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Abstract
We have developed state-based semantic programs that describe
scientific research phenomena. However, implementing interactive
research reports requires more than a model of the phenomenon:
it also requires discourse elements such as rhetorical and genre
structures. We use the term discourse broadly to cover howmaterial
is presented. This paper treats those structures as an overlay on
the semantic program of the base phenomenon. We discuss two
examples related to the Snowball Earth Hypothesis.
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Introduction We have been exploring the creation of highly struc-
tured research reports (e.g., [1]). In earlier papers, we developed
visualizations to explore mechanisms, causal threads, and experi-
mental procedures. Recently, we introduced compilable and exe-
cutable, state-based semantic programs for describing the models
of the underlying research phenomena [8]. However, the semantic
program did not include discourse elements that are needed to
support presentations to users.

Discourse can be said to be actions by a speaker or author to
adapt a message for a listener or reader. Pragmatics is closely re-
lated to discourse; it considers how context affects the presentation
of relatively short passages. and we lump the two together. Here
we emphasize high-level discourse structures such as Rhetorical
Structure Theory (RST) [16] and Toulmin’s structured argumenta-
tion [25]. Genre Theory [24] is also closely related; genres provide
a relatively rigid structure that is recognized by a community of
readers and sets up expectations for them.

Discourse can be used to organize formal presentations, such as
scientific research reports. Typically, each section and even each

This work is licensed under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.
JCDL ’26, Frisco, TX, USA
© 2026 Copyright held by the owner/author(s).
ACM ISBN 979-8-4007-2597-5/2026/10
https://doi.org/10.1145/3805696.3846494

sentence has a purpose. We want to capture those statements using
structured discourse to describe how each statement relates to the
whole. Richer descriptions of the association should be useful. Here,
we explore how to coordinate them with semantic programs (cf.,
[17]). However, none of the discourse frameworks introduced above
is sufficient by itself; thus, we adopt and enhance features from
each. Overall, our focus is on adequate representation rather than
human cognition, complex inference, or text mining.

The plan for the remainder of the paper is as follows: Section 2
discusses knowledge structures and discourse structures. Section 3
discusses Rhetorical Structure Theory. Section 4 considers Genres
of Research Reports. Section 5 discusses Structured Argumentation.
Section 6 is the Conclusion.

1 From Knowledge Structures to Discourse
Structures

Semantic programming is an executable, qualitative, state-based
approach to representing semantic models [8]. The knowledge
structures used in semantic programs build on ontologies such as
BFO [10] and SUMO [18]. However, unlike those ontologies, we
emphasize transitionals that are incorporated into a programming
language and are used to make state changes.

We use Python as the platform for the semantic programs. We
believe that executable programming languages are a viable alterna-
tive to static representations for knowledge structures. For instance,
ontology terms may be treated as data types [4]. In addition, there
are many tools for checking the validity of programs, and pro-
grams can directly support user interaction. If desired, the Python
code could implement formal logic to represent the statements and
propositions.

Consistent with our emphasis on transitionals, we obtain struc-
tured descriptions of them from linguistic resources such as FrameNet
[19] and VerbNet [20]. In FrameNet, each Frame has specific Frame
Elements that are integral to its usage. These Frame Elements are
related semantic roles. Thus, frames are structured semantic units
(cf., [9, 26]). However, the FrameNet corpus1 was developed from a
large, but still limited sample, of English usage. Thus, missed many
words and word senses, especially in more technical uses (cf., [11]).

We assume an environment with a previously established knowl-
edgebase and a microworld for the situation being investigated.
Propositions are statements with a truth value. We consider Claims
to be Propositions for which there is some degree of structured
evidence. Because the term Claim is sometimes applied to any asser-
tion, we refer to Claims with evidence as Final Claims. They can be
integrated, at least tentatively, into the microworld and knowledge-
base. Thus, we will have varying degrees of confidence about the
processes asserted by the models, and the confidence level needs

1https://framenet.icsi.berkeley.edu/
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to be captured by some parameters. It remains debatable when, if
ever, a Final Claim should be treated as fact; though, as a practical
matter, Final Claims that have met the test of time are generally
accepted.

2 Rhetorical Structure Theory (RST)
RST describes relations for connecting blocks of text from an essay
or report. According to the theory, there are main texts (nuclei) con-
nected to supporting texts (satellites) by specific set of relationships
[16].2 Each nucleus and satellite can be considered a discourse state,
and the relationships between them can also be considered as state
transitions.

