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Abstract: The study explores the integration of intelligent web scraping techniques to enhance the internship
matching process within internship management systems. The increasing demand for internships necessitates
timely and efficient intern matching, a task that conventional manual techniques need help with due to its
complexity and time-consuming nature. Intelligent web scraping algorithms and machine learning techniques
analyze extensive datasets to match interns with businesses based on competencies, interests, and professional
objectives. The integration leverages natural language processing to extract relevant information from internship
listings and candidate profiles, enhancing the precision and effectiveness of the matching process. Additionally,
clustering and matching algorithms refine recommendations, pairing students with opportunities that fit their
competencies and career objectives. However, implementing intelligent web scraping raises ethical concerns,
particularly regarding data privacy and algorithmic bias. Ensuring the ethical utilization of these techniques is
critical for fair and unbiased internship matching. The research addresses these ethical considerations while
proposing a framework for integrating intelligent web scraping into existing systems. The study reviews the
literature on web scraping and machine learning in internship management, critically analyzing and synthesizing
past research findings to demonstrate the efficacy of these techniques over conventional methods. The study also
introduces a theoretical model for effective internship matching, investigating intelligent web scraping and machine
learning techniques to optimize the process. Additionally, it examines the benefits, challenges, and limitations of
integrating these techniques. The proposed intelligent web scraping approach simplifies internship matching,
aligns student strengths with opportunities, enhances onboarding efficiency, and bridges academic learning with
practical application.

Keywords: Businesses; Internship Management System; Internship Matching; Machine Learning; Natural Language
Processing; Web scraping

1. Introduction

The ongoing growth of technology and digitalization in everyday activities necessitates preparing
students for future digital challenges [1]. Artificial intelligence (Al) has transformed various industries and
sectors [2]. One domain suitable for Al integration is internship management systems (IMSs). Internships
are essential in linking academic learning with real-world work experiences, benefiting both students and
businesses [3-5]. Conventional matching methodologies, relying on manual procedures and subjective
assessments, frequently impede the effectiveness of internships, leading to mismatches [6-8].

IMSs are a promising process and outcome enhancement area among the domains poised for Al
integration. The integration of Al significantly improves internship matching, providing customized, data-
driven solutions for both students and businesses [9-12]. Al algorithms assess various elements, such as
student competencies, interests, and professional objectives, recommending suitable internship options
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[11,13]. The streamlined matching process enhances achievement and productivity [13]. Web scraping,
essential in Al, data science, and cybersecurity, involves the automated extraction of data from websites,
benefiting e-commerce, data analytics, and research [14]. Studies indicate a concept shift towards embracing
digital solutions, highlighting intelligent web scraping as a beneficial element in this domain [15].

A prime opportunity exists to integrate intelligent web scraping techniques. The increased data
availability and machine learning (ML) algorithm advancements enhance internship matching. The process
auto-extracts and analyzes vast online data, matching interns with businesses based on competencies,
interests, and needs.

The increasing demand for internships across various domains underscores the need for enhanced
internship matching processes. Conventional manual techniques, often complex and time-consuming,
frequently result in unsuitable connections between students and internship opportunities. This study
investigates the benefits of incorporating intelligent web scraping methods into IMSs. The research
addresses the question: “How can intelligent web scraping methods improve the efficiency and accuracy of
matching students with appropriate internship opportunities?” by exploring how these techniques can
enhance matching interns with proper businesses. By harnessing the capabilities of intelligent web scraping
techniques, IMSs consider an array of factors, including academic performance, competencies, interests, and
career objectives. Subsequently, intelligent web scraping algorithms can propose customized and fitting
internship options for each student, ultimately enhancing internships' overall satisfaction and efficiency.

The primary goals of this research are: 1) To investigate intelligent web scraping and ML techniques
and algorithms to optimize the internship matching process; 2) To develop a theoretical model for
internship matching, focusing on potential improvements over conventional methods; 3) To analyze the
benefits, challenges, and limitations of utilizing intelligent web scraping techniques for internship
matching. The study investigates the integration of intelligent web scraping and machine learning into IMS
to improve matching efficiency. By automating data extraction and utilizing advanced analytics, the study
matches student competencies with opportunities while addressing ethical concerns such as data privacy.
The research introduces a framework bridging academic knowledge and practical applications, providing
a scalable and efficient alternative to conventional methods.

In conclusion, the research explores how intelligent web scraping techniques can elevate the quality of
internships. By providing perspectives into the potential of intelligent web scraping techniques in matching
students with internships suited to individual profiles, the endeavor aims to enhance student learning and
business engagement with interns. Furthermore, the study seeks to demonstrate how intelligent web
scraping techniques can bridge the gap between theoretical knowledge acquired by students and practical
application in real-world work environments. The approach seeks to equip students with innovative
competencies, ensuring preparedness for a constantly transforming future.

2. Technological Progress in Internship Management Systems
2.1. Technology’s Role in Internships

Internship management has progressed through technological innovation, providing valuable
professional experiences and boosting employability for students and businesses [16-17]. Formerly,
internships relied on manual matching through documentation and personal communication [18].
Institutions and students coped with a time-consuming procedure for reports and internship applications
[18-19]. By incorporating technology into everyday activities, internship management has seen substantial
improvements, promoting a shift toward a broader range of skills needed in the job market [20]. Web and
cloud platforms have enhanced conventional methods, facilitating digital solutions and value creation [21].
Early versions of IMSs were online job boards, evolving into web-based portals linking students, businesses,
and educational institutions [5]. In the modern era, state-of-the-art technologies enable a dynamic ecosystem
of IMS. Al algorithms enhance internship matching [22].

