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Abstract 
The objective of this study was to create an AI model for extracting metadata from electronic 
resources, improve academic library indexing, utilize Natural Language Processing techniques, 
and assess its performance. Data for the study was collected from three selected higher learning 
institutions, namely DUCE, MUHAS and NM-AIST. These academic institutions use 
KOHA, an open-source integrated library system that supports library management and 
bibliometric analysis. A bibliographic metadata of 8,421 records covering the period from 2010 
to 2022 was extracted from these institutions. Among them, 79% were books, 12% were open 
access journal articles and other online resources, and 9% were dissertations and theses. An 
Ensemble Learning Model was developed which leveraged k-means clustering and natural 
language processing (NLP). Features captured in clustering included ISBN, barcode number, 
publication year, authors, publishers, titles, keywords, location and call number. Sentiment 
Analyzer (SA) was used to extract sentiments from online articles. SA detected all references to 
the given subject and determined sentiment in each of the references using NLP techniques. In 
this study, an Ensemble Learning Model was used as a meta-learning approach to leverage the 
strengths of both models and build a more robust and accurate metadata extraction model. F1-
score of 0.72 was obtained for the evaluation matrix which combined two matrices: Precision 
and Recall, into a single metric by taking their harmonic mean. In simple terms, the F1 score 
was the weighted average mean of Precision and Recall used in Natural Language Processing. 
The Ensemble Model significantly improves the accuracy of extracting bibliographic indexed 
resources in digital libraries using relevant search queries. This indicates that the model has a 
high precision in extracting relevant indexed electronic resources. 
 
Keywords: Metadata, artificial intelligence (AI), bibliometrics, digital library, OPAC, 
natural language processing (NLP), smart library 
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Introduction 
In today's digital age, academic libraries play a pivotal role in facilitating access to 
vast electronic resources, including scholarly articles, research papers and digital 
collections. However, the efficient management and accessibility of this wealth of 
information have become increasingly complex (Gul & Bano, 2019). 
Technological advancements have affected academic libraries and compelled 
them to enhance the value of their information services (Hamad et al., 2023). To 
address this challenge, academic libraries are turning to Artificial Intelligence (AI) 
for innovative solutions.  
 
The AI models developed represent a groundbreaking advancement in the realm 
of academic libraries globally. These models harness the power of machine learn-
ing (ML) and natural language processing (NLP) to automatically extract essential 
metadata from digital resources, such as titles, authors, keywords and publication 
dates. 
  
The increasing relevance of AI in innovation is witnessed by the publication  of 
several studies on topics such as AI-supporting innovation analytics (Kakatkar et 
al., 2020). This automated process not only saves valuable time and resources for 
library staff but also ensures the accuracy and consistency of metadata, which is 
important for effective resource indexing and retrieval. In particular, libraries can 
preserve, conserve, access and retrieve information in a friendly and sophisticated 
manner (Mwilongo & Mwageni, 2023). 
 
Additionally, in this era of information abundance, academic libraries must keep 
pace with the ever-expanding digital landscape. The increasing enrolment of 
students and demand for flexible content delivery modalities for higher education 
calls for an urgent digital transformation in academia particularly in library 
services (Lwoga & Sukums, 2018). In response to these pressures, metadata 
extraction models offer a scalable and adaptable solution, enabling libraries to 
efficiently organize, catalog and enhance the discoverability of electronic 
resources. By streamlining metadata generation, these models can significantly 
improve the management of digital collections. This development holds the 
promise of revolutionizing the way academic libraries manage their collections, 
ultimately benefiting researchers, students and educators by providing seamless 
access to the wealth of knowledge contained within these digital repositories. 
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Artificial Intelligence models analyze text content, identify key metadata elements 
(e.g., authors, titles, keywords and publication dates), and extract this information 
accurately and efficiently from a wide range of digital resources. By automating 
metadata extraction, academic libraries enhance resource discovery for users 
(Koperwas et al., 2017). Accurate metadata enables better search and retrieval of 
digital materials, making it easier for researchers and students to find relevant 
information (Majhi & Mukherjee, 2023).  
 