We use FrameNet-style schemas to structure RST and Genre
transitions (see below).3 Just as the semantic program has state
transitions that can be validated with FrameNet’s semantic roles,
transitions between RST states can also be validated. Note that these
are not state changes in themicroworld but in the information being
presented to the message recipient. Some RST states have actions,
others have situations, and still others have information. This simple
typology imposes constraints on the content in each and can be
validated. Other types of constraints can also be introduced and
validated.

In some cases the distinction between semantic and discourse
structures is blurred. For example, selecting the terms for the se-
mantic model involves subjectivity. In addition, semantic programs
include control structures like looping and conditionals, Consider
the structured conditional statement in Java from one of our earlier
papers [3]:

if ((NAD ==LOW) && (Degeneration == LOW))
then prefer ConceptualModel2;

else if ((NAD ==LOW) && (Degeneration == NORMAL))
then prefer ConceptualModel2;

This is a control structure in the program but can also be said
to serve a discourse purpose can be modeled with RST Conditional
and Anti-conditional nuclei.
Similarly, we considered causation in [6, 7]. There we made a dis-
tinction between mechanistic causation (as in the transitions of
molecules in chemical reactions) and discourse-like assertions of
causation that suggest a connection between seemingly remote
events.

3 Research Report Genres
Here we move to modeling research reports. While our earlier work
on semantic programming was applied to the dynamic systems of
the phenomenon under investigation and was modeled in a con-
strained microworld, modeling entire research reports expands the
scope of the entities and processes involved. There are information
objects such as data sets and descriptions of established research
procedures as well as the physical objects and contexts needed to
record the information and to implement the procedures.

2https://www.sfu.ca/rst/01intro/intro.html
3The relationship between RST, Genres, and Structured Argumentation has been noted
by [12, 15], but that work did not include schema links to an underlying notation.

Furthermore, research reports typically have a formal structure.
Swales [24] has proposed that the familiar IMRD (Introduction,
Results, Methods, and Discussion) structure is a distinct stylistic
genre. He discussed the processes associated with the Introduction
in detail but did not go into detail about the other parts. Here, we
hope to cover entire research reports.

IMRD Genres can be roughly modeled with RST and, in turn,
RST can be represented with FrameNet-like schemas. A research
report can be seen as a sequence of text blocks that provide different
types of information. There are transitions both between and within
genre sections.

Here, we consider several examples. We illustrate our approach
with examples related to the Snowball Earth Theory. Early examina-
tion of the Elatina Formation north of Adelaide, Australia (relatively
near the Equator) suggested that it was from the Neoproterozoic
Era, but confusingly it showed evidence of extensive glaciation. The
Fold Test is an established technique in geology that can provide
evidence for latitude at the time of deposition. Sumner [23] applied
the Fold Test to rock samples from the Elatina Formation.

When sediments are first deposited, magnetic particles in them
align with Earth’s magnetic field in a way that is directly related to
latitude. Over time, tectonic movements may tilt or fold the rock
layers. Researchers measure the magnetization and then apply a
correction. If the corrected magnetic orientations are consistent,
researchers can establish the latitude with confidence. Otherwise,
the magnetization is likely acquired after folding. [23] concluded
that the Neoproterozoic rocks in the Elatina Formation were near
the Equator when they were deposited and glaciated. Later replica-
tions confirmed her finding. This raised the question of how rock
formations near the equator could show extensive glaciation.

Here, we propose some FrameNet-like structures for RST-like
relationships that can be applied to genre sections. These can also
be considered as transitions because they move the reader’s focus
from nucleus to satellite. Note that, like FrameNet, they include
both core (required) and non-core elements.

Research Question:
• Schema In
– (non-core) Agent
– (non-core) Need
– (non-core) Approach to finding the solution.
– (non-core) Agent

• Type In: The question
• Schema and Type Out
– The Solution (Final Claim)

• Description: The ResearchQuestion is the primary nucleus of
the research report. In RST, it is associated with a need. The
response to the Research Question is the Final Claim and the
entire report justifies the transition asserted by that Claim
In some cases, there are two levels of Research Questions:
Broad and Narrow. Broad questions typically apply to issues
raised by an application context while Narrow questions are
based on the specific situation being examined.

• Example Application
– Broad: Is there evidence of low-latitude glaciation during
the Neoproterozoic Era?