Moreover, virtual and augmented reality provides deep, engaging workplace perspectives [23].
Furthermore, data analytics in this ecosystem enhance student performance insights and internship
program effectiveness [24]. The literature review explores this evolution, revealing how technology has
streamlined internship management and improved the experience for students, educational institutions,
and businesses.
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2.2. Advantages of Intelligent Web Scraping: Methodologies and Applications

This section presents a comprehensive academic study centered on methodologies and algorithms that
define intelligent web scraping. Web scraping, an essential component of data science and Al, extends
beyond data extraction to involve intelligent parsing and organization for real-world applications [14,25].
ML algorithms, crucial for intelligent web scraping techniques, adapt to various layouts and formats,
thereby boosting the accuracy and efficiency of data extraction [26-27]. Moreover, natural language
processing (NLP) excels in extracting significant insights from text-heavy pages, integrating technologies
for both quantitative and qualitative data analysis [28-29]. Intelligent web scraping is key for market and
customer sentiment analysis, competitor monitoring, and price tracking in business [14]. In scholarly
studies, intelligent web scraping enhances large dataset aggregation. Automated resume evaluation and
web scraping revolutionize recruitment by minimizing errors and biases [30-31]. Job classification
techniques leverage data scraping from various internship portals and business websites to match
candidates with internships, considering their competencies, interests, and experience [32]. Ethical and legal
compliance are essential in intelligent web scraping, as emphasized in thoroughly examining its various
applications and prospects [14]. The challenging nature of web data necessitates continuous innovation in
web scraping methods, driven by the web’s rapid progression and the complexities of harvesting data for
scientific use [33].

2.3. Advantages of Machine Learning in Internship Matching

ML in internship matching is a novelty in education, indicating Al's growing role in improving student
achievement throughout all life cycle stages [34-35]. The study reviews how ML algorithms can be
integrated into IMSs to match students with suitable internship options. ML algorithms excel in processing
large volumes of data efficiently and accurately, outperforming conventional methods [36-37]. Intelligent
algorithms enhance student success by suggesting internships aligned with competencies, interests, and
objectives while considering comprehensive educational factors [38]. In IMSs, predictive analytics is critical,
serving as a primary digital technology for understanding job market trends [20]. ML algorithms improve
effectiveness by predicting student internship suitability through pattern recognition in past performance
and learning styles [39].

Consequently, skilled students in one field often thrive in related areas, providing predictive insights
for matching students with internships and businesses with suitable candidates. Moreover, incorporating
the growing application of ML in self-adaptive systems, these algorithms develop their matching criteria
over time through adaptive learning, becoming more accurate by integrating evolving job and education
trends [40]. Furthermore, integrating ML in internship matching assesses technical and essential soft
competencies and executives' observations that new hires often need further development in social and
meta-competencies, which alone are insufficient for hiring [41]. Incorporating ML in critical sectors such as
credit lending or criminal justice necessitates addressing challenges such as data privacy, algorithmic bias,
and transparent, domain-specific fairness audits to ensure decisions are fact-based and uninfluenced by
human biases [42]. In summary, integrating ML with internship matching signifies a notable improvement
in educational technology. Applying ML facilitates more customized and adaptive internship matching,
significantly improving students’ academic and professional journeys.

2.4. Ethical Considerations in AI-Driven Internship Systems

Integrating Al-driven systems has transformed internship placements, improving efficiency and
accuracy in matching students with best-suited industry experiences [10,43]. The discussion covers ethical
issues like data privacy and algorithmic bias in Al-enabled internship systems with web scraping,
highlighting the need for comprehensive study. A balance must be maintained between leveraging Al to
enhance system efficiency and safeguarding individual privacy rights, as failure risks trust and misuse [44].
Ethical Al implementation requires adherence to transparency, data minimization, and user consent to
safeguard rights. Compliance with regulations like the General Data Protection Regulation (GDPR) is
crucial for legal alignment and preserving user data integrity in all processes [44]. In Al-enabled internship
matching, data privacy is essential, regardless of Al's comprehensive industry benefits and insights from

www.aetic.theiaer.org



AETiC 2025, Vol. 9, No. 1 4

varied data sources [37]. Scraping extensive personal data from the web, such as education, social media,
and interests, facilitates data mining for customized recommendations and internship program evaluations
[37]. Ethical concerns emerge due to diverse data collection practices among researchers [45]. Reliance on
ML-based web scraping prompts ethical issues, mainly when methods involve unregulated data collection.
Practices involving scraping without explicit consent or beyond legal frameworks underscore ethical
challenges [46]. These challenges intensify as ML-based web scraping risks normalizing ethically
ambiguous practices. Practical measures should focus on implementing data encryption to protect sensitive
intern information, anonymization to safeguard personal data, and data minimization to ensure that only
necessary information is collected and retained. Obtaining user consent and adhering to data retention
policies that ensure safe storage and proper deletion of data is essential. Additionally, mechanisms must
ensure ML systems prevent bias and unfairness in internship matching. Ensuring ethical and credible use
of web scraping technologies requires regular security audits and adherence to regulations such as GDPR
[47]. While ML enhances internship matching accuracy, mechanisms must prevent bias and unfairness [48].
Algorithmic transparency and accountability remain crucial to balance efficiency with fairness and
responsible data practices [46]. Embedding safeguards foster trust and minimize risks of ML-driven web
scraping's unethical perception. The security of protecting sensitive data from breaches and misuse must
be comprehensively evaluated [45]. This section explores the balance between enhancing Al system
efficiency and safeguarding individual privacy rights.

3. Methodology

The research methodology comprises four steps: identifying critical aspects of IMSs, identifying web
scraping and ML techniques, developing a theoretical model for matching interns, and identifying the
benefits, challenges, and limitations of intelligent web scraping integration. These steps aim to refine
internship matching processes (Figure 1).

Step1: Identification of Important Aspects of Internship Management Systems

Step 2: Identification of Web scraping and ML Techniques and Algorithms
Step 3: Development of theoretical Model for effective Internship Matching

Step 4: Identification of Benefits, Challenges of Integrating Intelligent Web Scraping
Figure 1. Methodology main steps - Source: Authors” work

3.1. Web Scraping and Machine Learning Techniques in Enhancing Internship Matching Systems

Web scraping and ML techniques have proven critical in internship matching. Table 1 includes a
variety of techniques, algorithms, and applications built by researchers to enhance the efficiency of
matching systems.

