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Job Recommendation System Using Hybrid Embedding Models

1. Introduction
The rapid growth in online recruitment platforms has increased the volume of job postings and resumes to a great extent. As a result, matching job seekers with suitable job opportunities has become an uphill task Traditional approaches based on keywords for matching resumes and job descriptions fail to capture the real semantic meaning, especially in the case of multilingual environments.
This research proposes a hybrid job recommendation system that incorporates multiple embedding models into one to improve the quality of the job matching. It supports both English and Arabic resumes, using state-of-the-art NLP techniques in combination with deep 
learning-based semantic representations.
This work is designed to experimentally analyze four embedding models and, based on an experimental evaluation, compare their relative effectiveness for an accurate match between resumes and job descriptions.
· Simple (Word2Vec)
· Weighted (TF-IDF +)
· Doc2Vec
· SBERT

2. Proposed Methodology
2.1 System Architecture
This is the system architecture in four main stages:
1. Data Input
· English and Arabic resumes in PDF format.
· Job postings dataset in CSV format.


2. Preprocessing and Translation
· Extraction of resume text.
· Translation of Arabic resumes into English.
3. Feature Extraction
· Conversion of textual data into numerical vector representations using four different embedding models.
4. Similarity Computation and Recommendation
· Matching resumes to job descriptions by cosine similarity method.
· Choosing the most relevant job recommendation for each resume.
The architecture is such that it enables processing multilingual resumes while maintaining a unified semantic space for proper comparison.
2.2 Data Extraction and Preprocessing
Text Extraction
Text from resumes was extracted by using the "pdfplumber" library. This tool enables accurate extraction of text from multi-page resumes.Job postings were loaded from a structured CSV dataset using the Pandas function:
pd.read_csv()
Language Normalization and Translation
Since the system supports both Arabic and English resumes, translation is needed to unify all content in a single semantic space. Two translation strategies have been experimentally compared:
· Google Translate
· mTranslate
· In additional experiments:
· NLLB-200
· M2M100
If a resume is detected as Arabic, it is automatically translated into English before further processing.
Text Cleaning and Tokenization
All texts were:
· Converted to lowercase.
· Tokenized using NLTK.
· Stop words were removed.
· Especial symbol, URLs, and large spaces were cleaned using regular expressions.
This preprocessing step decrease noise and greatly improves the quality of feature extraction.
3. Models I used in the project
3.1 Simple -Word2Vec
Word2Vec represents every word as a heavy numerical vector in a continuous vector space. A resume or job description is represented as the average of all word vectors contained in it.
Mathematical Representation
The documents contain words w_1,w_2,.,w_n, each represented by a vector v ⃗_i. The document vector is:

Cosine Similarity equation 

Interpretation
This is one fast approach computationally but does not consider word importance and contextual meaning, hence its limited discriminative power.



3.2 Weighted (TF-IDF + Word2Vec)
Improvement over the previous one by weighting each word with its TF-IDF score. This highlights important skills, such as “Python”, while reducing the impact of generic terms such as “Team”, “Management”.
Mathematical Representation

3.3 Doc2Vec
Doc2Vec extends Word2Vec to represent the entire document as a single vector.
Each document Dis trained jointly with word vectors:

Limitation
Doc2Vec requires large-scale training data to stabilize. In this project, the dataset size was relatively limited, which directly affected the quality of learned document embeddings.
3.4 SBERT (Sentence-BERT)
SBERT is a deep neural network built on top of BERT. It converts sentences and documents into dense semantic embeddings optimized for similarity search, we used a all-mpnet-base-v2 The best general model of semantic similarity in the world currently and step ahead in the previous module msmarco-distilbert.
Semantic Embedding Representation






Why SBERT Performs Better
· Captures contextual meaning.
· Understands semantic relationships.
· Distinguishing between similar words in usage.
· Producing a real similarity distribution.
4. Similarity Computation
Cosine Similarity method is used to calculate the similarity between each resume and job description:

 5. Experimental Results and Percentage Analysis
5.1 Arabic (Google + mTranslate)
	Model
	Green
	Yellow
	Red

	Simple
	12%
	3%
	85%

	Weighted
	0%
	6%
	94%

	Doc2Vec
	23%
	14%
	64%

	SBERT
	30%
	3%
	67%


Interpretation
· SBERT results is the highest match (Green = 30%).
· Simple and Weighted models suffer from very high mismatch due to over-reliance on generic vocabulary.
· Doc2Vec improved partially but remained unstable.



5.2 Arabic (NLLB + M2M100)
	Model
	Green
	Yellow
	Red

	Simple
	9%
	0%
	91%

	Weighted
	11%
	3%
	86%

	Doc2Vec
	14%
	3%
	83%

	SBERT
	21%
	3%
	76%


Interpretation
· Even with enhanced translation, the problem of Arabic semantic transfer remains.
· SBERT keep to exceed all other models.
5.3 English Resumes
	Model
	Green
	Yellow
	Red

	Simple
	47%
	20%
	33%

	Weighted
	43%
	13%
	43%

	Doc2Vec
	43%
	20%
	37%

	SBERT
	63%
	23%
	13%


Interpretation
· English resumes achieved significantly higher accuracy.
· SBERT results is the best with the lowest mismatch.







6. Discussion
The experimental results clearly show that:
• Statistical models (Word2Vec & TF-IDF) heavily rely on surface-level word overlap and fail to capture deep semantics.
• Doc2Vec provides a slight improvement with unstable performance because of scarce training data.
• In all Arabic and English scenarios, SBERT produces highly reliable and realistic results consistently.
Translation quality has a crucial impact. Even for state-of-the-art translators like NLLB and M2M100, Arabic results are far less accurate compared to English. This indeed confirms that multilingual semantic distortion still represents a major challenge.
 7. Conclusion
This research was successful in showing that:
• Deep contextual embeddings outperform traditional statistical embeddings significantly.
• In all the experiments performed, SBERT achieved the highest exact matching accuracy.
• It acts as a dependable basis for the development of real-world AI-powered job recommendation platforms.
 8. System Flow Diagram 
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