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Abstract

Model-View-ViewModel (MVVM) has become a widely adopted architectural pattern
in mobile application development, driven by modern programming languages and the
transition toward declarative user interfaces such as Jetpack Compose. Despite its popu-
larity, empirical evidence regarding the impact of MVVM on software quality attributes
remains fragmented and often contradictory, particularly within the Android ecosystem.
This paper presents a Systematic Literature Review (SLR) of 78 primary studies pub-
lished between 2017 and 2025, following the guidelines of Kitchenham and Charters [1]
and sourced from five major scientific databases. The review focuses on MVVM imple-
mentations in modern Android development, with contextual comparisons to iOS and
cross-platform environments.
The study contributes (i) a taxonomy of research intentions and adoption contexts for
MVVM in mobile software development, (ii) a systematic synthesis of reported trade-offs
between key quality attributes, most notably improvements in testability and maintain-
ability versus performance and resource overhead and (iii) an analysis of architectural
challenges associated with reactive and declarative paradigms. The results indicate a
strong predominance of Android-focused studies and a technological shift toward corou-
tine and flow based implementations, while also revealing recurring performance and
memory concerns linked to excessive data binding and observer usage.
The findings suggest that, although MVVM effectively supports maintainability and test-
ing practices, its uncritical adoption in modern mobile applications may lead to archi-
tectural degradation if performance and energy implications are not explicitly addressed.
The paper concludes by outlining a research agenda focused on empirical validation in
large-scale projects and the standardization of MVVM practices in declarative UI envi-
ronments.

Keywords: Model-View-ViewModel, MVVM, Mobile Software Architecture,Android Ecosystem,Systematic
Literature Review, Software Quality,Jetpack Compose,Technical Debt

1 Introduction

The rapid spread of mobile applications across platforms requires robust, easy-to-maintain architectural
models to address the growing complexity of user interfaces and underlying business logic [2]. This context
has increased the complexity of mobile software, especially the need to maintain applications on multiple
platforms (Android, iOS, and increasingly, cross-platform) with fast release cycles and high quality [3].

Specifically, MVVM facilitates a clear separation between the user interface, the application’s data and
business rules, and an abstract representation of the view’s state and behavior [4, 5]. This architectural
paradigm, initially introduced by Microsoft for platforms such as WPF and Silverlight, has gained signifi-
cant traction in mobile development environments such as iOS, Android, and various cross-platform frame-
works due to its ability to mitigate ”massive view controllers” issues and its compatibility with reactive
programming principles [6, 7].

Traditional architectural patterns have shown significant limitations in modern mobile development,
where the complexity of applications demands higher code quality and maintainability. Recent empirical
studies identify the lack of a suitable architecture as one of the main technical challenges impacting the
evolution of mobile software [8]. In response, architectures such as Model-View-ViewModel (MVVM) have
gained industry adoption for their ability to decouple the interface from the logic, although academic lit-
erature warns that the choice of pattern alone does not guarantee the absence of defects, underscoring the
need to objectively measure its impact [9]. To address this evaluation systematically, this study follows the
Goal-Question-Metric (GQM) paradigm originally formalized in software engineering by Basili & Rombach
[10], defining the objective of this review as analyzing the Model-View-ViewModel (MVVM) architecture
with the purpose of characterizing its adoption, comparison with other architectures, metrics used, benefits,
limitations, and research gaps from the point of view of researchers and mobile software development pro-
fessionals in the context of native and cross-platform mobile applications published between 2017 and 2025.
Both native developments (Android with Kotlin/Java, iOS with Swift/Objective-C) and cross-platform de-
velopments (Xamarin, Flutter (when using MVVM), React Native with similar patterns, etc.) are included.

It should be noted that although the MVVM pattern is applicable to various platforms (iOS, Xamarin,
MAUI), this study is deliberately limited to the native Android ecosystem. This methodological decision
responds to three critical factors: (1) Android’s hegemony in the global market, which exacerbates the need
for robust architectural standards; (2) the unique fragmentation of hardware and operating system lifecycle,
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which presents state management challenges not replicable on other platforms; and (3) Google’s explicit
promotion of MVVM as an official standard, which has generated a specific body of literature that requires
independent synthesis.

This study presents a comprehensive systematic review of the MVVM architecture in the mobile ecosys-
tem, based on the analysis of a corpus of 78 primary studies rigorously selected from 2017 to 2025. The main
contribution of this work lies in the construction of a comprehensive characterization that classifies adoption
contexts and the predominant quality metrics, allowing us to contrast the theoretical benefits promoted by
the official documentation with the tangible limitations, such as technical debt and performance challenges,
reported in the scientific literature. It also consolidates an updated knowledge base that identifies critical
gaps in the state of the art and defines future lines of research to guide both academia and industry.

