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Abstract:

Since first appearing in 1995, Java has been dramatically changed. It not only has kept to be pure object-oriented
language, but also incorporated functional and declarative programming styles, thus becoming a multi-paradigm
platform. Here in this paper, I review the coverage of lambda expressions, stream APIs, the module system,
records, and sealed classes in the literature, and how the authors in the literature consider the usage of these
features on the change of design practices and the improvement of maintainability (Bloch, 2018; Goetz, 2014).

Firstly, by supporting deeper levels of abstraction, enabling immutability, and eliminating excessive repetitive
code, these language features help to both make the code easier to read and maintain (Urma et al. 2015).
Secondly, the modularization and encapsulation constructs that come with the new Java versions enable one not
only to break down a system efficiently but also to keep the system editable and updatable over long periods. On
the other hand, the problems still exist. For the older code, the new syntax might be difficult to adapt, and still,
developers might be missing some of the necessary skills (Raemaekers et al. 2017). In the end, the new Java
language features provide considerable theoretical and practical advantages, their implementation will really
hinge upon the organization's development practices and developer willingness.

Keywords: Java Evolution, Modern Language Features, Software Design, Code Maintainability, Functional
Programming, Modularization.

But the software engineering world doesn’t stand still.
Over the last thirty years, the field has changed a lot.
Now, applications push for scalability, flexibility,
concurrency, and need to adapt quickly to new
requirements. While classic OOP worked well, people
started noticing its limits especially with parallel

1. Introduction

Since it first came out in 1995, Java has become one
of the most resilient and widely used programming
languages in the software world. At the start, Java’s
creators focused on platform independence,
robustness, and simplicity which was summed up in
the “write once, run anywhere” idea made possible by

the Java Virtual Machine, or JVM (Gosling et al.,

processing, big data, and micro services (Deinum et
al., 2018). Java kept pace by gradually rolling out new
features and language constructs, aiming to boost

1996). Java’s first versions stuck closely to object-

oriented  programming  (OOP), relying on
encapsulation, inheritance, and polymorphism as the
core ways to organize software. These OOP

foundations played a big role in Java’s popularity for
building large enterprise systems and distributed
applications (Bloch, 2008).

productivity and code quality.

A major shift happened with Java 8, which brought in
functional programming concepts like lambda
expressions and the Stream API. This update nudged
Java away from its strictly object-oriented roots
toward a approach,

multi-paradigm letting
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programmers write code that’s more succinct and
expressive (Urma et al., 2014). Later versions built on
this, adding tools like the Java Platform Module
System (JPMS) in Java 9, records in Java 14, and
sealed classes in even newer releases. Taken together,
these features help create more modular code, cut
down on boilerplate, and introduce stricter design
checks.

Among all the qualities software can have,
maintainability stands out and it’s about how easily
you can understand, change, or extend a system over
time (ISO/IEC 25010, 2011). This matters most for
software that sticks around, since regular updates, bug
fixes, and new features are routine. Poor
maintainability brings more technical debt, lowers
productivity, and ramps up costs as software ages

(Mens & Tourwé, 2004).

Modern Java features can help maintainability a lot.
They make code easier to read less tangled, and often
guide better overall structure. For example, lambdas
can make code less verbose, records save time on
repetitive data class code, and modules force clearer
separations between code components. But these
features aren’t magic bullets. Their value depends on
how skilled the developers are, how they’re rolled out,
and whether they mix well with old, existing code
(Pinto et al., 2018).

Given how dominant Java remains for big business
and large systems, it’s worth taking a close look at
growth has affected design
maintainability. Lots of research has drilled into
certain features or aspects, but there’s still no big-
picture view that ties all these changes together.

how Java’s and

This systematic literature review (SLR) tries to fill
that gap. It digs into Java’s evolution to see how new
language features have changed the way developers
approach design and maintainability. Three research
questions drive this work:
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e RQI: How has Java’s core philosophy moved
from pure object-oriented design toward a
multi-paradigm language?

e RQ2: Which modern Java features shape
software design approaches?

e RQ3: How do affect
maintainability, both in theory and in practice?

these features

By bringing together what’s already known, this study
creates a clearer map of Java’s transformation and
how it affects today’s software engineering landscape.
The hope is that the findings give researchers,
professionals, and organizations practical insights for
making the most of modern Java features and building
more sustainable software.