Smart Libraries in Tanzania 
Some universities and educational institutions in Tanzania are increasingly 
focusing on building smart library systems. Libraries in these institutions have 
been working hard to digitize academic resources to enhance access to education 
and research materials (Mtebe & Raisamo, 2014). These libraries often integrate 
digital collections, e-resources and library management systems for that purpose. 
The use of AI for cataloging, searching and recommending resources to users, 
particularly in the form of automated catalog management, will assist students and 
researchers in quickly finding the resources they need.  
 
Artificial Intelligence (AI) applications in libraries 
Natural Language Processing (NLP) as an AI technology has been applied in 
libraries globally, to help users interact with the system more naturally, supporting 
queries in local languages, and making information more accessible (Khurana et 
al., 2023). Libraries can deploy AI models to recommend academic articles, books 
and other resources based on the preferences and past behaviours of users, 
improving personalized learning. Ajani (2024) suggests that AI can assist in 
digitizing  and preserving  historical texts, manuscripts and other cultural 
documents, contributing to knowledge preservation. 
 
Educational and research initiatives 
There are several studies that have highlighted the increasing establishment of 
international collaborations between Tanzanian universities and global 
technology institutions aimed at integrating AI-driven solutions in library 
management and education. These partnerships signify a comprehensive initiative 
to align library services with modern educational and research needs, ensuring 
that AI technologies support knowledge access, digital literacy and academic 
innovation. To maximize the potential advantages of AI in education while 
reducing potential risks, it is important to participate in meaningful and thorough 
talks with all stakeholders (Mambile & Mwogosi, 2024). Integration of AI into 
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smart libraries is part of a broader trend in enhancing educational infrastructure 
and improving knowledge accessibility through technological advancement.  
 
Justification of the study 
Academic libraries play a fundamental role in preserving intellectual information 
by serving as repositories that house a wide range of electronic materials such as 
research papers, journals and digital archives. Nevertheless, the effective 
administration and accessibility of these resources present noteworthy obstacles. 
Big Data applications and systems are built to respond to these emerging 
challenges (Simović, 2018). The increase in electronic materials necessitates 
streamlined indexing and cataloging processes to ensure that users can access 
relevant information quickly and effectively. 
 
The adoption of Artificial Intelligence (AI) and Natural Language Processing 
(NLP) in smart libraries presents significant opportunities but also comes with 
several challenges, in Tanzania and other developing countries. Academic libraries 
in these countries face challenges due to unreliable internet connectivity, limited 
digital infrastructure and a lack of modern technologies (Sukums et al., 2023). 
Furthermore, rapid expansion of digital resources has resulted in a state of 
excessive information, commonly referred to as information overload (Bawden 
& Robison, 2020). In particular, digital libraries provide distinct issues for 
representation and retrieval, rendering them an optimal setting for exploring the 
application of bibliometric and NLP techniques to enhance discovery and 
retrieval (Mayr et al., 2018). 
 
Developing and integrating NLP models, with OPAC requires significant 
investment in hardware, software and training. Libraries, especially in 
underfunded institutions, may struggle to find the financial resources to 
implement these solutions (Lynch et al., 2021). AI tools need to be seamlessly 
integrated with existing library systems, which may not always be compatible with 
new technologies. Furthermore, AI algorithms may exhibit biases, especially if 
they are trained on non-representative data. The use of AI to digitize and make 
accessible large quantities of written material may raise copyright and intellectual 
property concerns, especially when scanning and distributing older or rare texts 
(Menell et al., 2023). 
 
Academic libraries lack a robust digitization strategy to create digital versions of 
local content, limiting the amount of information AI algorithms can process (Cox, 
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2023). Without adequate digitized resources, NLP models in academic libraries 
may not function optimally. Moreover, success of academic libraries depends on 
their ability to provide easy and timely access to electronic resources (Jaillant, 
2022). Inadequate metadata and indexing hinder resource discoverability, 
resulting in frustration for library users and reduced utilization of valuable digital 
collections. Moreover, theses and dissertations are often not published in an 
established venue and are hence absent from the usual channels of 
communication of the research front, more so in journal-oriented fields, whereas 
in book-oriented fields, publication of theses through scholarly publishers is 
common (Donner, 2021).  
 
