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ABSTRACT: Argumentation in research articles has been analyzed from a variety of perspectives, yet there is 
no integrative description of how these various accounts of scholarly argumentation interrelate. Since a full 
analysis of scholarly argumentation must take into account domain-specific elements, this work focuses on 
biomedical research articles, to examine how scholarly argumentation is layered by combining argument 
structures relating to research methods, citations, and rhetorical aspects of argumentation. 
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1. INTRODUCTION 

Argumentation in research articles has been analyzed from a variety of perspectives, 
including sociology of science (Latour, 1987), rhetoric of science (Prelli, 1989), applied 
linguistics (Davis, 2015; DuBois, 1997; Livnat, 2012), computational linguistics (Al Khatib 
et al., 2021; Liakata et al., 2012), and knowledge representation (Kircz, 1991). Yet there is 
no integrative description of how these various accounts of scholarly argumentation 
interrelate. Further, a full analysis of scholarly argumentation must take into account domain- 
specific elements such as the selection and defense of particular research methods. This work 
focuses on biomedical research articles, to examine how scholarly argumentation is layered 
by combining argument structures, relating to research methods, citations, and rhetorical 
aspects of 
argumentation. 

I argue that the argument in an empirical biomedical article has at least three key aspects: 
rhetorical moves, domain-specific elements (methods, or research designs), and citations. In 
particular, I argue that each of these aspects is fundamental; they are found in different 
places; and they are different. 

 
 

2. RHETORICAL  MOVES 

Rhetorical moves study how the goal of a paper is realized. They answer the question: What 

studied by applied linguists, often to support language learning, in a field called 
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Creating a Research Space (Swales, 2011; Swales, 1990). 
Computational linguists have also contributed to this area: Simone Teufel, who wrote 

about rhetorical moves for argumentative zoning model for her 1999 dissertation (Teufel, 
1999) and subsequently described the High Level Goals that must be satisfied to get a paper 
accepted (Teufel, 2014). 

 
 

3. DOMAIN-SPECIFIC ELEMENTS IN EMPIRICAL BIOMEDICAL 
RESEARCH ARTICLES 

Empirical research in biomedicine is constrained by use of specific methods, more commonly 
termed   These describe how was the work done. Importantly, the methods 
of a paper constrain what the paper can tell us: What claims this paper, based on these methods, 
can authorize. The logical structure of an empirical paper is determined by the methods, in the 
sense that they determine what premises we must accept in order to rely on the outcome of 
the paper. 

Research designs are widely studied inside the biomedical enterprise. Methods such 
as case reports and case series, case-control studies, cohort studies, and randomized controlled 
trials are widely agreed upon, described in epidemiology textbooks and frequently appear in 
paper titles. Specific training is offered to learn specific techniques such as clinical trial 
through the Clinical and Translational Science Centers funded by the 

U.S. National Institutes of Health. Methods for reporting clinical medical research are the 
subject of numerous reporting guidelines in the EQUATOR network (Altman & Simera, 
2016; EQUATOR Network, n.d.) such as STROBE (Vandenbroucke et al., 2007) for 
observational studies and CONSORT (Begg et al., 1996) for randomized controlled trials. To 
aid in information retrieval, methods have specific terminology indexing in the biomedical 
literature. Numerous designs have a Medical Subject Heading (MeSH) which can be used for 
retrieval. Information retrieval groups make and evaluate search filters; for instance 
McKibbon et al. (2009) compared 38 filters for retrieving randomized controlled trial. Recent 
work in my group evaluated machine learning tools for dozens of types of methods, which 
were created with training data from MEDLINE/PubMed (Cohen et al., 2021). In some topics 
more specific evidence curation has been undertaken, such as the drug-drug interaction 
evidence types in DIDEO, that  been involved with (Brochhausen et al., 2014), which have 
the potential for more specific automated retrieval 
(Hoang et al., 2020). 

