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survey of hallucination in natural language generation presents a
comprehensive examination of the phenomenon where AI-generated text contains
fabricated or inaccurate information. Hallucination in natural language
generation (NLG) systems poses significant challenges to the reliability,
trustworthiness, and practical deployment of AI models. This survey explores
the underlying causes, types, detection methodologies, and mitigation
strategies related to hallucinations in NLG. It also delves into the impact
of hallucination on various NLG applications, including summarization,
dialogue systems, and machine translation. By analyzing recent advancements
and research trends, this article provides a detailed understanding of how
hallucinations arise and how they can be addressed. The discussion includes
both technical approaches and evaluation metrics critical for assessing
hallucination severity. The following sections outline the key areas covered
in this comprehensive survey.

Understanding Hallucination in Natural Language Generation

Types and Causes of Hallucination

Detection Techniques for Hallucination

Mitigation Strategies and Model Improvements

Applications and Implications of Hallucination in NLG

Understanding Hallucination in Natural Language
Generation
Hallucination in natural language generation refers to the tendency of
language models to produce outputs that are factually incorrect, nonsensical,
or not grounded in the input data. This issue undermines the reliability of
NLG systems, especially in high-stakes domains such as healthcare, legal
documentation, and news generation. Understanding hallucination requires a
clear distinction between errors caused by model limitations and those
arising from ambiguous or incomplete data.

Modern NLG systems, particularly those based on deep learning and transformer
architectures, generate text by predicting the most probable next token given
the context. However, this probability-based method can lead to the
generation of plausible-sounding yet false statements, a hallmark of
hallucination. The challenge lies in balancing creativity and coherence with



factual accuracy and relevance.

Definition and Characteristics
Hallucination can be defined as the generation of content by an NLG model
that is unfaithful to the source input or external knowledge. It often
manifests as fabricated facts, unsupported claims, or inconsistent details.
Characteristics of hallucination include:

Fabrication: False information not supported by any input data.

Distortion: Altered details that misrepresent source content.

Irrelevance: Generation of unrelated or off-topic content.

Importance of Addressing Hallucination
Addressing hallucination is crucial for the adoption of NLG technologies in
real-world applications. Hallucinated content can mislead users, reduce
trust, and lead to erroneous decisions. Therefore, research focuses on
identifying hallucinations early and developing techniques to minimize their
occurrence without sacrificing linguistic quality or fluency.

Types and Causes of Hallucination
Hallucination in natural language generation arises from multiple factors,
both intrinsic to the model architecture and extrinsic to the training data.
Understanding the types and causes helps in designing better detection and
mitigation strategies.

Intrinsic vs Extrinsic Hallucination
Two primary categories of hallucination are recognized:

Intrinsic Hallucination: Occurs when the generated content contradicts
or diverges from the provided input. This is common in tasks like text
summarization, where the summary may introduce details not present in
the source document.

Extrinsic Hallucination: Happens when the model generates information
that cannot be verified or found in any external knowledge source. This
type is prevalent in open-domain dialogue systems and question
answering.



Causes of Hallucination
Several factors contribute to hallucination in NLG systems, including:

Training Data Quality: Noisy, biased, or insufficiently diverse training1.
data can lead to incorrect generalizations.

Model Overconfidence: Probability-based token prediction can2.
overestimate the likelihood of certain tokens, causing false information
generation.

Exposure Bias: Discrepancy between training and inference phases, where3.
models rely on ground-truth data in training but on self-generated
tokens during inference.

Knowledge Gaps: Limited or outdated knowledge in pre-trained models can4.
cause erroneous or fabricated outputs.

Task Complexity: Complex tasks with ambiguous or incomplete input often5.
increase hallucination risks.

Detection Techniques for Hallucination
Detecting hallucination is a critical step toward improving the reliability
of NLG systems. Various approaches have been developed to identify
hallucinated content, ranging from rule-based methods to advanced neural
techniques.

Automatic Metrics and Evaluation
Traditional evaluation metrics such as BLEU, ROUGE, and METEOR focus on
lexical overlap and fluency but often fail to capture factual consistency. To
address this, newer metrics have been introduced:

Fact-based Metrics: Metrics like FactCC and QAGS evaluate factual
correctness by comparing generated text against source data or external
knowledge bases.

Semantic Similarity: Embedding-based similarity measures assess whether
the meaning of generated text aligns with the input content.

Consistency Scores: Metrics that check for contradictions within
generated outputs or between outputs and source data.



Human Evaluation
Human annotators remain essential for detecting nuanced hallucinations that
automatic metrics may overlook. Evaluators assess factual accuracy,
relevance, and coherence of generated text. Human evaluation protocols often
involve:

Comparison of generated text against source documents.1.

Verification of facts using external resources.2.

Rating scales for hallucination severity and impact.3.

Machine Learning-based Detection
Recent progress includes training classifiers to identify hallucinated
content directly. These models leverage labeled datasets to learn patterns
indicative of hallucination. Techniques include:

Supervised learning with annotated hallucination examples.

Adversarial training to distinguish truthful from fabricated text.

