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ABSTRACT 
 

Debates about the Biblical Hebrew verb often seem to go in circles. The problem is that 

theorists hold fundamentally different linguistic worldviews. This incommensurability arises 

due to a lack of agreed-upon methods for testing each other's theories. This project suggests a 

new way forward, toward an empirical method based on distributional semantics and 

statistical analysis. It provides a demonstration of this new approach in the form of a verb 

classification experiment. The experiment rates similarities between verbs in the Hebrew 

Bible using only distributional criteria. The success of this experiment suggests new 

possibilities for future progress in the study of the Hebrew verbal system.
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INCOMENSURABILITY IN HEBREW VERB STUDIES 
 

Galileo and the telescope—Leeuwenhoek and the microscope—Huygens and the 

pendulum. These instruments of early science enabled the people who used them to test the 

philosophical inquiries of their time.1 The instruments were the first of a long line of tools 

with increasing precision and specialization that made scientific discovery possible. But what 

would the natural sciences look like if these tools were never fashioned? Philosophers and 

scientists would be restricted to endless thought experiments and theorizing. They would 

have little common basis on which to test their theories. And proponents might use rhetoric to 

promote their views rather than evidence. 

The world of research on the Hebrew verb resembles the kind of alternate universe 

envisioned above. The modern discussion began in the nineteenth century, when philologists 

like Ewald and Driver countered the medieval tense theory with one based on aspect.2 The 

subsequent century brought more theoretical diversity. Reichenbach's R-point relative tense 

in 1947 enabled a revival of tense theories in Biblical Hebrew.3 In the 1970's, scholars 

dissatisfied with sentence-level analysis argued for discourse categories for the verb.4 Van 

der Merwe, Andrason, and Robar have recently introduced cognitive approaches into the 

                                                 
1 Thomas Crump, A Brief History of Science as Seen Through the Development of Scientific 

Instruments (New York: Carrol and Graf, 2001); Thomas Kuhn, The Structure of Scientific Revolutions, second, 
Foundations of the Unity of Science 2 (Chicago: University of Chicago Press, 1970). 

2 Leslie McFall, The Enigma of the Hebrew Verbal System: Solutions from Ewald to the Present Day, 
Historic Texts and Interpreters in Biblical Scholarship (The Almond Press, 1982), 44. 

3 John A. Cook, Time and the Biblical Hebrew Verb: The Expression of Tense, Aspect, and Modality in 
Biblical Hebrew, Linguistic Studies in Ancient West Semitic 7 (Winona Lake: Eisenbrauns, 2012), 135. 

4 Christo H.J. Van der Merwe, “Discourse Linguistics and Biblical Hebrew Grammar,” in Biblical 
Hebrew and Discourse Linguistics, ed. Robert D. Bergen (Winona Lake: Summer Institute of Linguistics / 
Eisenbrauns, 1994), 15. 
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fray.5 There seems to be no end in sight for the field's long debate. Ample summaries on the 

history and arguments of these groups are readily available in the literature.6 

Unlike the early natural scientists, Hebraists possess no agreed-upon tool to test and 

evaluate each other's theories about the verb.7 Words in a text do not move, like the stars over 

Galileo's telescope or the microbes under Leeuwenhoek's microscope. They cannot be tested 

or experimented on like a mechanical pendulum. Written texts, like paintings, "preserve a 

solemn silence" when questioned.8 Thus, the problem with identifying the meaning of 

Hebrew verbs is hermeneutical, with as many answers as there are askers.9 Ricoeur observed 

the problem, which arises from language being fixed into writing. Conversationalists share a 

situation in time and space, their words have immediate, ostensive reference points; but when 

a text (or verb) is put in writing, the shared situation no longer exists, and the reference is 

"shattered."10 The result is that the reader must bridge the broken reference and substitute a 

                                                 
5 Eep Talstra and Christo H.J. Van der Merwe, “Analysis, Retrieval and the Demand for More Data. 

Integrating the Results of a Formal Textlinguistic and Cognitive Based Pragmatic Approach to the Analysis of 
Deut 4:1-40,” in Bible and Computer: The Stellenbosch AIBI-6 Conference. Proceedings of the Association of 
Internationale Bible et Informatique “From Alpha to Byte”. University of Stellenbosch 17-21 July, 200, ed. 
Johann Cook (Leiden: Brill, 2002); Alexander Andrason, “The Biblical Hebrew Verbal System in Light of 
Grammaticalization: The Second Generation,” Hebrew Studies 52 (2011); Elizabeth Robar, The Verb and the 
Paragraph in Biblical Hebrew: A Cognitive-Linguistic Approach, Studies in Semitic Languages and Linguistics 
78 (Leiden: Brill, 2015). 

6 Cook's summary of the positions up to 2012 is an especially detailed review. Cook, Time, 121–75; 
Ken Penner, “Verbal System, History of the Research,” in Encyclopedia of Hebrew Language and Linguistics, 
ed. Geoffrey Khan, vol. 3 (Leiden: Brill, 2013), 918–21; McFall, Enigma. 

7 Likewise recognized by Cook in these terms. Cook, Time, 184. 
8 Plato, “Phaedrus,” trans. Benjamin Jowett, 360 BCE, http://classics.mit.edu/Plato/phaedrus.html; 

cited by Paul Ricoeur, Interpretation Theory: Discourse and the Surplus of Meaning (Fort Worth: TCU, 1976), 
38–40. 

9 On the role of hermeneutics as a differentiating factor between the human and natural sciences, see 
Thomas S. Kuhn, “The Natural and the Human Sciences,” in The Road Since Structure: Philosophical Essays, 
1970–1993, with an Autobiographical Interview, ed. James Conant and John Haugeland (Chicago: University of 
Chicago Press, 2000), 216–23. See also Goldfajn's comments about the theoretical nature of the study of the 
Hebrew verb. Tal Goldfaijn, Word Order and Time in Biblical Hebrew Narrative, Oxford Theological 
Monographs (Oxford: Clarendon Press, 1998), 21–22. 

10 Ricoeur, Interpretation, 35. 
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reconstruction.11 With a dead language, the spatial, temporal, and cultural distance is even 

greater. 

The reconstruction process for the Hebrew verb is necessarily theory-dependent, 

resulting in incommensurability.12 That is, because theorists presume fundamentally different 

truths, they not only reach different conclusions, they are unable to convey their views in an 

intelligible or persuasive way to their opponents. Theories contain a constellation of concepts 

and taxonomies that form an irreducible whole.13 As a result, when proponents debate across 

theory boundaries, they ultimately rely on circular reasoning. They must judge their research 

results by their own theory's criteria; and, likewise, they deem opponent's theories lacking by 

the same.14 Failure in productive discussion leads to debate based on rhetorical devices like 

appealing to popularity or authority. In some cases, tactics can border on ad hominem.15 

The recent dispute over the semantic content of the wayyiqtol illustrates the circular 

and non-evidentiary nature of the debate. In 2013, Robar published an article entitled 

"Wayyiqṭol as an Unlikely Preterite," in which she argued that wayyiqtol conveys a narrative 

present, against the received view of a past-tense preterite.16 Robar bases her argument on 

morphological, syntactic, semantic, and cross-linguistic observations. She notes attested 

long-form wayyiqtols, which pose problems for the traditional etymology that the verb 

                                                 
11 Ricoeur refers to this process as "distanciation and appropriation." It is important to point out that 

Ricoeur does not mean to argue that any interpretation of a text is equally valid. Interpretations for a text can 
range from probable to improbable when compared to the text's most central meaning. But deciphering the 
boundary point still requires a degree of uncertainty. Ricoeur, 43–44, 78. 

12 Kuhn, The Structure of Scientific Revolutions, 4. 
13 Kuhn, 103–10, 181–84. 
14 Kuhn, 109–10. 
15 As will be shown in the case study below. For these fallacies in productive debate, see Frans H. Van 

Eemeren and Rob Grootendorst, Argumentation, Communication, and Fallacies: A Pragma-Dialectical 
Perspective (Hillsdale, NJ: Lawrence Erlbaum Associates, 1992), 132–40. 

16 Elizabeth Robar, “Wayyiqṭol As an Unlikely Preterite,” Journal of Semitic Studies 57, no. 1 (2013): 
21–42. 
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developed from the short form, proto-Semitic yaqtul.17 Syntactically, the wayyiqtol does not 

begin major sections (excluding select book beginnings),18 never takes first position in a 

relative clause chain, and does not establish the reference time of the text.19 Robar then notes 

the places where wayyiqtol seems to carry meanings more consistent with a present perfect, 

stative, irrealis modality, or non-past.20 These examples, rather than being minor exceptions, 

give clues that the received interpretation is amiss. Robar then turns to Christian Barwar, a 

Neo-Aramaic dialect with striking parallels to Hebrew: a qaṭᵊl verb stem that conveys 

present/future tense and irrealis with both long and short forms.21 The short form is regularly 

used as a narrative present while the long form communicates present imperfective action.22 

These parallels, Robar argues, mirror the two forms of wayyiqtol and yiqtol. Based on these 

facts, she draws her conclusion that the wayyiqtol is etymologically related to the yiqtol, 

resulting from the fusion of waw and yiqtol.23 The wayyiqtol therefore inherits its narrative 

present from its role as a present/future yiqtol. 

Robar's article, and the same arguments in her published dissertation, receive strong 

criticism from Cook. His critiques grant unique insight into the interpretive nature of the 

problem because he, like Robar, combines methodology from the fields of general linguistics, 

                                                 
17 Robar, 23–24. See Anson Rainey, “The Prefix Conjugation Patterns of Early Northwest Semitic,” in 

Lingering Over Words: Studies in Ancient Near Eastern Literature in Honor of William L. Moran, ed. Tzvi 
Abusch (Atlanta: Scholars Press, 1990). But see also Greenstein regarding the lack of preterite yqtl in Ugaritic. 
Edward L. Greenstein, “Forms and Functions of the Finite Verb in Ugaritic Narrative Verse,” in Biblical 
Hebrew in Its Northwest Semitic Setting: Typological and Historical Perspectives, ed. Steven E. Fassberg and 
Avi Hurvitz (Winona Lake: Eisenbrauns and Hebrew University Magnes Press, 2006), 75–102. 

18 Robar follows Gesenius's view (GKC §49b n1) that these verbs show continuation between the 
canonical books. Robar, “Wayyiqṭol,” 25. 

19 Robar, 25–26. 
20 Robar, 26–30. 
21 Geoffrey Khan, The Neo-Aramaic Dialect of Barwar, vol. 96, Handbook of Oriental Studies: Section 

One (Leiden: Brill, 2008), 570–84. 
22 Robar, “Wayyiqṭol,” 31. 
23 Robar, 36. 
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cross-linguistic/diachronic research, and synchronic analysis of the biblical text.24 Thus, 

while there are some important differences, the two researchers share a similar working 

methodology, relative to, for instance, Cook compared with a discourse linguist like Talstra.25 

Cook counters Robar's morphological argument by citing Bloch's 2007 study on long-

form wayyiqtols, which Robar herself had cited as a reference for locating the wayyiqtols in 

question.26 He sees her use of Bloch as "ironic" and notes that Bloch finds long form verbs 

"do not constitute evidence against the historical-comparative reconstruction of wayyiqtol as 

a preterite."27 After indicating this point, Cook offers no further evidence as to why Bloch's 

view should be received rather than Robar's. Elsewhere, he counters Robar with a similar 

parry: "The charge of a '(speculative)' parentage for wayyiqtol' is another one of Robar's 

irresponsible statements: the theory that the form derives from a preterite *yaqtul is quite 

mainstream by now."28 Neither of Cook's counterarguments by citation disproves Robar's 

thesis about the problems with the mainstream view. But they are effective from a rhetorical 

standpoint. 

Next, Cook challenges Robar's syntactic argument that wayyiqtol does not begin 

major sections, and specifically that ויהי at the beginning of books does not indicate 

continuation:  

Considering the flux in the canonical position of Ruth...and that the book of Ruth appears to 'self-
consciously' provide the 'necessary setting' in the opening clause, how is it not an isolated narrative? 
Should 1 Samuel be read as continuing Judges or Ruth? With such reasoning one could argue that a 
prophetic book like Ezekiel, which also begins with ויהי, is likewise not "isolated" from the narrative of 
kings, with which it is chronologically linked in the superscription (Ezek 1:2).29 
 

                                                 
24 Cook, Time. 
25 See, for example, Cook's criticism of Talstra. Cook, 154–55. 
26 "References may be found in Van Pelt 2005 and Bloch 2007." Robar also notes Bloch's stance. 

Robar, “Wayyiqṭol,” 23-24n5. 
27 John Cook, “Cognitive-Linguistic Confusion,” BO 72, no. 3–4 (2015): 297. 
28 John Cook, “Time to Clarify,” HS 57 (2016): 420. 
29 Cook, “Cognitive-Linguistic Confusion,” 298. 
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This contention shows how delicate the Hebrew verb debate can be. For here it hinges on 

one's concept of the Hebrew canon, a fully theory-dependent point of view. Cook's argument 

does not give evidence against Robar, but simply assumes that the idea of an interconnected 

canon is out of the question.30 

In his summary statement on the ability of wayyiqtol to start new sections, Cook 

makes a statement that shows the circularity of the problem:  

What Robar fails to grasp is that wayyiqtol is a specialized narrative past (preterite) in which the waw-
prefix with following gemination has grammaticalized into an affix of the conjugation and thus 
partially restricts the word order and clause type of the conjugation (see Hopper and Traugott 2003: 
143–51). 
 

This statement is not an argument, but a bare restatement of Cook's theory accompanied with 

a citation. The phrase "wayyiqtol is" makes a propositional claim about the true nature of 

wayyiqtol, precisely what the debate is about in the first place.  

Cook's critique of Robar's examples of non-past wayyiqtols reveals an aspect of 

circularity that arises from using sample passages. First, he disagrees with her use of poetry, 

and appeals to another argumentum ad populum, "...four of her examples are poetry...in 

which verbal semantics are notoriously ignored by translators and commentators in favor of 

ad sensum translations."31 Then turning to her translations, "...none of these verses disallow a 

past-tense interpretation; Robar has only shown that non-past interpretations might as easily 

be offered for them."32 Cook then offers his own translations as counter-evidence. In doing 

so, he demonstrates the shortcomings of example passages as evidence. Meaning is not self-

apparent. And a verb within a passage might always be read one way or another. To be 

                                                 
30 Cook's comment ignores the field of research focused on the historical and literary 

interconnectedness of the Hebrew books. Brevard Childs, Introduction to the Old Testament as Scripture 
(London: SCM, 1983); David Andrew Teeter, “The Hebrew Bible and/as Second Temple Literature: 
Methodological Reflections,” DSD 20 (2013): 349–77. 

