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Abstract. Micro frontend (MFE) is an architectural style that decomposes a
monolithic frontend application into smaller, manageable, and independently
deployable slices. Despite its increasing adoption, the field remains relatively
underexplored, particularly in terms of identifying challenges and documenting
best practices. Therefore, the goal of this Master’s Thesis is to propose and eva-
luate an artifact that supports developers in implementing MFE architectures.
We introduce a catalog of MFE anti-patterns that document common problems
and practical solutions. After proposing the catalog’s initial version, we con-
ducted three empirical studies, a Personal Opinion Survey, a Controlled Experi-
ment, and Multivocal Literature Review. After each study, we refined the catalog
to produce a final version that helps developers identify, solve, and prevent pro-
blems when working with MFE architectures. The contributions of this Thesis
include centralized documentation of common issues and solutions when deve-
loping MFE architectures, empirical evidence on how the catalog can be used,
a web application that showcases the anti-patterns and promotes collaboration
within industry practitioners, and the development of MFE teaching material
that instructors can integrate into software architecture curricula. We believe
that the results of this work have the potential to drive significant advances in
both the practice and theory of MFE, helping shape future research and improve
industry adoption.

1. Introduction

Software architecture focuses on software design at the highest level of abstrac-
tion [Kazman et al. 2023]. At this level, architects are concerned not with specific
classes or interfaces but how the system’s components, modules, or layers are integra-
ted [Valente 2020]. During the design phase, architects face critical decisions that shape
the system, as these choices are often difficult to modify later. To support these decisi-
ons, architects can rely on architectural styles, which provide guidelines on organizing the
system’s modules [Medvidovic and Taylor 2010]. Examples of such architectural styles
include Microservices and Micro Frontends.

As a monolithic application grows, it becomes challenging to scale due to limi-
tations like technology constraints, the necessity for vertical scaling only, and the need
to reboot the entire application with each deployment [Dragoni et al. 2017]. To address
these issues, developers are adopting the Microservice (MS) architectural style to cre-
ate autonomous, distributed, and loosely coupled services [Dmitry and Manfred 2014,
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Lewis and Fowler 2014, Erl 2016]. This architecture enables teams to work independen-
tly, reducing the development time for new features. However, different teams often still
need to share the same codebase for the presentation layer.

Micro Frontend (MFE) is an architectural style that extends the principles of MS
to the frontend, breaking down a complex frontend application into smaller, managea-
ble, and independently deployable slices [Mezzalira 2021a, Peltonen et al. 2021]. This
approach facilitates independent testing, development, and deployment of front-end com-
ponents, enabling teams to work autonomously and reducing the development time for
new features [Geers 2020]. However, some issues faced when adopting MFEs are increa-
sed payload size, UX consistency, complex monitoring and debugging, state management,
and duplicated code [Peltonen et al. 2021]. Many companies, such as SAP, Springer, Za-
lando, NewRelic, Ikea, Starbucks, and DAZN, have successfully implemented the MFE
architecture [Taibi and Mezzalira 2022], showcasing its potential in diverse domains.

Despite its widespread adoption in the industry, the academic literature about gui-
delines and best practices when implementing MFE is relatively limited, especially when
compared to the numerous experience reports and case studies documenting its implemen-
tation [Antunes et al. 2024, Capdepon et al. 2023, Kaushik et al. 2024, Perlin et al. 2023,
Männistö et al. 2023, Pölöskei and Bub 2021, Moraes et al. 2024]. This disparity sug-
gests a challenge in transferring knowledge from industry practice to academic research
and underscores a gap in understanding how enterprises implement MFE in real-world
architectures.

Over time, software architecture can deteriorate due to developers’ insufficient
understanding of the specific architectural style [Taibi et al. 2020]. This issue is parti-
cularly critical in MFE architectures, as they are inherently complex, and there is no
well-defined method for evaluating or documenting both good and bad practices. The-
refore, the objective of this master’s thesis is to develop artifacts that can support de-
velopers in implementing and maintaining MFE architectures. We propose a catalog of
MFE anti-patterns to preserve architectural integrity and assist developers in making well-
informed decisions. Anti-patterns address emerging issues, common mistakes, poorly im-
plemented solutions, misapplied best practices, and deviations from established process
models [Brada and Picha 2019].