There is a standard evidence pyramid in biomedicine (Ho et al., 2008) which 
continues to have influence even as methodologists seek to incorporate new types of evidence 
(Brown et al., 2022; Greenhalgh et al., 2022). New methods can be introduced but must be 

Schneider, 2023). Sally Jackson and I have studied as empirical examples Cochrane Review 
(Jackson & Schneider, 2018), Randomized Clinical Trial (Schneider & Jackson, 2018) and 
recent innovations building on the Randomized Clinical Trial (Schneider & Jackson, 2020). 
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4. CITATIONS AS ARGUMENTATIVE ELEMENTS 

Citations can be used to increase the acceptability of a proposition, to indicate the expected 
audience/background, and for other purposes such as to support higher-level goals (a sort of 
rhetorical move). Citations can answer: What factual info is relevant? What work inspires 
this one? How can I tell that the problem is important/novel/significant? Science studies and 
scientometrics communities analyze citations for various purposes. 

My work has studied when citations are a fundamental part of the argument. Yuanxi Fu 

argument of a paper; the term is inspired by masonry, where damage to the keystone can 
threaten the arch it supports (Fu & Schneider, 2020). Under our framework: 

1) A scientific research paper puts forward at least one main finding, along with a logical 
argument, giving reasons and evidence to support the main finding. 

2) The main finding is accepted (or not) on the basis of the logical argument. 

3) Evidence from earlier literature may be incorporated into the argument by citing a paper 
and presenting it as support, using a citation context. 

This draws on work from the knowledge representation community in formally mapping 
the arguments underlying papers (Clark, 2015) in standard data formats suitable for 
information system processing (Clark et al., 2014), which my group has been experimenting 
with for several years (Schneider & Sandhu, 2018) 

Our framework (Fu & Schneider, 2020) is particularly suitable for testing whether there 
is an epistemic impact to citing work that is outdated or retracted. High school students used 
this approach to audit the citations to an infamous retracted paper (Addepalli et al., 2022), 
and my group is currently evaluating which of the ~300 citations to a computational 
chemistry protocol were impacted by a code glitch (Zheng et al., 2023). 

 
5. WEAVING THE THREE TYPES OF ARGUMENT STRUCTURES 

I argue that each element is fundamental, in any biomedical paper. Rhetorical moves seem to 
me required for a convincing narrative.1 It is not possible to have an empirical paper without 
methods or research designs though a paper may certainly introduce and argue for a method 
that is not in an existing catalog. New reporting guidelines are frequently created, in fact. 
Citations are necessary in any mature research field. 

The elements are found in different places. Rhetorical moves are found in the whole 
text and are most noticeable in introduction and discussion sections that contextualize and 
argue for the importance and place of the work. Likewise citations are found throughout the 
text, especially in the background section, and often supporting the statements in the 
introduction and discussion. Citations that appear elsewhere in the text 

 

1 Phil Bourne (Bourne, 2005) has argued that biomedical papers should be overtaken by biomedical databases. 
In this case, no rhetorical moves are necessary because the community has already agreed upon the structure of a 
meaningful contribution to the field, hence, no narrative (and no paper) are required. There is very interesting 
work in this area, particularly implementing nanopublications (Bucur et al., 2023). So, while narratives are rarely 
convincing without rhetorical moves CONTRIBUTIONS may be. 
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deserve further study. In empirical biomedical research articles, citations in the methods and 
results sections have particularly importance often in justifying specific materials, novel 
methods, or inferential reasoning to a conclusion (Fu et al., 2021; Fu & Schneider, 2020). 
Domain-specific elements may appear throughout the text; in empirical biomedical research 

 
The elements 

text: The same structural move can be realized in different textual embeddings, that all realize 
the same concept. In a structural layer, methods or research designs are a scaffolding 

research community (that can  new methods into being and refine them; see Jackson & 
Schneider 2018). Citations are a special purpose format for encapsulating information; they 
appear to support both conceptual and scaffolding functions. 

