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ABSTRACT

The contemporary digital library systems have been functioning in the environment that is characterized by
the rapidly increasing volume of information resources, so it is becoming more challenging to be able to offer
the users the relevant materials in the most efficient way. Classical methods of search only react to explicit
user requests and do not always detect the hidden or new information requirements. This paper represents a
smart model to predict the information needs of the users in library systems based on the Naive Bayes
classification algorithm. The proposed model examines demographic, academic and behavioral user
characteristics such as age, profession, education, search history, download and even preferred subject areas
to predict the likelihood of user interest in a particular type of information. The system will create
individualized recommendations of resources based on the projected information requirements. The
experimental analysis of the approximate accuracy of the proposed method based on user data in the Libsmart
digital library system indicates that the given method has an accuracy of 86.4, which proves its efficiency in
providing adaptive and user-based information services. The intelligent recommendation modules in digital
library setting based on the proposed model can act as a viable basis.
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1. INTRODUCTION

The increased development of digital information resources has greatly changed the role of the modern library
systems. Libraries are no longer seen as places of storing and accessing printed materials only and has grown into
smart information spaces which have to ensure quick, precise and individualized access to various knowledge support.
In this regard, information needs of users have emerged as one of the most crucial issues in the library and information
science to comprehend and anticipate. The users of library system are varied in terms of age, profession, educational
level, field of research and information seeking behavior. Consequently the same set of resources can be related to
quite different requirements of different users. The conventional systems of searching by keywords work only in case
the user can clearly define queries. But in practice, in most cases, users do not actually state their needs, or their
interests can also evolve with time. This means that the library systems today need smart systems that are capable of
analyzing user characteristics and behavior to enable forecasting their information demand in future and give

m appropriate advice.

—] The opportunities of solving such problems have been opened with the help of artificial intelligence techniques
[1], [2]. Widely used studies on recommender systems and machine learning methods have been in information
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filtering, user modelling and personalised retrieval environments [3], [4], [5]. Collaborative filtering methods have
also become a significant part of the current research in recommendations and serve as a valuable basis of individual
information access [6]. Machine learning methods are particularly helpful with analyzing user data patterns and
determining probable areas of interest among them. The Naive Bayes classifier is one of the most appropriate
techniques towards this end [7], [8]. The technique is premised on probabilistic arguments and enables prediction of
a label of a class given a combination of observed features. However, despite its simplicity, Naive Bayes has been
shown to be quite good in several classification and recommendation problems. A Naive Bayes-based model can be
applied in library systems to approximate whether a user is interested in a specific subject area or in a specific type of
resource according to demographic and behavioral traits. These kinds of indicators can be age and profession, the
level of education, the past search query, the documents downloaded, ratings, history of borrowing, and the favorite
topics. With processing such features, the system is able to forecast the most probable information requirement of the
user and assist more adapting and user-based services. This paper is aimed at coming up with an intelligent model
based on the Naive Bayes that will predict the information requirement of users in library systems. The paper provides
the conceptual framework of the model, explains the key characteristics to be used in prediction and how the
mechanism of probabilistic classification can be implemented in a library setting. The suggested solution can be used
to develop smart recommendation systems in case of digital libraries and automatic information systems [2]. General
recommender-system principles and implementations have also been synthesized in past survey and overview research

(9], [10].
2. LITERATURE REVIEW

2.1 Information Needs and User Modeling in Library Systems

The academic literature on information needs in library systems has evolved from passive query-response models
toward predictive and adaptive approaches. Manning, Raghavan, and Schiitze [11] established that an information
need arises when a user recognizes a knowledge gap required to solve a problem or accomplish a professional goal.
Bekkamov, Babajanov, and Berdimurodov [9] further explored Bayesian methods for predicting users' information
needs in digital libraries, demonstrating that probabilistic models effectively capture the relationship between user
attributes and subject-area interests. Bekkamov and Rustamov [10] additionally provided a broader overview of
recommender system architectures, situating probabilistic user modeling within the wider landscape of personalization
techniques.