2. Literature Review

2.1 Evolution of Java: From Object-Oriented

Foundations to Multi-Paradigm Design

Java’s journey mirrors bigger trends in the evolution
of software engineering. At the start, Java embraced
strict OOP: classes, interfaces, inheritance to keep
code modular, reusable, and maintainable (Gosling et
al., 1996). Until Java 7, the language leaned heavily
into these OOP principles, echoing the dominant
methodologies of abstraction and hierarchy that
defined best practices for years (Gamma et al., 1994).

Over time, though, as systems grew larger and more
tangled, pure OOP started to feel clumsy. Verbose
boilerplate, struggles with concurrency, and hard-to-
manage data flows kept cropping up (Bloch, 2008).
Java 5’s generics helped with type safety and
flexibility, but the real turning point came with Java 8.

added lambda
interfaces, and the Stream API, bringing in a
functional programming flair (Urma et al., 2014).
Developers could now write in a more declarative
style, making code cleaner and cutting repetition.

Java 8 expressions, functional
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Then, more upgrades followed: Java 9 launched JPMS
for modularization, while records and sealed classes
in later versions made modeling data cleaner and
inheritance more controlled (Deinum et al., 2018).

Recent research points out that these changes signal
Java’s shift into a true multi-paradigm language.
Object-oriented, functional, and declarative patterns
now sit side by side, giving developers more ways to
tackle problems and crucially making for better design
flexibility and maintainability (Pinto et al., 2018).

2.2 Impact of Modern Java Features on Software
Design Principles

The newest Java features have changed how people
design software by boosting abstraction, modularity,
and how much you can express with less code.
Lambda expressions and the Stream API, in
particular, opened up functional programming styles.
You can now work with collections more succinctly,
skip manual loops, and write in a more readable,
declarative way (Urma et al., 2014). Studies back this
up and these features can make code smaller and
clearer, though, in messy hands, they can also make
things harder to follow (Pinto et al., 2018).

JPMS rolled out in Java 9, lets developers define
tighter module boundaries, manage dependencies
carefully, and keep implementation details hidden
from the outside. This fits right in with design values
like low coupling and information hiding (Deinum et
al., 2018). Research confirms that language-level
modularization increases scalability and
maintainability by slicing down the ties among
different software parts (Mens & Tourwée, 2004).

Records take a different angle as they provide a lean
way to build immutable data carriers, chopping out
the tedious bits like constructors and getter/setter
methods. This not only makes code easier to read but
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helps cut down errors, leading to firmer, less buggy
designs (Bloch, 2008).

Sealed classes step in to tighten control over
inheritance. By setting which classes are allowed to
extend or implement a base type, sealed classes
improve type safety and make architectures more
logical. These constraints help keep big codebases
tidy and easier to manage (Pinto et al., 2018).

All together, these features show that Java is moving
towards being a language that enforces good design
directly, guiding developers toward better architecture
without needing as many extra tools or hand-written
rules.

2.3  Software Maintainability: and

Influencing Factors

Concepts

Maintainability stands out as a vital quality, especially
for systems that don’t just come and go. According to
the ISO/IEC 25010 standard, maintainability includes
analyzability, modifiability, testability, and reusability
(ISO/IEC 25010, 2011). High maintainability slashes
the effort needed to fix bugs, add new features, or
change how things work.

Several factors weigh in on this quality: code
complexity, how well software is modularized,
documentation, and sticking to good design practices.
Research shows again and again that smaller, well-
structured classes and methods are easier to keep up
and extend (Mens & Tourwé¢, 2004). Design patterns
help, too, making solutions to everyday problems
more consistent and lowering the brainpower needed
to work with a codebase (Gamma et al., 1994).

