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Abstract

When reading a foreign text from the distant past, commentaries
help readers across expertise levels understand obscure linguistic,
historical, and/or cultural context. Recent analysis and critique of
commentaries have called for clearer, more structurally robust rein-
forcement of claims made in commentaries. We present Tompkinsia,
a hypertext reading environment for an Ancient Greek source text
and an associated commentary, where its claims are supported by
transparent, accessible, and replicable data-driven analyses lever-
aging Jupyter notebook integration.

CCS Concepts

« Applied computing — Digital libraries and archives; Anno-
tation; « Information systems — Digital libraries and archives.
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1 Introduction

The commentary tradition has existed for millenia, augmenting
reading and translation both on and off the screen. Commentaries
are linear lists of annotations on a foreign language source text,
and they help readers across expertise levels understand obscure
linguistic, historical, and/or cultural context. Commentaries in the
Latin and Ancient Greek traditions serve two purposes: first, as a
well-informed companion text to help students become acclimated
with the language they are learning, and second, as a tool for schol-
ars studying the source text and any topics that text or commentary
may resonate with [20]. Recent analysis and critique of commen-
taries has emphasized three specific problem areas: parallels’ failure
to account for “bursty” lexical dispersion, vague and misleading
claims, and that commentators often assume a more advanced audi-
ence, even when commentators nominally produce a commentary
that attempts to serve both novice language learners and veterans
equally. Tompkinsia is a hypertext reading environment for an
Ancient Greek source text and an associated commentary, where
its claims are supported by transparent, accessible, and replicable
data-driven analyses leveraging Jupyter notebook integration.

2 Background and Motivation

2.1 A History of Claims and Commentaries

Since commentaries are linear lists of annotations on a foreign
language source text, we argue this construction approaches the
definition of a hypertext. Many commentaries try to provide full
clarity on the unfamiliar historical, cultural, and linguistic contexts
these texts were written in [5]. Scholars wrote commentaries on
texts in many languages for millenia [11]. Ancient Greece began
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developing its scholarly infrastructure in the 5th century BCE to
explain unfamiliar language in the Homeric epics (c. 750 BCE) [7].
Though the Greek tradition is later than others, it continued through
Rome and Byzantium, with its presence still felt and its remnants
still studied. The first serious editions and commentaries appeared
in Alexandria in the 3rd century BCE, and fragments of this work
exist on ancient papyri [12]. While a well-developed model for
page-based commentaries emerged more than 1,000 years ago, the
commentary adopted its modern form by the 18th century. Topics
covered by modern print commentaries may have changed, but
their format differs little from those produced centuries before [24].

