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Abstract: The startup ecosystem is still growing effortlessly, but finding investors and startups 
in a trustworthy, efficient, and specific manner is still a constant challenge. Most of current 
platforms only provide minimal search and filter capabilities, which are inefficient and 
frequently neglect potential matches on either side. This paper introduces Startup Sphere, a 

full-stack web platform that uses the MERN stack (MongoDB, Express.js, React.js, and Node.js) 
to connect investors as well as businesses via a recommendation system based on artificial 
intelligence and machine learning. While investors receive intelligent, personalized 
recommendations that align with their specified interests and browsing behaviors, the platform 
provides businesses with a professional platform to present their concepts, milestones, and 
funding requirements. While investors receive intelligent, personalized recommendations that 
align with their stated preferences and browsing habits, the platform provides businesses with 
a professional platform to display their ideas, milestones, and funding requirements. Both 

parties can speak directly without ever leaving the platform due to an integrated messaging 
system. The design choices, system architecture, recommendation method, and initial testing 
results are explained in the paper. StartupSphere acts as an example of how machine learning 
and modern open-source web technology may be economically integrated to create an open 
and accessible digital investment ecosystem. 

 

Key Words: Startup Sphere, MERN Stack, AI recommendation system, startup-investor 
matching, collaborative filtering, content-based filtering, React.js, MongoDB, 
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I.INTRODUCTION 

Entrepreneurship has long been recognized as a major driver of economic growth, innovation, and employment. 

Startups and small-to-medium enterprises (SMEs) contribute significantly to national and global economies by introducing 

new products, services, and business models. Despite their importance, many early-stage startups struggle with a basic but 

critical problem: getting seen by the right investors at the right time. 
On the other side of the table, investors including angel investors, venture capitalists, and institutional funders face 

the opposite challenge. They must evaluate hundreds of opportunities, most of which do not match their sector focus, 

investment stage, or risk appetite. This process is time-consuming, heavily reliant on personal networks, and prone to bias. 

Research by Tang and colleagues [1] confirms that inefficiencies in the venture capital funding process are rooted in 
information asymmetry a situation where one party lacks enough reliable information about the other to make confident 

decisions. 
Existing digital platforms such as AngelList and Crunchbase have helped somewhat by moving startup profiles 

online. However, as studies on digital startup financing in emerging economies have shown [2], these platforms largely 

depend on static search mechanisms and do not offer personalized matchmaking. The result is that both startups and investors 

continue to miss opportunities that would have been relevant to them. 
Startup Sphere addresses this gap by combining the strengths of modern web development with artificial 

intelligence. The platform is built on the MERN stack MongoDB, Express.js, React.js, and Node.js which provides a scalable 

and efficient full-stack development environment. An AI and machine learning-based recommendation engine sits at the core 

of the system, analyzing user preferences, behavioral data, and profile similarities to surface the most relevant matches 

automatically. 
 

II. LITERATURE REVIEW 

Startup-Investor Matching and Digital Platforms 

The challenge of matching startup founders with investors has been studied for some time. Mohamedali [3], in his 
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master's thesis at MIT, built a tool called VCWiz and conducted a quantitative study of the founder-investor matching 

process. His work showed that most founders lack structured tools to navigate the fundraising landscape and that systematic 

data-driven matching can significantly reduce the time and effort involved in finding suitable investors. This work directly 

informed the design principles behind StartupSphere's recommendation-first approach. 

More recent work by Takahashi et al. [4] explored the use of structural embeddings and temporal investment data 

to predict compatible startup-VC fund pairings. Their system incorporated graph-based representations of investment 

histories and natural language processing of startup descriptions to improve match accuracy. While their approach was 

applied in the Japanese market, the underlying insight that past investment patterns and startup profile semantics together 

predict good matches is a core idea in StartupSphere's recommendation design. 
Research on information asymmetry in venture capital has also shaped this work. Tang and Peterson [1] argue that 

both founders and investors incur significant costs due to information gaps: investors waste time reviewing irrelevant pitches, 

while startups spend disproportionate effort on fundraising instead of building their product. They identify digital platforms 

with structured, transparent data as one of the most viable pathways to reducing these inefficiencies. Similarly, Yang et al. 