31 Cook, “Cognitive-Linguistic Confusion,” 298. 
32 Italics are original. Cook, 298. 
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persuaded by sample passages, one must first be persuaded by the theory that undergirds the 

translation. 

In summarizing Robar's arguments, Cook uses a series of generalizing terms that at 

best carry a hostile tone and at worst border ad hominem: "Robar's argument that the 

preceding Infinitive establishes the reference time for this wayyiqtol is ludicrous"; "Her 

argument is confused, poorly supported, and ultimately unconvincing"; "And yet here it is, a 

topsy turvy study, offering no valuable insights for the philological task."33 These arguments 

are more rhetorical than evidentiary. 

Finally, Cook assumes that he and Robar work from the same definitions of what 

constitutes good linguistics. In his broader evaluation of her dissertation, he writes "...the 

project proceeds in the reverse direction of what we would expect for what is ultimately a 

philological enterprise—to decipher the ancient text itself..."34 Cook also considers Robar's 

work non-linguistic on the grounds that her findings are rooted in obscure cognitive 

categories:  

This would be fine if the aim of such a project were set by the larger field of linguistics—to contribute 
to our understanding of human language generally (versus particular human languages). But this is not 
what Robar set out to do nor is it what anybody that I know of in the field of linguistics and biblical 
studies sets out to do.35 
 

This disagreement about the basic task of linguistics shows up in another critique of Robar: 

"Most of her criticisms arise from misunderstanding of linguistics or my own ideas...,"36 and, 

Robar observes that "though Cook does not provide an explicit rationale, it is vital for him that a theory 
explain all the verb forms available in a given language and only those which occur: no more, no less." 
No rationale is given because I believed none was necessary. Among the most basic principles of 
linguistics is that of grammaticality: namely, a successful grammar should distinguish between 
grammatical and ungrammatical expressions.37 
 

                                                 
33 Cook, 299, 301. 
34 Cook, 301. 
35 Cook utilizes another argumentum ad populum here. Cook, 301. 
36 Cook, “Time to Clarify,” 412. 
37 Cook, 412. 
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Here Cook expresses a view of linguistics consistent with generative grammar, a view that 

does not share the same goals of cognitive linguistics like that proposed by Robar.38 

In summary, Cook relies on bare assertions about linguistic reality or the linguistic 

task, rhetorical devices appealing to popularity or authority, or rhetorical verdicts about the 

value of the work. Robar depends on circular verb interpretations to defend her arguments. 

These observations are not intended as a criticism of either scholar, but rather as a 

recognition of symptoms of the incommensurable situation in Hebrew verb studies.  

Other opposing interactions on the wayyiqtol show similar tendencies. The use of 

linguistic axioms as self-evident facts are found frequently in the discussions. Baranowski 

states, "If there is anything absolutely certain in the historical understanding of the Semitic 

verbal system, it is the reconstruction of a short prefixed form with the perfective 

meaning..."39; Andrason, in his approach to the wayyiqtol/qatal comparison, writes, "...the 

structuralist Jacobsonian ideal is incompatible with how natural languages and, in general, 

realistic systems work in the world"40; in their response to various critics on their discourse 

methodology, Longacre and Bowling state, "The first broad challenge to Longacre's 

methodology comes from those traditional grammarians who still maintain that grammar 

does not properly extend beyond the bounds of the sentence"41; Joosten writes, "In 

Kurylowicz’ view, a language needs to express tense before it can express aspect."42 

                                                 
38 For a different perspective on grammaticality than the generative view, see Geoffrey R. Sampson 

and Anna Babarczy, Grammar without Grammaticality: Growth and Limits of Grammatical Precision, Trends 
in Linguistics Studies and Monographs 254 (Berlin: De Gruyter Mouton, 2014). 

39 Krzysztof J. Baranowski, “The Biblical Hebrew Wayyiqtol and the Evidence of the Amarna Letters 
from Canaan,” JHebS 16, no. 3 (2016): 1. 

40 Alexander Andrason, “The Complexity of Verbal Semantics—An Intricate Relationship between 
Qatal and Wayyiqtol,” JHebS 16, no. 4 (2016): 10. 

41 Robert Longacre and Andrew Bowling, Understanding Biblical Hebrew Verb Forms: Distribution 
and Function Across Genres, SIL International Publications in Linguistics 151 (Dallas: SIL International 
Publications, 2015), 43. 

42 Jan Joosten, “Do the Finite Verbal Forms in Biblical Hebrew Express Aspect?,” Journal of the 
Ancient Near Eastern Society of Columbia University 29 (2002): 51. 
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The use of circular verb interpretation is also common. Hatav, in disagreeing with 

Givón's treatment of yiqtol/wayyiqtol, says, "it is clear that yiqtol by itself can never indicate 

a sequential event, unless it is waw prefixed"43; Baranowski writes, "Robar is especially 

deceptive as she interprets several biblical passages in her own way and claims that they 

counterweight the constant pattern of the use of wayyiqtol as Preterite"44; Matheus disagrees 

with Andrason about wayyiqtol based on his own examples, "Besides, our observations make 

his thesis obsolete, that the waw-PC has gained its different abilities on its long way on 

certain trajectories..."45; Longacre and Bowling state that "In view of such imperfective 

usages of the wyyqtl form one should be cautious in arguing that the 'default perfective 

aspect' of the wyyqtl form renders it suitable for usage on a story mainline."46 

Propositional statements about linguistic reality are not wrong in any methodological 

or moral sense. They are completely normal and necessary for theory construction. It is easy 

to miss the importance of such maxims, which comprise the theory's supporting architecture. 

They encapsulate a value or set of values that are interrelated within a larger system. And 

they show the boundary of a theoretical commitment, the point at which one either accepts or 

denies the premise. The theoretical framework then provides a backdrop against which an 

interpreter reads the text or data. Seeing the evidentiary value of a sample passage requires a 

                                                 
43 Galia Hatav, The Semantics of Aspect and Modality: Evidence from English and Biblical Hebrew, 

Studies in Language Companion Series 34 (Amsterdam: John Benjamins, 1997), 19. 
44 Note the ad hominem here, which directly attacks Robar's intent. Baranowski, “Biblical Hebrew 

Wayyiqtol,” 1n1. 
45 Frank Matheus, Text and Time: A Functional Approach to the Biblical Hebrew Verbal System, vol. 

Reihe II, Wissenschaftliche Schriften Der WWU Münster 7 (Münster: MV Wisenschaft, 2014), 47n53; 
Andrason, “Biblical Hebrew Verbal System.” 

46 Longacre and Bowling, Understanding Biblical Hebrew Verb Forms, 44. Compare with John Cook, 
“The Semantics of Verbal Pragmatics: Clarifying the Roles of Wayyiqtol and Weqatal in Biblical Hebrew 
Prose,” JSS 49, no. 2 (2004): 254–64. 
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gestalt shift of one's view of the verbal system. The popular duck-rabbit illusion illustrates 

the point.47 

Figure 1: Duck or Rabbit? 

 
Just as one can switch between seeing the duck or the rabbit, one can read a sample passage 

and imagine various proposed semantic meanings. But to do so requires an adoption of the 

premise and a suspension of disbelief. 

Given the hermeneutical nature of verb theory, is there any hope of ever reaching a 

consensus view on the semantic value of the Hebrew verb stems? Such a question assumes an 

even broader inquiry: what is the difference, if any, between linguistics and the natural 

sciences?  

To answer this question requires a brief look at the common and distinguishing 

features of both fields. The enterprise of describing and classifying objects of research is 

hermeneutical in both the natural sciences and linguistics. Just as linguists have viewed 

words through the lens of their interpretive frameworks, scientists have seen the cosmos 

through geocentrism or heliocentrism and gravitational force or general relativity.48 Early 

science was characterized with the kind of fragmentation and fierce debate seen today in the 

humanities.49 Even in modern science, data interpretation occurs through a hermeneutical 

                                                 
47 Duck-Rabbit Illusion, accessed July 14, 2018, 

https://upload.wikimedia.org/wikipedia/commons/4/45/Duck-Rabbit_illusion.jpg. 
48 I am particularly indebted to the distinctions of Kuhn for these insights. Kuhn, “The Natural and the 

Human Sciences.” 
49 Kuhn, The Structure of Scientific Revolutions, 47–48. 
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lens. That lens is typically the reigning theory of the day. Presently, Einstein's theory of 

general relativity rules the field of cosmology. Scientists filter their interpretation of black 

holes and other phenomena through this viewpoint. But general relativity does not hold a 

one-to-one correspondence with reality.50 For though relativity explains well many 

phenomena in the universe, it fails at the quantum level, which seems to possess its own 

unique laws.51 As with all theories, relativity is an approximation of the laws of nature 

obtained by repeated experiment and observation.52 

Scientific experimentation involves establishing a set of operations 

(operationalization) by which a phenomenon can be measured and described.53 Bridgman 

gives an example using length, "The concept of length is therefore fixed when the operations 

by which length is measured are fixed: that is, the concept of length involves as much as and 

nothing more than the set of operations by which length is determined."54 Stefanowitsch 

expands on this comment with the example of a ruler, an object with defined characteristics 

which must be brought "in physical contact to the thing whose length it is supposed to 

measure."55 By condensing the concept of length into a formal procedure, "length is no 

longer regarded as a property of the world...Instead, length is simply the result of such a 

procedure."56 

                                                 
50 Kuhn, 170. 
51 Corey S. Powell, “Will Quantum Mechanics Swallow Relativity?,” Nautilus (blog), 2015, 

http://nautil.us/issue/29/scaling/will-quantum-mechanics-swallow-relativity. 
52 See Kuhn's description of "puzzle-solving" as a hallmark of normal scientific activity. Kuhn, The 

Structure of Scientific Revolutions, 35–42. 
53 Anatol Stefanowitsch, “Empirical Cognitive Semantics: Some Thoughts,” in Quantitative Methods 

in Cognitive Semantics: Corpus-Driven Approaches, ed. Dylan Glynn and Kertin Fischer, Cognitive Linguistics 
Research 46 (Berlin: De Gruyter Mouton, 2010), 355–56. 

54 Percy Bridgman, “The Operational Character of Scientific Concepts,” in The Philosophy of Science, 
ed. Richard Boyd, Philip Gasper, and J.D. Trout (Cambridge, MA: MIT Press, 1991), 59. 

55 Stefanowitsch, “Empirical Cognitive Semantics,” 359. 
56 Stefanowitsch, 359. 
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Hebrew linguistics lacks such a formal procedure of measurement. Scientists can 

operationalize the physical properties of natural objects, but linguists are left to analyze 

conceptual objects like words and texts.57 Words possess concealed referential meaning, 

while the properties of stars are visible to anyone with a telescope.58 Texts are embedded 

within complex intertextual and cultural fabrics situated in a particular historical situation; 

but the effect of gravity acts in the same way it did when Sir Isaac Newton observed it in 

1687.59 In both fields the theory plays an important role in evaluating evidence. Motion for 

Newton was not the same concept as it was for Einstein. But the key difference between the 

sciences and linguistics is in the physicality, perspicuity, and permanency of their objects of 

study. For the natural sciences, an operationalization is a "simple" matter of converting 

observation to measurement using various apparatuses. For linguistics, it remains an open 

question whether such a method can ever be obtained. 

Yet it is the lack of a scientific method in Hebrew linguistics that leads to theoretical 

incommensurability. There is no apparent way of testing whether a verbal theory can be true 

or not in the same way one would test the properties of a gas. Cook notices this shortcoming 

in Hebrew studies and argues for a typological approach, 

Methodologically, I eschew statistical means of validation, pointing out their weaknesses along the 
way, and draw on diachronic typology and grammaticalization as an 'external' means of validating my 
theory." Linguistic typology consists of collecting data from multiple, genetically unrelated languages 
and making generalizations about linguistic structures across those languages. Diachronic typology 
provides a historical dimension by generalizing not simply about language structures but about the 
types of structural changes that are evident in languages over time.60   
 

                                                 
57 The distinction belongs to Bridgman, whom Stefanowitsch cites often. Bridgman, “Operational 

Character,” 59; Stefanowitsch, “Empirical Cognitive Semantics,” 358–60. 
58 Kuhn notes, however, that in order to point to something, such as a star, one must have a certain 

definition of what it is. The act in itself of indicating and classifying is hermeneutical. But the constancy of a 
star gives the natural sciences a benefit that the humanities lacks. Kuhn, “The Natural and the Human Sciences,” 
218–19, 223. 

59 Kuhn, 223. 
60 Cook, Time, x. 
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But can typology truly function as "an 'external' means of validating" theories in Hebrew verb 

studies? The signs of weakness with this approach have already been seen in the Robar and 

Cook exchange. Certain diachronic or typological facts are simply magnified or minimized 

based on Cook or Robar's theory. In the case of Joosten and Cook's debates, there is a 

fundamental disagreement about whether the reconstructions of Kuryłowicz or Bybee and 

Dahl are more appropriate for tense, aspect, and modality.61 Another problem is that typology 

can only speak to other languages, not Biblical Hebrew itself. Another step is then required 

for typologists, who must affirm that their typology matches the Hebrew data.62 That move 

requires hermeneutics, an internal, theory-dependent approach. 

It is vital to recognize, in response to Cook, that science does not "validate" theories 

but aims to falsify them using the scientific method.63 The principle of verification 

(validation) is beset by what Popper calls the "problem of induction."64 Inductionistic logic 

moves from a particular observation, or series of observations, to a general statement about 

reality. But this move is logically problematic. Popper gives the example of observing swans. 

No matter how many white swans a person observes, it is not justifiable to conclude that all 

swans white.65 On the other hand, if there is a theory that all swans are white, it can be 

                                                 
61 Joosten, “Do the Finite Verbal Forms in Biblical Hebrew Express Aspect?”; John A. Cook, “The 

Finite Verbal Forms in Biblical Hebrew Do Express Aspect,” Journal of the Ancient Near Eastern Society 30 
(2006): 21–35. 