The manuscript begins by establishing the background and related work to situate the research in the
current technological context. Next, the methodological protocol, designed under the software engineering
guidelines of Kitchenham & Charters [1], is detailed. On this methodological basis, quantitative and qualita-
tive findings, organized by research questions, are presented, followed by a critical discussion that interprets
their practical and theoretical implications. Finally, the study addresses threats to validity inherent in the
review process and summarizes the main conclusions along with recommendations for future work.

2 Background

The development of mobile applications for Android has established itself as one of the most dynamic domains
of software engineering, characterized by heterogeneous devices and technological volatility that challenge
the stability of projects [11]. In this hostile environment, software architecture transcends mere structure;
it becomes the determining factor of critical attributes such as maintainability, technical debt, and energy
consumption [12].

Since 2017, the industry has dogmatically adopted the Model-View-ViewModel (MVVM) architecture
promoted by Google and Kotlin. However, this standardization masks a disturbing paradox: while its
adoption is widespread, scientific evidence of its actual effectiveness is contradictory. Empirical studies warn
that the overload of abstractions in layered architectures can lead to higher energy consumption than in
monolithic architectures if not rigorously optimized [13].

Added to this uncertainty is a problem of accidental cognitive complexity. The evolution of MVVM
towards a purely reactive paradigm (using Kotlin Flows and Coroutines) has transformed linear control flow
into a complex asynchronous system [14]. Using Coroutines and Flows has increased the mental load for
developers. This complexity often leads to the ’God-ViewModel’ antipattern, where the ViewModel handles
too many responsibilities like navigation and data mapping [15]. This transition has triggered a propensity
for concurrency errors and race conditions in state management, making debugging difficult and generating
architectural ”Code Smells” [14]. This violation of the Single Responsibility Principle creates technical debt
that is difficult to detect with standard static analysis tools [16, 15].

Likewise, the ecosystem’s volatility has generated a phenomenon of ”accelerated architectural erosion.”
The rapid obsolescence of key components, such as the replacement of LiveData by StateFlow and the
emergence of declarative UI with Jetpack Compose, invalidates much of the previous literature [17] and
leaves projects in a state of ”hybrid architecture” or zombie. This technological schism raises a critical
question: are the classic MVVM principles valid in the new declarative environment, or are we perpetuating
obsolete practices that create technical lag?

The absence of a synthesis that contrasts these limitations (performance, reactive complexity, and obso-
lescence) with the supposed benefits leaves industry and academia without an empirical compass.

3 Method

Research method / procedure

To comprehensively address the issue raised and mitigate the selection bias inherent in traditional reviews,
this work used the Systematic Literature Review (SLR) methodology. The protocol design strictly adhered
to the fundamental guidelines for software engineering proposed by Kitchenham & Charters [1] to ensure
the transparency and auditability of the process.

Figure 1 systematizes the methodological flow adopted in this research, which strictly adheres to the three
fundamental phases proposed by the guidelines of Kitchenham & Charters [1]. In the Planning Phase, the
study’s validity was established by designing an iterative review protocol, which was refined in advance to
ensure the accuracy of the search chain. The Execution Phase operationalized the protocol by searching five
high-impact databases (IEEE Xplore, Scopus, WoS, ScienceDirect, and SpringerLink), applying sequential
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Figure 1: Protocol-Driven Systematic Literature Review Process

selection filters, and conducting a methodological quality assessment, resulting in a final corpus of 78 primary
studies. Finally, the Reporting Phase articulated the synthesis of the evidence extracted to answer the
research questions and structure the conclusions of this manuscript.

Research questions

Based on the problem identified, and with the aim of addressing it from the principles of software engineering
and technological development, the following research questions are posed to guide the state of the art:

Table 1: Research Questions and Motivation for the Systematic Literature Review

Code Research Question Motivation

RQ1 How has the reference implementation of MVVM
evolved in the Android ecosystem (2017–2025) follow-
ing the adoption of modern native paradigms (Kotlin,
Coroutines, Flow)?

The transition from Java to Kotlin as the official lan-
guage for Android has redefined development practices,
enabling features such as coroutines and flows that nat-
urally integrate with reactive MVVM components (e.g.,
LiveData). This research question aims to synthesize
and classify emerging implementation patterns (e.g.,
StateFlow, ViewModel with SavedStateHandle, depen-
dency injection) reported in the literature as de facto
standards or best practices within the modern Kotlin
ecosystem.

RQ2 What is the reported empirical impact of MVVM on
critical quality attributes in Android (maintainability,
testability, and energy efficiency) compared to tradi-
tional patterns (MVC, MVP)?