Selected studies explore the integration of web scraping and ML techniques in job-matching systems,
significantly contributing to the internship matching field. These research efforts focus on different aspects
of system enhancement. A group of studies, including those by Shah et al. [49], Sinha et al. [48], and Marin
and Amel [55], focuses on using web scraping alongside ML to develop recommendation systems. Research
emphasizes data preprocessing and entity recognition to enhance the matching process. Another critical
element, explored by Vanetik and Kogan [50], Mhamdi et al. [52], and Suman et al. [57], is the integration of
NLP into systems. This integration allows for more effective parsing and understanding of complex job
descriptions and applicant profiles. Researchers such as Alsaif et al. [58,60], Drozda et al. [61], and Verma et
al. [62] employ an approach that combines web scraping, ML, and NLP to refine algorithms. Data cleaning
and advanced preprocessing techniques are explored by Varelas et al. [53], Akshay et al. [54], Narula et al.
[65], and Thali et al. [51] to ensure the reliability and accuracy of the matching systems. Contributions from
Mittal et al. [56], Alharbi and Al-Alawi [59], Singh et al. [62], and Panchasara et al. [64] highlight the
application of sophisticated ML models and NLP. This Work addresses specific challenges in matching
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candidates with appropriate internships, focusing on targeted data analysis and model applications to meet
user needs. Collectively, these 18 studies underscore a trend toward data-driven solutions that enhance the
operational efficiency of matching systems.

Table 1. Evaluation of Techniques and Algorithms in Web Scraping and Machine Learning for Matching

Techniques Used Prepllz)ziassing Model / Application Tt:ll‘::l?c::::s
o0 F8 Y] E %D g c §
£ S 1 E |8 |8 1518 |»|E
2 S8 |E =88 |%|%
1 | Shah et al. [49] N N N N] N N J N
2 | Sinha et al. [48] v N N N J J N
3 | Vanetik and Kogan [50] v v N N N
4 | Thalietal. [51] v \ N J N
5 | Mhamdi et al. [52] NN A y \/ \/ \/ N
6 | Varelas et al. [53] \ N N N J N
7 | Akshay et al. [54] v N J
8 | Marin and Amel [55] v \/ N N N J
9 | Mittal et al. [56] v N N N N ] N N
10 | Suman et al. [57] v N N N J N N
11 | Alsaif et al. 2022 [58] v v \/ N ~ N N N N
12 | Alharbi & Al-Alawi [59] N[N A V V V v N
13 | Alsaif et al. [60] v \ N N N N N J N
14 | Drozda et al. [61] v v N J N N
15 | Verma et al. [62] v N N N N N
16 | Singh et al. [63] v NN v ) N N N
17 | Panchasara et al. [64] v v N N N J N N
18 | Narula et al. [65] N N N N N J J N 7

Based on the evaluation presented, this literature review section establishes a structured foundation
for exploring the application of web scraping and machine learning techniques in enhancing internship
matching systems. The research categorizes the content into three key parts: intelligent web scraping for
extracting listings, machine learning for profile matching, and developing a theoretical model for effective
matching. The analysis thoroughly explores these approaches’ benefits, challenges, and limitations. Each
part builds upon the insights from the reviewed literature, presenting a comprehensive and systematic
approach to advancing internship management systems.

4. Internship Matching: Web Scraping and Machine Learning Techniques and Algorithms

The competitive process of matching students with internships frequently fails due to conventional
methods [66-67]. Integrating advanced web scraping and ML into IMSs addresses this gap and provides a
possible solution [5,15]. Research focuses on technologies and methodologies that enhance the efficiency of
internship matching using advanced data extraction and analysis.

Web scraping, a technique for automatically retrieving information from websites, gathers vast
amounts of internship data. HTML parsing and API-based extraction facilitate the systematic gathering of
structured data, allowing IMSs to maintain an up-to-date repository of opportunities [68-69]. The vast
amount of online data necessitates intelligent techniques to enhance extraction. ML and NLP refine data
quality [70]. ML identifies patterns, enhancing the categorization and relevance of internships, while NLP
understands human language, extracting insights from internship descriptions, business profiles, and
student resumes [70-71].

After data extraction, the critical step is cleaning and matching to provide optimal internship
recommendations [72]. Algorithms are essential, utilizing clustering to categorize similar internships and
matching to align student profiles [94]. In summary, integrating web scraping and ML in IMSs transforms
the matching process. Automating data extraction, enhancing data intelligently, and applying advanced
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algorithms for cleaning and matching improves efficiency, accuracy, and user experience. The following
sections provide comprehensive studies on these technologies.

4.1. Fundamental Web Scraping Technologies

Two core technologies, HTML parsing and API-based extraction, support web scraping by providing
different approaches for retrieving valuable data from web sources [14,72].

4.1.1. HTML Parsing

HTML parsing, a core web scraping technique, extracts data directly from the HTML structure of web
pages by utilizing the Document Object Model (DOM) hierarchy to identify and retrieve specific elements,
such as internship listings, business information, and application deadlines [73-74]. HTML parsing offers
flexibility as its main benefit, applying broadly to nearly all HTML web pages. Tools like BeautifulSoup,
Scrapy, or Cheerio help developers locate and extract data using CSS selectors or XPath, such as identifying
all <div> elements with a "job-listing" class [54,74-75]. However, HTML parsing faces challenges such as
frequent website updates and anti-scraping measures like JavaScript or CAPTCHAsS, requiring ongoing
scraper maintenance to adjust to changes in website structures and ensure efficient data extraction [76].

4.1.2. API-Based Extraction

API-based extraction is a reliable web scraping method, as many websites provide APIs designed for
data exchange, enabling developers to access structured data in formats like JSON or XML for specific data
retrieval, such as available internships, business profiles, and user feedback [14,68].

API-based extraction delivers robustness and consistency, as APls are stable and less susceptible to
breaking than HTML structures, providing comprehensive data for thorough analysis [73]. Tools like
Postman or Insomnia enable interaction and endpoint testing and ensure accurate data retrieval [77].
Although API-based extraction provides benefits, the lack of public APIs, access restrictions, and sometimes
not providing specific data limit its effectiveness, requiring a hybrid approach with HTML parsing [68,78].
Ultimately, incorporating HTML parsing and API-based extraction into IMSs improves the capacity to
match students with suitable internships by ensuring accurate and comprehensive data collection.

4.2. Intelligent Techniques for Enhanced Data Extraction

Intelligent data extraction techniques like ML and NLP enhance matching students with appropriate
internship opportunities [37].

4.2.1. Machine Learning-Based Approaches

ML involves the study of algorithms and statistical models that enable computer systems to carry out
specific tasks without explicit programming [66]. ML algorithms analyze vast datasets, using supervised
and unsupervised learning techniques to identify patterns and efficiently match student competencies and
interests with position criteria [79-80]. Supervised learning, which depends on labeled training data,
predicts a student's suitability for a specific internship based on historically successful matches, while
unsupervised learning clusters students and internships into groups with similar attributes, enhancing the
matching process by identifying the most appropriate matches [80].

