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Abstract: The emergence of online programming tools has significantly impacted computer programming education. This review
paper delves into the current research landscape surrounding these tools, analyzing their influence on learning outcomes,
collaboration, and the potential of Al-powered personalized learning. The review explores the foundational role of online
compilers and collaborative environments. It then examines recent advancements in Al, including adaptive coding tutors and Al-
powered code completion.
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L. INTRODUCTION

The field of computer programming education is experiencing a significant shift with the emergence of online programming tools.
These tools, encompassing online compilers, collaborative environments, and intelligent tutoring systems, offer a dynamic and
accessible learning experience for students. This review paper delves into the current research landscape surrounding online
programming tools, analyzing their impact on various aspects of learning. Several studies have explored the general influence of
online tools on programming education. Gomes and Mendes (2015) [1] conducted a review highlighting the potential for improved
learning outcomes, while Moaveni and Ebadi (2012) [2] focused specifically on online compilers as a means to enhance the
educational experience. Zhang and Yu (2022) [3] further explored this concept by systematically examining the impact of online
coding platforms on learning experiences and academic performance. The development of collaborative online tools has also garnered
significant research interest. Wang et al. (2018) [4] presented the design of a collaborative online compiler specifically tailored for
MOOCs (Massive Open Online Courses). This focus on collaboration is further echoed in the systematic review conducted by Garcia-
Pefialvo and Sanchez-Pérez (2016) [5], which examined the use of various online tools for learning programming languages.

More recent research has delved into the potential of artificial intelligence (Al) and machine learning for personalized learning
experiences. Yang et al. (2023) [6] proposed an adaptive coding tutor that utilizes machine learning to analyze student code and
provide automated feedback. Similarly, Zou et al. (2022) [7] explored the use of learning analytics to generate adaptive feedback for
programming exercises. While the focus of some studies lies in the pedagogical aspects of online tools (e.g., [1, 2, 3]), others delve
into the technical functionalities. Gholap (2012) [8] presented a study on online compilers using cloud computing, while Ahad et al.
(2018) [9] and Pal et al. (2020) [10] conducted reviews specifically on online Java compilers and online compiler and interpreter
platforms, respectively. This review paper aims to synthesize these research efforts, providing a comprehensive understanding of the
current landscape of online programming tools. By analyzing their impact on learning outcomes, this review seeks to offer valuable
insights for educators and researchers in the field of computer programming education.

1. RECENT DEVELOPMENTS
This section contains recent developments in online programming Tools.

A. Adaptive Learning and Feedback

Traditional online compilers provide basic functionality to run and debug code. Recent developments go beyond this, incorporating

Al-powered tutors that can analyze student code in real-time. These tutors, like the one proposed by Yang et al. (2023) [6], leverage

machine learning to identify:

1) Syntax Errors: The tutor can pinpoint syntax errors, like missing semicolons or incorrect variable declarations, providing targeted
feedback to help students grasp proper code structure.

2) Logical Errors: The system can identify logical errors in code that might compile successfully but not produce the intended
outcome. Imagine a loop that iterates infinitely; the tutor could detect this and suggest modifications to ensure proper termination.

3) Inefficiencies: Al can analyze code for suboptimal solutions, suggesting alternative approaches or more efficient algorithms. For
instance, the tutor might recommend using a built-in sorting function instead of writing a custom sorting algorithm from scratch.
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Similarly, Zou et al. (2022) [7] explore using learning analytics to generate adaptive feedback. This approach goes beyond static error
messages, tailoring the feedback based on an individual student's past performance and common mistakes they tend to make. Imagine
a student who consistently struggles with understanding recursion; the system could provide targeted resources or suggest alternative
problem-solving approaches specifically for recursive solutions.

B. Al-powered Assistance

Moving beyond feedback, Al is being used to provide more proactive assistance. Tools like GitHub Copilot utilize machine learning to
suggest code completions as the student types. Imagine a student writing a function to calculate the average of an array. Copilot might
suggest pre-written code snippets for iterating through the array and summing its elements, significantly reducing typing and speeding
up the development process. While such tools can be valuable for experienced programmers by increasing productivity, their impact
on the learning process for beginners requires careful consideration. Over-reliance on Al-generated suggestions could hinder students'
understanding of fundamental programming concepts.

