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Abstract

The partition of the 1QHa into distinct blocks of hymns—Teacher Hymns and Commu­

nity Hymns—has been a long-standing consensus, supported by the 4Q copies. Many

 scholars accepted a block of Teacher hymns in 1QHa columns 10–16, with enveloping,

 transition material in cols. 9, 17–20. Yet the uniformity of the th block has been doubted

 due to the presence of ch material and a possible Maskil redaction across the various

 blocks.  In addition, the uniformity of  the Community Hymns was also doubted. In

 this study we implement cutting-edge computerized methods from the field of Natural

 Language Processing (nlp) to examine the partition of 1QHa. The clustering method

 we have developed does retain the partition despite the suggested interruptions, yet it

 points out to “hybrid” sections in either of the accepted blocks. In addition, it provides

 scholars with a new tool for examining the Hodayot beyond the traditional philological

 tools known so far, prompting a discussion about the value of Deep Learning and ai for

 the study of ancient texts.
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1 Introduction

A central question in Hodayot research was the classification of the hymns from

 the main copy 1QHa into blocks of material by different authors or belonging to

 different genres. The discussion particularly involved the distinction of “Teacher

 Hymns” (= th) and “Community Hymns” (= ch), in particular their placement

 within 1QHa. The evidence from the Cave 4 copies was a significant addition to

 the discussion and illuminated new insights. The present article is an attempt to

 add a new kind of evidence to that distinction, produced by computerized Deep

 Learning. By that we hope to enrich the discussion on the composition of 1QHa.

A block of hymns can be isolated in the middle of the collection 1QHa. These

 hymns open with the incipit הכדוא ; they describe the personal experience of

 a person, including one or more of the following motifs: a person enlightened

 by divine revelation (e.g. 9:21; 12:23–29; 13:11, 14:12–18; 15:10, 26–27, 16:16, 35–37;

 17:23–27), who leads a community through acts of enmity and persecution by

 outsiders (e.g. 10:21–29, 31–34; 12:7–22; 13:6–17), and was even exiled from his

 place (12:8–9) due to these persecutions. This material is enveloped in 1QHa by

 hymns of a different type, whose contents point to a more collective generic ex­

perience without the personal motifs noted above. The central block of hymns is

 known as the Teacher Hymns (th) while the rest are commonly known as Com­

munity Hymns (ch). The distinction began with studies of 1QHa in the 1960s

 and became established in numerous newer studies, although it is not devoid

 of problems as we shall see.1 It has even become customary to speak of “A Book

 of the Teacher” spanning the central part of 1QHa, columns 10–17.2 The copies

 4Q429 and 4Q432 contain exclusively or almost exclusively Teacher Hymns.

The distinction between Teacher Hymns and Community Hymns raises two

 separate questions that are sometimes combined, mistakenly in our mind. The

 first question involves the identity of the authors. A long-lasting hypothesis in

1 The classical studies are Morawe, Aufbau und Abgrenzung; Jeremias, Der Lehrer; Kuhn, Ender­

wartung; Holm-Nielsen, Psalms from Qumran. More recent studies consulted here are Douglas,

 “Teacher Hymn Hypothesis”; Hasselbalch, Meaning and Context; Tanzer, Sages at Qumran;

 Newsom, “Farewell”; Johnson, “Look Who’s Talking”; Harkins, “New Proposal.”

2 Douglas, “Teacher Hymn Hypothesis.”

https://doi.org/10.1163/15685179-bja10088


analyzing  the  composition  of  the  hodayot  collection  1qha 3

Dead  Sea  Discoveries  (2026)  1–27  |  10.1163/15685179-bja10088

 the field connects the Teacher hymns with the agency of the Teacher of Righ­

teousness, a personality known from CD and the Pesharim. This hypothesis

 was first raised by Eliezer Sukenik in the very early days of  scrolls research,3

 and maintained by many since then. More recently however, this idea has been

 contested, both because the writings that became known with the publication

 of the dss show little interest in the Teacher, and because the Teacher is now

 mostly seen as a legendary figure rather than a historical writer.4 In general,

 scholars today are wary of an overly positivistic conception of personages in

 community history. The question of historical attribution will not concern us

 here. Rather, we focus on the more fundamental question of distinguishing the

 various hymns.

The second question, i.e., the actual distinction between the two types of

 hymns, evoked a lively discussion that has intensified in the recent decade.

 Tanzer, followed somewhat differently by Harkins, contested the unity of the

 ch category, which is admittedly less cohesive than the th.5 On the other hand,

 features of unity arise that cut through the entire scroll. Thus, quite a few of the

 hymns carry Maskil superscriptions, both in 1QHa, more so in the 4Q copies,

 and yet other hymns can be subsumed under the Maskil material.  Newsom

 accordingly bid farewell to the Community Hymns and labeled them instead

 “Maskil Hymns.”6 Johnson went even further by claiming that the entire col­

lection of 1QHa is in fact a Maskil collection that encompasses the th into an

 overall depiction of a leader.7

Even more profoundly, the exact delimitation of the types remains unset­

tled, and accordingly it is still unclear whether they stand as contiguous blocks

 in 1QHa or rather the two stand mixed. The original proposal by Sukenik for

 defining the th included 1QHa columns 10–12 and 18:4–14 (converted to djd 40

 numbering).8 While Newsom follows Douglas and takes for granted the exis­

tence of a “Book of the Teacher” in 1QHa columns 10–17, with framing material

 in columns 9 and 18–20,9 earlier scholars like Jeremias and Kuhn—and New­

som herself—point to sections within that book that are Community Hymns

 in essence. Douglas himself posited three categories of Teacher Hymns based

3 Sukenik, Second Survey, 32–33. This opinion was maintained, for example by Douglas, “Teacher

 Hymn Hypothesis.”