[2] demonstrated through a study of Chinese digital startups that even basic digital signals such as app download counts and 

founder credentials can meaningfully reduce information asymmetry and improve funding outcomes. 

 

Recommendation Systems 

Recommendation systems have become essential infrastructure in many digital products. Adomavicius and Tuzhilin 

[5], in a widely cited IEEE survey, laid out the foundational taxonomy of recommendation techniques: content-based 

filtering, collaborative filtering, and hybrid approaches. Their work remains the reference point for evaluating which 
technique is appropriate for a given application. For a platform like StartupSphere, where both item attributes (startup 

profiles) and user behavior matter, a hybrid approach is the recommended choice. 

Chen et al. [6] confirmed this in a study specifically comparing hybrid recommendation algorithms against single-

technique systems. Their experiments showed that combining content-based and collaborative filtering substantially reduced 

data sparsity issues and improved recommendation accuracy particularly for items (or, in our case, startups) that had not yet 

received many interactions. This finding directly supports the hybrid design used in StartupSphere. 

A persistent challenge in any recommendation system is the cold-start problem: how to make good 

recommendations for new users who have no interaction history. Hawashin et al. [7], in an IEEE conference paper, proposed 

using machine learning classifiers on user profile information to build initial preference models for new users. Their approach 

showed strong accuracy results and fast classification times across multiple classifiers. StartupSphere adopts a similar 

strategy by defaulting to content-based recommendations for new users based on their registration-time preferences, 

gradually incorporating behavioral signals as the user interacts with the platform. 
Yuan and Hernandez [8] conducted a systematic review of cold-start solutions in recommender systems, covering 

techniques from matrix factorization and deep learning to cross-domain transfer methods. Their review reinforced that hybrid 

models remain the most practically robust approach for real-world deployments where the user base includes both new and 

experienced users at the same time. 

 

MERN Stack and Web Application Development 

The MERN stack has become one of the most widely adopted full-stack JavaScript frameworks in modern web 

development. Arora et al. [9], in a study published in the International Journal of Scientific Research, demonstrated the 

effectiveness of the MERN stack for building a secure and scalable freelancing marketplace. Their work compared MERN 

against Laravel-based alternatives and concluded that MERN offered better integration capabilities, faster API response 

times, and more flexible data modeling conclusions consistent with the architectural choices made in StartupSphere. 
Shukla et al. [10] built an e-commerce web application using MERN and documented the performance 

characteristics of the stack in a production-like environment. Their work highlighted MongoDB's particular strength in 

handling varied document structures a property that is especially important for StartupSphere, where startup profiles contain 

heterogeneous fields depending on the industry and stage of the company. 

Research comparing MERN against MEAN and other JavaScript stacks [11] has consistently found that React's 

virtual DOM gives MERN-based applications a rendering performance edge, particularly for dynamic, data-heavy interfaces 

like the discovery feeds and dashboards in StartupSphere. 

 

III. PROBLEM STATEMENT 

Despite the growing number of startups and investors in the digital economy, a well-documented structural problem 

persists: there is no centralized, intelligent, and easy-to-use platform that connects them in a truly personalized way. The 

problem operates on two levels. 
From the startup's side: early-stage founders, especially those outside major tech hubs, have very limited visibility 

beyond their immediate personal and professional networks. Even when they list their companies on existing platforms, they 

are competing for attention with thousands of other listings. Without an intelligent system to surface their profile to investors 

who actually care about their sector and stage, they remain largely undiscovered. At the same time, most platforms do not 

provide guidance, mentorship resources, or structured ways to improve profile quality leaving founders to figure things out 

on their own. 
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From the investor's side: the problem is information overload. Going through hundreds of startup profiles manually 

to find three or four that match a specific set of criteria is exhausting and inefficient. Most platforms offer only keyword-

based filtering, which requires investors to already know what they are looking for and misses contextual matches. 

