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Abstract
Context: The rapid evolution of software development has led to
challenges when integrating new technologies into monolithic fron-
tend architectures. While microservices advanced backend modu-
larity, frontends often face issues like code redundancy, scalability,
and lack of modularity. The micro-frontend architecture emerged
as a modular approach to address these challenges. Problem: Cur-
rent monolithic frontend structures hinder agility and scalability
in corporate environments, affecting both technology performance
and business adaptability. This study targets challenges such as re-
dundancy and the complexities of team coordination when scaling
frontend projects. Proposed Solution:We developed a Guide for
Adoption of Micro-Frontends (GAM), providing structured guide-
lines to support the effective implementation of micro-frontends in
corporate contexts. IS Theory: This research draws upon the Tech-
nology Acceptance Model (TAM), evaluating the factors influencing
the adoption of micro-frontend architecture within development
teams. Method: We conducted a systematic mapping study (SMS)
to investigate the impacts and challenges associated with adopting
micro-frontends in software development. Next, we proposed the
GAM and carried out a case study at Serasa Experian to assess
the feasibility of the proposed guide. Additionally, we conducted
a survey with development practitioners to explore their percep-
tions of the micro-frontend architecture and the workflows sug-
gested by the GAM. Results: Results indicate that GAM is viewed
positively by practitioners, assisting in the structured adoption of
micro-frontends. Our case study highlights critical areas impacted
by this approach, including performance, scalability, and parallel
development, as well as issues with module complexity and devel-
oper experience. Contributions and Impact on IS: This research
contributes a practical framework for the industry, addressing cur-
rent gaps in micro-frontend implementation and setting a basis for
further study on modular frontend architectures in Information
Systems (IS). GAM provides actionable insights for practitioners,
enhancing frontend modernization efforts with measurable impacts
in agility and maintenance.

CCS Concepts
• Software and its engineering→ Software design techniques.
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1 Introduction
The increasing adoption of micro-frontend architectures by large
organizations represents a significant trend in software develop-
ment [25]. This reflects the ongoing pursuit of more flexible and
effective approaches to building frontend applications [22]. Pölöskei
and Bub [20] noted that some organizations have developed their
application portfolios by fragmenting monolithic structures into
isolated components, with separate web endpoints for each service.
However, managing a large monolith using this strategy can lead to
reduced operational efficiency. In contrast, micro-frontends allow
for the integration of an entire portfolio of distributed applications
through the implementation of a single portal. As organizations face
the need to evolve their applications rapidly, the micro-frontend
concept has emerged as an effective response, enabling different
parts of an application to be developed and deployed independently,
thus promoting scalability and agility in development [29].

Micro-frontends enable independent development and deploy-
ment of different application parts, fostering scalability and agility
[29]. However, their adoption brings challenges, including: 1) Code
Redundancy; 2) Consistency; 3) Heterogeneity; and 4) Increased
Frontend Code [5]. Code redundancy occurs because multiple teams
often work on different parts of the application, leading to dupli-
cated efforts and code [20]. Consistency issues arise when several
teams are involved in developing different modules or functionali-
ties, resulting in a lack of cohesion among the elements and factors
related to user interaction with the application—commonly referred
to as User Experience (UX) [25]. This inconsistency can lead to a
negative perception and decreased efficiency in development [20].

Heterogeneity addresses the flexibility to choose different tech-
nology stacks for various parts of the application [10]. Geers [5]
asserts that the ability to use multiple technology stacks does not
necessarily mean that they should be employed indiscriminately.
When all teams opt to use the same technologies, the key benefits of
autonomous version updates and reduced communication overhead
are still retained. However, utilizing various technologies creates
heterogeneity, which in turn increases complexity in integration
and maintenance, posing additional challenges for the development
team. Finally, the issue of increased frontend code refers to the
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need to write more JavaScript and CSS code, which can also lead
to redundancy and negatively impact application performance. Da-
vide and Mezzalira [27] proposed four key decisions that should
be considered before starting a project with micro-frontends: 1)
Horizontal or Vertical Division; 2) Composition Side; 3) Routing
and 4) Communication between Micro-Frontends.

Given the limitations of large monoliths, such as code redun-
dancy, consistency issues, and complex architectures [5, 6], along
with key architectural decisions [10], this study explores the im-
pacts and challenges of adopting micro-frontends in complex web
applications. In addition, we propose a guideline compiling best
practices for micro-frontend adoption to support practitioners and
organizations in implementing the micro-frontend architecture.

The main contributions of this study include: a) Design and Ar-
chitecture Patterns: identifying patterns to promote consistency and
reuse in distributed ecosystems; b) CI/CD Practices: identifying tools
and practices that streamline the delivery of micro-frontends; c)
Survey Insights: capturing industry knowledge on relevant tech-
nologies; and d) GAM: a guideline compiling best practices for
micro-frontend adoption. These findings highlight both the bene-
fits and challenges of micro-frontends in practice.

2 Related Work
Peltonen[15] explored the adoption of micro-frontends by large
companies such as DAZN, Ikea, and Starbucks, which break down
monolithic front-end applications into smaller, independent micro-
applications. The study aimed to map the existing knowledge on
micro-frontends by understanding the motivations behind their
adoption, as well as the associated benefits and challenges. The
authors conducted a Multivocal Literature Review and identified
173 studies, 43 of which reported on the motivations, benefits, and
challenges related to micro-frontends. The findings revealed that
as both the application and development team grow, traditional ar-
chitectural options become inadequate, particularly when multiple
teams are required to work on the same front-end application.

Yang [33] focused on the application of micro-frontends architec-
ture to address common challenges in content management systems
(CMS) for large or medium-sized projects, where business growth
can make the front-end difficult to scale and maintain. It discussed
how the separation between the front-end and back-end, combined
with the maturity of related technologies, offers a more efficient
and scalable solution for large-scale web applications. Among the
key benefits highlighted, the adoption of micro-frontends enables
better scalability and easier deployment, while modularizing the
application into smaller, independent components.