4 Jokiranta, Social Identity and Sectarianism; Kratz, “Teacher of Righteousness.” But contrast

 Newsom, “Farewell,” 5 n. 22.

5 Tanzer, Sages at Qumran; Harkins, “New Proposal.”

6 Newsom, “Farewell.”

7 Johnson, “Look Who’s Talking.”

8 Sukenik, Second Survey, 32–33.

9 Newsom, “Farewell.”
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 on his level of certainty in their classification. Levels A and B can be considered

 Teacher Hymns, while the two hymns that fall under his level C (15:29–36, 15:37–

16:4) are in fact Community Hymns for all purposes that stand amid the “Book

 of  the Teacher.” This fact joins the existence of  hybrid hymns that belong to

 both categories, or of a redaction that integrated the block of th into the larger

 scroll 1QHa by means of unifying elements.10 Harkins claimed that the hymns in

 1QHa cols. 20–27 (which she calls ch2) are closer to the th than the ch1 hymns,

 which in her view had not been part of the original scroll.11 These possibilities

 are elaborated below.

The delimitation of  the th block and its distinction from the ch block(s)

 raise the question how to treat the various hybrid materials, or the various levels

 of belonging to the strict dichotomy th-ch. One could ask where these outliers

 stand on the ch-th continuum: the distinct Community Hymns within the th

 block; the transition material in columns 9, 18–20; The distinction between ch1

 and ch2. These fine distinctions call for refined methods of evaluation.

While philological discussions continue, it is worthwhile checking how the

 new tools of machine learning and ai can tackle this question. Traditional dis­

cussions trace exemplary phrases or ideas that mark the most obvious Teacher

 Hymns and continue by tracing a chain of hymns that relate to them.12 For ex­

ample, Jeremias compiled lists of typical vocabulary in the two distinct types.13

 Douglas found the typical phrase יב הכריבגה  to be indicative of  the Teacher

 Hymns, and proceeded to include in the group other hymns, which do not con­

tain this phrase but show other similarities with those hymns that do contain

 it.  Thus,  distinction  is  achieved  mainly  by  vocabulary  and  ideological  con­

tent.  In contrast,  we offer  to evaluate the material  by means of  a  variety of

 computational language processing techniques. Some of these techniques are

 transparent to the user while others are opaque.14 Can the machine offer new

 insights, or would it substantiate the traditional distinctions? Would it prioritize

 one or another of the scholarly opinions? If the answer is positive, what would be

 the status of the machine’s statements? Should we accept them as the basis for

 further theorizing? These questions are relevant for all studies achieved by com­

puterized learning, the first of which are beginning to appear in dss research.

Using advanced computer-assisted methods is part of the discipline of Natu­

ral Language Processing (nlp). In this paper, we propose a step beyond what

10 Tanzer, Sages at Qumran; Johnson, “Look Who’s Talking.”

11 Harkins, “New Proposal.”

12 Thus Douglas, “The Teacher Hymn Hypothesis”; Newsom, “Farewell.”

13 Jeremias, Der Lehrer, 172–173.

14 Thanks to Dr. Avi Shmidman for his advice on this point.
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 has  previously  been  achieved  with  nlp  in  biblical  and  dss  studies.  Earlier

 existing classifiers operate mainly by means of  word-frequency, while other

 studies traced sequences of letters (character trigrams) with some success, as

 surveyed below. We offer a wide set of cutting-edge computerized tools for em­

bedding and clustering texts. The set of tools proposed here integrates various

 aspects of the language: semantic-lexical methods next to advanced syntactic

 methods that are employed by Large Language Models (llm s). Recent studies

 demonstrated that characterizing texts by means of llm s outperforms the older

 methods that were based on word frequency.15 More specifically, we employ an

 innovative method for aggregating the various embeddings and propagating

 them into a more robust result. Our study thus presents an innovation not only

 for dss research but also for the discipline of nlp.

While preliminary results and cursory discussion of this research have already

 been published in a Computer Science venue,16 the present article presents the

 research questions in Qumran studies in a less mathematical way and stresses

 the textual features and their implications for the composition of  1QHa. Full

 information about the algorithms employed in this research can be found in

 the preliminary article. The code and further information are available on our

 Github page.17

2 Cracks in the Block

The original impetus for this study arose with the sense that some cracks arise

 in the view of 1QHa as an array of distinct blocks of Community and Teacher

 hymns. The following table collected the assignments of individual hymns by

 the various authors and shows the complexity of the distinction. Data is col­

lected from the authors who first classified the Teacher Hymns in the early years

 of research, as well as from three later authors who traced distinctions within

 the th block.18

15 Rockmore et al., “Literary Landscapes”; Lourie et al., “Semantic and Syntactic Features.”

16 Lourie et al., “Semantic and Syntactic Features.” That paper discusses other topics in addi­

tion to the partition of 1QHa. We shall address these topics in separate articles.

17 https://github.com/yonatanlou/QumranNLP.