C. Focus on Collaborative Learning

Earlier research explored collaborative online compilers allowing students to work on code together (e.g., Wang et al., 2018 [4]).
However, the emphasis on collaborative learning continues to grow. The rising popularity of online learning platforms with built-in
features like code sharing and real-time collaboration suggests a growing interest in fostering teamwork and peer-to-peer learning.
Imagine a group project where students can work on different parts of the code simultaneously, reviewing and debugging each other's
work in real-time. This collaborative approach can promote communication, code review skills, and problem-solving through
teamwork.

1. LITERATURE REVIEW
The field of computer programming education is undergoing a transformation driven by the emergence of online programming tools.
These tools, encompassing online compilers, collaborative environments, and intelligent tutoring systems, offer a dynamic and
accessible learning experience for students. This review paper delves into the current research landscape surrounding online
programming tools, analyzing their impact on various aspects of learning.

A. Early Studies on Learning Impact

Several foundational studies explored the general influence of online tools on programming education. Gomes and Mendes (2015) [1]
conducted a review highlighting the potential for improved learning outcomes, while Moaveni and Ebadi (2012) [2] focused
specifically on online compilers as a means to enhance the educational experience. Zhang and Yu (2022) [3] further explored this
concept by systematically examining the impact of online coding platforms on learning experiences and academic performance,
demonstrating a positive correlation.

B. Collaborative Learning Environments

The development of collaborative online tools has also garnered significant research interest. Wang et al. (2018) [4] presented the
design of a collaborative online compiler specifically tailored for MOOCs (Massive Open Online Courses). This focus on
collaboration is further echoed in the systematic review conducted by Garcia-Pefialvo and Sanchez-Pérez (2016) [5], which examined
the use of various online tools for learning programming languages. These studies suggest that online collaborative environments can
foster teamwork, code-sharing, and peer-to-peer learning.

C. Recent Advancements and Al Integration

More recent research has delved into the potential of artificial intelligence (Al) and machine learning for personalized learning
experiences. Yang et al. (2023) [6] proposed an adaptive coding tutor that utilizes machine learning to analyze student code and
provide automated feedback on syntax errors, logical errors, and code inefficiency. Similarly, Zou et al. (2022) [7] explored the use of
learning analytics to generate adaptive feedback for programming exercises, tailoring it to individual student performance.

Beyond feedback, Al is being explored to provide more proactive assistance. Tools like GitHub Copilot (released in 2022) utilize
machine learning to suggest code completions and even generate entire code snippets based on the context. While valuable for
experienced programmers, the impact of such tools on beginner learning requires further investigation.
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D. Focus on Technical Functionalities

While the focus of some studies lies in the pedagogical aspects of online tools (e.g., [1, 2, 3]), others delve into the technical
functionalities. Gholap (2012) [8] presented a study on online compilers using cloud computing, while Ahad et al. (2018) [9] and Pal
et al. (2020) [10] conducted reviews specifically on online Java compilers and online compiler and interpreter platforms, respectively.
These studies provide insights into the technical underpinnings of online tools and their potential for scalability and accessibility.

E. Gaps and Future Directions

Despite the significant advancements, there are gaps in the current research. The long-term effectiveness of Al-powered tutors and
collaborative online environments in various learning contexts needs further investigation. Additionally, the potential drawbacks of
Al-generated code completion, particularly for beginners, require careful consideration. Future research should explore the optimal
integration of Al into online tools to maximize their effectiveness for learning.

IV.  COMPILER TYPES
This review paper focuses on the broader impact of online programming tools on education, it's important to acknowledge the different
types of compilers that underpin these tools. Understanding these variations can shed light on the functionalities and potential
applications of online compilers:

A. Single-Pass Compilers

These compilers perform a single translation step, converting the source code directly into machine code. While efficient, they offer
limited opportunities for optimization or error checking during the compilation process. Single-pass compilers are less common in
online environments due to their potential limitations in handling complex code or providing real-time feedback.

