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Abstract

Context: Micro Frontend (MFE) is an architectural style that extends microservices principles to the frontend.
Despite its growing adoption, misunderstandings about MFE foundations can create significant challenges during
development. Preparing in-training software engineers to address these challenges and incorporating MFE into
software architecture curricula is essential. Goal: We aim to address the gap in MFE education by presenting an ex-
perience report on teaching MFE in an undergraduate course. We compare two supporting materials to aid students
in architectural decision-making: practitioner-provided guidelines and a catalog of MFE anti-patterns. Through two
controlled experiments , we evaluate their effectiveness, with particular emphasis on understanding the role and
benefits of using anti-patterns as a learning tool. Method: We taught MFE across five sessions and conducted a
controlled experiment with two assessments, each one using one of the supporting materials. We compared them by
analyzing differences in assessment scores and evaluated whether the catalog improved students’ perceived learn-
ing. Additionally, we investigated how students used the catalog by applying the Technology Acceptance Model and
collecting qualitative feedback regarding its use. Finally, we extend our previous work by introducing a new version
of the catalog and comparing it with the original through a second controlled experiment. Results: Both supporting
materials are equally helpful for solving MFE architectural problems. Students reported an increased perception of
learning after engaging with the catalog. Their feedback indicated that the catalog was used to identify problems
and solutions, promote efficient search for issues, and reinforce MFE knowledge. The results of the second experi-
ment show no statistically significant differences between the versions. However, qualitative feedback indicates that
preferences depend on individual reading styles and information needs. It also revealed additional ways students
use the catalog to learn about MFE, such as using anti-patterns as a third learning phase. Conclusion: This paper
provides insights into teaching MFE, introduces two supporting instructional materials, and highlights the value of
anti-pattern catalogs for both education and practice. Our findings show that the catalog can support learning while

also helping developers analyze architectural problems and make more informed decisions.

Keywords: Micro frontends, Experience Report, Controlled Experiment, Empirical Software Engineering, Anti-patterns.

1 Introduction

Micro Frontend (MFE) is an architectural style that extends
the principles of microservices to the frontend, breaking
down a complex frontend application into smaller, manage-
able, and independently deployable slices (Mezzalira, 2021a;
Peltonen et al., 2021). This approach facilitates independent
testing, development, and deployment of frontend compo-
nents, enabling teams to work autonomously and reducing
the development time for new features (Geers, 2020). How-
ever, some issues faced when adopting MFEs are increased
payload size, UX consistency, complex monitoring and de-
bugging, state management, and duplicated code (Peltonen
et al., 2021). Many companies, such as SAP, Springer, Za-
lando, NewRelic, Ikea, Starbucks, and DAZN, have success-
fully implemented the MFE architecture (Taibi and Mezza-
lira, 2022), showcasing its potential in diverse domains.
Despite widespread adoption in the industry, MFE has
yet to be incorporated into the software architecture course
curriculum. This gap reflects the scarcity of academic re-
search on MFE education, contrasting with the abundance
of experience reports and case studies detailing its imple-
mentation (Antunes et al., 2024; Capdepon et al., 2023;
Kaushik etal., 2024; Perlin et al., 2023; Ménnisto et al., 2023;
Po6loskei and Bub, 2021; Moraes et al., 2024). Without for-

mal educational resources, practitioners may encounter chal-
lenges in effectively implementing the architecture, poten-
tially leading to suboptimal outcomes that hinder the real-
ization of its full benefits. As educators, it is important to
teach MFE and understand how to teach them effectively.
It includes investigating which instructional strategies fos-
ter deeper learning through research-validated instruments
or practice-oriented materials. Since MFE is still underrep-
resented in software architecture education, identifying prac-
tical and pedagogically sound ways to introduce it into the
curriculum is essential to bridge the gap between academic
training and current industry demands.

This paper addresses the gap in MFE education by shar-
ing our experience teaching Micro Frontends in an un-
dergraduate computer science course. We designed and
evaluated two supporting materials to help students learn
about MFE and make architectural decisions: a presentation
with practitioner-provided guidelines and a web-based anti-
patterns catalog we introduced in a previous study (Silva
et al., 2025a). Both materials expose students to real-world
scenarios and show the types of problems developers face
when working with MFE. We delivered five sessions, includ-
ing a hands-on lab, and assigned two assessments focused
on maintenance and evolution tasks, each using a different
instructional material. By presenting the structure of the ses-
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sions, the assessment activities, and the students’ results and
feedback, we offer practical insights to help educators in-
troduce MFE into software architecture courses and explore
practical ways to teach it.

Beyond reporting our experience on teaching MFE, this
paper presents a controlled experiment designed to compare
the effectiveness of two supporting materials used by stu-
dents. We also examine whether our catalog of MFE anti-
patterns can enhance students’ perceived learning. Unlike tra-
ditional materials, the catalog documents common architec-
tural mistakes observed in practice and their corresponding
solutions. Exposing students to these real-world problems
and actionable guidance can foster a more practice-oriented
understanding of MFE. Furthermore, we investigate how stu-
dents used the catalog during assessments, aiming to under-
stand its potential as a support tool for learning and architec-
tural decision-making in MFE development.

Results show that both approaches equally supported stu-
dents in learning MFE and solving maintenance problems in
MEFE architectures. We observed that the students’ perceived
learning increased after engaging with the catalog. Qualita-
tive feedback revealed that the catalog was actively used to
identify problems and solutions, support efficient search for
issues, and reinforce MFE knowledge. These findings indi-
cate that the catalog is a valuable learning and support tool by
presenting real-world architectural challenges in a structured,
accessible, and instructionally effective format. At the same
time, the practitioner-provided guidelines also proved effec-
tive, offering a more didactic and introductory path to un-
derstanding MFE. Together, these results highlight two valu-
able educational resources that can support different learning
needs in software architecture courses.

This paper is an extended version of Silva et al. (2025b).
We present a new version of the MFE anti-patterns catalog,
with 15 new anti-patterns and new fields to describe each
one based on the first experiment feedback. To assess wether
the new version is more useful than the previous one, we
conducted another controlled experiment with undergradu-
ate students to compare the two versions. We analyzed the
results of the new controlled experiment in comparison to
the previous one, which allowed us to expand and deep our
previous analysis and learn new lessons on teaching MFE.
Our results show that both catalog versions equally support
students in solving MFE architectural problems, but qualita-
tive feedback indicates that preferences depend on individ-
ual reading styles and information needs. We identify addi-
tional pedagogical roles for anti-pattern catalogs, including
their use as a dedicated learning phase after introducing archi-
tectural concepts and their role in reinforcing the importance
of careful architectural decision-making.

This work contributes to software engineering education
by presenting a concrete teaching case that offers practical
evidence and insights into teaching MFE effectively. We pro-
vide educators with a tested methodology and two support-
ing materials to help students’ learning of MFE. Educators
can adopt the detailed lecture structure, hands-on lab ses-
sions, and assessments based on realistic MFE scenarios to
enrich their software architecture courses. Beyond instruc-
tional design, our findings highlight the importance of us-
ing real-world examples and accessible tools to support stu-
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dents’ learning. In particular, student feedback underscores
the value of the anti-patterns catalog in helping learners iden-
tify common pitfalls and reason about architectural decisions.
These contributions empower educators to expand curric-
ula with practical, research-informed strategies for teaching
modern architectural styles such as MFE.

2 Background

This section explores the fundamental principles of MFE and
anti-patterns and discusses related work.

2.1 Micro Frontends

The term “Micro Frontend” was first coined by Thought-
Works (2016) in 2016 as an architectural style inspired by
microservices architecture. MFE decomposes a monolithic
frontend application into smaller parts that can be developed,
deployed, and updated independently, promoting greater
flexibility and maintainability (Mezzalira, 2021a; Peltonen
et al., 2021). Geers (2020) considers MFE as an organiza-
tional approach since the application is divided into vertical
slices built from the database to the user interface and owned
by dedicated teams based on the business sub-domains.

Implementing MFE offers several benefits, including sup-
port for different technologies, autonomous cross-functional
teams, improved testability, and independence in develop-
ment, deployment, and management (ThoughtWorks, 2016;
Taibi and Mezzalira, 2022; Mezzalira, 2021a). However, this
architectural style introduces additional complexity, making
it challenging to monitor and debug, maintain a consistent
User Experience (UX) across all MFEs, and manage shared
dependencies without increasing payload size, among other
issues (Geers, 2020; Peltonen et al., 2021).

To integrate MFEs and deliver a unified application, de-
velopers must implement Frontend Integration, which com-
prises Composition, Communication, and Routing. Compo-
sition involves requesting fragments—reusable components
exported from one MFE to be used by another—and plac-
ing them in the appropriate slots on a screen (Geers, 2020).
There are three approaches to composing MFEs: Server-side,
Edge-side, and Client-side (Taibi and Mezzalira, 2022; Pelto-
nen et al., 2021; Geers, 2020; Moraes et al., 2024). Commu-
nication defines how the screen and fragments interact to de-
liver a seamless user experience (Taibi and Mezzalira, 2022).
According to Geers (Geers, 2020), communication can oc-
cur in three primary forms: Parent to Fragment, Fragment to
Parent, and Fragment to Fragment. Finally, Routing handles
navigation between views, typically implemented using hy-
perlinks (Taibi and Mezzalira, 2022).

2.2 Related Work

Previous studies have identified several challenges in teach-
ing software architecture. According to Galster and Angelov
(2016), students accustomed to seeking optimal program-
ming solutions often find the “wicked” nature of architec-
tural decision-making frustrating. The same study notes that
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small classroom examples often fail to convey the impor-
tance of architectural decisions, while the scarcity of realis-
tic examples limits students’ practical learning opportunities.
Kazman et al. (2023) argue that undergraduate students of-
ten lack development experience and tend to think like pro-
grammers, which makes it difficult for them to understand
high-level architecture and abstraction, as they focus on im-
plementation details rather than high-level design. Lago and
Van Vliet (2005) highlight that the absence of stakeholders
to provide clear business rules during the software architec-
ture design process poses a significant challenge. To improve
software architecture courses, Mannisto et al. (2008) state
that they should emphasize using existing systems for mainte-
nance and evolution tasks rather than solely designing archi-
tectures from scratch. This approach is more aligned with in-
dustry practices, where software architects commonly work
with established systems.

Oliveira et al. (2022) systematic mapping results show
that many software architecture courses focus mainly on
conceptual foundations, such as quality attributes, architec-
tural views, and general design principles, while giving lim-
ited attention to newer architectural styles and industry prac-
tices. Galster and Angelov (2016) highlight the importance
of teaching architecture through concrete examples rather
than relying only on abstract explanations. In this sense,
do Nascimento Oliveira et al. (2025) reports four experiences
on teaching software architecture using real-world cases.
They emphasize the need to provide contextual support for
students to understand the cases, adapt technical language
to improve comprehension, tailor cases to avoid losing in-
structional goals, and progressively introduce more complex
cases to evaluate students’ capability to address new knowl-
edge.