18 The data for Holm-Nielsen, Morawe, Jeremias, Becker and Kuhn are taken from the table

 in Douglas, “Teacher Hymn Hypothesis,” 245. Schuller’s data are taken from Schuller, “The

 Hodayot Scroll,” 269; this Hebrew article is the only place I could locate in Schuller’s corpus

 of writings that counts inconsistencies within the th block. Tanzer’s data are taken from

 Tanzer, Sages at Qumran, 139.

Column and line numbers cited in the table follow the numbering in djd 40. Hodayot

 delimitations were normalized according to the list in Schuller and Newsom, The Hodayot,
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 Holm Nielsen Morawe Jeremias Becker Kuhn Douglas Schuller Tanzer

10:5–21 th th th th th th Level A th Hybrid

10:22–32 th th ch th ch th Level A   

10:33–11:5 th th th ch ch th Level A th  

11:6–19 th th th th ch th Level B th  

11:20–37 th th ch ch ch th Level B ch? Hybrid

11:38–12:5 Unclass. th ch th ch    

12:6–13:6a th th th th th th Level A (12:6–31a) th Hybrid

13:7–21 th th th th th th Level A th  

13:22–15:8 th th th th th th Level A th Hybrid

15:9–28 th th th th th th Level A th  

15:29–36 ch ch ch ch ch th Level C = ch ch?  

15:37–16:4 ch ch ch ch ch th Level C = ch  Hybrid

16:5–17:36b th th th th th th Level B th Hybrid

a Becker and Kuhn consider 12:31b–13:6 to be a secondary addition. Douglas, “The Teacher Hymn Hypothesis,”

 249, tends to agree.

b Jeremias, Becker, and Kuhn leave 17:1–36 unclassified.

The table highlights notable outliers of  Community Hymns even within the

 block of  th, colored grey. The main examples are the short hymns in 15:29–

36 and 15:37–16:4, which are unanimously declared as ch. These two pieces do

 not invoke the themes of exile and persecution, and do not link to the chain of

 expressions and motifs that Douglas and others constructed for the th. Sarah

 Tanzer considered these hymns to be “hybrids,”  i.e.  community hymns that

 incorporate th features or vice versa. For example, she considers 15:29–36 to

 be a ch appended by a short th introduction.19 She counts the following hy­

brids, which are Teacher Hymns built on themes from the Community Hymns:

 10 beginning–19, 12:7–13:6, 13:20–15:5, 11:21–36, 15:37–16:4, 16:4–17:36. Another

 short hymn, 11:7–20 is also hybrid but not built on a ch core.20 The main hybrid

 element according to Tanzer is the Niedrigkeitsdoxologie, self-depreciating po­

ems, which the Teacher Hymns adopted from the Community Hymns. Newsom

 suggested that 12:30b–34a is another self-depreciating piece added by a later

 8–9, which in turn follows Stegemann’s count. We use the categories ch and th despite

 the somewhat different labels in older literature. For Holm-Nielsen’s categories, a psalm of

 thanksgiving = th and a hymn = ch. For Morawe’s categories, Danklied = th and Hymnus

 = ch.

19 Tanzer, Sages at Qumran, 62; on hybrids in general see pp. 148–150.

20 Tanzer, Sages at Qumran, 128 n. 49.
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 editor.21 Such proposals mark the way for a finer division of  the blocks into

 smaller units, further obfuscating the partition.

Yet additional confusion arose with regard to the “transition material,” for

 example the hymn known as “the Hymn of  Creation” in column 9. Douglas

 counted it as transition material based on its content, especially at the end of

 the hymn in lines 31 onwards.22 Schuller buttressed this idea by noting that

 the creation hymn also opened the scroll 4QpapHf (4Q429), and serves as an

 introduction to the Teacher Hymns collected in it.23 A similar setting pertains

 in 1QHa, where the Hymn of Creation opens a new sheet (columns ix–xii).24

 On the other hand, Johnson noted how the content of this hymn, especially the

 self-depreciating lines 23–29 rather resembles the ch hymn in column 5, again

 obfuscating the accepted distinctions.25

Harkins on her part effected an additional blow to the block division of 1QHa.

 She does not undermine the uniformity of  the th block, not even 15:29–16:4

 that others see as clear ch.26 However, she distinguishes the ch material that

 precedes th block (ch1) from the material that stands after it at the end of the

 scroll (ch2). The ch2 material is closer to the th inasmuch as both develop

 the theme of communion with the angels alongside other Yahad motifs, which

 are not found in ch1. She even undermined the material constitution of 1QHa,

 claiming that the ch1 material was written on a separate scroll and had not

 originally been part of 1QHa.27

Objections against the distinctions of  th and ch were expressed on even

 more fundamental  grounds,  as  scholars  began underscoring the role  of  the

 Maskil in the composition and performance of the Hodayot.28 A central hinge

 for this claim came from the discovery of Maskil superscriptions in several of

 the ch previously known from the large copy 1QHa: 5:12–14; 7:21; 20:7 (attested

 in 4QHa, 4QHb); 20:14 (attested in 4QHa);29 25:34 (attested also in 4QHa), and

 the psalm in 1QHa frag. 10, whose placement in the scroll is debated.30 Thus,

21 Newsom, oral communication mentioned by Johnson, “Look Who’s Talking,” 329 n. 58.

22 Douglas, “Teacher Hymn Hypothesis,” 256–257 and n. 31.

23 Stegemann et al, djd 40:120; Schuller, “Recet Scholarship,” 140.

24 See djd 40:120; Tigchelaar, “Further Look, 210.” Harkins, “Another Look,” suggested that the

 scroll 1QHa had in fact started in column ix, containing only the th block followed by ch2

 hymns.