62 "A theory cannot be validated on such philological analyses alone, but it must do justice to the 
general uniformity of the philological results." Cook, “Time to Clarify,” 419. 

63 Cook seems to completely miss this fact and offers no defense for his method of "verification." In a 
telling interaction with Furuli's work, he writes, "[Furuli] argues, however, that 'because of the problem of 
induction, confirmatory examples can never confirm a hypothesis, but contradictory ones can even falsify it' 
(Furuli 2006: 73). Thus, Furuli admits that he allows 6.9% of the evidence to drive his semantic theory of 
wayyiqtol!" Furuli's conclusions aside, Cook's comment misses the point about the need for a logically 
consistent method of theory evaluation. Cook, Time, 128. 

64 Karl Popper, The Logic of Scientific Discovery, Talor & Francis E-Library (1935; repr., London: 
Routledge, 2005), 3. 

65 Popper, 4. 
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falsified by observing a single black swan.66 In the case of typology, the observations of 

world languages are translated into generic statements about how languages work, which is in 

turn transferred to a principle about how Hebrew works. But the jump from observation to 

general theory is fallacious. Maybe most world languages function in a certain way indeed, 

but Biblical Hebrew is different. Or maybe the situation is far more complex than a simplistic 

one-to-one correspondence would suggest. 

The lack of an independent method of theory testing, and the innate problems with 

measuring abstract phenomena, can only mean one of two things. Either a scientific method 

is impossible for a hermeneutical enterprise like linguistics, and Hebraists will always have 

new theories and debates about the nature of the verb. Or such a method is possible but 

extremely difficult and obscure and has thus not yet been developed. 

In what follows, I suggest that it is possible to obtain a scientific method for falsifying 

theories on the semantics of the Hebrew verb. But this possibility requires a reorientation of 

the field away from untestable, metaphysical hypotheses towards falsifiable and concrete 

ones. The refitting of the linguistic task constitutes an operationalization, by which semantic 

meaning is condensed into measurable properties of constructions based on formal 

distributions. Analysis of lexical and syntactic distribution has until now depended on the 

incomplete or subjective value judgments of researchers. This situation arises due to the 

obscure nature of the object of study: words and linguistic constructions. I will contend that 

new computational and statistical methods offer a means of comprehensively measuring 

similarities and differences in attested distribution patterns. Though these methods cannot 

address metaphysical issues (e.g. debates over the role of the canon), they are suitable for 

                                                 
66 One might say, in a situation where they only encounter white swans, that they cannot yet disprove 

that all swans are white. That is a different claim, though, than stating absolutely that all swans are white. 



 15 

solving testable problems in Hebrew linguistics, and therefore open up a new avenue for 

productive science in the field.
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"LONG AND TEDIOUS": CHARTING A PATH TOWARD EMPIRICAL SEMANTICS 
 

In this chapter, I set forth two complementary arguments that lay a foundation for an 

empirical approach to Hebrew verb semantics. In the first, I will argue that semantic meaning 

can be objectively measured through the statistical distributions of lexemes. Lexical co-

occurrence patterns, selection restrictions, and contiguous and contextual word distances 

provide a raw taxonomy of things in the text's cognitive world. Due to the complexity of 

texts, human intuition can only approximate these features; but statistical tools are able to 

recognize them. In the second part I argue for refitting the linguistic task toward a "long and 

tedious"67 examination of small-scale semantic distinctions. This approach brackets out 

unanswerable questions and breaks down complex questions into falsifiable theses. 

Operationalization can bring verb semantics into the realm of empirical science. While this 

approach will not eliminate semantic debates, it will provide a solid framework for theorists 

to operate within while testing each other's ideas. 

 

The Measurability of Semantics 
 

Hebrew linguists commonly assume that semantic meaning lies somewhere outside of 

the text, in the mind of the author or reader. As will be seen, this assumption elicits different 

reactions from different theoretical positions. 

Two very different examples of scholars with a surprisingly similar assumption about 

semantics are Cook and Talstra. Cook represents a classical philological position while 

Talstra argues for radical adherence to textual discourse structures. The two positions assign 

                                                 
67 "The form-to-function approaches build classes mainly in terms of formal distributional criteria and 

demand long and tedious studies that often yield relatively few results. It is assumed that it is necessary to treat 
the formal data at the lower levels exhaustively before any phenomenon is treated on a higher level..." Van der 
Merwe, “Discourse Linguistics,” 16. 
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opposite roles for semantics. Cook argues for semantic priority in the analysis process.68 It is 

impossible, he contends, to determine the significance or causation of certain structures in a 

text without knowing the underlying semantic meaning.69 Talstra, on the other hand, states 

that syntactic and discourse structure should take priority. Biblical scholars allow too much 

of their own concerns and interests to unfairly bias their interpretation of the meaning.70 And 

they miss out on subtleties in the textual structure that could better inform the 

interpretation.71 The linguist should make a meticulous inventory of all relevant textual 

structures before venturing their semantic interpretations.72 

While both scholars take opposite approaches to semantics, they are motivated by a 

common assumption that semantic meaning cannot be measured. For Cook, this assumption 

leads him to avoid statistical methods: "Statistics cannot serve to validate semantic 

interpretation, which still partakes of human enterprise. Statistics are only valid when they 

tally objectively measurable things..."73 For Talstra, the assumption of text-external 

semantics leads him to focus on formal structures: "...verbal forms should first be analysed in 

terms of their contribution to the organisation of the world of the text, before one debates 

about their text-external reference to situation, time or action." The textlinguistic mantra 

                                                 
68 Cook, Time, 272–75. 
69 "The difficulty in distinguishing causation from correlation lies in the general neglect of semantics 

by discourse theories. Without a semantic foundation, these theories are unable to explain the correlations they 
observe in discourse (i.e. they are unable to determine whether they are causal) without being circular." Cook, 
“Semantics of Verbal Pragmatics,” 249. 

70 Talstra and Van der Merwe, “Analysis, Retrieval and the Demand for More Data,” 43–50. 
71 Eep Talstra, “Text Grammar and Hebrew Bible II: Syntax and Semantics,” BO 34, no. 1/2 (1982): 

36–37. 
72 "Taking both points together this implies that in the study of syntax one should proceed from an 

exhaustive inventory of linguistic forms—at whatever linguistic level—to the assigning of grammatical 
functions to units at their respective linguistic levels. This attitude leads to a formal, distributional approach in 
Biblical Hebrew analysis that at least tries to be less dependent on literary interpretation than traditional 
grammar usually has been." Eep Talstra, “Text Grammar and Biblical Hebrew: The Viewpoint of Wolfgang 
Schneider,” Journal of Translation and Textlinguistics 5, no. 4 (1992): 269–70. 

73 Cook, Time, 184. 
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'form-to-function', i.e. moving from a registration of forms before proposing a function, 

encapsulates this semantic assumption.74 

On the one hand, something about immeasurable semantics must be true. As 

previously mentioned, Ricoeur recognizes a schism between author and text at the moment 

human discourse is fixed in written form. In spoken discourse, the intention and meaning of a 

speaker overlap with a shared situation to a hearer. The speaker is present to impose his 

mental intent on the conversation. In written texts, however, the speaker is gone. The words 

become disconnected from "the mental intention of the author...of what the author meant and 

what the text means."75 The result is that a reader must reconstruct or appropriate the 

meaning.76 In doing so, he or she must also determine how to conceive the various parts of 

the text within the whole.77 Many potential meanings arise due to the personal nature of 

appropriation, and the multifaceted aspect of texts. 

Ricoeur's concept of a completely self-enclosed, autonomous text suffers a few 

problems, however. He does not reconcile textual-autonomy with the unique communicative 

shape afforded to a text.78 Namely, texts are shaped by authorial minds toward a 

                                                 
74 Van der Merwe, “Discourse Linguistics,” 16–17. 
75 Ricoeur, Interpretation, 29. 
76 "By appropriation I mean the counterpart of the semantic autonomy, which detached the text from its 

writer. To appropriate is to make 'one's own' what was alien...Distance, then, is not simply a fact, a given, just 
the actual spatial and temporal gap between us and the appearance of such and such work of art or discourse. It 
is a dialectical trait, the principle of a struggle between the otherness that transforms all spatial and temporal 
distance into cultural estrangement and ownness by which all understanding aims at the extension of self-
understanding." Ricoeur, 43. 

77 "The text as a whole and as a singular whole may be compared to an object, which may be viewed 
from several sides, but never all sides at once. Therefore the reconstruction of the whole has a perspectival 
aspect similar to that of a perceived object. It is always possible to relate the same sentence in different ways to 
this or that other sentence considered as the cornerstone of the text. A specific kind of onesidedness is implied 
in the act of reading. This onesidedness grounds the guess character of interpretation. Ricoeur, 77–78. 

78 There is a tension in Ricoeur's work. He recognizes that texts are not purposeless objects "like 
pebbles...found in the sand." But he never fully explains how this is reconciled with the autonomous text 
concept. Ricoeur, 30; Kevin Vanhoozer, Is There a Meaning in This Text? : The Bible, The Reader, and the 
Morality of Literary Knowledge, second edition (Grand Rapids: Zondervan, 1999), 216; Pierre Van Hecke, 
From Linguistics to Hermeneutics: A Functional and Cognitive Approach to Job 12-14, SSN 55 (Leiden: Brill, 
2011), 39. 
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communicative purpose.79 Ricoeur's notion of the "shattered" reference indeed explains how 

the moment of composition (when the authorial mind makes referential connections) is lost to 

time. But he does not explain what remains when authorial intent fades away. Specifically, 

though the author is gone, the words remain structurally fixed in the order which he or she 

arranged them.80 Furthermore, though the specific moment in time-space passes, other 

persistent attributes of the world remain.81 

If the gap between author and reader implies the idea of immeasurable semantics,82 

the fixed order of words suggests a different possibility. The arrangement of words and one's 

cognition of the world are not unrelated phenomena.83 That this is so can be seen in 

constructions like "a man such as John," which shows that John is a kind of man, or "crying 

                                                 
79 "When discourse is transferred to the field of production it is also treated as a stuff to be shaped. It is 

here that writing interferes. Inscription as a material support, the semantic autonomy of the text as regards both 
the speaker and the hearer, and all the related traits of exteriority characteristic of writing help to make language 
the matter of a specific craftsmanship. Thanks to writing, the works of language become as self-contained as 
sculptures. It is not by chance that "literature" designates both the status of language as written (littera) and as 
embodied in works according to literary genres. With literature the problems of inscription and production tend 
to overlap. The same may be said for the concept of text, which combines the condition of inscription with the 
texture proper to the works generated by the productive rules of literary composition. Text means discourse both 
as inscribed and wrought." Ricoeur, Interpretation, 33. 

80 So, Van Hecke: "If Ricœur contends that writing renders the text autonomous with regard to the 
author's intention, this can only be partly so. The way in which the text is syntactically structured, as well as the 
lexical meaning of terms, cannot possibly be disconnected from the cognitive processes of the author who 
produced them. Words mean nothing unless they are related to content-laden cognitive domains, and 
grammatical structures are meaningless unless they are the expression of the cognitively motivated processes of 
guiding and structuring textual meaning." Van Hecke, From Linguistics to Hermeneutics, 39. 

81 Van Hecke, 39. Van Hecke draws on the insights of Dik and Givón, who separate pragmatic 
information into three parts: situational information, general world-knowledge, and information derived from 
the context of the linguistic expressions. Simon C. Dik, The Theory of Functional Grammar. Part I: The 
Structure of the Clause, Functional Grammar Series 20 (Berlin: Mouton de Gruyter, 1997), 10; Talmy Givón, 
Functionalism and Grammar (Amsterdam: John Benjamins, 1995), 350–57. 

82 "In terms of an inferential model of communication, it means that the cognitive worlds of writers and 
readers are remote (and obscured) from one another in time (more than 2000 years)." Talstra and Van der 
Merwe, “Analysis, Retrieval and the Demand for More Data,” 44. 

83 "Certainly, that is, much perceptual experience must map onto linguistic expressions. And many 
linguistic expressions must map onto perceptual experience." Thomas K. Landauer, “LSA as a Theory of 
Meaning,” in Handbook of Latent Semantic Analysis, ed. Thomas K. Landauer et al. (Abingdon: Routledge, 
2007), 7. 
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like a baby," which indicate babies are things that cry.84 But the inherent connection between 

words and concepts can be seen in the even more subtle way that certain lexemes prefer or 

eschew other lexemes. These so-called collocation patterns occur due to the various semantic 

attributes attached to each word.85 

Firth is commonly credited with pioneering the distributional principle in semantics, 

famously stating: "You shall know a word by the company it keeps!"86 He observed that 

words which occur together share some form of semantic overlap. For example, words like 

'night' and 'darkness' can be found together frequently.87 Likewise, words with very different 

semantic meanings will tend to avoid each other. Firth also observed collocations between 

grammatical forms, e.g. 'very' collocates with adjectives.88  

Collocation analysis has been and remains an active area of research in computational 

semantics and corpus linguistics. The introduction of computers in the 60's and 70's allowed 

                                                 
84 Marti Hearst, “Automatic Acquisition of Hyponyms from Large Text Corpora,” in COLING ’92 

Proceedings of the Fourteenth International Conference on Computational Linguistics, ed. Ch. Boitet, 1992, 
539–45, https://dl.acm.org/citation.cfm?id=992154; Rion Snow, Daniel Jurafsky, and Andrew Ng, “Learning 
Syntactic Patterns for Automatic Hypernym Discovery,” Advances in Neural Information Processing Systems 
17 (2005): 1297–1304; Tony Veale, “Teaching WordNet to Sing like an Angel and Cry like a Baby: Learning 
Affective Stereotypical Behaviors from the Web,” 2011, 
https://www.academia.edu/2884622/Teaching_WordNet_to_Sing_like_an_Angel_and_Cry_like_a_Baby_Learn
ing_Affective_Stereotypical_Behaviors_from_the_Web; Lenhart Schubert, “Can We Derive General World 
Knowledge from Texts?,” in HLT ’02 Proceedings of the Second International Conference on Human 
Language Technology Research, 2002, 94–97, https://dl.acm.org/citation.cfm?id=1289263. 

85 Peter D. Turney, “Similarity of Semantic Relations,” Association for Computational Linguistics 32, 
no. 3 (2006): 379–416; Michael Stubbs, “Two Quantitative Methods of Studying Phraseology in English,” 
International Journal of Corpus Linguistics 7, no. 2 (2002): 215–44; Anatol Stefanowitsch and Stefan Th. 
Gries, “Collostructions: Investigating the Interaction of Words and Constructions,” International Journal of 
Corpus Linguistics 8, no. 2 (2003): 209–43. 

