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Abstract: Argumentation theory can be applied in natural language contexts, such as scholarly publications. In this 
paper, we explore the support relationships between scholarly publications. We demonstrate how defeasible reasoning 
can be used to solve a practical problem: determining how a piece of unreliable code impacts its citing publications. 
After constructing a defeasible argument, we repurpose the exceptions from the defeasible argument as questions in a 
decision tree. We show two examples of citation contexts that can help us decide whether a citing publication 
propagates the unreliability of an unreliable source. This illustrates a practical application of argumentation theory.  
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1. Introduction and Background 
 
Argumentation theory can be applied in natural language contexts, such as legal documents 
(Prakken & Sartor, 2015), public communication of science (Oswald et al., 2022), and scholarly 
publications (Green 2018; Mayer et al., 2018; Wang et al., 2022). In this paper, we explore the 
support relationships between scholarly publications. We demonstrate how defeasible reasoning 
can be used to solve a practical problem: the impact of citing an unreliable computational protocol, 
namely, determining how unreliability propagates through citations. We say that a publication 
propagates unreliability when the main contribution of the publication becomes unreliable by using 
an unreliable source. 
 First, we explain terminology that may not be in the lingua franca of argumentation 
researchers. A citation context is the part of a citing publication that mentions the citation, which 
can vary in size from a few sentences to a paragraph to a section. Figure 1 shows an example of a 
citation context in a citing publication. The publication “Fu & Schneider 2020” uses the citation 
marker “[16]” to refer to the Handbook of Argumentation Theory by van Eemeren et al. (2014). In 
general, a citation marker may appear multiple times in the paper, each with its own citation 
context. 

Argumentation has been used to analyze scholarly publications. Wang et al. (2022) 
compared the rhetorical structures of scientific publications from two domains: biomedicine and 
library and information science. Schneider (2023) distinguished three different kinds of arguments 
in empirical biomedical publications: Rhetorical moves build up the backbone of a publication, 
domain-specific arguments establish the inferential structure of the research presented in a 
publication, and citations support statements in a publication. Argument schemes have been used 
to extract arguments from scientific publications (Green, 2018) including clinical trial reports 
(Mayer et al., 2018). Mizrahi & Dickinson (2020) studied different types of arguments (deductive, 
abductive, and inductive) in philosophical papers. 
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Figure 1. The publication “Fu & Schneider 2020” uses the citation marker “[16]” to refer to the 

Handbook of Argumentation Theory by van Eemeren et al. (2014) 
 

An important application of argumentation theory is to trace unreliability propagation in 
scientific literature through citations. Clark et al. (2014) introduced an argumentation-based 
document model called micropublications for biomedical publications1 based on Toulmin’s model 
(Toulmin, 1958/2003). Fu & Schneider (2020) developed the Keystone Framework, which 
combines citation context analysis with argumentation-based document models. Under this 
framework, keystone citations are citations whose validity can impact the validity of the citing 
paper. They carried out two case studies using the micropublication model: one determined the 
impact of citing a computational chemistry protocol (Willoughby et al., 2014) in a small sample 
(more details in the next section), and the other identified all keystone citations in a single 
biomedical publication.  

Here we develop a procedure to scale the case study of the computational chemistry 
protocol from Fu & Schneider (2020) so that, in the future, similar assessments of citing unreliable 
scholarly resources (e.g., publications, protocols, software, data) can be carried out on a large 
number of documents. Our procedure is based on argumentation theory. We explain the case of 
the computational chemistry protocol code glitch and the procedure we developed in the following 
sections. 
 
2.  Background of the Computational Chemistry Protocol Case Study and Pilot Research  
 
Our case study is centered around the computational chemistry protocol introduced by Willoughby 
et al., 2014, which became known to be unreliable in 2019 when a code glitch was determined to 
impact some operations in the protocol, as reported by Neupane et al. (2019). In response, the code 
glitch was fixed in 2020 by an addendum (Willoughby et al., 2020). The code glitch impacts only 
one part of the protocol, Script D, which is used in a procedure called Boltzmann analysis. Because 
the protocol is modular, although it has multiple steps, not all steps are necessarily used by a paper 
citing the protocol. Some papers might cite the protocol without using it at all—for instance, to 
mention the influence of computational chemistry approaches in modern chemistry research.  
 The pilot case study (Fu & Schneider, 2020) found that only some citing publications 
applied unreliable steps in the computational chemistry protocol. A protocol in the context of 
scientific research refers to a written document reporting the experimental procedure. Protocols 
help scientists ensure methodological rigor across different labs and are prevalent in disciplines 
where experiments require lengthy and complex procedures, such as biology. The particular 
protocol we study here, the protocol introduced by Willoughby et al., 2014, was intended for bench 

 
1 This model, although developed for biomedical publications, can also be used for empirical research papers such as 
those in chemistry. 
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chemists with little computational chemistry knowledge. It teaches them how to compute 
theoretical Nuclear Magnetic Resonance (NMR) spectra, which can be compared to the NMR 
spectra obtained from experiments to determine the structure of newly isolated organic 
compounds. 
 