But technical stuff isn’t the whole story. How
experienced the team is, how well they work together,
and the processes they follow matter a lot. Teams
without enough know-how, or those working in silos,
can still create messy code, regardless of how
advanced the language is (Pinto et al., 2018).
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2.4 Empirical Evidence on Java Evolution and
Maintainability

Lots of recent research has looked at how Java’s
changing language features tie in with maintainability.
Studies of large open-source Java projects show that
introducing features like lambdas and streams helps
cut down verbosity and makes things easier to read
(Urma et al.,, 2014). All this can lead to less
maintenance work and quicker turnaround on new
features.

But these tools don’t fix everything. Overly tangled
lambdas or poorly used streams can actually make
code harder to understand and maintain (Pinto et al.,
2018). Likewise, adding modules isn’t a guarantee
without a solid architecture and we can create more
confusion, not less (Deinum et al., 2018).

Looking at software over time, other studies uncover
that maintainability changes as codebases grow and
mutate. Good refactoring habits, smart architecture,
and regular clean-ups are essential if you want to keep
a project maintainable as it evolves (Mens & Tourwé,
2004).

2.5 Research Gaps and Synthesis

Even with all this interest, some key gaps are still
there. First, most research zooms in on one feature at
a time and not on how they all work together to affect
maintainability and design. Next, the long-term
impact of newer tools like records and sealed classes
isn’t well documented because they just haven’t been
around that long. And research mostly ignores the
challenge of mixing modern Java features with the
legacy
enterprises where old code is everywhere.

reality of older, systems, especially in

This review pulls the existing studies together to offer
a bigger-picture understanding of how Java’s new

capabilities are influencing design and

maintainability. The main takeaway: modern features

can make a real difference, but results depend on
using them wisely, having developers with the right
skills, and making sure everything fits into a well-
thought-out architecture.

3. Methodology

This study uses a systematic literature review (SLR)
to rigorously, transparently, and reproducibly analyze
existing research about Java’s evolution and its effect
on software design and maintainability. The SLR
method is well-regarded in software engineering
because it minimizes bias and offers a solid structure
for gathering empirical and theoretical evidence
(Kitchenham & Charters, 2007; Petersen et al., 2008).

3.1 Review Design and Protocol

Systematic Literature Review Process
Based on Kitchenham & Charters (2007) Framework

o PLANNING PHASE o ‘CONDUCTING PHASE o REPORTING PHASE

Define Objectives Search for Studies R
@/ and Research Questions Q ynthesize Findings

Parform systematic searches
Clearly define the gaals and

across selected databases BN Araize and syrihesize the
using defined search strings. AW extracted data to answer the
research questions to guide
the review.

| research questions
b4

Develop Review Protocol
B  specily inclusion/exclusion *

Screen Studies. i
Screen titles, abstracts, and

full texts based on inclusion/
exclusion criteria II

criteria, search strategy, 1 |

Present Results
Prasant results in a clear,

" structured, and coherent
databases, and quality

manner (tables, figures,
assessment criteria. & Extract Data ,‘a,mmil i
Extract relevant data from
L bl included studies using a i
standardized data extraction
Validate Review Protocol Report Réview
898 ;o protocol and refine it 8N
B "0 e DIOWEIENC feng ¥ =l Document the methedology,
to G L:..Hrly feasibility, s Shd Giially Bl oo, results, Rovsiaion
and corractness
° Evaluate the methodological and implications of the review.
quality of included studies.
Goal of the Framework IKey References
A protocol-driven approach across Planning, Conducting, and Reporting phases ! Kitchenham & Charters (2007)

ensures that the SLR is comprehensive, reliable, and valid. Petersen et al. (2008)

B PanvigPhase [ Conducting Phase [l Reporting Phase

The review process follows established standards for

systematic reviews in software engineering.
Specifically, Kitchenham and Charters’s (2007)
framework lays out three stages: planning,

conducting, and reporting the review. This structure
keeps the process thorough and methodologically
solid.