Each of these aspects is fundamental; they are found in different places; and they are 
different. Thus an empirical biomedical article has at least three key aspects: rhetorical 
moves, domain-specific elements (methods, or research designs), and citations. 

 
6. CONCLUSION 

 
This paper has argued that an empirical biomedical article has at least three key aspects: rhetorical 
moves, domain-specific elements (methods, or research designs), and citations. 
Argumentation theory has an opportunity to lead in unifying work from all the research 
communities studying arguments in science. Numerous questions of interest to other scholars 
may also bear on the argumentative aspects of scholarly research papers, such as: Which 
rhetorical moves are associated with citations? With methods? What is the relationship 
between rhetorical moves and citation purposes? Under what conditions is a database 

into the arguments thatare persuasive? 
Argumentation theory itself stands to benefit from this endeavor: Scholarly research 

papers are accessible and well-documented locales for studying argumentation. Especially, 
understanding the innovation and invention in scholarly argumentation may also help us form 
questions for argumentation theory more generally (Jackson & Schneider, 2023). 
Comparison of different types of scholarly communication could be particularly helpful in 
deepening argumentation theory related to field-specific reasoning. 

ACKNOWLEDGEMENTS: Thank you to the University of Illinois at Urbana- Champaign Conceptual 
Foundations Group for being an audience for earlier versions of this work in progress. While this work was not 
specifically funded, it has been developed in parallel to number of research projects in collaboration with Halil 
Kilicoglu, Sally Jackson, Aaron Cohen and Neil Smalheiser, and Yuanxi Fu. 



Boogaart, R., Garssen, B. Jansen, H., Leeuwen, M. van, Pilgram, R. & Reuneker, A. (2024). 
Proceedings of the Tenth Conference of the International Society for the Study of Argumentation. 

Sic Sat: Amsterdam. 

827 

 

 

 
 
 

REFERENCES 
 

Addepalli, A., Subin, K. A., & Schneider, J. (2022). Testing the keystone framework by analyzing positive 
Information for a Better World: Shaping the 

Global Future (pp. 79 88). Springer International Publishing. https://doi.org/10.1007/978-3- 030- 
96957-8_9 

Al Khatib, K., Ghosal, T., Hou, Y., de Waard, A., & Freitag, D. (2021). Argument mining for scholarly document 
processing: Taking stock and looking ahead. Proceedings of the Second Workshop on Scholarly 
Document Processing, 56 65. https://doi.org/10.18653/v1/2021.sdp-1.7 

Altman, D. G., & Simera, I. (2016). A history of the evolution of guidelines for reporting medical research: The 
long road to the EQUATOR Network. Journal of the Royal Society of Medicine, 109(2), 67  
77. https://doi.org/10.1177/0141076815625599 

Begg, C., Cho, M., Eastwood, S., Horton, R., Moher, D., Olkin, I., Pitkin, R., Rennie, D., Schulz, K. F., Simel, 
D., & Stroup, D. F. (1996). Improving the quality of reporting of randomized controlled trials. The 
CONSORT statement. JAMA, 276(8), 637 639. https://doi.org/10.1001/jama.276.8.637 

Bourne, P. (2005). Will a biological database be different from a biological journal? PLOS Computational 
Biology, 1(3), e34. https://doi.org/10.1371/journal.pcbi.0010034 

Brochhausen, M., Schneider, J., Malone, D., Empey, P. E., Hogan, W. R., & Boyce, R. D. (2014). 
Towards a foundational representation of potential drug-drug interaction knowledge. Joint Proceedings 
of The First International Workshop on Drug Interaction Knowledge Representation (DIKR 2014), 
The Second International Workshop on Definitions in Ontologies (IWOOD 2014), and The Starting an 
OBI-Based Biobank Ontology Workshop (OBIB 2014) Co-Located with 5th International Conference 
on Biomedical Ontologies (ICBO2014) Houston, TX, USA, October 6-7, 2014., 1309, 16  
31. https://ceur-ws.org/Vol-1309/paper2.pdf 