3.  Determining the impact of citing the protocol  
 
For this project, we developed a different procedure than the one used by Fu & Schneider (2020), 
which was only suitable for domain experts. The current procedure aims to enable a non-expert or 
computer to perform the assessment.  
 First, we notice that when we use a citation context to determine the impact of citing the 
protocol in a collection of citing publications (Zheng & Fu, 2024), we follow a pattern that 
resembles defeasible reasoning. As we discussed above, authors of a citing publication may not 
use the protocol to support the main contribution of their publication. The authors may have 
applied other steps in the protocol rather than Boltzmann analysis. Even when they performed 
Boltzmann analysis, authors may have used other tools instead of Script D. Since the code glitch 
only impacts Script D, if a citing publication did not use Script D, then the main contribution in 
the publication is not at risk of propagating the unreliability. Also, when a citing publication also 
cited Neupane et al., 2019 (which reported the code glitch) or Willoughby et al., 2020 (which 
corrected the code glitch), we assume the authors of the citing publication are aware of the code 
glitch because these publications either reported or corrected the code glitch. 
 We thus distilled a defeasible argument (Figure 2). The exceptions are undercutting 
defeaters of the argument. Some defeaters can be identified by non-experts, such as citing the 
Neupane paper or the addendum, which demonstrate the authors’ awareness of the code glitch, 
and, therefore, presumably rule out the possibility that they would repeat the mistake. Yet often, 
identifying defeaters requires domain knowledge, for example, citing publications that used the 
protocol to support the main contribution. Therefore, constructing something like Figure 2 requires 
that either (1) domain experts sample a significant set of the citing publications to identify the 
defeaters or (2) a person familiar with the paper provides a list of the defeaters that they can think 
of. Option (1) is more labor-intensive but is likely more rigorous. Option (2) is useful when time 
is of the essence, yet it is limited by one person’s view and knowledge. 
 

 
Figure 2. A defeasible argument for determining whether the publication is at risk because the 

main contribution becomes unreliable. 
 

Exceptions in the defeasible argument from Figure 2 become questions in the decision tree 
shown in Figure 3: 

• Question 1: Did the authors show awareness of the code glitch? 
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• Question 2: Did the citing publication use the protocol to support its main 
contribution? 

We then used the resulting decision tree (Figure 3) to determine whether the code glitch potentially 
impacts the main contribution in a citing publication. 
 

 
Figure 3. Determining whether a citing publication was impacted by the code glitch. 

 
Beyond determining whether a citing paper is “impacted” (and its main contribution is 

presumed to be invalid) or “not impacted” (and its main contribution is presumed to be valid), 
we want to specify the justification for “the citing paper is presumed to be reliable”, based on the 
path in the decision tree: 

• Scenario 1: Based on the citation contexts referring to the protocol, the authors of 
the citing publication showed awareness of the code glitch. 

• Scenario 2: Based on the citation contexts referring to the protocol, the authors of 
the citing publication did not show awareness of the code glitch, but the 
publication did not use the protocol to support its main contribution. 

• Scenario 3: Based on the citation contexts referring to the protocol, the authors of 
the citing publication did not show awareness of the code glitch, and the 
publication used the protocol to support its main contribution. 

In the first two scenarios, the citing publication is not impacted. Only in Scenario 3 the validity 
of the main contribution was impacted. 
 
4.  Distinguishing the scenarios using keywords, phrases, and the bibliography  
 
Only the citing publications categorized as Scenario 3 are impacted by the code glitch. We use a 
list of words and phrases to determine which scenario a publication belongs to, based on its citation 
contexts: each paragraph contains a citation marker referring to the protocol. We identified the 
keywords and phrases from the text of Willoughby et al., 2014 describing the steps related to 
Boltzmann analysis, such as “Operation IV: Boltzmann-weighting of shielding tensors and 
conversion to chemical shifts” and “Assemble and Boltzmann-average the NMR and free energy 
data (using Script D)”.  
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Figure 4. Examples of citation contexts from Tang et al., 2023 (top) and Teixeira & Alvarenga, 

2016 (bottom) help us decide whether a citing publication was impacted by the code glitch. 
Citation markers are highlighted in red. Yellow highlights show the keywords we used to decide 

which scenario the citation context belongs to. 
 