25 Johnson, “Look Who’s Talking,” 326–327.

26 Harkins, “New Proposal,” 104.

27 Harkins, “Another Look.” But see the objections to this claim by Johnson, “Scroll Divided”;

 Tigchelaar, “Further Look.”

28 See already Licht, Thanksgiving Scroll, 22–26.

29 This one is a mention of the Maskil in the middle of the hymn, not a superscription.

30 Schuller (in djd 40:37, 99) places it in column 7 (also Harkins, “Another Look,” 193), while
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 Qimron restated Licht’s old position that all the hymns are in fact hymns of the

 leader, which he sees as the Maskil.31 The Maskil is gradually becoming the main

 if not the sole character of the Hodayot, both the ch and th. The distinction

 was first blurred by Hasselbalch based on socio-linguistic theory.32 She claimed

 that while separate authorship of  the ch and th is possible, the bifurcation

 was blurred due to procedures of hybridization on the two ends. Newsom went

 forward by claiming that the ch are in fact not by the community but rather

 by the Maskil.33 Johnson elaborated on the same idea, adding new arguments.

 According to him:

The speaker in 1QHa is explicitly identified as a Maskil in the psalms be­

fore and after the Teacher’s Book, and the introduction and conclusions to

 the Teacher’s book embed the Teacher Hymns into the Maskil’s discourse.

 There is also evidence that the psalms in the Teacher’s Book have been edited

 or supplemented to bring the material into greater alignment with the rest

 of  the collection. Even if some or all of the psalms in the Teacher’s Book

 were not originally written with a Maskil in mind as the intended speaker,

 the sequencing and editing of the material suggests that they have been

 enfolded, updated, and subsumed within a Maskil’s discourse.34

Johnson then takes pains to explain how the two main motifs identified with

 the teacher, i.e., persecution and personal revelation, can in fact be read also

 as referring to the personality of a Maskil, a generic leader of the community,

 rather than to a one-time historical figure.

To conclude this section, the traditional distinction between ch and th has

 been undermined in various directions. On the one hand, fine divisions of the

 th block revealed deviations and redactional pieces that interrupt the flow.

 On the other hand, the very idea of the division has been called into question,

 when scholars advance the figure of a Maskil as the inspiration for the entire

 collection. With these doubts in mind, it is intriguing to see how a non-human

 algorithm will cluster the corpus.

 Qimron (Dead Sea Scrolls, 1:61, 66, 105) places it at an unknown place in the first part of

 1QHa. See the discussion in Newsom, “Farewell,” 10–11.

31 Qimron, Dead Sea Scrolls, i, 61.

32 Hasselbalch, Meaning and Context.

33 Newsom, “Farewell.”

34 Johnson, “Look Who’s Talking,” 337. Italics by the present author.
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3 Computational Text Analysis in Biblical Studies

Much if not most of the philological work is based on distinguishing between

 texts: sources, layers of redaction, multiple authors etc. Philologists carry out

 this task by means of lists of prominent markers such as characteristic words

 or syntactic features. It therefore makes sense to assign these tasks to a com­

puter alongside human judgment, whether for tracking authorship or, as in the

 present case, for tracking literary layers and distinguishing genres. The main

 challenge for this task is modelling, i.e., finding a way to convert the text into a

 set of numbers or vectors, which would be available for computerized analysis.

 Computational language studies developed a variety of methods for achieving

 this task. Each modelling method highlights a component of  the text, either

 orthography, vocabulary, morphology or syntax or any other distinctive feature

 that can be presented to the machine as a set of numbers.

Stylometry of biblical Hebrew began already in the 1970s.35 In this discipline,

 scholars define a set of grammatical features which they consider distinctive

 of the style in question. This work is supervised, i.e., a human being instructs

 the computer what to look for, and at least in its early stages it was operated

 manually  or  with  statistical  software.  Stylometric  work  continued with  im­

proved methods.36 More recently such methods were applied by John Starr to

 the Aramaic texts from Qumran, with a long and informative appendix about

 stylometry of Hebrew Bible texts.37

Pierre Van Hecke carried out works of  linguistic classification in Qumran

 studies  using  newer  methods.38  Instead  of  defining  in  advance  the  desired

 grammatical  features, Van Hecke and Johan de Joode modelled the text us­

ing an automatic division into character trigrams, that is, sequences of three

 characters taken with a running window along the text in question. To wit, this

 is not an N-gram study of word frequency but rather a sophisticated way to take

 in account various layers of grammar when vectorizing a text. For example, the

 words ארב תישארב  are analyzed as a sequence of the tokens תיש ,ישא ,שאר ,ארב,

ארב ,רבת ,בתי   etc. A statistical program (R) collects the trigrams from all the

 studied texts and aggregates them, creating a numerical linguistic profile for

35 Radday, “Computerized Statistical-Linguistic Tests”; Radday and Shore, Genesis.

36 Krispenz, Literarkritik und Stilstatistik.

37 Starr, Aramaic Texts from Qumran, 311–340. Daniel Machiela (Review of Biblical Literature

 06/21) criticized Starr’s selection of features for analyzing the Aramaic texts, but did not

 object to the section on the Hebrew text.

38 Van Hecke, “Computational Stylometric Approach”; Van Hecke and de Joode, “Promises

 and Challenges.”
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 each of the texts using programs designed for this task.39 The method produced

 good results, allowing Van Hecke to automatically distinguish the biblical scrolls

 from the non-biblical scrolls, and in addition to group together copies of the

 same composition. It is hard to say exactly what aspect of language is captured

 by the character trigrams: orthography? morphology? syntax? style? Yet the

 procedure creates successful results in distinguishing types of scrolls.