4.2.2. Natural Language Processing (NLP)

NLP is a field of research and practical application focused on enabling computers to comprehend and
manipulate natural language, whether written or spoken, to carry out valuable tasks [81]. NLP is essential
for extracting and analyzing unstructured data from diverse sources, parsing textual data to identify critical
information such as necessary competencies, job roles, and candidate qualifications, and creating thorough
profiles for students and internships, enabling more accurate matches. For instance, NLP can analyze
position descriptions to extract keywords and phrases that characterize the best candidate and subsequently
match these with the competencies and experiences provided in student resumes [81-83]. ML and NLP in
internship systems automate data extraction and analysis and match students with internships. ML and
NLP enhance match accuracy, aligning positions with student competencies and interests and benefiting
businesses with well-matched candidates. Intelligent techniques for data extraction provide significant
advantages for IMSs, improving outcomes for students and businesses [84].
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4.3. Algorithm-Based Approach for Data Cleaning and Matching

4.3.1. Clustering Algorithms

Clustering algorithms are essential in data cleaning and matching, grouping similar data points based
on their characteristics [85]. In the context of internship matching, clustering algorithms categorize students
based on their competencies and interests, identifying patterns and relationships within the data to enable
more accurate and efficient matching [85-86]. The K-Means algorithm is a widely recognized method for
clustering, which organizes data into K groups by measuring the mean distance among data points. Each
cluster centroid repeatedly reassigns data points to the nearest cluster until the clusters stabilize [87]. The
approach is beneficial for identifying distinct groups within the data, such as students with similar
competency sets or career objectives [87-88].

The Hierarchical Clustering algorithm constructs a cluster hierarchy by merging or splitting clusters
based on similarity. The algorithm initiates by considering each data point as an individual cluster. The
process then iteratively merges or splits clusters until achieving the desired level of granularity, which is
beneficial for identifying nested or hierarchical relationships within the data [85,89-90].

4.3.2. Matching Algorithms

Matching involves efficiently allocating resources by connecting two entities within a market to attain
a stable or optimal state, using preference lists for various matching scenarios [91]. Matching algorithms
pair students with suitable internships based on competencies, interests, and objectives, considering
academic performance and professional objectives [92]. Collaborative Filtering is a commonly used
matching algorithm that recommends internships based on the interests of similar students. The algorithm
constructs a matrix of student interests, identifies the students most similar to the target student, and
recommends internships that are popular among these similar students [91-92,105]. The Content-Based
Filtering algorithm matches internships with students” interests by analyzing internship descriptions,
building a matrix of features, and identifying opportunities that align with the student’s specific
competencies and interests [92]. Combining clustering and matching algorithms, IMSs provide more precise
internship recommendations, enhancing student success and increasing employer satisfaction [92-93].

5. Application of Intelligent Web Scraping in Internship Management: Case Studies

The research categorizes the content into three key parts. The approach ensures up-to-date data,
categorizes opportunities based on competencies, and predicts the best fits, enhancing internship
management efficiency.

5.1. Automated Extraction of Listings from Diverse Sources

Automated extraction of listings from diverse sources utilizing intelligent web scraping techniques is
essential for developing a comprehensive management system that provides access to the most relevant
and current opportunities [20,94-95]. Web scraping collects information from websites using bots or scripts,
mainly utilizing HTML parsing to examine web structures for data elements and API-based extraction for
organized data from structured endpoints [14]. Using tools such as BeautifulSoup and Scrapy in Python,
HTML parsing allows developers to navigate the DOM of web pages, identify elements like listings, and
extract data, but requires frequent updates [96]. API-based extraction is more stable and reliable, accessing
structured data via public APIs in formats like JSON or XML [14]. Automating listing extraction ensures
up-to-date data, reduces manual effort, and allows staff to focus on strategic tasks while creating a
centralized database for easier searches and applications [14]. Moreover, ML algorithms analyze and
categorize listings once extracted, identifying patterns to match individuals with opportunities that fit their
competencies, interests, and objectives, enhancing system efficiency and effectiveness [97]. Accordingly,
intelligent web scraping for automated listings is essential, ensuring current data and leveraging ML to
enhance the quality and availability of opportunities [94-97].

Mishra et al. [98] demonstrate the significant enhancement of internship management through Al-
augmented web scraping. The focus is on automating data collection and analysis from various online
platforms, efficiently handling vast data like internship listings, student profiles, and performance metrics.
The system matches candidates to opportunities based on competencies, experience, and academic
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performance by utilizing NLP and ML techniques. For example, Al-driven systems parse CVs and
internship descriptions to generate skill graphs, aiding precise candidate-job matching. The authors
illustrate the application in talent acquisition and benchmarking, where the algorithm analyzes job
descriptions and candidate work experience to create comprehensive skill graphs. This approach allows
recruiters to match candidates with job openings efficiently, enhancing the recruitment process and
improving the quality of matches for both students and employers.

Lunn et al. [15] explore using web scraping and NLP to manage internship opportunities. Data was
extracted from job boards and business websites, creating a comprehensive internship dataset. NLP
analyzed job descriptions to identify critical competencies and requirements, highlighting trends and
everyday demands. Integrating these technologies streamlined internship management, aligned
opportunities with student needs, and improved job market preparedness. The study, focusing on computer
science job postings, found that the most frequently offered positions were Software Engineer, Data
Scientist, and Software Developer, with Python as the most requested programming language. Most
postings required at least a Bachelor's degree, with many preferring or requiring higher degrees.
Emphasizing connectivism, the researchers highlighted the importance of accurate information and
leveraging networks to share knowledge. They underscored the need to consider industry trends when
designing computer science curricula, as salary data from 417 postings showed most salaries above
$100,000.

Kumar et al. [68] demonstrate the practical application of intelligent web scraping to automate job
recommendations. Utilizing tools like Puppeteer and REST APlIs, the approach combines Content-Based
Filtering (CBF) and Collaborative Filtering (CF) to deliver targeted job recommendations in the engineering
sector. Customized web crawlers collect job listings directly from business websites, bypassing the
limitations of third-party aggregators. Data preprocessing involves removing HTML tags and stop words,
ensuring clean data for analysis. CBF employs TF-IDF and Cosine Similarity to match user profiles with job
descriptions, while CF analyzes user behaviors to recommend jobs based on similar interests. This hybrid
system enhances recommendation accuracy, creating a personalized, efficient, scalable job recommendation
platform. Practical implementation includes a user-friendly web interface, showcasing the potential of
intelligent web scraping in optimizing internship and job management processes.