Additionally, once an investor finds an interesting startup, most platforms lack in-built communication tools adding friction 

and reducing trust. 

As Tang and Peterson [1] put it, both sides of the market spend enormous effort on activities that do not directly 

create value founders fundraising instead of building, and investors screening instead of investing. A smarter, data-driven 

platform that reduces this friction is not just a convenience; it is a meaningful contribution to the efficiency of the 

entrepreneurial ecosystem. 
Startup Sphere targets four specific problems: (1) the absence of personalized, AI-driven startup-investor matching; 

(2) limited visibility for early-stage startups; (3) the inefficiency of manual, filter-based discovery for investors; and (4) the 

lack of integrated, secure, in-platform communication between founders and investors. 

 

IV.SYSTEM DESIGN AND ARCHITECTURE 

StartupSphere is designed around a three-tier architecture: a frontend presentation layer, a backend API layer, and 

a database layer. An additional AI/ML module operates as a loosely coupled service that communicates with the backend 

through an internal REST API. This separation ensures that each layer can be updated or scaled independently without 

affecting the rest of the system. 

 

Frontend Layer 
The frontend is built using React.js, a component-based JavaScript library developed by Meta. React's virtual DOM 

enables efficient re-rendering only the components that actually change are updated, which keeps the interface fast and 

responsive even when displaying large numbers of startup profile cards. Each section of the UI (the navigation bar, profile 

cards, recommendation feed, messaging panel, and dashboards) is built as a reusable component, making the codebase 

modular and easy to extend. Routing between pages is handled by React Router, ensuring a smooth single-page application 

experience. 

 

Backend Layer 

The backend is powered by Node.js and Express.js. Node.js uses a non-blocking, event-driven I/O model, which 

makes it well-suited for a platform that needs to handle many concurrent users browsing profiles and exchanging messages 

simultaneously. Express.js provides a lightweight and flexible framework for defining RESTful API endpoints. All data 

exchanged between the frontend and backend passes through these endpoints in JSON format. Authentication is handled 
using JSON Web Tokens (JWT), which ensures that only verified users can access protected routes and data. 

 

Database Layer 

MongoDB is used as the primary database. Unlike relational databases that require a fixed schema, MongoDB stores 

data as flexible BSON (Binary JSON) documents. This is particularly well-suited for startup profiles, which can vary 

significantly in structure depending on the industry, company stage, and the kind of information a founder chooses to 

highlight. Collections in MongoDB store user data, startup profiles, investor preferences, messaging logs, and interaction 

histories. Indexes on frequently queried fields such as industry sector, funding stage, and geographic location ensure fast 

query performance as the database grows. 

 

AI/ML Module 
The recommendation engine is implemented in Python as a separate service. It exposes a REST API that the main 

backend calls when generating personalized feeds. The module uses Scikit-learn for implementing the machine learning 

algorithms, Pandas for data manipulation, and NumPy for numerical processing. The module is stateless it receives data from 

the backend, processes it, and returns ranked recommendations. This design makes it straightforward to swap out or retrain 

models without disrupting the main  

 

V.KEY FEATURES AND MODULES 

Role-Based Registration and Dashboards 

Users register as either a startup or an investor. The registration process is role-specific: startups provide details 

about their company, industry, product stage, and funding goals, while investors indicate their preferred sectors, investment 

range, and portfolio focus. Once registered, each user sees a customized dashboard that surfaces the most relevant information 

for their role. Startups see their profile metrics and who has viewed their profile; investors see their personalized 
recommendation feed and bookmarked startups. 

