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Abstract 

Tools and artifacts produced by open source software (OSS) have been woven into the foundation of the technology 

industry. To keep this foundation intact, the open source community needs to actively invest in sustainable approaches to 

bring in new contributors and nurture existing ones. We take a first step at this by collaboratively designing a maintainer 

dashboard that provides recommendations on how to attract and retain open source contributors. For example, by 

highlighting project goals (e.g., a social good cause) to attract diverse contributors and mechanisms to acknowledge (e.g., 

a “rising contributor” badge) existing contributors. Next, we conduct a project-specific evaluation with maintainers to 

better understand use cases in which this tool will be most helpful at supporting their plans for growth. From analyzing 

feedback, we find recommendations to be useful at signaling projects as welcoming and providing gentle nudges for 

maintainers to proactively recognize emerging contributors. However, there are complexities to consider when designing 

recommendations such as the project current development state (e.g., deadlines, milestones, refactoring) and governance 

model.    

1. Introduction 

1.1 The Sustainability Challenge in Open Source Software 

Despite the ubiquity of open source in our technology infrastructure and products, OSS projects struggle with a variety of 

challenges that can impact project health and sustainability. Research has found OSS to be a challenging ecosystem to 

navigate, both for newcomers and for experienced OSS contributors in large mature organizations . We scope our study 

to help, attract and retain newcomers as this group is essential in ensuring a constant flow of contributors and a sustainable 

community. Newcomers have been found to face particularly challenging barriers. They often struggle with even finding 

a task to work on. Even after newcomers have contributed to the project, retaining them is nontrivial. In some projects, as 

high as 80% of these contributors do not transition to long term contributors . A lack of newcomers can also hurt the health 

and sustainability of OSS projects. It is thus important to implement proactive measures to help make OSS projects more 

welcoming for newcomers to join and stay. Previous research has focused on solutions to help newcomers, for example, 

through mentoring or an information platform that overcomes the common newcomers’ barriers . In this paper, we focus 

on the other end of the spectrum by empowering maintainers to improve their project and community health for 

newcomers. 

1.2 A Socio-Technical Solution: The Personalized Contributor Dashboard 

To tackle this significant attrition issue, this paper suggests a socio-technical intervention: a data-driven, Personalized 

Contributor Dashboard. While human mentorship is a very effective onboarding method, it is a limited resource that 

cannot be easily scaled in volunteer-based OSS communities. The proposed dashboard is intended to automate and scale 

the essential functions of a mentor—offering guidance, feedback, and encouragement. It is more than just an information 
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source; it is a dynamic system designed to actively guide, motivate, and integrate newcomers into a project's community. 

By delivering personalized task recommendations, real-time progress updates, and clear goals, the dashboard directly 

tackles the lack of support materials and timely feedback, which are recognized as key factors in newcomer attrition. 

1.3 Theoretical Grounding and Research Questions 

The design of the Personalized Contributor Dashboard is deliberately based on established psychological theories of 

human motivation. We argue that an effective onboarding tool must cater to the basic psychological needs of its users. 

Our approach combines three complementary theories: Self-Determination Theory (SDT), which guides the fostering of 

intrinsic motivation; Goal-Setting Theory, which offers a structure for organizing actions and effort; and Self-Efficacy 

Theory, which details how to build a contributor's confidence and resilience. This multi-theoretical framework informs 

the design of each feature to ensure a cohesive and motivating experience. 

This study is shaped by the following three research questions (RQs), which are designed to assess the effectiveness of 

this approach: 

● RQ1: Does providing personalized issue recommendations (based on user skills and project data) increase 

first-contribution success, compared to generic/manual discovery? 

● RQ2: Does access to real-time progress tracking and gamified elements (badges, streaks, stats) lead to 

higher retention/frequency of contributions versus contributors without such feedback? 

● RQ3: Does dashboard-driven onboarding increase new contributors’ perceived self-efficacy and 

satisfaction compared to traditional approaches? 

By exploring these questions, this paper aims to offer empirical backing for the benefits of personalized, data-driven 

interventions in enhancing the health and sustainability of open source communities. 