Akshay et al. [54] introduce a novel approach to job searching. Leveraging advanced web scraping tools
such as Puppeteer and Cheerio, the system extracts job listings from major companies like Google and
Apple in real-time, bypassing conventional delays. The user interface features an intuitive registration form
and a dynamic homepage that displays personalized job recommendations based on user profiles and
interests. The backend, powered by Node.js with Express, ensures efficient data handling and secure storage
using MongoDB. The method streamlines job searching by delivering highly relevant opportunities,
exemplifying the potential of integrating web scraping and ML technologies to revolutionize job portals
and enhance user satisfaction. The innovative system demonstrates how web scraping can provide a more
immediate and customized job search experience than conventional methods.

Kumar et al. [47] explore intelligent web scraping for job portals in India, addressing job seekers'
challenges when finding suitable employment. The research emphasizes web scraping’s potential to extract
valuable data from job postings, offering insights into in-demand competencies, active industries, and
candidate experience levels. Automated data collection from job portals dramatically minimizes the effort
and time job seekers need to find relevant opportunities. Python libraries like BeautifulSoup and Selenium
ensure data accuracy and relevance. Techniques were employed to maintain updated listings and avoid
duplicates. The study highlights the importance of profile screening and personalized job
recommendations. ML algorithms enhance job search by notifying job seekers of opportunities that closely
match their competencies and interests. An innovative approach demonstrates the practical applications of
intelligent web scraping in the employment sector, providing substantial benefits to job seekers and
employers.

Dai et al. [94] utilized web scraping and clustering techniques to analyze LinkedIn profiles, examining
the link between educational background and professional careers. By scraping 5 million public profiles,
the researchers used NLP to classify educational backgrounds and cluster professional experiences. Their
approach circumvented privacy and access limitations of Online Social Networks (OSNs) by not relying
solely on APIs. The study revealed significant correlations between educational degrees and career
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trajectories, providing comprehensive insights into LinkedIn users. The research highlights the value of
combining scraping and clustering to analyze large-scale social data, enhancing understanding of user
behavior and networking dynamics.

Gheorghe et al. [33] demonstrate the critical role of intelligent web scraping in data science for
efficiently harvesting web data. A case study utilizes Python, Selenium, and Firefox to automate data
collection, eliminating manual, error-prone processes. The scraper gathers structured data from dynamic
web pages, enabling rapid and accurate analysis, which reveals key insights and patterns. Modern web
scraping techniques effectively handle complex web interfaces. Data scientists can swiftly retrieve valuable
information, adhering to ethical standards and preventing server overload. The study underscores the
significance of adapting web scraping strategies for diverse applications while maintaining data integrity
and compliance.

Adekunle et al. [73] present an API-based approach for automating data retention from websites,
addressing legal and ethical concerns with conventional web scraping. Using Python, Requests, and
BeautifulSoup libraries, the method interacts with APIs to extract and store data securely in a local database,
minimizing risks of unauthorized data exposure. The approach emphasizes a data retention policy,
retaining data only as needed, reducing storage costs, and enhancing privacy. The solution efficiently
automates data collection, offering valuable insights into user behavior and market trends. Adaptable for
various applications, including market research and customer behavior analysis, the methodology
demonstrates versatility and effectiveness in modern data management practices.

Fiesler et al. [45] analyzed the terms of service (TOS) of over 100 social media sites to explore restrictions
on automated data collection. The analysis revealed that TOS often prohibits data collection, but the
language is generally ambiguous, inconsistent, and lacks context. They identified four main restriction
categories: prohibitions on automated, manual, and any data collection, along with requirements for
permission. Ethical considerations should go beyond TOS, incorporating the data source’s context and
research purpose. The study highlights the need for a nuanced ethical approach to web scraping, balancing
legal constraints with research benefits and societal impacts.

Sirisuriya’s [99] research highlights the importance of web scraping, which extracts unstructured data
from websites, converting it into structured formats essential for training ML algorithms. It offers several
advantages, including data collection from diverse sources, preprocessing through cleaning and formatting,
augmenting existing datasets, and supporting competitive analysis. These capabilities significantly enhance
the accuracy and robustness of ML models. The study also explores various web scraping techniques and
tools, such as BeautifulSoup, Scrapy, and Selenium, and emphasizes web scraping’s indispensable role
despite the challenges and ethical considerations involved.

5.2. Intelligent Matching of Internships to Candidate Profiles

The intelligent matching process involves analyzing candidate competencies and qualifications using
NLP, ML, and data mining [91]. The IMS utilizes NLP to analyze text data from internship descriptions and
candidate profiles, extracting relevant keywords and phrases to identify the best matches [100-102]. ML
algorithms analyze data to identify patterns that predict the best internship matches, learning from
historical data and adapting to new information for increasingly accurate results over time [103]. Data
mining identifies correlations between candidate profiles and internships for intelligent matching [104].
Integrating NLP to extract job details and ML for analysis can enhance internship searches, benefiting
candidates and recruiters with optimized matching capabilities.

Permana and Pradnyana [10] developed a recommendation system using Artificial Neural Networks
(ANN) to match student competencies with suitable internship placements. The system collects data from
student questionnaires and tests, which are processed using a recurrent neural network for accurate
recommendations. The recommendation process optimizes training accuracy and performance through a
feedback architecture focusing on programming, multimedia, and networking competencies. Intelligent
matching boosts student motivation and competence, ensuring a better fit between competencies and
industry requirements. The recurrent structure enables faster convergence and improved performance,
guiding students to select internships that enhance professional development. Addressing the gap between
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academic preparation and industry needs reduces graduate unemployment rates and improves labor
market readiness.

Yang [13] utilized intelligent web scraping and ANN to match candidate profiles with suitable
internships for Physical Education (PE) majors. The model predicted internship success by creating an
evaluation index system (EIS) optimized through data preprocessing and feature extraction. Key factors
identified included internship preparation, ability, and performance. Extensive experiments validated the
model’s efficacy, proving superiority to conventional methods. The study highlights the importance of
integrating intelligent web scraping and ANN in IMSs to enhance matching precision, improve educational
outcomes, and align student competencies with industry requirements, benefiting students and employers.

