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Abstract
Jetpack Compose, introduced by Google in 2019, represents a modern
approach to building native Android user interfaces (Ul) declaratively,
replacing traditional XML-based layouts. This paper reviews the adoption
trends of Jetpack Compose, its performance impact, and the comparative
advantages and challenges developers face during migration from legacy Ul
frameworks. We analyze both industry adoption and open-source project
trends, followed by empirical performance tests measuring rendering times,
memory consumption, and responsiveness in common Ul patterns. Our findings
indicate that Jetpack Compose improves developer productivity, reduces
boilerplate code, and offers comparable or slightly better runtime performance
in modern Android devices. We also discuss limitations such as learning curve
and interoperability with legacy code. The study provides actionable insights
for organizations considering full-scale Compose adoption and establishes a

framework for future performance evaluation.
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1. Introduction

Mobile applications have evolved rapidly in both functionality and user experience
expectations. Traditionally, Android Uls were built using XML layouts coupled with
imperative code to handle interactions. While this approach has been reliable, it comes with
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limitations, including verbose code, rigid Ul structures, and difficulty managing dynamic
states.

Jetpack Compose, part of Google's modern Android toolkit, offers a declarative approach to
Ul development. With Compose, developers describe the Ul in Kotlin code as composable
functions, simplifying state management and enabling reactive Ul updates. Adoption of Jetpack
Compose is increasing across small-scale startups and large-scale organizations due to its

potential for increased productivity, code readability, and modularity.

This paper investigates the adoption trends of Jetpack Compose, its performance impact, and

practical considerations in migration from XML-based Uls.

2. Background

The evolution of Android Ul frameworks reflects the ongoing need to simplify development,
improve maintainability, and optimize performance for increasingly complex mobile
applications. Modern applications demand dynamic interfaces that respond quickly to user
interactions while minimizing boilerplate and potential for errors. Jetpack Compose was
introduced to address these challenges by providing a declarative, Kotlin-first approach to Ul
development, contrasting with the traditional XML-based imperative style. Understanding this

evolution is key to analyzing adoption trends and performance implications.

2.1 Evolution of Android Ul Frameworks
2.1.1 XML-based Layouts
Since the inception of Android, developers have used XML-based layouts to define the
structure of the user interface. XML allows separation of concerns by keeping Ul definitions
separate from business logic, which is written in Kotlin or Java.
Key characteristics of XML-based layouts:
o Declarative structure in XML: Developers define layouts, widgets, and attributes
(such as TextView, Button, LinearLayout) in XML files.
e Logic handled imperatively: Actions, event handling, and state changes are
implemented in Kotlin/Java through listeners and adapters. For example, a button click
might be handled like this:
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2.1.2 Jetpack Compose

Jetpack Compose, introduced by Google in 2019 and fully stable by 2021, represents a
declarative, Kotlin-first approach to building Android Uls. Unlike XML, Compose
combines Ul and logic in Kotlin code, leveraging a reactive programming model that
automatically updates the Ul when underlying state changes.

Key characteristics of Jetpack Compose:
2.2 Declarative vs Imperative Ul
To fully appreciate the difference, it is essential to contrast declarative (Compose) and

imperative (XML-based) Ul paradigms.

Table 1: Declarative vs Imperative Ul

Feature Imperative (XML) Declarative (Compose)

Code Style Ul defined separately from logic||UI defined in Kotlin functions
State Management||Manual Reactive, automatic recomposition
Boilerplate High Low

Learning Curve |Moderate Moderate to High initially
Performance Mature, optimized Comparable, improving rapidly
2.3 Adoption Trends

Recent surveys from Stack Overflow (2025) and GitHub open-source analysis indicate:
e 35% of Android projects have partially integrated Compose components.
e 15% of projects are fully migrated to Compose.
« Small and medium-scale apps adopt Compose faster due to less legacy dependency.
o Enterprises show slower adoption due to integration with existing XML-heavy

codebases.

3. Jetpack Compose Architecture
Jetpack Compose introduces a modern, modular, and reactive architecture for building
Android Uls. Unlike traditional XML-based frameworks, Compose integrates Ul and logic

using Kotlin, following a unidirectional data flow approach that reduces boilerplate and
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simplifies state management. The architecture is designed around composable functions,

state-driven updates, and interoperability with legacy Android components.

3.1 Composable Functions

Composable functions are the fundamental building blocks of Jetpack Compose. These

functions are annotated with @Composable and define Ul components declaratively.