Nishizu [12] explored challenges in data transfer between inde-
pendently developed front-end applications. The study proposed
using signals in reactive programming to improve modularity and
simplify data flows in micro-frontends. Traditional methods relying
on events and callbacks can create complex, hard-to-maintain code.
By representing web components as signals, the approach achieved
more declarative and understandable data flows. A comparison
with standard Web Components API and React confirmed better
modularity in the signal-based version.

Stefanovska [26] investigated code reuse as one of the key bene-
fits of the micro-frontends architecture. The authors explored how

this approach facilitates code reusability, enabling better organiza-
tional structure, which in turn reduces time-to-market and increases
the scalability of applications. They conducted an evaluation of ex-
isting micro-frontends architectures based on defined qualitative
attributes, resulting in a technical solution. The implementation pro-
cess is divided into two phases: decomposing an existing front-end
application and reusing the code by integrating the decomposed
components into a newmicro-frontends-based application. Pölöskei
[19] examined the challenges of migrating monolithic front-ends to
micro-frontends, particularly in cloud-native solutions. The study
highlighted issues of code reuse, duplication, and conflicts during
the transition. These challenges are more prominent in complex
corporate environments with multiple vendors. To address them,
the authors proposed a migration method with guidelines to mini-
mize negative impacts. They also suggested future work to enhance
code reuse and conflict management strategies.

Taibi [28] identified several negative impacts, such as increased
operational complexity. The study revealed that implementing
micro-frontends can introduce significant complexities. The setup
and management of multiple independent applications require
substantial effort, resulting in a steep learning curve. This rise
in operational complexity was a major challenge encountered in
DAZN’s experience, as detailed in the study. Additionally, the re-
search highlighted issues related to code redundancy and conflicts.
Decomposing the front-end into micro-applications can lead to
code duplication and difficulties in maintaining consistency across
the independent parts. Another significant negative impact identi-
fied was the complexity in configuring and managing distributed
applications. The study emphasized that coordinating and integrat-
ing multiple micro-frontends can be challenging, requiring careful
management of environments and synchronization across different
applications.

3 Study Settings
In this work, we first conducted a Systematic Mapping Study (SMS)
following the guidelines proposed by Petersen et al. [18], with
the aim of identifying the impacts and challenges associated with
the implementation of micro-frontends architecture. The studies
selected in the SMS allowed us to identify best practices and chal-
lenges related to the adoption of micro-frontends. Based on these
findings, we propose the Guide for the Adoption ofMicro-Frontends
(GAM) to support practitioners in implementing and adopting the
micro-frontends architecture. Table 1 presents the views and archi-
tectural patterns used in the implementation of micro-frontends,
along with the impacts and challenges reported by the studies se-
lected in the SMS. The entire protocol for conducting the SMS is
available on Zenodo at https://zenodo.org/records/14063897.

During the development of the Guide for the Adoption of Micro-
Frontends, we proposed an iterative process outlining the phases
that organizations should follow to adopt this architecture. This
process is divided into four phases: Feasibility Study, Practical Im-
plementation, Expansion, and Pilot Project. Each phase is corre-
lated with knowledge areas from the Software Engineering Body
of Knowledge (SWEBOK), as shown in Table 2. This correlation
ensures that the activities conducted in each phase align with best
practices in software engineering. To assess the feasibility of the
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Table 1: Views and Architectural Patterns Used in Micro-frontends Implementation

ID Views Patterns Impacts and challenges Ref.
S1 API, App Container, Devops, Or-

chestration, Single-SPA
Frameworks (Angular, React and Vue), Languages (Javascript, HTML, CSS), DDD,
Application Shell, Communication, Composition, Iframe, Routing

Team scalability, Deployment independence [15]

S2 API, App Container, Devops, Or-
chestration, Single-SPA, Web Com-
ponents

Frameworks(Angular and React), Languages (Javascript, HTML, CSS, Typescript),
Composition, Iframe, VCS, Routing, MVC

Operational complexity, increased efficiency in deliveries [14]

S3 API, BFF, Module Federation,
Single-SPA

Framework (React), Composition Presents the implementation of chatbots with Micro-
frontend architecture

[11]

S4 API, App Container, BFF, Orchestra-
tion, Single-SPA

Communication Data optimization, network efficiency, and resource savings [1]

S5 API, Single-SPA, Web Component Frameworks (Angular and React), Languages (Javascript, HTML, CSS), Design
System, Communication, Iframe, Routing, CMS

Team independence, deployment efficiency, CSS conflicts,
and code redundancy

[33]

S6 Module Federation, Single-SPA,
Web Components

Languages (Javascript, HTML, CSS), Application Shell, Design System, Commu-
nication, Composition, Iframe, Routing

Deployment independence and team autonomy [17]

S7 App Container, Single-SPA Framework (Vue), Programming Languages (HTML, CSS), Communication Development of a module in micro-frontend for HMI [21]
S8 API, Web Components Framework (Angular), Programming Languages (Typescript), Design System,

Communication
Proposes micro-frontend for modular industrial plant pro-
cesses

[7]

S9 API, Single-SPA Frameworks (Angular and Vue), Languages (Javascript, Typescript, HTML, CSS),
Design System, Routing, MVC

Prototype development, high performance, reduction of
development complexity

[32]

S10 API, Single-SPA, Web Components Frameworks (React and Vue), Languages (Javascript, CSS), Routing Inefficiency in team management for small projects, in-
creased operational complexity

[12]

S11 API, App Container, BFF, Devops,
Single-SPA, Web Component

Frameworks (Angular, React and Vue), Languages (Javascript, HTML, CSS), Shell
Application, Iframe, VCS, Routing, Composition