 

Startup Profile Management 

Startups can create rich, multi-section profiles that include the company overview, founding team bios, product 

description, traction metrics, revenue model, market size estimate, funding history, and how much they are currently raising. 

Profiles support media uploads such as product screenshots and pitch deck links. The completeness of a profile directly 
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influences its visibility in the recommendation engine well-filled profiles receive better coverage in investor feeds, 

incentivizing founders to keep their profiles up to date. 

 

Investor Discovery and Bookmarking 

Investors access a discovery feed that is dynamically populated by the recommendation engine. The feed can also 

be filtered manually by sector, startup stage, or funding range for users who prefer a more hands-on search experience. Each 

startup card in the feed shows key metrics at a glance. Investors can bookmark startups they are interested in and add private 

notes, helping them manage their pipeline without needing external tools. 

 

In-Platform Messaging 

A built-in messaging system allows investors and founders to initiate and maintain direct conversations without 

exchanging personal contact information upfront. All messages are stored and accessible from the user's dashboard. This 

keeps communication organized, reduces the friction of moving off-platform, and creates a transparent audit trail of expressed 

interest. 

AI Recommendation Feed 

The recommendation feed is the central feature of StartupSphere. Rather than asking users to search and filter manually, the 

system proactively surfaces the most relevant profiles based on a combination of stated preferences, behavioral data, and 

profile similarity scores. The feed updates as users interact with the platform, becoming more accurate over time. 

 

VI.AI-BASED RECOMMENDATION SYSTEM 

Overview and Design Rationale 

The recommendation system in StartupSphere is designed using a hybrid approach that combines content-based 

filtering and collaborative filtering. This choice was informed directly by the findings of Chen et al. [6], who showed that 

hybrid systems significantly outperform single-technique systems on sparse datasets a realistic description of the early-stage 

data environment that any new platform faces. 

 

Content-Based Filtering 

Content-based filtering works by comparing the features of items with the stated preferences of a user. In 

StartupSphere, a startup profile is represented as a feature vector that captures attributes such as industry sector (encoded as 

category indices), funding stage, geographic region, team size, and key technologies mentioned in the profile description 

(extracted using basic TF-IDF weighting). An investor's preference profile is represented similarly. Cosine similarity is 

computed between investor profiles and all startup feature vectors to produce an initial ranked list of recommendations. 
This approach is effective for new users because it only requires their registration-time preferences no interaction 

history is needed. This directly addresses the cold-start challenge identified by Hawashin et al. [7], whose machine learning-

based cold-start solution similarly relied on user profile information as the primary input for new user recommendations. 

 

Collaborative Filtering 

Collaborative filtering operates on patterns of user behavior rather than item attributes. As described in the 

foundational survey by Adomavicius and Tuzhilin [5], the core assumption is that users who have shown similar behavior in 

the past are likely to find the same things interesting in the future. In StartupSphere, behavioral signals include profile views, 

time spent on a profile, bookmark actions, and initiated conversations. These signals are aggregated into a user-item 

interaction matrix. Matrix factorization is then applied to identify latent factors that explain the observed interaction patterns 

and to predict which startups a given investor is most likely to engage with next. 
Collaborative filtering becomes more powerful as the platform accumulates interaction data. For early users with 

limited history, the content-based module handles most of the recommendation load; as a user's interaction history grows, 

the collaborative signal is progressively weighted more heavily in the final recommendation score. 

 

Hybrid Scoring and Cold Start Handling 

The final recommendation score for a startup shown to a given investor is a weighted combination of the content-

based similarity score and the collaborative filtering prediction score. The weights are tunable parameters that are adjusted 

based on how much behavioral data is available for the user. A user with very little interaction history receives 

recommendations that are almost entirely content-based; a user with a rich interaction history receives a more balanced blend. 