Key Features:

Declarative Ul: A composable describes what the Ul should look like for a given state,
rather than specifying step-by-step instructions to build or update it.

Lightweight and reusable: Functions are modular and can be composed hierarchically
to form complex interfaces.

Automatic recomposition: When the underlying state changes, Compose re-renders

only the affected composables rather than the entire view hierarchy.

3.2 State Management

State management is a core aspect of Compose and allows Uls to reactively update based on

underlying data. Compose offers multiple constructs for handling state:

1.
2.
3.

State — Immutable representation of a Ul state value.

MutableState — Allows modifying state that triggers recomposition.

remember — Retains state across recompositions to prevent losing user input or
dynamic Ul changes.

The count variable is reactive; changing it triggers automatic recomposition of
dependent Ul elements.

No need for traditional methods like notifyDataSetChanged() or manually updating

views.

Advanced State Management:

derivedStateOf — Computes state derived from other states, avoiding unnecessary
recompositions.

rememberSaveable — Persists state across configuration changes like device rotation.
State hoisting — Best practice where state is lifted to a parent composable to manage

shared state across multiple children.
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3.3 Interoperability
A critical advantage of Compose is its ability to interoperate with existing XML-based
Android apps, facilitating gradual adoption.
Mechanisms for interoperability:
Migration Strategy:
o Full migration from XML to Compose is often unnecessary initially.
e A hybrid approach is recommended:
o Start with new screens or modules in Compose.
e Use ComposeView to integrate Compose within XML layouts.
o Gradually refactor legacy components into Compose over time.
Benefits of Interoperability:
e Reduces migration risk for large codebases.
o Enables testing and incremental adoption.
o Maintains backward compatibility with existing libraries and tools.
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Figure 1: Jetpack Compose Architecture Overview
4. Performance Analysis
4.1 Experimental Setup
o Devices: Pixel 6 (Snapdragon 888), Samsung Galaxy M52 (Snapdragon 778G)

e Android Version: Android 14
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e Metrics: Rendering time, memory usage, frame drops, cold vs hot start times
e Sample Ul Patterns: ListView, GridView, complex nested layouts, dynamic form

inputs

4.2 Rendering Time
Table 2: Rendering Time

Ul Pattern XML Rendering (ms) Compose Rendering (ms)
Simple Text + Buttons 12 10
ListView 100 items 45 40
Nested Layout 65 60
Dynamic Form 58 55

4.3 Memory Consumption

Table 3: Memory Consumption

Ul Pattern XML (MB) Compose (MB)
Simple Text 15 14
ListView 100 items 32 30
Nested Layout 40 38

4.4 Observations
o Compose shows slight improvement in rendering time and memory efficiency.
o Frame drops are minimal; performance is stable for medium-sized apps.
e Larger applications may require optimization of recomposition scopes to prevent

unnecessary Ul updates.

5. Adoption Challenges

While Jetpack Compose offers significant advantages in terms of productivity, modularity, and
maintainability, its adoption is not without challenges. Organizations and developers encounter
several technical and practical obstacles when transitioning from XML-based Android
development to a fully Compose-based approach. Understanding these challenges is crucial for

planning adoption strategies, mitigating risks, and ensuring successful migration.
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5.1 Learning Curve

Jetpack Compose introduces a new paradigm for Ul development in Android. Unlike XML-
based layouts, Compose requires developers to think in a declarative, state-driven manner,
which can be unfamiliar for many:

o Kaotlin-centric development: Compose is built entirely in Kotlin. Developers who are
more comfortable with Java may face initial difficulties in understanding Kotlin
features such as coroutines, higher-order functions, and property delegation (by
keyword).

o Composable functions: Learning to structure Ul as composable functions requires a
shift from thinking in terms of imperative view hierarchies to thinking in terms of Ul
states and functions that describe what should be displayed.

o State management concepts: Developers must understand how to manage State,
MutableState, remember, and derivedStateOf. Mismanagement of state can lead to
excessive recompositions, memory leaks, or unpredictable Ul behavior.

Example: A developer accustomed to RecyclerView adapters may initially struggle to
understand how Compose’s LazyColumn works with items() and state-driven recomposition.
Mitigation Strategies:

« Training sessions and workshops focusing on Compose fundamentals.

o Gradual adoption: starting with small modules/screens rather than full migration.

o Leveraging official Google Compose samples and tutorials to practice composable

patterns.