One type of commentary aid, seen in [5], makes a claim about
the frequency of a syntactic or semantic tendency’s presence in
at least the source text. Often the claim is supported by a set of
“parallels,” or references for that phenomenon in the source text or
other primary sources. Commentaries and their authors differ in
focus and habit, and the quantity and quality of parallel sets have
been thoroughly surveyed and questioned by commentary critics
[13, 18]. Parallels may be a form of or alongside a similar phenome-
non we call “coverage creep.” When writing a commentary on a text
with prior commentaries, convention compels the commentator to
discuss relevant insights from these commentaries while providing
new insights. Opinions change over time, yet what was once schol-
ars in the 1800s referencing one important manuscript has become
the duty of modern commentators to cover over 200 years of anal-
ysis. Changes in commentaries over the 1900s were also made as
part of a larger effort to diversify who reads Greco-Roman texts.
As we found in [5], in the 1800s/early 1900s, commentaries were
reference dense, but newer commentaries have less references per
item. First, one may assume that to not overwhelm newer language
learners, student commentaries emerging over the 20th century
would lower the number of references per item. Next, these higher
reference counts peaked when it was generally assumed that read-
ers were privileged enough to use such a commentary, and could
thusly afford all their own copies of the many works referenced.
The drop in references could be ascribed to lowering the cost of
accessing all works cited to grasp a commentator’s argument. This
decrease in cost would be one factor lowering the barrier of entry
to engaging more directly with commentaries, with the study of
Greco-Roman literature’s audience consciously broadening past
the upper class. Other changes emerging during this time include
more syntactic aid targeted at newer students, and the diminishing
and depersonalization of the commentator’s voice. This is prefer-
able to the more boastful and directly authoritative commentators
defending heteropatriarchical opinions over correct syntactic and
semantic interpretation before the diversification of the field [38].
Yet there still are known issues in modern commentaries. In [5],
we found that while some claims in commentaries cite statistics
or secondary sources to support these claims, they most often cite
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primary sources. This may seem enough given the tradition of this
practice and that commentators often write as humanists first and
scientists second. Yet a list of examples does not account for compu-
tational linguistic factors like lexical dispersion, and may mislead
the reader to believe something occurs more than it does. Lastly, in
the late 90s/early 2000s, with the advent of computerized literature
and hypertext, critical analysts of commentaries called for vary-
ing radical redesigns of the commentary in a new digital medium
[15, 29, 38]. Many digital hypertext environments still represent
commentaries where their most radical design change is a hyper-
linked list of parallels [5, 16]. Though born-digital commentaries
present ideas of what commentaries could be, many digitizations
of prior commentaries are mostly unaugmented and unrevised. A
mainstay in this digital niche could aid further analysis of these
claims. Treebanks are XML encodings of sentences where each
word has its ID, morphological data, root lemma, and dependence
encoded as one edge with a label per word, letting the user construct
the sentence as a tree of words [23]. Often these data structures
are processed in Python when queried over by digital humanists,
and Jupyter notebooks are a effective presentation medium for this
work [3, 31]. This paper centers one type of commentary claims.
Treebank-verifiable claims are statements made by commentators
claiming a linguistic feature occurs in a certain frequency in the
text, but by searching across a corpus of ancient Greek works for
graph structures found in treebanks that are characterized by any
combination of word relation, morphology, and/or lemma, scholars
can use these search results to sanity check these claims in a more
reliable and transparent way. Treebank-verifiable claims will be
analyzed using the GLAUx treebanks [23].

2.2 Why Validate Commentary Claims?

As previously mentioned, there are still shortcomings in commen-
taries that may be clearer to scholars of computational linguistics
and accessibility, as well as educators, students, and other uncon-
ventional and/or underrepresented types of language learners. First,
humanist academics write mostly for their peers. As seen in [5],
authors often support their claims with parallels without account-
ing for lexical dispersion and other factors that may invalidate the
claim on further investigation. Next, claims can be vague or mis-
leading. A claim from Charles Smith’s commentary on Thucydides’
History of the Peloponnesian War said that the verb Awgdw was
“used by Thuc. with reference to sicknesses and grave misfortunes”
[37]. Searching for all instances of Aw@dw in the History, we found
2 instances directly referencing the Athenian plague, and another
one that may have been an indirect reference when invoking other
misfortunes Athenians overcame. Yet readers may assume that this
verb is used more than 3 times in the History given the misleading
phrasing of this note. In this way, vagueness and misleading claims
can pose another barrier to grasping the full insight of a commen-
tary. Lastly, reducing the barrier of entry to commentaries’ insights
by showing the mathematical claim analysis is one thing, but these
analyses must have accessible explanations. We also found in [5]
that when academics try to write a commentary aiming to serve
both newer and more advanced language learners, the content is
often understood more by the latter. These commentators often
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omit the aid newer language learners may need because they as-
sume beginners do not read this. Yet this leads to a commentary
excluding more than just the beginners from fully understanding
the commentator’s points.

This commentary augmentation will also aid both the hypertext
completionists and those uninterested in these notebooks’ detailed
analyses. Treebanks have existed for a few decades, yet while many
computational linguists have conducted their own analyses over
many treebanks with their own bespoke workflows, these analyses
are not often front-facing or beginner friendly. This work could
lower the barrier of entry into this kind of analysis to those familiar
with Python, pandas, and Jupyter notebooks. Plus, augmenting
these commentaries with claim analysis may also keep the cursory
reader from being misled by claims with notes summarizing their
inconsistency or veracity.