2. Background and Related Work 

2.1 The Newcomer's Journey: A Review of Onboarding Barriers in OSS 

The challenges that contributors face include not finding a good task to start with , a lack of mentors , not being recognized 

for one’s work, a mismatch between contributors’ motivation in joining a project and the project goals, as well as a 

mismatch in career goals and expectations. Scaffolding newcomer learning or encouraging contributors is not an easy 

task, as community leaders (e.g., maintainers) have limited time to attend to both the project and community needs. Past 

research has identified strategies to overcome some of these challenges. Several works have researched mechanisms to 

help newcomers start to contribute. For example, newcomer-friendly issue labels that explicitly highlight starter tasks can 

help newcomers make their first contribution. Santos et al provided an approach to automatically identify the skills needed 

for an OSS tasks, which could then be used to label issues. On the other hand, Huang et al. have shown that certain project 

topics, especially those that relate to social good help in attracting a diverse set of contributors. Other works have shown 

the benefit of badges as an attractor for projects. For example, code quality badges that signal project quality can help 

create positive impression among contributors. The challenges that contributors face include not finding a good task to 

start with, a lack of mentors, not being recognized for one’s work, a mismatch between contributors’ motivation in joining 

a project and the project goals, as well as a mismatch in career goals and expectations. Scaffolding newcomer learning or 

encouraging contributors is not an easy task, as community leaders (e.g., maintainers) have limited time to attend to both 

the project and community needs. Past research has identified strategies to overcome some of these challenges. Several 

works have researched mechanisms to help newcomers start to contribute. For example, newcomer-friendly issue labels 

that explicitly highlight starter tasks can help newcomers make their first contribution. Santos et al. provided an approach 

to automatically identify the skills needed for an OSS tasks, which could then be used to label issues. On the other hand, 

Huang et al. have shown that certain project topics, especially those that relate to social good help in attracting a diverse 

set of contributors. Other works have shown the benefit of badges as an attractor for projects. For example, code quality 

badges that signal project quality can help create positive impression among contributors.   
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2.3 State of the Art in Contributor Support Tools 

2.3.1 Gamification and Self-Tracking in Software Development 

The use of game-design elements in non-game contexts, known as gamification, has been investigated as a way to boost 

motivation and engagement in software engineering. Common elements include points, badges, levels, and leaderboards, 

which can make routine or difficult tasks more enjoyable and competitive. Studies have indicated that these elements can 

improve student engagement in software engineering education and motivate developers in professional settings. The 

most frequently used elements are points, badges, and leaderboards, which offer clear feedback and a sense of 

accomplishment. 

At the same time, self-tracking and developer productivity dashboards have become more widespread. These tools offer 

metrics on activities such as deployment frequency, cycle time, and commit volume. However, a major issue with such 

tools is the risk of focusing on easily measured but potentially misleading metrics (e.g., lines of code) that favor quantity 

over quality and can lead to burnout. Additionally, manual time-tracking can be seen as tedious and a threat to developer 

autonomy. An effective dashboard must therefore provide meaningful metrics that show genuine progress without turning 

into a tool for micromanagement. 

2.3.2 From Generic Labels to Personalized Task Recommendation 

The most common method for guiding newcomers is the manual labeling of issues by maintainers with tags like good first 

issue or help wanted. While this approach is well-intentioned, it has considerable drawbacks. Research indicates that these 

generically labeled issues are often not numerous enough or are a poor fit for the varied skills and backgrounds of 

individual newcomers, leading to a high rate of unsuccessful contribution attempts. A "good first issue" for an experienced 

developer who is new to a project is quite different from one for a student making their first-ever contribution. 

This discrepancy underscores the critical need for personalization. Recent research has shifted towards creating 

automated, personalized first issue recommenders. For instance, the PFIRec model by Wang et al. uses machine learning 

to rank potential issues for a specific newcomer by considering features of both the individual (e.g., expertise preference, 

prior OSS experience) and the issue. This approach is in line with broader trends in recommendation systems, which 

employ techniques like content-based filtering (matching item attributes to user profiles) and collaborative filtering (using 

the behavior of similar users) to offer customized suggestions. Our proposed system expands on this line of research by 

incorporating a personalized recommendation engine as the foundation of a comprehensive, motivation-focused 

onboarding experience. 

3. System Design: The Personalized Contributor Dashboard 

The Personalized Contributor Dashboard is a web-based application created to offer a complete and motivating 

onboarding experience for new contributors to OSS projects. Its architecture and features are a direct application of the 

theoretical principles discussed in the previous section. 

3.1 System Architecture and Technology Stack 

The system is designed as a modern, single-page application (SPA) that adheres to the principles of Clean Architecture to 

ensure a clear separation of concerns and ease of maintenance. This layered design separates business logic from 

framework-specific details, making testing and future updates easier. 

● Frontend Framework: The user interface is developed using Next.js, a widely used React framework. 

Next.js was chosen for its robust features, such as a file-system-based App Router for clear and intuitive routing, 

and its support for both Server-Side Rendering (SSR) for dynamic data and Static Site Generation (SSG) for fast-

loading static content. This hybrid rendering approach ensures both high performance and current information. 

● Language: TypeScript is utilized across the entire codebase. Its static typing leads to better code quality, 

improved developer tools, and enhanced maintainability, which is essential for a project of this kind. 