2.2 Recommender Systems and Naive Bayes Classification

Recommender systems have been widely studied across e-commerce, media, and educational platforms, with
collaborative filtering emerging as one of the most influential paradigms [3], [6]. Probabilistic classifiers, and Naive
Bayes in particular, have demonstrated strong performance in recommendation tasks due to their computational
efficiency and interpretability. VValdiviezo-Diaz et al. [1] showed that Naive Bayes-augmented collaborative filtering
improves prediction accuracy, while Ozcan, Goz, and Temel [7] confirmed its effectiveness in e-learning
recommendation using demographic and behavioral features. Rrmoku, Selimi, and Ahmedi [8] further validated that
Naive Bayes produces consistent and interpretable results even in the presence of noisy user data, making it
particularly suitable for institutional library environments.

3. RECOMMENDER SYSTEMS AND INFORMATION NEED PREDICTION

3.1 Information Needs in Library Systems

The information need is typically viewed as a condition when a person understands he/she does not know
something necessary to address a problem, solve a task, or fulfil a personal/professional goal [11]. Information
requirements in library systems are manifested in different ways such as catalog, subject, borrowing, downloading,
and resource reviews. Such interactions are very useful as they offer important signals that can be utilized to respond

\o to user interests and their future resource needs.

Recommender systems are also widely researched in the literature, both in survey and handbook papers and
foundational machine learning literature. Collaborative filtering continues to be among the most influential
personalized recommendation paradigm [6], whereas Bayesian and probabilistic methods have demonstrated good
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potential of scalable and explainable user modeling [12]. Moreover, Naive Bayes-based recommendation algorithms
have been used in the semantic-user recommendation setting, e-learning, and movie recommendation setting [13],
[14], [15]. Domain-specific recommender models have also been suggested in more general situations of
personalization like travel recommendation [16]. Overview studies also talk of general recommender-system concepts
and architectures [8].

In the conventional library practice, the information need of the user is typically responded to once it is clearly
stated. Nevertheless, this reactive kind of method is not always an effective way of delivering service particularly in
the online world where customers demand quick and personalized service. Because of this, more interest is being
shown in predictive models that are able to anticipate information requirements and help users more proactively.

3.2 Intelligent Recommendation in Digital Libraries

The recommendation systems are common in e-commerce, media platforms, and online learning systems [8]. They
are primarily meant to propose items which will tend to be interesting to a user based on past interactions, interests
and similarities between users or items. Recommendation systems in digital library setting can be applied to propose
books, articles, theses, and reports among other resources that are of academic or professional interests to the user.
There are a number of recommendation strategies that are used. Content-based filtering is concerned with the
properties of resources that the user has already liked [12]. One of the most popular paradigms of recommendation
that has been widely used in the literature and studied is collaborative filtering. Naive Bayes-based recommendation
techniques have also been used in recent studies in systems that are related to education and the media. Complex
application Hybrid recommendation models have also been suggested in complex application settings like travel
recommendation and large scale probabilistic personalization [16]. Collaborative filtering relies on the likes of the
similar users to suggest new items. Demographic filtering is based on social and demographic characteristics like age,
occupation, and the level of education. Each approach has its merits in library systems, however, they are also limited
to cases where data about the users are sparsely distributed, or where preferences are not explicitly represented. Thus,
probabilistic classification models are a good substitute [9], [17], [18].

3.3 Naive Bayes as a Prediction Procedure

Naive Bayes is a probabilistic classifier that is built on the Bayes theorem. It presumes that the features that are
being used to make predictions are conditionally independent with reference to the name of the class. This assumption
is simplified but the approach works quite well in most real-life applications. Naive Bayes works based on the idea
that one can compute on what can be understood as the posterior probability of given a set of observed features. In
this research, the class can be a subject category or a form of information resource to the user. These characteristics
can be demographic and behavioral attributes based on the activity of the users within the library system. The concept
of similar Bayesian and Naive Bayes-based methods has been effectively applied to the task of recommending
competent users, learning strategies, and personalized content in various fields of application.