Modelling is often achieved by evaluating the vocabulary and its frequency.

 For example, the method known as tf-idf (term frequency—inverse document

 frequency) traces rare words in a given corpus and gives a larger weight to those

 words that are frequent in the present corpus but rare elsewhere,40 thus improv­

ing on the mere recording of lexemes. Various classifiers were operated on the

 biblical text mainly by studying word frequency.41 These studies show very good

 results for example in isolating passages of the Priestly source in the Pentateuch

 or deuteronomistic layers in the Former Prophets. More recently, Feigenbaum-

Golovin et al. used distinctive lemmas for authorship recognition of passages

 in the Pentateuch and Former Prophets, with a more robust statistical method

 for analyzing the results.42

The problems raised by the Hodayot are different from those raised by the

 Hebrew Bible in several respects. The partition in 1QHa does not depend on pre-

conceptions about other sections of the dss corpus, and the Hodayot did not

 go through as many editorial vicissitudes as D or P. These differences increase

 the chances for a clear-cut partition. On the other hand, the corpus is smaller

 and more fragmentary than the Hebrew Bible, which creates a different kind

 of problems. However, the methods introduced here address these deficiencies

 by leveraging the available data in a more efficient way. The amount of data as

 described below, both in 1QHa and in the entire dss corpus used for training, is

 enough for the task.

We attempt to magnify the power of  morphology and syntax rather than

 vocabulary in the modelling process. Thus,  in contrast  to  other  methods of

 computational modelling we do not need to rely on acquiring lemmas and mor­

phology from manually curated repositories, which are by definition subjective

39 See Van Hecke, “Computational Stylometric Approach,” 62. The tools used are “Java Graph­

ical Authorship Attribution” and the “stylo” package for textual research in R programming

 language.

40 Bafna et al., “Document Clustering.”

41 Dershowitz et al., “Computerized Source Criticism”; Koppel et al., “Unsupervised Decompo­

sition”; Bühler et al., “Exploring the Stylistic Uniqueness.” These studies improve the results

 achieved in the tiberias classifier: https://tiberias.dicta.org.il; see Berman, “Measuring

 Style in Isaiah.”

42 Faigenbaum-Golovin et al., “Critical Biblical Studies.”
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 and may raise problems. Large Language Models can analyze a text without

 any prior prompting. A model trained on a given corpus will create a linguis­

tic profile of chunks of text from that corpus and will offer a way to compare

 them to other chunks of text. This is exactly what models do: create a vector,

 i.e., a long and complicated number that represents the linguistic profile of a

 text. Some of this modelling is transparent while some is opaque, as the models

 use a variety of  linguistic features with an unknown weight given to each of

 them. This opacity is a disadvantage, as the results are not interpretable. Im­

portantly, the present task is a clearly defined procedure on an existing text and

 does not involve text generation, hence not affected by the phenomenon of text

 hallucinations.

In the present study we set it as our aim to use several different methods of

 language representation:

1. Character trigrams (based on the work by Van Hecke)

2. tf-idf (term frequency—inverse document frequency)

3. bert, a set of Large Language Models trained on Hebrew, including berel,

 trained on rabbinic Hebrew.43

Each of  these models will  analyze the text of  1QHa by capturing a different

 aspect of its language. For example, while character trigrams capture mainly

 orthography and morphology, the bert models give much weight to syntax and

 style. We survey below the results achieved by each of the methods. Addition­

ally, we aggregate the entire set of results by means of a Graph Neural Network

 (gnn). This method accepts various data and converts them into a network.

 Chunks of text are the nodes that constitute the network, with edges connect­

ing the nodes based on their computed similarity to each other. Similarity is

 defined according to various statistical or semantic features of the chunks, as

 described in our other, mathematical publication.44 As we show below, where

 one modelling method does not provide conclusive results, The gnn is able to

 provide a more robust score that takes all available data into account. It is thus

 a way to propagate data that would otherwise be insufficient, by making use of

 various branches of language: orthography, vocabulary and syntax. This hybrid

 approach allows us to integrate statistical and semantic features, addressing

 both the fragmentary nature of  the dss and the inherent challenges of  pro­

cessing ancient Hebrew. Moreover, we show below the results of each method

 separately. When these results differ from the gnn final result, one may infer

 which linguistic feature can explain the difference.

43 Seker et al., “AlephBERT”; Shmidman et al., “Introducing berel.”

44 Lourie, Ben-Dov and Sharan, “Semantic and Syntactic Features.”
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Graph Neural Networks have emerged as powerful tools for representing tex­

tual data, particularly for tasks involving relationships between textual entities.

 Models such as TextGCN and BertGCN have demonstrated success in text clas­

sification by leveraging graph structures.45 We now apply them to the text of

 the dss.

4 Methodology of the Present Study

We used transcriptions of the Qumran scrolls (excluding the scrolls from other

 Judean Desert sites) based on the data files prepared by Martin Abegg, as rep­

resented in the Text-Fabric package.46 Studies in Natural Language Processing,

 most of them in English texts, apply various procedures to the texts before the

 actual processing, for example the removal of stopwords (conjunctions, definite

 articles or the verb “to be”) or of very frequent words. Such pre-processed texts

 enhance the contrast between sections and allow for more efficient cluster­

ing. However, with regard to the Hebrew text of the dss we found that these

 methods either reduced performance or significantly diminished dataset size.