In the planning phase, we defined clear research
objectives and questions guiding the study selection
and analysis. Then, the conducting phase involved
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systematic searching, screening, and data extraction.
Finally, the reporting phase focused on synthesizing
and presenting results in an organized way. Having
this protocol-driven process boosts reliability and
validity of SLR findings (Petersen et al., 2008).

3.2 Research Questions

I formulated these research questions to steer the
review:

e RQI: How has Java conceptually changed
from a purely object-oriented language to a
multi-paradigm one?

e RQ2: Which modemn Java features influence
software design principles?

e RQ3: What impact do these features have on
software maintainability?

These questions capture both Java’s conceptual
evolution and practical outcomes, covering the topic
comprehensively.

3.3 Data Sources and Search Strategy

I set up a robust search strategy across several digital
libraries. The main sources were:

e [EEE Xplore

e SpringerLink

e ScienceDirect

e ACM Digital Library
e Google Scholar

e arXiv

These databases were selected for their extensive
coverage of peer-reviewed research in software
engineering. The keyword
combinations and Boolean operators to find as many
relevant studies as possible.

search relied on

Search strings included terms like:

e “Java evolution” AND “software design”
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e “modern Java features” AND
“maintainability”

e “lambda expressions” OR “streams” OR “Java
modules”

e “software maintainability” AND “Java”

Using Boolean logic and keyword combinations is
in SLRs, balancing the breadth and
specificity of study retrieval (Kitchenham & Charters,

2007).

standard

3.4 Study Selection Criteria

I established explicit criteria for inclusion and
exclusion to ensure relevance and quality.

Inclusion Criteria

e Peer-reviewed journal articles and conference

papers
e Studies about Java evolution or modern
features
e Research covering software design,
architecture, or maintainability
e Empirical, theoretical, or case studies
Exclusion Criteria
e Non-English studies
e Papers not addressing Java

maintainability/design
e Opinion pieces, editorials, informal blog posts
e Duplicates or preliminary versions of already
included papers

Applying these criteria reduces bias and makes sure
we’re only reviewing high-quality and relevant
research (Petersen et al., 2008).

3.5 Study Selection Process

The selection process followed a multi-stage
screening procedure, referencing PRISMA guidelines
(Moher et al., 2009):
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e Initial Identification: Compile all papers from
the databases, creating a broad pool.
Weed out

e Duplicate Removal:

entries.

repeated

e Title and Abstract Screening: Check relevance
to the research questions.

e Full-Text Review: Examine the detailed
content to confirm eligibility.

e Final Inclusion: Only studies meeting all

criteria remain in the dataset.

This careful filtering enhances transparency and
ensures the selection is systematic and defensible
(Moher et al., 2009).

3.6 Data Extraction

I used a structured extraction form to collect key
information from each study, including:

e Bibliographic info (authors, year, publication

venue)

e Type of study (empirical, theoretical, case
study)

e Java features analyzed (e.g., lambda

expressions, modules, records)

e Reported impact on software design and
maintainability

e Key findings and limitations

A standardized form cuts down inconsistencies and
helps compare results across studies (Kitchenham &
Charters, 2007).

3.7 Data Synthesis and Analysis

I analyzed the gathered data through a thematic
synthesis approach, ideal for integrating varied
findings (Petersen et al., 2008). This involved:

e Coding: Labeling key concepts and findings.
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e Theme Development: Grouping similar codes
into (like
abstraction, code complexity).

broader themes modularity,
e Interpretation: Examining relationships among

themes to answer the research questions.

This approach uncovers recurring patterns and deeper
insights on Java’s evolution and its conceptual impact.

3.8 Validity Considerations
To ensure validity and reliability, I took several steps:

e Mitigating selection bias by using multiple
databases and clear criteria.

e Ensuring data extraction consistency with
structured forms and systematic methods.

e Maintaining transparency by documenting the
review process.

e Supporting reproducibility with detailed
descriptions of search and methodology.

