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ABSTRACT

NLP has witnessed a remarkable improvement in applications, from voice assistants to sentiment analy-
sis and language translations. However, in this process, a huge amount of personal data flows through
the NLP system. Over time, a variety of techniques and frameworks have been developed to ensure that
NLP systems do not ignore user privacy. This chapter highlights the significance of privacy-enhancing
technologies (differential privacy, secure multi-party computation, homomorphic encryption, federated
learning, secure data aggregation, tokenization and anonymization) in protecting user privacy within
NLP systems. Differential privacy introduces noise to query responses or statistical results to protect
individual user privacy. Homomorphic encryption allows computations on encrypted data to maintain
privacy. Federated learning facilitates collaborative model training without sharing data. Tokenization
and anonymization preserve anonymity by replacing personal information with non-identifiable data.
This chapter explores these methodologies and techniques for user privacy in NLP systems.
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Enhancing User Privacy in Natural Language Processing (NLP) Systems

1. INTRODUCTION

Natural Language Processing (NLP) Systems are computer programs or algorithms designed tounderstand,
interpret, and generate human language. NLP is acombination of artificial intelligence and computational
linguistics that focuses on enabling computers to interact with and process natural language in a way
that is similar to how humans do. NLP systems aim to comprehend and extract meaning from human
language input, whether it is in the form of written text or spoken speech. This involves tasks like parsing
sentences, identifying entities, determining sentiment, and extracting relevant information (Feng et al.,
2020). NLP systems can also create human-like language output, such as generating coherent sentences,
paragraphs, or even entire documents. Applications of this capability include chatbots, language transla-
tion, and text summarization. NLP systems are also utilized in search engines and information retrieval
systems to understand user queries and retrieve relevant information from vast databases. It can determine
the sentiment or emotion expressed in a piece of text, helping in businesses, public opinions, reviews,
and customer feedback. NLP is employed in speech recognition systems that convert spoken language
into written text (Casillo et al., 2022). This technology enables voice commands in virtual assistants and
voice-controlled devices. it also facilitates machine translation systems that automatically translate text
from one language to another, aiding global communication and language localization. NLP is used to
summarize long pieces of text, making it easier for users to grasp the main points quickly. It can power
the systems which take questions in natural language and provide relevant answers by extracting infor-
mation from vast knowledge bases. Privacy-preserving NLP systems aim to strike a delicate balance
between extracting meaningful insights from text data and safeguarding the confidentiality and sensitiv-
ity of user information. In order to effectively address the privacy concerns associated with NLP, it is
crucial to adopt a user-centric approach that puts individuals’ privacy preferences, needs, and rights at
the forefront. However, the widespread adoption of NLP also raises significant concerns about privacy
and the security of personal information. As these systems analyze and process vast amounts of textual
data, the need to protect user privacy becomes vital.

The need for privacy in Natural Language Processing (NLP) Systems arises from the potential
risks associated with handling users’ sensitive and personal information during language processing
tasks(Mahendran et al., 2021). While NLP systems offer numerous benefits, such as better user experi-
ences, improved productivity, and enhanced decision-making, they also have the capacity to process
and store large amounts of private data. If not handled with proper privacy measures, this can lead to
various privacy concerns and potential abuses of personal information.

Suppose a user interacts with a virtual assistant, which is an NLP-based system, to schedule appoint-
ments, set reminders, and manage personal tasks. During this interaction, the virtual assistant processes
the user’s calendar, contacts, and location data to provide relevant and personalized responses. So,
privacy is crucial as, the virtual assistant collects and processes a vast amount of personal data, includ-
ing event details, contact information, and location history. Without privacy protection, this data could
be exposed to unauthorized access, potentially leading to identity theft, stalking, or misuse of sensitive
information. There can be other reasons like the virtual assistant needs to understand the user’s context
to provide accurate responses. This may involve analyzing the user’s messages, emails, and browsing
history. If this data is not kept private, it could lead to a breach of the user’s confidentiality and expose
private conversations or browsing habits. Also, NLP systems might collaborate with third-party services
or companies for certain functionalities. If privacy measures are not in place, these external entities could
gain access to the user’s personal data, leading to data leaks and privacy breaches. To tackle these privacy

160



25 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:
www.igi-global.com/chapter/enhancing-user-privacy-in-natural-language-

processing-nlp-systems/335838

Related Content

A Case Study on Tools and Technigues of Machine Translation of Indian Low Resource
Languages

Anuraj Boseand Goutam Majumder (2024). Empowering Low-Resource Languages With NLP Solutions
(pp. 51-85).
www.irma-international.org/chapter/a-case-study-on-tools-and-techniques-of-machine-translation-of-indian-low-resource-

languages/340501

Narratology and Post-Narratology

(2020). Toward an Integrated Approach to Narrative Generation: Emerging Research and Opportunities
(pp. 162-314).

www.irma-international.org/chapter/narratology-and-post-narratology/241121

Chemical Named Entity Recognition Using Deep Learning Techniques: A Review

Hema R.and Ajantha Devi (2021). Deep Natural Language Processing and Al Applications for Industry 5.0
(pp. 59-73).
www.irma-international.org/chapter/chemical-named-entity-recognition-using-deep-learning-techniques/284203

Semantic Similarity Using Register Linear Question Classification (RLQC) for Question
Classification

Shanthi Palaniappan, Sridevi U. K.and Pathur Nisha S. (2020). Neural Networks for Natural Language
Processing (pp. 104-114).
www.irma-international.org/chapter/semantic-similarity-using-register-linear-question-classification-rlgc-for-question-
classification/245086

Machine Learning Approach for Kashmiri Word Sense Disambiguation

Aadil Ahmad Lawaye, Tawseef Ahmad Mir, Mahmood Hussain Mirand Ghayas Ahmed (2024). Empowering
Low-Resource Languages With NLP Solutions (pp. 113-136).
www.irma-international.org/chapter/machine-learning-approach-for-kashmiri-word-sense-disambiguation/340503



http://www.igi-global.com/chapter/enhancing-user-privacy-in-natural-language-processing-nlp-systems/335838
http://www.igi-global.com/chapter/enhancing-user-privacy-in-natural-language-processing-nlp-systems/335838
http://www.irma-international.org/chapter/a-case-study-on-tools-and-techniques-of-machine-translation-of-indian-low-resource-languages/340501
http://www.irma-international.org/chapter/a-case-study-on-tools-and-techniques-of-machine-translation-of-indian-low-resource-languages/340501
http://www.irma-international.org/chapter/narratology-and-post-narratology/241121
http://www.irma-international.org/chapter/chemical-named-entity-recognition-using-deep-learning-techniques/284203
http://www.irma-international.org/chapter/semantic-similarity-using-register-linear-question-classification-rlqc-for-question-classification/245086
http://www.irma-international.org/chapter/semantic-similarity-using-register-linear-question-classification-rlqc-for-question-classification/245086
http://www.irma-international.org/chapter/machine-learning-approach-for-kashmiri-word-sense-disambiguation/340503