The Bayes theorem would be expressed as follows:

P(X|C)-P(C)

P(CIX) = =5 )
where:
C - is the target class,
X - represents a set of observable features of users,
P(C|X) - is the posterior probability of class C given features X,
P(X|C) - is the probability of X to be observed in the class C,
P(C) - is the prior probability of class C,
P(X) - is the evidence.
Under the Naive Bayes assumption, the likelihood term is simplified as:

P(X|C) =TTz, P(x:10) @)

where, x; represents the individual features of the user profile.
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Therefore, the prediction rule will be:
C = argmax P(C) [T~, P(x;|C) €)

This implies that the user is assigned to the class that has the highest probability of occurrence in the system. Naive
bayes possesses a number of strengths, which render it appropriate to library systems. To begin with, it is
computationally efficient and can be applied to quite small datasets. Second, it can be interpreted readily, which is
significant in the academic and institutional setting where open-minded decision-making is appreciated. Third, it
works well with categorical and organized user data, a typical library environment. Lastly, the algorithm can be
incorporated into the current digital library system without the need to use very complicated computer infrastructure.

3.4 Model Design for User Information Need Prediction

The proposed smart model will utilize the information requirements of the users in a library system by processing
demographic, academic and behavioral characteristics. The model incorporates personal user characteristics, e.g., age,
occupation, education level, search history, downloaded content, ratings, and the subject favors, so as to determine
the most likely information-interest category. Based on this classification, the system would come up with the relevant
resources recommendations which would be based on the predicted area of interest of the user. In such approach, it
will be possible to leave the old query-based retrieval paradigm behind and deliver more dynamic, more personalized,
and user-oriented library services. The input features of the model include: age, gender, profession, education level,
department or specialization, previous search queries, downloaded resources, borrowing history, preferred document
type, ratings or feedback, frequently selected subject areas.

These characteristics have been chosen due to the relative stability of the user and active nature of the information
seeking behavior. The age, profession and education level are examples of stable characteristics whereas the search
history, downloaded resources, ratings and areas of preferences are examples of dynamic characteristics. All these
characteristics make the model more complete in its description of the user and enhance the accuracy of information-
need prediction.

The target classes are the key thematic groups of information resources that are accessible in the library system.
These groups reflect the subject-areas of the majority of users where a user is supposed to show interest. The target
classes can be the following, depending on the organization of the library collection: Computer Science, Information
technology, Education, Economics, Medicine, Literature, Law.

The system suggests the likelihood of a user being in each category and classifies the user to the category with the
most probability. The proposed model works on the basis of gathering user profile and behavioral information,
converting them to a feature vector and the use of the Naive Bayes classifier to approximate the most likely
information-need category. The system suggests the pertinent library resources based on the category that was
predicted. Fig. 1 shows the overall design of the proposed model.

User Profile User Behavior
Age Search queries
Profession Download history
Education level Borrowing records
Department Ratings / feedback

Feature Extraction and
Preprocessing Module
Naive Bayes Classifier
Predicted Information Need
Category
Recommendation Module
Recommended Resources

Fig. 1. General structure of the proposed Naive Bayes-based model for predicting users' information needs in library
systems.
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4. METHODOLOGY

4.1 Data Collection and Dataset Description

In order to test the suggested model, a dataset comprising of 1,000 clients of the Libsmart library system was
employed. The data used comprised demographic, academic and behavioral data including age, profession, education
level, search history, download history, rating, and favorite subject areas. Individual user records were transformed
into feature vectors, whereas the target category was the primary category of information needs.

To use as experimental subjects, the information-need categories were clustered into some large subject areas,
such as Computer Science, Education, Economics, Literature, and Medicine. Training stage The Naive Bayes
classifier computed prior probabilities of each category and conditional probabilities of the observed values of the
features. In the prediction phase, the model used the posterior probabilities to place each user into a category with the
most probability. Fig. 1 presents the overall design of the proposed model.

According to the experiment, it is possible to apply the suggested approach to user data of the Libsmart library
system to assist in personalized recommendation and adaptive library services.