5.2 Interoperability Issues
Many existing Android applications rely heavily on XML layouts, legacy views, and third-

party libraries. Migrating these applications to Compose can present challenges:

e Hybrid Uls: In large applications, it may not be feasible to rewrite the entire Ul at
once. Developers must mix XML and Compose using ComposeView and
AndroidView, which can complicate navigation and state handling.

o Consistency issues: Differences in styling and themes between XML and Compose
components may lead to inconsistent Ul appearance. For example, padding,

typography, or Material theme attributes may need to be carefully synchronized.
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e Integration testing: Testing hybrid Uls requires additional setup to ensure that
Compose and XML components interact correctly without performance or rendering
issues.

Example: An e-commerce app with 50+ XML screens may need a phased migration strategy.
Attempting a full-scale rewrite without careful planning could introduce regression bugs or
visual inconsistencies.
Mitigation Strategies:

e Incremental migration of screens and modules.

o Encapsulation of Compose components within existing XML layouts.

o Careful design of shared theme resources to maintain consistency.

5.3 Library Support
Jetpack Compose is relatively new, and not all third-party Android libraries provide full
support for Compose components. Challenges include:
o Ul libraries: Popular Ul libraries (e.g., charts, custom views) may only offer XML-
based components, requiring the use of AndroidView to integrate them into Compose.
o State management libraries: While Compose works seamlessly with Flow and
LiveData, integration with legacy libraries may require additional adapters or wrapper
classes.
e Animation and tooling libraries: Advanced libraries for animations or gestures may
not yet provide Compose-native APIs, forcing developers to implement workarounds.
Example: A library providing a complex map view or chart may not have a composable
equivalent. Developers must embed the existing View inside Compose using AndroidView,
which can add complexity.
Mitigation Strategies:
o Evaluate library dependencies before adopting Compose in new modules.
e Prefer Compose-compatible libraries when possible.
« Contribute to open-source projects by creating Compose wrappers for popular legacy

components.

5.4 Tooling Limitations
Although Android Studio has made significant improvements for Compose, certain tooling

limitations remain:
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e Preview limitations: While @Preview annotations provide live previews of
composables, complex or dynamic content may not render accurately in the IDE
preview.

e Debugging recompositions: Since Compose automatically handles recompositions,
debugging issues such as unnecessary recompositions or inefficient Ul updates can be
challenging. Tools like Layout Inspector and Compose Debug help but require
expertise.

o Performance profiling: Profiling performance at scale, particularly in large apps with
many nested composables, requires careful setup to avoid misinterpretation of
rendering and memory metrics.

Example: Developers may see unexpected frame drops in a LazyColumn with dynamic
content. Identifying whether the issue is due to recomposition, inefficient state handling, or
hardware limitations requires advanced profiling.

Mitigation Strategies:

e Use Android Studio’s Compose-specific profiling tools such as Recomposition
Counts and Layout Inspector.

« Follow best practices for recomposition optimization (e.g., remember, derivedStateOf).

e Continuously monitor memory and frame rendering performance in real devices.

6. Developer Productivity
Studies and anecdotal evidence suggest:
e Reduced boilerplate code: Compose reduces XML and findViewByld() usage.
e Improved readability: Ul components are modular and easier to maintain.
o Faster prototyping: Changes in design reflect quickly in code without constant XML

updates.

7. Case Studies
7.1 Open-Source Project: “JetNews” (Google Sample)
e Migration to Compose reduced code size by 30%.

e Recomposition enabled smoother animations and transitions.

7.2 Enterprise Adoption

o Company: FinTech Solutions, Jaipur
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e Hybrid Compose adoption for dynamic forms led to 25% reduction in development
time.

o XML legacy components were integrated using ComposeView.

8. Recommendations
1. Incremental Migration: Start with smaller modules/components to test Compose
integration.
2. Optimize Recomposition: Use remember, derivedStateOf, and proper recomposition
SCopes.
3. Training: Upskill teams on Kotlin and Compose best practices.
4. Performance Testing: Regular profiling to prevent memory leaks and unnecessary

recompositions.

9. Conclusion

Jetpack Compose is revolutionizing Android Ul development by offering a declarative, Kotlin-
first approach. Adoption is steadily increasing, particularly in new projects or smaller
applications where XML legacy is minimal. Our performance analysis demonstrates Compose
provides slightly better or comparable rendering times and memory usage, alongside

substantial developer productivity gains.

Despite initial learning curves and some interoperability challenges, Compose presents a
promising future for Android Ul development. Organizations and developers should adopt a
gradual migration strategy, focusing on critical modules first, and leverage Compose's reactive

architecture to improve maintainability and user experience.
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