
University of Fribourg / Faculty of Science and Medicine / Department of Informatics

Integrating Neural Networks and Human Insight for Improved Relation Extraction
Alisa Smirnova

Relation extraction is a key aspect of Natural Language Processing (NLP) that involves identifying and classifying
semantic relationships between entities within a text. This task is fundamental in comprehending and organizing the
vast amounts of unstructured data available today, making it a cornerstone for knowledge extraction and data mining.
Its importance lies in its capacity to transform raw text into structured, actionable information, which is indispensable
in various applications such as information retrieval, knowledge graph construction, and even in emerging areas like
automated news analysis and biomedical research. However, relation extraction remains a challenging endeavor due
to the nuances of human language, including context-dependent meanings and the intricacy of linguistic structures.
This thesis proposes integrating neural networks and human insight for improved relation extraction with the focus on
such crucial aspects as data quality and model interpretability.
The thesis addresses the issue of class imbalance prevalent in relation extraction by developing an Aggregated
Piecewise Convolutional Neural Network architecture (APCNN). This approach relies on the combination of two
neural networks, a novel objective function, and oversampling techniques to tackle class imbalance. We empirically
compare APCNN to state-of-the-art approaches and show that it strikes a good balance between predicting the
existence of a relation on one hand and distinguishing between a set of known relations on the other hand.
The thesis introduces two systems designed for refining noisy training data, a common challenge in NLP tasks. Both
systems are grounded in deep probabilistic modeling. One, Scalpel-CD, incorporates crowdsourced annotations to
correct noisy labels. The other one, Nessy, embeds symbolic knowledge directly into the neural network, enriching the
learning process with structured human knowledge. In a real deployment on multiple NLP tasks, we demonstrate that
Scalpel-CD improves label quality by 12.9% with only 2.8% instances inspected by the crowd. We show that Nessy
outperforms state of the art on multiple relation extraction tasks, by 7% accuracy and 10.7% AUC on average.
The thesis outlines a novel pipeline for diagnosing relation extraction models. This involves comparing automatic
explanations of model decisions to human rationales, demonstrating that these automatic explanations can reliably
indicate the correctness of the model's predictions on the unseen data. Results show that the alignment between
model reasoning and human rationales is indicative of model accuracy, and that the gaps in model reasoning
identified through our methods allow to foresee future errors that may or may not have been observed otherwise.
Together, these approaches represent a substantial advancement in the domain of relation extraction, merging
computational power of neural networks with nuanced understanding of human cognition to advance the capabilities
of relation extraction systems. We consider the methods presented in this thesis as a step towards novel applications
of human computation. Our work focuses on underexplored areas of involving humans in building Artificial Intelligence
(AI) systems in general, and NLP systems in particular, e.g., debugging noisy training data for NLP systems and
leveraging human rationales for model diagnosis. The developed methodologies not only showcase the potential of
integrating human insight into the development of AI and NLP systems but also open new avenues for collaborative
human-AI interaction. By emphasizing the importance of human input in data refinement and model interpretation, our
research underscores a more nuanced and effective approach to AI development. This perspective lays the
foundation for NLP and AI systems that are not only more accurate and reliable but also more aligned with human
understanding and reasoning.
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