To the best of our knowledge, no papers specifically dis-
cuss MFE education, and only a few report on experiences
teaching microservices. Baerbak Christensen (2022) describe
the curriculum of an undergraduate course centered on De-
vOps and microservices, with a stronger emphasis on De-
vOps. They provide teaching guidelines that include focus-
ing solely on architectural migration without adding new fea-
tures to microservices to avoid overcomplication, using a
technology stack familiar to students, and defining a mono-
lith with clear domains and boundaries. Similarly, Lange
et al. (2019) report on a microservices course conducted
in collaboration with industry, where students attended lec-
tures before migrating a monolith to a microservices archi-
tecture. Cordeiro et al. (2019) propose an approach for teach-
ing microservices involving lectures delivered by researchers
and industry professionals. In their approach, students are
organized into teams and tasked with developing different
domains of a system, simulating real-world collaboration
and distributed development. Overall, these microservices
courses emphasize implementing new architectures migrated
from monoliths but lack focus on exercising architecture de-
sign itself.
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3 Developed Supporting Materials

Due to time constraints, we could not let students imple-
ment an MFE architecture. Instead, we developed two sup-
porting materials to help students learn about common prob-
lems and solutions in real MFE architectures: (1) a catalog
of MFE anti-patterns and (2) a presentation with practitioner-
provided guidelines.

3.1 Catalog of Micro Frontends Anti-patterns

Patterns provide reusable solutions to common problems,
outlining the benefits of these solutions and the chal-
lenges architects must overcome to implement them success-
fully Richardson (2018). In contrast, anti-patterns identify a
problem and present two potential solutions: one that is com-
monly adopted but ineffective, and another that is more ef-
fective Brown et al. (1998). Understanding both patterns and
anti-patterns equips developers with the knowledge to design
robust architectures while avoiding the recurring issues high-
lighted by these concepts.

frontends

<« Nano Frontend inaionieni@

 Description

® Solution

Figure 1. Nano Frontend anti-pattern description from the initial version of
the catalog’s web application.

In our previous research Silva et al. (2025a), we developed
a catalog of 12 MFE anti-patterns and validated it through
a survey with industry practitioners. Our catalog is publicly
available through a web application to promote its use and
facilitate collaboration among developers. Each anti-pattern
is defined by a name, problem, solution, category, and ex-
ample. Figure 1 presents the screen with the Nano Frontend
anti-pattern description. However, this version is no longer
available since we evolved the catalog (see Section 7).

3.2 Practitioner-Provided Guidelines

The practitioner-provided guidelines consists of a presenta-
tion in which we showcased the MFE architectures published
by Antunes et al. (2024), Moraes et al. (2024), and Silva
(2024). For each architecture, we explained how the MFEs
were composed and added questions to help students iden-
tify potential problems and propose improvements. We also
added a potential solution to each problem. Figure 2 presents
a slide containing a problem and its potential solution of the
architecture from Silva (2024). To conclude, we presented a
summary of MFE guidelines published by Taibi and Mezza-
lira (2022), Aplyca (2024), Kofler (2020), Anks (2023), and
Shukla (2023), consolidating recommended practices and so-
lutions.
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Figure 2. Slide from the practitioner-provided guidelines presentation with
an example of architecture and the question we asked to students and its
answer.

4 Teaching Approach

This section describes the procedures for teaching MFE to
undergraduate Computer Science students at the Federal Uni-
versity of Amazonas (UFAM). This teaching process was
conducted before the experiments to ensure that students had
the necessary background on MFEs before participating in
the studies. Before each study, we delivered theoretical and
practical sessions to introduce MFEs to the undergraduate
students taking the course. We delivered the same sessions
and applied the same assessments in both studies.

4.1 Learning Objectives

Students were in the sixth semester of their undergraduate
degree in Computer Science and were enrolled in the Sys-
tems Analysis and Design course, which focuses on topics
related to software modeling and architecture. The course
curriculum covered system design using UML diagrams, ar-
chitectural styles, and design patterns. We delivered the MFE
sessions after the topics on UML diagrams and software ar-
chitecture styles to achieve the following learning objectives
for MFEs:

1. Understand the benefits, challenges, and appropriate
contexts for implementing MFE.

2. Learn best practices for designing and maintaining MFE
architectures.

3. Develop the ability to assess and evaluate MFE archi-
tectures.

4.2 Sessions Content

We delivered 4 theoretical lecture sessions and 1 laboratory
session. Table 1 presents the sessions and its content. Before
the first class, students already had knowledge about archi-
tectural styles like Layered Architectures, Data-centered ar-
chitectures, and Pipers & Filters (Valente, 2020), and about
architecture visualization with C4 Model (Brown, 2023).
Since MFE is based on microservices, the first lecture
session aims to introduce the definition, benefits, and chal-
lenges of microservices. The lecture begins by detailing the
monolithic architectural style and the issues that motivated
the creation of microservices (Newman, 2021). Then, we
presented the concept of microservices and their key princi-
ples. To illustrate some architectural examples, we discussed
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Table 1. MFE sessions’ content.

# | Session Description

1 | Microservices Monoliths, microservices, and

patterns for microservices.

2 | Micro Frontends Definition, benefits, chal-
lenges, and frontend integra-
tion.

3 | Micro Frontends | Lab session where students

Hands-on implemented routing, compo-

sition, and communication in
a web e-commerce applica-
tion.

4 | Examples of Micro
Frontends Architec-
tures

Public MFE examples and
guidelines from experience re-
ports, case studies and blogs.

5 | Micro Frontends
Anti-patterns

Definition of anti-patterns and
an explanation of the 12 MFE
anti-patterns.

the following patterns: Remote Procedure Invocation, Asyn-
chronous Messaging, API Gateway, Backend for Frontend
(BFF), and API Composition (Richardson, 2018).

In the second lecture session, we introduced the concept,
benefits, and challenges of MFE primarily based on Geers
(2020) and Peltonen et al. (2021). We also delved into im-
plementing frontend integration through composition, com-
munication, and routing. Finally, we presented an MFE ar-
chitecture we developed, whose source code students would
access during the hands-on session in the following session.
The primary goal of this lecture was to provide the theoretical
foundation of MFE.

During the third session, we conducted a lab session where
students could engage with implementing an e-commerce ap-
plication built using 3 MFEs !, which we presented in the
previous session. In the lab session, we explained how the ap-
plication uses the Single-SPA framework (Single-spa, 2016)
to compose the MFEs and then assigned three exercises fo-
cused on routing, composition, and communication. Our goal
in this session was to make students see how MFE works in
practice since its concepts may be confusing.

In the fourth and fifth sessions, we presented the two pro-
posed supporting materials: practitioner-provided guidelines
(Taibi and Mezzalira, 2022; Aplyca, 2024; Kofler, 2020;
Anks, 2023; Shukla, 2023) and a catalog of 12 MFE anti-
patterns (Silva et al., 2025a), respectively. Our goal was to
introduce best practices for developing MFE architectures
and to examine published examples, encouraging discussion
about architectural decisions and how they could be im-
proved. This approach aimed to enhance students’ ability to
assess MFE architectures critically. The final session was es-
sential for helping students recognize common problems and
effective solutions by exploring MFE anti-patterns.

4.3 Assessments

We conducted two comparable assessments related to MFE,
each containing similar questions focused on analyzing two
distinct architectures. The questions simulated tasks a new

Uhttps://github.com/nabsonp/mfe-hands-on
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developer might face when joining a team working with
MEFE architectures. The two systems—an e-commerce plat-
form and a digital bank-were inspired by real-world MFE im-
plementations. We selected these domains because students
were already familiar with them, reducing the risk of confu-
sion due to unfamiliar business contexts. Each assessment
consists of two parts:

1. Architecture Analysis: we asked students to evaluate
the proposed MFE architecture and indicate whether
they would design it differently, providing justifications
for their decisions.

2. Maintenance and Evolution: eight questions that re-
quired students to develop a new feature, understand
and resolve a bug in the application, or refactor a part
of the architecture.

To ensure the realism of the assessments and the pro-
posed architectures, we asked two experienced MFE profes-
sionals to complete the assessments and provide feedback
on whether the problems reflected real-world scenarios and
whether the architectures resembled those commonly seen in
the industry. We chose not to ask students to design a MFE
architecture from scratch, as, in practice, they are more likely
to maintain and evolve an existing architecture than creating
one from scratch (Galster and Angelov, 2016; Kazman et al.,
2023; Mannisto et al., 2008). We ensured that every question
could be answered using either the anti-patterns catalog or
the practitioner-provided guidelines, allowing for a fair com-
parison between the two supporting materials.

5 First Experiment Design

To address the first study’s research questions (Section 5.1),
we designed a controlled experiment following the guide-
lines proposed by Wohlin et al. (2012). The following sub-
sections provide a detailed description of each aspect of the
first experiment.

5.1 Goal and Research Questions

The experiment’s goal is to explore effective teaching strate-
gies for MFE by comparing the MFE anti-patterns catalog
with practitioner-provided guidelines as supporting materi-
als. Additionally, we aim to analyze whether the MFE anti-
patterns catalog enhance students perceived learning and
how it can be used during MFE maintenance. Therefore, we
aim to answer the following set (A) of Research Questions

RQ):

Which supporting material-an MFE anti-patterns
catalog or practitioner-provided guidelines—leads to
higher student assessment scores?

To address RQ-Al , we compared the mean scores from
the two MFE assessments. In the first assessment, students
consulted practitioner-provided guidelines; in the second,
they used the MFE anti-patterns catalog.
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Does the catalog of MFE anti-patterns enhance stu-
dents’ perceived learning about MFE?

For RQ-A2 , we asked students to rate their perceived
learning about MFE before and after engaging with the cata-
log and then compared the mean of the two sets of responses.

How do students use the MFE anti-patterns catalog,
and do they intend to adopt it when solving MFE
challenges?

For RQ-A3, we evaluated the catalog’s utility, ease of use,
and students’ intention to use it in the future by applying the
original Technology Acceptance Model (TAM) (Venkatesh
and Bala, 2008). In addition to the TAM constructs, we in-
cluded four statements to assess how the catalog supported
learning about MFE. We also collected qualitative feedback
on how students used the catalog and analyzed it through
Grounded Theory procedures (Corbin and Strauss, 2014).

5.2 Planning

We planned the experiment according to Wohlin et al. (2012).

5.2.1 Context Selection

We conducted the experiment with undergraduate students
learning about MFE for the first time during the training
sessions, without prior experience in this architectural style.
This setup simulates junior developers entering a company
and needing to work with MFE architectures. Since no
published MFE architecture specifications described com-
plete applications—including the MFEs implemented, their
screens and fragments, and their communication and compo-
sition strategies—we developed two MFE applications for
students to analyze during the experiment.