Still, some limitations remain. Publication bias might
mean fewer negative or inconclusive results, and
Java’s rapid evolution could make some studies
quickly outdated. These challenges are common in
SLRs and need to be kept in mind when interpreting
results (Kitchenham & Charters, 2007).

3.9 Summary

This methodology gives us a rigorous, systematic way
to analyze both Java’s evolution and its effect on
software design and maintainability. By combining
structured search, explicit selection criteria, and
thematic analysis, the study achieves a comprehensive
and reliable synthesis of the literature.

4. Findings

The review brings out several notable patterns about
Java’s evolution and the conceptual influence of its
modern  features on  software design and



International Journal of Computer Science and Engineering Development
Volume 1, Issue 3 | July — August 2026 | www.ijcsed.com

ISSN: 3139-0862

maintainability. The findings are organized by key
themes that stand out in the literature.

4.1 Transition from Pure Object-Oriented to Multi-
Paradigm Programming

Java’s gradual shift from strictly object-oriented
programming to a multi-paradigm language is one of
the biggest trends. Early Java versions stressed class-
based design, inheritance, and encapsulation. With
Java 8’s functional programming features, developers
could express logic more concisely and declaratively
(Urma et al., 2014).

Empirical studies show that lambda expressions and
functional interfaces reduce dependence on verbose
anonymous classes, making code easier to read (Pinto
et al., 2018). Developers now have the flexibility to
use object-oriented or functional styles based on their
needs, leading to more expressive designs.

But this shift isn’t seamless for everyone. The
literature notes cognitive challenges for those new to
functional programming. If different styles are mixed
haphazardly, readability and maintainability
suffer (Pinto et al., 2018).

can

4.2 Reduction of Boilerplate Code and Improved
Code Conciseness

Modern Java features bring a significant reduction in
boilerplate code, another strong pattern in the studies.
Lambda expressions, method references, and records
cut out repetitive patterns common in traditional Java
(Bloch, 2008).

Records, for instance, let developers define immutable
data classes compactly, with constructors, accessors,
and utilities generated automatically. This shrinks
code size and reduces the chances for manual errors
(Deinum et al., 2018).

Shorter, = more  expressive code  improves
maintainability and it's easier to read, review, and
adapt (Mens & Tourwé, 2004). Still, studies warn that
too many concise constructs, especially complex
lambdas, can decrease readability if not handled

clearly (Pinto et al., 2018).

4.3 Enhanced Modularity and Architectural Design

Impact of the Java Platform Module System (JPMS)

Enhancing Architecture and Maintainability, with Adoption Challenges

A mejor advancement n Java's architectural capabilies through
language-level modularization.

F Java Platform Module System (JPMS)

r B
1. How JPMS Enables Better Architcture 2, Benefits for Software Design | |
Explicit Dependencies @ ) = Legacy System Migration
E Developers explicitly deciare module ﬁ ‘." Migrating large, monolithic
Q dependencies, making refationships [ i ] Rl codebasestoamodulsr
clear and manageable. X . structurs is complex and
Lower Coupling, Higher Cohesion fesource-intenaive.
Studies show modular architectures
Strong Encapsulation ity i icnkg 1l e Refactoring Effort
cohesion—key indicators of
IPMS enforces encapsulation mw‘mme u‘)hw;‘e i ¢ /> Oten requires significant
boundaries by restricting access (Mens & Tourws, 200 d)‘ refactoring of packages,
to internal components : dependercies, and buikd
configurations.
. Improved System Organization 0 Time and Resource Cost
.’ Clear structure and boundaries ead Increased Rabustness Mgaton projects demand
o better-organized, more rabust By restricting access to internal substantial time, expertise,

components, JPMS reduces unintended
dependencies and enhances
system robustness.

nd testing to ensure
correctness and stability
(Pinto et al, 2018)

architectures.

JPMS promotes better architecture, maintainability, and robustness through explicit dependencies
and strong encapsulation, but its adoption in legacy systems requires careful planning and effort,

@ Key Takeaway

Key References:  Deinum etal, 2018 Mens & Tourwé, 2004 Pinto etal, 2018

The Java Platform Module System (JPMS) marks a
leap in modularity and system design. Findings show
that language-level modules let developers define
dependencies and enforce encapsulation, tightening
system organization (Deinum et al., 2018).