To address such challenges, this model will leverage artificial intelligence 
techniques, including natural language processing and machine learning, to 
automatically extract and enhance metadata from electronic resources. However, 
the development, implementation and integration of such AI models into 
academic library systems present technical and practical obstacles. 
  
According to Mwandosya (2022), in the domain of library and information 
science, particularly in relation to search databases like the Online Public Access 
Catalogue (OPAC), indexing serves as the fundamental process for discovering 
documents. The objective of the index is to enhance the accuracy of obtaining 
specific sections of the pertinent documents and to minimize the percentage of 
recalls and associated files obtained in libraries. The integration of the NLP model 
with OPAC will allow users to interact with library systems in natural and 
everyday language, making searches more intuitive. Instead of using complex 
Boolean queries or specific keywords, users can ask questions or describe the 
information they are looking for in conversational language (Dalton et al., 2022). 
NLP enables semantic search, where the system understands the meaning behind 
a user’s query rather than just matching exact keywords. This leads to more 
accurate and relevant results, helping researchers and students quickly find the 
information they need. 
 
The indexing of electronic resources can enhance various aspects of library 
services, such as cataloguing, classification, recommendation, reference, discovery 
and preservation. Furthermore, this technological advancement will assist 
librarians in the automation of metadata production and extraction processes, 
hence enhancing the overall quality and uniformity of bibliographic entries (Ullah 
et al., 2018). The model that will be constructed will also assist librarians in 
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addressing intricate and varied inquiries using natural language processing and 
semantic analysis techniques. Additionally, this model will assist librarians in 
identifying novels and developing subjects, trends and patterns within the realm 
of information, employing techniques such as data mining and machine learning.  
 
Objectives 
a) To develop an AI model for extracting metadata from a wide range of elec-

tronic resources;  
b) To enhance the indexing of electronic resources by automating metadata 

extraction; 
c) To implement NLP techniques for text-based resources to extract metadata 

elements.  
 

Literature review 
Librarians need to prepare for the future of AI in library services by educating 
themselves and their stakeholders about the basics and implications of AI, such 
as its capabilities and risks (Cox et al., 2019). It is also important to engage with 
clients and users of AI to understand their needs, expectations, feedback and 
concerns. Moreover, librarians should test the tools and technologies of AI to 
explore their capabilities and limitations (Kuleto et al., 2021). Logically, 
information services provider like the university library is a good environment 
where AI can add value to upcoming university education (Okunlaya et al., 2022).  
 
Academic libraries are flooded with a massive volume of digital resources. Manual 
cataloging and indexing of these materials are time-consuming and error-prone, 
leading to incomplete or inaccurate metadata. This hinders users' ability to find 
and access the resources they need for research and learning. Jha (2023)  argues 
that one of the technologies that is rapidly advancing and changing is AI. This 
technology can be leveraged to enhance cataloging and indexing of the library 
materials, thereby mitigating the challenges associated with the manual handling 
of these materials. Cox (2019) added that librarians needed to become more 
skillful at educating clients on how AI is used in library services and what it means 
for information searching and browsing.  
 
Additionally, users should evaluate the outcomes and impacts of AI with regards 
to performance, quality, relevance, diversity, accessibility, usability and 
satisfaction. Librarians should also stay up to date on the new and emerging 
applications, challenges, opportunities and innovations of AI in order to adapt 



 
Asifiwe J. Makawa, Paulina N. Kayungi, Daudi H. Danda, Mboni A. Ruzegea, William J. Mviombo and Neema E. Mosha 

Proceedings of the 6th COTUL Scientific Conference Held on 11-12 November 2024 at TMDA in Mwanza, Tanzania 56 

addressing intricate and varied inquiries using natural language processing and 
semantic analysis techniques. Additionally, this model will assist librarians in 
identifying novels and developing subjects, trends and patterns within the realm 
of information, employing techniques such as data mining and machine learning.  
 