5.2.2 Variable Selection

The independent variable is the supporting material con-
sulted during the assessments, with two treatments: (1)
the catalog of MFE anti-patterns and (2) the practitioner-
provided guidelines. The dependent variables are the stu-
dents’ assessment scores and perceived learning scores. As-
sessment scores are real values ranging from 0 to 10. To mea-
sure perceived learning, we asked students to self-assess their
learning on MFE using real values ranging from 0 to 5, en-
abling statistical comparison between samples (Wohlin et al.,
2012) and evaluating whether the catalog positively influ-
enced students’ learning perception, following the approach
of Meireles et al. (2024).

5.2.3 Hypothesis Formulation

We formulated two hypotheses, each corresponding to RQ-
Al and RQ-A2 . The null hypothesis Hy, related to RQ-A1,
states that there is no significant difference in students’ mean
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assessment scores when supported by practitioner-provided
guidelines compared to when using the anti-patterns catalog.
The second null hypothesis, H, related to RQ-A2, states that
there is no significant difference in students’ perceived learn-
ing before and after interacting with the MFE anti-patterns
catalog. As RQ-A3 is addressed through qualitative meth-
ods, we did not define a hypothesis for it.

5.2.4 Participants Selection

Participant selection was based on convenience sam-
pling (Wohlin et al., 2012), targeting undergraduate Com-
puter Science students enrolled in the Systems Analysis and
Design course at UFAM. Participation in the study was vol-
untary, and only students who signed the consent form and
attended at least all but one session were included in the ex-
periment.

5.2.5 Study Design

Students completed the two assessments described in Sec-
tion 4.3. We designed two MFE architecture specifications
(Objects) to support the assessments: Object 1 represented
an e-commerce web application, while Object 2 represented
a mobile application. To compare the proposed supporting
materials (treatments), we employed a crossover design (Ve-
gas et al., 2015) applied to the specification Objects, rather
than to the treatments. This decision was necessary because
the treatments required prior instruction and could not be de-
livered independently for each group without risking con-
tamination threat validity (Wohlin et al., 2012). Since stu-
dents continued attending shared sessions over time, sepa-
rating them into different groups would not prevent cross-
influence. Therefore, we alternated only the architecture ob-
jects analyzed in each assessment to maintain comparability,
minimizing bias.

The students were divided into two groups, Group A and
Group B. Since none of the students had prior experience
with MFE, we balanced the groups based on software de-
velopment experience type (backend, frontend, or full-stack)
and duration, if any. During the first assessment, both groups
consulted the presentation from the fourth session, which in-
cluded practitioner-provided guidelines and MFE examples.
Group A completed the first assessment based on Object 1,
while Group B completed it based on Object 2. For the sec-
ond assessment, both groups accessed a web application con-
taining the MFE anti-patterns catalog, with the Objects re-
versed: Group A analyzed Object 2, and Group B analyzed
Object 1. Figure 3 summarizes the study design.

[ Group A ][ Group B ]

__________________ e

1st Assessment ) ! Object 1

___________________________________ e m e e e e e e e mmmmmmmmmmmm

2nd AssessmenD Catalog

Object 2 Object 1

Figure 3. Crossover design adopted in the first experiment.
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5.2.6 Instrumentation

The instruments for this experiment include a set of forms,
training session documents, architecture descriptions, and an
activity script that must be followed during the execution
phase. We describe each instrument in detail as follows:

1. Theoretical training: Presentations delivered during
lecture sessions and the code and script presented dur-
ing the laboratory session.

2. Consent form: form that outlines the purpose of the ex-
periment and details how it will be conducted. We em-
phasize that participation is voluntary, allowing partici-
pants to withdraw from the experiment at any time with-
out affecting their scores on the assessments. Further-
more, we explain that we will use the collected data for
quantitative and qualitative analysis and may include it
in scientific publications. Participants signed the con-
sent form before the experiment.

3. Characterization form: a set of questions designed to
gather information about the participants’ professional
experience as software developers and their familiarity
with MFE architectures.

4. Objects: description of two MFE architectures that stu-
dents evaluated during the experiment. The objects in-
clude a brief description of the software and its func-
tionalities, images showcasing its screens, and a com-
prehensive list of MFEs detailing their context, screens,
and fragments.

5. Assessment Forms: Two forms, each containing the
questions from them assessments described at Sec-
tion 4.3.

6. Feedback form: This form included the TAM con-
structs, the learning-related statements, and the open-
ended questions described in Section 5.4.

5.3 Execution

To ensure the realism of the specifications, we conducted a
pilot study to ask two experienced MFE professionals to re-
view the applications. They confirmed that the architectures
and the problems presented in the assessments reflected real-
world scenarios.

Figure 4 presents the sequence of steps followed during
the experiment execution. Before the execution, we delivered
the four primary lecture sessions described in Subsection 4.2.
Following the fourth lecture, we invited students to voluntar-
ily participate in the experiment by signing a consent form
and completing a characterization form. We then used the
characterization data to balance the groups, ensuring that the
number of participants with expertise in each development
area was approximately equal and that the overall experience
level was pretty distributed between the groups. The partic-
ipants’ full characterization data is available in our supple-
mentary material®. A total of 23 students participated in the
experiment, 12 in Group A and 11 in Group B.

The experiment consisted of two assessments conducted
on different days. In the first assessment, both groups had ac-
cess to the guidelines and examples presented in the fourth

Zhttps:/figshare.com/s/7fd92ace78cbb80a024b
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> Istto 4th>> 1st Asessmer> 5th Lectur>> 2nd Assessmer>
Lectures

Figure 4. Sequence of steps of the first experiment execution.

lecture. Group A analyzed Object 1, while Group B analyzed
Object 2. After completing the first assessment, we deliv-
ered the fifth lecture introducing the MFE anti-patterns cata-
log, which students would use during the second assessment.
In the second assessment, Group A analyzed Object 2, and
Group B analyzed Object 1, with both groups granted access
to the web application containing the anti-patterns catalog.
After completing the second assessment, students also com-
pleted the feedback form.

5.4 Analysis and Interpretation

Before conducting the data analysis, we excluded responses
from students who missed more than one lecture to include
only those who participated in the majority of the train-
ing sessions. We conducted the quantitative analysis using
two groups of paired samples: (1) student assessment scores
when consulting practitioner-provided guidelines versus the
anti-patterns catalog, and (2) perceived learning scores be-
fore and after engaging with the catalog. We used the assess-
ment score samples to test the null hypothesis Hy and the per-
ceived learning samples to test the null hypothesis H|. The
raw data is available in our supplementary material.

We began by examining boxplots to visually compare the
samples within each group. Next, we applied the Shapiro—
Wilk test (Wohlin et al., 2012) to determine whether the sam-
ples followed a normal distribution. Based on the results,
we selected appropriate paired statistical tests: the paired t-
test (Wohlin et al., 2012) for normally distributed samples,
and the Wilcoxon Signed Rank Test (Wohlin et al., 2012) for
non-normal samples.

Our MFE anti-patterns catalog is available as a web ap-
plication designed to support MFE development. However,
we had not yet analyzed how users interact with it. To in-
vestigate how students (representing novice MFE develop-
ers) perceived the catalog’s usefulness during architectural
decision-making in the assessments, we applied the origi-
nal Technology Acceptance Model (TAM) (Venkatesh and
Bala, 2008). TAM assesses users’ perceptions of a technol-
ogy’s usefulness and ease of use, which are the two primary
factors influencing technology acceptance behavior (Laiten-
berger and Dreyer, 1998). We measured the constructs of per-
ceived usefulness, perceived ease of use, and behavioral in-
tention using a 5-point Likert scale (Likert, 1932), ranging
from “Strongly disagree” to “Strongly agree.” In addition to
the TAM constructs, we defined four sentences for measur-
ing the catalog’s utility for learning MFE. Table 2 presents
our adapted version of the TAM questionnaire and the four
items related to the catalog’s perceived utility for learning.

We collected qualitative feedback on how students used
the catalog, its perceived benefits and challenges, how it in-
fluenced their learning, and their overall impressions of the
catalog. We analyzed the data using Straussian Grounded
Theory (GT) procedures (Corbin and Strauss, 2014). We first
applied open coding, which involved creating codes repre-
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senting relevant concepts to understand how students used
the catalog. Then, when applying axial coding, we identified
connections among the codes and grouped them into broader
categories to identify the primary uses of the catalog. We did
not apply the GT’s selective coding, as our objective was not
to develop a theory but to explore how the catalog can be
used during MFE development.

Table 2. Adapted TAM constructs and the sentences related to the
catalog’s utility for learning.

Perceived Usefulness (PU)

PUO1 Using the anti-patterns catalog for MFE im-
proves my performance when developing
MFE-oriented architectures.

Using the anti-patterns catalog for MFE
improves my productivity when developing
MFE-oriented architectures.

Using the anti-patterns catalog for MFE im-
proves my effectiveness in communicating
with other developers when developing MFE-
oriented architectures.

I consider the anti-patterns catalog for MFE
useful for developing MFE-oriented architec-
tures.

PUO02

PUO3

PU04

Perceived Ease Of Use (PEOU)

PEOUO1 My interaction with the anti-patterns catalog
for MFE was clear and understandable.
Interacting with the anti-patterns catalog for
MEFE did not require much mental effort from
me.

I consider the anti-patterns catalog for MFE
easy to use.

I find it easy to use the anti-patterns catalog for
MEFE during the development of MFE architec-

tures.

PEOUO02

PEOUO03

PEOU04

Behavioral Intention (BI)

BI01 Assuming I have enough time to design and de-
velop an MFE-oriented architecture, I would
use the anti-patterns catalog for MFE.
Considering that I can choose other tools to as-
sist in the development of MFE-oriented archi-
tectures, I intend to use the anti-patterns cata-
log for MFE.

I intend to use the anti-patterns catalog for
MEFE the next time [ work on an MFE-oriented

architecture.

BI02

BI03

Useful For Learning (UFL)

UFLO01 I consider the anti-patterns catalog for MFE
useful for learning about MFE.

I find it easy to use the anti-patterns catalog
for MFE to learn about MFE-oriented architec-
tures.

The anti-patterns catalog for MFE facilitated
learning about best practices in software archi-
tecture.

The anti-patterns catalog for MFE contributed
to my understanding of common challenges in
MEFE architectures.

UFL02

UFLO03

UFL04
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6 First Experiment Results

This section presents the results for each RQ-A outlined in
Section 5.1. For RQ-A1 and RQ-A2 , we analyze the quan-
titative data collected during the experiment using boxplots
and statistical tests to compare the samples. For RQ-A3 , we
present the results of the TAM evaluation and the learning-
related statements, and summarize insights from the qualita-
tive analysis of students’ feedback. We analyzed the results
of students with prior professional experience and found no
noticeable differences compared to the other participants.