● Backend-for-Frontend (BFF): The system uses a BFF pattern, with Next.js Route Handlers acting as 

API endpoints. These server-side functions manage all interactions with the external GitHub API, process and 

combine data, and handle sensitive credentials, ensuring that the client-side application receives only the necessary 
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data in the correct format. 

● Styling: The user interface is styled with a modern CSS framework like Tailwind CSS, which enables 

the quick development of a responsive and visually appealing design. 

● Deployment: The application is designed for containerization with Docker, which simplifies the setup 

and deployment process in various environments. 

3.2 Data Layer: Harnessing the GitHub API 

The dashboard relies exclusively on data obtained from the official GitHub API. This method guarantees that all 

information is accurate and current, reflecting the real-time status of the target OSS project. 

● API Strategy: A dual-API approach is used. The GitHub REST API is employed for fetching specific, 

well-defined resources, such as repository statistics, commit activity, and user profiles. For more intricate data 

requirements, like retrieving nested information about issues, comments, and related pull requests in a single 

request, the GitHub GraphQL API is used. GraphQL's flexible query language allows the application to request 

precisely the data it needs, avoiding the over-fetching often seen with REST APIs and enhancing performance. 

● Data Points: The system gathers a broad range of data points to create a detailed view of both the 

contributor and the project. This includes user data (public repositories, languages, starred projects), repository data 

(issues, labels, pull requests, commit history), and community interaction data (comments, reviews). 

● Authentication: Users authenticate through GitHub's OAuth flow. The application then uses the user's 

access token to make authenticated API requests, ensuring access to user-specific data while respecting GitHub's 

API rate limits. 

 

4. Project Growth : Attracting Newcomers 

For project growth, the dashboard uses two recommendations to help attract newcomers: newcomer-friendly issue labels, 

and OSS goal(s)project tags. 

4.1 Newcomer-Friendly Issue Labels. 

The dashboard analyzes the issue tracker data to identify:(1)the percent of issues that are labeled with a newcomer friendly 

label by string-matching against the set of newcomer-friendly labels in “MunGell / awesome for-beginners” GitHub 

repository. This list is curated from 187 repositories in  22 programming languages. Additionally , the dashboard detects 

if the issue labels the   newcomer friendly labels used by other OSS projects . Based on the above  data, the dashboard 

suggests adding newcomer friendly label(s) such as “good first issue”. 

  

4.2 OSS Goals 

We used the approach from Huang et al.To collect OSS4SG projects’ goals. The dashboard recommended projects that 

are about “social good” to signal their goals through README.MD badges to help attract contributors. Maintainers found 

this recommendation can help their project in the following ways.Increases visibility... Maintainers felt “those meta tags 

allow it to be more contextually meaningful ” and “make it more more visible”, which was considered “important, 

particularly, for young projects” and attracts diverse contributors and users. Maintainers felt this recommendation would 

help “engage a broader spectrum” of contributors, especially from “traditionally underrepresented people in computer 

science”. found that this could be useful to not only attract contributors but also users by indicating “there’s this project 

out there that can be interesting and useful to you. Never mind contributing to it, but use it”. Maintainers also shared that 

this can emphasize that “working in the social good ones doesn’t diminish the experience for the developers” 
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5. Conclusion and Future Work 

 

5.1 Summary of Contributions 

In this work, we took a first step in providing a systematic mechanism through which OSS community leaders (e.g., 

maintainers) can be proactive about their community’s health and sustainability. We designed and evaluated a dashboard 

that provides recommendations for maintainers to help them attract (e.g., advertise project goals) and retain (e.g., 

recognize contributors) newcomers to their project. We worked closely with OEs, who understand the project practices 

and communicate regularly with OSS participants.  

One key feedback when creating recommendations was the need to take into consideration the project’s contribution 

model. With the open source ecosystem increasingly using hybrid models of contribution, different governance models 

exist. While some projects are driven by a community of volunteers, others are company-driven with paid employees 

being the main contributors.  explained: “because this project in specific was company sponsored...Most of the things that 

work here , don’t work elsewhere”. 

5.2 Directions for Future Research 

To summarize, open source software is a key digital infrastructure that drives many of our products and a venue for 

workforce development. However, current project maintainers are often resourceconstrained to scaffold newcomers' 

learning, which is not only detrimental to the project’s health, but also to society. Therefore, as researchers we need to 

identify mechanisms to help maintainers attract and retain (new) contributors. As different OSS projects have different 

characteristics and needs, it is important to continue to “listen” to maintainers to better understand what tools and support 

they need. Maintainers’ listening tours  and industry conferences  are great venues to foster industry-academia 

collaborations. 
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