Cross-modal approaches that incorporate knowledge graphs or databases
for verification.

Mitigation Strategies and Model Improvements
Reducing hallucination in natural language generation requires targeted
interventions during model training, architecture design, and inference. This
section reviews key mitigation strategies employed in current research.

Data-Centric Approaches
Improving the quality and diversity of training data is a foundational
mitigation method. Techniques include:

Curating high-quality, factually accurate datasets.

Augmenting data with external knowledge sources.

Filtering or correcting noisy annotations.



Model Architecture Enhancements
Architectural modifications help constrain models to generate more faithful
content. Examples include:

Incorporating retrieval-augmented generation to ground outputs in
external documents.

Using fact-aware attention mechanisms to focus on relevant source
information.

Employing constrained decoding strategies to avoid unlikely token
sequences.

Training and Inference Techniques
Strategies at the training and inference stages include:

Reinforcement Learning: Optimizing models with reward functions that
penalize hallucination.

Knowledge Distillation: Transferring knowledge from more accurate
teacher models to student models.

Post-Editing: Employing secondary models or algorithms to detect and
correct hallucinated content after generation.

Controlled Generation: Conditioning models on factual constraints or
templates to guide output.

Applications and Implications of Hallucination
in NLG
Hallucination affects a wide range of natural language generation
applications, influencing their effectiveness and user trust. Understanding
its implications is essential for deploying NLG systems responsibly.

Text Summarization
In abstractive summarization, hallucination is a prominent challenge as
summaries may introduce unsupported details or distort original content. This
can mislead readers and reduce the credibility of automated summarization
tools.



Dialogue Systems and Chatbots
Conversational agents risk generating hallucinated responses that can confuse
or misinform users. Maintaining factual consistency is critical, especially
in domains like customer service, healthcare, and education.

Machine Translation
Although hallucination is less common in machine translation, it can occur
when models invent or omit information, leading to inaccurate translations.
This impacts communication and information exchange across languages.

Content Creation and Journalism
Automated content generation tools may inadvertently produce fabricated
facts, raising ethical concerns and highlighting the need for robust
hallucination prevention in media and publishing.

Implications for Trust and Ethics
The presence of hallucination affects user trust and the ethical use of AI-
generated content. Transparency, explainability, and rigorous validation are
necessary to mitigate risks associated with hallucinated outputs.

Frequently Asked Questions

What is hallucination in natural language generation
(NLG)?
Hallucination in natural language generation refers to the phenomenon where a
model generates content that is factually incorrect, irrelevant, or not
supported by the source data, leading to outputs that contain fabricated or
misleading information.

Why is hallucination a significant problem in NLG
systems?
Hallucination undermines the reliability and trustworthiness of NLG systems,
especially in critical applications like summarization, question answering,
and dialogue systems, where factual accuracy is crucial for user trust and
practical utility.



What are the common types of hallucinations
identified in NLG?
Common types include intrinsic hallucination, where generated content
contradicts the input data, and extrinsic hallucination, where the content is
unsupported but not necessarily contradictory to the input.

What methods are commonly used to detect
hallucinations in NLG outputs?
Detection methods include automated fact-checking models, natural language
inference (NLI) techniques, human evaluation, and metrics that compare
generated outputs against source documents or external knowledge bases.

How do datasets contribute to the study of
hallucination in NLG?
Datasets annotated for factual consistency and hallucination help train and
evaluate models designed to reduce hallucination, enabling researchers to
benchmark performance and develop better hallucination detection and
mitigation techniques.

What are some strategies to mitigate hallucination
in NLG models?
Strategies include incorporating factual constraints during training, using
retrieval-augmented generation to ground outputs in external knowledge, fine-
tuning on high-quality datasets, and employing post-generation verification
and correction mechanisms.

How do recent transformer-based models address
hallucination compared to earlier approaches?
Recent transformer-based models leverage large-scale pretraining and fine-
tuning with factuality-focused objectives, often combined with retrieval-
based methods, to reduce hallucination, though challenges remain, especially
with out-of-domain or ambiguous inputs.

What future directions are suggested for research on
hallucination in NLG?
Future research directions include developing more robust hallucination
detection metrics, integrating multimodal and external knowledge sources,
improving interpretability of hallucination causes, and creating benchmarks
that better reflect real-world use cases.



Additional Resources
1. Hallucinations in Natural Language Generation: A Comprehensive Survey
This book provides an extensive overview of hallucination phenomena in
natural language generation (NLG). It covers the underlying causes, types,
and impacts of hallucinated content in generated texts. The authors review
state-of-the-art detection and mitigation techniques, offering practical
insights for researchers and practitioners to improve model reliability.

2. Understanding and Controlling Hallucinations in Text Generation
Focusing on the technical aspects, this book delves into the mechanisms that
lead to hallucinations in neural language models. It explains the role of
training data, model architecture, and decoding strategies in hallucination
occurrences. The text also presents various approaches to control and reduce
hallucinated outputs, including reinforcement learning and adversarial
training.