Modular architectures usually result in lower coupling
and higher cohesion which is a hallmark of
maintainable software (Mens & Tourwé, 2004).
JPMS, by limiting access to internals, reduces
accidental dependencies and boosts robustness.

Adopting modularity, though, isn’t easy for legacy
systems. Migrating from monolithic to modular code
can be tough and requires significant refactoring
(Pinto et al., 2018).
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4.4 Improved Type Safety and Design Constraints

Features like sealed classes and improved type
inference strengthen Java’s type safety and design
discipline. Sealed classes let developers control class
hierarchies by specifying permissible extensions and
implementations.

These design constraints limit unintended inheritance,
making system behavior more predictable which is a
big win for large, complex systems where unchecked
inheritance can generate maintenance headaches
(Bloch, 2008).

Immutability, made easier with records, reduces side
effects and boosts thread safety. Such practices
directly support maintainability, especially for
concurrent and distributed systems (Deinum et al.,
2018).

4.5 Impact on Code Readability and Developer
Productivity

Modern Java features, especially declarative
constructs like streams, have clear benefits for code
readability and developer productivity. Streams let
programmers focus on “what” needs to happen instead
of “how” and the code becomes clearer and easier to

follow (Urma et al., 2014).
Quantitative analyses report:

e Fewer lines of code
e Faster feature development
e FEasier code reviews and comprehension

These
development more efficient (Mens & Tourwé, 2004).

outcomes cut maintenance effort and make

But readability gains depend on expertise.
Inexperienced programmers sometimes misuse
advanced features, making code unnecessarily

complex and harder to understand (Pinto et al., 2018).
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4.6 Evolutionary
Maintainability

Impact on  Long-Term

Long-term maintainability threaded through Java’s
evolution is a major theme. Longitudinal studies point
out modern features improve maintainability when
paired with good engineering like steady refactoring
and thoughtful design (Mens & Tourw¢, 2004).

Specifically:

e Systems using modern features show a steady
boost in structural quality

e Continuous refactoring is key to tapping new
language benefits

e Poor integration of features into legacy code
negates advantages

A notable amount of code change in evolving system
targets maintainability, so design choices shape long-
term software evolution (Pinto et al., 2018).

4.7 Challenges and Limitations Identified in the
Literature

Despite the many advantages, the literature highlights
some persistent challenges:

e Adoption Barriers: Organizations stick with
older Java versions due to compatibility and
migration costs

e Learning Curve: Developers need new skills
for functional and modular programming

e Inconsistent Usage: Unstandardized practices
lead to fragmented code

e Legacy Constraints: Integrating modern

features into existing code demands significant

refactoring

These issues show that evolution alone isn't enough
and there also needs to be organizational readiness
and developer training to realize maintainability gains
(Deinum et al., 2018).
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4.8 Synthesis of Findings

All told, the evidence points to Java’s evolution
having a substantial, mostly positive impact on
software design and maintainability. Modern features
abstraction, reduce and
better Their
effectiveness, though, hinges on proper adoption,
skilled developers, and alignment with design

principles.

encourage complexity,

promote architectural  practices.

Java’s move toward multi-paradigm programming is a
strategic answer to modern software’s complexity,
letting programmers build more maintainable and
scalable systems.

5. Discussion

The findings from this systematic literature review
offer a thorough look at how Java’s evolution has

influenced  software  design  practices and

maintainability. Although the overall trend is positive,
the discussion unpacks a more complex picture that
conceptual, and

weaves technical,

organizational threads.

together

5.1 Reframing Java as a Multi-Paradigm Language

A key conceptual takeaway here is how Java has
shifted from being only object-oriented to functioning
as a genuine multi-paradigm language. Additions like
lambda expressions and streams have widened what
developers can express in Java, opening the door to
more declarative programming styles (Urma et al.,
2014).

