be able to communicate (P5).” Technical expertise factor
also enhanced trust and confidence, as P1 noted: “because leadership, he has the technical
background, he started as a programmer, he understands, he comprehends, so we chat,
define the new deadline, and move forward this way.” Another factor that contributed
for PS is leaders who acted as mediators, as recalled by P5: “there were details that
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could only be resolved if I talked directly with the PO. And then, usually in the meetings I
had alone with my Tech Lead, I would tell him that communication with the POs was not
always easy, so I asked him for help.” Finally, solution-oriented management style
factor avoided blame and promoted collective improvement, as described in: “The man-
ager never blamed one specific person. He always looked for the solution: ‘What is going
wrong? How do we solve it?’ Afterwards, if there was something to improve, we improved
it as a team (P8).”

5.2.3 Team level

Interpersonal dynamics in the team set the stage for safe participation. Four key fac-
tors here, open communication, mutual support, interpersonal respect, and smaller team
size, were important for strengthening collective responsibility and belonging. Safety is
maximized when dialogue is horizontal, where contribution is viewed as a peer-to-peer
exchange rather than a challenge to authority. Mutual support reinforces the notion that
error is a shared responsibility, mitigating individual burdens.

Open communication factor was highlighted by P6: “the people who bring the re-
quirements, they bring the requirements, but they are very open to conversation, so the
conversation with the product person feels like a peer-to-peer exchange. (. . . ) there is room
for me to question, to understand what has to be done and why it is being done this way.”
Mutual support factor strengthened collective responsibility, as P8 described: “my ex-
perience was always very smooth, like, look, we have the responsibility as a team, everyone
will solve it, and it does not matter who pushed the code.” Interpersonal respectful
in interactions further reinforced confidence, as P4 emphasized: “the mutual respect from
everyone, everyone respects your moment to speak, and there is no such thing as if you
say something wrong, you are mocked.” Smaller team size also contributed to safer
interactions and decision-making, as P3 explained: “And in this product the team was
smaller, it was much easier for us to talk about any strategic or architectural decision.”

5.2.4 Individual level

While PS is predominantly a group phenomenon, certain individual characteristics poten-
tiate a professional’s ability to navigate and build a safer climate. Extroversion, openness
to feedback, and negotiation skills are important facilitators. Negotiation skills, for in-
stance, enable the developer to manage and set boundaries with external stakeholders,
ensuring that the project scope and timing remain realistic, thereby protecting the team
from unrealistic demands.

Extroversion factor supported relationship building and trust, as P2 explained: “For
me, I am playful, I am talkative, so my personality helps me break the ice and build con-
nections easily.” Openness to feedback factor enhanced receptiveness and constructive
exchanges, as emphasized by P5: “I think it is more about the individuals themselves,
each one involved. If people are open, they are more receptive to criticism.” Negotiation
skills factor contributed to conflict management and alignment with stakeholders, as
highlighted: “We manage to negotiate well with the client because it is normal for them
to bring new items outside the bigger scope we had planned for the year. So we had agreed
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on, let’s say, five features, and then the client says, let’s add a sixth. I say no, then we
have to remove one. This kind of negotiation made things easier because everything was
openly discussed (P10).”

5.3 RQ4. WHAT BARRIERS HINDER PS IN SOFTWARE ENGINEERING TEAMS?

In contrast to the enabling factors, barriers are forces that actively undermine PS, instill-
ing fear and silence. We identified nine barriers, as shown in Figure 5.2, distributed across
the same four levels. These barriers act synergistically, turning interpersonal risk-taking
into a perceived personal danger.

Organizational pressures Low openness;
Insufficient support;
Dismissal of opinions. 

Lack of openness;
Inadequate leadership
behaviors.

Barriers

LeadershipOrganizational Team

Limited technical confidence;
Fear of interpersonal
consequences;
Lack of experience.

Individual

Figure 5.2 Barriers to psychological safety across organizational, leadership, team, and indi-
vidual levels.

5.3.1 Individual level

At individual level, insecurity begins internally with the perception of competence and
the fear of social consequences. Three barriers, limited technical confidence, lack of expe-
rience, and fear of interpersonal consequences, are central. Limited technical confidence
leads to defensive silence, where the professional refrains from exposure out of fear of
revealing a knowledge gap. The fear of interpersonal consequences reinforces conflict
avoidance, prioritizing superficial harmony over constructive honesty.

In relation to limited technical confidence, P4 indicated that “It is difficult to
say something when you do not have 100% mastery. Sometimes it is better to stay quiet.”
This insecurity was intensified when the role demanded broad expertise, making it hard
to admit gaps, as P2 noted: “Given the position I reached, it is not always possible to indi-
cate that you do not know something or that you cannot do it. Because that is exactly what
your role requires.” Lack of experience also constrained junior professionals, especially
in complex projects, as P3 explained: “I found it very difficult to suggest anything . . . it
was my first project with the tool.” Finally, fear of interpersonal consequences was
found in: “I also avoid pointing out whose mistake it is . . . mostly out of fear the relation-
ship will be damaged (P6).”
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5.3.2 Team level

Team dynamics can actively discourage participation. Barriers here include low team
openness, insufficient support, and the dismissal of opinions. The dismissal of opinions
is one of the most direct and psychologically damaging forms of undermining safety,
often leading the individual to permanently withdraw after experiencing invalidation.
Insufficient support, frequently manifested as arrogance or unavailability, creates a social
barrier to seeking help.

Regarding low openness, P3 described: “I found it very difficult to suggest anything
. . . also because of the lack of openness from the other people, even the technical devel-
opers who were on the project.” Insufficient support also emerged as a barrier, as
exemplified by P5: “If there is someone in the meetings that I judge to be more arrogant,
for example, I do not ask for help.” Remote work further compounded this, as P5 added:
“We have assets that make remote work extremely difficult . . . you go on Slack, send a
Meet, and the person does not join . . . it is hard to ask for help.” Finally, dismissal of
opinions led participants to silence themselves, as P9 recalled: “Before, I was inter-
rupted a lot and the things I said were not validated. So I stopped talking, I went for a
while without giving much opinion. Just accepting.”