B. Multi-Pass Compilers

These compilers make multiple passes through the source code. In the first pass, they perform lexical analysis and syntactic analysis,
checking for syntax errors and generating an intermediate representation of the code. Subsequent passes can focus on optimization,
code generation, and error handling. This multi-step approach allows for more robust error checking and optimization techniques,
making them a better fit for online environments that often provide real-time feedback and error highlighting.

C. Cross-Compilers

These compilers are designed to generate code for a different target platform than the one they run on. This is particularly relevant for
online programming tools that might be web-based (running on a server) but compile code for various operating systems or devices.
Cross-compilers enable the development of software for embedded systems or platforms where the development environment might
not be readily available.

D. Source-to-Source Compilers

These compilers translate code written in one high-level language into another high-level language. Online tools might utilize
transpilers to convert code written in a less common language (like TypeScript) into a more widely supported language (like
JavaScript) for execution in web browsers. This allows for the use of advanced language features while maintaining compatibility with
various platforms.

E. Just-in-Time (JIT) Compilers

These compilers translate bytecode or intermediate code into machine code at runtime. This approach is often used in online
environments like Java Virtual Machines (JVM) or the .NET Common Language Runtime (CLR). JIT compilers can improve
performance by optimizing code based on the specific execution environment, making them a valuable asset for online programming
tools that need to adapt to various user requirements.

V.  CHALLENGES
This review paper explores the exciting advancements in online programming tools, there are inherent challenges associated with
analyzing this research landscape:
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A. Rapid Evolution

The field of online programming tools is constantly evolving, with new features, functionalities, and Al integrations emerging rapidly.
Keeping pace with this ever-changing landscape can be difficult, and some recent advancements might not be fully captured in this
review.

B. Diversity of Tools and Platforms

The sheer number and variety of online programming tools available can be overwhelming. This review has focused on broader
categories like online compilers and collaborative environments, but there are numerous specific tools with unique functionalities.
Analyzing the effectiveness of each tool can be challenging due to this vast and ever-growing pool.

C. Measuring Learning Outcomes

Evaluating the true impact of online tools on learning outcomes presents difficulties. Standardized testing methods might not fully
capture the nuances of programming skills development. Additionally, factors like student motivation, prior knowledge, and
instructional methodologies can also influence learning outcomes, making it challenging to isolate the specific contribution of online
tools.

D. Integration with Existing Curriculums

Successfully integrating online programming tools into existing curriculums requires careful consideration. Research on the
pedagogical implications and optimal use of these tools within various learning contexts is needed. Additionally, ensuring equitable
access to these tools for all students can be a challenge, particularly in regions with limited technological resources.

E. Ethical Considerations of Al Integration

The use of Al-powered tutors and code completion tools raises ethical concerns. Over-reliance on Al-generated solutions could hinder
students' understanding of core programming concepts. Additionally, potential biases within the Al algorithms themselves need to be
addressed to ensure fair and equitable learning experiences for all students.

VI.  CONCLUSION
This review paper has explored the evolving landscape of online programming tools, highlighting their impact on learning outcomes,
collaboration, and the potential of Al-powered personalized learning. While online compilers have offered a foundation for remote
learning and code execution, recent advancements in Al and machine learning are revolutionizing the way students interact with
programming concepts. Adaptive coding tutors, collaborative online environments, and Al-powered code completion tools represent
exciting possibilities for personalized feedback, real-time assistance, and fostering teamwork in learning. However, challenges remain.
The rapid pace of development necessitates continuous research to stay updated with the latest functionalities. Additionally, ensuring
equitable access to online tools, mitigating potential biases in Al algorithms, and addressing the ethical considerations of Al-based
assistance are crucial areas for future exploration. Despite these challenges, the future of online programming tools appears bright. By
harnessing the power of Al and integrating these tools effectively into existing curriculums, educators can create dynamic and
engaging learning experiences for students at all levels. This review paper serves as a springboard for further research, encouraging a
collaborative effort to develop and utilize online programming tools in a way that optimizes the learning process for future generations
of programmers.
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