Implementing migration to micro-frontend and CSS con-
flicts

[19]

S12 API, App Container, Module Federa-
tion, Single-SPA, Web Components

Frameworks (Angular, React and Vue), Languages (Javascript, HTML, CSS), DDD,
Routing, Composition, Communication, Iframe

Efficiency in code reuse [26]

S13 API, Single-SPA Framework (Angular), Languages (HTML, CSS), Communication, Composition Efficiency in team management and CSS conflicts [13]
S14 API, Web Components Frameworks (Angular and React), Languages (Javascript, Typescript, HTML,

CSS), Communication, Composition
Reusability with plugins [2]

S15 API, DevOps DDD, Communication, Composition, Design System Development of a micro-frontend solution for SMEs [24]
S16 API Application Shell Development of a platform to organize and identify func-

tional requirements
[30]

S17 API, Single-SPA, Web components Languages (Javascript, HTML), Application Shell, Design system, Communica-
tion

Development of a micro-frontend solution for small compa-
nies

[8]

S18 Module Federation, Orchestration,
Single-SPA

Frameworks (Angular, React and Vue), Languages (Javascript, HTML, CSS),
Design System, Communication, Composition

Efficiency in team management [16]

S19 API, Orchestration, Web Compo-
nents

Frameworks (Angular, React and Vue), Communication, Composition, Iframe,
Routing

Effectiveness in implementing dynamic interfaces [9]

S20 API, Module Federation, Orchestra-
tion, Single-SPA, Web Components

Frameworks (Angular), Languages (Javascript, HTML), Application Shell, Design
System, Communication, Composition, Iframe, Routing

Increase in operational complexity [28]

S21 API, Module Federation, Orchestra-
tion, Single-SPA

Frameworks (Angular, React and Vue), Languages (Javascript, Typescript, HTML
and CSS), DDD, Routing

Greater scalability and increased operational complexity [23]

S22 App Container, Single-SPA, Web
Component

Frameworks (Angular, React and Vue), Languages (Javascript, Typescript, HTML
and CSS), DDD, Communication, Iframe, VCS, Routing, MVC

Improved user experience, decoupling, application scalabil-
ity, and cost reduction

[31]

S23 API Routing Proposes a method based on a bus for micro-frontend [34]
S24 API, Single-SPA, Web Components,

Module Federation
Languages (Javascript, Typescript, HTML and CSS), DDD, Communication, Com-
position, Iframe, Routing

Explores aspects of microfrontends, such as their benefits
and challenges

[4]

GAM, we conducted a practical case study within a company, fol-
lowed by a survey with the development team practitioners who
participated in the case study. This survey aimed to gather their per-
ceptions regarding the micro-frontend architecture and the work-
flows suggested by the GAM.

4 Guidelines for Adopting Micro-Frontends
(GAM)

In understanding the journey of adopting micro-frontends and in
addition to the strategies addressed by Luca Mezzalira [10], we
must visualize the scenario comprehensively, capturing the critical
nuances that shape the success of this architectural adoption. This
holistic perspective, known as the “Big Picture”, offers a broad and

interconnected view of the key stages involved, outlining a struc-
tured flow that guides from the Feasibility Study to the Expansion
phase of the application. All details of the Guide can be viewed at
https://guidemfe.github.io/gam/.

The Viability Study stage of the GAM is the phase that seeks to
analyze the managerial and technical Viabilities before deciding on
the adoption of the Micro-Frontends. This assessment is subdivided
into two distinct moments: Technical Feasibility and Managerial
Feasibility. The technical feasibility study precedes the manage-
rial feasibility study. This approach ensures that management has
sufficient artifacts and information to analyze, for example, the
costs associated with the transition, contributing to an informed
decision. The flow of analyses necessary for the team to decide on

https://guidemfe.github.io/gam/


SBSI 25, May 19 – 23, 2025, Recife, PE Amorim et al.

Table 2: GAM Phases and SWEBOK Knowledge Areas

GAM
Phases

Swebok KAs Correlation

Feasibility
Study

Software Engineer-
ing Management,
and Economics

During the feasibility study, managerial and economic
aspects are analyzed to assess the project’s technical
and viability.

Practical
Implemen-
tation

Software Design,
Construction, Con-
figuration, Models
and Methods

In this phase, design principles, construction practices,
and configuration management are applied, adhering
to software engineering models and methods to en-
sure efficient and controlled development.

Expansion Software Mainte-
nance, Software
Quality, Software
Engineering Models
and Methods

The Expansion phase focuses on continuous mainte-
nance, ensuring software quality and applying appro-
priate models and methods to support system growth.

Pilot
Project

Process, Professional
Practice in Software
Engineering

Best practices in software engineering and profes-
sional experience are employed to validate the guide
in a controlled and realistic environment.

the adoption or not of the micro-frontends architecture is available
at GAM.

Technical Viability:
• Technical Compatibility: The aim is to ensure that the Micro-
Frontends is compatible with the existing technologies in the
company’s infrastructure, minimizing conflicts and promot-
ing a smooth transition. Recommendations for this phase
include: a) Assessment of Current Infrastructure: Conduct a
detailed analysis of the existing technological infrastructure,
identifying the technologies, frameworks, and libraries in
use; b) Identification of Potential Conflicts: Identify possible
conflicts between the technologies currently used and those
associated with the Micro-Frontends architecture; c) Stan-
dardization of Technologies: Consider standardizing tech-
nologies that are common to both the current infrastructure
and the Micro-Frontends architecture to facilitate integra-
tion; and d) Compatibility Testing: Implement specific tests
using the pilot project to verify compatibility between Micro-
Frontends components and the existing infrastructure.

