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ABSTRACT

This project focuses on the development of a tool designed to
automate the extraction and tracking of required and
recommended readings from course syllabi at Earlham College.
The tool utilizes a fine-tuned large language model to parse syllabi
and accurately identify textbook information, even when
presented in varied and incomplete formats. Extracted data is
stored in a database and further refined by web scraping to verify
the availability of these textbooks in the Lilly Library’s catalog.
The tool distinguishes between physical books and eBooks and
updates the database accordingly. By automating this process, the
tool will enable the Lilly Library to proactively ensure that
essential textbooks are available to students, potentially reducing
the financial burden on them. This project not only aims to benefit
Earlham College but also holds the potential to be adapted for use
in other educational institutions globally, promoting broader
access to academic resources.
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1 INTRODUCTION

Course syllabi are crucial for guiding students through their
academic coursework, detailing the required and recommended
readings that are essential for their success. However, at Earlham
College, there is currently no automated system to ensure that
these textbooks are available in the Lilly Library, leading to a
situation where students often need to purchase books that might
already be accessible through the college’s resources. The existing
process relies on professors to notify the library about necessary
books, but this approach is inconsistent and can result in gaps in
the library’s offerings.

This project addresses this issue by developing a tool that
automatically processes course syllabi to extract textbook
information, even when the data is presented in varied or
incomplete formats. The tool fine-tunes a pre-trained large
language model and prompts it to identify and compile the
necessary readings’ in-publication data into a database accurately.
It then uses web scraping technology, specifically OXPath, to
check the availability of these books in the library’s catalog,
distinguishing between physical copies and eBooks. By ensuring
that all essential readings are easily accessible, this tool aims to
reduce the financial burden on students and improve the efficiency
of resource management at Earlham College. Additionally, the
framework of this tool could be adapted for use in other academic

institutions, offering a scalable solution to enhance library services
and support student learning on a broader scale.

2 RELATED WORK

2.1 Fine-tuning large language models

Large Language Models (LLMs) are sophisticated algorithms
capable of processing and generating human-like text by
leveraging vast datasets and advanced architectures, such as
transformers. Fine-tuning refers to the process of adapting a
pre-trained LLM to specific tasks or domains by training it on a
smaller, task-specific dataset. This is crucial as it enhances the
model’s performance and accuracy, enabling it to understand
specialized terminology and context[Nav+23]. Several recent
studies have explored different approaches to fine-tuning LLMs for
various applications.

Xu et al. emphasize the importance of effective and
generalizable fine-tuning strategies for LLMs in their work. They
propose methods to enhance the adaptability of LLMs, ensuring
that models can learn from limited domain-specific data while
maintaining their general language capabilities[Xu+21]. Li et al.
proposed a novel framework that aligns generated internal
knowledge with external knowledge through in-context learning
(ICL) to improve the accuracy and reliability of LLM outputs for
automated clinical data extraction[Li+24]. Their approach employs
a retriever to identify relevant units of internal or external
knowledge and a grader to evaluate the truthfulness and
helpfulness of the retrieved internal-knowledge rules, to align and
update the knowledge bases.

Patil and Gudivada provide a comprehensive review of LLMs,
discussing various fine-tuning techniques tailored for specific
downstream tasks[PG24]. They highlight methods such as
discriminative fine-tuning, which adjusts model parameters based
on task-specific datasets, and gradual unfreezing, which allows for
selective training of model layers. Howard and Ruder introduced
another general fine-tuning method called Universal Language
Model Fine-tuning (ULMFiT) that achieves state-of-the-art
performance on a wide range of text classification tasks[HR18].
ULMFiT uses discriminative fine-tuning, slanted triangular
learning rates, and gradual unfreezing to adapt a language model
to a target task. The authors demonstrate the effectiveness of their
approach on six text classification tasks, achieving significant
improvements over previous methods.

2.2 Web scraping

The web scraping process can be broadly divided into three key
stages: fetching, extracting, and transforming [Khd21]. The first step



involves accessing the relevant website using the HTTP protocol.
Important data is then extracted from the website using techniques
such as regular expressions, HTML parsing libraries, and XPath
queries. Finally, the extracted data is converted into a structured
format for storage and further processing.