86 "The placing of a text as a constituent in a context of situation contributes to the statement of 
meaning since situations are set up to recognize use. As Wittgenstein says, 'the meaning of words lies in their 
use.' The day to day practice of playing language games recognizes customs and rules. It follows that a text in 
such established usage may contain sentences such as 'Don't be such an ass!', 'You silly ass!', 'What an ass he is!' 
In these examples, the word ass is in familiar and habitual company, commonly collocated with you silly—, he 
is a silly—, don't be such an —. You shall know a word by the company it keeps! One of the meanings of ass is 
its habitual collocation with such other words as those above quoted." J.R. Firth, “A Synopsis of Linguistic 
Theory, 1930–1995,” in Studies in Linguistic Analysis (Oxford: Basil Blackwell, 1962), 11. 

87 R. Xiao, “Collocation,” in The Cambridge Handbook of English Corpus Linguistics, ed. D. Biber 
and R. Reppen (Cambridge: Cambridge University, 2015), 115. 

88 Xiao, 114. 



 21 

linguists to identify subtle collocational patterns.89 Early work in collocation analysis focused 

on contiguous collocations (n-grams), looking for commonly occurring words to the left or 

right of a given lexeme.90 Statistical tests are used to identify significant associations between 

lexemes and those they collocate with (referred to as co-lexemes).91 Collocation analysis has 

also expanded to combinations beyond the word level. Stefanowitsch and Gries have 

explored statistically significant associations between grammatical constructions and 

lexemes, what they call collostructions.92 For instance, they identify correlations between the 

English present progressive tense with non-stative verbs. They also employ their 

collostructional analysis to distinguish the subtle differences between close synonyms.93 

The vector space approach is a further application of the distributional principle and is 

used widely in computational semantics. Rather than simply identifying words or 

constructions that occur regularly with a single lexeme, vector spaces compare the similarity 

of two lexemes based on their cooccurring elements.94 For instance, a vector space model can 

identify lexemes that frequently occur alongside the same co-lexemes. Consider the 

following sentences and the similarity of their subjects. 

My cat sheds fur everywhere. 
My dog sheds fur everywhere. 
My dog always chases his tail. 
My dog runs really fast. 
My car often runs out of gas. 

                                                 
89 For example, Greenbaum finds collocations that would not be intuitively proposed. Sidney 

Greenbaum, “Some Verb-Intensifier Collocations in American and British English,” American Speech 49, no. 1 
(1974): 79–89. 

90 J. Sinclair, “Beginning the Study of Lexis,” in In Memory of J. R. Firth, ed. C. Bazell et al. (London: 
Longman, 1966), 148–62. 

91 Xiao, “Collocation,” 108–12. 
92 Stefanowitsch and Gries, “Collostructions.” 
93 Stefan Th. Gries and Anatol Stefanowitsch, “Extending Collostructional Analysis: A Corpus-Based 

Perspective on ‘Alternations,’” International Journal of Corpus Linguistics 9, no. 1 (2004): 97–125. 
94 Stephen Clark, “Vector Space Models of Lexical Meaning,” in The Handbook of Contemporary 

Semantic Theory, ed. Shalom Lappin and Chris Fox, second edition (West Sussex: Wiley and Blackwell, 2015), 
494. 
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The primary non-subject content words (i.e. nouns and verbs) contained in these sentences 

are: "sheds", "fur," "everywhere," "chase," "tail", "run," "gas." These terms can be gathered 

and counted per subject they occur with in a cooccurrence matrix: 

 dog cat car  
shed 1 1 0  

fur 1 1 0  
everywhere 1 1 0  

chase 1 0 0  
tail 1 0 0  
run  1 0 1  
gas 0 0 1  

 
The matrix contains target words in the columns ('dog', 'cat', 'car'); cooccurrences, called 

basis elements,95 are counted in the rows ('shed', 'fur', 'everywhere', 'chase', 'tail', 'run', 'gas'). 

Breaking off the three columns from the matrix gives us three vectors: 𝑑𝑑𝑑𝑑𝑑𝑑�������⃗  (1, 1, 1, 1, 1, 1, 

0), 𝑐𝑐𝑐𝑐𝑐𝑐������⃗  (1, 1, 1, 0, 0, 0, 0), and 𝑐𝑐𝑐𝑐𝑐𝑐������⃗  (0, 0, 0, 0, 0, 1, 1). In linear algebra, a vector is a set of 

coordinates on a coordinate plane, which can be more than two dimensions.96 The superscript 

arrow is used to indicate a vector name. Finally, the three vectors can be compared using a 

similarity algorithm that measures the cosine angle between them:97 

                                                 
95 Sebastian Padó and Mirella Lapata, “Dependency-Based Construction of Semantic Space Models,” 

Computational Linguistics 33, no. 2 (2007): 161–99. 
96 The reader may recognize plotting an x, y axis from geometry. In linear algebra it is possible to have 

more than these two dimensions. In fact, dimensionality can be extended indefinitely, 8 dimensions, 4000 
dimensions, etc. 

97 Adapted with some inspiration from Natalia Levshina, How to Do Linguistics with R: Data 
Exploration and Statistical Analysis (Amsterdam: John Benjamins, 2015), 328. 
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Figure 1: Example Vector Space (hypothetical) 

 

The narrower the angle, the more semantically related the two terms likely are. 𝑑𝑑𝑑𝑑𝑑𝑑�������⃗  and 

𝑐𝑐𝑐𝑐𝑐𝑐������⃗  are rated more similarly. Note that 𝑐𝑐𝑐𝑐𝑐𝑐������⃗  and 𝑐𝑐𝑐𝑐𝑐𝑐������⃗  have an angle of 90°, i.e. orthogonal, 

meaning they are not related in any way. 'dog' is rated somewhat similar to 'car' due to the 

common verb 'run'. A new model might improve on this by recognizing 'run out' as one 

verb. When comparing two word vectors, the algorithm makes a score between 0 and 1 

(i.e. percentages) that measures similarity, e.g. dog is 0.60 similar to cat (or 60%). 

Vector space models are powerful because they can count any kind of cooccurring 

(basis) elements, not just co-lexemes.98 For instance, bases can include syntactic information 

with the lexeme: "tail.object" or "shed.verb." One can configure different ways of selecting 

basis elements (context selection) depending on what kind of attributes are to be compared.99 

Vector spaces are used in a wide variety of linguistic research tasks including semantic 

relation extraction,100 disambiguating close synonyms,101 automatically inducing semantic 

                                                 
98 Clark, “Vector Space Models of Lexical Meaning.” 
99 E.g. Padó and Lapata count co-lexemes through syntactic pathways in a dependency tree. Padó and 

Lapata, “Semantic Space Models.” 
100 Turney, “Similarity of Semantic Relations.” 
101 Hinrich Schütze, “Automatic Word Sense Discrimination,” Association for Computational 

Linguistics 21, no. 1 (1998): 97–123. 

cat 
ca

r 
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verb classes,102 and others.103 Latent semantic analysis (LSA) extends the vector space 

concept even further to entire documents, comparing the number of shared content lexemes 

to rate their similarities.104 LSAs are used widely in search engines to find relevant webpage 

results. 

The distributional principle is no stranger to Biblical Studies. Cruden's 1736 

concordance provided one of the first accessible presentation of collocations.105 Lexicons like 

BDB and HALOT regularly provide co-lexeme information in their entries. Beginning in the 

1980's, Talstra and his colleagues began to produce the first sets of electronic 

concordances.106 These resources often provide valuable collocation information, but they 

depend on human intuition, not a statistical measure, to identify what is significant. 

Furthermore, human intuition is not able to account for the problem of exponential 

possibilities that are present in a text (Ricoeur's parts in the whole). For instance, in the book 

of Genesis there are 28,763 individual words.107 If a Hebrew linguist were to compare all 

these words pairwise, wishing to very meticulous and find all subtle patterns of similarity, he 

                                                 
102 Natalia Levshina and Kris Heylen, “A Radically Data-Driven Construction Grammar: Experiments 

with Dutch Causative Constructions,” in Extending the Scope of Construction Grammar, ed. Ronny Boogaart, 
Timothy Colleman, and Gijsbert Rutten, Cognitive Linguistics Research 54 (Berlin: De Gruyter Mouton, 2014), 
17–46; Sabine Schulte im Walde, “Experiments on the Automatic Induction of German Semantic Verb 
Classes,” Association for Computational Linguistics 32, no. 2 (2006): 159–94. 

103 See Clark, “Vector Space Models of Lexical Meaning.” 
104 Landauer, “LSA as a Theory of Meaning.” 
105 "...Cruden's Concordance was a monumental piece of laborious scholarship which went through 42 

editions even before 1879. It included concordances not only for what the author considered to be the major 
content words in the Bible but also some functions words such as how, you, he, once, between...and certain 
collocations such as how long, how many, how much, how much less, how much more, how often, all the 
nations." Graeme Kennedy, An Introduction to Corpus Linguistics, Studies in Language and Linguistics 
(London: Longman, 1998), 14. 

106 Reinoud Oosting, “Computer-Assisted Analysis of Old Testament Texts: The Contribution of the 
WIVU to Old Testament Scholarship,” in The Present State of Old Testament Studies in the Low Countries: A 
Collection of Old Testament Studies Published on the Occasion of the Seventy-Fifth Anniversary of the 
Oudtestamentisch Werkgezelschap, ed. Klaas Spronk, vol. 69, Oudtestamentische Studiën (Leiden: Brill, 2016), 
195. 

107 Including articles and prepositions, by the count of the Eep Talstra Centre for Bible and computer. 
See the query https://shebanq.ancient-data.org/hebrew/query?id=2788 
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or she would need to make 827,310,169 comparisons.108 Assume, though, this linguist has a 

lot of time and wants to be extremely scrupulous. This person recognizes the semantic 

importance of word groups as well as individual words. There are approximately 17,981 

phrases in Genesis.109 So there are an additional 323,316,36 possibilities to consider. And 

here we will kindly allow the linguist to rest because, of course, phrases can also interact with 

individual words.110 Such a task would probably take longer than a lifetime. A computer, on 

the other hand, might complete the task in a matter of minutes or hours.111 

The promise of empirical semantic methods for Hebrew linguistics is most prominent 

in Forbes's groundbreaking word classification experiments.112 Forbes applies an approach 

which is very similar to semantic vector spaces to make hierarchical clusters using the top 

250 most common words in the Hebrew Bible. Forbes's method involves counting words to 

the left and right of the target words. He then uses a distance metric to rate the similarities 

between the words and cluster them hierarchically. His method makes similarity matches 

such as פני and ישראל ,ראׂש and יהוה ,יהודה and כהן  ,אלהים and לוים, and others.113 

                                                 
108 That is, the number of words (28,763) squared. 
109 According to the divisions at the Eep Talstra Centre for Bible and Computer. See the query at 

https://shebanq.ancient-data.org/hebrew/query?id=2790 
110 To do pairwise comparisons between all phrases and words would require 2,185,001,536 

comparisons. Yet, this still would not account for clause comparisons! 
111 The problem of exponentiality is not recognized by Cook, who doubts the relevance of statistics due 

to the coverage of traditional grammars: "Statistical studies are even unnecessary for gathering the requisite data 
for analysis, because their results are readily available in the standard reference grammars, old and more-recent, 
including examples of both 'standard' meanings...and 'inexplicable' uses." Cook, Time, 184. Cook's comment 
assumes that traditional grammars have indeed recognized all relevant patterns, even those which might not be 
intuitive.  

112 A. Dean Forbes, “Distributionally-Inferred Word and Form Classes in the Hebrew Lexicon: Known 
by the Company They Keep,” in Foundations for Syriac Lexicography II, ed. Peter J. Williams (Piscataway, NJ: 
Gorgias Press, 2009), 1–34; A. Dean Forbes, “Squishes, Clines, and Fuzzy Signs: Mixed and Gradient 
Categories in the Biblical Hebrew Lexicon,” in Foundations for Syriac Lexicography: Colloquia of the 
International Syriac Language Project, ed. Beryl Turner et al., Perspectives on Syriac Linguistics 1 
(Piscataway, NJ: Gorgias Press, 2005), 105–39. 

113 Forbes, “Distributionally-Inferred Word and Form Classes in the Hebrew Lexicon: Known by the 
Company They Keep,” 30. 
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Based on the evidence of lexical patterns like collocation, collostruction, and co-

occurrence, I contend that there is an objectively measurable element to semantics. But what 

are these interesting statistical patterns? Are they meaning qua meaning?114 Structuralists, 

generativists, and cognitivists will argue about what these patterns are.115 I suggest that a hard 

and fast theoretical commitment is not necessary to agree on the following. 

These features of lexemes tell much about the words' behavior around one another, 

but they do not tell the full story. The 'dog', 'cat', and 'car' vectors might tell how similar the 

terms are, and even some attributes they hold. But the math itself "knows" nothing about 

what a dog or cat really is.116 Rather, these patterns provide a map to the cognitive taxonomy 

of the mind(s) which shaped the text. In other words, lexeme behavior gives the text a 

semantic scaffolding, which enables a reader to approximately map their mind-internal 

meaning over the existing lexical slots.117 It is the persistent, unchanging qualities of the 

world which make this mapping process (mostly) successful. And in cases where it fails, due 

to a difference in cultural or linguistic categories, the reader must learn to adjust their 

mapping process. Thus, this model of semantics does not claim to exhaust all aspects of 

meaning. But it does propose that there remains a large unexplored region of empirical 

research which could help solve difficult puzzles like the Biblical Hebrew verbal system. 

                                                 
114 See Landauer's discussion. This question remains an active area of debate. Landauer, “LSA as a 

Theory of Meaning.” 
115 See the helpful overview of Wolfgang Teubert, “Corpus Linguistics: An Alternative,” Semen 27 

(2010), https://journals.openedition.org/semen/8912. 
116 Furthermore, a corpus-generated vector space will always contain a limited "world." In the example 

above, the space provides no details about certain other attributes that dogs, cats, and cars have. It mentions 
nothing of "skin" or of "paint" for instance. 