Objectives 
a) To develop an AI model for extracting metadata from a wide range of elec-

tronic resources;  
b) To enhance the indexing of electronic resources by automating metadata 

extraction; 
c) To implement NLP techniques for text-based resources to extract metadata 

elements.  
 

Literature review 
Librarians need to prepare for the future of AI in library services by educating 
themselves and their stakeholders about the basics and implications of AI, such 
as its capabilities and risks (Cox et al., 2019). It is also important to engage with 
clients and users of AI to understand their needs, expectations, feedback and 
concerns. Moreover, librarians should test the tools and technologies of AI to 
explore their capabilities and limitations (Kuleto et al., 2021). Logically, 
information services provider like the university library is a good environment 
where AI can add value to upcoming university education (Okunlaya et al., 2022).  
 
Academic libraries are flooded with a massive volume of digital resources. Manual 
cataloging and indexing of these materials are time-consuming and error-prone, 
leading to incomplete or inaccurate metadata. This hinders users' ability to find 
and access the resources they need for research and learning. Jha (2023)  argues 
that one of the technologies that is rapidly advancing and changing is AI. This 
technology can be leveraged to enhance cataloging and indexing of the library 
materials, thereby mitigating the challenges associated with the manual handling 
of these materials. Cox (2019) added that librarians needed to become more 
skillful at educating clients on how AI is used in library services and what it means 
for information searching and browsing.  
 
Additionally, users should evaluate the outcomes and impacts of AI with regards 
to performance, quality, relevance, diversity, accessibility, usability and 
satisfaction. Librarians should also stay up to date on the new and emerging 
applications, challenges, opportunities and innovations of AI in order to adapt 

 
Development of an AI Metadata Extraction Model to Enhance Electronic Resources Indexing in Academic Libraries 

Proceedings of the 6th COTUL Scientific Conference Held on 11-12 November 2024 at TMDA in Mwanza, Tanzania 57 

their skills and strategies accordingly (Dwivedi et al., 2021). The incorporation of 
AI is exerting a significant influence on various domains and sectors, including 
library services. Gasparini and Kautonen  (2022) also argued how AI will have 
impact on the way research libraries operate and provide their services, as well as 
how they will make use of many types of data that they save in their repositories 
in the future.  
 
With the widespread availability of extensive, complete text databases, both the 
fields of Information Retrieval (IR) and bibliometrics have also benefited from 
advancements in natural language processing (NLP) and computational 
linguistics. These technologies are designed to employ diverse and efficient 
methods to support the educational process at the college and university level 
(Alhawiti, 2014). These methods have enhanced the retrieval of documents and 
the capacity to investigate connections among entities of interest in metrics 
research (Wolfram, 2016).  
 
The deployment of an AI metadata extraction has promise for augmenting the 
efficiency, accuracy, and relevance of librarians in disseminating information and 
providing resources to academics, students and other stakeholders (Sa’ari et al., 
2023). When AI is applied to the field of library and information science, more 
specifically, to search databases such as the Online Public Access Catalogue 
(OPAC), indexing is the basis of document retrieval. The purpose of the index is 
to improve the precision of retrieving parts of the relevant documents and to 
reduce the proportion of recalls and related files retrieved in libraries 
(Mwandosya, 2022).  
 