Glez-Pena et al. demonstrated the usefulness and simplicity of
data scraping in addressing numerous practical needs, using a
biomedical data extraction scenario as an example [Gle+14]. The
authors highlighted the potential of web scraping in various
domains, paving the way for its wider adoption. To enhance the
efficiency of web scraping, researchers have explored advanced
techniques and tools. OXPath, an extension of XPath based on the
XML query language, enables the simulation of user interaction on
web pages and facilitates data extraction and manipulation.
Neumann et al. utilized OXPath to extract relevant papers from
Google Scholar and other digital libraries, demonstrating the tool’s
versatility in navigating through search results and accessing
specific content [NSS17].

2.3 Database interface

Traditional metadata formats like Machine Readable Cataloging
(MARC) are insufficient for capturing the complex bibliographic
relationships and semantics required for effective digital library
operations. Creating ontological metadata by extracting and
transforming MARC data allows advanced search, browsing, and
reasoning capabilities [WB98].

Weinstein uses a set of control files to map each selected MARC
field and code to one or more ontology concepts to convert binary
MARC data to text tagged with ontology concept [Wei98]. The
coded attributes and values from natural-language comments in
the tagged text are then extracted using a lexicon and
natural-language processing. The tagged text is then converted to
Loom assertions to use its reasoning capabilities to unify matching
instances and deduce relations between works. This process
converts the relationships that are implicit in the MARC data into
explicit relations that can be easily utilized by computers.

Data can also be directly extracted from textual documents and
added to ontological metadata. Monica et al. used Application
Programming Interfaces (APIs) to extract metadata on a corpus of
HTML documents, including file name, author, and creation date,
and effectively mapped them to ontology-based representations of
the textual documents. An algorithm called "Extract-Align" was
used to extract relevant terms from the HTML files and populate
the ontology [CC06]. The ontology-based representation enabled
improved organization, searching, and retrieval of the textual
documents.

Ontological metadata mapping can be used to automate the
database mediation process, where data is distributed across
multiple heterogeneous databases. Nadkarni et al. described a
rule-based framework for defining ontological metadata mapping
rules. These rules rely on elements of a global vocabulary, which
allows a query specified in one database to be automatically
translated and executed in other databases [MWNO09].
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2.4 User-Centered UI/UX

User-centered design (UCD) is a method used to alleviate system
usage difficulties. It focuses on user habits and preferences in
designing User Interface and User Experience (U/UX) [Ind22].
UCD follows four key principles: user focus, integrated design,
user testing, and interactive design [LR23].

Lumingkewas et al. applied UCD to improve the UI/UX of the
Academic Information System (AIS) at their university [LR23].
They began by signing interview agreements with developers and
experts, then identified the context of use through interviews. The
System Usability Scale (SUS) was used to evaluate the UI/UX via a
questionnaire of 330 student users. Based on the feedback, a design
solution was developed using Figma, and the SUS was repeated,
showing improved user satisfaction.

Similarly, Indah applied UCD to develop a library website for
the Faculty of Computer Science at Sriwijaya University [Ind22].
Librarians had struggled with managing the book collection
database using Excel, but the university required an accessible UI
for approval of an online application. By creating user personas
and gathering input through surveys and interviews, Indah
developed an application that met user needs. The SUS method
confirmed its success, and the application was approved for library
use.

3 DESIGN

The initial design and implementation of the tool will be tailored
for use in Lily Library in Earlham College. Earlham College stores
all course syllabi in a Box Folder which is widely available to all
students, faculty and staff members on campus. Most of the files
are in PDF format and this tool will only focus on that format for
the time being. To cater to Earlham College’s system, the initial
step of gathering all the PDF files from different directories into
one directory is done manually before. The directory is then fed to
the tool which automatises the next steps as detailed below.
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The following data architecture diagram outlines a pipeline for
processing course syllabi to automatically extract and track required
and recommended readings. The workflow begins with PDF syllabi
files, from which prose is extracted and fed into a pre-trained LLM

that is fine-tuned to recognize and identify reading information.

The fine-tuned LLM extracts and formats metadata for each reading,
storing it in a central database. To verify availability, a web scraping
module queries the library catalog, updating the metadata with
availability information. The final output is a report detailing course
readings and their availability status, facilitating resource tracking
for the library.

3.1 Fine-tuning LLM to list the required and
recommended readings

The platform initiates the process by accessing a directory
containing PDF files of course syllabi. A Python script is employed
to extract text from each of these PDF files using the PyPDF2

library. The extracted text is subsequently saved as plain text files
(-txt) in a separate directory for further processing.