Maheshwary and Misra [112] present a novel approach using a Siamese convolutional neural network
(CNN) to match semi-structured resumes with job descriptions (JDs). The method captures semantic
meanings, projecting similar resumes and JDs closer in the semantic space. Using a dataset of 1314 resumes
and 3809 JDs, authors demonstrated that their approach outperformed conventional methods like TF-IDF
and bag-of-words. The Siamese network’s shared parameters ensure consistency and reduce computational
load, enhancing scalability and efficiency. Experimental results highlighted the superiority over existing
models, emphasizing the potential for intelligent matching in IMSs and optimizing the job search process
for both seekers and employers.

Maddumage et al. [100] introduced an Intelligent Recruitment System (IRS) with modules like resume
parsing, deep learning-based classification, and automatic question generation (AQG). The IRS extracts and
ranks resume information for structured processing using NLP and deep learning. The AQG system
assesses technical and soft competencies by generating questions from a merged ontology of web and local
sources. Using Mamdani's method, a fuzzy inference system (FIS) aids in final decision-making. The
comprehensive approach enhances candidate-job matching accuracy and streamlines recruitment, making
the process more efficient. The IRS represents a significant advancement in automated recruitment,
providing a robust framework for intelligent internship management.

Ujlayan and Sharma [104] enhanced the candidate screening process using latent Dirichlet allocation
(LDA) for similarity analysis. The technique automates the extraction and analysis of candidate profiles
from vast online databases, improving the recruitment pipeline. The study’s case demonstrates that LDA
identifies relevant resumes by assessing thematic coherence between candidate attributes and job
requirements. The method significantly improved candidate selection efficiency in a recruitment scenario
in the IT sector within India’s National Capital Region. The approach quickly identified high thematic
similarity profiles, reducing manual effort and costs. The approach accelerates hiring and ensures better
candidate-job matches, showcasing the potential of intelligent web scraping with NLP and ML in
recruitment.

Lunn et al. [15] demonstrate the transformative impact of web scraping and NLP on education.
Python’s Beautiful Soup was used to scrape job postings and gather descriptions and requirements from
various websites. NLP techniques analyzed and categorized the data to identify key competencies and
qualifications. A matching algorithm intelligently paired candidate profiles with suitable internships based
on education, competencies, and experience. The algorithm significantly improved matching accuracy,
streamlining the placement process and reducing effort for both candidates and employers. Additionally,
the system provided insights into market trends, highlighting in-demand competencies and emerging job
sectors.

Saidani et al. [25] used Gradient Boosting Models to predict employability based on student and
internship contexts, focusing on internship grade, satisfaction, and recruitment offers. Experiments
involved XGBoost, CatBoost, and LightGBM classifiers, revealing that internship context, particularly the
method and grade, significantly influenced employability predictions. The LightGBM model achieved the
highest accuracy, highlighting the critical role of experiential learning in job market readiness. The study
emphasizes context-aware modeling to better align academic programs with industry needs, enhancing
graduate employability. The case study demonstrates the integration of advanced ML in intelligent IMSs,
providing a robust framework for educational institutions to optimize internship programs.

Pasat et al. [37] explore SoMeDi, an innovative recruiting platform leveraging sentiment analysis to
match candidates” competencies with business needs. By analyzing candidate text inputs, SoMeDi enhances
profiling accuracy, aligning professional competencies with job requirements. The architecture includes a
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sentiment analysis microservice processing data from social media, yielding personalized internship
recommendations. Real-world tests validate SoMeDi’s efficiency gains, showcasing Al’s role in streamlining
recruitment. Integrating this system automates tasks and improves decision-making, highlighting Al’s
impact on recruitment optimization and outcomes. The study underscores NLP’s practical use in recruiting,
illustrating Al's transformative potential in enhancing hiring processes for candidates and employers alike.

Lin et al. [79] criticized conventional job-matching systems for relying on manual rules and keyword
weighting, leading to inefficient searches. Their solution integrates unsupervised feature extraction and
deep learning techniques across three modules: feature extraction, classifier training, and ensemble
learning. The approach enhances semantic matching between job descriptions and candidate profiles using
ML. By deploying the system practically, it analyzed over 47,000 resumes, significantly improving job roles,
salaries, education levels, and business size predictions. By employing both Random Forests and
Convolutional Neural Networks in ensemble methods, the study demonstrates the transformative potential
of intelligent web scraping for optimizing internship and job-matching processes.

Mendez and Bulanadi [105] developed the Job Matcher web app using a V-Model Development Model,
integrating user profiles and job requirements for personalized job recommendations. Targeting ICT
graduates, the system efficiently matches competencies with partner businesses’ needs, reducing
mismatches. The evaluation showed high efficiency and user satisfaction, validating efficacy in enhancing
employability and cutting recruitment costs. The intelligent web scraping and collaborative filtering
approach accelerates job-matching, ensuring a better fit between job seekers and employers. The study
highlights how such technologies transform conventional job placements into dynamic systems,
emphasizing responsiveness and effectiveness.

Rojas-Galeano et al. [101] demonstrated significant advancements in job-resume matching by
leveraging advanced algorithms in text mining and NLP. The system efficiently extracts and analyzes
unstructured text from internship postings and candidate profiles, involving data collection, preprocessing,
and feature extraction. Web scraping tools collect data from diverse online sources, while preprocessing
techniques standardize the text. Feature extraction identifies critical attributes such as competencies,
experience, and qualifications. ML algorithms match candidate profiles to internship postings based on
these features, automating the process and enhancing accuracy by considering the contextual relevance of
extracted information. The case study underscores the importance of integrating NLP and ML to streamline
recruitment processes, providing a robust framework for intelligent job-matching applicable across various
domains.

Suman et al. [57] introduced a method combining ML and web scraping to automate data collection
from platforms like LinkedIn, ensuring a thorough evaluation of candidate qualifications for specific roles.
A fuzzy matching algorithm aligns resumes with job profiles, identifying optimal matches despite data
disparities. Integrating diverse data sources and advanced matching techniques boosts efficiency and
accuracy in candidate selection. Prototyping validated that the approach saves time and enhances hiring
quality by providing unbiased candidate evaluations. Innovation in recruitment technology advances
internships and job management, exemplifying practical solutions for modernizing processes.