To move beyond anecdotal comparisons by synthesiz-
ing empirical evidence that evaluates whether the ar-
chitectural complexity of MVVM results in measurable
improvements in software quality, in alignment with
ISO/IEC 25010.

RQ3 What technical debt and architectural adaptation chal-
lenges arise during the transition from imperative views
(XML) to declarative interfaces (Jetpack Compose)
within the MVVM pattern?

To address current industry uncertainty regarding state
management and data binding adaptation in declarative
UI paradigms, identifying patterns of architectural ob-
solescence and migration challenges.

RQ4 What is the level of empirical rigor and maturity of ev-
idence in current studies on MVVM in Android?

To critically assess the methodological quality of exist-
ing studies, distinguishing between practitioner-oriented
opinions and scientifically grounded evidence, and iden-
tifying gaps in research reliability.

Search strategy

The main search string was:
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("MVVM" OR "Model-View-ViewModel") AND ("Mobile Application" OR "Android" OR "iOS" OR "Cross-platform"

OR "Kotlin" OR "Swift") AND ("Architecture" OR "Design Pattern" OR "Performance" OR "Maintainability" OR

"Energy Efficiency")

The search strategy was designed with a holistic approach to capture the state of the art of MVVM
across the mobile spectrum. While the primary focus of the study is on the Android ecosystem, explicit
terms for other platforms (iOS, Cross-platform) were included to identify comparative studies that allow
contextualizing the performance of MVVM against native and hybrid alternatives. A third block of terms
(”Architecture,” ”Performance”) was added to filter out trivial applications and ensure that the results
addressed software quality attributes. In the databases: IEEE Xplore, Scopus, Web of Science, ScienceDirect,
and SpringerLink.

Study Selection Process

The selection process was carried out according to a strict multi-stage protocol to ensure reproducibility and
minimize selection bias, as illustrated in the flowchart (Figure 1).

Identification and Screening: After searching the five databases, duplicates were removed, and titles and
abstracts were screened. Studies that were clearly irrelevant or did not address MVVM architecture as the
central focus were discarded.

Eligibility Assessment: The preselected candidates underwent full-text reading to verify compliance with
the technical criteria (CI/CE), prioritizing those with empirical validation.

Bias Control and Consensus: The selection was made independently by two researchers. To validate the
reliability of the process, Cohen’s Kappa agreement index was calculated on a random sample of 20% of the
studies, yielding a value of k=0.86, indicating ”almost perfect” agreement according to the Landis & Koch
scale [18]. Residual discrepancies were resolved by consensus and arbitration by a third expert researcher.

Table 2: Inclusion and Exclusion Criteria for Study Selection

ID Criterion Justification

CI1 Topic and scope Studies that implement, evaluate, or compare the
MVVM architectural pattern in mobile application de-
velopment. While the primary focus is on the Android
ecosystem, studies targeting iOS or multiplatform envi-
ronments are included when they provide relevant com-
parative insights applicable to Android-based MVVM
implementations.

CI2 Type of evidence Studies reporting empirical quantitative metrics (e.g.,
performance, energy consumption) or qualitative assess-
ments (e.g., maintainability, adoption, developer percep-
tion) related to the use of MVVM.

CI3 Time window Studies published between 2017 and 2025, reflecting the
period associated with the consolidation of Kotlin and
modern Android development paradigms.

CE1 Outside technological context Studies exclusively focused on non-Android platforms
(e.g., MVVM in SwiftUI or WPF) that do not provide
transferable comparisons or insights relevant to the An-
droid ecosystem.

CE2 Grey literature and abstracts Grey literature, including undergraduate or master the-
ses, posters, keynotes, blogs, white papers, and short pa-
pers (less than four pages) that lack empirical evaluation
or methodological rigor.

CE3 Language Studies whose full text is not available in English.

Data Extraction Procedure

To systematize the heterogeneous evidence and answer the research questions, a structured extraction form
was designed. This instrument was iterated following a pilot test with 10 studies to ensure its ability to
capture modern technical details (e.g., Kotlin Coroutines, Jetpack, or Compose).

The extracted information was organized into a data matrix linking each variable to the RQs, as detailed
in Table 3.

Assessment of Study Quality

Given the variability in the rigor of the primary studies, a methodological quality assessment (QA) was
performed to weigh the reliability of the evidence. The questionnaire by Kitchenham et al. [1] was adapted,
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Table 3: Data Extraction Categories and Their Relationship to the Research Questions

Data Category Specific Fields Extracted Relationship to RQs

Technological context Target platform (Android, iOS, cross-platform),
programming language (Java, Kotlin, Swift),
and UI framework (XML, Jetpack Compose).

RQ1 (Evolution): Enables tracing the techno-
logical transition from Java to Kotlin and the
adoption of modern Android development com-
ponents and paradigms.