5.3.3 Leadership level

Leaders are the greatest single source of safety or threat. Leadership barriers primarily
involve inadequate leadership behaviors (such as inconsistency or public exposure of mis-
takes) and lack of openness to dialogue. Inadequate leadership behavior, such as public
blame, destroys trust, converting error into a punitive and potentially humiliating public
event. This behavior signals a clear risk of retaliation.

P1 shared an example of inadequate leadership behaviors: “A delivery had to be
redone, and then he started saying a lot of things in front of everyone. Saying he did not
trust anyone anymore, that he did not know what to do, and that he would start charg-
ing penalties on everyone.” Others emphasized lack of openness to dialogue, as P11
reported: “With my leadership, I really didn’t feel there was openness to talk to her, to
give feedback.”

5.3.4 Organizational level

The organizational context imposes barriers through organizational pressures, external
demands, unrealistic promises, and a culture of intolerance for mistakes. These pressures
create an environment of scarcity and overload, where the focus on results at any cost
eliminates the necessary space for reflection, learning, and vulnerability. The lack of room
for error mandates a defensive posture.

For instance, P2 described external demands leading to pressure: “A sales team goes
there and promises something, promises the world, and we have nothing. You cannot tell
a paying client, ‘I cannot do this.’ It is very complex.” Similarly, P11 illustrated internal
pressures and lack of tolerance for mistakes, stating: “There was no room for errors,
which I always pointed out in the NPS. No room for validation or real exchange. Everyone
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was always focused on the result. Where are the deliveries?”

5.4 CONCLUDING REMARKS

This chapter examined the enabling conditions and barriers that shape PS in software
engineering teams, based on practitioners’ lived experiences. The analysis revealed that
PS is influenced by multilevel dynamics: individual characteristics, team interactions,
leadership behaviors, and organizational structures. Enablers such as empathetic leader-
ship, open communication, mutual support, and inclusive cultures strengthen developers’
confidence in speaking up and engaging authentically. In contrast, barriers, including
technical insecurity, lack of support, inadequate leadership, and organizational pressure,
produce silence, fear, and risk avoidance.

Together, these findings show that PS is neither accidental nor uniformly distributed
across teams; it emerges from the alignment of interpersonal, managerial, and structural
conditions. This multilevel perspective serves as the foundation for the next chapter,
which explores the consequences of PS, and its absence, across software engineering prac-
tices and outcomes.
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This chapter presents the consequences of PS, as well as its absence, drawing on findings from the
systematic literature review and complementary insights from interviews.

CONSEQUENCES OF THE PRESENCE AND
ABSENCE OF PSYCHOLOGICAL SAFETY

This chapter presents the results of our investigation into the consequences of PS in
software development teams. We address the following research question:

RQ5: What are the consequences of psychological safety (or lack thereof) for software
development?

While the previous chapters examined the mechanisms that enable or constrain PS,
this chapter focuses on its outcomes, what happens when PS is present or absent across
different levels of the software engineering ecosystem.

To address this research question, we draw on evidence from both the systematic
literature review (Study A) and the interview data (Study C), each of which introduced
additional consequences. Although the review examined multiple research questions, this
chapter focuses specifically on the consequences synthesized in Study A. These findings are
then connected to the interview evidence from Study C, providing a richer understanding
of how these consequences unfold in real-world software development contexts.

This chapter is based on the following publications:
(i) Investigating Enablers, Barriers, and Consequences of Psychological Safety in Soft-

ware Engineering (2026),
(ii) Psychological Safety in Software Workplaces: A Systematic Literature Review

(SANTANA et al., 2025).

6.1 METHODOLOGICAL OVERVIEW

The systematic literature review was conducted according to the guidelines of (KITCHEN-
HAM; CHARTERS et al., 2007). The review sought to consolidate empirical evidence
on PS within software engineering contexts. After removing duplicates and applying in-
clusion criteria, 28 primary studies were included. Each paper was appraised for quality
using the Mixed Methods Appraisal Tool (MMAT).
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Data extraction followed a structured form that captured, among other dimensions,
the reported antecedents and consequences of PS. For the purposes of this chapter, we
analyze exclusively the consequences identified in those studies, operationalized as any
reported outcomes associated with the presence or absence of PS. The extracted conse-
quences were coded and organized according to their analytical level, individual, team,
or organizational, allowing for cross-study comparison. This categorization also served
as a reference for integrating insights from the interview study.

To address RQ5, What are the consequences of PS (or lack thereof) for software de-
velopment?, we analyzed the subset of interview data referring to outcomes of safe or
unsafe situations, as prompted by the third core question in the interview protocol ( 3.
What consequences did this situation have for you personally, for the team, or for the
progress of the project?). A total of 12 professionals working in software development
teams participated in the interviews, which were conducted online and transcribed ver-
batim. We applied thematic analysis (CLARKE; BRAUN, 2013) to identify patterns
in participants’ accounts. For this chapter, coding focused specifically on the explicit
consequences described by participants.

Consequences from both sources were inductively coded based on participants’ or
authors’ reports and classified according to their valence (positive or negative) and level
of impact (individual, team, or organizational). This dual-source approach enables a
multi-level understanding of how PS, or its absence, affects personal well-being, team
collaboration, and software project outcomes.

Table 6.1 Example of consequence categorization across studies
Data Source Extracted Evidence Coded Conse-

quence
Level

Study A
(SLR)

“The findings reveal that a lack of
psychological safety within a com-
pany contributes to brain drain.”1

Loss of talents /
Brain drain

Organizational
(negative)

Study C (In-
terviews)

“It ended up being a really suf-
focating period for everyone. By
the end of the delivery, almost the
entire team was leaving the com-
pany because of it, we just pushed
through to finish the project.”