3. Natural Language Generation: Challenges of Hallucinated Outputs
This work highlights the challenges posed by hallucinations in NLG
applications such as summarization, translation, and dialogue systems. It
discusses how hallucinations affect user trust and downstream tasks. Case
studies and evaluation metrics are provided to help readers assess
hallucination severity and model performance.

4. Mitigating Hallucinations in Neural Text Generation
Targeted at advanced practitioners, this book explores cutting-edge
methodologies for mitigating hallucinated content in neural networks. It
covers techniques like data augmentation, confidence calibration, and post-
processing filters. Experimental results demonstrate the effectiveness of
these methods across different NLG tasks.

5. Hallucination Detection in Language Models: Methods and Applications
This book surveys various methods for detecting hallucinations in generated
text, including rule-based, statistical, and machine learning approaches. It
addresses the challenges in creating reliable detection systems and discusses
their practical applications in industry settings. The text also explores the
integration of detection tools into production pipelines.

6. Ethical Implications of Hallucinations in AI-Generated Text
Examining the ethical dimensions, this book discusses the consequences of
hallucinated information in AI-generated content. It covers misinformation,
bias amplification, and user deception risks. The authors propose guidelines
and best practices to promote responsible use and development of NLG systems.

7. Survey of Hallucination Phenomena in Multimodal Language Generation
This title extends the discussion of hallucinations to multimodal models that
combine text with images, audio, or video. It explores how hallucinations
manifest differently across modalities and the unique challenges they
present. The book reviews current research efforts aimed at reducing
multimodal hallucinations.



8. Evaluating Hallucinations in Natural Language Generation: Metrics and
Benchmarks
Providing a deep dive into evaluation, this book catalogs various metrics
designed to quantify hallucination in NLG outputs. It compares intrinsic and
extrinsic evaluation methods and highlights benchmark datasets used in the
community. The book serves as a guide for researchers aiming to standardize
hallucination assessment.

9. Future Directions in Hallucination Research for Natural Language
Generation
Looking ahead, this book discusses emerging trends and open problems in
hallucination research within NLG. It covers advancements in model
architectures, interpretability, and user-centered evaluation. The authors
outline promising research avenues and encourage interdisciplinary
collaboration to tackle hallucination challenges.
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SOICT 2024, held in Danang, Vietnam in December 2024. The 88 full papers and 68 poster papers
presented here were carefully reviewed and selected from 229 submissions. The papers presented in
these volumes are organized in the following topical sections: Part I: Multimedia Processing;
Operations Research. Part II: AI Applications; Cyber Security. Part III: AI Foundations and Big Data;
Human-Computer Interaction. Part IV: Lifelog and Multimedia Retrieval; Generative AI; Software
Engineering.

Related to survey of hallucination in natural language
generation
Create a survey - Google Surveys Help Where will my survey questions appear? Questions appear
throughout sites in our publisher network in order to get a representative sample of respondents.
Users complete survey
Create your first form in Google Forms When someone takes your survey, they will be required
to enter their email address before they submit the form. Collect verified emails Important:
Respondents must confirm their Google
Create a survey - Google Surveys Help Where will my survey questions appear? Questions appear
throughout sites in our publisher network in order to get a representative sample of respondents.
Users complete survey
Quick Start Guide - Google Surveys Help   How to set up screening questions Select the
checkbox for each answer that qualifies a respondent for this audience. Having three or more
answers helps eliminate
Crear una encuesta - Ayuda de Surveys Cuando Google Surveys recoge respuestas de la
"audiencia general de Internet", utiliza conjuntos de datos de población de Internet publicados para
realizar la distribución de la
Google Surveys Sunset - Google Surveys Help   Historical survey results downloads are no
longer available. We began Surveys over 10 years ago to enable businesses of all sizes to run custom
market research with an
Device Usage Study Help - Google Help Official Device Usage Study Help Help Center where you
can find tips and tutorials on using Device Usage Study Help and other answers to frequently asked
questions
Google Surveys Help Official Google Surveys Help Center where you can find tips and tutorials on
using Google Surveys and other answers to frequently asked questions
View and export results - Google Surveys Help To view your survey results: Sign in to Google
Surveys. Click the survey you want to view on the survey dashboard. Click the text of any question to
see individual question results. Keep in
Earn rewards - Opinion Rewards Help - Google Help With Google Opinion Rewards, you'll take
surveys that are run by market researchers. Survey frequency may vary, and you don't have to
answer every survey you receive. In exchange,

Related to survey of hallucination in natural language
generation
Addressing AI hallucinations with retrieval-augmented generation (InfoWorld1y) The



hallucinations of large language models are mainly a result of deficiencies in the dataset and
training. These can be mitigated with retrieval-augmented generation and real-time data. Artificial
Addressing AI hallucinations with retrieval-augmented generation (InfoWorld1y) The
hallucinations of large language models are mainly a result of deficiencies in the dataset and
training. These can be mitigated with retrieval-augmented generation and real-time data. Artificial

Back to Home: https://www-01.massdevelopment.com

https://www-01.massdevelopment.com