Architectural design Architectural patterns used for comparison
(MVC, MVP, MVI) and supporting components
(e.g., LiveData, StateFlow, Hilt).

RQ3 (Challenges): Supports the identification
of architectural adaptation issues, including ar-
chitectural erosion and integration with reactive
and declarative paradigms.

Quality assessment Reported quality metrics (e.g., testability, per-
formance, energy consumption) and type of em-
pirical validation employed.

RQ2 (Impact): Enables the analysis of trade-offs
between software quality attributes (e.g., main-
tainability) and efficiency-related concerns (e.g.,
performance and energy usage).

Methodological rigor Research strategy (experiment, case study),
sample size, and study context (academic vs. in-
dustrial).

RQ4 (Maturity): Provides the basis for assessing
the maturity and empirical rigor of existing ev-
idence and for discussing the identified theory–
practice gap in the literature.

defining four key criteria evaluated on a ternary scale (Yes=1, Partial=0.5, No=0):

• QA1: Are the architectural objectives and context of the application clearly defined?

• QA2: Is the methodology used appropriate for evaluating the MVVM pattern?

• QA3: Are explicit metrics or robust qualitative evidence reported to support the conclusions?

• QA4: Do the authors discuss threats to validity or limitations of their implementation?

Although base studies were not excluded due to low scores to maximize descriptive coverage, the impact
analysis (RQ2) prioritized studies with a QA score ¿= 2.5, ensuring that conclusions about performance are
based on the most robust evidence.

Data Synthesis

Due to the mixed nature of the data (objective performance metrics vs. subjective perceptions of developers),
a hybrid synthesis strategy was adopted:

Descriptive statistics and bibliometric analysis (using VOSviewer) were applied to map the temporal
evolution of key terms (Keywords Co-occurrence), which allowed us to identify the ”Specialization and
Modernization” phase (2023-2024), dominated by Kotlin and Testability.

To address the benefits and limitations (RQ2, RQ3), Inductive Thematic Analysis was used. Textual
excerpts from the ”Discussion” and ”Conclusions” sections of the primary studies were coded and grouped
into emerging categories such as ”Cognitive Complexity,” ”Boilerplate Overhead,” and ”Decoupling.”

Finally, quantitative findings (e.g., memory consumption metrics) were contrasted with qualitative evi-
dence to explain contradictions identified in the literature (e.g., the performance vs. maintainability para-
dox), thereby generating an integrative narrative of the state of the art.

4 Results

A Taxonomy of Academic and Practical Intentions

The objectives of the studies analyzed can be classified into four main categories, reflecting different research
approaches in mobile software architecture.

The first and most frequent category is empirical benchmarking. Numerous studies aim to systematically
compare the performance, testability, and maintainability of different architectural patterns. Paradigmatic
examples include comparisons of MVC, MVVM, and MVI in iOS [19], evaluations of testability and main-
tainability between MVC and MVVM in GUI desktop applications [20], and the comparison of MVP, MVI,
and MVVM within the context of Clean Architecture [21]. These works seek to generate objective evidence
to inform architecture selection.

The second category comprises studies of applicability and demonstration of benefits. Their objective is
not to compare, but to validate the feasibility and advantages of applying a specific pattern (predominantly
MVVM) in a specific domain. This can be seen in the implementation of MVVM in academic systems [22],
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the development of management applications with this architecture [23], and the integration of advanced
techniques such as dependency injection within MVVM [24]. These studies are more practical and case-
oriented.

The third category focuses on developing innovative products, frameworks, or methods. Here, the archi-
tecture (usually MVVM) is a central component of the artifact built. Examples include the creation of a
framework for museum applications [25], the development of a web system for real-time 3D object manipu-
lation [26], and the proposal of a specific architecture that combines MVVM with Data Binding for Android
[26]. The objective transcends evaluation to focus on construction and proposal.

Finally, a fourth category corresponds to teaching and disseminating knowledge. It includes books, chap-
ters, and courses whose primary purpose is to educate developers on selecting and implementing modern
architectural patterns. Works such as Advanced Android App Architecture (Advanced Android App Ar-
chitecture, s. f.) and Building Xamarin.Forms Mobile Apps Using XAML [27] exemplify this educational
objective. Together, these categories reveal a field of research with a dual focus: generating rigorous evidence
and transmitting practical knowledge to industry.

The Dominant Technological Ecosystem

The technological ecosystem reveals clear stratification and specialization by platform. For Android devel-
opment, Android Studio has established itself as the virtually universal integrated development environment
(IDE) [21, 28, 23]. At the same time, Xcode maintains its hegemony in the iOS ecosystem [29, 19]. In the
field of cross-platform development with .NET, Visual Studio is the central tool [24, 30].