• Integration Challenges: Aims to proactively identify and ad-
dress integration challenges that may arise during the adop-
tion of the Micro-Frontends architecture. Recommendations
for this phase include: a) Interface Mapping: Clearly map the
interfaces between the Micro-Frontends and other compo-
nents of the system; b) Definition of Contracts: Establish clear
and documented contracts between the Micro-Frontends and
backend services, ensuring consistency in interactions; and c)
ContinuousMonitoring: Implement mechanisms for continu-
ous monitoring to identify and promptly resolve integration
issues.

• Functional Complexities: Aims to understand and mitigate
the functional complexities associatedwith theMicro-Frontends
architecture, ensuring efficient delivery of functionalities.
Recommendations for this phase are: a) Requirements Anal-
ysis: Conduct an in-depth analysis of the application’s func-
tional requirements, identifying potential complexities; b)
Modular Design: Adopt a modular design for the Micro-
Frontends, dividing the application into independent com-
ponents to facilitate managing complexities; c) Unit and
Integration Testing: Implement unit and integration tests
to validate the functionality of Micro-Frontends individu-
ally and collectively; and d) Clear Documentation: Maintain

clear documentation describing the functional interactions
between Micro-Frontends and other components.

Managerial Viability:

• Strategic Objectives Alignment: This aims to ensure that
the implementation of the micro-frontend architecture is
aligned with the organization’s strategic objectives. The rec-
ommendations are: a) Management Impact Analysis: Con-
duct an analysis of the impact of gradually introducingmicro-
frontends on management’s strategic objectives. Evaluate
the feasibility of gradual alignment without forcing an im-
mediate transition; b) Benefits Mapping: Identify the poten-
tial benefits of gradually adopting micro-frontends for the
company’s strategic objectives, prioritizing alignment with
existing goals; c) Strategic Goal Adjustments: Analyze the
need to adjust or realign strategic goals to optimize the adop-
tion of micro-frontends, ensuring they are aligned with the
organization’s long-term vision.

• Costs and Budget: It aims to evaluate the financial impacts
related to the adoption of micro-frontends architecture in
the GAM context, identifying associated costs and ensuring
effective budget management. Recommendations for this
phase include: a) Detailed Cost Assessment: Perform a sur-
vey of costs associated with the implementation of micro-
frontends. Include expenses related to team training, poten-
tial infrastructure upgrades, and acquisition of specific tools;
b) Flexible Budget: Establish a flexible budget that allows for
adaptations as the micro-frontends adoption project evolves.
Incorporate a margin for unforeseen circumstances and ad-
justments during the initial implementation phases; and c)
Return on Investment (ROI) Evaluation: Develop metrics for
assessing return on investment. Monitor key indicators to en-
sure that expected benefits align with the financial resources
employed.

• Change Management and Training: In this phase, the organi-
zation’s ability to deal with the changes that the adoption of
the Micro-Frontends architecture may bring should be eval-
uated. The goal is to identify impacts on processes, organiza-
tional culture, and team structure, and to prepare the team
for the transition. Recommendations include: a) Effective
Communication: Establish a clear and open communication
plan to inform team members about planned changes. Com-
municate the benefits of the new architecture, highlighting
how it will contribute to the company’s strategic objectives;
b) Personalized Training: Develop specific training programs
for teams directly involved with Micro-Frontends. Ensure
team members have the necessary skills to work efficiently
with the new architecture; and c) Define Milestones and Met-
rics: Set clear milestones and measurable metrics to assess
progress during the transition. Defining success indicators
will help monitor the effectiveness of change management
strategies and identify areas that need adjustment.

4.1 Practical Implementation
Practical implementation is the point where theoretical choices
begin to materialize, and each decision has a direct impact on the
efficiency, scalability, and maintainability of the system. The flow of

https://guidemfe.github.io/gam/
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operational and integration decisions during this phase is available
at GAM.

Operational decisions include:

• Build andDeploy: The aim is to implement an efficient compi-
lation and deployment process to enable quick and indepen-
dent updates of each micro-frontend. It is recommended to:
a) Continuous Integration and Delivery (CI/CD): Utilize con-
tinuous integration and delivery (CI/CD) tools to automate
the compilation, testing, and deployment process. Ensure
that every code change is submitted to an automated pipeline
to validate and deploy automatically; b) Pipeline: Configure
continuous delivery pipelines to ensure smooth integration
and rapid deployments. Automate the generation of artifacts,
such as containers or packages, ready for deployment in pro-
duction environments; c) Orchestration: Explore tools like
Kubernetes for container orchestration and scalability; d)
Logs and Tracking: Integrate logging and tracking systems
to monitor events during the compilation and deployment
process. This facilitates quick identification of issues and per-
formance analysis; and e) Performance Metrics: Implement
performance metrics during compilation and deployment
to monitor the efficiency of the process. Utilize tools that
provide real-time visibility and alerts for critical events.

• Code Sharing: The aim of this phase is to facilitate and op-
timize code sharing among different micro-frontends, pro-
moting an efficient and collaborative approach in distributed
development. Recommendations include: a) Identification of
Common Functionalities: Identify common functionalities
that can be used by libraries; b) Web Components and De-
sign System: CreateWeb Components to encapsulate specific
functionalities, ensuringmodularity and reusability, and inte-
grate them into the organization’s Design System, ensuring
visual and interaction consistency across all micro-frontends;
and c) Version Control: Implement a version control system
such as git using package management tools such as npm or
yarn.

• Performance: Aims to ensure efficient performance in the
micro-frontends architecture, optimizing loading, rendering,
and interaction of interfaces to provide an agile and respon-
sive user experience. Recommendations include: a) Asyn-
chronous Module Loading: Adopting asynchronous loading
strategies, such as Lazy Loading, to load modules only when
necessary, reducing initial loading time; b) Rendering Op-
timization: Using techniques like Virtual DOM or Shadow
DOM to optimize rendering, minimizing unnecessary up-
dates to the user interface; c) State Management: Implement-
ing state management by choosing a solution that minimizes
excessive reactivity and maintains consistent state among
micro-frontends; and d) Resource Caching: Implementing
caching strategies for static and dynamic resources, reducing
the need to repeatedly fetch the same data from the server.