Loss of talents Organizational
(negative)

This example illustrates how the same consequence, the loss of talents, emerged consis-
tently across distinct data sources. In the literature, this phenomenon has been described
as a form of brain drain, highlighting the long-term organizational cost of environments
perceived as psychologically unsafe. Such contexts undermine employees’ sense of be-
longing and willingness to remain within the organization. Similarly, in the interviews,
participants reported emotionally exhausting work periods followed by collective resigna-
tions, showing how low PS can lead to turnover at scale.



6.2 RQ5. CONSEQUENCES OF THE PRESENCE OR ABSENCE OF PS 61

6.2 RQ5. CONSEQUENCES OF THE PRESENCE OR ABSENCE OF PS

The presence or absence of PS yields profound and interconnected outcomes (Figure 6.1)
across the individual, team, and organizational levels, acting as a systemic enabler of
both human well-being and software development effectiveness.

Social agile practices
Customer involvement
Technical excellence
Software quality
Faster deliveries
Higher quality

CONSEQUENCES OF 
THE PRESENCE OF PS

Team level
Team performance
Belonging to the team
Team effectiveness 
Team capabilities 
Team reflexivity
Transactive memory systems
Knowledge sharing 

Individual level

Job satisfaction and motivation 
Knowledge sourcing    

PSYCHOLOGICAL
SAFETY

Organizational level

Inovation level

Openness to new ideas and
collectiveimprovements

Organizational level

Project delays
Rework
Talent loss
Financial costs

Individual level

Harmed mental health and well-
being
Reduced engagement and
motivation

CONSEQUENCES OF 
THE ABSENCE OF PS

Inovation level

Repressed creativity
Discouragement of proposing
improvements

Figure 6.1 Consequences associated with the presence and absence of psychological safety
across individual, team, organizational, and innovation levels.

6.2.1 Individual level

PS yields several benefits at the individual level. Both the systematic literature review
and interview data consistently indicated that individuals perceiving higher PS experience
increased job satisfaction (LENBERG; FELDT, 2018). Beyond satisfaction, the SLR
showed that individuals in psychologically safe teams are more inclined to proactively
seek knowledge within their team (SAFDAR; BADIR; AFSAR, 2017), demonstrating
a willingness to expose gaps in their understanding. Interviews complemented this by
providing qualitative insights: “It was one of the most enjoyable projects to work on be-
cause we could prioritize together, discuss what needed to be done first, and it was a great
experience.”

Conversely, low PS led to reduced engagement, motivation, and well-being, often
manifesting as burnout, anxiety, and lifestyle changes. As participant P3 described: “A
moment when I stopped talking completely, so I went from my second week until the end
of my six months in this experience without saying anything about suggestions to manage-
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ment. (. . . ) It was a time when I slept very little. So, I always slept very little, I stopped
doing physical exercise, so the time I had to do physical exercise, I could not use because
I had to deliver something by 8 a.m. the next day. Physically, I started to show several
symptoms of burnout and such, I started to gain a lot of weight too.” Unsafety also reduced
engagement and motivation. As P5 put it: “I ended up participating less, giving fewer
opinions, and just doing the basics because I knew people were not interested.”

Overall, these findings suggest that environments with higher PS are generally as-
sociated with greater satisfaction, motivation, and proactive behaviors, while less safe
contexts may make it harder for individuals to feel engaged and well-being.

6.2.2 Team level

At the team level, findings from the systematic literature review consistently indicated
that PS is linked to various positive outcomes. Several studies reported that PS enhances
team performance (LENBERG; FELDT, 2018; GUSTAVSSON, 2018, 2022; BUVIK;
TKALICH, 2022), suggesting that teams with higher PS can achieve goals more effec-
tively. Other research highlighted that PS is associated with a stronger sense of belonging
within the team (TRINKENREICH; GEROSA; STEINMACHER, 2024), greater overall
team effectiveness (VERWIJS; RUSSO, 2023), and improved team capabilities (BAR-
ROS; TAM; VARAJAO, 2024), indicating that PS may help teams function more cohe-
sively and leverage their skills collectively.

The review also identified positive relationships between PS and collective processes
such as team reflexivity (BUVIK; TKALICH, 2022), transactive memory systems (HOOD
et al., 2016), and knowledge sharing (KAKAR, 2018). These findings suggest that PS
supports the development of shared understanding and coordination, enabling teams to
reflect on their processes and utilize knowledge more efficiently.

6.2.3 Organizational level

At the organizational level, the systematic literature review indicated PS plays a role in
several aspects directly related to software development. Social agile practices were found
to depend on and be influenced by the level of PS (HENNEL; ROSENKRANZ, 2021),
while PS also indirectly supports the success of agile projects by enhancing customer
involvement (BARROS; TAM; VARAJAO, 2024). Additionally, PS facilitates technical
excellence (ALAMI; KRANCHER; PAASIVAARA, 2022), promoting proactive initiative
and continuous learning without fear of negative consequences. Studies further sug-
gested that PS contributes to software quality by enabling open discussion of issues and
admission of mistakes (ALAMI; ZAHEDI; KRANCHER, 2024), as well as fostering trans-
parency and effort regarding quality expectations (ALAMI; KRANCHER, 2022). Both
data sources also pointed to a negative effect associated with low PS: talent loss, reflecting
the departure of skilled professionals from psychologically unsafe environments (AHMAD,
2023).