One of the most significant trends identified is the linguistic transition in native development. Kotlin
has definitively surpassed Java as the language of choice and object of study for modern Android, being
promoted for its conciseness, zero security, and interoperability [31, 32, 16]. In iOS, Swift?and particularly
its declarative framework SwiftUI?is establishing itself as the contemporary standard [29, 19]. For .NET
solutions, C# remains the fundamental pillar [27, 24].

In terms of architectural support frameworks and libraries, there is a clear correlation with the recom-
mendations of the main providers. Android Jetpack Components (ViewModel, LiveData, Room, Navigation)
constitute the canonical basis for implementing MVVM on Android, demonstrating strong adoption driven
by Google [33, 34]. On the web front-end, another area of focus in this review, Vue.js emerges as a popular
framework that inherently implements the MVVM pattern [26, 35].

Finally, the analysis highlights a set of specialized tools for quality assessment. The Android Profiler
is instrumental for quantitative performance measurement (CPU and memory) [36, 37]. For static code
analysis, SonarQube is a recurring tool [16]. The importance of testability is reflected in the widespread
use of frameworks such as XCTest (iOS) and JUnit (Android), as well as advanced mocking libraries such
as Mockative and MockK [19]. Together, these tools form a mature technological ecosystem that supports
and, in many cases, drives the adoption of modern, decoupled architectures. To complement the qualitative
analysis and validate the observed trends, a bibliometric analysis of keywords in the corpus of studies was
conducted. Using VOSviewer, network visualization, temporal overlap, and density maps, the conceptual
structure and evolution of the field of research on mobile architectures were revealed.

Figure 2 shows the conceptual core of the research, strongly interconnected around the triad android app
(viewmodel) pattern. This core is directly linked to the quality attributes maintainability and testability,
confirming that these are the primary evaluative dimensions in the literature, above others such as pure
performance or user experience. Terms such as framework, mobile device, and user appear on the periphery
of the network, indicating their contextual but not central role in the current academic discussion.

The temporal evolution of research interests is evident in Figure 3 (Overlay Visualization). Here, colour
(from blue to yellow) represents the average year of prominence for each term. A clear transition can be
observed:

Establishment phase (2020-2022): Focused on fundamental concepts such as Android app, pattern, MVC,
and MVP (blue tones).

Specialization and modernization phase (2023-2024): Dominated by the emergence and centrality of
Kotlin (bright yellow) as the hegemonic language, along with a growing focus on testability. Methodological
topics, such as stack overflow analysis and specific architectural aspects, including routers (navigation), also
emerge, reflecting the influence of single-activity application paradigms and the search for empirical data in
community sources.

Finally, Figure 4 identifies the ”hot spots” of research concentration. The area of maximum density
(yellow) is located precisely at the intersection of Android app, viewmodel, pattern, and testability. This
graphical finding corroborates that the epicenter of contemporary research is the evaluation of the testability
of the Model-View-ViewModel pattern in the Android ecosystem. Areas of medium density (green) surround
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Figure 2: Keyword Co-occurrence Network of MVVM-Related Studies in Mobile Application Development

Figure 3: The temporal evolution of research interests

8



CLEI ELECTRONIC JOURNAL, VOLUME 29, ISSUE 2, PAPER 8, APRIL 2026

Figure 4: Density Visualization

kotlin/maintainability and the cluster of classic patterns (MVC/MVP/user), while concepts such as platform,
message, or framework have low density, indicating that they are less explored topics or of secondary interest.

In summary, this bibliometric analysis visually confirms and quantifies the hegemony of the Android/Kotlin/ViewModel
ecosystem, the primacy of testability and maintainability as evaluation criteria, and the evolution of the field
from general architectural debates to specialized research using modern empirical methodologies. This con-
ceptual map serves as a frame of reference for the qualitative findings detailed in the following subsections.

Architectural Patterns: The Competitive Landscape

Analysis of the ”Comparative Architectures” field reveals a core set of patterns that dominate the compara-
tive literature: Model-View-Controller (MVC), Model-View-Presenter (MVP), and Model-View-ViewModel
(MVVM). This triad forms the basis of most experimental studies, with the patterns being compared in
various combinations and contexts [38, 20, 39].

Alongside this core, more specialized and modern architectures are emerging. Model-View-Intent (MVI)
and VIPER are frequently used in cutting-edge studies, often associated with advantages in testability,
unidirectional data flow, and extreme separation of responsibilities, although they are recognized as involving
greater initial complexity and a steeper learning curve [19, 40, 31]. On the other hand, Clean Architecture
is not presented as an alternative presentation pattern, but as a meta-architecture or set of design principles
(such as the Dependency Rule) that can and should be implemented using presentation layer patterns such
as MVP, MVVM, or MVI [21, 41, 28].