• Organization Structure: It should establish an efficient orga-
nizational structure for the implementation ofMicro-Frontends,
promoting seamless collaboration between teams and ensur-
ing cohesion in feature delivery. It is recommended: a) Squad
Model: Implement the Squad model, where cross-functional

and autonomous teams are responsible for specific features.
This promotes specialization and agility, favoring the inde-
pendent delivery of micro-frontends; b) Agile Methodology:
Adopt agile methodologies, such as Scrum or Kanban, to
manage the development of micro-frontends. Regular sprints,
retrospective meetings, and agile practices strengthen collab-
oration and continuous adaptation; c) Collaboration Tools:
Use collaboration tools, such as Slack, Microsoft Teams, or
other communication platforms. These tools facilitate com-
munication between distributed teams, promoting effective
information exchange; and d) DevOps Culture: Foster a De-
vOps culture, integrating development and operations.

Integration decisions include:

• Define: The aim is to identify and define the micro-frontend
from the perspective of its division. We can decide to have
multiple micro-frontends in the same view (Horizontal Di-
vision) or have only one micro-frontend per view (Verti-
cal Division) [10]. Recommendations include: a) Effective
Coordination - Horizontal Division: Given the presence of
multiple micro-frontends in the same view, it’s essential
to establish effective channels of communication and co-
ordination between teams to ensure cohesion in the user
experience; b) Rigorous Governance - Horizontal Division:
Due to the flexibility offered by this approach, it’s crucial
to implement rigorous governance to prevent uncontrolled
proliferation of micro-frontends. Establish clear guidelines
to ensure consistency and quality; c) Domain Responsibility
- Vertical Division: When adopting vertical division, each
team is responsible for a specific business domain. It’s recom-
mended to apply Domain-Driven Design (DDD) principles
[3] to ensure an architecture aligned with business require-
ments; and d) Exploration of DDD - Vertical Division: While
not common in frontend architectures, vertical division pro-
vides a good reason to explore DDD principles. Consider
applying concepts such as aggregates and bounded contexts
to improve modeling and cohesion.

• Composition: The strategy for composing micro-frontends
should be chosen, covering Client-Side, Server-Side, or Edge-
Side. For each of these strategies, the following is recom-
mended: a) Client-Side: This strategy facilitates the dynamic
integration of micro-frontends into the client application
shell, allowing different parts of the interface to be loaded
efficiently. The use of iframes, frameworks such as Single-
SPA, Angular, React, and Vue, as well as Web Components,
is recommended.
b)Edge-Side: The visualization should be assembled at the
CDN level, optimizing the global delivery of the application
through strategies such as Edge Side Includes (ESI). Consider
using Edge Side Includes (ESI) for edge-side composition,
leveraging the scaling capabilities offered by CDNs and fa-
cilitating visualization assembly.
c) Server-Side: Allow the origin server to compose the view,
retrieving different micro-frontends and assembling the final
page. To achieve this, an analysis of use cases should be con-
ducted, and clear strategies for scalability and cacheability
should be defined.

https://guidemfe.github.io/gam/
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• Route: Aims is to ensure a cohesive and agile user experience
aligned with the selected composition strategy (origin, edge-
side, or client-side). This includes routing page requests to
the correct micro-frontends based on project needs. Recom-
mended approaches are: a) Server-Side Routing using servers
like Nginx for routing and load distribution; b) Edge-Side
Routing with CDNs like Cloudflare or Akamai supporting
Edge Side Includes (ESI); and c) Client-Side Routing using
libraries like React Router or Vue Router for efficient navi-
gation in a SPA application shell managed by frameworks
like Angular or React.

• Communication: Aims to ensure consistent interaction among
different components, even when they are distributed across
multiple teams or parts of the application. It is recommended
to: a) Event Emitter: Implement an Event Emitter or utilize
native JavaScript event functionality to enable asynchro-
nous communication between micro-frontends; b) Custom
Events: Adopt custom events like CustomEvent to notify
other micro-frontends about specific events; c) EventBus
Injection: Consider injecting an EventBus into the micro-
frontends container to facilitate global communication; d)
Local Storage (Web Storage): Utilize local storage (localStor-
age) to share persistent data between micro-frontends; and
e) Query Strings: Explore data passing via query strings for
specific cases, such as product identification or page infor-
mation.

4.2 Expansion
This phase spans from selecting pilot projects to expanding to other
components of the system. Practical aspects, continuous learning,
team training, and constant monitoring are key elements to ensure
the success of the expansion. The team is encouraged to collect
feedback, make adjustments to the strategy as needed, and con-
tinuously improve the implementation based on lessons learned
throughout the process. The suggested strategies for implementing
this phase considering the scalability and maintainability of the
system intended to adopt the micro-frontend architecture (GAM).

Scalability The scalability aims to empower the application to
grow efficiently and adapt to the variable demands of the environ-
ment. The main areas of focus include adding new micro-frontends,
managing load, and caching strategies.

• Addition of New Micro-Frontends: Aims to facilitate the
incorporation of new micro-frontends into the existing sys-
tem. Recommendations include: a) Dynamic Modularization:
Develop a modular architecture that supports the dynamic
addition of new micro-frontends without impacting existing
ones; b) Load Balancing: Implement an automatic load bal-
ancing system such as orchestration services, using tools like
Kubernetes, to facilitate automatic scaling based on traffic
metrics; and c) CacheManagement: Adopt caching strategies,
such as Redis, to temporarily store microservices responses,
improving the throughput of micro-frontends composition.
Explore storing micro-frontends DOM in in-memory caches
to reduce the need for composition on every request.