Brown, J. S., Mendelsohn, A. B., Nam, Y. H., Maro, J. C., Cocoros, N. M., Rodriguez-Watson, C., 
Lockhart, C. M., Platt, R., Ball, R., Dal Pan, G. J., & Toh, S. (2022). The US Food and Drug 
Administration Sentinel System: A national resource for a learning health system. Journal of the 
American Medical Informatics Association, ocac153. https://doi.org/10.1093/jamia/ocac153 

Bucur, C.-I., Kuhn, T., Ceolin, D., & Ossenbruggen, J. van. (2023). Nanopublication-based semantic publishing 
and reviewing: A field study with formalization papers. PeerJ Computer Science, 9, e1159. 
https://doi.org/10.7717/peerj-cs.1159 

Clark, T. (2015). Argument graphs: Literature-data integration for robust and reproducible science. First 
International Workshop on Capturing Scientific Knowledge Collocated with the Eighth 
International Conference on Knowledge Capture (K-CAP), 1 8. 
https://www.isi.edu/ikcap/sciknow2015/papers/Clark.pdf 

Clark, T., Ciccarese, P. N., & Goble, C. A. (2014). Micropublications: A semantic model for claims, evidence, 
arguments and annotations in biomedical communications. Journal of Biomedical Semantics, 5(1), 
28. https://doi.org/10.1186/2041-1480-5-28 

Cohen, A. M., Schneider, J., Fu, Y., McDonagh, M. S., Das, P., Holt, A. W., & Smalheiser, N. R. (2021). Fifty 
ways to tag your PubTypes: Multi-tagger, a set of probabilistic publication type and study design 
taggers to support biomedical indexing and evidence-based medicine [Preprint]. 
https://doi.org/10.1101/2021.07.13.21260468 

Davis, R. H. (2015). A Genre Analysis of Medical Research Articles [Ph.D., University of Glasgow]. 
https://eleanor.lib.gla.ac.uk/record=b3128020 

DuBois, B. L. (1997). The Biomedical Discussion Section in Context: Praeger. 
EQUATOR Network. (n.d.). Retrieved October 8, 2023, from https://www.equator-network.org/ 
Fu, Y., & Schneider, J. (2020). Towards knowledge maintenance in scientific digital libraries with the keystone 

framework. Proceedings of the ACM/IEEE Joint Conference on Digital Libraries in 2020, 217 226. 
https://doi.org/10.1145/3383583.3398514 

Fu, Y., Schneider, J., & Blake, C. (2021). Finding keystone citations for constructing validity chains among 
research papers. , 451 455. 
https://doi.org/10.1145/3442442.3451368 

Greenhalgh, T., Fisman, D., Cane, D. J., Oliver, M., & Macintyre, C. R. (2022). Adapt or die: How the pandemic 
made the shift from EBM to EBM+ more urgent. BMJ Evidence-Based Medicine, 27(5), 253 260. 
https://doi.org/10.1136/bmjebm-2022-111952 



Boogaart, R., Garssen, B. Jansen, H., Leeuwen, M. van, Pilgram, R. & Reuneker, A. (2024). 
Proceedings of the Tenth Conference of the International Society for the Study of Argumentation. 

Sic Sat: Amsterdam. 

828 

 

 

 
 
 

Ho, P. M., Peterson, P. N., & Masoudi, F. A. (2008). Evaluating the evidence: Is there a rigid hierarchy? 
Circulation, 118(16), 1675 1684. https://doi.org/10.1161/CIRCULATIONAHA.107.721357 Hoang, 

L., Boyce, R. D., Bosch, N., Stottlemyer, B., Brochhausen, M., & Schneider, J. 
(2020). Automatically classifying the evidence type of drug-drug interaction research papers as a step 
toward computer supported evidence curation. AMIA Annual Meeting, 554 562. 
https://jodischneider.com/pubs/amia2020.pdf 

Jackson, S., & Schneider, J. (2018). Cochrane Review as a   for reasoning about health. 
Argumentation, 32(2), 241 272. https://doi.org/10.1007/s10503-017-9440-z 

Jackson, S., & Schneider, J. (2023). What can be learned about argument schemes from other  inventions? 
Proceedings of the 10th Conference of the International Society for the Study of Argumentation. Leiden, 
Netherlands. 