117 This scaffolding comes quite close to the supporting structures proposed by Schneider and Talstra. 
But there is a key difference. For Talstra, in particular, 'structure' refers primarily to syntactic and discourse 
units: clause types, clause relations, narrative or discursive domains. But the textlinguistic theory is lacking the 
more subtly derived, yet crucial, semantic taxonomy proposed here. I believe this has negative consequences for 
the textlinguistic approach, not least of which is the problem of circularity that obtains in its approaches to the 
verb (cf. Robar, The Verb and the Paragraph, 67–68; Cook, Time, 184.). There is a lot of potential value in 
uniting the structural sophistication of Talstra's categories with the semantic substance of lexeme behavior. 
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Refitting the Linguistic Task 
 

An empirical approach to semantics in Hebrew linguistics is not a cure to the problem 

of incommensurability. The use of new statistical methods and studies will be in vain if 

certain priorities of research do not change. Enacting these changes requires a complete 

bottom-up rethinking of Hebrew linguistics. These changes include cooperating to construct 

new standards and tools which can serve as a common research language. But it also involves 

reorienting the kinds of research questions that are asked. In some corners of the field, 

positive changes are already happening.118 But in the area of semantics, especially, much 

foundational work needs to be started. This section presents the changes which are needed 

and poses some challenges for the field moving forward. 

In his article "Empirical Cognitive Semantics," Stefanowitsch presents three 

insightful reflections on what it means to refit the linguistic task toward an empirical science. 

His suggestions provide a helpful framework within which to relate the unique situation in 

Hebrew studies. 

First, the field must learn to conduct its work in a way that conforms to established 

protocols and standards of scientific research.119 Stefanowitsch observes that "the 

introduction of experimental and corpus-based methods into a field with very different 

methodological traditions is a dramatic — perhaps even catastrophic — occurrence."120 In a 

field like Hebrew linguistics, most researchers will come from a background in theology, 

                                                 
118 E.g. Jarod Jacobs, “The Balance of Probability: Statistics and The Diachronic Study of Ancient 

Hebrew,” JSem 25, no. 2 (2016): 927–60; Martijn Naaijer and Dirk Roorda, “Syntactic Variation in Masoretic 
Hebrew, The Object Clause Reconsidered,” JSem 25, no. 2 (2016): 961–71; Andrason, “The Complexity of 
Verbal Semantics—An Intricate Relationship between Qatal and Wayyiqtol”; Ken Penner, The Verbal System of 
Dead Sea Scrolls: Tense, Aspect, and Modality in Qumran Hebrew Texts, Studia Semitica Neerlandica 64 
(Leiden: Brill, 2015). 

119 Stefanowitsch, “Empirical Cognitive Semantics,” 356–58. 
120 Stefanowitsch, 357. 
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classics, or humanities. Few will have training in computational tools, acceptable statistical 

practices, or "the nuts and bolts of research design."121 The attempted use of statistics by the 

untrained or unpracticed produce results that, as Cook observes, "only serve as a tally of the 

interpreter's subjective and often predetermined semantic interpretation..."122 Such overeager, 

well-meaning studies ultimately hurt the agenda of advancing an empirical approach. 

Geeraerts expands further on what such rigorous methods look like. Namely, they are 

data-driven, utilize quantitative methods, make proper hypotheses, and take place within a 

cycle of ongoing research.123 Data-driven research can be contrasted with intuition-driven 

research, which depends primarily on introspection as an investigative tool. Introspection 

produces inconsistent and unreliable results even in living language studies,124 and is thus an 

inappropriate method for a dead language like Biblical Hebrew. This includes the bare use of 

sample passages as evidence of linguistic interpretations. Sample passages will always serve 

an important role in a corpus study like Hebrew linguistics. But Hebraists should take care 

that their observations are limited to objectively measurable factors.125 

The data-driven approach also assumes the accessibility and reproducibility of the 

data itself.126 If the data used in a study cannot be accessed or navigated, then the results 

                                                 
121 Stefanowitsch, 358. 
122 Cook, Time, 184. 
123 Dirk Geeraerts, “The Doctor and the Semantician,” in Quantitative Methods in Cognitive 

Semantics: Corpus-Driven Approaches, ed. Dirk Geeraerts and John R. Taylor, Cognitive Linguistics Research 
46 (Berlin: De Gruyter Mouton, 2010), 71–76. 

124 Geeraerts, 66–68; Carson T. Schütze, The Empirical Base of Linguistics: Grammaticality 
Judgments and Linguistic Methodology, Classics in Linguistics 2 (Berlin: Language Science Press, 2016); 
Sampson and Babarczy, Grammar without Grammaticality. 

125 A sample passage by itself should not be used to evaluate semantic hypotheses. Use of a sample 
passage should seek to explain all of the relevant structural and semantic forces in play by inventorying and 
reporting them. One good use of sample passages is ensuring that data collection procedures (code) are 
conforming to the researcher's (non-semantic) expectations. In other words, they can be used to see whether the 
computer code is gathering the features that the researcher expects to analyze and report. 

126 Marcus R. Munafò et al., “A Manifesto for Reproducible Science,” Nature Human Behavior 1, no. 
21 (2017): 1–9; Julien Jomier, “Open Science – Towards Reproducible Research,” Information Services & Use 
37 (2017): 361–67. 
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themselves are useless. Using openly accessible data, and publishing any used computer 

code, allows others to reproduce those results. Only reproducible results are falsifiable and 

subject to scientific inquiry. Thus, Hebrew linguists should seek to limit the use of 

proprietary resources. Open source platforms such as GitHub can be used to publish 

computer code and results.127 

Computational tools are indispensable for empirical data-driven research. Only 

computer code gathers data consistently and can calculate the necessary statistical tests. 

Software tools such as Accordance or Logos can be helpful for lay users but are insufficient 

for rigorous data collection and analysis. Text-Fabric (TF) is the most powerful tool available 

to Hebrew linguists today.128 TF is a free software package available in Python, an easy to 

learn programming language. TF can run searches in the BHSA,129 a complete, freely 

accessible, annotated text of the Hebrew Bible published by the Eep Talstra Centre for Bible 

and Computer (ETCBC).130 BHSA includes syntactic and discourse annotations. Linguists 

should also spend time learning high level ("easy") programming languages like Python and 

R.131 These tools possess numerous data science packages (e.g. NumPy, Pandas, Matplotlib, 

SciPy, Scikit-learn) that can be used in conjunction with TF for data analysis. Queries and 

results can be visualized and analyzed in a Jupyter notebook.132 Jupyter notebooks are HTML 

                                                 
127 https://www.github.com 
128 Dirk Roorda, Text-Fabric, version 5.0.3, Python (The Hague: Data Archiving and Networking 

Services, 2018), https://www.dans-labs.github.io/text-fabric/. 
129 Biblia Hebraica Stuttgartensia Amstelodamensis. https://www.github.com/ETCBC/bhsa 
130 http://www.etcbc.nl 
131 The present author was able to write simple searches and analysis code after about two months of 

Python study on Codecademy (https://www.codecademy.com). For linguists who are not computationally 
inclined, TF enables queries to be run with a more limited query language, TF Search. This tool allows query 
results to be exported to a .csv spreadsheet that could be analyzed with Libre Office's Calc or with Excel.  

132 http://www.jupyter.org 
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documents with written discussion interspersed with code. They can be published online (e.g. 

GitHub) for collaboration, results visualizations, and reproducibility. 

An empirical approach also involves reliable quantitative analysis, namely, a proper 

use of statistics. It is not uncommon in Hebrew linguistics to come across raw counts and 

percentages of linguistic features. Yet raw counts and percentages do not say anything about 

statistical significance.133 Good statistical analysis can reveal patterns in the data that are not 

visible in raw form.134 On the other hand, use of raw counts without adjustments for 

frequency variations can give misleading results.135 To address these issues, Hebraists should 

take advantage of the growing number of statistical instruction manuals catered specifically 

toward linguists.136 

Empirical research formulates predetermined, falsifiable hypotheses. The logical 

foundation of modern science is the principle of falsification defended by Popper.137 It is 

impossible to prove that something is true; however, falsifying it is possible.138 A good 

research hypothesis is always accompanied with what is called a 'null hypothesis'.139 To give 

an example, imagine our hypothesis is "language changes throughout the Hebrew Bible." The 

null hypothesis states the exact opposite: "language does not change throughout the Hebrew 

Bible." In the task of linguistic analysis, then, we do not seek to prove the primary hypothesis 

(also called the 'alternative hypothesis'). We seek to disprove the null hypothesis. We would 

                                                 
133 For an excellent introduction to these issues in the context of Hebrew studies, see Jacobs, “The 

Balance of Probability.” 
134 See Jacob's insightful analysis of the he-locale for an example. Jacobs, 936–41. 
135 Stefan Th. Gries, “Dispersions and Adjusted Frequencies in Corpora,” International Journal of 

Corpus Linguistics 13, no. 4 (2008): 404. 
136 E.g. R. H. Baayen, Analyzing Linguistic Data: A Practical Introduction to Statistics Using R 

(Cambridge: Cambridge University, 2008); Levshina, Linguistics with R. 
137 Popper, The Logic of Scientific Discovery. 
138 Levshina, Linguistics with R, 9. 
139 Levshina, 8. 
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thus look for evidence of language change. We accept the alternative hypothesis only as long 

as we cannot disprove the null hypothesis. The difference is subtle but important. 

Formulating proper hypotheses clarifies exactly what the research is intended to prove and 

prevents scientists from making claims that go beyond the scope of their data. 

An empirical approach takes place in an ongoing process of research. Importantly, 

researchers should not assume too much from the results of their experiments. A single 

negative result does not necessarily falsify a theory. There may be problems with experiment 

design or with outliers.140 Geeraerts provides a more nuanced picture of the experimental 

process than the traditional concept of the cyclical hypothesis > experiment > analysis > 

theory. Specifically, unexpected results may lead to "a change of theory, a change of 

theoretical assumptions and hypotheses within a theory, or a change in experimental 

design."141 Thus, empirical research is iterative, and does not jump to conclusions based on a 

single result. 

Stefanowitsch's second major hallmark of a disciplinary shift towards an empirical 

science is the operationalization of research concepts.142 This step is "the most drastic 

development" because it involves transforming the discipline's very concepts of what it is 

studying. Operationalizing means to redefine the object of study in terms of a formal 

procedure or operation. For instance, the use of a ruler to make measurements operationalizes 

the concept of 'length'.143 In this way, the discipline does not aim to measure the "properties 

of the world" as much as to carry out a specific procedure with an outcome. 

                                                 
140 Geeraerts, “The Doctor and the Semantician,” 74. 
141 Geeraerts, 75. 
142 Stefanowitsch, “Empirical Cognitive Semantics,” 358–70. 
143 Stefanowitsch, 359. 
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To give an example of the issue at hand, in Cook's study of the verb he aims to 

answer the question: "What is the range of meaning for a given form, and what sort of 

contextual factors...might allow us to narrow this range for a given instance?"144 In other 

words, Cook aims at the full essence of his object of study. His analysis is then marked by a 

very sophisticated application of tense, aspect, modality, and discourse theories based on his 

interpretation of the passages. Yet his results are not repeatable, and the methods of his 

intuition are inaccessible. 

Talstra is a good counter-example to Cook. His research program consists of "an 

exhaustive inventory of linguistic forms—at whatever linguistic level—to the assigning of 

grammatical functions to units at their respective linguistic levels."145 Talstra operationalizes 

linguistic analysis into a series of procedures. Every word, phrase, and clause is entered into a 

computer and mapped to a specific analysis string. The analysis is performed under rigorous 

coded rules for grammar and syntax.146 The final results are analyzed using statistical 

approaches, leading to detailed and meticulous results that are not necessarily beautiful to 

look at.147 Van der Merwe comments, "The form-to-function approaches build classes mainly 

in terms of formal distributional criteria and demand long and tedious studies that often yield 

relatively few results."148 

                                                 
144 Cook, Time, xi. 
145 Talstra, “The Viewpoint of Wolfgang Schneider,” 269–70. 
146 For detailed descriptions see Arian J.C. Verheij, Grammatica Digitalis I: The Morphological Code 

in the ‹‹Werkgroep Informatica›› Computer Text of the Hebrew Bible, Applicatio (Amsterdam: VU University 
Press, 1994); Cody Kingham, “ETCBC Data Creation,” July 29, 2017, http://www.etcbc.nl/datacreation/. 

147 See, for instance, Talstra's computer print-outs in Eep Talstra, “Tense, Mood, Aspect and Clause 
Connections in Biblical Hebrew: A Textual Approach,” JNSL 23, no. 2 (1997): 95–96. Also see the statistical 
counts and flowcharts in Gino J. Kalkman, “Verbal Forms in Biblical Hebrew Poetry: Poetic Freedom or 
Linguistic System?” (PhD Dissertation, Vrije Universiteit Amsterdam, 2015). 

148 Van der Merwe, “Discourse Linguistics,” 16. 
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If Hebrew linguistics is to move forwards in the area of empirical semantics, it will 

need many more "long and tedious studies" with small scale results. Simplifying the complex 

task of linguistic analysis into formalized procedures is vitally important for uncovering 

subtleties in language. In the case of semantics, many lower-level, potentially uninteresting 

procedures need to be established before advancing toward larger questions such as the 

meaning of the Hebrew verbal system. This includes developing systems of co-lexeme and 

collostruction analysis for basic semantic classification (N.B. not manually created semantic 

classes, but semantic classes via formalized rules and procedures). This process will require a 

great deal of patience, curiosity about even assumed categories, and a willingness to hold 

loosely to theoretical concerns. 

I close this chapter with Stefanowitsch's final hallmark. A discipline which would 

transform itself into an empirical science must be willing to relegate any untestable theories 

to the metaphysical level.149 By "metaphysical" Stefanowitsch uses Popper's sense of the 

term to refer to theories which lie "beyond anything that could ever be tested empirically."150 

With regard to the linguistic task, Hebraists must be content to treat only that which is 

treatable. Unfalsifiable linguistic theories should not take up the research task. In the context 

of Biblical Studies, Popper's sense of metaphysical returns somewhat to its philosophical 

meaning. Questions about inspiration, canonicity, et cetera lie beyond the bounds of 

empirical inquiry. Other issues, such as historical or text critical reconstructions, lie at the 

boundary point. Somewhere in between testable and metaphysical we may find the issue of 

                                                 
149 Stefanowitsch, “Empirical Cognitive Semantics,” 373. 
150 Stefanowitsch, 372. 
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diachronic versus synchronic approaches.151 But Hebrew linguistics should become wholly 

devoted to those areas which may be definitively tested.