• Load Management: The aim is to ensure operational effi-
ciency and optimized performance of the application, even

in the face of increasing demands. Recommendations in-
clude: a) Cloud Auto-Scaling: Utilize auto-scaling features
provided by cloud providers to dynamically adjust infrastruc-
ture based on traffic patterns. Choose efficient computing
layers such as containers for rapid execution, and consider
managed options like serverless services to simplify infras-
tructure operationalization; b) Load Prediction and Manual
Adjustment: Establish a baseline infrastructure capable of
handling predictable loads, such as Black Friday sales, by
adopting practices of comparison between different services
and plug-and-play options; and c) Latency Optimization with
CDN: Utilize a CDN to enhance web page delivery speed,
reducing latency between the client and requested content.

• Cache Strategies: The aim is to optimize application perfor-
mance by reducing server load and speeding up response
time. Recommendations include: a) Static Content Cache: Im-
plement caching for static content such as images, stylesheets,
and scripts, reducing loading latency; b) DynamicData Cache:
Employ caching strategies for dynamic data, minimizing
frequent server queries; c) DOM Storage Cache: Store the
complete DOM of micro-frontends in in-memory caches to
avoid composition with every request; d) Content Delivery
Network (CDN): Utilize a CDN for static content caching,
distributing copies of static resources to servers located in
different geographical regions.

Maintainability In the context of GAM, maintainability empha-
sizes the code; we adapted the concepts to focus on Analysability,
Modifiability, and Testability, highlighting the importance of ef-
ficient analysis, effective modification, and robust testing of the
source code in micro-frontends environments.

• Analysability: aims to understand the structure and func-
tioning of micro-frontends to diagnose problems quickly
and accurately. Recommendations include: a) Naming Con-
ventions: Adopt consistent naming conventions to facili-
tate the identification and understanding of components;
b) Documentation: Maintain detailed documentation about
the architecture, interactions, and responsibilities of each
micro-frontend; c) Static Analysis Tools: Use tools such as
ESLint and TSLint for static code analysis, identifying pat-
terns, complexity, and potential issues. More comprehensive
tools like Sonar can provide a holistic view of code quality,
including source code metrics, code coverage, and detection
of potential security issues.

• Modifiability: It should allow efficient modifications to the
micro-frontends without introducing defects or degrading
quality. It is recommended: a) Modular Design: Structure
the micro-frontends in a modular way, minimizing coupling
between them; b) Continuous Refactoring: Encourage refac-
toring practices to keep the code clean and adaptable; c)
Version Control: Use efficient version control systems, such
as Git, to track changes and facilitate reversions if neces-
sary. Tools like Veracode can be incorporated to perform
static and dynamic security analyses, helping ensure safe
modifications.

• Testability: Aims to ensure the effectiveness of testing, al-
lowing for early detection of failures and safe changes. It

https://guidemfe.github.io/gam/
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suggests the following recommendations: a) Unit and In-
tegration Testing: Implement unit tests (using Jest and En-
zyme for React, for example) and integration tests to ver-
ify isolated functionality and interaction between micro-
frontends; b) Test Automation: Utilize test automation tools,
such as Cypress, to streamline the verification process; and
c) Production-Like Test Environments: Maintain test envi-
ronments that faithfully reproduce production conditions to
validate the real system behavior.

Pilot Project
The pilot project was involved in all stages, from the feasibility

study to the expansion phase. This was necessary as it allowed for
the validation of technical and operational decisions in a controlled
environment. Throughout the process, the pilot project served as
a checkpoint to ensure that the strategies and guidelines defined
in the GAM were practical and effective. During this phase, we
will highlight not only the technical implementation but also the
lessons learned and necessary adjustments as the team gains valu-
able insights into the practical application of the micro-frontends
paradigm. The Pilot Project offers a unique opportunity to assess
the effectiveness of architectural and integration choices in a con-
trolled context before broader expansion to other projects or areas
of the system. The selection of the Pilot Project is a pivotal point
for the success of Micro-Frontends adoption. The selection of the
pilot project is a pivotal point for the success of micro-frontends
adoption. At this stage, stakeholders should consider the following
aspects:

• Project Complexity: Evaluate the overall complexity of the
project in terms of functionalities, interactions, and number
of components. More complex and extensive projects may
provide a better understanding of the challenges and benefits
of using Micro-Frontends. However, it is crucial to note that
it is prudent to limit the testing to some components or mod-
ules of the project, especially if it is of significant importance
to the company, in order to avoid undesired compromises.

• Diverse Component: Look for projects that have a represen-
tative variety of components. This allows exploring how dif-
ferent types of functionalities can be encapsulated in micro-
frontends and integrated efficiently.

• Representativeness of the Scenario: Ensure that the selected
project is representative of the broader environment of the
organization. A pilot that reflects the typical challenges and
requirements of frontend development within the company
will provide more applicable insights.

• Potential Impact: Consider the potential impact of the pilot
project on the organization. Choosing a project with signifi-
cant yet controlled impact allows for evaluating outcomes
without compromising the overall stability of the system.

5 Case Study
The case study was based on modules from a generic system that
represents a pilot project used to illustrate the approaches adopted
by Serasa Experian Company 1. This pilot project, referred to as
“Products" in this research, resulted from a detailed analysis of the

1In accordance with the company’s code of ethics Serasa Experian, no portion of the
source code, whether in whole or in part, was taken from actual applications

company’s needs, followed by meetings and discussions with key
stakeholders. During this phase, the development team conducted
a system requirements analysis and planned the micro-frontend
architecture. The activity included identifying the different compo-
nents of the application, defining which parts could be decoupled
intomicro-frontends, organizing the interactions between them and
developing documentation. We opted for the Horizontal Decision,
which is suitable for projects that require a consistent evolution of
the user interface and a seamless experience across various views.
All artifacts (source code) generated in the case study are available
at https://github.com/guidemfe.