Interviews reinforced these findings, revealing that psychologically safe contexts en-
hanced delivery and software quality. As P8 explained: “I had this help, and I can give
help to others, even from different teams. So deliveries get faster because people feel more
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confident next time.”
Conversely, the absence of PS was associated with organizational risks including talent

loss, project delays, rework, and increased financial costs. P1 described: “Later, when
we were already very delayed, we finally spoke up, saying that the deliveries were not
properly defined, not properly planned (. . . ) And because of that, the second delivery was
almost two months late, leading to penalties for the company’s leadership.” P6 recalled
a similar case: “A manager suggested a new internal plan, but it eventually became the
official plan. I did not feel safe questioning it, so I stayed quiet. We ended up doing a lot
very quickly and then had a lot of rework, fixing things we had rushed through.”. Several
participants emphasized that ignoring team members’ technical input had severe human,
organizational, and financial consequences. P2 recounted: “I said again: it will not work,
down the road we will face a bigger problem. Then when the problem happened, leadership
said: you warned us, right? We spent 400,000 reais more because of that coordinator’s
decision. The team worked 18 extra hours in total. People went to bed at 4 a.m. to start
again at 9 a.m.” P1 similarly highlighted that silencing testing concerns led to extensive
delays: “He himself kept reiterating that we should not do testing so as not to waste time,
and in the end, we lost another two months trying to do all the testing.”

Mid-level leaders were also affected when their warnings were ignored. P3 reported:
“She [the team manager] would often point out problems in the process, problems that man-
agement chose to ignore, not pay attention to, right? And then the bomb went off, because
of the error she pointed out, it exploded in her lap.” Beyond operational inefficiencies,
the disregard for technical voices also had human costs, such as stress and interpersonal
conflict. As P2 described: “Imagine the state this team was in; it started generating fights,
stress, people fighting among themselves because of the pressure. (. . . ) with all these over-
time hours, things were generated about overtime, and they were wrong, because people
were tired and stressed.”

6.2.4 Inovation level

Consequences related to innovation were identified exclusively in the interview data. PS
was found to foster openness to new ideas and enable collective learning and continuous
improvement. Participants described how safe environments encouraged experimentation
and the exchange of unconventional ideas. As P4 explained: “Psychological safety always
opens space for people to bring new ideas without fear of exposing their thoughts.” Similarly,
P7 emphasized how freedom to share imperfect or ‘absurd’ ideas could still spark learning
and innovation: “Even when they say something absurd, if it makes sense, they learn from
it ... sometimes an incipient idea materializes.”

In contrast, a lack of PS suppressed creativity and discouraged initiative. P5 described
the demotivating effect of being unheard: “Why would I look for a better solution if no
one wants to listen? These things just create friction and obstacles.”

Taken together, these findings show that the consequences of PS in software engi-
neering are multifaceted and interconnected. Its presence fosters satisfaction, learning,
and performance at individual, team, and organizational levels, while also enabling in-
novation through collective reflection and open idea exchange. Conversely, its absence
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can cascade across these levels, leading to reduced engagement, impaired collaboration,
and organizational inefficiencies. This multimethod perspective highlights that PS is not
merely an interpersonal condition but a systemic enabler of both human well-being and
software development effectiveness.

6.3 CONCLUDING REMARKS

This chapter synthesized the consequences associated with the presence and absence of
PS in software engineering, drawing on evidence from both the systematic literature re-
view and interviews. Across individual, team, organizational, and innovation levels, the
analysis showed that PS acts as a systemic enabler of well-being, collaboration, learning,
and effective software delivery. When present, it supports knowledge sharing, team coor-
dination, experimentation, and technical quality. When absent, it leads to silence, stress,
rework, project failures, and talent loss, with cascading human and organizational costs.
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This chapter synthesizes the main findings from studies and discusses their collective contributions,
situating them within the literature and outlining implications for research, practice, and future work.

DISCUSSION

This thesis set out to unravel how PS unfolds within software engineering contexts. While
previous studies typically portrayed PS as team climate, this research revealed it as a
dynamic and situational process, one that emerges from daily interactions where profes-
sionals navigate interpersonal risks.

Across multiple empirical sources, scientific literature, online developer communities,
and interviews with practitioners, this work examined how software professionals face,
avoid, and manage interpersonal challenges embedded in their everyday activities. The
results converge toward a processual understanding: PS arises (or collapses) in the very
moments when individuals decide whether or not to speak up, question a decision, admit
a mistake, or ask for help.

By integrating these findings, the thesis advances an empirical and conceptual frame-
work that explains the barriers and enablers that shape these decisions, what strategies
help professionals cope with interpersonal risk, and what the consequences are of the pres-
ence or absence of PS. Building on this foundation, the discussion is organized around five
contributions: (1) An integrated view of Psychological Safety, (2) Situating these findings
in relation to prior work, (3) Assessing the contribution: relevance, rigor, and novelty,
and (4) Implications for research and practice, and (5) Directions for future work.

7.1 AN INTEGRATED VIEW OF PSYCHOLOGICAL SAFETY

The integrated analysis revealed that PS is continuously negotiated through micro-level
events that occur across the software development lifecycle. Rather than being deter-
mined by a single factor, such as leadership, culture, or personality, safety results from
the interplay between contextual forces, interpersonal challenges, and individual strate-
gies.

Figure 7.1 presents the integrated model developed in this research. It PS
as a dynamic and situated phenomenon emerging from participation in software devel-
opment activities. As team members and stakeholders participate in different stages of
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the software development process, their interactions give rise to interpersonal challenges.
These challenges reveal contextual conditions, both enablers and barriers, that shape
how individuals interpret and respond to interpersonal risks. The strategies employed
by team members reduce barriers and strengthen enablers, influencing the level of PS.
This level, in turn, shapes how new challenges are approached, creating cycles that can
either sustain collaboration and learning or reinforce silence and withdrawal. Thus, PS is
understood not as a stable state, but as a situated phenomenon continuously negotiated
in practice.

Figure 7.1 Integrated model

In software teams, safety is enacted in motion: during a code review, when a devel-
oper must decide whether to challenge a senior’s implementation; in a retrospective, when
team members discuss mistakes or missed goals; or in a design meeting, when competing
ideas must be debated. Each of these moments constitutes an instance of interpersonal
risk-taking, a potential threat to self-image and social belonging. The empirical data
show that when professionals perceive the context as psychologically unsafe, they tend to
engage in defensive behaviors such as silence, withdrawal, or self-censorship. Conversely,
when enablers are present, such as interpersonal respect, accessible and empathetic man-
agers, and openness to feedback, professionals are more likely to confront these challenges
constructively. As a result, they transform risk into learning opportunities.
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7.2 COMPARISON WITH RELATED WORK

This section presents a comparison between all elements (challenges, strategies, enablers,
barriers, and consequences) of PS we investigated in this thesis with related studies on
this topic.