A specialization by platform is evident in the comparisons. The iOS ecosystem tends to include a
wider range, with studies considering MVC, MVP, MVVM, VIPER, and VIP [19]. In contrast, the Android
ecosystem, strongly influenced by the official Jetpack libraries, focuses its comparative discussion on MVVM,
MVP, MVI, and the application of Clean Architecture.

Consolidated analysis reveals that the most critical and persistent gap is the disconnect between theo-
retical or laboratory findings and their application, validation, and impact measurement in industrial and
large-scale software development environments. A significant gap remains between architectural theory and
industrial practice. Many real-world projects still lack a clear structure or rely on ’Obese MVC’ patterns
despite official guidelines [9, 15]. This suggests that adoption depends not only on technical benefits like
testability, but also on team expertise and organizational constraints [8]. Future research should focus on
automated tools to help developers maintain architectural standards in large-scale production environments
[42, 43].
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Quality Attributes

Studies predominantly evaluate software quality attributes, which can be grouped into key dimensions.
The performance dimension is the most common in quantitative studies and is broken down into specific
metrics: resource consumption, measured mainly through CPU usage (%) and RAM usage (MB) [19, 37];
responsiveness, evaluated through response time or interface latency [37]; and temporal efficiency of processes,
measured in execution time (ms) [36].

Testability is a second critical dimension, defined as the ease with which automated tests, particularly
unit tests, can be applied to business and presentation logic. This aspect is evaluated using indicators such
as code coverage, expressed as the percentage of code executed by a set of tests [19, 20], and testing effort,
referring to the modifications necessary in the production code to enable its automated verification.

A third dimension covers the maintainability and structural quality of the code. Here, low coupling and
high cohesion resulting from an effective separation of responsibilities are evaluated [20]. Code complexity is
another sub-aspect, often approximated by metrics such as the number of lines of code (LOC) or cyclomatic
complexity [15, 16]. Finally, the presence of presentation-layer-specific ”code smells” (poor design patterns)
is a widely used negative indicator of quality [15].

Other dimensions evaluated, albeit less frequently, include human and process factors, such as ease of
development and implementation [25, 44], the learning curve associated with a pattern [29], and architectural
scalability, i.e., the pattern’s ability to accommodate growth in project complexity and size [45]. A clear
pattern that emerges is that studies rarely cover all dimensions exhaustively; typically, they focus on a
subset, with the performance-testability-maintainability triangle being the most recurrent.

Between Quantitative Objectivity and Qualitative Assessment

Analysis of the metrics reveals a dichotomy between objective quantitative measures, which predominate in
experimental studies, and qualitative or subjective assessments.

Among the objective quantitative metrics, those related to system performance stand out: CPU Usage
(%), Memory Usage (MB), and Response/Execution Time (ms) are ubiquitous in studies comparing ar-
chitectures [36, 26, 37]. To evaluate testability, Code Coverage (%) is the most widely adopted indicator
[19, 20]. Code quality is often quantified by volume (Lines of Code (LOC)) and the presence of anomalies
(Number of Code Smells) [15, 16]. In applications with artificial intelligence components, precision metrics
such as Accuracy, Precision, Recall, F1-Score, and AUC-ROC are standard [46, 47].

On the other hand, qualitative or subjective metrics are crucial for evaluating human and perception as-
pects. Usability is measured using validated scales such as the Mobile App Usability Questionnaire (MAUQ)
or the Heuristic Evaluation Severity Rating (scale 0-4) [48, 38]. Developers’ perceptions are captured through
surveys that ask about the importance of certain ”code smells” and the difficulty of implementing them [15].
Finally, many studies resort to descriptive evaluation to judge attributes such as ease of maintenance, clarity,
or code modularity [31, 49].

A significant methodological limitation is identified: the lack of standardization in metrics for evaluating
complex constructs such as ”maintainability” or ”ease of development.” While performance has universal,
directly comparable metrics, maintainability is often described qualitatively or approximated using indirect
proxy metrics (such as LOC or coupling), which makes it difficult to aggregate and rigorously compare results
across different studies, weakening the ability to perform meta-analyses.

5 Discussion

The review reveals a mature research landscape, but with significant opportunities for empirical evidence,
standardization, and adaptation to emerging technologies. The studies present recurring limitations that
affect the generalization and practical validity of their findings.

A dominant limitation is validation in controlled environments or with simple prototypes, without testing
in industrial-scale projects or with real users [50, 21, 22, 25, 51, 52, 53, 54, 37, 55]. This restriction is also
evident in studies that use a single example application [36, 44] or a few devices for testing [19].