• Root (exp-root-config): It’s the root micro-frontend that acts
as the orchestrator. Maintained by Team A, its role is to
configure the application using the Single-Spa framework
as a base and define the entry points for the other micro-
frontends (Click here to access the repository).

• Shell (exp-shell-mf): It is the micro-frontend responsible for
providing the basic layout of the application, including the
page structure such as header, footer, and navigation. The
Shell dynamically loads other micro-frontends based on the
current URL. It was developed using the React framework
and is maintained by Team A (Click here to access the repos-
itory).

• Navbar (exp-navbar-mf): It is the micro-frontend responsible
for displaying the navigation bar of the application. Main-
tained by Team A, it utilizes the React framework (Click here
to access the repository).

• Catalog (exp-catalog-mf): It is the micro-frontend respon-
sible for displaying the product catalog. It allows users to
view available products, add products to the cart, and pub-
lishes events when a product is added to the cart. The React
framework was used, and it is maintained by Team B (Click
here to access the repository).

• Cart (exp-cart-mf): It is the micro-frontend responsible for
displaying the shopping cart. It receives events when a prod-
uct is added to the cart from the catalog, maintains the state
of items in the cart, updating it as products are added, cal-
culates the total purchase based on the items in the cart,
and provides the functionality to clear the cart. The React
framework was used, and it is maintained by Team B (Click
here to access the repository).

• Checkout (exp-checkout-mf): It is themicro-frontend respon-
sible for displaying the checkout page. It displays contact
information and payment options and allows the user to com-
plete the purchase. The React framework was used, and it is
maintained by Team B (Click here to access the repository).

• Home (exp-home-mf): It is the micro-frontend responsible
for displaying the application’s home page. It can include
general information about the store, promotional banners,
or featured product categories. The Angular framework was
used, and it is maintained by Team C (Click here to access
the repository).

• Footer (exp-footer-mf): It is the micro-frontend responsible
for displaying the application’s footer. The Angular frame-
work was used, and it is maintained by Team C (Click here
to access the repository).

https://github.com/guidemfe
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5.1 Survey Results
We conducted a survey with the case study participants who im-
plemented techniques and methodologies for the micro-frontend
architecture, following the patterns and insights identified in the
SMS. The objective of this survey is to ratify the GAM processes,
presented in Section 4. Survey consisted of 16 questions, as pre-
sented in Table at Zenodo. The questions addressed various aspects
of the project, such as objectives, challenges faced, lessons learned,
and team perceptions about transitioning to the new architecture.

In survey, we had the participation of 8 practitioners from the
company Serasa Experian (P1 to P8), with different roles, levels of
experience, and involvement with micro-frontends. Only 12.5% of
the participants hold a master’s degree. 37.5% of the participants
hold an undergraduate degree in IT, and 50% of them have a spe-
cialization course in IT. Concerning the length of employment and
experience that the participants have in the technology or software
engineering field (Q2 from Table at Zenodo), 25% of the participants
have more than 10 years of experience in the IT field. 25% of the
participants have between 7 and 9 years, and 50% of the participants
have between 4 and 6 years of experience in the field.

Regarding their role in the organization (Q3 in Table at at Zen-
odo), 25% of the participants stated they are tech leads, while 25%
hold agile roles such as Scrum Master (SM) or Product Owner (PO),
and the remaining 50% are software developers. The experience
also has a significant impact on the implementation of new tech-
nologies (Q4 in Table at Zenodo). 12.5% of the participants have less
than 1 year of experience at Serasa Experian, 12.5% of them have
between 4 to 6 years, and the majority of practitioners working
at Serasa Experian, 75% of them have between 1 to 3 years in the
company. We also investigated which programming languages the
participants had experience with (Q5 in Table at Zenodo). 75% of
the participants reported having experience with JavaScript, 75%
with TypeScript, 50% with Java, and only 12.5% of the participants
do not have experience with these programming languages. It is
noteworthy that this last percentage corresponds to agile roles, sup-
porting the observation that this profile generally does not excel
in programming skills but plays an important role in managing
developers’ activities.

Frameworks are indispensable tools for the adoption of themicro-
frontend architecture. In this context, we asked the participants
about their experiences with the main frameworks used in the
adoption of micro-frontends (Q6 in Table at at Zenodo). 87.5% of
the participants have experience with the Angular framework, 50%
have experience with Spring Boot, 37.5% have experience with
React, 25% have experience with Vue, and 12.5% have no experience
with any of these frameworks.

In relation to the level of involvement of the participants with
frontend architectural decisions at Serasa Experian, Q7 in Table at
Zenodo aimed to understand the level of participation and influence
of practitioners in decisions related to frontend architecture. This
allows for assessing the alignment between the development team
and the company’s architectural strategies. 50% of the participants
stated that the level of involvement is moderate, 25% reported a
low level of involvement, and 25% stated they had a high level
of involvement in frontend architectural decisions. Following the
same approach, we also asked about the participants’ familiarity

with micro-frontend architecture (Q8 in Table at Zenodo). 37.5%
reported having moderate familiarity, 25% reported low familiarity,
25% reported high familiarity, and finally, 12.5% of the participants
reported having no familiarity with micro-frontend architecture,
as presented in Figure 1.
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Figure 1: Involvement in frontend development and
knowledge of micro-frontend architecture

Questions Q9 and Q10 of Survey (Table at at Zenodo) were
defined to understand the relationship between micro-frontend
architecture, project size, and team size, respectively. Regarding
Q9, which deals with project size, small projects are understood
to have few features, requirements, and low complexity. Medium-
sized projects have amoderate number of features and requirements
with intermediate complexity. Finally, large projects are those with
many features and requirements with high complexity. 25% of the
participants stated that they work on large projects, and 75% work
on medium-sized projects. On the other hand, the results of ques-
tion Q10 present data that align with what is suggested by teams
adopting agile methodology, where 100% of the participants chose
the option “from 4 to 8 people”.