Scholars have conducted investigations into the potential of AI technology to 
revolutionize different facets of library operations, including cataloguing, resource 
finding and user services (Subaveerapandiyan, 2023). Numerous scholarly 
investigations have been conducted to explore the impact of AI implementation 
on the development of novel services within library settings. This encompasses 
the enhancement of user experiences through the use of advanced resource 
indexing, and intelligent recommendation systems. Voogt et al (2013) argue that 
an important area of impact is likely to be in search/resource discovery. These 
studies highlight the importance of accurate and automated information 
extraction to improve the indexing and discoverability of resources. According to 
Huang (2022) artificial intelligence (AI) has a notable impact on enhancing the 
acquisition and instruction of information literacy. 
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The current manual cataloguing and indexing procedures demonstrate 
inefficiency in managing the substantial volume of library resources, necessitating 
the use of automated alternatives (Places et al., 2016). Natural Language 
Processing (NLP) undertakes a significant role in enhancing the functionality and 
user experience of academic smart libraries, as these libraries evolve into digital 
and AI-driven ecosystems. NLP models can analyze user behavior, reading 
patterns, and preferences to make personalized recommendations for books, 
articles or research papers (Sarma et al., 2021). This personalization enhances the 
user experience by making the library’s vast collection more manageable and 
tailored to individual needs. 
 
Moreover, the notion of information literacy assumes a pivotal significance within 
the realm of artificial intelligence, as it underscores the imperative for individuals 
to possess a feeling of agency and self-regulation. Ideally, these systems are 
equipped with the capacity to perform tasks, develop conclusion based on past 
experiences, and produce predictions by processing and analyzing large amounts 
of data (Yoon et al., 2022). Consequently, AI models have the potential to enhance 
the process of uncovering pertinent and personalized information. The 
identification of obstacles and possibilities in the implementation of AI-driven 
metadata extraction methods has been undertaken by researchers (Lee, 2013). The 
obstacles that may arise encompass issues related to data quality, model accuracy 
and ethical considerations as suggested by Qin (2014).  
 
Scholarly investigations have been undertaken to perform comprehensive 
literature evaluations to assess and delineate  the body of research that intersects 
AI with library services (Massis, 2018). The aforementioned review offers valuable 
insights pertaining to the present state of AI implementation in libraries, as well 
as its consequential effects on diverse facets of library operations. In view of the 
current literature, it can be argued that academic libraries are increasingly adopting 
technology-oriented approaches, to streamline processes and enhance services. 
The literature discusses the importance of AI in the context of research libraries 
and its potential to enhance electronic resource retrieval. 
 
Materials and methods 
A total of 8,421 bibliographic metadata records were extracted from the selected 
higher education institutions. These datasets were extracted from the libraries at 
Dar es Salaam University College of Education (DUCE), Muhimbili University 
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of Health and Allied Sciences (MUHAS) and Nelson Mandela African Institution 
of Science and Technology (NM-AIST). The publication distribution consisted 
of 79% books, 12% open access articles and other online resources and 9% 
dissertations and theses, covering the time span from 2010 to 2022. The selected 
academic institutions employ KOHA, an open-source integrated library system 
designed to facilitate library administration and bibliometric analysis and an 
Online Public Access Catalogue (OPAC). OPAC is a database used in libraries to 
make cataloged materials publicly accessible online. Users search the OPAC for 
books, articles and other materials by keywords or other details such as author 
and title. The system helps library users in these institutions to locate books they 
are looking for and provide them with bibliographic information about such 
materials. 
 
NLP encompasses several components such as speech synthesis, machine 
translation, linguistic models, information retrieval, information extraction and 
speech recognition (Adejo & Misau, 2021). A novel Ensemble Learning Model 
was constructed by combining k-means clustering with NLP (Balyan et al., 2017). 
Using the technique of multiple-text summarization, it was possible to cut down 
the amount of time and efforts required to read the entire document by selecting 
the most important aspects from the original texts. The clustering process 
comprised the following features: ISBN, barcode number, publication year, 
authors, publisher, title, key words and call number. 
  