7.2.1 Challenges related to PS in software development

In examining challenges related to PS in software development (RQ1), our findings align
with previous work highlighting the interpersonal nature of behaviors such as speak-
ing up, admitting mistakes, and asking for help (EDMONDSON, 2003, 2018; ALAMI;
ZAHEDI; KRANCHER, 2024; TKALICH et al., 2022). These behaviors, which entail
varying degrees of vulnerability, are often moderated by self-protection dynamics, with
implications for both team learning and technical outcomes.

While previous work has focused either on how these behaviors directly support soft-
ware quality in agile contexts (ALAMI; ZAHEDI; KRANCHER, 2024) or on their sensi-
tivity in remote collaboration settings (TKALICH et al., 2022), we show how perceived
interpersonal risks appear in different development activities, such as planning, code re-
view, or debugging, thereby offering a process-oriented perspective on how PS is enacted
in daily software work. This contextualization provides a complementary lens to un-
derstand not only what behaviors are sensitive but also when and why these challenges
emerge.

7.2.2 Strategies help address or respond to the PS challenges

Although decades of research have highlighted the importance of PS for learning, per-
formance, and well-being, guidance on how it is actively cultivated remains limited
(EDMONDSON; BRANSBY, 2023). Most studies focus on antecedents or outcomes
at the team climate level, often emphasizing leadership, while the interactional processes
through which team members themselves shape safety remain underexplored (EDMOND-
SON; BRANSBY, 2023; EDMONDSON, 2018).

Our findings show that PS in software development is actively enacted through five
complementary strategies: Shaping the Environment, Exposing Oneself, Including Oth-
ers, Managing Processes, and Learning. Rather than static team attributes, these strate-
gies emerge from concrete, day-to-day interactions across the development lifecycle, in-
cluding requirements discussions, code reviews, debugging, and release coordination. For
example, Exposing Oneself involves stating assumptions and acknowledging concerns,
while Including Others emphasizes recognizing contributions and fostering collaboration.

These results complement prior work by Edmondson, who emphasizes the relational
and interactional processes through which safety is cultivated (EDMONDSON, 2018), and
by Alami et al. (2024), who document similar strategies in agile teams to support software
quality, such as acknowledging effort and ensuring non-punitive responses. Unlike Alami
et al. (2024), our study shows that these strategies operate beyond agile contexts and
provide a process-oriented and practice-based perspective on how PS is negotiated in
diverse software development settings.
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7.2.3 Factors or enabling conditions make PS possible

Previous research in Software Engineering has identified positive antecedents of PS, such
as leadership support and a collaborative team climate (AHMAD, 2023; ALAMI; ZA-
HEDI; KRANCHER, 2023). However, most studies treat these factors as background
conditions rather than explicating the concrete day-to-day actions, interactions, and
mechanisms through which teams actively cultivate PS. In other words, while prior work
specifies what must be present, such as openness, supportive leadership, role clarity,
or autonomy, it rarely explains how these antecedents are enacted, co-constructed, and
sustained in team interactions over time.

Our findings advance this literature by framing PS as a dynamic, continuous rela-
tional process, consistent with Edmondson’s conceptualization (EDMONDSON, 1999).
This process emerges through ongoing co-regulation among developers, technical lead-
ers, product owners, and managers, reflecting a collective, interactive achievement. In
highly technical environments, we show that leadership perceived as technically compe-
tent uniquely facilitates critical feedback, help-seeking, and learning from errors, refining
prior understandings of inclusive leadership and agile support (EDMONDSON; LEI, 2014;
ALAMI; ZAHEDI; KRANCHER, 2023).

At the organizational level, formal structures, such as well-being programs, and insti-
tutionalized diversity and inclusion initiatives, not only support PS but also safeguard
marginalized voices. This positions diversity as a proactive institutional enabler.

Finally, our analysis reaffirms team-level enablers (open collaboration, mutual respect,
support) and individual capacities (openness to feedback), highlighting that PS in soft-
ware engineering is a multiscale socio-technical phenomenon. Its emergence depends on
the alignment between organizational culture, leadership practices, and everyday work in-
teractions (ALAMI; KRANCHER; PAASIVAARA, 2022; SANTANA et al., 2025). This
multilevel perspective moves beyond antecedents, portraying PS as a dynamic accom-
plishment continuously enacted within and across software teams.

7.2.4 Barriers hinder PS

Our findings about barriers align with prior evidence from healthcare education, where PS
is hindered by hierarchical dynamics, fear of judgment during performance, and limited
opportunities for supportive dialogue (LACKIE et al., 2023). Similarly, the participants
described how inadequate leadership behaviors, low team openness, and fear of inter-
personal consequences restrict their willingness to speak up. However, while healthcare
studies primarily examine these barriers in simulation-based learning environments, the
barriers we identified arise in ongoing, real work conditions within software teams. This
context introduces additional constraints, such as limited technical confidence, pressure
to show expertise, and organizational demands for constant delivery, that shape PS not
as a momentary learning concern, but as a continuous and structural element of everyday
collaboration.
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7.2.5 Consequences of the presence or absence of PS

Consistent with Edmondson’s framework (EDMONDSON, 1999), participants’ accounts
illustrate both the benefits of speaking up and the costs of silence. In high-stakes domains
such as aviation and healthcare, the absence of PS has been linked to preventable errors
and harm (EDMONDSON, 2018). In software development, our findings similarly indi-
cate that PS directly shapes work outcomes: when present, teams report greater product
value, agility in delivery, and innovation; when absent, teams face rework, delivery delays,
financial losses, reduced motivation, and turnover. This aligns with Ahmad (2023), who
identified psychological unsafety as a driver of turnover, and with Alami et al. (2023),
who emphasized the role of PS in enabling quality-oriented practices (AHMAD, 2023;
ALAMI; ZAHEDI; KRANCHER, 2023).