Regarding the adoption and implementation of themicro-frontend
architecture at Serasa Experian, in questions Q11 and Q12 (Table
at Zenodo) respectively, we asked participants about their expecta-
tions and perceptions regarding the importance of POCs (Proof of
Concepts) and pilot projects as tools for evaluating the adoption of
the micro-frontend architecture. 25% of the participants had low
expectations, while 37.5% attributed moderate expectations. Finally,
the same percentage of participants, 37.5%, stated having high ex-
pectations regarding the micro-frontend architecture. Regarding
the importance of POCs (Q12 in Table at Zenodo), all participants
were unanimous regarding their high importance.

In question Q13 (Table at Zenodo), participants were asked to
identify, from a list, the challenges faced by the team during the
adoption and implementation of the micro-frontends architecture.
62.5% of the participants selected challenges related to the inte-
gration of different technologies and frameworks. Next, 37.7% of
the participants indicated performance issues due to resource de-
mand on the client side, while 50% of the participants indicated
complexity in defining responsibilities among micro-frontends. Ad-
ditionally, 25% of the participants mentioned obstacles related to
routing and navigation in the application, while only 12.5% of them
stated that their team did not face any of the mentioned challenges.
Question Q14 from Table at Zenodo aimed to identify the main
positive impacts perceived by the practitioners during the adop-
tion and implementation of the micro-frontends architecture. code
maintenance was selected by 62.5% of the participants. Team collab-
oration was considered positive by 37.5% of the participants, 25% of
the participants mentioned modularity and improved application
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performance, respectively, as positive impacts and only 12.5% of
the participants mentioned benefits related to parallel development.
Figure 2 shows us the negative impacts of adopting and implement-
ing the micro-frontend architecture (question Q15 from Table at
Zenodo) as indicated by the practitioners.

0 20 40
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Integration

None
Inefficiency in routing
Structure complexity

37.5
25
25

12.5
12.5

Figure 2: Negative impacts of adoption and implementation

37.5% of the participants stated that the learning curve was the
biggest challenge faced by the team. 25% of the participants reported
no negative impact on their team, and the same percentage was
attributed to integration issues. Finally, 12.5% of the participants
reported complexity in the architecture structure, and the same
percentage was attributed to routing inefficiency. The survey had an
open-ended question for participants to make any comments they
deemed relevant. However, none of the 8 practitioners provided
any comments.

5.2 Threats to Validity
In this section, we discuss the main threats to the validity of the
GAM based on data collected from the case study and survey. These
threats were identified throughout the process of developing, veri-
fying, and validating the guide, and they may affect its applicability
and effectiveness in different organizational contexts.

Internal Validity: Internal validity refers to the confidence that
the results observed in the case study and survey truly reflect the
impact of the strategies adopted in the development of the GAM,
and are not influenced by external factors. For example, the case
study was conducted in a single organization within the financial
sector, which may limit the generalizability of the findings. The
specific characteristics of the company’s environment, culture, and
team could have influenced the adoption of micro-frontends in
a unique way, which may not necessarily apply to other organi-
zations in different sectors. Additionally, the survey participants
were selected based on their experience with technology and micro-
frontends. However, there may be a response bias, as professionals
more familiar with the architecture may have skewed opinions,
whether due to past experiences or enthusiasm for the technology.

External Validity: External validity concerns the generalization
of the results to contexts beyond those directly evaluated in the
case study or survey. Limited Generalization of the Case Study:
Although the case study provides a practical analysis of the GAM’s
application, it was restricted to a single organization. As a result,
the guide’s effectiveness in other sectors, with varying levels of
technological maturity or organizational complexity, may differ.
Lack of Geographical and Sectoral Diversity in the Survey:
The survey targeted a specific audience of programming profes-
sionals but may not have captured a diverse range of opinions from
different geographical regions or industry sectors. Organizations
with distinct characteristics may face different challenges when
adopting micro-frontends, which could require adjustments to the

GAM. Construct Validity: Construct validity relates to the ad-
equacy of the tools and methods used to assess the GAM. While
the survey was useful for gathering professionals’ perceptions, it
is subject to biases, such as the interpretation of questions or re-
sponses that may not fully reflect real-world problems faced in
daily practice. Additionally, the questions may not have sufficiently
explored certain important aspects of micro-frontend adoption. In
the case study, no quantitative metrics were used to evaluate the
impact or success of applying the GAM (e.g., operational efficiency,
software quality, performance, integration, and scalability metrics).
The lack of objective metrics may limit the ability to accurately
measure the guide’s effectiveness in practice, making it harder to
identify specific areas of improvement or success. This could affect
the depth of the analysis and the strength of the conclusions drawn
from the case study.

6 Conclusions
The case study and survey findings highlighted howmicro-frontends
can be practically adopted, leading to the development of the GAM
framework. GAM assists practitioners and organizations by offering
practical guidelines for selecting architectural practices, implement-
ing consistent patterns, and ensuring a cohesive user experience
across micro-frontends. It also provides a structured approach for in-
tegration and scalability, making it easier to adopt micro-frontends
effectively.

The adoption of micro-frontends brings key benefits to software
development, such as improved team efficiency and the flexibility
for independent teams to make architectural decisions. This en-
hances productivity and responsiveness to market demands. The
architecture also supports incremental updates, faster deployment,
and the scalability required for dynamic applications, making it
ideal for sectors with fast-paced development cycles.

Despite these advantages, challenges remain, particularly inman-
aging technical complexity and ensuring a consistent user expe-
rience across micro-frontends. Managing multiple frontend tech-
nologies, maintaining state coherence, and addressing integration
challenges require careful architectural planning and the use of
best practices. Continuous refinement of strategies, investment in
developer training, and the use of collaboration tools are essential
to overcome these hurdles and fully realize the benefits of micro-
frontends.
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