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Keystone Citations

Article
B
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supports

Article C

supports
• Gilbert (1977): “References are used to provide 

authoritative grounds to persuade readers of the 
validity and significance of the argument in the 
paper.”

• Argued against by Small (1978), who thinks that 
“we should not give a causal explanation why 
author-scientists cite certain papers or not.”

• We developed a framework to identify citations 
that can make or break a paper’s arguments (Fu & 
Schneider, 2020).

2



Motivations

• When DOES the citation matter to the validity 
of the scientific arguments of a paper?

• Retracted papers kept being cited, 
predominantly, as valid work (Kochan & Budd, 
1992, Budd et al., 1999, Budd et al., 2011, Bar-
Ilan & Halevi, 2017, Hamilton, 2019, Bolboacă 
et al.,2019, Schneider et al., 2020). So, under 
what circumstances should papers citing 
retracted work also be examined too?

3



The Keystone Framework 

• Combine argument-based document models and citation context analysis.
• Guide users through a process to find citations that are a “keystone” to the citing paper’s 

arguments.

Document Modeling Citation Context 
Analysis Classification
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Modeling the Argument

In our JCDL paper, we modeled the 
argument supporting a main finding in an 
Alzheimer research paper (de Calignon et 
al., 2011) using the Micropublication 
Ontology (Clark et al., 2014).

(Fu & Schneider, 2020) 5



(de Calignon et al., 2011)

Citation Context Analysis

(Fu & Schneider, 2020)
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(Fu & Schneider, 2020)

Citation Context Analysis

(de Calignon et al., 2011)
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A classification system that determines the 
impact to a citing paper.

How many items were cited?

Whether the cited item’s main findings support 
the citation context?

(Fu & Schneider, 2020)

Classification
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• Singleton
• Citation cluster

• Main-finding support
• Pass-through support: The reference(s) of 

the cited paper provided the support. 
• No support



Can you automatically extract keystone citations?
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Challenge 1: Finding keystone citations requires a global understanding of a paper.

Solution: Start with a subset of the keystone citations: Citations that support 
research methods and materials, because:

(1) Under three argument-based ontologies (Micropublication, SEPIO and RDO), 
citations that support methods and materials will always be keystone 
citations.

(2) Their keystone status can be determined by using the citation context only.

10



Challenge 2: No training dataset.

Solution: Repurposed classifiers trained on biomedical abstract sentences with 
section labels (e.g., Background, Objective, Methods, Results, and Conclusions). 
We also got hold of a manually labeled dataset from Prof. Halil Kilicoglu.
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The Proposed Strategy

• All binary classifiers
• “No hit” means a 

sentence received no 
positive classifications 
from any classifiers.
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The Training Dataset

500 abstracts 
randomly selected 

from PubMed 
without sub-field 

specifications

All sentences in the 
500 abstracts were 
included, except 34 
sentences that were 

not part of the 
narrative.

Annotated by three 
bioinformatics 

experts.

5517 sentences
Background: 16.5% 

Objective: 8.9% Methods: 
23.5% Results: 35.1%
Conclusions: 16.0%
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Two datasets to test the strategy

• The JCDL dataset
• Contains 9 keystone citation context sentences collected by the authors YF 

and JS for (Fu & Schneider, 2020).
• All contain methods keystone citations.

• The Willoughby-Hoye dataset
• A collection of 99 citation context sentences citing the Willoughby-Hoye

protocol (Willoughby et al., 2014, Willoughby et al., 2020) downloaded from 
scite.ai.
• This paper was chosen because it contains a code glitch and was a subject of 

our JCDL paper.
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Machine Learning Models

Class No. of 
Features Accuracy Precision Recall F1

Background 100 0.858 0.671 0.278 0.392

Objective 100 0.934 0.826 0.339 0.477

Methods 700 0.865 0.820 0.542 0.652

Results 800 0.814 0.835 0.585 0.688

Conclusions 100 0.858 0.684 0.216 0.327

• Representation: “Bag-of-
words”

• Feature selection: Information 
gain (Yang & Pederson, 1997)

• Classification algorithm: 
Support vector machine

• Internal evaluation: metrics 
averaged through 10-fold 
cross-validation.
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Classification Result of the JCDL dataset

Keystone citation context sentences
Annotation from 
(Fu & Schneider, 
2020)

Classification

Therefore, we assessed two synaptic markers in the perforant pathway terminal zone of 
rTgTauEC mice: synapsin-I, a marker of synaptic vesicles, and PSD-95, a postsynaptic 
marker that has been reported to decrease early in neurodegeneration (Zhao et al., 
2006).