Figure 4 shows two examples of citation contexts that can help us decide whether a citing 
publication was impacted by the code glitch. First, in Tang et al., 2023, even though we see 
keywords such as “Boltzmann” and “Boltzmann-averaged” that suggest the publication used the 
protocol to support its main contribution, the citation marker “(Willoughby et al., 2014;2020)” 
indicates that the authors cited the addendum Willoughby et al., 2020 which fixed the code glitch. 
Therefore, the answer to Question 1 is “Yes” and we categorize Tang et al., 2023 as Scenario 1, 
meaning that their main contribution is presumably not be impacted by the code glitch.  
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Second, in Teixeira & Alvarenga, 2016, the citing publication did not cite Neupane et al., 
2019 or Willoughby et al., 2020, so the answer to Question 1 is “No”, and we can exclude Scenario 
1. Keywords and phrases such as “Boltzmann weighting” and “assembled” lead us to presume that 
the publication used the protocol to support its main contribution ("Yes" to Question 2), so we 
categorize the publication as Scenario 3, and its main contribution may be unreliable because of 
the code glitch. 
 
5.  Discussion  
 
We used defeasible reasoning to model exceptions in deciding whether the main contribution in a 
publication may be unreliable. We used a decision tree to distinguish how the citing publications 
used the protocol. Sometimes, defeaters can be identified by non-experts, such as citing the 
Neupane paper or the addendum. But often, identifying defeaters requires domain knowledge, for 
example, the authors use the protocol to support the main contribution. Our procedure relied on a 
domain expert (the second author, YF) to identify defeaters. Our defeasible reasoning analysis was 
then used to construct a decision tree with which a non-expert (first author, HZ) performed the 
analysis. Addepalli et al. (2022) provides a prior example of how non-professionals developed and 
used a decision tree to determine the impact of citing a retracted medical article. In ongoing work, 
we are testing an automatic process for categorizing the publications citing the protocol into the 
scenarios we identified in this paper (Zheng et al, under review). 

For the empirical science community, identifying when an unreliable publication can 
impact a citing publication helps understand how the unreliability of information may spread. For 
the argumentation community, our case study demonstrates how argumentation theory can be 
applied to solve a real-world issue in scholarly publications: the impact of citing an unreliable 
publication.  

Using defeasible reasoning to describe possible worlds has been fruitful. To model crime 
investigations, Bex & Verheij (2012) used hypothetical stories and generalized abstract story 
schemes such as “beginning—middle—end”. Bex and Verheij also proposed a list of critical 
questions to assist in decision-making during an investigation. The questions we used to construct 
the decision tree can be considered critical questions in an argumentation scheme. Using our 
experience of discovering exceptions, we will systematically design a list of critical questions to 
help people analyze the impact of other cases of unreliable code on their citing publications. 

The formal argumentation community may be interested in examining how different uses 
of citations impact the validity of a citing paper. Verheij distinguishes three kinds of argument 
validity strengths ranging from strong to weak (Verheij, 2018). We are more confident about the 
inference made by certain words and phrases: a citation context containing “Boltzmann analysis” 
and “Python script” more likely reflects the use of Script D for Boltzmann analysis (and hence 
impact on the citing paper) than a citation context only mentioning “Boltzmann analysis”.  
 
6. Conclusions 
 
Our case study applies argumentation theory to empirical scientific publications. We used 
defeasible reasoning to determine whether citing papers are impacted by a code glitch in a 
computational chemistry protocol, which enabled us to construct a decision tree operationalizing 
the defeasible reasoning process. We analyzed under which conditions the code glitch may impact 
the main contribution of a citing publication. While the construction of the decision tree requires 
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domain expertise and analysis of the reasoning structure, the decision tree can be used by non-
experts. In future work, we will test an automatic process for applying the decision tree. 
 
Data availability: A bibliography with the 286 citing publications of Willoughby et al., 2014 is 
available in the following dataset: 
 
Zheng, Heng; Fu, Yuanxi (2024): Dataset of 286 publications citing the 2014 Willoughby-Jansma-
Hoye protocol. University of Illinois at Urbana-Champaign Databank. 
https://doi.org/10.13012/B2IDB-4610831_V2  
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