To evaluate the catalog, we first conducted a Personal Opinion Sur-
vey [Kitchenham et al. 2015] with practitioners to validate whether the identified pro-
blems are prevalent in MFE architectures and if the proposed solutions address them
effectively. Based on their feedback, we improved the catalog. We then carried out a con-
trolled quasi-experiment with undergraduate students to compare the use of the catalog to
MFE guidelines provided on blogs and evaluate whether the catalog enhances students’
perception of learning. Again, the catalog was refined based on feedback. Finally, we
expanded the catalog by conducting a Multivocal Literature Review [Garousi et al. 2019]
to add anti-patterns published by practitioners in blogs, sites, videos, etc. Our next steps
involve empirically evaluating its use by practitioners in real-world architectures.

2. Research Objectives
The primary objective of this thesis is to develop an artifact to support developers when
implementing and maintaining MFEs architectures. To satisfy the primary objective,
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we devised the following specific objectives:

1. Build a comprehensive body of knowledge on the real-world challenges develo-
pers face when implementing Micro Frontend architectures.

2. Develop and iteratively improve an artifact to support developers when implemen-
ting and maintaining Micro Frontend architectures.

3. Examine how the artifact supports inexperienced developers in identifying and
avoiding common pitfalls while maintaining Micro Frontend architectures.

3. Research Methodology
The research methodology employed in this thesis is an adapted version of the evidence-
based methodology proposed by Mafra et al. [Mafra et al. 2006]. Figure 1 illustrates the
steps of our adapted approach. The methodology consists of the following steps:

Figura 1. Diagram illustrating the research methodology based on Mafra et
al. [Mafra et al. 2006]. Blue rounded items show what we made after each
step.

1. Secondary Study: After conducting an ad hoc review, we identified a Multivo-
cal Literature Review by Peltonen et al. [Peltonen et al. 2021] that maps existing
knowledge on MFEs, highlighting their motivations, benefits, and challenges. The
authors state that MFE anti-patterns have not yet been identified. To complement
their review and verify whether any anti-patterns have been published since its
completion, we conducted a Rapid Review [Cartaxo et al. 2018] and found no do-
cumented MFE anti-patterns.

2. Initial proposal of the catalog: To document the challenges faced when imple-
menting and maintaining MFEs architectures, we propose a catalog of MFEs anti-
patterns based on MSs anti-patterns. We propose 12 anti-patterns, each composed
by name, category, problem, solution, and example.
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3. Feasibility study: We conducted a Personal Opinion Sur-
vey [Kitchenham et al. 2015] with practitioners to assess and improve the
anti-patterns and evaluate if they represent real problems on MFE architectures.
We improved the catalog anti-patterns based on practitioners’ feedback.

4. Controlled experiment: We conducted a controlled quasi-
experiment [Wohlin et al. 2012] with Computer Science undergraduate students
to compare the catalog to the guidelines proposed by practitioners on websites
and blogs, and evaluate whether the catalog improves the perceived learning of
students. We improved the catalog anti-patterns based on students’ feedback.

5. Multivocal Literature Review: To uncover micro frontend (MFE) anti-patterns
proposed by practitioners in informal sources, we conducted a Multivocal Lite-
rature Review [Garousi et al. 2019]. By incorporating anti-patterns shared by de-
velopers in online communities, blogs, and technical forums, we enriched and
refined our catalog, producing a more comprehensive and practice-informed final
version.

4. Final Catalog

After collecting feedback from participants and incorporating new anti-patterns from
grey literature, we evolved our catalog and created it’s final version with 27 anti-
patterns. Drawing on the collaborative repository model proposed by Bogner et
al.[Bogner et al. 2019], we developed an web application to showcase all anti-patterns.1

The web application allows users to search for any word in the anti-patterns name, pro-
blem, solution, and example. Figure 2 presents the home screen of the web application
and Table 1 presents the Global State Communication anti-pattern as an example.

Figura 2. Main page of the catalog’s web application.