Beyond performance and software quality, our results indicate that PS also operates
as a human sustainability factor. Participants described unsafe work environments as
contributing to anxiety, emotional exhaustion, and disengagement, while psychologically
safe environments supported motivation, and satisfaction. This interpretation aligns with
(EDMONDSON, 2018)’s argument that prolonged silence and interpersonal risk aversion
harm both collective learning and individual health, reinforcing PS as a mechanism for
protecting professionals from exhaustion and preserving their capacity to contribute ef-
fectively.

7.3 ASSESSING THE CONTRIBUTION

Regarding the contribution, this thesis is relevant, as it addresses a core yet often in-
visible dimension of software engineering work: the human negotiation of interpersonal
risk within highly technical and collaborative environments. By linking PS to part of
development process, such as code review, planning, and requiriments, it translates an
abstract construct into actionable insights for practitioners and teams. The findings offer
practical guidance for teams, leaders and organizations seeking to foster learning-oriented
cultures without compromising accountability and technical quality.

This thesis is based on a multi-method design that ensures analytical depth and tri-
angulation across evidence types, and reveals the rigor applied in the research method.
The integration of a systematic literature review, large-scale gray literature analysis,
and in-depth interviews allowed for both breadth and depth in understanding the phe-
nomenon. Methodological rigor was maintained through transparent coding procedures,
peer review validation, and cross-source synthesis, ensuring that interpretations are both
data-grounded and theoretically sound.

Lastly, this thesis presents novelty regarding studies on PS in Software Engineering.
Conceptually, this thesis introduces a processual model of PS tailored to the context of
software engineering. It reframes safety as an evolving negotiation between vulnerability
and competence. This reframing contributes to both PS theory and software engineering
research by highlighting the situated, relational, and technical nature of human interac-
tions in development work.
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7.4 IMPLICATIONS FOR RESEARCH AND PRACTICE

Implications for researchers. The findings of this dissertation open a broad set of
research frontiers, revealing PS in software engineering as a multifaceted and dynamic
phenomenon that warrants deeper empirical and theoretical exploration. The results
presented here not only advance current knowledge but also illuminate opportunities for
future investigations aimed at unpacking the mechanisms, contingencies, and variability
of PS across software development practices, teams, and organizational settings. Building
on these insights, several directions for future research can be articulated.

Conditions shaping PS across contexts: our findings show that PS is shaped by orga-
nizational norms, team dynamics, leadership behaviors, and individual aspects. Future
studies should investigate how these conditions interact in different development settings
(e.g., distributed, hybrid, co-located) and across the diferents parts of the process devel-
opment.

Leadership behaviors and team climate formation: the data suggest that leadership
practices play a central role in reinforcing or inhibiting PS. Future work could explore
which leader behaviors are most consequential in fast-paced, iterative development envi-
ronments, and how these behaviors can be intentionally cultivated.

Methodological approaches for assessing PS in situ: while PS has established mea-
surement models, their application in software settings remains underdeveloped. There
is a need for measurement strategies that capture micro-interactions during code review,
collaborative debugging, design discussions, and retrospective processes.

Temporal and process-oriented perspectives: PS appears to fluctuate over time rather
than remain static. Longitudinal research could provide insights into how safety is
built, eroded, and restored throughout project cycles, team transitions, or organizational
change.

Implications for practice. The findings of this dissertation also offer actionable
insights for practitioners seeking to cultivate healthier and more collaborative software
development environments. By understanding PS as an ongoing, interactional process
practitioners can adopt more intentional approaches to supporting it throughout the
development lifecycle. The evidence gathered in this research highlights practical mecha-
nisms through which teams, leaders, and organizations can recognize early signs of vulner-
ability, reinforce productive norms, and design structures that sustain open dialogue even
in fast-paced or high-pressure contexts. Based on these insights, several practice-oriented
implications can be articulated.

Recognize behaviors as indicators of PS: software development inherently involves
expressing concerns, proposing changes, asking for help, acknowledging mistakes, and
offering critical feedback. Teams can treat these behaviors as signals of how safe members
feel to take interpersonal risks. When such behaviors are absent, suppressed, or redirected
to private channels, it may indicate constraints on PS. Making these behaviors visible
and discussable helps teams monitor and reflect on their learning climate.

Adopt active strategies to sustain open communication and reduce interpersonal risk:
PS is not automatic; it is built through deliberate, everyday practices. Teams can sup-
port openness by intentionally engaging in five complementary strategies identified in
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this research: Exposing Oneself (encouraging members to make their reasoning visible
and express doubts), Including Others (inviting participation and shared ownership of
problem-solving), Learning (treating mistakes and disagreements as opportunities for col-
lective growth), Managing Processes (adapting workflows and coordination practices to fit
the team’s needs), and Shaping the Environment (reinforcing norms of respect, support,
and collaborative accountability).

Create sustainable support structures: PS is not solely interpersonal; it is maintained
by organizational practices. Access to peer support, mentorship, reflective spaces, and
clear escalation paths can help sustain open dialogue even under high pressure.

7.5 DIRECTIONS FOR FUTURE WORK

Building upon the current findings, future work may extend the integrative model in
several directions. First, the role of temporal dynamics, how safety develops, decays, and
regenerates over time, warrants further exploration. Second, the interaction between PS
and technical practices such as DevOps, continuous integration, or incident management
could reveal how safety intersects with modern engineering paradigms. Finally, cross-
cultural studies could assess how values, norms, and communication styles mediate the
perception of interpersonal risk in global software teams.

7.6 CLOSING REFLECTION

This thesis invites a shift in how we understand the human side of software develop-
ment. It portrays software developers not merely as problem-solvers, but as social actors
navigating risk, emotion, and learning within complex technical ecosystems. PS, in this
sense, is both fragile and vital, an emergent property of everyday choices that determine
whether teams will remain silent or speak, hide errors or learn from them, endure stress
or grow through collaboration.

