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Abstract: In this paper, we propose a job title recommendation system using a combination of Natural
Language Processing (NLP) techniques and machine learning. We implement a TF-IDF Vectorizer and
cosine similarity to recommend jobs based on user inputs like skills, experience, industry, and role
category. The system was built using Python and integrated into a user-friendly interface using Streamlit,
enabling personalized recommendations. We evaluate the accuracy of recommendations and discuss
potential improvements
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I. INTRODUCTION

Recruitment has evolved in the digital age, with technology playing a key role in matching job seekers with
opportunities. Job recommendation systems use data science to align candidates with roles based on skills, industry,
experience, and career goals [1]. Traditional job searches are inefficient due to unstructured job descriptions, often
leading to irrelevant recommendations. This highlights the need for advanced systems that better understand the
relationship between profiles and job listings [2].

Machine learning techniques, like TF-IDF (Term Frequency-Inverse Document Frequency) and Cosine Similarity,
enhance these systems by converting text into numerical values and quantifying the relevance between user inputs and
job descriptions. This paper introduces a job recommendation system that leverages these techniques to match user
skills, industry preferences, and experience with suitable job listings. An interactive front-end using Streamlit makes it
accessible to job seekers and HR professionals [3].

II. HELPFUL HINTS

Combine Features: Ensure that all relevant fields, such as Key Skills, Role Category, Functional Area, Industry, and Job
Experience, are merged into a single string for each job listing [4].

This consolidation allows for better context capture during analysis. TF-IDF Vectorization: Utilize a TF-IDF vectorizer
to convert the combined features into numerical representations. This technique helps quantify the importance of terms
relative to the overall dataset [5]. Additionally, consider filtering out common stop words to focus on more meaningful
terms. Cosine Similarity: Apply cosine similarity to measure how similar user inputs are to job listings. This metric
identifies the closest matches based on the angle between the vectors, facilitating effective recommendations. Streamlit
Integration: Use Streamlit to create an interactive web application [6]. This platform enables a user-friendly interface
where users can input their details and receive job recommendations in real-time, enhancing the overall experience.
Model Testing: Regularly test the performance of the recommendation system using sample user inputs. Compare the
output against known relevant jobs and track key metrics, such as precision and recall, to evaluate effectiveness.
Implement a feedback mechanism to gather user ratings on the relevance of job recommendations. Iterative
Development: Continuously refine the model by incorporating user feedback, expanding the dataset, and exploring
advanced machine learning techniques or deep learning models for improved accuracy. This ongoing process ensures
that the system remains relevant and effective in providing job recommendations. Streamlit Integration: Use Streamlit
to create an interactive web application [7]. This platform enables a user-friendly interface where users can input their
details and receive job recommendations in real-time, enhancing the overall experience. Model Testing: Regularly test
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mechanism to gather user ratings on the relevance of job recommendations [9]. Iterative Development: Continuously
refine the model by incorporating user feedback, expanding the dataset, and exploring advanced machine learning
techniques or deep learning models for improved accuracy [10]. This ongoing process ensures that the system remains
relevant and effective in providing job recommendations [11].

III. METHODS AND MATERIALS
We used a dataset of job listings with fields such as key skills, role category, functional area, industry, and job
experience. A TF-IDF vectorizer was applied to combine these features and transform them into numerical vectors [12].
The system allows users to input their preferences (skills, experience, etc.), which are then compared to the job listings
using cosine similarity to recommend the best matches [13]. We built the model in Python using pandas for data
manipulation, scikit-learn for TF-IDF vectorization and cosine similarity, and Streamlit to develop the user interface
[14].

IV. RESULTS AND DISCUSSION
A. System Output and Job Recommendations : The job recommendation system was tested using a sample input
consisting of key skills in Python, Data Analysis, and Machine Learning, with 2-5 years of experience, targeting the IT
Software industry and the Data Science functional area [15]. The system processed this input and generated
recommendations based on the most relevant job descriptions from the dataset [16]. The job descriptions were
compared to the user input by combining the features extracted from fields such as "Key Skills,""Role
Category,""Functional Area,""Industry," and "Job Experience Required." Using the TF-IDF Vectorizer, each job listing
was transformed into numerical vectors [17]. These vectors were compared against the user's input using Cosine
Similarity, which provided a similarity score between 0 and 1. A higher score indicates greater relevance of a particular
job to the user's profile. Table 1 below shows the top 5 recommended jobs along with their cosine similarity scores. The
jobs are ranked from highest to lowest relevance [18].
To avoid confusion, the family name must be written as the last part of each author name (e.g. John A.K. Smith).
Each affiliation must include, at the very least, the name of the company and the name of the country where the author
is based (e.g. Causal Productions Pty Ltd, Australia) [19].

Job Title Job Salary Job Experience Key Skills Cosine Score
Data Science $70000- $90000 | 3-5yrs Python, ML, 0.89
SQL
Machine $80000- 2-4yrs Python, Data 0.85
Learning $100000 Analyst, Deep
Engineer Learning
Al Researcher $85000- 2-5yrs Python, Data 0.83
$110000 Analyst,
Visualization
Data Analysis $65000- $85000 | 3-6yrs Python, Al 0.80
Machine
Learning
Business $65000-$85000 | 3-5yrs Data Analyst, 0.78
Intelligence Python, SQL
Analyst