There is a lack of extensive empirical validation; numerous studies, particularly those of a conceptual,
technical, or formative nature, lack quantitative empirical evaluation. They do not present comparative
metrics of performance, maintainability, usability, or impact on productivity [31, 56, 28, 21, 45, 40, 57, 58,
59, 27, 30, 60, 34, 41, 61, 62, 63, 64, 65, 32, 66, 67]. This shortcoming reduces the ability to extrapolate
recommendations to real development contexts.

The technological and demographic scope is limited; many studies are restricted to specific technologies,
platforms, or populations, which limits their general applicability. Some focus on a single language or
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framework [29, 68, 69], while others use geographically or temporally limited datasets [70, 71, 42, 47].
Technological obsolescence is an explicit limitation in studies based on older versions of tools [31, 56, 15].

In terms of partial metrics, evaluations tend to focus on a limited subset of quality metrics. It is
common to prioritize performance (CPU, memory) or testability, while leaving aside aspects such as energy
consumption, user experience, security, scalability, or long-term maintenance costs [21, 49, 19, 37, 20].

Critical Aspects Not Addressed

Existing research leaves key subject areas unaddressed that are fundamental to a holistic understanding of
the impact of mobile architectures.

Real and Longitudinal Impact Assessment: There is a significant gap in measuring the practical impact
of architectures beyond the laboratory. Few studies address their effectiveness in real clinical workflows [48],
their integration into industrial development pipelines [71, 72], their influence on the productivity of large
teams, or their long-term effect on technical debt and maintenance costs [42, 41]. Energy consumption, a
critical factor in mobile devices, is also not evaluated [21, 37].

Integration with Emerging Technologies and Paradigms: There is a disconnect between architectural
research and current technological trends. Many studies do not consider the impact of Jetpack Compose,
Kotlin Flow, Coroutines, Hilt, or declarative development with SwiftUI on the architectures evaluated [31, 56,
21, 15, 29]. The transition to Jetpack Compose requires a shift in how we apply MVVM. Because declarative
UIs are a direct function of state, Model-View-Intent (MVI) has emerged as a strong alternative [29]. Unlike
MVVM, MVI uses a Unidirectional Data Flow (UDF) to centralize state management [21]. Although MVI
is more complex to implement initially, it offers better predictability and testability in modern reactive
environments using Kotlin Flows [19, 40]. Likewise, integration with artificial intelligence, machine learning,
IoT, or cloud computing is not sufficiently explored [25, 44, 73, 67].

Human and Organizational Perspectives: Research tends to be technically focused, neglecting human and
organizational dimensions. Studies on the learning curve of different architectures [19], developer experience,
end-user usability [51, 38, 64, 16], adoption in institutions with limited resources [25, 74], and economic and
cost-effectiveness aspects are scarce [47].

Comprehensive Comparisons and Measurement Standards: There is no consensus or standard set of
metrics and methodologies for comparing architectures fairly and comprehensively. There is a lack of studies
comparing a broad spectrum of patterns (MVC, MVP, MVVM, MVI, VIPER, Clean Architecture) under the
same conditions and using multidimensional metrics (performance, testability, maintainability, complexity,
development effort) [2, 29, 49, 20].

Proposals for Future Research

The authors’ proposed future research agendas converge in several main directions, indicating paths to be
explored.

Expanding Empirical and Validation Scope: The most frequent proposal is to extend validation to more
realistic and diverse contexts. This includes testing in production environments [48, 47], with larger user
and application samples [21, 71, 37, 16], and in additional application domains [75, 25].

Exploration of Hybrid, Modern, and Comparative Architectures: The authors urge research into ar-
chitectures beyond traditional ones, including modern patterns such as MVI, VIPER, Clean Architecture,
and their combinations [31, 21, 29, 45, 19, 37]. They also suggest studying the impact of new declarative
UI paradigms (Compose, SwiftUI) on architectural structure (Advanced Android App Architecture, s. f.;
Android Development Essential Training, 2019; Furjan et al., 2025).

Integration with Advanced Technologies and Automation: There is a call to investigate the synergy
between mobile architectures and innovations such as AI/ML [76, 47], IoT [73], cloud computing [30] and
automation techniques for migration, architectural inference, or code smell detection [77, 71, 42, 43].

Deepening Quality Metrics and Human Factors: It is proposed to enrich the evaluation by incorporating
underestimated metrics such as energy consumption, usability, security, and long-term maintenance costs
[21, 37, 16]. At the same time, it is suggested that human factors such as developer experience, learning
curve, and end-user satisfaction be investigated [70, 29, 78].

Identified Gaps

The gaps identified reinforce and complement the limitations and opportunities already described, highlight-
ing the disconnect between academic theory and industrial practice.