7.7 PH.D. TRAJECTORY OVERVIEW

The doctoral journey began in August 2021 with the conduction of mandatory course
work required by the Graduate Program in Computer Science. Figure 7.2 provides an
overview of the main milestones of this trajectory, from the initial academic requirements
to the most recent research developments.

In the first half of 2022, I initiated a research collaboration with Serpro (Serviço Fed-
eral de Processamento de Dados). As part of this collaboration, I analyzed qualitative
data previously collected by Serpro employees during an internal organizational initiative.
Through this analysis, the theme of PS emerged as a recurrent concern among practi-
tioners, which motivated me to deepen the investigation and shaped the direction of my
doctoral research.

The second half of 2022 focused on consolidating the research plan and establishing
the theoretical foundations of the study. Throughout 2023, I conducted the first two em-
pirical investigations and disseminated preliminary findings while completing the required
teaching internship.
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In 2024, research activities paused temporarily due to maternity leave. Upon return-
ing, I concentrated on synthesizing the insights generated so far and refining the emerging
theoretical framework.

In 2025, I prepared the manuscripts derived from the empirical studies, completed
Study C, and integrated the evidence from all three studies. The year concluded with
the final synthesis of findings, dissertation writing, and preparation for the defense.

Figure 7.2 PhD trajectory overview

7.7.1 List of publications produced during the Ph.D.

These publications report the core empirical findings of the doctoral research and corre-
spond directly to Studies A, B, and C.

• Santana, B. S., et al. Exploring Psychological Safety in Software Engineering: In-
sights from Stack Exchange. Brazilian Symposium on Software Engineering (SBES),
2023.(SANTANA et al., 2023)

• Santana, B. S., et al. Psychological Safety in the Software Work Environment.
IEEE Software Magazine, 2024.(SANTANA et al., 2024)

• Santana, B. S., et al. Psychological Safety in Software Workplaces: A Systematic
Literature Review. Information and Software Technology, 2025.(SANTANA et al.,
2025)
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• Santana, B. S., et al. Understanding Psychological Safety Challenges and Strategies
in Software Development. (2026, forthcoming).

• Santana, B. S., et al. Investigating Enablers, Barriers, and Consequences of Psy-
chological Safety in Software Engineering. (2026, forthcoming).

These works collectively represent the contributions generated by Studies A, B, and
C and form the empirical basis of the dissertation.

In addition to the primary outputs of the thesis, I also contributed to several re-
search initiatives in collaboration with colleagues and external partners. The following
publications were produced through these collaborative efforts:

• Cerqueira, L., Nunes, L., Malheiros, V., Guerra, R., Santana, B., Spínola, R.,
Mendonça, M., Santos, J. Software Engineers Engagement and Job Satisfaction:
A Survey with Practitioners Working Remotely in a Public Organization. In Pro-
ceedings of the 26th International Conference on Enterprise Information Systems
(ICEIS 2024) – Volume 2, pp. 65–76.

• Cerqueira, L., Freire, S., Neves, D. F., Bastos, J. P. S., Santana, B., Spínola,
R., Mendonça, M., Santos, J. A. M. (2024). Empathy and its effects on software
practitioners’ well-being and mental health. IEEE Software, 41(4), 95–104.

• Silva, J. C. A., Cerqueira, L., Santana, B., de Figueiredo Carneiro, G., Freire,
S., Mendonça, M., & Santos, J. A. M. “Frustrating, Stressful, and Overwhelming”:
Insights into Software Practitioners’ Productivity from Stack Exchange Discussions.
In Simpósio Brasileiro de Engenharia de Software (SBES 2025), pp. 237–248. SBC.

• Monte, L., Santana, B., de Figueiredo Carneiro, G., Mendonça, M., Freire, S., &
Santos, J. A. M. Understanding Psychological Safety in Agile Software Develop-
ment Teams. In Simpósio Brasileiro de Engenharia de Software (SBES 2025), pp.
416–426. SBC.





Chapter

8
THREATS TO VALIDITY AND TRUSTWORTHINESS

The multi-method qualitative design of this thesis requires attention to rigor criteria that
are appropriate for qualitative inquiry. This thesis draws on the criteria proposed by
(LINCOLN, 1985), credibility, dependability, transferability, confirmability, and reflexiv-
ity, as well as the quality dimensions articulated in the Empirical Standards for Software
Engineering Research (RALPH et al., 2020), namely credibility, resonance, usefulness,
and transferability. These perspectives collectively guide the evaluation of trustworthi-
ness across the three studies conducted: a systematic literature review (Study A), an
analysis of developer discussions in online communities (Study B), and semi-structured
interviews with software professionals (Study C).

8.1 CREDIBILITY

To ensure methodological rigor across all three studies, we adopted a two-researcher ap-
proach to data handling. In Studies A and B, inter-rater reliability checks were conducted
during study selection. For the qualitative analyses, all three studies involved at least two
researchers in data extraction and coding. To minimize individual bias, we implemented
analyst triangulation in Studies A, B, and C. In each case, at least two researchers inde-
pendently coded the qualitative data and engaged in iterative consensus discussions to
consolidate interpretations. When consensus could not be reached, a third researcher was
consulted to adjudicate disagreements. We additionally reinforced credibility in Study
A by adhering to predefined review protocols and structured synthesis procedures. Fi-
nally, interpretative transparency in the studies was supported through direct evidence:
in Study B, we presented quotations from forum discussions, and in Study C, we included
quotations from interviews to substantiate thematic claims.