As shown in Table 1, the system identified roles that are highly relevant to the user’s input, with Data Scientist

achieving the highest similarity score of 0.89. This demonstrates the system's effectiyes capturing key job
requirements and matching them with the user's skills and experience [20]. A 2
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B. Cosine Similarity and Ranking of Jobs: The Cosine Similarity metric used in this system is crucial for ranking job
recommendations. By converting both the job descriptions and user input into vectorized forms through TFIDF, cosine
similarity measures the cosine of the angle between two vectors [21]. When the angle is small, the cosine of the angle
approaches 1, indicating a high degree of similarity between the vectors[22]. For this use case, we observed that jobs
involving Python, Machine Learning, and Data Analysis skills yielded the highest cosine similarity scores, suggesting
that these skills strongly align with the job descriptions in the dataset [23]. Additionally, job experience played an
important role in the final ranking, with jobs requiring 2-5 years of experience being favored over those requiring
significantly more or less experience. The top 5 job recommendations were visually represented using a bar graph (see
Figure 1), where the height of each bar corresponds to the cosine similarity score for each job [24]. This graphical
representation makes it easier for users to interpret the results and identify which jobs are most aligned with their
profile [25].

C. Evaluation of TF-IDF and Cosine Similarity Approach: The TF-IDF Vectorization technique effectively captures
the importance of different words in job descriptions, making it an ideal method for text-based recommendation
systems. One of the advantages of TF-IDF is its ability to downplay the significance of common words (e.g.,
"skills,""experience") that appear frequently across job descriptions, while highlighting unique terms such as specific
programming languages or industry-related terms[26]. In this implementation, the combination of TF-IDF and Cosine
Similarity proved to be a strong approach for recommending jobs. This is especially true for technical roles, where job
descriptions often include well-defined keywords like "Python,""Machine Learning," and "Data Analysis." The system
was able to match the user’s skills with these keywords effectively. However, there are a few limitations to consider.
First, the job recommendations are largely dependent on the exact wording of the job description[27]. Variations in
phrasing could lead to slightly lower similarity scores, even if the job is relevant. Second, the system does not currently
account for preferences such as geographical location or salary expectations, which could further improve the relevance
of job recommendations[28].

D. System Performance and Response Time: During testing, the system demonstrated efficient performance in terms
of response time. Once the user inputs were provided, the job recommendations were generated within a few
seconds[29]. This was primarily due to the pre-processing steps involved in vectorizing the job descriptions beforehand,
allowing for quick comparison with user input. While the system performed well for technical roles, future
optimizations could further improve response time and accuracy. For instance, adding weighting factors to certain fields
(e.g., placing more importance on "Key Skills" than "Industry") could enhance the recommendation process [30].

E. Potential Areas for Improvement: Several areas for improvement and further development were identified during
the evaluation of the system:

e User Profile Personalization: Incorporating user preferences such as desired location, salary range, and company
culture would make the recommendations more personalized and practical for job seekers.

e Interactive Feedback Loop: Implementing a feedback loop where users can rate the quality of the job
recommendations they receive could help improve the system’s future recommendations. The system could use this
feedback to adjust the weighting of different input factors [31].

e Integration of Real-Time Data: Including real-time job postings from popular recruitment platforms could make the
system more dynamic and relevant by continuously updating the pool of available jobs [32].

F. Graphical Representation of Results

The bar graph below (Figure 1) illustrates the cosine similarity scores for the top 5 job recommendations based on the
user’s input. The job titles are displayed along the y-axis, while the x-axis represents the cosine similarity scores [33].
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Top 5 Job Recommendations based on Cosine Similarity

Data Scientist |

Machine Learning Engineer

Data Analyst

Al Researcher |

Business Intelligence Analyst
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Cosine Similarity Score
Figure 1: A sample line graph using colours which contrast well both on screen and on a black-and-white hardcopy
In job recommendation systems, common issues can significantly impact performance. Handling missing values
incritical fields like "Key Skills" or "Job Experience Required" is crucial [38]. To address this, either fill missing values
with  placeholders (e.g., "N/A") or remove listings with critical fields missing [34]. Standardizing inconsistent data
formats (e.g., different representations of job experience) ensures uniformity. Vectorization issues also affect
performance[39]. The vocabulary size during TF-IDF vectorization must be optimal, avoiding noise from a large
vocabulary and omissions from a small one. Filtering out common stop words and considering domainspecific ones
enhances data representation [35]. Additionally, selecting relevant features is crucial; combining only valuable fields
improves effectiveness. Performance evaluation often overlooks essential metrics, leading to an overestimation of
effectiveness. Use accuracy, precision, recall, and F1-score to measure performance accurately [36]. Implementing a
feedback mechanism for user ratings helps refine recommendations. Lastly, testing with a robust, representative dataset
and conducting cross-validation ensures the model generalizes well [37].

IV. CONCLUSION
In conclusion, the job recommendation system developed in this paper effectively leverages TF-IDF Vectorization and
Cosine Similarity to provide relevant job recommendations based on user input. By analyzing user skills, experience,
role preferences, and functional areas, the system offers a tailored list of job opportunities that align closely with the
user's profile.
The results demonstrate that the system can successfully identify high-relevance jobs, making it a valuable tool for job
seekers navigating the often-overwhelming landscape of available positions. The visual representation of cosine
similarity scores allows users to easily assess which job listings are most relevant, further enhancing user experience.
Despite the system's effectiveness, there are areas for improvement, such as integrating additional user preferences,
refining the algorithm to account for variations in job descriptions, and implementing a feedback mechanism to enhance
the personalization of recommendations. Future work can also explore the incorporation of more complex models, such
as deep learning approaches, to further improve the accuracy and relevance of job matches.
Overall, this research highlights the potential of using data-driven approaches in recruitment, ultimately aiding both job
seekers and employers in finding suitable matches more efficiently.
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