6.1 Supporting Materials Comparison

To address RQ-A1 , we evaluated the students’ scores from
the first and second assessments. Figure 5 presents the box-
plots for the two samples, which show similar distributions
and are close to each other. Performing the Shapiro-Wilk Test
on the first sample yielded a p-value of 0.764. The second
sample reported its mean, median, and mode as 3.917, 4.000,
and 4.000, respectively. Performing the Shapiro-Wilk Test
on the second sample yielded a p-value of 0.848. With a sig-
nificance level of a = 0.05, both samples are considered to
follow a normal distribution.

Assessments Scores
(5]
I

T T
1st Assessment 2nd Assessment

Figure 5. Boxplots presenting the data distribution on the assessment sam-
ples.

We selected the paired t-test for the sample comparison, a
parametric test for dependent and normally distributed sam-
ples (Wohlin et al., 2012). With the significance level set at
a = 0.05, the test yielded a p-value of 0.298, indicating that
we cannot reject the null hypothesis Hy. Therefore, we con-
clude that both supporting materials are equally effective in
helping students learn about MFE.

'_[ RQ-A1 Summary ]

There was no significant difference in students’ as-
sessment scores when using the MFE anti-patterns
catalog versus the practitioner-provided guidelines.
This result indicates that both supporting materials
are equally effective in helping students learn about
micro frontends.

6.2 Perceived Learning Difference

To address RQ-A2 , we evaluated the students’ self-assessed
perceived learning before and after engaging with the catalog.
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Figure 6 presents the boxplots for the two samples, indicating
that the second sample appears to have higher values than the
first one. Performing the Shapiro—Wilk Test on both samples
yielded a p-value of 0.216 for the first sample and < 0.001
for the second sample. Considering a significance level of
a = 0.05, the second sample is not normally distributed.

5 —_— )

. ————

Perceived Learning Scores
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Figure 6. Boxplots presenting the data distribution on the perceived learning
before and after engaging with the MFE anti-patterns catalog.

As one of the samples is not normally distributed, we se-
lected the Wilcoxon Signed Rank Test to compare the sam-
ples, as it is an appropriate non-parametric test for compar-
ing dependent samples (Wohlin et al., 2012). Using a sig-
nificance level of @ = 0.05, the test yielded a p-value of
0.001, allowing us to reject the null hypothesis H{. Thus,
we can assert a statistically significant difference in students’
self-perceived learning before and after using the catalog for
solving MFE architectural problems. Since the distribution
of perceived learning after engaging with the catalog shows
higher values than before, we conclude that using the catalog
enhances students’ self-perception of learning about MFE.

F[ RQ-A2 Summary ]

After using the MFE anti-patterns catalog, students
reported a statistically significant increase in their
perceived learning, suggesting that exposure to real-
world problems and examples helps students feel that
they have learned more effectively.

6.3 How Students Used the Catalog

To address RQ-A3 , we asked students to answer an online
form to respond if they agree with the TAM and the learning-
related statements, and we collected qualitative feedback on
how students used the catalog, its benefits and challenges,
how it influenced their learning, and their overall impres-
sions of the catalog.

6.3.1 TAM and Learning Statements Analysis

Figure 7 summarizes the results on the Perceived Usefulness
construct. Upon analyzing PUO1, PU02, and PU04, the stu-
dents generally agreed that the catalog is a useful tool for
developing MFE architectures, highlighting its potential to
improve their performance and productivity during develop-
ment. Although they did not create entirely new architectures
during the assignment, they were tasked with proposing new
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solutions for existing ones. Regarding PU03, some feedback
reflected a neutral stance, which may be attributed to the fact
that the students did not interact with other developers while
proposing their architectural solutions.

strongly
disagree

Partially
Disagree

Neither agree Partially strongly
nor disagree Agree Agree

PUO24 Z

PUO3 6

PU04

Figure 7. Responses for each sentence in the Perceived Usefulness con-
struct.

Figure 8 presents the Perceived Ease Of Use construct re-
sults. Upon analyzing PEOU02 and PEOUO3, all the students
agreed that the tool was easy to use and did not require much
mental effort. Regarding PEOUO1, only one response indi-
cated a neutral stance, suggesting that interacting with the
catalog was clear and comprehensible. On PEOUO04, its feed-
back indicates that using the catalog to develop MFE archi-
tectures may be easy, as it presents neutral responses or par-
tial agreements. These results support the notion that the cat-
alog offers a low-friction experience, which may facilitate its
adoption in educational and professional contexts.

Partially
Disagree

Strongly

Neither agree Partially Strongly
disagree —

nor disagree Agree Agree

PEOUO1 7 1

PEOU02 4

PEOUO03 4

PEQOU04 4

Figure 8. Responses for each sentence in the Perceived Ease Of Use con-
struct.

Figure 9 summarizes the results for the Behavioral Inten-
tion construct. Upon analyzing BI01, students generally ex-
pressed a positive intention to use the catalog, especially
when given sufficient time for design and development tasks.
Most participants also agreed they would use the catalog to
support MFE development (BI02) and future MFE projects
(BI03). These findings suggest that the catalog holds poten-
tial as a valuable tool for both in-training software engineers
and practitioners.

Figure 10 summarizes the results related to the catalog’s
utility for learning provided by the students through the sur-
vey. Regarding the statements in UFLO1, UFL02, UFLO03,
and UFLO04, there were no disagreements or neutral re-
sponses, as most were “Strongly agree” and “Partially agree.”
It suggests that students recognized the catalog’s contribution
to the learning process concerning software system architec-
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- strongly Partially Neither agree Partially - Strongly
disagree Disagree nor disagree Agree Agree
BIO1{ L
Bl024 1

BIO3{ 7

Figure 9. Responses for each sentence in the Behavioral Intention construct.

ture and MFE architectures. We further discuss the enhance-
ment in learning during the qualitative analysis results.

Strongly Partially Neither agree Partially Strongly

— disagree Disagree nor disagree Agree Agree
UFLO1 - 18
UFLO2 - 17
UFLO3 4 19
UFLO4 18

Figure 10. Responses for each sentence related to the catalog’s utility for
learning.

6.3.2 Qualitative Feedback Analysis

We analyzed students’ qualitative feedback using ATLAS..ti3,
applying open and axial coding (Corbin and Strauss, 2014) to
understand how students used the catalog during the second
assessment. Due to space limitations, the whole coding pro-
cess and codebook are available in our supplementary mate-
rial. Based on the relationships among the open codes (high-
lighted with underlines), we identified three categories that
summarize the main ways in which students interacted with
the catalog:

Identify problems and solutions — As anticipated, stu-
dents used the catalog to Identify problems and solutions, as
expressed by Pl: “identify the problems and the solutions
to the respective questions.” However, their approaches to
identifying problems varied according to the features they
relied on within the catalog. Some students emphasized the
role of examples in Identify problems by examples, as noted
by P3: “the examples helped me identify the problem,” and to
Understand problems by examples, as stated by P1: “seeing
examples and descriptions helped me understand the prob-
lem in some questions.” Others relied on the visual elements,
using the catalog to Understand problems by images, as illus-
trated by P4: “the use of images in some explanations helped
more than just text.” Additionally, some students also used
the solution description, as seen in P5’s comment about to
Identify problems by solutions: “the description of the prob-
lems and solutions in the catalog helped me a lot to draw
a parallel with the problems proposed.” Moreover, the cata-
log also serves to Guide architectural decisions, as stated by
P7: “allowed me to address these problems and made it eas-
ier to make decisions.” These findings suggest that offering

3https://atlasti.com/
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multiple pathways—textual descriptions, examples, visuals,
and solution-based reasoning—can support diverse cognitive
strategies among students. Therefore, the catalog enhances
accessibility and understanding by accommodating different
ways of thinking and learning.

Support efficient and structured search for MFE prob-
lems — The catalog’s web application enabled a structured
and efficient browsing experience, helping students access
and explore the anti-patterns more effectively. For example,
P7 highlighted the ease of Consulting by categories: “if is
easy to visualize, especially with the use of categories.” Even
when facing difficulties in understanding the anti-patterns,
P4 used the catalog to Consult several anti-patterns at once
and made a suggestion to improve problem identification: “/
had difficulties understanding the description of each anti-
pattern, I had to open all of them to see the description. There
could be a summary in each card of the catalogs on the main
screens.” Similarly, P20 suggested Linking anti-patterns to
improve navigability: “when opening an anti-pattern, the
page could show others from the same topic or similar ones.’

Reinforce and deepen MFE knowledge — Students re-
visited and deepened their understanding of MFE concepts
through real-world examples, using the catalog to consoli-
date and expand their prior knowledge. The catalog can be
used to Learn based on practical problems, as P17 remarked:
“Seeing the anti-patterns in practice increased my knowledge
about the subject.” P13 highlighted that the catalog was used
to Understand common challenges: “I could understand real
situations and challenges faced during architectural deci-
sions.” In addition, the catalog was useful to Review MFE
concepts, as noted by P21: “/the catalog] helped me remem-
ber some concepts I did not recall.” P4 reinforced this point
and suggested improvements to enhance its role as a learning
tool by adding the MFE concepts presented in class: “/the cat-
alog] helped by centralizing content about MFEs. However,
the catalog could include summaries and slides presented in
the classes.” These insights demonstrate the catalog’s poten-
tial as a reference material and an educational tool that rein-
forces learning through contextualized, practice-based con-
tent.

,-[ RQ-A3 Summary ]

>

Students agreed that the MFE anti-patterns catalog
is useful, easy to use, and helpful for learning about
MEFE. They also expressed an intention to use it in fu-
ture development tasks. Qualitative analysis revealed
three primary ways students used the catalog: (1) to
identify problems and solutions, (2) to support effi-
cient and structured searches for MFE issues, and (3)
to reinforce and deepen their understanding of MFE
concepts. These findings highlight the catalog’s ef-
fectiveness as a problem-solving aid and an educa-
tional resource that accommodates different learning
strategies.

7 Catalog Improvement

After the first experiment, we improved the catalog based
on students’ feedback by adopting a new template to reduce
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the amount of text and adding more images. We also ex-
panded the catalog by adding 15 new anti-patterns identified
in grey literature, including Avoiding Observability (Rappl,
2024), Access to Different Domains (Wessels, 2020), Bidi-
rectional Data Flow (Mezzalira, 2020), Chatty Micro Fron-
tends (Rappl, 2024), Dependency Hell (Mezzalira, 2020;
Shinde, 2022; Matteo Figus and Mezzalira, 2024; Raimundo,
2023), Dependent Deployment (Rappl, 2024; Casas, 2020;
Matteo Figus and Mezzalira, 2024), Dismissing Human Fac-
tors (Rappl, 2024), Distributed Data Inconsistency Rappl
(2024), Framework Frenzy (Rappl, 2024; Mezzalira, 2020;
Shinde, 2022; Mezzalira, 2021¢; Raimundo, 2023), Global
State Communication (Mezzalira, 2020; Shinde, 2022; Mez-
zalira, 2021b,c; Raimundo, 2023), Hammering APIs (Mez-
zalira, 2020), One Micro Frontend for All (Gkamperlo,
2020), Partial UI Migration (Mezzalira, 2024), Spaghetti Ar-
chitecture (Rappl, 2024), and Unmediated Legacy Integra-
tion (Mezzalira, 2020; Raimundo, 2023). The complete cat-
alog is available in the supplementary material and through
the catalog’s web application.*

As the catalog grew in both size and complexity, we
adopted an extended template to document the anti-patterns.
Drawing on the Full AntiPattern Template (Brown et al.,
1998), the general template used in the C2 Wiki repos-
itory (Cunningham, 2013), and the template proposed
by Brada and Picha (2019), we defined a new anti-pattern
template that includes additional fields: Solution Pitfalls,
Related Anti-Patterns, References, and Also Known As.
We also restructured the problem and solution descriptions.
We divided the original Problem ficld into two fields, Prob-
lem and Symptoms and Consequences, to simplify the
problem definition and highlight its consequences. Similarly,
we split the original Solution field into Solution and Result-
ing Context to describe the solution and its potential bene-
fits or risks separately. Figure 11 illustrates the Global State
Communication anti-pattern using the new template fields.