This
engineering is heading: mixing paradigms is now

move matches up with where software
routine offering programmers the flexibility needed
for all sorts of problem domains. With Java now
supporting both object-oriented and functional
programming, developers get to choose the

abstraction that fits the task. This flexibility lifts
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design quality, especially when dealing with complex
systems that blend stately and stateless behaviors
(Pinto et al., 2018).

Yet, using multiple paradigms together isn’t always
seamless. The literature points out that mixing styles
without clear boundaries can fragment code, which
then makes systems harder to read and maintain. So,
if teams want the full benefit of a multi-paradigm
Java, they need disciplined design and a strong
commitment to coding standards (Mens & Tourwé,
2004).

5.2 Language-Supported Design and Its Implications

Another critical insight is just how much language-
level constructs now help enforce solid design
principles. Java’s modules, records, and sealed classes
direct realize modularity,

introduce ways to

immutability, and controlled inheritance.

Take the Java Platform Module System (JPMS), for
example it gives developers a way to spell out
dependencies and set clear boundaries, which supports
important architecture practices like separation of
concerns and information hiding (Deinum et al.,
2018). Similarly, sealed classes restrict inheritance,
baking design constraints into the code itself during
compilation rather than relying on developers alone.

This trend toward building design support into the
language marks a move away from loose conventions
and toward code structures that the compiler itself can
enforce. Relying on the language to prevent certain
design errors boosts reliability and maintainability
(Bloch, 2008).

Still, these features don’t replace solid design habits.
The misuse or overuse of language constructs
especially if there hasn’t been enough architectural
planning can just as easily end up with awkward,
poorly organized code (Pinto et al., 2018).
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5.3 Impact on Maintainability: Benefits and Trade-
offs

Modern Java features affect maintainability in
layered, interesting ways. The evidence shows that
tools like lambda expressions, records, and streams
help shrink code, clarify intent, and raise the
abstraction level, all leading to better maintainability

(Mens & Tourwé, 2004).

Records, for example, make it easier to create
immutable data structures, slicing away boilerplate
the of bugs.
programming features bring more concise, expressive

and lowering risk Functional

code that’s often easier to grasp and change.

But there are trade-offs. Advanced language features
can make life harder, especially for developers new to
programming  or systems.
Complicated lambda expressions or nested stream
calls may actually hurt readability if used without care
(Pinto et al., 2018).

functional modular

Plus, language features alone don’t determine
maintainability. The impact really depends on how
they’re used and coding standards in place? Do teams
have the right expertise? Development processes and
team habits all play a big role in whether new features

help or hurt maintainability (Mens & Tourwé, 2004).
5.4 Challenges in Adopting Modern Java Features

Even with all these advances, not every organization
adopts modern Java features. The literature points to
challenges that limit adoption across the industry.

A major barrier is legacy. Enterprises often stick with
older Java versions due to compatibility, conservative
risk management, or the sheer cost of migrating. As a
result, many don’t realize the full benefits of the latest
features (Deinum et al., 2018).

10
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Learning new paradigms and syntax is another hurdle.
Developers need to pick up new skills and mental
models to get the most out of things like streams,
modules, and sealed classes. Without enough training
and experience, misuse can creep in, leading to poorer
designs (Pinto et al., 2018).

And the lack of clear, standardized guidelines for
these features leads to inconsistency between teams
and projects, which undermines the advantages
modern language features could bring.

5.5 Comparison with Emerging Programming
Languages

Java’s evolution is even clearer when you look at
other languages running on the JVM. Take Kotlin and
Scala. They adopted features like null safety, succinct
advanced for functional

syntax, and

programming before Java did.

support

Java has added similar capabilities, though it does so
more slowly and with a constant nod to backward
compatibility. This keeps the ecosystem stable but
means the pace of innovation isn’t always as quick as
with these newer languages (Bloch, 2008).

All in all, Java’s path reflects a careful balance
between keeping its massive ecosystem stable and
keeping up with new ideas. Still, the rise of alternative
JVM languages pushes Java to evolve continuously.

