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Vector Semantics
• Context (location) and meaning are interdependent.

• Things that occur in similar places frequently are likely to 
be similar in meaning.

• This principle can be applied to lexical meaning.

• distributional hypothesis — Wittgenstein (1953), Firth 
(1962), Sinclair (1991)
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        /, few people in Woking even   knew that the cylinder had  opened/ 
        /for  the Spotted Dog, for I   knew the landlord had a horse and/ 
          /myself of  what I already   knew, that his wife had gone to/ 
     /man lit both lamps. Happily, I   knew the road intimately. My wife/ 
         /. I do not know  what they   knew of the things happening/ 
     /been in active  service and he   knew better than that. He made me/ 
    /felt no anxiety about us, as he   knew from the description in  the/ 
     /a village.    No one in London   knew positively of the nature of/ 
        /, and began  running; but I   knew it was no good running from a/ 
           /us? (At that time no one   knew what food they needed.) A/ 
    /out of London, and  all that he   knew of these Martians and their/ 
      her in my absence. My cousin I   knew was brave enough for any/   /to 
      /-ring. Then a  heavy  body  I   knew too well what was dragged/ 
    /going to  Leatherhead, though I   knew that there I had the poorest/ 
      /the Surrey people had fled. I   knew I wanted  to find my wife,/ 
      /not understand it, and then I   knew that it must be the red weed/ 
        /of despair, who so far as I   knew, shared the  city with myself/ 
     /, the passing of  something  I   knew not what and then a/ 
        /was incomprehensible. All I   knew was that these things that/ 
        /frantic illuminations; they   knew of it in Dublin, Edinburgh,/ 
        /do  the same. No one gave a   thought to the older worlds of/ 
    /as sources  of human danger, or   thought of them only to dismiss/ 
    /fall of  it, and, at most, have   thought that another meteorite had/ 
       /the flash  upon Mars.    The   thought of the confined creature/ 
     /by Horsell Bridge.  The fellow   thought he was a lunatic at large/ 
            /any  living creature. I   thought the unscrewing might be/ 
      /, I walked back, full of such   thought, to my home in Maybury./ 
      /driving across the stars, and   thought that nothing more serious/ 
     € said  my wife in terror.    I   thought perplexed. Then I/     /go? 
     but I was not too terrified for   thought. The terrible Heat-Ray/   /, 
     /cry of astonishment. I saw and   thought nothing of the other  four/ 
   of/      /communication. This was   thought to  be due to the falling 
      /Hampton Court station, but we   thought it was thunder. What the/ 
          /, on military details. He   thought of all those  silent,/ 
    /fury of battle.    No doubt the   thought that was uppermost in a/ 
    /we stared.    Moved by a sudden   thought, I looked northward, and/

“knew”
“thought”

KWIC: 
keyword in context 

War of the Worlds
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Jupyter Notebook
meat_bread_gold.ipynb

https://nbviewer.jupyter.org/github/codykingham/where_do_you_mean/blob/master/meat_bread_gold.ipynb
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Vector Semantics
• measures word behavior within a sample of text data


- measurement limited by sample size

• Word behavior is a byproduct of human behavior: 
category making

• cognitive semantics & construction grammar — language 
forms are patterns linked to meaning (Goldberg 1995)

• Vector semantics is a way to empirically study the 
interaction of categories in the mind.
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Recipe for a Semantic 
Vector Space

• text corpus

• sample of target words 

• strategy for summarizing a target word’s context

- n-grams, “bag of words”

- surface forms, lexemes, syntactic roles

- e.g. The dog ran > context = “the” “run”

• method of normalizing raw context frequencies

• method of analysis: e.g. distance formulae, clustering methods
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Parts of Speech Model
• corpus: Hebrew Bible, ETCBC’s BHSA

• sample: top 100 most distributed lexemes (DP, 
Gries 2008)

• context: n-gram, 3 word window in sentence

• normalization:  – unidirectional measure of 
statistical association (Ellis 2006)