– Narrow: Have the rocks been in the same orientation since
they were first deposited?
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Procedure:
• Schema In
– Goal
– Sequence of Volitional Causes
– (non-core) expected Volitional Results associated with the
Volitional Causes

– Agent
• Type In: Situation
• Schema Out
– Confirmation that the goal was reached, or the reason it
was not reached

• Type Out: Situation
• Description: The Procedure in a research report is an Elabora-
tion sequence of actions by an agent for obtaining evidence.
It is a semi-ordered list of situated actions and expected re-
sults. Each step may be considered its own transition from
Volitional Cause to Volitional Result. It must be consistent
with the state of the world at the time it is triggered and
help to accomplish the overall goal. The Procedure could
be based on an established technique and may use standard
instrumentation, both of which can also be taken from a
knowledgebase. If, for some reason, the expected outcome
is not obtained, additional procedures would be triggered.
Note that in a research report, this is a description of the
action; not the execution of the action.

• Example Application:
Data Collection Phase 1:
– Identify rock formations of interest.
– Identify individual rocks; for each, establish and record its
coordinates and orientation.

Data Collection Phase 2:
– In the laboratory, measure the magnetic orientation of the
particles in the rocks.

The discourse segments and genre structures cascade constraints on
the semantic content. For instance, the Research Question implies
there is a Procedure that will address the Research Question and
will provide relevant results. One cannot analyze data that has not
yet been collected. And the results should provide at least a partial
answer to the Research Question.

4 Limitations of Previous Research, Refining
Claims, and Extended Argumentation

Many projects define argumentation discourse structures. How-
ever, most of these are very general and assert that a given Claim
supports or refutes other findings (e.g., [13, 22]). Here, we describe
the components of the argument based on Toulmin’s well-known
argumentation structure [25]. The overall framework is structured,
but the contents of its elements (Facts, Warrant, Backing, etc.) are
not structured.

In addition, as suggested by Swales’ CARS model [24], the Intro-
duction of most research reports includes a review of the literature.
That review should present the Claims, limitations, and possible
faults of relevant papers. As suggested in [5], the threats to internal
and external validity can be applied for experiments and quasi-
experiments [21]. For critiques of models (see below), the criticism

may be based on an inconsistency with the model or issues with
its plausibility.

Assessing/Evaluating/Contrasting:

• Schema In
– First alternative
– Second alternative (possibly, more than two)

• Type In: Two (or more) situations
• Schema Out
– Comparison of the alternatives

• Type Out: Information (Evaluative Comment)
• Description: This is synthesized from RST Evaluation and
FrameNet’s Assess/Evaluation

• Example Application: As an example, we consider competing
Explanations of low-latitude glaciation. An early explana-
tion [14, pp. 132-135] was that the Earth’s axis of rotation
could have been tilted obliquely toward the Sun. Thus, as
the Earth revolves around the Sun, the hemispheres alter-
nately experience extreme winters and during those extreme
winters.

Evaluative Judgment/Criticism:

• Schema In
– Object of the criticism: A statement in the model or a
segment of the model itself.

– Reason for the criticism
• Type In: Situation
• Schema Out
– The criticism

• Type Out: Situation
• Description: Criticism is a type of Evaluative Judgment with
a negative valence. We apply this to both situations and both
final and non-final claims.

• Example Application: The oblique-axis model was criticized
and rejected by [14, p. 135] because it also predicts very
hot summers, which would prevent establishing long-term
ice coverage. Note that this was not a matter of empirical
evidence, but of the lack of consistency with other claims in
the microworld.

Toulmin’s model includes rebuttals, but those do not seem to
richly represent recursive argumentation with the possibility of
criticisms, elaboration, concessions, refinement, and reconceptu-
alization. Such ongoing debates are relatively common in a set of
related research reports in a digital library. Indeed, they could trace
the evolution of an entire field.

5 Conclusion and Implications
We have proposed, and provide examples for, the development
of highly structured discourse statements for research reports to
accompany the structured semantic descriptions of the research
phenomena.

We also believe that object-oriented, state-based, semantic pro-
grams are related to knowledge graphs. Some relationships between
the entities are built into the program. Other relationships can be
obtained by comparing the properties of objects, or by examining
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object histories. For example, biological parent-of implies a past
birthing relationship.

While RST and Genre Theory assume primarily linear presenta-
tion of material, our interactive interfaces provide more flexibility
for users. Potentially, these programs can allow readers to examine
different parts of the models much like navigating through a hy-
pertext. As part of a digital library, this approach could change the
nature of citations. Traditional citations with author, title, and pub-
lication could be replaced by concept-based linking [2]. However,
we need additional work to maintain coherence with non-linear
access.

Indeed, much work remains to reconcile the various discourse
systems and semantic constraints. For instance, the corpora need
to be greatly expanded. In addition, while we have indicated ways
that discourse state changes can be used based on RST rules, a
compiler for that has not been implemented. Overall, this paper
should be considered a preliminary investigation with many details
to be extended later.
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