5.6 Theoretical and Practical Implications

From a theoretical angle, these findings show how
deeply programming language design can influence
Watching Java merge
multiple paradigms and encode design rules is a
into how language shapes engineering

how we build software.

window
practice.

Practically, it’s clear that organizations get the most
out of Java’s new features when they take a deliberate
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approach: encourage modern features, invest in
developer training, create clear coding standards, and

update legacy systems bit by bit.

These steps go a long way toward making Java’s
evolution payoff and avoiding its pitfalls.

5.7 Synthesis of Discussion

Put simply, Java’s development has deeply affected
how software is designed and maintained, but results
always depend on context. Modern language features
provide strong tools for better code and clearer
architecture, yet their value hinges on the expertise of
them and the readiness of the

those using

organizations adopting them.

The interaction of language features, developer know-
how, and system complexity means that a holistic
approach one grounded in both technology and sound
engineering is essential.

6. Conclusion

The goal of this systematic review was to track Java’s
evolution and analyze how its modern features
reshape software design and maintainability. By
pulling together evidence from diverse studies, the
review explains how Java expanded from a classic
object-oriented language to a multi-paradigm platform
with capabilities for both functional and declarative
programming (Urma et al., 2014; Pinto et al., 2018).

The studies show that Java’s changes mainly address
the escalating complexity of today’s software. New
features like lambda expressions, streams, modules,
records, sealed classes add expressive power, cut
down boilerplate, and support stronger architecture.
These changes line with established
engineering principles like modularity, encapsulation,
and separation of concerns (Deinum et al., 2018;
Mens & Tourwé, 2004).

stand in
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A main conclusion is that these features do enhance
software maintainability. By bolstering readability,
cutting redundancy, and enforcing design rules, they
help create codebases that are easier to understand,
tweak, instance, bring
straightforward immutable data modeling, and the
Java Platform Module System fosters modularity

and grow. For records

which is crucial for keeping software maintainable
(Bloch, 2008; ISO/IEC 25010, 2011).

But the benefits of Java’s evolution aren’t automatic.
The real impact on maintainability varies greatly
based on how the new features are applied. Poorly
used constructs and overly complex lambdas, for
example, or awkward module structures can actually
make code harder to deal with (Pinto et al., 2018). The
grip of legacy systems and migration challenges also
taking full
advantage of newer features (Deinum et al., 2018).

prevents many organizations from

Another important idea is that language features are
only one ingredient in maintainability. Human and
organizational factors like developer skill, team
process, code standards are just as crucial. In the end,
Java’s evolution is an enabler, not a magic bullet
(Mens & Tourwé, 2004).

Zooming out, this review shows how programming
language evolution shapes engineering practices.
Java’s careful adoption of multiple paradigms reflects
a strategy to balance innovation and backward
compatibility, keeping Java vital even as technology
whirls forward a contrast with newer languages that
chase rapid change but might lack Java’s stability and
mature ecosystem (Bloch, 2008).

Implications for Research and Practice

There are several takeaways. Practitioners should
adopt Java’s new features deliberately, make sure
developers have the right training, and set clear
standards. Organizations should look at gradual



International Journal of Computer Science and Engineering Development
Volume 1, Issue 3 | July — August 2026 | www.ijcsed.com

modernization of legacy code to enjoy the benefits
while minimizing risks.

For researchers, there’s an open field ahead. Future
long-term studies could track how features like
records and sealed classes impact maintainability.
Also, direct comparisons between Java and JVM
competitors like Kotlin and Scala could lead to richer
insights into programming language design.

Final Synthesis

In sum, Java’s evolution marks a turning point in
programming languages. Ongoing innovation lets the
language tackle new software engineering problems
head-on. Modern features, used properly, can improve
software design and maintainability, but their success
depends on knowing when and how to use them,
along with organizational backing. As software
systems keep getting more complicated, evolving
languages like Java will stay at the center of creating
maintainable, sustainable software (Urma et al., 2014;
Mens & Tourwé, 2004).
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