Lastly, the scope of this work matters regarding the claims vali-
dated by computation. Like the analytical work of Dan Tompkins
[40], this design’s namesake, this framework centers data-driven
computational linguistic analysis of unambiguous claims (i.e., “It is
rare to see a sentence end with a genitive absolute”). A claim like
“Odysseus uses the gnomic aorist when speaking with anger” is
more ambiguous and thus harder to find with treebanks. It would be
easy to find aorists in Odysseus’ dialogue, yet checking each result
may be labor intensive, especially since there are no encodings for
when an aorist is gnomic or what emotions are there at the atomic
level. One could also make a keylist of anger words and use that
to further filter the results. Making an accurate keylist with rarer
words could take time, but on the other hand, there is always the
chance that a valid instance will be excluded. A third method may
be training a BERT model to identify passages when Odysseus is an-
gry, and evaluating the results of that. Tompkinsia is a presentation
medium for checking claims that are made on a reliable, searchable,
and mathematical foundation. Though commentators love agreeing
to disagree, this basic design focuses on presenting what can be
found and analyzed in an unambiguous way.

3 Related Work

Perseus Digital Library [9] digitized about 70 print commentaries,
hyperlinking print citations where possible. These links made these
commentaries scholarly hypertexts where readers could traverse
commentary and source text, clearly seeing connections between
both texts [8]. Another digital commentaries platform is the Dick-
inson College Commentaries [16], known for extending the tradi-
tional commentary model, both by including media files, and by
linking primary sources and reference works in its content. These
commentaries are developed for and with students. Recently New
Alexandria [14] built a commentary system where each annota-
tion was peer-reviewed as a separate publication with its own
author(s) and metadata. New Alexandria enabled the move beyond
the traditional model of single-authored commentaries perpetuat-
ing coverage creep [10]. The Ajax Multi-Commentary Project [32]
also notably addressed coverage creep [33]. In addition, the Ajax
Multi-Commentary Project pioneered work on scalable integra-
tion of digitized commentaries and building sustainably minimal
computing complex commentary networks [34]. Commentary aug-
mentation is not new, but we have not seen a hypertext reading
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environment integrating dedicated Jupyter notebooks for analyzing
these commentaries’ claims.

Other advancements in this niche of computational linguistics
include Tompkins’ early computational linguistic analysis of com-
mentary claims [40]. Tompkins’ work was near the first to call
attention to claims in commentaries worth verifying with compu-
tational linguistic means, and he did such verification at a time
predating a computer in every home that can run Python and pan-
das [40]. Like this work, Tompkinsia’s analyses aim to transparently
walk the reader through claim verification, and comment on the re-
sults of such computation. [6] is also a recent user study identifying
different patterns of reading behavior while featuring another type
of augmented commentary. Students read the Parodos in Sophocles’
Antigone while accompanied by an augmented version of Richard
Jebb’s commentary on the text where references were replaced with
the relevant excerpt of text referenced. The design of this commen-
tary augmentation is influenced by findings regarding beginner-
friendly ways to integrate augmentations without overloading the
reader. The original GLAUx treebanks came into existence around
2021 as a result of training multiple classifiers to categorize tokens
by Greek morphology, lemmata, part-of-speech, syntactical relation
and semantics [23]. It is one of the largest corpora of treebanks
spanning many Greek works, so that makes it a suitable candidate
for searching over when attempting to verify whether a certain
linguistic pattern occurs only in Attic authors. This set of treebanks
is also open source, as opposed to fully comprehensive search in
the more private TLG [23]. GLAUXx also has its own web-based per-
formant treebank query engine, though scholarship on this is under
development at current [1, 2]. Web-hosted treebank query engines
are nothing new [22, 28], but they are separate websites and this
work seeks to integrate analysis more directly into the experience
of reading a foreign language source text with a commentary in a
hypertext reading environment. Analysis could direct the reader to
these other sites, but switching between windows has been cited
as one factor of hypertext reading that increases extraneous load
[26]. Extraneous load is a form of cognitive load originating from
difficulty with navigating a hypertext while reading it [39].