                                                 
151 See the empirical approaches of Naaijer and Roorda, “Syntactic Variation in Masoretic Hebrew”; 

Andrason, “The Complexity of Verbal Semantics—An Intricate Relationship between Qatal and Wayyiqtol.” 
The issue of diachrony often depends on one's view of the Hebrew canon. 
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A VECTOR SPACE EXPERIMENT FOR HEBREW VERB CLASSIFICATION 
 

The previous two chapters focused primarily on a new philosophy of linguistics for 

Biblical Hebrew.152 This one will turn towards putting it into practice. With the exception of 

the available syntactic annotation available through the ETCBC's BHSA, work in Hebrew 

empirical semantics must essentially start from the ground level.153 Before complex issues 

like the verbal system can be addressed, it is necessary to build and test empirical word-level 

semantic classifications. In this segment I lay out the parameters for an experiment that uses 

semantic vector spaces to rate pairwise verb similarities. The experiment deploys 50 different 

vector spaces for each verb in order to model their syntactic, semantic, and discourse 

contexts. I show results for the top 20 most common verbs in the corpus as well as a sample 

analysis for the verb אמר. The test lays a foundation for a future clustering step, in which 

empirical verb classes can be generated using an unsupervised clustering algorithm. 

In recent decades, general linguistics have focused more on the interconnectedness of 

lexicon and syntax.154 In Hebrew linguistics, this new impetus can be seen most evidently 

through studies in frame semantics, role and reference grammar, and verbal valency.155 These 

                                                 
152 For the term "philosophy of linguistics," and for a broader overview of alternative perspectives, see 

Barbara C. Scholz, Francis Jeffry Pelletier, and Geoffrey K. Pullum, “Philosophy of Linguistics,” ed. Edward N. 
Zalta, The Stanford Encyclopedia of Philosophy, 2011, 
https://plato.stanford.edu/archives/win2016/entries/linguistics/. 

153 However, Forbes's work provides some very helpful starting principles. Forbes, “Distributionally-
Inferred Word and Form Classes in the Hebrew Lexicon: Known by the Company They Keep.” 

154 Stefanowitsch and Gries, “Collostructions”; Adele E. Goldberg, Constructions: A Construction 
Grammar Approach to Argument Structure (Chicago: University of Chicago Press, 1995); Susan Hunston and 
Gill Francis, Pattern Grammar: A Corpus-Driven Approach to the Lexical Grammar of English, vol. 4, Studies 
in Corpus Linguistics (Amsterdam: John Benjamins, 2000); Charles Fillmore, “Syntactic Intrusions and the 
Notion of Grammatical Construction,” in Proceedings of the Eleventh Annual Meeting of the Berkeley 
Linguistics Society, ed. M. Niepokuj et al. (Berkeley: Berkeley Linguistics Society, 1985), 73–86; Joan Bybee, 
“The Emergent Lexicon,” in Papers from the Thirty-Fourth Regional Meeting of the Chicago Linguistic Society, 
ed. M.C. Gruber et al. (Chicago: Chicago Linguistics Society, 1998), 421–35. 

155 Stephen L. Shead, Radical Frame Semantics and Biblical Hebrew: Exploring Lexical Semantics, 
BibInt 108 (Leiden: Brill, 2011); Nicolai Winther-Nielsen, “How to Classify Hebrew Verbs: Plotting Verb-
Specific Roles,” in Contemporary Examinations of Classical Languages (Hebrew, Aramaic, and Syriac): 
Valency, Lexicography, Grammar, and Manuscripts, ed. T.M. Lewis, A. Salvesen, and B. Turner, Perspectives 
on Linguistics and Ancient Languages 5 (Piscataway, NJ: Gorgias Press, 2016), 67–94; Janet W. Dyk, “How 
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studies especially focus on the semantic and syntactic arguments that occur around certain 

verb lexemes. Verb lexical semantics are also studied under the rubric of situation aspect 

(Aktionsart) or voice (active/passive).156 Situation aspect refers to the notion of temporal 

qualities that are often intrinsic to a verb lexeme.157 Those who study situation aspect 

typically apply Vendler's four classes: states, activities, accomplishments, and 

achievements.158 Adherents to these categories contend their importance for understanding 

the Hebrew verbal system.159 Thus, testing these fundamental assumptions about verb 

semantics is a prerequisite for evaluating theories on the verbal system. 

Linguists have begun to recognize the need to reevaluate these kinds of established 

categories.160 This includes Hebrew studies, where even fundamental categories like part-of-

speech need to be carefully assessed.161 An empirical approach to semantics should be 

capable of evaluating these categories; thus, their reality should not be simply assumed. This 

                                                 
Do Hebrew Verbs Differ? A Flow Chart of Differences,” in Contemporary Examinations of Classical 
Languages (Hebrew, Aramaic, and Syriac): Valency, Lexicography, Grammar, and Manuscripts, ed. T.M. 
Lewis, A. Salvesen, and B. Turner, Perspectives on Linguistics and Ancient Languages 8 (Piscataway, NJ: 
Gorgias Press, 2016). 

156 F.W. Dobbs-Allsopp, “Biblical Hebrew Statives and Situation Aspect,” JSS 45, no. 1 (2000): 21–53; 
Cook, Time, 196. 

157 Dobbs-Allsopp, “Biblical Hebrew Statives and Situation Aspect,” 25. 
158 'states' describe ongoing and "homogenous" events; activities are "homogenous, durative, and 

unbounded" and involve change; accomplishments are like activities but bounded (have an end point); and 
achievements are "dynamic and terminally bounded" but "also non-durative, or punctual." Dobbs-Allsopp, 28–
29; Zeno Vendler, Linguistics in Philosophy (Ithaca: Cornell University Press, 1967), 97.  

159 "No Hebrew scholar will be able to make valid claims on the precise meaning of Hebrew verbs 
without knowledge of the basic mechanisms of semantic roles..." Winther-Nielsen, “How to Classify Hebrew 
Verbs: Plotting Verb-Specific Roles,” 69; "A fully comprehensive and compelling understanding of the Hebrew 
verbal system will not be forthcoming until we reconceive our notion of aspect to include, at the very least, an 
assortment of semantic components and discourse pragmatic implicatures." Dobbs-Allsopp, “Biblical Hebrew 
Statives and Situation Aspect,” 22. 

160 Levshina and Heylen, “Experiments with Dutch Causative Constructions”; Hunston and Francis, 
Pattern Grammar.  

161 Cynthia L. Miller-Naudé and Jacobus A. Naudé, “A Re-Examination of Grammatical 
Categorization in Biblical Hebrew,” in From Ancient Manuscripts to Modern Dictionaries: Select Studies in 
Aramaic, Hebrew and Greek, ed. Society of Biblical Literature, Tarsee Li, and Keith D. Dyer, Perspectives on 
Linguistics and Ancient Languages 9 (Piscataway, NJ: Gorgias Press, 2017), 273–308.Forbes, “Distributionally-
Inferred Word and Form Classes in the Hebrew Lexicon: Known by the Company They Keep.” 
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present experiment will not test all verb class models, which is reserved for future efforts. 

Further work is needed to test more complex semantic theories such as situation aspect. 

Especially, semantic tendencies of nouns need to be analyzed as before examining verb 

contexts. 

Verbal valency is a simpler approach to verb classification since it looks primarily at 

syntactic features. In verbal valency research, arguments like 'complement' and 'object' are 

considered vital for verb meaning. These arguments are considered part of an obligatory set 

of features needed for a sentence to be "grammatically correct."162 This present analysis will 

be particularly relevant for testing the validity of such claims, as well as analyzing whether 

categories such as 'complement' and 'object' are truly most pertinent to a verb's classification. 

Classification schemes assume overlapping features for verbs without considering 

their individual semantic idiosyncrasies.163 This project will ask a broader question: what 

kinds of syntactic, semantic, and discourse features contribute to verb similarities? For 

instance, valency research assumes a distinction between 'complements' as obligatory 

elements and 'adjuncts' as optional. Is this true? Efforts to prove a sharp division between 

these two categories have "proven to be less than watertight."164 Thus it is worth considering 

alternative possibilities. Perhaps the 'adjunct' category could lead to important distinctions 

between verbs. Or perhaps other features not yet recognized could contribute to the 

similarities and differences. 

This experiment will thus test a wide variety of features between verbs using the 

kinds of vector spaces described in chapter 2. The results of these tests are then averaged 

together to derive rankings for verb similarities. Matches can be found amongst the rankings 

                                                 
162 Dyk, “How Do Hebrew Verbs Differ? A Flow Chart of Differences,” 35. 
163 Schulte im Walde, “Experiments on the Automatic Induction,” 159. 
164 Dyk, “How Do Hebrew Verbs Differ? A Flow Chart of Differences,” 35. 
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which are rather intuitive and demonstrate the efficacy of the vector space method for 

deriving semantic information. However, there are other matches which are surprising, and 

do not seem to match what might be intuitively expected.165 Evaluating the differences 

between these two types of matches is a key aspect of this study. 

 

Experiment Design 
 

Semantic vector spaces can be employed to measure nearly any kind of contextual 

feature around a given target word. In their simplest implementation, vector spaces count 

words immediately to the left or right of the target within a window of N-words (2 words, 3 

words, etc.). This model is referred to as a "bag of words" approach since it does not account 

for any syntactic or semantic relationships to the target word.166 Bag of words models 

typically ignore function words by excluding them in a 'stop list'. This way, only content 

words are counted.167 Research has shown that larger window sizes around a target word will 

capture looser semantic associations.168 One problem with bag-of-words models is that they 

end up counting lexemes which very loose associations. A different method of context 

selection is to utilize syntactic relations. Padó and Lapata, for instance, find marked 

improvements in their model performance when including syntactic data.169 Levshina 

successfully uses syntactic context in her empirical study of the Dutch causative 

                                                 
165 Intuition in this case is not intended as a method of theory testing but as a way of evaluating the 

performance of the experiment. Intuition certainly plays a key role in scientific tests, as seen here. On the role of 
intuition in experiment design, see Geeraerts, “The Doctor and the Semantician,” 75–76.  

166 Levshina and Heylen, “Experiments with Dutch Causative Constructions,” 26. 
167 Padó and Lapata, “Semantic Space Models,” 163. 
168 Yves Peirsman, Kris Heylen, and Dirk Geeraerts, “Size Matters: Tight and Loose Context 

Definitions in English Word Space Models,” in Proceedings of the ESSLLI Workshop on Distributional Lexical 
Semantics: Bridging the Gap between Semantic Theory and Computational Simulations, ed. Marco Baroni, 
Stefan Evert, and Alessandro Lenci (Hamburg: European Summer School in Logic, Language and Information, 
2008), 34–41. 

169 Padó and Lapata, “Semantic Space Models.” 
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construction.170 Yet, an even more sophisticated approach is to count all relevant syntactic 

arguments within a clause as a single frame, called a subcategorization frame model.171 

In addition to different kinds of context selection routines, there are also various ways 

to tokenize (turn into words) a cooccurring element. These include taking the lexical form, 

part of speech, semantic class, syntactic relation, or any combination of these categories.172 

Phrase level tokenization can also take into account the lexeme or type of a preposition (e.g. ל 

+ noun). A tokenized cooccurring element is referred to as a 'basis' element. The basis 

element is what is counted in the cooccurrence matrix. 

Semantic vector spaces typically apply statistical transformations to raw counts based 

on expected and observed frequencies.173 This is because corpus data contains uneven 

frequencies of lexemes that can bias results.174 When a basis element is relatively common in 

the corpus, its cooccurrence with a target word is less significant. On the other hand, if a 

basis element is relatively rare in the corpus but occurs frequently with a certain target 

lexeme, then the basis is likely to be more significant. Count adjustments such as the positive 

pointwise mutual information score (PPMI) give more weight to these kinds of informative 

occurrences.175 

Once all of the data is gathered and the raw counts are adjusted, the last step is to 

apply a distance metric to measure the distance between the word vectors. The distance is a 

decimal between 0-1 that describes how far apart two word vectors are. By inverting this 

                                                 
170 Levshina and Heylen, “Experiments with Dutch Causative Constructions.” 
171 Levshina and Heylen, 27. 
172 Padó and Lapata, “Semantic Space Models,” 175; Levshina and Heylen, “Experiments with Dutch 

Causative Constructions,” 29–32. 
173 Levshina, Linguistics with R, 326–28; Padó and Lapata, “Semantic Space Models,” 174. 
174 See Gries for illustrative examples. Gries, “Dispersions and Adjusted Frequencies.” 
175 Levshina, Linguistics with R, 327. 
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number, one can convert a distance score into a similarity score. There are various similarity 

measures used in semantic vector spaces, but the cosine similarity score is the most 

common.176 This similarity measure is especially appropriate for two reasons. First, cosine 

similarity measures orientation within a space rather than magnitude.177 This is especially 

important when analyzing linguistic data since count adjustments cannot fully solve 

unevenness in frequency. To give an example, imagine we have two target words. For each 

one we count two features throughout the corpus, discourse versus narrative. One target is 

used more frequently and has a higher number of feature counts. Yet, let's assume that the 

proportion of the two features, relative to the counts, are similar. If we plot the frequency of 

those features, we can see that they are far apart in magnitude. But in terms of their angle 

they are relatively close:  

 

                                                 
176 Levshina and Heylen, “Experiments with Dutch Causative Constructions,” 24. 
177 Christian S. Perone, “Machine Learning :: Cosine Similarity for Vector Space Models (Part III),” 

Terra Incognita (blog), December 9, 2013, http://blog.christianperone.com/2013/09/machine-learning-cosine-
similarity-for-vector-space-models-part-iii/. 
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Figure 2: Hypothetical Feature Counts for Two Targets 

 

Despite the discrepancy in sample sizes, the relationship between the features in each target 

word has a relatively similar correlation. Another reason the cosine similarity measure is 

favored for corpus data is due to the analogy of space that the measure assumes. A spatial 

analogy is helpful when considering word similarities since words can be imagined as further 

apart or closer together.178 

The ability of semantic vector spaces to model so many features surrounding a verb 

makes it an excellent investigative tool for the issue of verb classification. Rather than 

constructing a single space with only one kind of basis element, we can build many spaces in 

order to measure context similarity across a range of features. This will allow us to examine 

which space's similarity scores are higher or lower when a match seems intuitively correct; 

and likewise, we can see which scores are higher in surprising matches. In doing so, we 

                                                 
178 Levshina and Heylen, “Experiments with Dutch Causative Constructions,” 24. 
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might be able to discern which features, if any, most commonly discriminate between 

intuitive and surprising matches. If no consistencies are found, it may suggest that surprising 

matches represent real, unexpected commonalities. 