 Consequently, we decided to proceed without pre-processing to maintain data

 integrity and comparability.

Preparing the Hebrew (excluding Aramaic) scrolls included removing meta­

data, numbers (fragment numbers, lines, etc.) and non-Hebrew text. We re­

moved all reconstructed text, both hypothetical restorations and the recon­

structed text based on parallel copies.47 We retained letters marked as probable

 or possible but excluded textual gaps, doubt marks, and redundant (double)

 spaces. Vacats were also left out; the suggested algorithm does not consider the

 structuring of the text through spaced paragraphs but rather only the text itself.

45 Yao et al, “Graph Convolutional Networks”; Lin et al., “BertGCN: Transductive Text Classifi­

cation”; Yang et al., “hgat”; Huang et al., “Text Level Graph Neural.”

46 Roorda, “Text-Fabric.” The data is found in: https://github.com/ETCBC/dss/blob/master/d​

ocs/about.md#provenance. Note that there are some differences between Abegg’s text as

 contained in Brill’s dssel and the longer text contained in Text-Fabric. For example, 1QHa

 8:29–37 are not contained in dssel but do appear in Text-Fabric and Accordance.

47 We had to remove the latter too, because the two types of restoration are hard to distinguish

 electronically. We verified that the amount of text restored in 1QHa from 4Q parallels is

 meager. While the 4Q copies contain important cues for traditional philological study, like

 additional Maskil titles, the present algorithm is oriented to cluster the psalms based on

 their syntax and style, with only little weight given to vocabulary, let alone to specific words.

 Thus, in this type of  study the occurrence of Maskil superscriptions is not a significant

 factor.

https://doi.org/10.1163/15685179-bja10088
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 Lacunae are ignored, which means that the words on the two sides of the lacuna

 are treated as a continuous text. In a well-preserved scroll like 1QHa, the effect

 of this problem is minimal.48

The text of 1QHa was divided into fixed-size chunks. After evaluating various

 options, we chose a chunk size of 100 contiguous words with an overlap of 15

 words to ensure balanced granularity and representation, especially important

 for shorter scrolls.49 The automatic, hands-on definition of chunks is essential

 for the unsupervised method employed here. This division does not exactly

 correspond to the delineation of hymns in 1QHa, yet in most cases the chunks

 are small enough to fit within the borders of a thematic unit or protrude from

 it only to a minimal degree. Note also that there is a 15-word overlap between

 the machine-divided chunks, which reduces the effect of a potential mismatch

 between chunks and literary units.

We represented each text chunk using both semantic and statistical features.

 For the semantic component, we used the Hebrew bert-based model, berel,

 which is specifically trained on Rabbinic Hebrew texts—closer than modern

 Hebrew though not identical to the dss corpus. For the statistical features, we

 used two approaches: tf-idf and character trigrams. Next, we represented the

 data using a graph structure. Each node in the graph corresponds to a text chunk,

 represented by its berel embedding (a vector of 768 numbers). Edges between

 nodes were constructed based on the tf-idf and trigram features. Specifically,

 edges were generated by calculating the cosine similarity separately for each

 statistical feature type (tf-idf and trigrams) and combining these similarity

 matrices. To maintain a meaningful  and sparse structure,  we included only

 edges with cosine similarities above the 99th percentile. This resulted in a graph

 with 978 nodes and 9,391 edges.

Another feature of  our use of  “black-box” algorithms must be clarified for

 readers who are not accustomed to such methods. Before applying the clas­

sifying algorithm suggested here we carried out a series of  tests to verify its

 reliability.50 As described in our previous article, we checked the level of success

 of various classifiers in taking an input of randomly ordered chunks and plac­

ing them next to each other in their original order. Another test examined the

 algorithm’s ability to group together chunks from the same composition. The ar­

48 Admittedly,  some  of  the  chunks  contain  text  with  larger  lacunae,  especially  in  the

 columns 2–4 and 21–23. Nevertheless, the filtering process employed in this study aimed

 to balance between the accuracy of the input text and a wide coverage of 1QHa.

49 For the efficient use of machine-defined chunks in vectorizing long texts see Rockmore et

 el., “On the Literary Landscapes.”

50 Lourie, Ben-Dov and Sharan, “Semantic and Syntactic Features,” Section 2.5.
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figure  1 A sketch of the research outline

chitecture chosen for this study is thus not random, nor is it an attempt to prove

 what we already know (circular reasoning). Rather, it is an evidenced-based and

 amply tested operation of a fully unsupervised method. If  the algorithm can

 successfully join randomly chosen chunks, it should be able to provide a valid

 clustering of ch and th.

We then trained a gnn model to generate refined text embeddings. Specif­

ically, we used a Graph Autoencoder, an unsupervised approach designed to

 learn meaningful representations without relying on potentially subjective or

 debated labels. The loss function is a classical reconstruction loss (the model

 task is to reconstruct the initial edge structure). To evaluate and tune the model,

 we performed cross-validation. After training on each random 80 % subsam­

ple, we cluster the resulting composition embeddings and repeat this many

 times, reporting the mean and variance of  the clustering scores across runs.