Disconnect between Architecture and Practical and Educational Contexts: There is a lack of research
that translates architectural principles into practical guidelines applicable to educational or self-learning
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environments [19], and that links technical frameworks (such as MVVM) with the real needs of institutions
with limited resources [25]. Likewise, there is a lack of educational systems that integrate collaborative
reading, data analysis, and automated assessment [35].

Lack of Solid, Comparative Empirical Evidence: There is recurring criticism of the lack of robust quan-
titative studies that compare architectures in real projects, measure production performance, or validate
the impact on productivity and maintainability [21, 22, 28, 49, 60, 34, 37]. This gap is especially notable
in specific ecosystems such as C#/.NET/WPF [20] and in comparisons between native and cross-platform
approaches [16].

Lack of Synchronization with the Modern Technology Ecosystem: The obsolescence of many studies in
light of the current Android (Kotlin, Compose, Coroutines) [15, 79] and iOS is highlighted. The absence of
AI integration for personalization [44] and the lack of practical validation of models in security [46, 80] and
health [81] are also noted.

Need for Support Tools and Methods: Gaps are identified in the development of automated tools for ar-
chitectural inference [42], detection of missing information in forums [77], mapping of cross-platform libraries
[82], and evaluation of the real impact of multi-platform technologies [27].

6 Conclusions

There is notable consensus in the literature regarding the superiority of modern patterns, especially MVVM
and MVI, in two key dimensions. First, in testability, multiple studies find that MVVM and MVI consistently
outperform MVC and, often, MVP in code coverage and ease of writing unit tests. This is attributed to the
clear separation of presentation logic (contained in ViewModel/Presenter/Intent) from the view, which allows
it to be isolated and tested without dependencies on the user interface [19, 20]. Second, in maintainability and
separation of responsibilities, MVVM is consistently associated with code that is more decoupled, modular,
and easier to extend and correct in the long term [21, 44, 66].

However, the picture is ambiguous and contradictory regarding performance. There is no unanimous
verdict, suggesting that the impact on performance is strongly mediated by the specific implementation, the
application’s complexity, and the metric considered. Some studies report that MVVM can introduce signif-
icant overhead in CPU and memory usage compared to MVC, attributable to the additional infrastructure
required for data binding and state observation [36]. Others, however, find that more modern architectures
such as MVI can offer better performance than MVC or MVVM, possibly due to more efficient and pre-
dictable state management. A third group of results indicates insignificant or mixed differences, where one
pattern wins on one metric (e.g., CPU) but loses on another (e.g., response time), as seen in the direct
comparison between MVVM and MVP [37].

Regarding specific patterns, the literature highlights that MVI excels at exceptional testability and strictly
unidirectional data flow, which favor debugging and predictability, at the cost of greater implementation
complexity. MVP is positioned in some studies as a classic balance, sometimes showing better response
times than MVVM with a simpler structure than MVI [21, 37]. For its part, traditional MVC is the subject
of recurring criticism for its tendency to degenerate into ”Massive View Controllers” with low testability
and high coupling, being considered suitable mainly for applications of trivial complexity [15].

The overall conclusion that emerges from this synthesis is that there is no universal optimal architecture.
Empirical evidence points to the existence of inherent trade-offs. MVVM emerges as the predominant
balanced recommendation for most medium-scale projects, offering a favorable combination of testability,
maintainability, and support for modern tools, even though it may incur a resource overhead in certain
scenarios [19]. The final decision should be based on a contextual analysis that prioritizes the quality
attributes most critical to the specific project: maximum performance (favoring lighter options), long-term
maintainability and testability (favoring MVVM/MVI), or scalability in large-scale projects (considering
multi-layer architectures such as Clean Architecture or VIPER).

Research is evolving from basic comparisons (MVC vs. MVVM) to more sophisticated analyses that
include MVI, Clean Architecture, and the impact of declarative frameworks. However, empirical validation
has not advanced at the same pace as conceptual exploration.

While studies such as ”A Comparison of Architectural Patterns for Testability and Performance Quality
for iOS Mobile Applications Development” [19] find that MVI offers the best testability and performance,
others, such as ”Comparative Analysis of MVVM and MVP Patterns Performance on Android Dashboard
System” [37], show that MVP can have better response times. This suggests that the ”optimal” architec-
ture critically depends on the prioritized metrics and the application’s context, highlighting the need for
multifactorial studies.

Future proposals clearly point to a convergence of research in mobile architectures with domains such as
artificial intelligence, digital health (mHealth), education, cybersecurity, and IoT. Architecture is no longer
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studied in isolation, but as a key enabler for complex applications in these domains.
Consolidated analysis reveals that the most critical and persistent gap is the disconnect between theo-

retical or laboratory findings and their application, validation, and impact measurement in industrial and
large-scale software development environments. Closing this gap requires academia-industry collaboration
and research methods that can capture the complexity of real-world projects.
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