ΔP

• analysis: cosine similarity + Gephi & ForceAtlas2





full dimensions: (100, 41204)
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Noun Classes Model
• corpus: Hebrew Bible, ETCBC’s BHSA

• sample: top 199 most common nouns

• context: syntactic context of target lexeme (BHSA)

• normalization: Fisher’s Exact; bidirectional measure 
of statistical association (Stefanowitsch and Gries 
2003)

• analysis: cosine similarity; principle component 
analysis (PCA); Gephi ForceAtlas2
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Contexts Considered
• primary verb lexeme & stem in a noun’s clause


- e.g. קול “voice” used with qal stem קרא “call out”

• noun’s syntactic role within the clause

- e.g. לחם “bread” serves as a direct object

- subject, object, complement, adjunct

• lexeme of any attached preposition

- e.g. דרך “road” occurs with על “on”

• phrase relations: adjunct, coordinate, adjectival 

- e.g. זהב “gold” is coordinate with כסף “silver”
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noun context tag frequency
לב Objc -› piel.זכה 1
פתח Cmpl -› qal.עמד 10
אישׁ Subj -› hit.פקד 2
ארץ Loca -› qal.נפל 1

noun context tag frequency
גוי Adju ‹- בְּ qal.אמר 2
יד Cmpl ‹- מִן  hif.ישע 17
עת Time ‹- בְּ nif.נתן 1
דרך Cmpl ‹- לְ qal.פנה 1
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~Animate Group
 son" (205.55)"  בֵּן
 daughter" (26.0)"  בַּת
 brother" (12.1)"  אָח
 priest" (11.03)"  כּהֵֹן
 young"  פַּר
bull" (10.06) 
 king" (9.24)"  מֶלֶ.
 woman" (4.62)"  אִשָּׁה
 man" (4.24)"  אִישׁ
 people" (3.86)"  עַם
 first-born" (3.81)"  בְּכרֹ
chief"  נָשִׂיא " (3.01) 

 tribe; rod“ (2.94)“  שֵׁבֶט
 father" (2.9)"  אָב
 lord" (2.43)"  אָדוֹן
 servant" (2.27)"  עֶבֶד
 gathering" (1.56)"  עֵדָה
 pharaoh" (1.38)"  פַּרְעהֹ
 prophet" (1.25)"  נָבִיא
chief"  שַׂר " (0.66) 
 clan" (0.61)"  מִשְׁפָּחָה
 boy" (0.55)"  נַעַר
 cattle" (0.46)"  בָּקָר
 seed" (0.44)"  זֶרַע

 sojourner" (0.28)"  גֵּר
 boy" (0.24)"  יֶלֶד
 ,human"  אָדָם
mankind" (0.24) 
 wind" (0.22)"  רוּחַ
 fire" (0.21)"  אֵשׁ
 young"  כֶּבֶשׂ
ram" (0.19) 
 mother" (0.17)"  אֵם
 sun" (0.16)"  שֶׁמֶשׁ
 vigorous" (0.08)"  גִּבּוֹר
 fellow" (0.08)"  רֵעַ
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Noun Context Hits Passages Example

n1.יד T.Subj→ עשׂה.v1.qal 7 Isa 31:7, 41:20, 66:2; Ps 
119:73; Job 5:12, 12:9; טְא׃ ם חֵֽ ר עָשׂ֥וּ לָכֶ֛ם יְדֵיכֶ֖ אֲשֶׁ֨ (Isa 31:7)

n1.שׁנה T.Subj→ יסף.v1.hif 1 Prov 9:11 ים׃ U֗ שְׁנ֣וֹת חַיִּֽ יפוּ לְּ֝ וְיוֹסִ֥ (Prov 9:11)

n1.יום T.Subj→ חנה.v1.qal 1 Judg 19:9 ה חֲנ֤וֹת הַיּוֹם֙ הִנֵּ֨ (Judg 19:9)

n1.יום T.Subj→ בוא.v1.qal 14 1 Sam 26:10; Isa 13:9; Jer 
46:21, 50:27, 50:31; Ezek ֙אֽוֹ־יוֹמ֤וֹ יָבוֹא (1 Sam 