These features acted as metadata fields extracted by NLP techniques which were 
Named Entity Recognition (NER) and Text Classification. The Sentiment 
Analyzer utility was employed to extract sentiment from web articles. The 
systematic analysis identified all mentions of the specified topic and assessed the 
sentiment in each reference using natural language processing methods. An 
Ensemble Learning Model was employed as a meta-learning strategy to exploit 
the respective advantages of both models. The objective was to construct a 
metadata extraction model that is both more resilient and precise. Cleaning and 
preprocessing the dataset involved text normalization, removing stop words and 
handling special characters. Shahzad and Khan (2023) mentioned that the data 
should be in a suitable format for an AI model training. Unsupervised machine 
learning was utilized to develop AI metadata extraction model that enhanced 
electronic resource indexing. As a first step in the extraction process, the 
conversion from PDF into HTML format is performed. The choice to convert 
PDF format into HTML was made because this format preserves the formatting 
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information during conversion (Kovačević et al., 2011). This information is crucial 
for the recognition of metadata. After the conversion process, feature extraction 
is performed for each text row on the first page (Figure 1). At this stage, it was 
critical to define the features or attributes that are relevant for metadata extraction 
(Mariani et al., 2023). These features include text content, document structure and 
metadata tags. Both clustering and dimensionality reduction unsupervised 
learning methods were applied to extract relevant features from electronic 
resources (Virkus & Garoufallou, 2020). This involved identifying key patterns, 
text segments and metadata elements within the content. 

 
Figure 1: Metadata Extraction Process  
Source: Kovačević et al (2011) 
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Unsupervised machine learning allows for scalability, as it can handle large 
volumes of electronic resources efficiently, making it suitable for academic 
libraries with extensive digital collections. Choosing an appropriate combination 
of AI models for metadata extraction was a key aspect (Nguyen et al., 2019). 
Natural Language Processing (NLP) method was used to process textual content 
and identify metadata elements like author names, titles, abstracts, keywords and 
citations.  
 
A critical evaluation metric in Natural Language Processing (NLP) tasks is the F1-
score (Bashir et al., 2021). To assess the accuracy and effectiveness of the model, 
there is a needed of balancing between Precision and Recall. This metric 
combined these two components into a single number by taking their harmonic 
mean, making it a more informative measure than considering Precision or Recall 
alone. These measures enhance the model's ability to precisely extract and 
categorize metadata (including titles, authors, keywords, publication dates, and 
subjects) from electronic resources (Kovačević et al., 2011). 
 
The precision metric indicated how many of the positive predictions made by the 
model were actually correct. It measured the accuracy of the positive class. The 
recall metric, on the other hand, measured how many of the actual positive 
instances were correctly identified by the model.  
 
The F1-score served as a balanced metric that took both Precision and Recall into 
account. It provided a more holistic measure by using the harmonic mean of 
Precision and Recall. The harmonic mean was used instead of the arithmetic mean 
because it corrects extreme values. 
  
Techniques like Named Entity Recognition (NER) and part-of-speech tagging 
assisted in this process. Thereafter, training the selected classification model on 
the preprocessed dataset was done; 80% of the data was used for training, 10% 
of the data was used for testing the model and the remaining 10% was reserved 
for validation to evaluate the model's performance. 
 
The model's performance was assessed in terms of metadata extraction accuracy, 
precision, recall, and F1-score. The model was fine-tuned as needed based on the 
evaluation results. The final stage was to develop a web-based application that 
integrates the trained model into the academic library's indexing process while 
ensuring compatibility with the library's indexing workflow. Therefore, it 
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automatically processes new electronic resources, extracting metadata and 
populating indexing databases. 
 
Results and discussions 
An overall F1-score of 0.72 was obtained for the evaluation matrix which 
combined two matrices: Precision and Recall, into a single metric by taking their 
harmonic mean. The F1-score was the weighted average mean of Precision and 
Recall used in Natural Language Processing as given in Table 1. Recall measured 
the proportion of actual metadata entries that the model successfully identified. 
It focused on how well the model captured all the relevant information present in 
the data. This score reflects a strong but improvable model for metadata 
extraction. True Positives (TP): These were cases where the model correctly 
identified the metadata field. For example, correctly extracting "Frank John" as 
the author of a paper. False Positives (FP): These were cases where the model 
incorrectly predicted a metadata field, assigning wrong or irrelevant information. 
For instance, predicting the wrong author for a paper. False Negatives (FN): 
These were cases where the model failed to identify a metadata field that was 
present. For example, if an author’s name is in the document but the model fails 
to extract it, it counts as a False Negative. 
 