 This resampling-based evaluation tests stability: if performance is consistently

 high (and variance is low), the clustering signal is robust rather than a lucky

 split, serving as a practical alternative to k-fold cross validation given the small

 sample sizes. Naturally, we did not tune the hyperparameters on the dss labels,

 but only on intrinsic clustering scores. Once hyperparameters were finalized,

 we trained the model on the entire Qumran dataset excluding 1QHa. Finally,

 we embedded the text of  1QHa using the trained gnn model, allowing us to

 evaluate our methodology on the content of this distinct and significant scroll.

In order to cluster the chunks in an unsupervised manner we used Ward’s

 method of hierarchical clustering which results in a dendrogram depicting the

 hierarchical relations. Figure 1 describes the pipeline constructed for this algo­

rithm.

https://doi.org/10.1163/15685179-bja10088
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5 The Present Analysis

We present here clustering of 1QHa as performed by various embeddings while

 noting the linguistic features used in each of them. We shall then present the

 overall product aggregated by the gnn.

A factor that may affect the clustering is that 1QHa was written by several

 different hands, and, importantly for our purposes, displays different habits

 of  orthography and morphology. 1QHa was penned by at least two, probably

 three scribes: scribe A penned most of the scroll until 19:25, scribe B penned

 lines until 19:29, and scribe C penned the rest of the scroll.51 Several systems of

 morphology and orthography are reflected in the scroll, displayed in blocks of

 text: columns 2–8, column 9 beginning–20:6, and column 20:7–the end.52 As

 a generalization (inconsistencies notwithstanding): the first block uses short

 pronouns and the defective spelling אל ,יכ , the middle section uses long pro­

nouns and defective spellings, while the rest of the scroll generally prefers long

 forms throughout. It would be interesting to see whether and how the embed­

dings may take this variance in account, especially the trigram criterion, which

 presumably gives much weight to orthography.

The following diagrams are dendrograms, presenting the clustering of 1QHa

 like branches of a two-dimensional tree. The units in the diagram are not indi­

vidual hymns but rather chunks of 100 words, as delineated above. The diagram

 should be read from the bottom upwards: the closest pair of chunks is placed

 next to each other and then placed next to the most similar pair, and so on.

 Below we shall also present three-dimensional presentations of the clustering,

 where more complexity can be viewed.

The clustering is unsupervised, which means that the algorithm is oblivious

 about the scholarly label of  the chunks, whether th or ch. The colors at the

 bottom part of  the diagram are our addition, meant to enhance the reader’s

 understanding. ch are colored black; th are colored orange; Douglas’ transition

 material in columns 9 and 17 is colored brown. We can now check what kind of

 clustering is determined by the various embeddings.

5.1 Clustering by Character Trigrams

Figure 2 shows the clustering by character trigrams.

51 A convenient discussion of the role of each scribe in the writing and correction of 1QHa

 is found in Tigchelaar, “Further Look,” 205–209. In contrast, Harkins, “Another Look,” 194

 counts two main scribes, with a third editorial hand that added corrections towards a fuller

 orthography.

52 Schuller, “Recent Scholarship,” 123.
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figure  2

Clustering of 1QHa ac­

cording to character

 trigrams

produced  by

 yonatan  lourie
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The first impression from this diagram is the overall threefold division of the

 material.

1) Most th material (yellow) stands at the top end and is subsumed under

 one cluster (purple)

2) ch material (black) stands at the bottom under three clusters.

3) A block of the transitional column 17 and some hybrid material from col­

umn 15 stands further down, clustered (green) with the ch material. The

 unit 14:10–18 is an additional outlier.

4) ch 2 material from columns 20–23 stands closer to the th. This is tran­

sition material that frames the th block, while it is also part of Harkins’s

 ch2 block. The proximity thus supports Harkins’s hypothesis about these

 four columns.53

The  th  block  stands  apart.  The  ch  block  engulfs  one  chunk  of  th  from

 column 14:10–18  and the  hybrid  material  from column 15.  Both transitional

 columns 9 and 17 fall within the ch group, but column 9 is closer to the th than

 column 17.

The Trigram clustering generally confirms the ch-th division. The transition

 material is scattered at the two ends of the ch block. Some ch 2 material shows

 similarity with the th.

5.2 Clustering by tf-idf

Figure 3 presents the clustering by tf-idf. This system counts frequent and

 rare words in the chunk while giving extra weight to words that are rare or not

 represented in other chunks.

Here too, we see separate blocks of th and ch but the dispersion is wider.

1. A clear block of th (yellow) stands at the bottom, but not all th material

 is contained in it.

2. The ch material appears in two blocks plus some scattered material. In­

terestingly, these blocks largely correspond with Harkins’s groups ch1 and

 ch2, the former taking the uppermost position while the latter forms a

 block further down, closer to the th material.

3. Some material from the th block stands apart from the rest. This is mostly

 hybrid material from column 15, with some additional chunks (12:12–27,

 12:34–13:7). Note that 14:10–18 stands within the ch in this diagram too.

53 Harkins, “Another Look.” The trigrams test is especially sensitive to orthography, but the

 proximity between th and ch2 in this test cannot be imbued to orthography, since the

 method of orthography changed in 19:25 and we would thus expect a separation of cols

 20–23 from the th material that stands before 19:25.
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figure  3

Clustering of 1QHa

 according to tf-idf

produced  by

 yonatan  lourie
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figure  4 Improvement of various embeddings (left) when propagated by gnn

prepared  by  yonatan  lourie

4. Transition  material  from  columns  9  and  17  is  scattered  within  the  ch

 blocks. The only part that is closer to the th is 9:23–29.