5.3. Development of Theoretical Model for Effective Internship Matching

The theoretical model proposed for internship matching within an IMS consists of two main sections:
internship data extraction and the intelligent matching system. The process aims to streamline and enhance
the matching of students' skills and preferences with suitable opportunities, utilizing cutting-edge
technologies such as web scraping, NLP, and ML. A step-by-step process outline appears, in Figure 2, below
to enhance understanding and visualization.

5.3.1. Internship Data Extraction
Internship data extraction is the foundational phase, leveraging automated intelligent web scraping
with tools like BeautifulSoup and Selenium to ensure an up-to-date repository of structured internship
opportunities. As shown in Figure 2, this phase involves the following steps:
e Data Sources: Reliable platforms, including job boards, business websites, and public APIs, are
identified as primary data sources for internship listings.
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Web Scraping Tools: Tools like BeautifulSoup (HTML parsing), Selenium (browser automation),
and APIs extract structured data, including job titles, descriptions, and requirements, automating
browser navigation for retrieving internship details from job boards effectively.

Data Storage and Preprocessing: The extracted data is stored in a database, undergoing
deduplication, formatting, and cleaning to ensure accuracy and consistency.

Phase 1: Internship Data Extraction

1.1. Data Sources: Job Boards, Business Websites, APIs.
(Utilized to gather relevant data for the IMS)

i |
L

1.2. Web scraping: HTML Parsing, Browser Automation, API Extraction.
(Tools used to extract data from various sources for the IMS)

o

1.3. Data Storage: Database, Preprocessing.
(Storage and preprocessing of data within the IMS)

Phase 2: Intelligent Matching System

2.1. Data Analysis and Filtering: NLP Techniques, Feature Extraction.

(Analyzing the data using NLP and feature extraction within the IMS)

[ 1
N

2.2. ML Algorithms: Recommendation Systems, Neural Networks, Ensemble Learning.
(Applying machine learning algorithms in the IMS for better matching)

2.3. Matching Process: Profile Analysis, Job Analysis, Matching Algorithm.
(Matching interns with opportunities using the IMS)

.L/.
2.4. User Interface: Dashboard, Search Functionality, Feedback Loop.
(User-facing components of the IMS)

Figure 2. Theoretical Model for Effective Internship Matching within the IMS

5.3.2. Intelligent Matching System
The intelligent matching system transforms the extracted data into actionable insights for effectively
matching students with internships. The system, as shown in Figure 2, comprises the following steps:

Data Analysis and Filtering: a) Feature Extraction: NLP techniques analyze candidate profiles and
internship descriptions to extract critical features, such as competencies, academic backgrounds,
and job requirements; b) Data Filtering: During preprocessing, the system removes incomplete or
irrelevant data entries and evaluates only high-quality data for analysis.

Machine Learning Algorithms: a) Recommendation Systems: Analyze historical matches and user
feedback to generate personalized internship suggestions.; b) Neural Networks: Identify patterns
and correlations within the data to predict the most suitable internship options.

Matching Process: a) Profile and Job Analysis: Evaluate student competencies, academic
achievements, and career objectives against internship requirements and responsibilities; b)
Collaborative and Content-Based Filtering: Leverage advanced filtering techniques to align student
profiles with the most suitable internships.

User Interface: The User Interface Layer delivers personalized internship recommendations via an
interactive dashboard, enabling users to search, filter, and provide feedback. Feedback loops
enhance the matching process by integrating user preferences and past outcomes.
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The layered approach, illustrated in Figure 2, ensures a robust, efficient, and adaptive system for
managing internships. It effectively bridges academic competencies with industry requirements while
enhancing the user experience.

The benefits of the proposed model are evident through its ability to improve the efficiency and
accuracy of internship matching by leveraging advanced technologies. Integrating NLP and ML techniques
has demonstrated remarkable progress in matching candidate profiles with internships based on
competencies, preferences, and objectives. Insights from existing systems applying similar methodologies
highlight increased recommendation precision, higher user satisfaction, and reduced mismatches, thereby
strengthening better employer engagement. The theoretical model expands on these validated techniques,
ensuring a streamlined and customized matching process that connects the gap between academic learning
and professional opportunities. Future implementations could further confirm these benefits through
metrics such as precision-recall analysis and user feedback, providing comprehensive evidence to validate
the outlined advantages.

6. Benefits, Challenges, and Limitations of Integrating Intelligent Web Scraping

6.1. Benefits of Intelligent Web Scraping

The increasing adoption of intelligent web scraping techniques in IMSs provides significant
advantages, including reduced time and resource requirements for matching, enhanced match quality and
relevance, and improved experiences for employers and internship seekers [106].

Integrating intelligent web scraping capabilities into management systems minimizes the time and
resources needed for matching [10,14]. Tasks such as sourcing internships, aligning student profiles with
opportunities, and enabling communication between students and employers, which are challenging with
manual approaches, become simplified [92]. These techniques automate the extraction of internship listings
from diverse sources, such as business websites and job platforms, maintaining a comprehensive repository
of real-time opportunities [20]. ML algorithms further enhance the process by analyzing student profiles
and suggesting relevant internships based on interests and academic backgrounds [107]. Automation
significantly reduces the workload for administrative staff while ensuring students promptly access
opportunities, thereby improving their prospects of obtaining valuable work experiences [108-109].

These techniques boost internship matching efficiency and enhance matches' quality and relevance
compared to conventional methods [103]. By utilizing ML and NLP, systems analyze extensive data to
objectively match internships with student profiles, ensuring mutually beneficial experiences for both
parties [79, 83-84]. Continuous algorithm refinement based on past matches and feedback leads to higher-
quality matches and increased stakeholder satisfaction [110-111].

Incorporating these advanced techniques into IMSs enhances the experience for both employers and
seekers. The recruitment process is streamlined by providing access to diverse, qualified candidates and
automating the matching process, facilitating quick identification and connection with desired
competencies, saving time and resources. For internship seekers, these techniques offer greater
transparency and accessibility to tailored opportunities, allowing for effortless navigation through diverse
internships aligned with their interests and qualifications, thereby maximizing the probability of obtaining
an ideal match while ensuring objective and unbiased recommendations [5,113].

Overall, integrating intelligent web scraping methods into IMSs represents a significant advancement
in streamlining the internship matching process, promoting efficiency, equity, and satisfaction for
employers and internship candidates.