26:10)

n1.בית T.Subj→ מות.v1.qal 2 1 Sam 22:16; 1 Chr 10:6 ית ה וְכָל־בֵּ֥  מ֥וֹת תָּמ֖וּת אַתָּ֖
יU׃ אָבִֽ

(1 Sam 
22:16)

n1.בית T.Subj→ אסף.v1.nif 1 Judg 9:6 י שְׁכֶם֙ סְפ֜וּ כָּל־בַּעֲלֵ֤  וַיֵּאָ֨
ית מִלּ֔וֹא וְכָל־בֵּ֣ (Judg 9:6)

n1.בית T.Subj→ אכל.v1.qal 3 Num 18:31; Deut 15:20; 
1 Kgs 17:15

ם ם אֹתוֹ֙ בְּכָל־מָק֔וֹם אַתֶּ֖  וַאֲכַלְתֶּ֤
יתְכֶ֑ם וּבֵֽ

(Num 18:31)

n1.עין T.Subj→ שׁמר.v1.qal 1 Job 24:15 ה נֶשֶׁ֣ף מְרָֽ ף׀ שָׁ֤ ין נֹאֵ֨ וְעֵ֤ (Job 24:15)

n1.עין T.Subj→ שׁאל.v1.qal 1 Eccl 2:10 י אֲל֣וּ עֵינַ֔ ר שָֽׁ אֲשֶׁ֣ (Eccl 2:10)

n1.עיר T.Subj→ ישׁב.v1.qal 4 Jer 17:25, 31:24; Ezek 
36:35; Lam 1:1 ם׃ את לְעוֹלָֽ ֹ֖ עִיר־הַזּ ה הָֽ וְיָשְׁבָ֥ (Jer 17:25)

n1.עיר T.Subj→ זעק.v1.qal 1 1 Sam 4:13 יר׃ ק כָּל־הָעִֽ וַתִּזְעַ֖ (1 Sam 4:13)

n1.צדקה T.Subj→ ישׁב.v1.qal 1 Isa 32:16 ב׃ ל תֵּשֵֽׁ ה בַּכַּרְמֶ֥ וּצְדָ קָ֖ (Isa 32:16)

n1.מים T.Subj→ בוא.v1.qal 6 Lev 11:34; Num 5:22, 
5:24, 5:27; Ezek 47:9; Ps יִם יו מַ֖ ר יָב֥וֹא עָלָ֛ אֲשֶׁ֨ (Lev 11:34)

n1.מים T.Subj→ הלך.v1.qal 1 1 Kgs 18:35 חַ יב לַמִּזְבֵּ֑ יִם סָבִ֖ וַיֵּלְכ֣וּ הַמַּ֔ (1 Kgs 
18:35)

n1.לב T.Subj→ מות.v1.qal 1 1 Sam 25:37 וַיָּמָ֤ת לִבּוֹ֙ בְּקִרְבּ֔וֹ (1 Sam 
25:37)

n1.לב T.Subj→ זעק.v1.qal 1 Isa 15:5 ק ב יִזְעָ֔ לִבִּי֙ לְמוֹאָ֣ (Isa 15:5)



github.com/codykingham/where_do_you_mean

Noun Context Hits Passages Example

n1.לב T.Subj→ הלך.v1.qal 2 2 Kgs 5:26; Job 
31:7 . י הָלַ֔ לאֹ־לִבִּ֣ (2 Kgs 5:26)

n1.לב T.Subj→ נכה.v1.hif 2 1 Sam 24:6; 2 Sam 
24:10 ד אֹת֑וֹ וַיַּ֥ . לֵב־דָּוִ֖ (1 Sam 24:6)