This project constructs a total of 50 different spaces, each of which models a separate 

aspect of verbal context. The spaces are divided into two strategies: inventory experiments 

and frame experiments. Inventory experiments count individual basis elements, e.g. 'object', 

within a verb's clause. Frame experiments count all relevant elements in a clause as a single 

token (also called a string). Frame experiments may count all arguments (e.g. 

'object.complement.complement'), or they may count only a single kind of argument (e.g. 

'object.object', for double object constructions). 

The experiments test three kinds of context. First, several different discourse contexts 

are tested including word window (within 4 words), clause window (content words in 

clause), clause chain window (content words in discourse chain). In addition to the window 

experiments, a verb parallelism experiment is constructed which compares verbs based on 

their parallelisms.179 Another two discourse experiments test simply whether the verb occurs 

in narrative or discursive portions, both simple or embedded versions.180 Second, one 

experiment tests how often certain lexemes occur with certain verb conjugations (e.g. 

wayyiqtol, qatal, etc.). Third, the experiment examines syntactic contexts within the clause. 

The following syntactic argument types are tested: subject, object, complement, and adjunct. 

Since a guiding concern of this study is to test the validity of these categories, two additional 

                                                 
179 Namely, the experiment records what other verb (the basis element) is in the paralleled bi-cola. This 

experiment selects from poetic books (Isaiah-Lamentations) for texts marked "D" (discourse) or "Q" 
(quotation). Additional parameters check to make sure the two clauses are close in length (within 3 words) and 
that both clauses are independent. These parameters can be seen in parameters.py starting at line 3108: 
https://github.com/codykingham/verb_semantics/blob/master/project_code/parameters.py  

180 The database at the Eep Talstra Centre for Computer encodes these categories. Simple versions are 
simply marked "N" or "Q"; embedded discourse is tagged as, e.g., "QQN." 
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argument types are made from the object, complement, and adjunct categories. These are: 

complement + adjunct ('coad') and object + complement + adjunct ('allArg''). 

Bases are tokenized using four different procedures. The simplest is the 

'presence/absence' token, which simply counts whether the tested argument is present in the 

clause or not. Frame presence/absence experiments count multiple instances at once. Lexeme 

tokenization takes the lexical form of the head word for the given argument phrase.181 The 

last two tokenization measures are intended to be tentative and experimental. A set of 

semantic classes are derived using De Blois's Semantic Dictionary for Biblical Hebrew 

resource (SDBH).182 The first of these is a simple semantic domain string with tags like 

"Objects", "Beings", "Wild Animals." In the second set, I derive categories of "animate" and 

"inanimate" from these domain strings. In these experiments, every argument head word, 

assuming it is a noun, is converted to either its semantic domain string or a simple 

'animate'/'inanimate' category. Moving forward, these classes should be replaced with 

empirically derived versions.183 But for this project it was helpful for testing a common 

assumption that classes such as 'animacy' contribute to verbal arguments.184 

                                                 
181 For frame experiments this is a bit more complex. Frames can have single argument phrases with 

coordinated (i.e. multiple) head elements. In these cases, each head element is counted with the other relevant 
arguments as its own, instantiated frame. So, for instance, in the sentence: "Jan went with Bill to the pool, the 
mall, and by the arcade" each complement would receive its own frame: withBill.toPool; withBill.toMall; 
withBill.byArcade. This method avoids false positives for multiple object or complement frames. 

182 I'm grateful to Reinier for permission to use the SDBH data. Reinier de Blois, “Towards a New 
Dictionary of Biblical Hebrew Based on Semantic Domains” (PhD Dissertation, Vrije Universiteit Amsterdam, 
2000); Reinier de Blois, Semantic Dictionary of Biblical Hebrew, version 2017-11-29 (United Bible Societies, 
2000), http://www.sdbh.org/dictionary/main.php?language=en. 

183 It was a difficult choice on whether to include these ad hoc classifications. A previous version of 
this experiment attempted to create word vectors for each of these nouns in a similar way that this project is 
doing with the verbs. The goal was to then use those word vectors, instead of any ad hoc classifications. 
However, the results were not satisfying (see 
https://github.com/codykingham/verb_semantics/tree/master/phase2) since the noun vectors are too noisy and 
need to be carefully processed in the same way as I am doing here with the verbs. The derived animacy 
categories are very limited, due in part to the limited coverage of SDBH. 

184 Levshina and Heylen find strong predictive power in animacy categories in their empirical study. 
Levshina and Heylen, “Experiments with Dutch Causative Constructions,” 36. 
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In all experiments, except for the presence/absence versions, prepositional phrases are 

tokenized differently. For non-object phrases, the complete token is built by adding the 

lexicalized preposition to the token argument, e.g. ל + animate, היכל + ב. All Hebrew 

characters are written in the Eep Talstra Centre for Bible and Computer transcription 

format.185 

Each of the 50 experiments receives a shorthand code for identification purposes. 

Those codes were constructed using the following template: 

'strategy_verbArgument_tokenFormat'. Appendix 1 explains all experiment names. 

Each experiment deploys the same selection criteria for identifying target verbs, 

namely:186  

1. Verb must be either in a predicate function phrase or a participle in a participle function 
phrase. 

2. Verb must have a part of speech of 'verb'. 
3. Verb must be Hebrew. 
4. Verb must have a corpus frequency of at least 9.  
5. Verb must have a minimum number of 10 basis counts. 

 
In addition to these selection restrictions, every verb is broken down into its representative 

stems (e.g. qal, hiphil). The verbs are then tokenized, in ETCBC transcription, with this stem 

attached (e.g. '>MR[.qal'). Different experiments end up with slightly more or less target 

verbs due to the selection restrictions for each feature. The smallest experiment is an 

inventory, adjunct, animacy experiment with 108 target verbs. The best measure, however, 

for qualifying verbs is the presence/absence experiments. All presence/absence experiments 

have a total of 292 common target verbs. For this analysis we only look at a select sample of 

verbs. 

                                                 
185 See the transcription table at https://github.com/ETCBC/shebanq/wiki/BHSA-Transcription 
186 See parameters.py lines 32-58. 

https://github.com/codykingham/verb_semantics/blob/master/project_code/parameters.py 



 45 

In most cases, an experiment uses the positive pointwise mutual information score 

(PPMI)187 for count adjustments. For some tests (e.g. presence/absence), there are only a few 

basis features. Thus, for these the PPMI method is not appropriate (since it looks for 

surprising lexical occurrences). For all experiments with less than 9 basis values, I apply a 

simple normalization by dividing the feature counts by the sum of all feature counts.188 For 

measuring distance with PPMI-adjusted scores, I use the cosine method. For distances 

between the simple normalizations, I use a Euclidean distance formula,189 since magnitude in 

this case indicates important differences. 

Each of the 50 experiments outputs a separate set of similarity scores per verb. In this 

experiment we will test the idea that an average of all similarity scores will produce the best 

results. The hypothesis is that a verb is like a multifaceted object, and that each experiment 

will analyze a separate aspect of its semantics. Because each experiment has a different 

maximum similarity value, we adjust all similarity scores according to the 75th percentile of 

the maximum similarity scores. 

Python is the primary tool used for the project. The code is executed through .py files 

or in Jupyter notebooks. Jupyter Lab is used to compose and edit .py files and notebooks. The 

corpus data used for this study is the text and annotations of the Eep Talstra Centre for Bible 

and Computer (ETCBC). The version of data used is the continuous ("c") variant, which is 

regularly updated from the ETCBC's main server. The data is available in Text-Fabric 

                                                 
187 " 𝑃𝑃𝑃𝑃𝑃𝑃(𝑥𝑥, 𝑦𝑦) =  𝑙𝑙𝑑𝑑𝑑𝑑2

𝑝𝑝(𝑥𝑥,𝑦𝑦)
𝑝𝑝(𝑥𝑥)𝑝𝑝(𝑦𝑦)

 " where x is a target word and y is a contextual feature, and "where 
𝑝𝑝(𝑥𝑥,𝑦𝑦) is the probability of co-occurrence of 𝑥𝑥 and 𝑦𝑦, 𝑝𝑝(𝑥𝑥) is the probability of 𝑥𝑥, and 𝑝𝑝(𝑦𝑦) is the probability of 
𝑦𝑦." Replace all negative values with zero. Levshina, Linguistics with R, 327. I am indebted to Etienne van de 
Bijl who helped me with the statistics and corrected some mistakes in my code. 

188 The next experiment up, vi_cmpl_animacy, contains 39 basis features. In this case, there are only 
two basis values: 'animate' or 'inanimate'. But because of the prepositional lexemes, there are many more values. 
The PPMI adjustment is more suitable for this experiment and all others with these higher number of potential 
values. 

189 https://en.wikipedia.org/wiki/Euclidean_distance 
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format, which is a plain-text, single column format of annotations stored in various feature 

files.190 TF uses a graph model by which it connects features stored in .tf files to linguistic 

objects conceptualized as nodes. Relationships between objects in the database are stored as 

edges in a .tf feature file. The TF data model has a corresponding Python package which can 

load the nodes, edges, and their features into a series of data classes. The classes can then be 

used to find nodes with certain features or edge relationships. TF also has a new query class 

which can run queries on the data that are isomorphic (same in appearance) to the linguistic 

contexts. Pandas dataframes are used for constructing cooccurrence matrices and for 

performing statistical calculations.191 Matplotlib and Seaborn are used for visualizations.192 

The experiment progressed through three steps: data preprocessing, data validation, 

and visualizing results. Much preprocessing work was needed before the experiment could be 

constructed. This is due to the lack of granular phrase embedding in the ETCBC data model. 

In particular, selecting phrase heads becomes an especially complex problem when working 

in the ETCBC framework. In order to extract head words accurately, one must coordinate the 

word-level part of speech feature with the phrase-level phrase-type features.193 This must be 

done through a series of rather complex rules. The heads algorithm was developed in a 

separate project repository. The problem, methodology, and results are extensively described 

there.194 

                                                 
190 Roorda, Text-Fabric. 
191 Wes McKinney, “Data Structures for Statistical Computing in Python,” Proceedings of the 9th 

Python in Science Conference, 2010, 51–56; Wes McKinney, Pandas, n.d., https://pandas.pydata.org. 
192 John D. Hunter, “Matplotlib: A 2D Graphics Environment,” Computing in Science & Engineering 9 

(2007): 90–95; John D. Hunter, Matplotlib, n.d., https://matplotlib.org; Michael Waskom et al., “Seaborn: 
V0.5.0 (November 2014)” (Zenodo, November 14, 2014), https://doi.org/10.5281/zenodo.12710. 

193 See feature documentation at https://etcbc.github.io/bhsa/features/hebrew/c/0_home.html 
194 I am thankful for Christiaan Erwich's collaboration on this mini-project. There are still limited edge 

cases that the algorithm misses. These have been carefully excluded through feature selection requirements in 
the parameters file. For the heads project, see 
https://github.com/ETCBC/lingo/blob/master/heads/getting_heads.ipynb 
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For data validation I reviewed the data integrity with a customized, interactive review 

program. This step is necessary to ensure that all data selection parameters are working 

correctly. The interactive program is needed due to the sheer size of the dataset (the 

experiment 'vf_argAll_lex' alone has 14,761 unique feature values). To account for this 

problem, the review program selects random samples from all experiments for validation. 

The program shows each feature selection in context by displaying the Hebrew text and 

syntactic divisions to ensure that the data has been selected correctly (using TF's B.show). 

For each of the semantic domain experiments, I reviewed 75 random samples.195 For all other 

experiments I reviewed 50 examples each. For some experiments I performed multiple passes 

after corrections were made. Throughout the process a log was kept containing the issues 

encountered. The data review process can be seen in the following footnote, with the log 

found at the bottom of the notebook.196 

The final step is data analysis. The data is gathered and adjusted through three 

primary Python files: parameters.py, experiments2.py, and semspace.py. The first, 

parameters.py, contains a series of TF search templates which are mapped to tokenizer 

functions.197 This mapping step is important because specific functions expect specific shapes 

of data, e.g. handling prepositional phrases differently than noun phrases. Templates are 

grouped together with functions in a Python data container called a tuple. experiments2.py 

contains a data class, Experiment, which requires the parameters.py tuples.198 It also requires 

an instance of TF. Using these two prerequisites, Experiment runs the TF search templates 

and makes the appropriate counts for each experiment. It stores a cooccurrence matrix in the 

                                                 
195 I reviewed more of these since this is a ported dataset.  
196 https://nbviewer.jupyter.org/github/codykingham/verb_semantics/blob/master/data_validation.ipynb 
197 https://github.com/codykingham/verb_semantics/blob/master/project_code/parameters.py 
198 https://github.com/codykingham/verb_semantics/blob/master/project_code/experiments2.py 
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form of a Pandas Dataframe. The module semspace.py contains a class, SemSpace, which 

takes in the Experiment class in order to apply the count adjustments. The chart below shows 

the data pipeline: 

 

 

Due to the large amount of data that is collected, the entire run takes about 30 minutes.199 To 

prevent this step, the data is saved after a run using a process called pickling.200  Once the 

data is loaded and processed, a set of visualizer functions within the analysis notebook are 

used to show the data. Visualization is an important step in analyzing large datasets since it 

                                                 
199 Part of this performance slow-down is due to the choice of using TF Search templates instead of 

more efficient TF data classes. A previous iteration of this project did experiment with using TF data classes; 
however, due to the many different parameters that need to be coordinated it was more difficult to keep track of 
the code. With TF search templates, there is a simple template string which corresponds to a specific tokenizer 
function. These are both packaged in a tuple, so it is always a simple matter of checking that tuple when 
something goes wrong. 