1https://mfe-anti-patterns.online/micro-frontends-anti-patterns/#/
catalog
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Anti-pattern Global State Communication
Also Known As Relax, It’s just code; Sharing state across Micro Frontends; Global State; Sha-

red Global State

Category Inter-frontend

Problem Using shared states violates the principle of segregation, compromising the
independence of each micro frontend and increasing coupling.

Symptoms and
Consequences

Changes in the shared state require coordination across MFEs; otherwise, bugs
may be introduced in MFEs that read the state, reducing independence.

Solution Each micro frontend should maintain its own event store. To enable commu-
nication, use an event emitter-based approach instead of sharing state directly.

Resulting Con-
text

Each MFE may keep a local state (when needed) and communicate by subscri-
bing to events dispatched by other MFEs, rather than directly accessing their
state.

Example In a financial platform, MFE-account maintains the current account balance
in a shared global state, enabling other MFEs to access it directly. When the
team internationalizes the app and extends currency support, MFE-account
changes the shared state structure to include both the numeric balance and its
associated currency. Since other MFEs depend on this shared state without
proper contracts, the change breaks their logic. Applying the solution, each
MFE stops depending on shared state directly and instead subscribes to events
or queries data through well-defined, versioned interfaces, so updates in one
MFE do not unexpectedly break others.

Solution Pitfalls When creating local states, be careful to avoid the Distributed Data Inconsis-
tency anti-pattern.

Related Anti-
patterns

Distributed Data Inconsistency

References [Mezzalira 2020, Shinde 2022, Mezzalira 2021b, Mezzalira 2021c,
Raimundo 2023]

Tabela 1. Global State Communication anti-pattern summary.

5. Contributions
This research has made several contributions to the MFEs field, spanning theoretical and
practical aspects. Below, we categorize and describe the contributions of this thesis thus
far:

• Theoretical contributions:
1. A Catalog of Micro Frontends Anti-patterns, highlighting common pro-

blems and effective solutions, bridging knowledge from industry to acade-
mia.

2. Empirical evidence on the use of the Micro Frontends anti-patterns catalog
by students while learning Micro Frontends.

3. Empirical evidence comparing the Micro Frontends anti-patterns catalog
with Micro Frontends guidelines, focusing on students’ ability to make
informed decisions regarding the maintenance of a Micro Frontends archi-
tecture.
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4. A Multivocal Literature Review that consolidates previously scattered
practitioner knowledge on Micro Frontends, strengthening and enriching
the theoretical and practical understanding of the field.

• Practical contributions:
1. Development of a web application to present the Micro Frontends anti-

patterns catalog, allowing developers to access it during the implementa-
tion and maintenance of Micro Frontends architectures while also enabling
collaboration on the catalog.

2. Development of Micro Frontends teaching materials that integrate theo-
retical and practical content, allowing instructors to incorporate this topic
into Software Architecture courses seamlessly.

• Published papers:
1. A Catalog of Micro Frontends Anti-patterns [Silva et al. 2025a]: Catalog’s

proposal and evaluation by practitioners through a Personal Opinion Sur-
vey. This paper was accepted for publication at the IEEE/ACM Internati-
onal Conference on Software Engineering (ICSE) 2025 – Research Track.

2. Evaluating Strategies for Teaching Micro Frontends: Do Anti-patterns
Help? [Silva et al. 2025b]: Experience report on teaching Micro Fron-
tends to undergraduate Computer Science students, along with a controlled
experiment comparing the catalog to guidelines provided by developers
on the internet. This paper was accepted for publication at the XXXIX
Brazilian Symposium on Software Engineering (SBES) 2025 – Education
Track, and received a Distinguished Paper Award.

• Planned papers:
1. A Comprehensive Catalog of Micro Frontends Anti-patterns: A Multivocal

Literature Review: Report of the Multivocal Literature Review we conduc-
ted to expand the catalog by adding anti-patterns proposed by practitioners
in Grey Literature sources. We intend to submit this paper to the Journal
of Software and Systems (JSS).

2. Teaching Micro Frontends: Insights from Two Controlled Experiments on
Guidelines and Anti-patterns: Extended version of the paper published in
SBES [Silva et al. 2025b] due to the invitation after receiving the Distin-
guished Paper Award. We will submit this paper to the Journal of Software
Engineering Research and Development (JSERD).