8 Second Experiment Design

After evolving the catalog based on the results and feedback
from the first experiment, we formulated a new set of re-
search questions (Section 8.1) to compare the two catalog
versions through a second controlled experiment. The fol-
lowing subsections describe each aspect of the second exper-
iment in detail.

8.1 Goal and Research Questions

This experiment aims to compare the two versions of the
MFE anti-patterns catalog. We also investigate which factors
influence participants’ preferences between the two versions
and explore how developers and students can use the catalog
as a learning resource for MFE. Based on these goals, we
define a new set (B) of research questions:

4https://mfe-anti-patterns.online/micro-frontends-anti-
patterns/#/catalog



Teaching Micro Frontends: Insights from Two Controlled Experiments on Guidelines and Anti-patterns

Explore the Catalog / Global state communicatio

< Global state communication inerfroneni@

= Also known as

Relax, It's just code; Sharing state across Micro Frontends; Global State; Shared Global State.

(@ Problem
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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 need coordination with every MFE, otherwise you may introduce bugs in the ones reading the state, which decreases independence

© Solution

Each micro frontend should have its own event store. To enable communication, use an event emitter-based approach instead of sharing state directly.

(= Resulting Context

Every MFE may have a local state (if needed) and they communicate by subscribing in the events dispatched by other MFEs, not directly accessing their state

© Example

In a financial platform, the MFE-account maintains the current account balance in a shared global state, allowing other MFEs to directly access it when needed. When the team decides to internationalize the app and extend currency

support, MFE-account updates the global state structure to include both the numeric balance and its asso

currency. Since other MFEs directly depend on the shared state without proper contracts or decoupling, these changes break

their logic. By applying the solution, each MFE stops directly depending on shared state and instead subscribes to events or queries data through well-defined, versioned interfaces, ensuring that updates in one MFE do not unexpectedly

break others.

7 Notes

When creating local states, be careful to avoid the Distributed Data Inconsistency Anti-pattern

' Related Anti-patterns

Distributed Data Inconsistency

7 References

Microfrontends Anti-Patterns: Seven Years in the Trenches

4 Micro-Frontend Anti-Patterns

Chapter 4. Discovering Micro-Frontend Architectures

DevOps Report - Nathen Harvey

The LdoD Archive

Figure 11. Global State Communication anti-pattern description from the web application of catalog’s second version.

| RQ-B1 |

Which version of the Micro Frontend Anti-patterns
Catalog more effectively supports novice developers
when solving MFE-related problems?

* RQ-B1.1: Which version leads to higher student
assessment scores?
* RQ-B1.2: Which version do students prefer?

To answer RQ-B1 and evaluate whether the changes we in-
troduced truly improved the catalog, we decomposed the re-
search question into two sub-questions. To address RQ-B1.1,
we compared the mean scores of the MFE assessments com-
pleted by students when using the first and second versions
of the catalog. Finally, to address RQ-B1.2, we asked stu-
dents to rate each catalog version on a scale from 0 to 10 and
compared the mean ratings.

In addition to identifying which catalog version students
prefer, we defined RQ-B2 to understand which characteris-
tics of supporting tools influence developers’ preferences.
We also formulated two additional research questions to fur-
ther explore how developers and students can use the cata-
log as a learning tool (RQ-B3) and to search for architectural
problems within it (RQ-B4). To address RQ-B2, RQ-B3, and
RQ-B4, we analyzed the qualitative feedback provided by
students after using both catalog versions through GT proce-
dures (Corbin and Strauss, 2014).

| RQ-B2 |

What factors influence novice developers’ prefer-
ences for each version of the Micro Frontend Anti-
patterns Catalog?

Y

RQ-B3

How can the Micro Frontend Anti-patterns Catalog
support learning about MFEs?

How do novice developers search for architectural
problems using the Micro Frontend Anti-patterns
Catalog?

8.2 Planning

We planned the second experiment according to the guide-
lines proposed by Wohlin et al. (2012). Since we conducted
this experiment with students enrolled in the same course
as in the first experiment, we adopted the same context
and participant selection described in Section 5.2.1 and Sec-
tion 5.2.4, respectively.
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8.2.1 Variable Selection

The independent variable is the version of the MFE anti-
patterns catalog used during the assessments, with two treat-
ments: (1) the first version, the same used in the first exper-
iment (see Section 3.1), and (2) the second version, which
incorporates updates based on participants’ feedback from
the first experiment (see Section 7). The dependent variables
are the students’ assessment scores and the ratings assigned
to each catalog version. All scores are real values ranging
from 0 to 10, allowing statistical comparisons between sam-
ples (Wohlin et al., 2012).

8.2.2 Hypothesis Formulation

We formulated three null hypotheses, each corresponding to
a sub-question on RQ-B1: H,, : There is no significant differ-
ence in students’ mean assessment scores when supported
by each version of the MFE anti-patterns catalog (RQ-B1.1);
and H, (l)” : There is no significant difference in students’ mean
version scores when supported by each version of the MFE
anti-patterns catalog (RQ-B1.2). Each hypothesis has an al-
ternative hypothesis H 4, which is its negation and is ac-
cepted if we can not reject the null hypothesis. As RQ-B2,
RQ-B3, and RQ-B4 are addressed through qualitative meth-
ods, we did not define hypothesis for them.

8.2.3 Study Design

Students completed the two assessments described in Sec-
tion 4.3 using the same Objects 1 and 2 from the first exper-
iment. However, in this experiment, we applied a crossover
design (Vegas et al., 2015) to the treatments rather than to the
objects. We did not inform the students that they would use
different catalog versions. Instead, we only stated that they
would analyze two architectures in two separate assessments.

To enable the crossover design, we divided the students
into two groups: Group A and Group B. Since none of the
students had prior experience with MFEs, we balanced the
groups by type of software development experience (back-
end, frontend, or full-stack) and, when applicable, by its du-
ration. During the first assessment, both groups analyzed Ob-
ject 1, but each group used a different catalog version: Group
A used version 1, and Group B used version 2. In the second
assessment, both groups analyzed Object 2 with the catalog
versions reversed: Group A used version 2, and Group B used
version 1. Figure 12 summarizes the study design.

) Come )

[ Group A

.................................................

2nd Assessment ) : @

Figure 12. Crossover design adopted in the second experiment.

8.2.4 Instrumentation

We reused the same instruments from the first experiment de-
scribed in Section 5.2.6. To ensure compatibility between the
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two catalog versions, we incorporated the new anti-patterns
into the initial version while preserving its original structure.
We also added one question to the assessments related to the
Global State Communication anti-pattern to cover at least
one of the newly added anti-patterns. Additionally, we intro-
duced two new instruments:

1. Feedback Forms: We created two feedback forms,
each applied after one of the assessments. Both forms in-
clude open-ended questions to evaluate the catalog ver-
sion used in the corresponding assessment, asking stu-
dents to provide improvement suggestions and list ad-
vantages and disadvantages. Each form also includes a
rating question in which students rate the catalog ver-
sion on a scale of 0 to 10. The second form also in-
cludes open-ended questions that explicitly ask students
to compare the two versions and indicate which they
would recommend and why.

2. Catalog Web Applications: To avoid interfering with
the publicly available catalog, we deployed two sep-
arate web applications, each hosting one version of
the catalog: Version 13 and Version 2%. We also im-
plemented a logging script to capture user interactions
with the catalog’s main features, such as opening pages,
clicking catalog cards or category filters, and perform-
ing search queries.

8.3 Execution

Since we reused the same instruments from the first exper-
iment and two experienced MFE professionals had already
reviewed them, we did not conduct a new pilot study. Before
executing the experiment, we delivered four instructional ses-
sions covering the content described in Subsection 4.2. We
merged the last two sessions so we could introduce the anti-
patterns and demonstrate how to evaluate real architectures
using some of them.

As the catalog now contains 27 anti-patterns, we could not
present all of them during the sessions. Instead, we sent stu-
dents a document containing the name, problem, and solution
of each anti-pattern before the first assessment. It allowed stu-
dents to study the anti-patterns without interacting with any
version of the catalog beforehand.

Following the fourth session, we invited students to vol-
untarily participate in the experiment by signing a consent
form and completing a characterization form. We then used
the characterization data to balance the groups. No student
had prior experience with MFEs. However, four students had
prior experience as full-stack developers (P2, P11, P12, and
P22), and one had experience as a frontend developer (P5).
All reported experiences lasted less than one year. We first
randomly assigned these five participants to groups, then as-
signed the remaining participants. This process resulted in
16 participants in Group A and 13 in Group B, for a total of
29 participants. The participants’ full characterization data is
available in our supplementary material.

To avoid cross-group contamination, we split students
into their respective groups across two laboratories, ensuring

Shttps://github.com/nabsonp/mfe-ap-catalog-version-1
Shttps://github.com/nabsonp/mfe-ap-catalog-version-2
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each group had access only to its assigned catalog version
during the assessment. The experiment consisted of two as-
sessments conducted in consecutive weeks to mitigate learn-
ing effects (Wohlin et al., 2012). Each assessment lasted up to
two hours. After completing each assessment, students also
filled out a feedback form.

8.4 Analysis and Interpretations

Before conducting the data analysis, we excluded responses
from students who missed the last session, in which we pre-
sented additional anti-patterns and discussed real MFE archi-
tectures. Because this session directly supported the assess-
ment tasks, we did not include students who missed it in the
analysis. Unlike the first experiment, we did not consider the
answers to the first assignment question, in which students
evaluated the proposed architecture. During the analysis, we
observed that several students interpreted this question as re-
quiring a brief evaluation of the architecture rather than iden-
tifying as many issues as possible. Since this interpretation
did not align with the task’s intended objective, we excluded
this question from the analysis to avoid introducing noise into
the results.