Material Methods

The evaluation of Boltzmann-averaged 13C and 1H magnetic shielding tensors and 
isotropic chemical shifts from density functional theory (DFT) followed Hoye’s protocol25

adapted as follows
Methods Methods

Therefore, we turned to a protocol that relies on density functional theory-based 
computations of 1H and 13C NMR chemical shifts and the use of statistical tools to 
assign the experimental data to the correct isomer of a compound28.

Methods Methods

To resolve this ambiguity, we conducted NMR prediction calculations (Figure 1 B)13,14. Methods Methods
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Keystone citation context sentences
Annotation from 
(Fu & Schneider, 
2021)

Classification 
results

Immunohistochemistry using the 5A6 antibody (courtesy of Dr.G.V. Johnson, University of 
Rochester), a monoclonal antibody raised against the longest form of recombinant human tau 
which recognizes an epitope between amino acids 19 and 46 (Johnson et al., 1997), confirmed 
strong expression of tau protein in superficial layers of the MEC and parasubiculum in rTgTauEC
mice at 3 months of age compared to a control brain (Figure 1D).

Material Results

We took advantage of a mouse line in which expression of a tet transactivator transgene is under 
control of the neuropsin gene promoter (Yasuda and Mayford, 2006). Material No hit

This line was crossed with the Tg(tetO tauP301L)4510 line that only expresses human tau carrying 
the P301L frontotemporal dementia mutation in the presence of a tet transactivator (Santacruz et 
al., 2005).

Material No hit

In AD, early hallmarks include the loss of synapses, and comparison of AD patients to age-
matched control individuals showed that the density of synapses correlated strongly with 
cognitive impairment, suggesting that loss of connections is associated with the progression of 
the disease (DeKosky and Scheff, 1990; Scheff and Price, 2006; Terry et al., 1991).

Methods No hit

Methods-Results hybrid

Imperfect Methods classifier

The sentence containing the 
citation alone is not enough.
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Classification Result of the Willoughby-Hoye Dataset

Class

No. of instances where 
Willoughby-Hoye
protocol is a methods 
keystone citation

Total No. of 
Instances Percentage

Background 1 10 10%

Objective 0 0 -

Methods 21 22 95%

Results 10 10 100%

Conclusions 0 2 0%

No hit 19 56 21%

Totala 50 99 50%

aOne instance was classified as both Methods and Results, and therefore the total number is 99, not 100.
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The Revised Strategy
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Future Work

• Fine tuning current classifiers
• Experimenting with multiclass classifiers and neural networks.
• Evaluating the revised strategy with more data.
• Constructing a larger gold standard citation context sentence dataset, using the 

current classifiers as screen tools.
• Using the gold standard dataset to train classifiers for real-world applications.
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Thank you!
contact: fu5@illinois.edu
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References

23



References

24



Appendix 1: the Micropublication Ontology

• “Our model is based on understanding 
scientific publications as arguments, 
which present a narrative of experiments 
or observations, the data obtained, and a 
reasoned interpretation (“finding”) of 
the data’s meaning.

• Grounded on Toulmin model (Claim, 
data, warrants, qualifier, rebuttal, and 
backing). 

Clark et al., 2014
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Clark et al., 2014
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Appendix 2: Top 20 Features
Background Objective Methods Results Conclusions
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Samples of Methods Keystone Citations

“Therefore, we assessed two synaptic markers in the perforant pathway terminal zone of rTgTauEC

mice: synapsin-I, a marker of synaptic vesicles, and PSD-95, a postsynaptic marker that has been 

reported to decrease early in neurodegeneration (Zhao et al., 2006).”

“The evaluation of Boltzmann-averaged 13C and 1H magnetic shielding tensors and isotropic 

chemical shifts from density functional theory (DFT) followed Hoye’s protocol25 adapted as follows.”

“Therefore, we turned to a protocol that relies on density functional theory-based computations of 

1H and 13C NMR chemical shifts and the use of statistical tools to assign the experimental data to 

the correct isomer of a compound28.”
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