6. Related work
Several papers present case studies or experience reports on implementing MFE ar-
chitectures. Männistö et al. [Männistö et al. 2023] presented their experience th-
rough the migration of a monolithic frontend to the MFE architecture. Capdepon et
al.[Capdepon et al. 2023] proposed an approach to migrate from monolithic mobile ar-
chitecture to MFE. Moraes et al. [Moraes et al. 2024] provided an experience report de-
monstrating how the same application can be implemented using different MFE approa-
ches. Perlin et al. [Perlin et al. 2023] presented a case study of how to implement a MFE
application with Webpack. Kaushik et al. [Kaushik et al. 2024] proposed a framework for
the design of web applications with MFEs and MS. Pavlenko et al. [Pavlenko et al. 2020]
implemented MFEs case study to report and discuss the issues risen during development.
All these papers can assist in making architectural decisions when implementing a MFE
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architecture. However, they cannot be used to evaluate an architecture or serve as a guide
for identifying hidden problems within it.

Although some practitioners have shared their experience on anti-patterns in MFE
applications on blogs and keynotes [Mezzalira 2023, Shinde 2022, Rappl 2024], before
this Master’s Thesis, no scientific studies had been conducted to propose a catalog of
MFE anti-patterns. We conducted a Rapid Review and found no studies proposing anti-
patterns for MFEs. Mezzalira [Mezzalira 2021a] briefly mentions that sharing any state
between micro-frontends is considered an anti-pattern but does not provide an in-depth
definition or exploration of this or other anti-patterns. Peltonen et al.[Peltonen et al. 2021]
conducted a Multivocal Literature Review and stated that researchers have not yet deeply
investigated MFEs and patterns and anti-patterns have not been defined. On the educatio-
nal side, to the best of our knowledge, no papers specifically discuss MFE education, and
only a few report on experiences teaching MSs.

Given the shared characteristics of MS and MFE architectural styles, we also se-
arched for papers proposing MS anti-pattern. Through a Systematic Literature Review
(SLR), Cerny et al. [Cerny et al. 2023] crafted a catalog with 58 disjoint MS anti-patterns.
Bogner et al. [Bogner et al. 2019] conducted a SLR to propose a taxonomy of 36 MS anti-
patterns. Additionally, they developed a collaborative web application that allows users
to explore and interact with their catalog. While both architectural styles share common
anti-patterns, a dedicated catalog for MFEs is necessary to identify and address these
issues specifically within the MFEs context.

7. Conclusion

By proposing and evaluating an MFE anti-pattern catalog, this dissertation advances Com-
puter Science by turning fragmented practitioner experience around an emerging archi-
tectural style into structured, reusable, and empirically grounded knowledge. The catalog
formalizes recurring failure modes by clearly defining problems, symptoms, consequen-
ces, and mitigation strategies, creating a shared conceptual basis for analyzing, compa-
ring, and evolving MFE. Beyond documentation, this work provides empirical evidence
of how these problems manifest in real systems and how practitioners use the catalog
in day-to-day work, thereby strengthening the scientific understanding of MFE-specific
constraints and informing future research on measurement, tool support, and automated
detection. In doing so, the dissertation contributes both to theory, by characterizing phe-
nomena and relationships in MFE architectures, and to practice, by enabling knowledge
transfer that can improve architectural decision-making, education, and the quality of
MFE-based systems at scale.

For future work, we plan to conduct a participatory case study to analyze how
practitioners use the catalog and to provide empirical evidence of its impact on the overall
quality of MFE architectures. We also aim to examine the effects of the proposed solu-
tions, both positive and negative, investigating whether their application may introduce
new anti-patterns. Regarding anti-pattern detection, we intend to formalize the definition
of anti-patterns using a formal notation or specification language, enabling precise repre-
sentation and systematic analysis. We plan to develop automated detection tools to help
identify anti-patterns efficiently. Finally, we aim to explore how the catalog can serve as
a foundational knowledge base for building AI-powered agents that assist practitioners in
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making informed architectural decisions in micro frontends.
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