This dynamic weighting strategy is a direct implementation of the hybrid recommendation framework approach. As 

Yuan and Hernandez [8] noted in their systematic review, hybrid models with adaptive weighting are among the most robust 

solutions available for real-world recommender systems that must serve both new and experienced users simultaneously. 

 

Model Training and Evaluation 

The ML models are trained using historical interaction data stored in MongoDB. The training pipeline is managed 

in Python using Scikit-learn and Pandas. Model quality is evaluated using standard recommendation system metrics: 

Precision@K (what fraction of the top-K recommendations are actually relevant) and Recall@K (what fraction of all relevant 

items appear in the top-K recommendations). The models are retrained periodically as new data accumulates. Because the 
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AI module is a separate service, retraining and model updates can be performed without any downtime to the main platform. 

 

VII.TECHNOLOGY STACK 

The technology choices for StartupSphere were made to maximize developer productivity, system scalability, and 

cost efficiency all important considerations for a project developed in an academic setting with a view toward future real-

world deployment. 

React.js was chosen for the frontend because of its component-driven architecture and efficient rendering via the 

virtual DOM. Studies comparing MERN against alternative stacks [11] consistently show that React's rendering performance 

is superior for dynamic, data-heavy UIs. The large and active React developer community also ensures long-term support 
and a wide ecosystem of compatible libraries. Node.js and Express.js were selected for the backend because of Node's non-

blocking I/O model, which is well-suited to a platform handling many concurrent API requests. As demonstrated by Shukla 

et al. [10], Express.js simplifies API route management and middleware integration without introducing unnecessary 

complexity. MongoDB was selected as the database because of its document-oriented storage model, which handles the 

varied and evolving structure of startup profiles far more gracefully than a rigid relational schema would allow. Python with 

Scikit-learn, Pandas, and NumPy powers the AI module. Scikit-learn provides well-tested implementations of the algorithms 

needed for the recommendation engine including TF-IDF vectorization, cosine similarity, k-nearest neighbors, and matrix 

factorization and is backed by an active research community [12]. The platform is deployed on cloud infrastructure (Render 

for the backend, Vercel for the frontend, and MongoDB Atlas for the database), keeping hosting costs minimal while ensuring 

availability and scalability. 

 

VIII.RESULTS AND ANALYSIS 

Startup Sphere was evaluated through functional testing of all platform modules and performance testing of the 

recommendation engine using a dataset of simulated startup and investor profiles. 

 

Platform Functionality 

All core features user registration, profile creation, discovery feed, bookmarking, and messaging worked correctly 

across both desktop and mobile browsers. React's responsive component design ensured that the interface adapted cleanly to 

different screen sizes without layout issues. Page load times for the discovery feed, which fetches and renders multiple profile 

cards simultaneously, remained within acceptable bounds even with 50 or more cards loaded in the test environment. 

The backend API endpoints responded correctly to all tested scenarios, including authentication flows, profile 

CRUD operations, and recommendation fetch requests. MongoDB query performance was good on all frequently accessed 

fields, with indexed queries returning results in under 50 milliseconds in the test environment. 

 

Recommendation Engine Performance 

The recommendation engine was evaluated on a test dataset of 200 simulated investor profiles and 500 simulated 

startup profiles. Content-based filtering alone achieved a Precision@10 of approximately 0.38, which is reasonable but leaves 

room for improvement. Collaborative filtering alone performed poorly for users with few interactions (Precision@10 around 

0.22), confirming the cold-start challenge documented in the literature [7][8]. The hybrid model, with dynamic weighting, 

achieved a Precision@10 of approximately 0.54 and a Recall@10 of 0.41 a significant improvement over either single-

technique approach. 

These results are consistent with the findings of Chen et al. [6], who also observed that hybrid models outperform 

their single-technique counterparts on sparse datasets. The cold-start handling strategy defaulting to content-based 

recommendations for new users ensured that even first-time users received meaningful suggestions immediately after 
registration, without any degradation in recommendation quality for existing users. 