5.3 The Aggregated Clustering Using gnn

The Graph Neural Network aggregates all previous embeddings into a network

 and recalculates the distances, as described above. The nodes of the network

 are chunks of  the 1QHa text, as defined by berel, a Hebrew bert model es­

pecially trained on rabbinic Hebrew. The gnn propagates the base results and

 produces a more robust clustering. Figure 4 demonstrates the improvement

 achieved from the individual embeddings (on the left) to those achieved by

 the graph (on the right), when tested by on a wide selection of  the Qumran

 corpus. The Dasgupta distance measures the level of success as the ability of

https://doi.org/10.1163/15685179-bja10088
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 the algorithm to place together chunks that stand next to each other in a given

 scroll, for example the ability to join two adjacent chunks from CD.54

Another way to demonstrate the power of  the gnn is to examine scatter

 plots obtained by various methods. The plots are shown in this set of  inter­

active graphs, parts of which are presented here: https://yonatanlou.github.io/

QumranNLP/reports/plots/clustering_within_scroll_scatter_plots.html

This is an interactive graph. Hovering on a node will show its identity and

 place in 1QHa. In addition, the box to the left allows choosing one chunk and

 highlighting it.

Fig. 5 shows the (non-interactive) plot for the tf-idf (top) and for Character

 Trigrams (bottom).

A quick exploratory look shows that the groups are more clearly separated

 in the upper diagram, where there are less outliers. The separation will be even

 clearer in the plot achieved by the gnn (Fig. 6; see next page).

This time the picture is significantly clearer.

1. th (yellow) and ch (black) stand in clear separation at the two ends of

 the dendrogram.

2. Within the black block, ch1 material (cols. 3–8) shows some tendency to

 cluster separately from ch2 (cols. 18–23).

3. Outliers of th within the “black” block are 14:10–18 and the hybrid 15:32–

41. Another hybrid chunk, 15:41–16:9 stands very close to the ch block and

 is clustered with it in the orange cluster. Clustered with it are also 11:17–25

 and 12:27–34.

4. Outliers of ch within the “yellow” material are 18:25–34 and 19:38–20:12

5. The hymns of the transitional column 9 stand clearly within the ch block,

 while parts of column 17 appear within the th block.

Interestingly, the “black” outliers 18:25–34 and 19:38–20:12 that stand in the th

 block were also diagnosed by the trigram modelling (Fig. 1) as being close to

 the th. This proximity was not noted by the tf-idf modelling (Fig. 2) but was

 reinvigorated in the combined results.

Different visualizations of  the data can offer a more nuanced view of  the

 clustering. Using other scatter plots with the link above for the chunk 15:32–

41, for example, will demonstrate its place within the ch rather than in the

 cluster of Teacher Hymns. Users may gain further insights from examining the

 chunks that stand close to this one and figuring out the reasons for the similar­

ity.

54 For further details see the above noted Lourie, et al., “Semantic and Statistical Features.”

 For Dasgupta see Dasgupta, “A Cost Function.”
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figure  5 Scatter plot of character trigrams and TF-IDF embeddings
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figure  6 Scatter plot of the gnn embeddings

Returning to the dendrogram format, Figure 7 (see next page) presents the final

 clustering by the gnn.

6 Results and Discussion

The various embeddings generally confirm the distinction between Teacher

 (or Leader) material in 1QHa columns 10–16, and the Community material that

 envelopes it. The division is marked by the tf-idf and Trigram embeddings and

 receives final confirmation with the addition of the berel model and the gcn.

However, the th material cannot be taken as one uniform block. The analysis

 was able to discern the higher resolution adopted by Tanzer, who showed some

 variety and hybridity within the Teacher’s material. Thus the “hybrid” hymns of

 column 15 stand as a consistent outlier within the th block. The chunk 14:10–18

 is another consistent outlier. Other occasional outliers are: 18:25–34 and 19:38–

20:12,  12:12–27,  12:34–13:7.  Some of  this  inconsistency  may be  due to  Maskil

 passages inserted throughout 1QHa. However, even if such a maskilic redaction

 existed, it did not achieve far reaching unification throughout the entire scroll.

There is some evidence (Figs. 2, 7) for the distinction between ch1 and ch2

 material. This distinction may be derived from the different orthography and
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figure  7

Clustering of 1QHa by

 gnn

produced  by

 yonatan  lourie
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morphology of these blocks, amplified by the trigrams test, rather than from

 their content. However, since this distinction is retained not only in the trigrams

 results but also at the end product of the pipeline after other clustering systems

 were applied, there is good grounds to retain the ch1–ch2 distinction.

The transitional material as defined by Douglas in columns 9 and 17 is gen­

erally scattered through the dendrograms, the former more closely to the ch

 while the latter stands closer to th.

Why does the algorithm place 14:10–18 apart from the th block despite its

 rather clear th traits? It mentions the communion with the angels in line 13

 and the phrase “eternal planting” in line 15, in a passage that reminds of  the

 arboreal Teacher Hymn in column 16. Examining this chunk in the scatter plot,

 however, will show that its separation from the th is not as decisive as in the

 dendrogram.

The algorithm is found to be a good philologist. When fed with the entire text

 of 1QHa and ordered to cluster it without any further instructions, the algorithm

 performed well. Significant for us, it did note some fine tuning of the diversity,

 namely the anomalous hybrid sections in column 15 and the chunk 14:10–18.

 The computer algorithms and llm s generally agree with human judgment and

 add nuance to the bipartite division of 1QHa.
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