We conducted the quantitative analysis using paired sam-
ples to test the null hypotheses: (H() differences in stu-
dent assessment scores when using each catalog version, and
(H{") differences in the scores students assigned to each ver-
sion. As in the first experiment, we began the analysis by
visualizing the samples with boxplots and then tested normal-
ity using the Shapiro—Wilk test (Wohlin et al., 2012). Based
on the normality results, we compared the samples using the
appropriate statistical test: the paired t-test for normally dis-
tributed samples and the Wilcoxon signed-rank test for non-
normal samples (Wohlin et al., 2012).

We analyzed the qualitative data using the same GT pro-
cedures (Corbin and Strauss, 2014) adopted in the first ex-
periment. We reused the codes identified in the first study
to detect recurring or new patterns in the data, thereby ex-
tending and deepening the previously conducted qualitative
analysis. We also created memos to explain and summarize
the relationships between codes, preserving the reasoning be-
hind the analysis.

To better interpret each student’s feedback, we analyzed
their navigation behavior across the catalog versions using
the interaction logs collected during the assessments. We gen-
erated a chart in which each horizontal bar represents the time
a screen remained focused in the browser. We excluded time
spent on unfocused activities, as students were likely com-
pleting the assessment rather than interacting with the cata-
log. We also plotted markers indicating when students used
the search bar or clicked on a category filter. We produced
these visualizations for each catalog version to enable com-
parisons of participants’ interactions across versions. Fig-
ure 13 presents an example of the navigation chart for one
catalog version.
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9 Second Experiment Results

This section presents the results for each RQ-B outlined in
Section 8.1.

9.1 Versions Comparison

To answer RQ-B1, we first address RQ-B1.1 and RQ-B1.2.

Assessment Scores — To address RQ-B1.1, we analyzed
the scores students obtained in the two assessments when us-
ing the first and second catalog versions. Figure 14 presents
the boxplots for the two samples. For the first version, stu-
dents obtained a mean score of 7.16 and a median of 7.5. For
the second version, the mean score was 7.49, and the median
was 8.0. Although the second version shows a slightly higher
median score, the substantial overlap between the distribu-
tions suggests similar performance when using both catalog
versions. The Shapiro—Wilk test yielded a p-value of 0.427
for the first sample and 0.047 for the second sample. Consid-
ering a significance level of o = 0.05, only the first sample
follows a normal distribution, while the second sample devi-
ates from normality.

Since one of the samples deviates from a normal distri-
bution, we used the Wilcoxon signed-rank test to compare
them (Wohlin et al., 2012). With a significance level of o =
0.05, the test yielded a p-value of 0.692, indicating that we
cannot reject the null hypothesis H{j. Therefore, the results
do not indicate a statistically significant difference between
the scores, suggesting that both catalog versions supported
students similarly when solving MFE problems.

Version Ratings — To address RQ-B1.2, we analyzed the
ratings students assigned to each catalog version after using
it to complete an assessment. Figure 15 presents the boxplots
for the two samples, which show very similar distributions,
with ratings concentrated in the upper range of the scale. For
the first version, students reported a mean rating of 8.97 and
a median of 9.0. The Shapiro—Wilk test yielded a p-value of
0.002. For the second version, the mean rating was 9.29 and
the median was 9.5, with the Shapiro—Wilk test yielding a
p-value of 0.0001. Considering a significance level of o =
0.05, both samples deviate from a normal distribution.

Since both samples deviate from a normal distribution, we
used the Wilcoxon signed-rank test to compare them (Wohlin
et al., 2012). With a significance level of a = 0.05, the test
yielded a p-value of 0.176, indicating that we cannot reject
the null hypothesis H{/’. Therefore, the results do not indi-
cate a statistically significant preference for either catalog
version, suggesting that students perceived both versions pos-
itively and rated them similarly.

—[ RQ-B1 Summary ]

The results show no statistically significant differ-
ences in either the assessment scores or the ratings
assigned by students to the two catalog versions, sug-
gesting that both versions similarly support students
when solving MFE-related problems.
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Figure 14. Distribution of assessment scores obtained when students used
the first and second catalog versions.

9.2 Factors Influencing Version Preference

After observing no statistically significant differences be-
tween version 1 (see Figure 1) and version 2 (see Figure 11)
of the catalog, we analyzed participants’ feedback to answer
RQ-B2 and understand the factors that influenced their pref-
erences. We identified three main factors influencing these
preferences, as well as some students who reported no clear
preference for either version.

Preference for visual elements - Some participants
tended to favor the version that included more images. For
instance, explicitly preferred Version 2 (V2) because it con-
tained a code-related image that was not present in Version
1 (V1): “I prefer the version from the previous session (V2).
It had a code image that I could not find today (V1).”

Visual elements helped participants understand the anti-
patterns more easily, making the explanations clearer and the
reading more dynamic. P4 highlighted this aspect when rec-
ommending the second version: “I would recommend the sec-
ond one (V2) because it is more direct and more explanatory
due to some images that it includes, which were not present
in the previous version (V1)”. Similarly, P26 noted that the
images improved readability: “I believe the images made the
reading better and more dynamic compared to the other ver-
sion.”
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Figure 15. Boxplots presenting the data distribution on each version ratings.

P6 also emphasized the importance of visual support.
While this participant struggled to understand some exam-
ples presented only in text, they reported understanding all
examples that included images: “Some examples and solu-
tions were not very clear to me, but I managed to understand
all the ones that had a figure as an example”. The same partic-
ipant also suggested adding more images to facilitate faster
comprehension: “Using more images would help understand
some anti-patterns faster, without the need to change the
text.”

Preference for less segmented text — Although the sec-
ond catalog version adopts a more structured template to de-
scribe the anti-patterns, some participants preferred the less
sectioned text structure used in the first version because they
perceived it as more direct, presenting the problem and solu-
tion immediately. P25 expressed this perception when refer-
ring to V1: “I think the advantage is that the information is
more centralized, and the problem and solution appear right
away.” From this perspective, the stronger text segmentation
in V2 became a disadvantage for some students. P12 com-
mented that V1 seemed more explanatory: “I have the im-
pression that the other version (V1) presented more explana-
tory texts. If that is true, I think the brevity of the texts in this
version (V2) is a disadvantage.”

Other participants also preferred the more direct style of
V1. For example, P3 stated: “I would recommend the current
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one because it is more direct and more descriptive in the ex-
amples.” Similarly, P7 highlighted that the first version pre-
sented the anti-patterns more directly: “I would recommend
the first version more. I noticed the patterns were more di-
rect.” The same participant also felt that V2 lacked direct de-
scriptions and required more time to understand: “I missed
some more direct descriptions,” and “I feel it took longer to
understand.”

P17 also expressed a similar preference for V1, stating: “I
preferred the second one (V1); I found it more robust, and
some explanations seemed more detailed.” The interaction
logs support this perception. The participant showed simi-
lar navigation behavior in both versions, opening a compa-
rable number of anti-patterns and making minimal use of
filters (one click in each version) without using the search
feature. However, in V2 the participant spent more time read-
ing the same anti-pattern, particularly Cyclic Dependency. In
contrast, they navigated through the same anti-pattern more
quickly in V1, suggesting that the participant required more
effort to interpret the information in the more segmented
structure of V2.

Preference for more segmented text — On the other hand,
some students perceived the segmentation of the text into
smaller sections as an advantage of V2 because it improved
organization and readability. Shorter sections made the con-
tent easier to read and navigate, as P4 highlighted by stat-
ing: “I felt the reading was easier because of the division
into more sections and shorter texts.” Similarly, when asked
about the advantages of V2, P22 commented: “Yes, because |
found it better structured, especially the examples, solutions,
and causes.” From this perspective, the longer descriptions
in V1 sometimes took longer to read and understand. For in-
stance, P6 reported: “Maybe the problem I had was the time
it took me to understand what was written. Maybe the text
of some anti-patterns is too long.” In the same direction, P20
described V2 as clearer and more concise: “This one (V2)
seems better, explained in a more summarized way.”

Other participants also associated the V2 template with
clearer information organization. P24 noted: “I found it more
organized than the previous one, and the examples seemed
more direct. It also related the anti-patterns to each other.”
For this reason, the same participant recommended V2: “The
current one (V2), because it is more organized and more di-
rect.” This perception contrasts with the previous factor, as
participants may interpret what is “more direct” differently;
some prefer centralized explanations, while others find seg-
mented structures easier to follow.

Additionally, some students highlighted the usefulness of
version 2 sections that connect anti-patterns to related ones
or provide references. These elements helped them identify
secondary issues and better understand the relationships be-
tween architectural problems. For example, P14 preferred V2
“because of the related anti-patterns and the examples.” Sim-
ilarly, P10 explained that “the related anti-patterns help the
understanding because we start connecting one thing to an-
other.” P14 also noted that “the advantage of V2 is show-
ing related MFEs that may occur together, which helps iden-
tify secondary or less obvious problems.” In contrast, P25
mentioned missing this feature when returning to V1 after us-
ing V2: “the other topics were also interesting, especially the
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part that related how one anti-pattern could lead to another.”
Finally, some participants highlighted the usefulness of the
Symptoms and Consequences section in V2. P26 explicitly
mentioned that “the symptoms were also very useful.”

No clear preference — Some participants did not express
a clear preference between the two catalog versions. These
students reported not noticing meaningful differences among
themselves. For example, P15 stated: “To be honest, I did not
notice any differences.” Similarly, PS5 mentioned that both
versions could be recommended: “Both, I did not notice any
difference between them.” P13 also reported the same per-
ception: “I did not notice differences between the versions.”

P28 suggested that the preferred version may depend on
the user’s goal or context. For instance, P28 preferred V2 be-
cause it contained more information, explaining: “I think the
first one. There is more information, which may be interest-
ing for someone who really wants to understand and identify
the problem.” However, the same participant also pointed out
that the most suitable version depends on the reading pur-
pose. According to P28, V1 may be more advantageous for
quick consultation because “it is more summarized, which
is better for quick reading.” Based on this perspective, P28
suggested combining characteristics of both versions. The
participant proposed adding a feature that allows readers to
expand the content when needed: “To keep a middle ground
between the two versions, a button to show more information
could be useful.” The same idea was reinforced by suggest-
ing interface controls such as “See more” or “See examples”
buttons that would reveal the additional sections available in
the other version. These comments suggest that, rather than
choosing a single superior version, some users may benefit
from a hybrid design that supports both quick consultation
and deeper exploration of the anti-pattern descriptions.

F[ RQ-B2 Summary ]

Students tended to prefer the version that best
matched their reading style. Some favored the first
version for its more direct, concise descriptions,
while others preferred the second for its more struc-
tured organization and visual elements. However,
some participants reported no clear preference and
suggested that access to both versions could be ben-
eficial depending on the task.

9.3 How the Catalog Can Support MFE
Learning

To answer RQ-B3, we analyzed the participants’ feedback to
understand how students and developers can use the catalog
to support learning about MFEs. These ways of using the cat-
alog were already observed in the first experiment, but this
study allowed us to explore further and deepen this under-
standing. We discuss each way in the following.