8.2 DEPENDABILITY

In this research, dependability may be influenced by the iterative and interpretive nature
of qualitative coding, as well as by the diversity of data sources across Studies A, B, and
C.
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We addressed this in three ways. First, all stages of data collection, coding, and the-
matic development were systematically documented, establishing a traceable audit trail
that allows analytical decisions to be assessed for coherence and consistency. Second, we
made key research artifacts, including extracted datasets, codebooks, and consolidated
databases, available as supplementary materials. Third, we recorded the iterative refine-
ment of the analytical frameworks in detail. In Study A, we provided comprehensive
documentation of the systematic review procedures, including search strategies, explicit
inclusion and exclusion criteria, and structured synthesis steps. In Study B, we reported
the data selection process using a keyword-chase strategy supported by transparent cri-
teria to ensure reproducibility. In Study C, we provided the interview script and the
extracted data segments, making the interpretive steps traceable.

8.3 TRANSFERABILITY

Transferability was supported through rich contextual descriptions. In Study B, we de-
scribed the characteristics of the Stack Exchange communities analyzed, the criteria used
for selecting threads, and the interactional norms of the platform. In Study C, we re-
ported participant demographics, organizational contexts, and experience levels within
the Brazilian software industry, enabling readers to assess the relevance of the findings
to their own settings. In Study A, we provided detailed information on search strate-
gies, temporal scope, and disciplinary coverage. However, the transferability of the three
studies remains conditioned by context. Forum discussions may reflect the perspectives
of self-selected contributors, and interview accounts may be influenced by cultural and
organizational factors specific to Brazilian software development environments.

8.4 CONFIRMABILITY

Confirmability was pursued by ensuring that interpretations were grounded in the data
rather than researcher expectations. Across Studies B and C, we maintained detailed an-
alytic records, including coded excerpts, enabling external review of interpretive claims.
Investigator triangulation, the involvement of multiple researchers in data coding, inter-
pretation, and thematic refinement, further helped mitigate individual biases. In Study
A, confirmability was supported through transparent reporting of extraction tables and
thematic synthesis steps. Cross-study comparison also contributed to confirmability by
revealing both convergent and divergent insights across datasets, reinforcing interpreta-
tions that were consistently supported while preventing overgeneralization.

8.5 REFLEXIVITY AND RESONANCE

Reflexivity was integral throughout the research process. The researchers engaged in
recurring discussions regarding how their backgrounds in software engineering and interest
in PS might shape interpretive choices. Resonance was pursued by ensuring that the
findings authentically represent the experiences and language of participants. This is
reflected in the extensive use of direct quotations, contextualized narrative reconstruction
of experiences, and the presentation of interpretations that aim to remain close to the
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participants’ own articulations of interpersonal challenges and strategies.

8.6 SPECIFIC CONSIDERATIONS

Despite the measures described above, each study involves inherent limitations. Study
A is subject to the constraints of indexing, publication bias, and the limited availability
of longitudinal or context-rich research in the existing literature. Study B is limited by
the inability to access contextual background for forum participants and the self-selecting
nature of online contributions. Study C may be influenced by sampling constraints, given
that participation was voluntary and concentrated in specific organizational and cultural
contexts. Additionally, the absence of longitudinal data restricts insights into temporal
evolution in all three studies.

The findings from all three studies were systematically integrated to identify conver-
gent and divergent patterns across different data sources and analytical approaches. This
integration enabled a more comprehensive understanding of PS in software engineering
teams, leveraging the breadth provided by systematic review and forum analysis with the
depth afforded by qualitative interviews. Nevertheless, the synthesis of results from dis-
tinct methods may introduce limitations related to differences in granularity and depth,
which were mitigated through the use of structured protocols, analyst triangulation, and
transparent documentation at each stage of the research process.





Chapter

9
CONCLUSION

This thesis examines the PS within software engineering, emphasizing the interpersonal
dynamics and situated practices that condition its emergence in technical work environ-
ments. Drawing on a multimethod research design that integrated a systematic literature
review, qualitative analysis of online forums, and semi-structured interviews with industry
professionals, the thesis provides empirically grounded insights into how PS is supported,
threatened, and negotiated across everyday software development activities.

This research achieves three main objectives. First, it synthesizes and structured
current knowledge on PS in software engineering, establishing a solid theoretical foun-
dation. Second, it identify challenges that arise at different stages of the development
process, particularly when expressing concerns, offering divergent opinions, or recom-
mending changes, and showed how these challenges are shaped by both barriers and
enablers that support openness and collaborative problem-solving. Third, it refines a set
of practical strategies for cultivating PS, encompassing exposing oneself, including others,
learning, managing processes, and shaping the environment. Together, these strategies
indicate how team members, leaders, and organizations can sustain interpersonal respect
and constructive dialogue throughout development work.

The findings highlight that variations in PS across software development levels have
significant consequences. When PS is limited, individuals reduce participation, avoid ex-
pressing concerns, and limit knowledge sharing due to fear of negative judgment. These
patterns lead to reduced motivation and well-being at the individual level, and can con-
tribute to project delays, rework, and talent loss. Creativity and experimentation are
also suppressed, which reduces opportunities for learning and innovation.

Conversely, when PS is supported, individuals feel more satisfied and engaged, openly
share knowledge, and collaborate effectively. At the organizational level, this fosters
higher delivery quality, strengthens agile practices, and promotes continuous improvement
and innovation by allowing ideas to be shared and refined without fear.

This research contributes to the field by shifting the focus from broad organizational
factors to concrete, activity-based interpersonal dynamics, enriching current theoretical
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frameworks with actionable guidelines tailored to the socio-technical complexity of soft-
ware development. While the study advances understanding in this domain, limitations
include need for broader validation across diverse cultural and organizational settings.

Future work should investigate how PS is impacted and strengthened across each
phase identified in this study, exploring how the proposed strategies can be adapted and
applied effectively in different organizational contexts, such as startups and public sector
companies. Additionally, extending this research to investigate PS in emerging devel-
opment paradigms, such as remote and hybrid work models, could enhance its practical
relevance.

Ultimately, this thesis underscores the important role PS plays in fostering healthier,
more innovative, and effective software engineering environments, providing a foundation
for ongoing efforts to create inclusive workplaces that support both human well-being
and technological excellence.
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