 

Method Precision@10 Recall@10 Cold-Start Notes 

Content-Based Filtering Only 0.38 — ✔ Handled Uses TF-IDF + 

cosine similarity 

Collaborative Filtering Only 0.22 — ✘ Poor Degraded with 

sparse history 

Hybrid Model (Dynamic Weighting) 0.54 0.41 ✔ Handled Best overall; 
adaptive weighting 

Table 1: Recommendation Engine Performance Comparison 

 

Module / Feature Test Scenario Result Remarks 

User Registration & Auth Email/password + JWT 

session 

✔ Pass Tested across startup and 

investor roles 
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Startup Profile CRUD Create, edit, delete 

profile 

✔ Pass All fields saved and updated 

correctly in MongoDB 

Investor Preference Setup Multi-select sectors & 

stages 

✔ Pass Preferences feed correctly to 

ML module 

MongoDB Indexed Query Sector + stage filter 

query 

< 50 ms Indexed fields; consistent sub-

50 ms response 

API Endpoint Coverage Auth, CRUD, 
Recommendation 

✔ Pass All endpoints returned correct 
HTTP status codes 

In-Platform Messaging Send / receive 

messages 

✔ Pass Messages stored and retrieved 

from MongoDB 

Responsive Design Desktop, tablet, mobile ✔ Pass React component layout 

adapts cleanly 

Table 2: Platform Functional Testing Summary 

 

Metric CB Only CF Only Chen et al. [6] Hybrid Hybrid (Ours) 

Precision@10 0.38 0.22 ~0.50–0.58* 0.54 

Recall@10 — — ~0.38–0.44* 0.41 

Cold-Start Handled Yes No Yes Yes 

Sparse Data Robust Yes No Yes Yes 

Adaptive Weighting N/A N/A Yes Yes 

* Approximate range reported across datasets in Chen et al. [6]; CB = Content-Based; CF = Collaborative Filtering. 

Table 3: Recommendation Technique Comparison vs. Literature Benchmarks 

 

User Feedback 

The platform was reviewed by a test group of 15 users, including engineering students and faculty members with 

backgrounds in business and entrepreneurship. The majority found the interface intuitive and the discovery feed easy to 
navigate. The in-platform messaging feature was specifically highlighted as a significant improvement over platforms where 

communication has to happen through external channels. Several users noted that the AI recommendation feed surfaced 

profiles they would not have found through manual search, validating the core premise of the system. 

 

IX.CONCLUSION 

This paper has presented StartupSphere, a web-based platform that addresses a well-documented problem in the 

startup-investor ecosystem: the difficulty of connecting the right startups with the right investors in a personalized, efficient, 

and trustworthy way. By combining the MERN stack with an AI-based hybrid recommendation system, the platform offers 

a smarter alternative to the static, filter-driven tools that dominate the current landscape. 

The platform gives startups a professional, structured space to present their work to a relevant audience, and gives 

investors an intelligent tool that proactively surfaces the opportunities most likely to match their interests. The hybrid 
recommendation engine combining content-based and collaborative filtering with adaptive cold-start handling produces 

meaningfully better recommendations than either approach alone, as validated by both the literature and the platform's own 

test results. 

From a practical standpoint, StartupSphere demonstrates that a capable, AI-powered matching platform can be built 

entirely with open-source tools at minimal cost making it viable not only as an academic project but as a genuine foundation 

for a real-world product. The modular architecture ensures that future enhancements such as NLP-powered pitch deck 

analysis, fraud detection, investor scoring, mobile application development, or integration with public startup databases can 

be added without redesigning the core system. 

Ultimately, StartupSphere contributes to the broader goal of making entrepreneurship more inclusive. By giving 

every startup regardless of their location or network a fair chance to be discovered by the right investor, the platform supports 

the kind of innovation-driven economic growth described in the United Nations' Sustainable Development Goal 9. 
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