6.2. Challenges and Limitations of Intelligent Web Scraping

Integrating intelligent web scraping techniques into IMSs provides many advantages but also brings
challenges, including ethical and legal considerations, data accuracy and reliability, and integration issues
with existing systems. Addressing these issues is essential for effective implementation [70,106,114].

One of the main challenges is addressing the ethical and legal considerations of data privacy, consent,
and intellectual property rights; organizations must comply with regulations by obtaining explicit consent,
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anonymizing data, and establishing clear ethical guidelines to ensure transparency and accountability
[99,114].

Moreover, maintaining data accuracy and reliability is a significant obstacle in web scraping. Dynamic
web pages frequently update, causing inconsistencies, while variations in website structures challenge
algorithms, necessitating robust validation processes, machine learning for anomaly detection, manual
verification, and continuous monitoring to ensure data integrity [14,46].

Integrating intelligent web scraping into IMSs presents technical and operational challenges, especially
compatibility, scalability, and performance optimization. Businesses must assess systems, refactor outdated
ones, and integrate web scraping for smooth data exchange while prioritizing scalability and performance
optimization using cloud-based infrastructure and parallel processing techniques. Addressing ethical and
legal considerations and ensuring data accuracy and reliability are essential for unlocking web scraping’s
full benefits [46,115].

6.3. Comparison with Existing Models

Existing IMSs often strive for scalability, accuracy, and adaptability, relying on manual or static
methods that limit their efficiency. The proposed model addresses these challenges by automating data
collection through intelligent web scraping, improving accuracy with ML and NLP, and enabling effortless
integration with various data sources for enhanced flexibility.

Table 2. Comparison with Existing Models

Feature Existing Models Proposed Theoretical Model
Data Collection Manual or API-based scraping Automated intelligent web scraping
Matching Accuracy Limited due to static algorithms Enhanced with ML and NLP
Scalability Restricted to predefined data Broad, adaptable to multiple sources
Limitations Time-consuming, error-prone Ethical concerns, computational cost

While the proposed model addresses numerous inefficiencies, it introduces challenges such as
computational demands and ethical concerns, particularly regarding data privacy. Mitigation strategies,
including cloud-based infrastructure and adherence to GDPR, can help resolve these issues. By enhancing
adaptability and accuracy, the model provides an innovative approach, more effectively aligning student
skills with dynamic internship opportunities than conventional approaches.

6.4. Future Evaluation Metrics and Practical Considerations

This research primarily focuses on providing a theoretical model and conducting a comprehensive
review of intelligent web scraping techniques in IMSs. While the integration of practical applications and
empirical validation is beyond the scope of this study, these remain critical areas for future exploration. Key
performance metrics, such as accuracy, data retrieval speed, and user satisfaction, are critical for assessing
the system's practical effectiveness. Metrics such as precision and recall measure accuracy, data retrieval
speed evaluates processing efficiency, and surveys or stakeholder interviews assess user satisfaction.
Incorporating these metrics into future implementations would provide a benchmark for comparing the
proposed model against existing systems. Additionally, justifying algorithm selection - such as the role of
NLP and ML - will be vital in future implementations to optimize system design.

Addressing these practical considerations creates a pathway for implementing the theoretical
advancements described. Integrating advanced AI, ML, and NLP techniques into internship systems can
enhance accuracy, efficiency, and user experience. Focusing on evaluation metrics and innovative design
principles ensures that future systems are effective and aligned with ethical standards, bridging academic
theory with practical, impactful solutions.

7. Conclusion

The integration of intelligent web scraping techniques within internship management systems has
proven transformative, improving the efficiency and effectiveness of the internship matching process.
Advanced methodologies in machine learning and natural language processing empower systems to handle
large amounts of data, find important details, and provide personalized internship recommendations that
align with students’ competencies, interests, and career objectives. By automating data collection and
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analysis from various sources, intelligent web scraping reduces the time and effort required to connect
students with suitable opportunities. The technology ensures better matches between students and
internships, benefiting both students and businesses.

However, intelligent web scraping raises critical ethical and legal concerns about data privacy and
algorithmic bias. Strong data protection measures, transparent and unbiased algorithms, and regular
reviews are essential to ensure responsible data use and maintain fairness and transparency. The changing
nature of web data, different website structures, and the need for constant updates present considerable
challenges. Data is crucial for optimal system performance, necessitating accuracy and reliability.
Addressing these challenges is essential to fully benefit from intelligent web scraping while upholding
ethical standards and data integrity.

Future research and development in intelligent internship matching systems will likely concentrate on
improvements in artificial intelligence, machine learning, and web scraping technologies. Emerging trends
include developing advanced algorithms, such as deep learning and reinforcement learning, to enhance
data extraction and matching processes. Integrating data from a broader range of sources, including social
media, academic records, and professional networking sites, while enhancing natural language processing
capabilities like sentiment analysis, entity recognition, and text summarization will create complete
candidate profiles and improve matching accuracy by enabling better understanding and processing of
natural language data from diverse sources. Research must also focus on finding and reducing algorithm
biases, developing fairness-aware models, and implementing regular reviews to ensure fair and unbiased
matching. Additionally, user-friendly design will be crucial, with easy-to-use and interactive platforms for
students and employers, personalized dashboards, real-time feedback mechanisms, and adaptive learning
systems enhancing the overall user experience.

In conclusion, integrating intelligent web scraping techniques in internship management systems
holds significant potential to transform the internship matching process. By automating data extraction,
enhancing data analysis through machine learning and natural language processing, and applying
advanced algorithms, systems can provide more efficient, accurate, and personalized internship
recommendations. These approaches benefit students by aligning them with suitable opportunities and
enhancing the overall quality and productivity of internships for businesses. As the demand for internships
continues to grow, integrating intelligent web scraping techniques in internship management systems
becomes increasingly crucial, providing a comprehensive summary of methodologies, algorithms, and
potential benefits while addressing ethical factors and proposing an implementation framework.
Stakeholders in education and industry must collaborate to leverage the full potential of intelligent web
scraping technologies in internship management systems. Educational institutions should allocate
resources to these technologies to improve student job prospects, while businesses should streamline
recruitment processes and expand their pool of qualified candidates. Policymakers and regulatory bodies
must establish rules for ethical and responsible use. By promoting collaboration, stakeholders can drive
effective, efficient, and fair internship matching systems, bridging the gap between academic learning and
practical application and ultimately empowering students and businesses.
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