Learning from real-world examples — As already ob-
served in the first experiment, exposure to realistic architec-
ture examples helps students understand how MFE problems
manifest in practice and how they can be resolved. For in-
stance, P25 stated that “the catalog is great for understanding
the core of the problem, how it starts, or what its symptoms
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are.” Similarly, P13 mentioned that the anti-patterns were
“very useful to understand the consequences of some prob-
lems and the solutions that have already been implemented.”
These comments indicate that the catalog examples help stu-
dents understand not only the problem itself, but also its con-
sequences and possible solutions.

Other participants emphasized that practical examples
help consolidate theoretical knowledge. P24 explained that
“having practical examples of the error and the solution helps
more to synthesize and retain the concepts.” Likewise, P2 re-
ported that “the problems and solutions they present are very
useful to understand system problems and solve them in a
more thoughtful and efficient way.” In the same direction,
P15 noted that the anti-patterns “help in correctly perceiving
the problem being presented.”

Learning from architectural mistakes — Several stu-
dents reported that learning from architectural mistakes
helped them better understand MFE concepts. For example,
P12 explained that “knowing what not to do helps to un-
derstand the goals of this technology.” Similarly, P3 noted
that “by studying and analyzing the possible errors in im-
plementing MFEs, it is possible to have a better notion of
what ideal MFEs would look like.” In the same direction,
P4 explained that learning only the correct approach was not
enough: “Even knowing what would be a ‘correct’ MFE, be-
fore I would not be able to differentiate a ‘wrong’ MFE and
would remain in doubt.”

Participants also highlighted that anti-patterns clarified ar-
chitectural concepts such as Domain-Driven Design (DDD).
P4 explained that seeing what not to do made the concept
clearer: “If it were only a theory saying ‘do it this way’, I
believe I would still have a greater chance of making the
mistake of creating MFEs that are not based on subdomains.
Now, with the anti-patterns (the ‘DO NOT do it this way’),
the concept of DDD became much clearer.” Students also
reported that anti-patterns function as a practical guide for
architectural decision-making. P27 stated that they provide
“greater ease when modeling a micro frontend architecture
with a guide on what not to do and how to know when to
split into a new micro frontend.” Likewise, P28 emphasized
that “it is important to know the possible mistakes in order
to start with a good architecture.”

Finally, participants noted that learning from these mis-
takes reinforced the importance of making sound architec-
tural decisions. P25 explained that anti-patterns “demon-
strate actions that may be taken impulsively or without un-
derstanding how certain decisions can generate catastrophic
problems in the application.” Although identifying anti-
patterns may require additional effort, some students con-
sidered this effort worthwhile compared to fixing problems
later. As P28 described, “being willing to do this is better than
running after the damage caused by falling into several anti-
patterns later,” and the catalog “helps identify problems be-
fore they even exist, giving us the possibility to avoid them.”

Deepening knowledge after initial learning — Some stu-
dents reported that the catalog works better as a second step
in the learning process rather than as an introductory resource
for MFEs. For example, P9 described the catalog as “a great
second step in the MFE learning process, because you first
understand what MFEs are and then understand how they can
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be implemented in wrong ways.” The same participant also
noted that “I do not think it necessarily helps to explain the
concepts of MFEs.”

Other students mentioned that some technical terms may
make the catalog harder to use without prior knowledge. P20
pointed out that “some terms and examples could be more
specific. Someone who does not have much programming
experience may have difficulty understanding the content be-
cause they may not know the concepts.” Similarly, P24 ex-
plained that unfamiliar terminology can make it harder to
identify the correct anti-pattern: “If the person does not fully
master the technical terms, they may become confused about
which anti-pattern their problem fits best.” These comments
suggest that the catalog is more effective when used after
an initial introduction to MFE concepts, functioning as a re-
source to reinforce knowledge and help students reason about
incorrect architectural decisions.

Reviewing MFE concepts — This way of using the cata-
log had already emerged in the qualitative analysis of the first
experiment and was reinforced in the second experiment. Par-
ticipants in the second experiment reported that the catalog
helped them recall concepts previously learned in class. For
example, P26 explained that “the definitions help to recall the
concepts.” Similarly, P21 stated that “the anti-patterns were
very useful to understand the concepts seen in class.” These
comments suggest that the catalog can help students revisit
key MFE concepts after initial exposure to the topic. How-
ever, this perception was not unanimous among participants,
as P9 previously argued that the catalog does not necessarily
help explain MFE concepts.

Participants also highlighted that having the catalog avail-
able after the lectures helps them confirm their understand-
ing and quickly access solutions. As P26 noted, “even having
some notion of the mistakes from the lectures, having the cat-
alog always to have the solution at hand is very useful.” This
indicates that the catalog can serve as a lightweight reference
for students to review concepts and confirm architectural de-
cisions.

'_[ RQ-B3 Summary ]

Students reported multiple ways of using the cata-
log to support learning about MFEs. They use it to
learn from realistic examples of architectural prob-
lems and their solutions, to understand the conse-
quences of “wrong” architectural decisions through
anti-patterns, to deepen their understanding after
learning the basic concepts of MFEs, and to review
concepts previously learned in class. Together, these
uses suggest that the catalog supports different stages
of the learning process, from reinforcing concepts to
helping students reason about architectural mistakes
in practical scenarios.

9.4 How Developers Search for Problems

To answer RQ-B4, we analyzed participants’ feedback to-
gether with the navigation charts generated from the inter-
action logs to understand how they interacted with the cata-
log when searching for architectural problems and potential
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solutions. In the first experiment, we identified initial ways
developers use the catalog. In this study, we extend this anal-
ysis to better understand their interaction strategies, which
can inform improvements to the catalog and the design of
new features or supporting tools. Our analysis revealed three
main strategies developers use to search for problems in the
catalog:

Comprehensive search — Some students searched the cat-
alog by browsing several anti-pattern cards on the home page
before opening their detailed descriptions. P4 reported using
the snippets displayed on the home page to filter possible
matches: “the snippet also helped a lot to filter the possible
anti-patterns applicable to the problems.” Similarly, P5 ex-
plained that repeatedly opening detailed pages interrupts the
search process: “I have to click a button to see the whole con-
tent. It is a bit annoying when you want to search for some-
thing and keep being redirected to another page.”

These behaviors indicate a comprehensive search strategy,
in which users scan multiple anti-patterns until identifying
one that resembles the problem being analyzed. This behav-
ior aligns with the code Consult several anti-patterns at once
identified in the first experiment. In this strategy, the organi-
zation of the catalog and the information available directly
on the home page play an important role in supporting ex-
ploration. For instance, P4 highlighted that “alphabetical or-
dering helped a lot to find some anti-patterns whose names
I did not remember well.” In these cases, participants relied
heavily on anti-pattern names to identify potential matches.
PS5 described recognizing a problem and immediately asso-
ciating it with a known anti-pattern name: “when I see, for
example, a problem about the difficulty of creating a new
MEFE due to the lack of standards, I immediately think about
‘Lack of Skeleton’.”

Selective search — Some students preferred a more direct
strategy to locate relevant anti-patterns, relying on search
mechanisms rather than browsing multiple catalog cards. Par-
ticipants with this behavior used the catalog search field or
the browser’s search functionality (e.g., CTRL+F) to locate
terms related to the problem they were analyzing quickly. P5
highlighted how keyword search simplified the process: “just
press CTRL-F and type the keyword and I already get what
I want.”

This behavior indicates a more selective search strategy, in
which users attempt to quickly identify the most relevant anti-
pattern instead of exploring multiple catalog entries. In this
context, participants suggested that more advanced search
mechanisms could further support this objective-oriented in-
teraction. For example, P9 proposed using Artificial Intelli-
gence (Al) based assistance to analyze architectural context
and suggest likely anti-patterns: “we provide the context and
the problem of our system, and then an Al infers or ranks
the anti-patterns we are most likely committing.” Similarly,
P7 suggested implementing similarity-based search mecha-
nisms: “a similarity search based on user input. For example:
Problem X -> return the anti-pattern with the highest score
for that problem.”

Categorical search — Some participants reported using
the catalog categories to narrow the set of candidate anti-
patterns before exploring them in more detail. P4 explained
that the “separation into four sections helped because of
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the division of anti-pattern types.” Similarly, P6 mentioned
focusing mainly on specific categories while searching for
problems: “I stayed mostly focused on the inter-frontend
ones.” P12 also highlighted that the visual category indica-
tors supported reading and navigation, stating that “the col-
ored category identifiers made reading easier.”

Participants also noted that some categories were easier to
understand than others. P4 pointed out that categories such as
“inter and intra frontends were more intuitive.” However, the
usefulness of this strategy depended on understanding what
each category represents. As P26 observed, “if I did not al-
ready have a notion of what each category means, such as
inter or intra frontend, it would have been harder to locate
the problems.”

'_[ RQ-B4 Summary ]

Students searched for architectural problems in the
catalog using three main strategies: browsing several
anti-patterns to identify possible matches, directly
searching for specific terms, and filtering candidates
through category selection. These strategies reflect
distinct information-seeking behaviors, suggesting
that architectural knowledge tools should support
multiple navigation mechanisms to assist different
user types effectively.

10 Threats to Validity

We evaluated the validity of the experiment results based on
the four types of threats to validity defined by Wohlin et al.
(2012). The threats discussed in this section apply to both
controlled experiments, as they share the same educational
context and experimental procedure.

Internal Validity: To mitigate bias from students’ unfa-
miliarity with MFE, we conducted sessions about MFE fun-
damentals before the assessments. We also measured stu-
dents’ perceived learning after the sessions and before en-
gaging with the catalog to isolate its impact on the students’
perceived learning. To avoid bias from sample characteristics
influencing treatment responses, we balanced groups based
on development experience. To prevent one group from repli-
cating the other’s treatment, we placed groups in separate
labs, restricted object access, and renamed the object in the
second assessment. To address learning effects, we used a
crossover design. Lastly, we ensured both lectures enabled
participants to answer all questions to avoid training bias.
In the second experiment, the new version introduced addi-
tional anti-patterns, which could influence the results inde-
pendently of the structural changes made to the catalog. To
mitigate this threat and ensure a fair comparison, we included
the newly identified anti-patterns in both versions of the cata-
log while preserving the original structure of the first version.

External Validity: Interaction of setting and treatment is
a potential threat, as the experimental objects may not fully
reflect real-world architectures. To address this, we designed
realistic scenarios based on professional experience and val-
idated them with MFE-experienced practitioners. Another
threat is that participants may not represent real developers.
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To mitigate this, we used sixth-semester students, provided
training, and excluded data from those who missed more than
one lecture, approximating novice developers with limited
MFE experience.

