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Connecting Datasets and Research (open science problem)
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When a scientific publication is not directly linked to datasets used, the researchers and
data producers face the problems such as:

* Reproducibility of the research results
* Provenance of created data
e Attribution of research results to used data

* Discoverability of datasets used in research ‘
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Connecting Datasets and Research (solution)

Solution: Developing a library of citations, that provides direct link between publications and
datasets and/or missions/instruments, models and projects that produced those datasets.

Multiple benefits:

* Dataset science impact metrics.

e Credit to the dataset creators.

* Provenance: input and output datasets.
* Dataset usage-based discovery.

e Dataset recommendation.

» Dataset usage disciplines and topics.

* Dataset applications.
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Connecting Datasets and Research (challenges)

Digital Object Identifiers (DOIs) allow instant access to referenced publications or
datasets.
Using DOls is a well established practice to reference other publications, however,

authors rarely cite datasets by their DOls:
« While NASA data centers introduced datasets DOIs ~10 years ago, less than 20% of
research papers published in 2019 referenced GES DISC-curated datasets by their DOI.

To reference datasets, publication authors use mentions rather then DOls.

Publication (DOI) Instant access Publication (DOI)
DOI for referenced publications DOI for referenced publications
Mentions for datasets Mentions for datasets
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Dataset identification in publications

Currently - Manual: Subject matter experts (SMEs) read publications and identify the datasets
mentioned there by various factors:

* Mission and instrument (for observational data) or model (for reanalysis data)
* Dataset attributes: processing level, spatial and temporal resolution

* Most likely dataset from the context of the publication

* Name of the dataset creator (person and/or project)

 Dataset name as presented by the data center

Goal - Automated:

Utilize the dataset metadata attributes and mentions to identify the datasets through the means of
machine learning methods.

Goddard Earth Sciences

e Data Information Services Center



Publication’s text preparation

1. Convert publication’s PDF to ASCII (using Cermine).
Retain paper sections that most likely contain mentions of the datasets that were actually used in
the paper:
a. Eliminate: Introduction and References -- mentions of datasets used in previous research.
b. Retain: Main paper body and Acknowledgements -- mentions of the datasets used in the paper.
3. Apply Natural Language Processing (NLP) methods for tokenization, Part of Speech (PoS)
determination and stemming for term labeling or conversion into CoNLL format for training of
Named Entity Recognition model.
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https://github.com/CeON/CERMINE

Term extraction using GCMD Ontology

NASA's Earth Science data archives use Global Change Master Directory (GCMD) ontology terms to
populate dataset metadata with science keywords (measurements and disciplines), names of missions,
instruments and models. A set of GCMD terms can help to identify single dataset or a group of
datasets.

Idea: apply GCMD ontology to extract terms from publication’s text, e.g.:

Measurement Mission Instrument

/ \ /

This is consistent with the diurnal variations in C/O VMR observed by UARS MLS.
Based on the terms extracted from the sentence use heuristics to determine the dataset.
Results: low precision, high recall.
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Named Entity Recognition (NER)

When manually examining the publications, SMEs determine the datasets used in the paper by finding
the mentions that identify datasets, e.g. :

... MILS Version 4, Level 2 CO data... mention is classified as dataset:
“MLS/Aura Level 2 Carbon Monoxide (CO) Mixing Ratio”

Idea: record mentions and classifications identified by SMEs, and train NER model to extract similar
mentions from the text. Then use mention classification scores and heuristics to determine dataset
candidates.

Implementation: Allen Institute for AI's NER model based on Conditional Random Fields tagger
was trained with the mentions collected by SMEs. The model utilized GloVe word embeddings
pre-trained with publications texts.

Results: High precision, low recall.

 GES_DISC

Goddard Earth Sciences
Data Information Services Center



https://github.com/allenai/allennlp
https://nlp.stanford.edu/projects/glove/

Lessons learned: Ontology Labeling vs NER

Ontology Labeling Named Entity Recognition

Pros Fully automated High precision -- it is more important to correctly identify
Works well for the datasets that can be differentiated by a = dataset then miss one.
small number of terms.

Cons Terms have to be weighted in their ability to identify Requires manual mentions collection.
dataset. Each SME labels mentions differently which affects model
All terms extracted from the sentence are treated as “Bag | precision.
of Words” - this can produce combinations for multiple Does not work well for sentences with more than one
datasets which may result in low precision. mentioned dataset - low recall.

® |n many cases even SMEs cannot determine exact dataset used in the publication.
e Information about mission/instrument, model or project the data were used from as well as key
measurements are still very important.
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Current work

* Continuing to improve term extraction with various NLP methods.

* [nstead of mentions, identifying sentences that contain the most significant terms
such as mission/instrument and model or project names.

e Extracting other terms from those sentences.

e Use all extracted terms as input into a predictive model classifier.

* Evaluating ML similarity measurements between identified sentences and dataset
names.
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Ultimate goal: Fully automated labeling pipeline

As hundreds of publications produced each year and added to GES DISC library, our goal is to create a

fully automated pipeline that generates citations labels identifying the data used in those publications:
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