
Young Scholars Program at Northeastern University
Claire Duggan, Program Director

This work was supported by the National Science Foundation and 
the National Institute of Health Grant P42ES017198.

Linking PROTECT Research Papers to Data Dictionary Variables Using 
Natural Language Processing

Aodhfionn Downs, YSP Student, Franklin High School 
Cindy Wang, YSP Student, Brookline High School 

Eben Bauman, YSP Student, Choate Rosemary Hall
Zlatan Feric, Electrical and Computer Engineering, Northeastern University 
David Kaeli, Electrical and Computer Engineering, Northeastern University 

Abstract

Background

Methods

Acknowledgements

Large Language Models (LLMs) are powerful tools for processing and 
extracting information. The PROTECT Center has been studying 
preterm birth rates in Puerto Rico for over a decade, publishing more 
than 300 research papers and collecting raw data on over 2000 women. 
Papers written by PROTECT researchers utilize information from the 
dataset, but does not cite which variables they used in the data 
dictionary. Our project employs LLMs to link the papers and the data 
dictionary variables, thereby enhancing reproducible research. Our 
baseline approach involved giving each paper to GPT-4 with the data 
dictionary and asking for the variables, but this led to context window 
overflow, hallucinations, and irrelevant results. To address the issues, 
we developed a customized Retrieval Augmented Generation (RAG) 
pipeline that uses an LLM to identify variables in the papers without the 
data dictionary and matches the LLM’s output to the dictionary 
variables using cosine similarity on the embeddings. We used the 
LLM-as-a-judge method to evaluate the second step of our 
preprocessing. 
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Successes
● Biological Data
● Human subject data

○ Correctly identifies weight, height and other information from 
specific visits

Areas for improvement
● Environmental data

○ LLM provides too general data
● Human subject data

○ Fails to distinguish related terms
● Runtime 
Next Steps
● Improve on initial prompt to LLM with in-context learning
● Integrate with existing PROTECT RAG Chat
● Improve evaluation
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Large Language Models (LLMs)
● Designed to predict the next word of a text
● Trained on large amounts of text
● Type of machine learning model and use neural networks
● Useful in a variety of fields, especially for processing text data

PROTECT Data Dictionary
● Contains metadata about data collected by PROTECT

○ Variable names, descriptions, options, units, etc.

Pipeline Overview

Data Dictionary Visualization

● Cosine Similarity
○ Calculate the angle 

between two vectors of 
the same number of 
dimensions

○ Compared vector 
embeddings of dictionary 
descriptions to variables 
produced in first 
preprocessing step

● Evaluated the retrieval component using LLM-as-a-judge
○ Average accuracy of 71.58%
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● Vector Embedding
○ LLMs can’t do math with words
○ Use embedding model to 

capture semantic meaning of 
text in high-dimensional vectors

○ Embedded dictionary variable 
names and descriptions
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