A few works on digital reading influence this work’s perception
of potential readers. First, [35]’s work on content organizers sur-
faces the finding that summaries of partitions of hypertext can result
in more readers being dissuaded from perusing the same partition
of hypertext. One can view a commentary claim similarly: readers
may view it as an authoritative statement that is factually accurate,
and not in a way they are expected to be able to verify. Providing
analysis alongside these claims can challenge the assumption that
this work is arcane and outside one’s abilities. [21] and [30] identify
hypertext reader groups separated by coverage, or what percent of
the total hypertext the user traversed. [21] mentions a “disengaged”
group and a more completionist group. This is also resonant with
types of commentary readers, especially since references and other
language may dissuade language learners from engaging deeper
with the material itself [20].

This section ends with discussion of work on the history of
commentaries and analysis of their design and content. In [5], we
devised and applied a non-exclusive taxonomy for types of aid
provided by commentaries across many commentary types to reveal
both differences in aid distribution and references provided, as well
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Figure 1: Viewing the source text in Tompkinsia
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Figure 2: Notebook view in Tompkinsia

as the cost of and other barriers to accessing the full insight of
commentaries. This work demonstrates one way to include code
and results supporting claims in commentaries. Multiple critiques
over the last 20 years have targeted various aspects of commentary
writing, reading, and design [19, 20, 38], yet while these various
pieces call for born-digital and digitized commentaries to reckon
with these issues, few born-digital commentaries answer this call.
Hopefully this work will not be the only response to these pieces.

4 Design

In Fig. 1 the Tompkinsia reading environment contains the History
and Smith’s commentary. The source text is in the left pane, and
Smith’s commentary appears on the right. To view a static Jupyter
notebook associated with a claim, clicking a blue button in the
claim on the right replaces the contents of the left pane with the
static notebook view, as Fig. 2 shows. Here, the notebook represents
Markdown, code, and output sections as expected in the Jupyter
paradigm, but the code sections are static formatted text and not
cells of code that can run. That said, pressing the same blue button
reverts the left pane to show the original source text, and the orange
button next to it lets the user download the notebook for them to
tweak and run on their own. Between the original comment and
the buttons is a summary of the analysis, bordered to imply it is an
addendum to the original comment. Readers can see the Tompkinsia
environment in action at GitHub [4].

5 Limitations and Considerations

This design is preliminary, and many objections to this approach are
anticipated in this section. First, while hosting Jupyter notebooks
dynamically would enable readers to stay in this environment as
they explore analyses, the text, and the commentary, hosting note-
books at scale both regarding the quantity of readers and notebooks
needed for just one commentary may challenge non-corporate web-
hosts. The static design is a compromise ensuring readers can still



enjoy the benefits of these notebooks without sacrificing website
availability. Another objection may be that, as one study found
[35], summaries of hypertext reduce coverage, or how much of
the hypertext readers read, and that a summary of the notebook’s
insight above the Expand Claim Analysis” button may decrease
the number of readers that click that button. A recent user study [6]
is not the first to find groups of readers differentiated by hypertext
coverage [21, 30]. This design provides clear and replicable analysis
for anyone curious about the veracity of a claim, but similarly we
want to provide those less likely to click the button enough infor-
mation for them so that they already see where the commentary is
misleading.

We also want to recognize that while Tompkinsia was designed
for a specific digital reading use case with a primary text and a
secondary text, Tompkinsia can be adapted for other purposes. For
instance, there are many applications for this paradigm in digital
humanist pedagogy, and it is possible that Tompkinsia may be used
to introduce undergraduate and pre-college students to quantitative
textual analysis outside of Latin and Ancient Greek. The design
paradigm of Tompkinsia can also be utilized in lesson plans for how
to develop close reading and critical thinking skills while digitally
reading. Educators can use Tompkinsia to teach students to apply
critical thinking to any auxiliary text assisting with understanding
of a main text, digital or otherwise. Inside the commentary tradition,
an over-reliance on claims that are under-inspected contributes to
the same kind of misunderstanding mentioned in Section 2.2 [20].
Moreover, with the rise of generative Al contributing to a drop
in critical thinking skills, there is a greater need for techologies
that strengthen our tools for assessing the reliability of information
presented to us, rather than merely weakening those same skills
[17]. Combining Tompkinsia’s notebook integration with a multi-
commentator system such as New Alexandria would also be a
game changer, and could be one possible response to a call for
a commentary system that allows for transparent dialogue and
analysis between those that work on fragmentary texts [38]. While
this is keeping with the commentary tradition, we could also see
Tompkinsia working with a more layered commentary paradigm,
such as the Arabic commentary tradition [25].