The model automated a significant portion of the indexing process, though 
improvements are needed to reduce errors and enhance precision and recall. With 
further optimization, the model will greatly enhance the discoverability and 
accessibility of electronic resources. In the current state, it still offers substantial 
benefits by increasing the efficiency of cataloging tasks but requires human review 
for critical tasks or important resources. 
 
Codes were written in Python-based Jupyter notebook which allowed execution 
within notebook documents. Given the limited computing resources, data was 
imported into Colab notebooks. Colab is a hosted Jupyter Notebook service that 
requires no local setup to use and provides online access to computing resources, 
including GPUs and TPUs. Colab notebooks allow the combination of executable 
codes and rich text in a single document (Cunha et al., 2021). Additionally, it was 
possible to harness the full power of other Python libraries to analyze and 
visualize data. Numpy was used to generate random data during fine-tuning, and 
Matplotlib was used for visualization.  
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Table 1: Precision, recall and F1-scores 
Metadata Field Precision Recall F1-score 
Authors 78.87 77.91 78.39 
Barcode Number 74.80 71.52 73.12 
Call Number 71.78 71.25 71.51 
ISBN 69.44 69.93 69.69 
Keywords 78.36 77.86 78.11 
Publisher 72.88 72.40 72.64 
Title 74.51 57.05 64.62 
Year of Publication 72.08 66.02 68.91 

 
As shown in Table 1, the eight metadata fields used included Authors, Barcode 
number, call number, ISBN, keywords, Publisher, Title and Year of Publication. 
From Table 1, the highest performance was achieved for Author accounting for 
78.39%, followed by Keywords (78.11%), then Barcode number (73.12%). While 
the Title field had a high Precision of 74.51%, it had F1-score of 64.62% due to 
a higher False Negative (FN) rate which affected the Recall to 57.05%. 
 
A correlation matrix was also used to show correlation coefficients between 
variables. A correlation matrix is used to summarize data, as input into a more 
advanced analysis, and as a diagnostic for advanced analyses (Jiang, 2019). Each 
cell in the table shows the correlation between two variables. Findings as 
demonstrated in Figure 2 show the Authors and Call Number fields exhibiting 
a very strong positive correlation (0.99). This indicates that as the value for one 
of these fields increases, the value for the other field also increases in a nearly 
identical manner. This might indicate that specific authors are often associated 
with particular call numbers (subject areas).  
 
The fields Authors and Keywords show a negative correlation; this suggests that 
certain authors are inversely related to the presence of certain keywords. For 
example, an increase in the representation of some authors may correspond to a 
decrease in the presence of specific keywords, indicating divergence in thematic 
focus. 
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Figure 2: Correlation Matrix 
 
The ISBN field has moderate positive correlations with Barcode Number (1.0) 
and other fields such as Authors (0.6) and Call Number (0.6). The perfect 
correlation with Barcode Number could suggest that these two fields are closely 
tied (each book has a unique barcode and ISBN). Keywords tend to show weak 
to moderate negative correlations with most other fields, except for a weak 
positive correlation (0.19) with ISBN and Barcode Number. This suggests that 
keywords did not strongly align with the other metadata fields and reflected 
unique thematic aspects of the dataset. In this instance, an extended matrix was 
used to correlate a wider selection of the fields. Figure 3 shows a strong positive 
correlation of 93% between Keywords and Publisher, indicating that certain 
keywords are more likely to appear in publications from specific publishers. This 
suggests that publishers have a thematic focus reflected in the keywords used.  
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Figure 3: Extended Correlation Matrix 
 