Kircz, J. G. (1991). Rhetorical structure of scientific articles: The case for argumentational analysis in 
information retrieval. Journal  of Documentation, 47(4), 354 372. 
https://doi.org/10.1108/eb026884 

Latour, B. (1987). Science in Action: How to Follow Scientists and Engineers Through Society. Harvard 
University Press. 

Liakata, M., Thompson, P., de Waard, A., Nawaz, R., Pander Maat, H., & Ananiadou, S. (2012). A three- 
way perspective on scientific discourse annotation for knowledge extraction. Proceedings of the 
Workshop on Detecting Structure in Scholarly Discourse, 37 46. 
https://www.aclweb.org/anthology/W12-4305 

Livnat, Z. (2012). Dialogue, Science and Academic Writing. John Benjamins Publishing Company. 
McKibbon, K. A., Wilczynski, N. L., Haynes, R. B., & the Hedges Team. (2009). Retrieving randomized 

controlled trials from MEDLINE: A comparison of 38 published search filters. Health Information & 
Libraries Journal, 26(3), 187 202. https://doi.org/10.1111/j.1471-1842.2008.00827.x 

Prelli, L. (1989). A Rhetoric of Science: Inventing Scientific Discourse (1st ed). University of South Carolina 
Press. 

Argument & Computation, 9(2), 77 89. 
https://doi.org/10.3233/AAC-180036 

Schneider, J., & Jackson, S. (2020). Beyond Randomized Clinical Trials: Emerging innovations in reasoning 
about health. In C. D. Novaes, H. Jansen, & J. A. V. Laar (Eds.), Reason to Dissent: Proceedings of 
the 3rd European Conference on Argumentation, Volume III (pp. 311 324). College Publications. 

Schneider, J., & Sandhu, N. (2018, July 5). 
arguments from a biology research paper [Presentation at the 9th Conference of the International 
Society for the Study of Argumentation]. https://hdl.handle.net/2142/100340 

Swales, J. (2011). Create a research space (CARS) model of research introductions. In E. A. Wardle & D. 
Downs, Writing About Writing: A College Reader (pp. 6 8). Bedford/St. Martins. 

Swales, J. M. (1990). Genre Analysis: English in Academic and Research Settings. Cambridge University 
Press. 

Teufel, S. (1999). Argumentative Zoning: Information Extraction from Scientific Text [Ph.D., University of 
Edinburgh]. https://www.cl.cam.ac.uk/~sht25/az.html 

Teufel, S. (2014). Scientific argumentation detection as limited-domain intention recognition. In E. Cabrio, 
S. Villata, & A. Z. Wyner (Eds.), Proceedings of the Workshop on Frontiers and Connections between 
Argumentation Theory and Natural Language Processing, Forlì-Cesena, Italy, July 21- 25, 2014 (Vol. 
1341). CEUR-WS.org. https://ceur-ws.org/Vol-1341/paper14.pdf 

Vandenbroucke, J. P., Von Elm, E., Altman, D. G., Gøtzsche, P. C., Mulrow, C. D., Pocock, S. J., Poole, 
C., Schlesselman, J. J., & Egger, M. (2007). Strengthening the reporting of observational studies in 
epidemiology (STROBE): Explanation and elaboration. Annals of Internal Medicine, 147(8), W- 
163.  https://doi.org/10.7326/0003-4819-147-8-200710160-00010-w1 

Zheng, H., Fu, Y., & Schneider, J. (2023). Using argument graphs to audit reasoning in empirical 
scientific publications. Under review. 