5. RESULTS AND DISCUSSION

The suggested model of Naive Bayes was tested on the basis of 1,000 users of the Libsmart library system. The
data was split into 80/20 into training and testing sets. The label of the target of every user was determined based on
the most frequent subject in the history of user interaction. The purpose of the experiment was to foretell the prevailing
information-need category of each of the users based on the demographic, academic and behavioral characteristics.
The results that have been obtained show that the proposed approach is applicable to personalized recommendation
jobs of library systems. The distribution of predicted information-need categories is shown in Tab. 1.

Table 1. Distribution of predicted information-need categories

Category Number of users Percentage
Computer Science 320 32.0%
Education 210 21.0%
Medicine 180 18.0%
Economics 160 16.0%
Literature 130 13.0%
Total 1000 100%

Tab. 1. shows the distribution of users across the predicted information-need categories. The highest user
proportion was allocated to the Computer Science category as illustrated then Education and Medicine. Such
distribution shows that the chosen data set is mostly represented by users whose information interests are concentrated
in the fields of technical, academic, and knowledge-based subjects. The prevalence of these categories can be
attributed to the educational and research-based character of the Libsmart library environment since in this case the
users have higher chances of searching the materials related to study, scientific activity and professional growth.
Consequently, the findings in Table | offer the suggestion that the proposed model can define the key thematic trends
of user interest and can be used to recommend the resources more generally and specifically. The distribution of
predicted information-need categories among users is illustrated in Fig. 2.

Distribution of Predicted Information-Need Categories

320

210
180

Computer Education Medicine Economics Literature
Science

Fig. 2. Distribution of predicted information-need categories among users of the Libsmart library system.
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Fig. 2 illustrates the variation in users’ interests across key subject categories, highlighting the uneven distribution
of information needs. The number indicates that the estimated categories are not evenly spread, but focused in some
prevailing subject areas. This tendency suggests that the given model is capable of determining the differences in the
information preferences of the users according to the demographic and behavioral data that is available. Therefore,
this classification is useful in enhancing the better guidance of the resources and it will help in generation of adaptive
and user friendly library services. The performance of the proposed Naive Bayes model is presented in Tab. 2.

Table 2. Performance of the proposed naive Bayes model

Accuracy 86.4%
Precision 84.9%
Recall 85.7%
F1-score 85.3%

In order to evaluate the efficiency of the proposed model even further, the standard classification performance
measures were used. Tab. Il presents the results of the experiment. The suggested Naive Bayes-based model
demonstrated the accuracy of 86.4, which means that the general percentage of user dominant information-need
category classification is high. Meanwhile, the precision (84.9%), recall (85.7%), and F1-score (85.3%) values were
more or less similar to each other, which indicates a balanced and stable predictive performance. Such uniformity in
the metrics used in the evaluation indicates that the classifier can make consistent predictions without having a
significant drop in both sensitivity and correctness measures. Thus, the received findings prove that the suggested
model can be successfully applied to the user-oriented recommendation and adaptive information support in the digital
library system.

The model is simple and interpretable with low cost of computation making it one of the primary benefits of the
proposed model. These qualities render it applicable in the digital library systems. Meanwhile, the model facilitates
active information services through anticipating the interests of the users prior to them being explicitly defined as
search queries. The model, however, is also relying on the quality and the completeness of the user data, and the
assumption of independence of Naive Bayes could make the real relationships between features simpler. However,
the results that have been received prove that the suggested approach can be an efficient foundation of individualized
recommendation and adjustive library services in the Libsmart environment.

6. CONCLUSION

This paper introduced an intelligent model that uses Naive Bayes to identify the information requirements of the
users in digital library systems. The given method applies demographic, academic, and behavioral traits of users to
categorize them into the most likely information-interest groups and create personal suggestions. Results of
experiment using the Libsmart digital library dataset indicate that the proposed model can be used with high accuracy
in terms of classification and consistent performance based on various evaluation measures. The Naive Bayes classifier
is very simple, interpretable, and computationally efficient, thus making it very applicable in a real life digital library
setting. Future studies can aim at combining more behavioral predictors, testing the model with bigger data, and
comparing its results with other machine learning methods, including decision trees and neural networks.
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