n1.עץ T.Subj→ הלך.v1.qal 1 Judg 9:8 ים לְכוּ֙ הָעֵצִ֔ הָל֤וֹ. הָֽ (Judg 9:8)

n1.תועבה T.Subj→ עשׂה.v1.qal 1 Jer 32:35 את ֹ֑ ה הַזּ לַעֲשׂ֖וֹת הַתּוֹעֵבָ֣ (Jer 32:35)

n1.ספר T.Subj→ בוא.v1.qal 2 2 Kgs 5:6, 10:7 Uי פֶר הַזֶּה֙ אֵלֶ֔ כְּב֨וֹא הַסֵּ֤ (2 Kgs 5:6)

n1.נפשׁ T.Subj→ מות.v1.qal 3 Num 23:10; Judg 
16:30; Job 36:14 ים ת נַפְשִׁי֙ מ֣וֹת יְשָׁרִ֔ תָּמֹ֤ (Num 23:10)

n1.נפשׁ T.Subj→ שׁמר.v1.qal 1 Ps 119:167 Uי פְשִׁי עֵדתֶֹ֑ ה נַ֭ מְרָ֣ שָֽׁ (Ps 119:167)

n1.נפשׁ T.Subj→ אכל.v1.qal 1 Lev 17:12 ם  כָּל־נֶ֥פֶשׁ מִכֶּ֖
ם אכַל דָּ֑ ֹ֣ לאֹ־ת

(Lev 17:12)

n1.נפשׁ T.Subj→ שׁאל.v1.qal 1 Deut 14:26 U שְׁאָלUְ֖ נַפְשֶׁ֑ ר תִּֽ אֲשֶׁ֥ (Deut 14:26)

n1.נפשׁ T.Subj→ הלך.v1.qal 2 Isa 46:2; Eccl 6:9 כָה׃ ס י הָלָֽ ם בַּשְּׁבִ֥ וְנַפְשָׁ֖ (Isa 46:2)
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Coordinate Parsing Model
• corpus: Hebrew Bible, PhD project corpus (derived 

from BHSA)

• sample: all lexemes in adverbial time phrases

• context: bag of words, window = 5

• normalization:  – unidirectional measure of 
statistical association (Ellis 2006)

ΔP

• analysis: cosine distance; parsing task
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בְּיוֹם נחַַלָה וּכאֵב אָנוּשׁ 
Isaiah 17:11

in a day of sickness and pain incurable
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בְּיוֹם נחַַלָה וּכאֵב אָנוּשׁ 
Isaiah 17:11

in a day of sickness and pain incurable

Cosine Distance

day sickness

pain 0.85 0.13
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בְּאִישׁוֹן לַילְָה וַאֲפֵלָה
Proverbs 7:9

in pupil of night and darkness

Cosine Distance

night pupil

darkness 0.47 0.66
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ימְֵי עָניְהָּ וּמְרוּדֶיהָ
Proverbs 7:9

days of humiliation and roving

Cosine Distance

day humiliation

roving 1.41 0.70
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בְמוֹת אָבִיהָ וְאִמָּהּ
Proverbs 7:9

at death of her father and her mother

Cosine Distance

death father

mother 1.22 0.51
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בְּיוֹם עָנןָ וַעֲרָפֶל
Proverbs 7:9

in a day of cloud and darkness
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בְּיוֹם עָנןָ וַעֲרָפֶל
Proverbs 7:9

in a day of cloud and darkness

Cosine Distance

day cloud

darkness 1.11 0.73
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Looking Ahead

~part of speech

~semantic classes

~word senses

~lemmatization

~construction induction (“syntax”) 
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Looking Ahead
• Semantic vector spaces capture various aspects of word 

meaning; but is it possible to consider aspects at once?

• future vision: a high dimensional map of Hebrew terms

- word senses, registers, pragmatics? 

• Address data sparsity with smart strategies

• e.g. can Zipfian distributions be used as reference points 
for a machine learning model to classify rare terms?
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