Construct Validity: A potential threat is that the mea-
sure may not accurately reflect its intended effect. To ad-
dress this, we conducted a pilot study with two practitioners
whose feedback aligned with our correction criteria, support-
ing its reliability. To reduce experimenter expectancy bias,
we based questions on real-world problems and validated
them in the pilot, avoiding direct use of catalog examples.
We also adopted a crossover design and conducted treatments
in separate weeks to mitigate carryover effects. Finally, we
withheld the origin of the catalog to prevent hypothesis guess-
ing and reduce biased feedback. Comparing two catalog ver-
sions may introduce learning bias, as students could become
familiar with the task after using the first version. To mitigate
this threat, we adopted a crossover design in which students
used the versions in different orders. We also observed little
difference between the groups, suggesting that the order had
minimal impact on the results.

Conclusion Validity: We mitigated low statistical power
by using paired statistical tests and adopting a crossover de-
sign, which allowed us to collect more data per participant
and increased the power of our analyses. Regarding the risks
of fishing and error rates, one object might favor one treat-
ment over the other, biasing the results. We designed both
assessment objects with equivalent architectures and compa-
rable problems to mitigate this.

11 Discussion

In this section, we discuss the implications of our findings
for the design of architectural support tools and implications
for researchers.

11.1 Understanding How Users Interact with
Architectural Support Tools

Our results highlight the importance of studying how stu-
dents and developers actually use educational and architec-
tural support tools. It resonates within Razavian et al. (2019)
findings, as the authors emphasize the role of tools and
methods designed to support developers during architectural
decision-making. Without understanding usage patterns and
user preferences, it becomes difficult to design tools that ef-
fectively support architectural reasoning and that are likely
to be adopted in real-world settings.

The navigation charts show that students adopted different
strategies to navigate the anti-pattern catalog when search-
ing for architectural problems. Some participants preferred
a more exploratory strategy, browsing the catalog through
the home page and scanning the available anti-patterns until
they found one that resembled the problem they were facing.
This behavior resembles a more comprehensive information-
processing style (Anderson et al., 2024), in which users pre-
fer to explore available information. In contrast, other partic-
ipants adopted a more selective strategy, attempting to locate
the relevant anti-pattern as quickly as possible using search
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mechanisms. These students frequently relied on the cata-
log’s search field or even the browser search functionality
to directly locate relevant terms.

Our observations also suggest several design improve-
ments that architectural support tools should consider to ac-
commodate these different interaction styles better. For users
who rely on comprehensive browsing, clear anti-pattern
names and informative summaries directly on the catalog
home page can facilitate quick scanning and comparison of
multiple candidates. Providing richer previews, such as ex-
pandable summaries or modal descriptions, can further sup-
port this browsing-oriented process without requiring users
to open detailed pages repeatedly. For users who prefer
more direct search strategies, more robust search capabili-
ties could improve the interaction experience. Features such
as semantic search, similarity-based matching, or Al-assisted
recommendations could help developers quickly identify rel-
evant anti-patterns based on the architectural context or prob-
lem description. Finally, well-defined, intuitive categories re-
main essential for supporting structured filtering strategies.
Expanding categorization dimensions, such as technical, or-
ganizational, or development lifecycle-related perspectives,
may further help users narrow the search space before ana-
lyzing candidate anti-patterns.

The artifact use differences suggest that architectural sup-
port tools should accommodate multiple interaction styles.
While some users benefit from browsing-oriented interfaces
that facilitate exploration, others prefer more direct and effi-
cient mechanisms for locating information. Supporting both
strategies is therefore essential to ensure that such tools
remain accessible and useful to a broader range of users.
By considering different interaction styles and information-
processing strategies, researchers can design artifacts that
better support architectural learning and decision-making.

11.2 Implications for Researchers

Our results highlight the importance of empirically investi-
gating how developers interact with architectural knowledge
artifacts. In this study, the combination of qualitative feed-
back and interaction logs revealed different strategies partic-
ipants used to search for architectural problems in the cat-
alog, including browsing multiple anti-patterns, performing
keyword searches, and narrowing the search space with cat-
egory filters. These results suggest that understanding how
users navigate and search within such artifacts can reveal im-
portant insights about their usability and effectiveness.

By examining students’ interaction patterns together with
participants’ feedback, we were able to identify opportu-
nities for improving how architectural knowledge is orga-
nized and accessed. These findings indicate that studying real
user interactions can provide valuable evidence for evolv-
ing architectural knowledge artifacts over time. Therefore,
researchers designing architectural support tools may bene-
fit from complementing traditional artifact evaluations with
analyses of user behavior. Such analyses can help reveal how
users actually explore architectural knowledge artifacts and
support the iterative refinement of these tools based on em-
pirical evidence.
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12 Lessons Learned

Importance of real-world examples — Students reported
greater learning gains when exposed to real-world examples
presented by the two supporting materials. Feedback indi-
cated that the catalog could even have more examples to sup-
port architectural decision-making better. This underscores
the limitations of relying solely on textbook-based or overly
didactic examples, which often fail to reflect the complex-
ity and nuance of real-world scenarios. Therefore, integrat-
ing practical examples into architecture courses is essential
to deepen students’ understanding and prepare them to apply
concepts effectively. Given the detail level of each support-
ing material, the guidelines are more appropriate for students
with no prior exposure to MFE, whereas the catalog is bet-
ter suited for those with foundational knowledge who aim
to reinforce their learning through practical application and
problem identification.

Teaching MFE focusing on architectural decisions —
Our supporting materials allowed us to teach how MFE is
implemented in real-world scenarios without requiring stu-
dents to engage with low-level programming details. Stu-
dents could effectively learn about MFE without develop-
ing a complete MFE-based system. The course focused pri-
marily on architectural design and included a single lab ses-
sion to provide hands-on exposure to an MFE implemen-
tation, helping students better understand MFE in practice.
As a result, the supplementary resources enabled students to
grasp key architectural concepts more clearly, without being
overwhelmed by implementation complexity. A potential ap-
proach would be to balance high-level architectural instruc-
tion with practical coding exercises, which can aid in con-
solidating learning. However, this balance must be carefully
managed, as coding exercises may detract from architectural
understanding, especially for students with limited develop-
ment experience.

Using specialized tools for supporting daily activities
and enhancing learning — Students feedback indicated that
the catalog served as a quick, easy, and centralized source of
information, making it an effective support tool. It proved
particularly valuable during architectural decision-making,
with students emphasizing the importance of having easy ac-
cess to resources that facilitate such processes. Additionally,
students suggested that the catalog could include more infor-
mation on MFE, further highlighting its potential as a refer-
ence and a learning resource. Teaching students how to use
practical tools that can be seamlessly integrated into their
future development workflows significantly enhances their
learning experience.

Learning from architectural mistakes reinforces the
importance of sound decision-making — Exposing students
to possible architectural mistakes helped them recognize the
importance of making careful architectural decisions. By an-
alyzing anti-patterns and their consequences, students real-
ized that poor architectural choices can lead to severe and
costly problems in software systems. This exposure made
students value spending more time reasoning about architec-
tural decisions before implementing them. Students explic-
itly mentioned that identifying and understanding potential
mistakes early is preferable to correcting them later, as fix-
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ing architectural problems often requires significantly more
effort. Therefore, presenting anti-patterns during architecture
education not only helps students understand common pit-
falls but also encourages a more reflective and deliberate ap-
proach to architectural design.

Anti-patterns introduce a new pedagogical stage in
learning architectural styles — Our results suggest that anti-
patterns can be used as a dedicated stage in the teaching
process of software architecture. Instead of presenting anti-
patterns only as complementary material, they can structure
a specific learning phase in which students analyze incorrect
architectural decisions and their consequences. Based on our
observations, we suggest organizing the teaching of architec-
tural styles in progressive stages: (1) introducing the funda-
mental concepts of the architectural style, (2) analyzing re-
alistic examples to understand how these concepts appear in
practice, and (3) studying anti-patterns to expose common
mistakes and highlight the consequences of poor architec-
tural decisions. This final stage helps students deepen their
understanding of the architectural style and reinforces the im-
portance of making sound architectural decisions.

13 Conclusion

This paper presents an experience report on teaching MFE
within an undergraduate software architecture course. We de-
scribed our teaching approach, assessments, and the lessons
learned throughout the teaching process. In addition, we re-
port two controlled experiments. In the first, we compared
the two supporting materials while students solved architec-
tural problems: a catalog of MFE anti-patterns and a pre-
sentation containing practitioner-provided guidelines. Based
on the results and students’ feedback, we improved the anti-
pattern catalog by introducing a new template, adding visual
elements, and expanding it with 15 new anti-patterns identi-
fied in the grey literature. We then conducted a second con-
trolled experiment to compare the new version of the catalog
with the original one.

Overall, our results show that both supporting materi-
als were equally effective in helping students learn about
MFE and supporting architectural decision-making. The
practitioner-provided guidelines helped students understand
how MFE is applied in real-world scenarios. At the same
time, the anti-pattern catalog increased students’ perceived
learning and supported activities such as identifying architec-
tural problems, searching for solutions, reviewing concepts,
and learning from realistic examples of architectural mis-
takes. The second experiment revealed no statistically sig-
nificant differences between the two catalog versions, sug-
gesting that both can effectively support learning, with pref-
erences depending on individual reading styles and informa-
tion needs. These findings highlight the importance of study-
ing how educational tools are used in practice and continu-
ously evolving them based on user feedback. Without under-
standing who will use such artifacts and how they actually in-
teract with them, it becomes difficult to design tools that are
truly useful for supporting architectural reasoning and that
can eventually be adopted in real-world practice.
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This work contributes to software engineering educa-
tion by offering educators a teaching case with a validated
methodology for introducing MFE in the classroom, sup-
ported by well-designed instructional materials and compre-
hensive assessments. It addresses a critical gap in the liter-
ature, as no prior studies have focused explicitly on how to
teach MFE. By presenting a structured approach that tackles
both practical challenges and real-world solutions associated
with MFE architectures, this work bridges the gap between
theoretical knowledge and practice, providing actionable in-
sights for educators and learners. Additionally, the second
experiment highlights the importance of empirically validat-
ing changes in educational artifacts and studying how users
interact with them in practice. We show that different arti-
fact structures may equally support learning while addressing
different user preferences. The study also provides lessons
learned about teaching architecture with anti-patterns, includ-
ing their role in reinforcing architectural decision-making
and structuring a deeper learning stage after students acquire
the fundamental MFE concepts.

Future work could explore workshop-based sessions in
which student groups simulate distinct teams responsible
for specific subdomains and MFEs, fostering collaboration
and mirroring real-world architectural decision-making pro-
cesses. We also plan to evaluate students’ long-term knowl-
edge retention after the course. Future work also includes
exploring additional improvements to the catalog by adding
new features to support different user types and needs, as
well as investigating how Al-based assistants can leverage
the anti-pattern catalog to support students learning software
architecture. Finally, we intend to assess the effectiveness of
the catalog with industry practitioners when analyzing real-
world architectures.
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