The correlation between Authors and Call Number remains very strong at 99%. 
This suggests that particular authors are closely tied to specific call numbers (likely 
representing particular subject areas). On the contrary, there is a negative 
correlation between some of the fields such as Authors and Publishers, suggesting 
that certain publishers may not frequently publish works by specific authors or 
that authors are associated with different publishing patterns. Year of Publication 
shows a strong positive correlation with Barcode Number (91%) and ISBN 
(91%). This reflects a pattern where more recent publications have higher barcode 
and ISBN numbers. Call Number and Title show a strong positive correlation 
(0.85), meaning that the titles and call numbers are closely related. This suggests 
a structured classification system for the titles in relation to call numbers. 
Publisher and Keywords have a strong positive correlation of 93%, showing that 
certain publishers tend to use specific sets of keywords more frequently. This 
could indicate thematic specialization and targeted publications. Overall, the 
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strong correlation between Call Number and Title can be used to further analyze 
how books are classified within a library’s subject areas while the negative 
correlations between Keywords and fields like Authors and Call Number indicate 
gaps in thematic coverage and differences in how metadata fields are assigned to 
electronic resources. 
 
The box plots based on the correlation matrix data is shown in Figure 4. These 
plots depict the distribution of correlation values across the eight metadata fields. 
Given correlation values typically range from -1 to 1.  The box plots reflect this 
range: 

 
Figure 4: Box Plots for Correlation Matrix Fields 
 
Findings, as illustrated in Figure 4, show that the correlations involving Authors 
are generally positive and tightly distributed between around 0.5 and 1.0. The 
median correlation is high, suggesting a strong relationship with most of the other 
fields. The Barcode Number field has a wider spread, with correlations ranging 
from around 0.2 to 1. The median is closer to 0.6, indicating moderate correlations 
with other fields, though the spread suggests variability in how Barcode Number 
correlates with others. Like Authors, Call Number has a high median 
correlation, with values mostly positive and concentrated in the 0.6 –1 range. 
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ISBN follows a similar pattern to Barcode Number with moderate correlations. 
The median is close to 0.6, showing a balanced relationship with other fields. The 
distribution of correlation values is more spread out, with some values dropping 
below 0. This suggests that Year of Publication does not have a strong positive 
correlation with all other fields. There may be both positive and negative 
relationships with other metadata fields. The Title has a wider spread, with lower 
correlation values compared to the other fields. This suggests that Title might 
have weaker relationships with other metadata fields, especially compared to 
Authors or Call Number. Publisher has a mix of positive and negative 
correlations like Keywords. The spread indicates some variability in how this field 
correlates with the other fields. 
 
Conclusion 
The present study has unveiled the considerable capacity of Artificial Intelligence, 
namely Natural Language Processing (NLP) and machine learning (ML) methods, 
in the automation and enhancement of metadata extraction precision. By utilizing 
AI, academic libraries may greatly decrease the need for human cataloguing, attain 
greater levels of accuracy in resource indexing, and guarantee that digital 
collections are readily accessible to users.  
 
The use of Natural Language Processing (NLP) in Tanzanian academic 
libraries will offer significant potential to transform how students and researchers’ 
access, interact with and manage academic resources. However, challenges such 
as limited infrastructure, lack of data and human capacity remain to be 
addressed to fully realize these benefits. With targeted investment and 
collaborative efforts, Tanzanian academic libraries will harness the power of NLP 
to enhance academic research, improve resource accessibility, and preserve local 
knowledge for future generations. 
 
Moreover, the incorporation of such artificial intelligence models in academic 
libraries guarantees that libraries maintain pace with the rapid expansion of digital 
content. Given the growing dependence of academic institutions on electronic 
resources, the need for efficient indexing becomes paramount to effectively 
manage extensive repositories and facilitate prompt and correct access to 
pertinent information for students, researchers, and teachers. Nevertheless, the 
effectiveness of an AI-driven method depends on other important factors 
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including having access to rigorous training data, strong infrastructure, and 
ongoing enhancements to the AI model.  
 
Ultimately, the use of artificial intelligence in extracting metadata for academic 
libraries will provide a novel and readily expandable resolution to the difficulties 
brought about by the digital era. AI-driven metadata extraction model, when 
continuously refined, developed in collaboration with subject specialists, and 
allocated with sufficient computing resources, will have the capacity to transform 
the management and indexing of digital collections in academic libraries. This 
transformation would result in increased accessibility, improved research 
capabilities, and better academic results.  
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