200 Specifically, the Python module dill must be used to account for lambda functions. 

BHSA (ETCBC) 
TF data 

Text Fabric parameters.py 

experiments2.py 

semspace.py 

Jupyter Notebook 
(analysis) 

Figure 3: Semantic Space Pipeline 

https://github.com/ETCBC/bhsa
https://github.com/ETCBC/bhsa
https://dans-labs.github.io/text-fabric/
https://github.com/codykingham/verb_semantics/blob/master/project_code/parameters.py
https://github.com/codykingham/verb_semantics/blob/master/project_code/experiments2.py
https://github.com/codykingham/verb_semantics/blob/master/project_code/semspace.py
https://nbviewer.jupyter.org/github/codykingham/verb_semantics/blob/master/first_analysis.ipynb
https://nbviewer.jupyter.org/github/codykingham/verb_semantics/blob/master/first_analysis.ipynb
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can grant insight into the shape of the data. These visualizations will be shown in the next 

section during the presentation of results. 

All data generated during this project is completely free of license and accessible in 

the name of reproducibility and open science. I have archived a copy of the entire data 

repository in Zenodo at the footnoted link.201 

 

Experiment Results 
 

I will now present samples of the experiment results. First, a test is shown which 

looks to see which of the arguments appear to create the most discrimination between the 

verbs. Second, a detailed analysis of three matches to אמר is given. This helps to provide an 

idea of how the model is working and discern why surprising matches occur. Afterwards I 

show the top 5 matches for the 19 next most common verbs.  

 

Argument Discrimination 

Presence/absence, inventory experiments test whether a given argument is present with a 

specific verb. Below is a strip-chart. Strip charts visualize the distribution of arguments 

throughout the verbs in the dataset. Each strip and color represent a single experiment; every 

dot in the plot represents a single verb lexeme. The experiment names are given on the x-

axis. The y-axis contains the ratio (%) of attested occurrences with the argument in question. 

In order of appearance from the left, the experiments test the ratio of arguments labeled 

object, complement, adjunct, complement+adjunct, and all. For experiment names and what 

they mean, see Appendix 1. 

                                                 
201 Cody Kingham, Codykingham/Verb_semantics: Final (Version v1.0), Zenodo, 2018, 

http://doi.org/10.5281/zenodo.1340652. 
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Immediately we can see that the object argument (blue) appears to create the most separation 

between verbs. There are clumps around 0 and 1 respectively.202 The center shows a sparser 

distribution. There are slightly more verbs above 0.50. There is also a perceptible gap around 

0.20. The complement argument shows a fairly even spread across verbs with slightly less 

verbs over 0.50. The adjunct experiment (green) shows that most verbs occur with an adjunct 

less than 50% of the time. The 'coad' (complement+adjunct; red) experiment also shows a 

fairly even spread, with slightly more verbs above 0.50. There seem to be slightly more 

clumps toward the center as compared with the object experiment where clumps are 

restricted to the edges. The 'allarg' (object+complement+adjunct; purple) has an inverse 

shape from the adjunct experiment, with the majority of verbs occurring with at least one of 

the arguments. 

 

Rated Similarities to אמר 

 is the most common verb in the dataset. Only some initial analyses and samples אמר

of its ranked similarities can be provided here. For full analyses or אמר but also of 5 other 

verbs, see the Jupyter notebook.203 

The chart below visualizes the top 5 similar verbs to אמר (>MR[.qal in ETCBC 

transcription with stem addition). 

                                                 
202 That is, these verbs occur 100% of the time with an object or 0%. Note that from now on I will often 

refer to ratios without % sign. 
203 https://nbviewer.jupyter.org/github/codykingham/verb_semantics/blob/master/first_analysis.ipynb 
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 ,נתן ,דבר ,קרא appears to perform very well. The transcribed forms correspond, in order, to אמר

  .נגד and ,דבר ,קרא Intuitive matches are .עׂשה and ,נגד

The similarity scores between אמר and קרא per experiment are shown in the bar chart 

on the following page. The chart indicates the scores for each experiment in which the verb 

pairing is attested. Each color group represents a different experiment strategy while different 

shades represent different tokenization methods. The darker shades represent data which is 

expected to be more specific (i.e. moving from presence/absence [least specific] to lexeme 

[most specific]). 
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The chart shows that אמר and קרא share very similar contexts at the discourse domain 

and clause levels. They also have very similar preferences for attracting the presence of 

adjuncts and complements, but they differ in their simple preference for an object. אמר and 

 differ even more in the kind of objects which they prefer, both by semantic domain and קרא

lexeme. The two verbs also tend to select different adjuncts in the animacy, semantic domain, 

and lexeme experiments. However, אמר and קרא share a high similarity in their complements 

across animacy, semantic domain, and lexical categories. Finally, both אמר and קרא share 

similar kinds of subjects. Notably, they share similarity in both subject and complement 

animacy, which may be a key factor in differentiating communication verbs like these. 

Further investigation in the notebook shows this to be the case, with many shared 

complements using the אל and  ל prepositions directed towards persons. 

One of the key differences between אמר and קרא occurs in the object experiments.  

The chart below plots the presence/absence inventory experiment for the object argument. It 

shows the אמר prefers the object far more than 204.קרא 

 

 

                                                 
204 Note that the ETCBC data does not formally mark objects for אמר. However, it does indicate the 

beginning of speech. Thus, wherever a verbum dicendi is found with a daughter clause marked for speech, the 
experiment counts the presence of an object. This only works, of course, for presence/absence experiments.  
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Further investigation of this difference yields several cases where אמר and קרא occur together 

in constructions such as ויקרא...ויאמר (see the notebook).205 Thus, we can see that although 

these two verbs share many similarities, they differ in their requirement of an object. 

The following page displays the scored similarities between אמר and רדב . 

                                                 
205 https://nbviewer.jupyter.org/github/codykingham/verb_semantics/blob/master/first_analysis.ipynb 
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As was the case with אמר and קרא, the object experiments consistently score lower. 

Further inspection shows that the preference for an object with דבר is lower than even קרא. 

 

These patterns show that while אמר is similar to both דבר and קרא, it more frequently bears a 

direct object.  

Now we turn to the first surprising match. Why is אמר and נתן ranked as similar? Their 

similarities are plotted on the next page. 
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We can see high levels of agreement across object experiments. Yet, it is significant 

that this high level of agreement in the presence/absence of an object is not matched in the 

domain and lexeme experiments. This is suspect since previous high levels in complement or 

object experiments were also matched across domain and lexeme tests. On the next page we 

compare the difference in similarity between two pairs, that is, between אמר and נתן as 

compared with אמר and קרא. This allows us to see where the main differences are between an 

intuitive match and a surprising match. Red bars indicate decreases in similarity in the 

primary pair (in this case אמר and נתן) as compared with the comparison pair. Blue bars 

represent increases in similarity. 
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The primary increases in similarity come in the object and adjunct experiments. נתן and אמר 

actually share very similar object preferences: 
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However, these high similarities in presence/absence experiments are not shared in the 

domain and lexeme versions of the object tests. This shows that while these two verbs share a 

preference for objects in general, the kinds of objects they take are different. 

This preliminary analysis shows that אמר has a strong preference for object arguments 

that distinguishes it even from its intuitive matches. Between its intuitive matches, the 

complement experiments significantly contribute to the similarity score. There are also higher 

degrees of similarity in animacy for both subject and complement arguments with the 

intuitive matches. 

 

Similarities for 19 Remaining Top Common Verbs 

Below I present the similarity charts for the remaining 19 of the top 20 most common 

verbs. These similarities show that the model works well, but there remain many cases that 

need to be investigated. 
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Experiment Evaluation 
 

The experiment yields good results, but still many surprising anomalies remain. 

Preliminary analyses in the Jupyter notebook suggest that high scores in the adjunct 

experiments result in many of the surprising matches. Future efforts could seek to moderate 

this argument's contribution. Typically, intuitive matches are those that agree in object and 

complement arguments. But high similarity must be observed in both presence/absence and 

domain and lexeme tests. The observation that object and complement experiments give good 

intuitive results, as well as the discrimination seen at the beginning of this analysis in the 

strip chart, gives support for the importance of these categories in valency studies. 

Furthermore, the experimental classes of 'coad' and 'allarg' appear to mainly respond to lower 

or higher similarities in their constituent categories. In the more extensive notebook analysis, 

these categories do not seem to play any discriminating roles. The semantic domain 

categories produced sometimes helpful results, especially when it comes animacy amongst 
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the communication verbs. However, it seems that often higher values in these categories 

correspond with higher values in lexical tests as well. Thus it is an open question whether 

these ad hoc classes are really necessary to achieve good verb similarity results.
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CONCLUSIONS 
 

Philosophers once endlessly debated basic principles about the physical laws of the 

universe. It was not until they built new apparatuses with increasing precision that they could 

test each other's theories and put difficult arguments to rest. These tools enabled them to see 

their objects of study with new eyes. They peered out into space and down into microcosms. 

With the arrival of computational tools and corpus data, some have begun to wonder whether 

a similar situation has come to linguistics: 

Within a very short period of time, linguists have acquired new techniques of observation. The 
situation is similar to the period immediately following the invention of the microscope and the 
telescope, which suddenly allowed scientists to observe things that had never been seen before.206 

 
It remains to be seen whether computational tools will truly bring about such hopeful 

aspirations. But there can be no doubt that computational and statistical tools are 

revolutionizing the way linguistic research is being done. In Hebrew linguistics there remains 

much room for applying the insights that have been gained outside the field, especially in the 

area of empirical semantics. This project has sought to articulate the relevance of these 

advancements for the study of the Hebrew verb. The experimental results demonstrate that it 

is possible to locate semantic meaning with minimal human input. This fact alone holds 

potentially huge implications for research in grammar and linguistics, but also for 

hermeneutics and exegesis. It is hoped that this project, in some small way, has contributed to 

opening the door to these possibilities.

                                                 
206 Michael Stubbs, Text and Corpus Analysis (London: Blackwell, 1996), 231. 
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APPENDIX 1: EXPLANATION OF EXPERIMENT NAMES 
 

There are 4 strategies: 

• vi - Verb inventory (vi) makes inventories of verbal arguments based on their simple 
presence within the clause. The presence of multiple instances will be counted 
multiple times.  

• vf - Verb frame (vf) experiments take into account all elements at once within the 
clause. If multiple instances are present, they are all recorded into a single string or 
frame.  

• vd - Verb domain experiments (vd) create an inventory of surrounding words within a 
given discourse or context.  

• vg - The single verb grammar experiment (vg) simply measures how often a term 
occurs in a specific verbal tense, based on the assumption that similar verbs might 
also prefer similar tenses. 

The arguments which are tested by verb inventory and frame experiments are as follows: 

• subj - subject, which is only counted by verb inventory experiments 

• objc - object 

• cmpl - complement (including lexicalized preposition info, e.g. L+COMPLEMENT) 

• adj+/adju - adjunct, which includes tags for location, time, and predicate adjuncts 
(hence the + sign) (including lexicalized preposition info). 

• coad - complement and adjuncts together (including lexicalized preposition info) 

• allArg - object, complement, and adjunct arguments together (including lexicalized 
preposition info) 

For verb domain we test the following contexts that enclose the verb: 

• simple_domain - i.e. N, Q, D for narrative, quotation, discourse 

• domain_embed - these are the nested codes of simple_domain, e.g. NQ (quotation 
within narrative) 

• con_chain - this gathers terms (excluding stop words) across a clause chain for all of 
the clause's daughter clauses 

• con_clause - this gathers terms (excluding stop words) across the enclosing clause 

• con_window - this gathers terms within a window of 2 to the left and right of the verb 

• par_lex - this looks at instances of parallelism in poetry to find corresponding verbs 
between various bicola 

Data points which are gathered for all of these categories are: 

• pa - the simple presence/absence of a given verbal argument. Absent values receive a 
null string (ø) 

• lex - lexemes of the coocurring terms 



 II 

• domain - semantic domain of the cooccuring terms based on the Semantic Dictionary 
of Biblical Hebrew (De Blois, UBS). NB these semantic "domains" are different from 
verb discourse data (domain) listed above. 

• animacy - the animacy of a given term based on a custom mapping to SDBH semantic 
domains 

Below are the names of all 50 experiments as well as the number of parameters they contain. 
The first value in the parenthesis is the number of basis elements. The second value is the 
number of target words that were tested. The experiment names are ordered by the amount of 
basis elements. 

 

Experiment Names and Counts 
 
vi_subj_animacy: (2, 180) 
vi_allarg_pa: (2, 694) 
vi_objc_pa: (2, 714) 
vi_adj+_pa: (2, 734) 
vi_cmpl_pa: (2, 734) 
vi_coad_pa: (2, 734) 
vf_obj_pa: (3, 694) 
vd_domain_simple: (3, 704) 
vf_cmpl_pa: (4, 725) 
vi_objc_animacy: (5, 173) 
vf_adju_pa: (7, 733) 
vf_obj_animacy: (8, 127) 
vf_coad_pa: (8, 734) 
vg_tense: (8, 734) 
vi_cmpl_animacy: (39, 174) 
vf_argAll_pa: (43, 703) 
vi_adj+_animacy: (46, 108) 
vi_coad_animacy: (51, 241) 
vd_domain_embed: (73, 646) 
vf_cmpl_animacy: (88, 158) 
vi_allarg_animacy: (92, 370) 
vf_adju_animacy: (96, 78) 
vf_coad_animacy: (200, 192) 
vi_subj_domain: (247, 231) 
vd_par_lex: (305, 365) 

vf_argAll_animacy: (378, 207) 
vi_objc_domain: (448, 245) 
vf_obj_domain: (584, 213) 
vi_cmpl_domain: (1033, 223) 
vf_cmpl_domain: (1128, 207) 
vi_adj+_domain: (1219, 217) 
vf_adju_domain: (1575, 180) 
vi_coad_domain: (1735, 386) 
vi_subj_lex: (1959, 290) 
vi_objc_lex: (2853, 305) 
vi_allarg_domain: (2902, 527) 
vf_obj_lex: (3012, 274) 
vf_coad_domain: (3055, 301) 
vi_adj+_lex: (3478, 295) 
vf_cmpl_lex: (4074, 267) 
vi_cmpl_lex: (4079, 281) 
vf_adju_lex: (4184, 263) 
vd_con_window: (4463, 790) 
vf_argAll_domain: (5122, 339) 
vd_con_clause: (5477, 900) 
vi_coad_lex: (6765, 475) 
vd_con_chain: (8308, 1218) 
vf_coad_lex: (9337, 418) 
vi_allarg_lex: (11180, 652) 
vf_argAll_lex: (14761, 482)
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