The fine-tuning phase utilizes a pretrained language model,
specifically EleutherAI's GPT-]J, along with its associated
AutoTokenizer. Both the model and tokenizer are downloaded and
saved locally to facilitate reuse during multiple fine-tuning
sessions. The plain text files are read by a Python script that
interacts with the model. The AutoTokenizer processes the text by
converting it into tokenized IDs, transforming the text into a
format the model can understand. These tokenized IDs are then
organized into tensors, which are loaded into an iterable
dataloader for training purposes. The pretrained GPT-J model is
fine-tuned on these tokenized inputs to adjust its parameters and
optimize its performance for the target task.

Once the model has been fine-tuned, a query file containing
instructions to extract all required and recommended readings
from the input text files is submitted to the model. The fine-tuned
language model processes this query and generates a file
containing the extracted list of readings. This output is then stored
for subsequent steps, which are elaborated in Section 3.3. In the
next phase, the data from the result file is used to create a
structured database of course reading materials. This database
serves as the foundation for performing web scraping on the
library’s website to verify the availability of the listed readings.

3.2 Web scraping to determine the availability
of the books

The program extracts in-publication data from the course reading
database and uses the HTTP protocol to access the user-specified
library website. It employs OXPath to search for book titles listed
in the database, parsing the search results to identify matches. The
program further verifies whether the books found on the website
align with the complete publication information provided in the
database. As it processes each book, the program generates results
indicating whether a match has been found for each entry in the
database.

3.3 Database interface

Throughout the various stages of its operation, the program
repeatedly modifies data to prepare it for further processing, to
store it in specific formats, or to present it to the user in a
human-readable form.

The result generated by the fine-tuned LLM, which contains the
course reading descriptions, is first used to populate a database of
course readings. Given the variability in how each syllabus lists its
readings, many entries lack complete publication details. To address
this, the program utilizes the Open Library’s ISBN API to retrieve
full in-publication data for the books. This retrieved information is
then stored in a structured, well-formatted manner.

Once the database is populated and properly formatted, the
program converts it into ontological metadata. This ensures that
the necessary information for web scraping the library’s website is
easily accessible. After scraping is complete, the results indicating
the availability of each book are updated in the course readings
database.



In the final step, the complete course reading database, now
containing both in-publication data and library availability, is
converted into a human-readable report. The report is formatted as
a spreadsheet, enabling librarians to review the course readings
and easily check whether each book is available in the library.

3.4 User-Centered UI/UX

The user interface will allow librarians to provide the directory
containing the course syllabi and a link to the website that they
want the system to scour.

To develop a user interface that is easily navigable by most
librarians, the five-step UCD will be employed [LR23]. Librarians
at Lilly Library will be consulted to understand their needs. They
will also be surveyed with specified questions that will help design
the UI of the platform. The survey results will be used to design
the platform on Figma, which will then be shown to the primary
users of the platform. They will be surveyed again, where they will
be evaluating the usability of the system. The SUS method will be
used to evaluate the results of the survey to determine how suitable
the design is for librarians.

3.5 Analysis

The effectiveness of the tool can easily be accessed by fine-tuning
the LLM with only a few syllabi and running the program. To verify
if the program produced accurate results, the same syllabi can be
manually accessed to make a list of the required and recommended
readings. The accuracy of the next part of the tool can be verified by

again manually checking the library website for the list of readings.

The recorded result from the manual search can then be compared
with the result provided by the tool to correctly access the precision
of the tool.

The usability of the UI of the tool will be accessed by employing
the SUS method.

4 METHODS

4.1 Pre-processing

The initial step in preparing data for this project involves extracting
text from syllabi provided in PDF format. Using the PDFReader
function from Python’s PyPDF2 library, I developed a script that
systematically reads each PDF file, extracts its textual content, and
saves the output as a plain text (.txt) file. Each text file is stored in a
designated directory, which simplifies access and organization for
later stages of processing. This step ensures that the text is readily
available for the subsequent fine-tuning phase without needing to
access or process the original PDFs.

For the language model fine-tuning stage, I selected
EleutherAI’s GPT-J-6B, a pre-trained LLM known for its strong
performance in natural language understanding tasks. To
streamline future fine-tuning and avoid repeated downloads, the
model and its associated AutoTokenizer were downloaded and
saved locally. This setup allows for efficient reuse and quick access
during multiple fine-tuning sessions, ensuring that the model can
be further tailored to the project’s specific task of extracting
reading lists from text data. To check if the pre-trained model was
correctly loaded, I gave it random proses to see if it generates
responses, which worked in an appropriate way.
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