Outside of this paper, the authors are also developing a query en-
gine for ease of conducting and providing augmented claim analysis
as shown here in this work. One observation from this upcoming
research is that the GLAUx treebanks, which are the result of train-
ing a classifier on Greek grammar and then using it to generate
treebanks for a large corpus of Greek text, occasionally misclassi-
fies (i.e., mislabeling Adgnowv as a form of Awpdw or mislabeling
avadobv as a form of dvadéw when two commentaries claim it is a
rare form of &vadiokw [27, 36]). The GLAUX team recognizes this,
and it is easy to understand how what cannot be recognized by
Morpheus would be classified by Lemming, which is reported to
have a lower accuracy rate than Morpheus of .1 [23]. That said, a
relevant takeaway from the world of commentaries is that when
errors like this reveal themselves, it is more beneficial to engage in
academic discussion on how best to correct these errors together,
rather than leaving those errors unassessed and still affecting those
reading the relevant text. One last anticipated remark is that on-
line query engines using data sets such as GLAUx already contain
enough data to verify these claims reliably, or that the analyses
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presented could have centered GLAUx searches [2]. A query engine
like GLAUx may still prove useful in computational linguistics re-
search and pedagogy, but Tompkinsia as a hypertext environment
is more beginner-friendly and provides a reading experience where
the design mitigates the extraneous cognitive load of switching
between windows and running one’s own verification. This is not
a choice of one or the other; query engines focused on datasets
such as GLAUx and reading environments such as Tompkinsia may
coexist as solutions to different problems, but GLAUx could identify
instances for assessment of a phenomenon and Tompkinsia could
demonstrate different types of analyses one could do with those
results. So why is Tompkinsia not using GLAUx initially? GLAUx
has no API for requesting results of a query from a notebook cell. A
version of our query engine can be imported into a notebook and in-
voked with a query that returns results in an inline human-readable
format that is conducive both to the static notebook view without
constituting more extraneous load and to computation that can run
offline in the actual notebook file itself, given minimal setup. In
the commentary analysis community, there have been demands
made of born-digital commentaries to explain claims and other
observations like these, to include missing but needed syntactic
aid that was once excluded under the incorrect assumption that
readers had learned enough of Greek or Latin that printing such
basic syntactic aid would prove redundant [38]. Whether or not
these authors realize it, commentary critique is a unique subdomain
of accessibility research, and including what was once excluded in
a transparent and easy-to-follow way lowers the barrier to entry to
discussions like these, minimizing the amount of statements readers
accept on the grounds that the editor simply knows something that
they do not know enough to verify for themselves.

6 Conclusion and Future Work

The commentary tradition has existed for millennia, and helps read-
ers across expertise levels understand obscure linguistic, historical,
and/or cultural context. Our analysis and critique of commentaries
has drawn attention to a few problem areas: parallels’ failure to ac-
count for “bursty” lexical dispersion, vague and misleading claims,
and that commentaries are often written for a more advanced audi-
ence, even when commentators nominally produce a commentary
that attempts to serve both novice language learners and veter-
ans alike. Tompkinsia, presented here, is a design for a hypertext
reading environment for an Ancient Greek source text and a corre-
sponding augmented commentary, where data-driven analyses in a
computational notebook makes commentary claims transparent,
accessible, and replicable. Tompkinsia’s next chapter will involve
a user study with a more developed form of the software to ob-
serve how different hypertext readers do or do not engage with
our design. This study will also include surveys focusing on reader
trust regarding these claims. Another area of interest for this work
would be to augment an existing open-source digitized commentary,
though we found in [5] that born-digital commentaries frequently
have an audience of newer language learners. That said, we would
be open to working with commentators to develop a born-digital
commentary that include more advanced language learners while
continuing this conversation with reliable and transparent analysis.
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