Dating hitherto undated early English texts based
on text-internal criteria

Richard Zimmermann

Université de Genéve

February 15, 2013



Outline

Early English Texts
Training texts
Test texts

Text-internal criteria
IP-headedness
Scrambling
Genitives

Classification

Results and Conclusion
Saint’s lives
Medical texts
Apocrypha & others
Conclusion



Early English Texts
Training texts
Test texts

The general early English text corpus

» 1.2m words



Early English Texts
Training texts
Test texts

The general early English text corpus

» 1.2m words
» 5 periods: 850-910, 910-990, 990-1100, 1100-1200, 1200-1230



Early English Texts

Training texts
Test texts

Period

Texts # Words

850-910

Bede's Ecclesiastical History c. 310,000
Gregory's Pastoral Care

Boethius’ Consolation of Philosophy

Orosius’ History

Augustine's Soliloquies

The OIld English Martyrology

The Letter of Alexander to Aristotle

Marvels of the East

Sections of the Anglo-Saxon Chronicle

oth century Charters

Table 1 : Early English period 1: 850-910



Early English Texts

Training texts
Test texts

Period

Texts # Words

910-990

Blickling Homilies c. 200,000
Vercelli Homilies

Rule of St. Benedict

The Rule of Chrodegang of Metz

West-Saxon Gospels

Sections of the Anglo-Saxon Chronicle

10th century Charters

Table 2 :  Early English period 2: 910-990



Early English Texts

Training texts
Test texts

Period

Texts # Words

990-1100

Zlfric’s Catholic Homilies | & 11 c. 530,000
[Elfric's Lives of Saints

[Elfric's Supplemental Homilies
[lfric’s Letters

[lfric's Old Testament

lfric’'s De Temporibus Anni
Wulfstan's Homilies

Waulfstan's Institutes of Polity
Apollonius of Tyre

Alcuin’s De Virtutibus et Vitiis
Byrhtferth's Manual

Sections of the Anglo-Saxon Chronicle
11th century Charters

Table 3 : Early English period 3: 990-1100



Early English Texts

Training texts
Test texts

Period Texts # Words
1100-1200 Sermo in festis Sancti Marie c. 80,000
Elucidarius

Lambeth Homilies

Trinity Homilies

Vices and Virtues

Sections of the Anglo-Saxon Chronicle

Table 4 :  Early English period 4: 1100-1200



Early English Texts

Training texts
Test texts

Period Texts # Words
1200-1230 Ancrene Riwle c. 100,000
Hali Meidhad

Saint Katherin
Saint Juliana
Saint Margaret
Sawles Warde

Table 5 :  Early English period 5: 1200-1230
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> 19 texts with uncertain or unknown dates of composition



Early English Texts
Training texts
Test texts

Undated early English texts

> 19 texts with uncertain or unknown dates of composition

» different genres: saint’s lives, medical, apocrypha, other



Early English Texts

Training texts
Test texts

Text Ms. date # Words  Periods
1. Saint Chad s. X1 2,659 1-2
2. Saint Christopher s. X/XI 1,426 1-2
3. Mary of Egypt s. Xl in. 8,181 1-3
4. Saint Euphrosyne s. Xlin. 3,658 1-3
5. Saint Eustace s. Xlin. 5,271 1-3
6. Seven Sleepers s. Xlin 9,143 1-3
7. Holy Rood-Tree s. XII? 6,920 1-3
8. James the Greater s. Xl med. 1,659 1-4
9. Saint Neot s. Xl med. 2,003 3-4
10. Saint Margaret s. Xt 4,196 3-4
11. Saint Margaret s. XI med. 3,661 1-3

Table 6 :  Undated early English texts 1: saint's lives



Early English Texts

Training texts
Test texts

Text Ms. date # Words  Periods
12. Herbarium s. X1 22,213 1-3
13. Quadrupedibus s. X1 4,276 1-3
14. Leechbook s. X med. 34,727 1-2
15. Lacnunga s. X/XI, XI* 7,009 2-3

Table 7 :  Undated early English texts 2: medical texts



Early English Texts

Training texts
Test texts

Text Ms. date # Words  Periods
16. Nicodemus s. XI3/4 8,197 1-3
17. Vindicta s. XI3/4 3,655 1-3

" 18. De Ascensione ¢ s. Xit 1,798 13
19. Distichs of Cato s. XI/XII 2,180 2-3

Table 8 :  Undated early English texts 3: apocrypha and others
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IP-headedness
Scrambling
Genitives

Text-internal criteria

Description of features

v

12 features measuring changes in early English

v

all features are syntactic in nature

v

value close to 0% - high probability of conservative variant

v

value close to 100% - high probability of innovative variant

data collected with YCOE (Taylor et al. 2003) and PPCME2
(Kroch and Taylor 2000)

v
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IP-headedness
Scrambling
Genitives

Text-internal criteria

IP1 - nonfinite verbs

(1) a. ... beet he beet gehat gelastan wolde
... that he that vow fulfill would
"... that he would fulfill that vow’
(cobede,Bede_2:8.124.3.1170) (c. 890 A.D.)
b. ... paet he wolde swybpe lytel drincan
... that he would very little drink

"... that he would drink very little’
(coleofri,Leof:23.27) (c. 1050 A.D.)



IP-headedness
Scrambling
Genitives

Text-internal criteria

IP2 - two preverbal arguments

(2) a. .. pba [du] [maestne welan| hefdest
.. when you most wealth had
"... when you had the greatest wealth’
(coboeth,B0:26.58.24.1078) (c. 890 A.D.)
b. ... for dan de [we] habbad [heofenlice welan|
... for that that we have  heavenly wealth

"... because we have heavenly wealth’
(£CHom_I1,-38:281.63.6343) (c. 1000 A.D.)



IP-headedness
Scrambling
Genitives

Text-internal criteria

IP3 - non-postposing diagnostics (root clauses)

(3) a.

& Ppa faam of his mude ut eode
and then foam of his mouth out went

'And then foam came out of his mouth’
(cobede,Bede_3:9.184.24.1845) (c. 895 A.D.)
ac se biscop eode ut hym togeanes
but the bishop went out him towards

'But the bishop went out, towards him’
(coaelhom,/EHom_27:43.3959) (c. 1000 A.D.)



IP-headedness
Scrambling
Genitives

Text-internal criteria

IP4 - non-postposing diagnostics (subordinate clauses)

(4) a. ... swaba dagas ford onsceortiad
.. as the days forth on shorten

"... as the days continue to grow shorter’

(Mart_2.1_[Herzfeld-Kotzor|:B.13.12) (c. 875 A.D.)
b. ... butan hi sungon pone lofsang ford on

.. unless they sang  the praise-song forth on

. unless they continued to sing the praise’
(coaelive, /ELS_[Swithun]:230.4371) (c. 1000 A.D.)



IP-headedness
Scrambling
Genitives

Text-internal criteria

IP feature values in training texts

850-910 910-990 990-1100 1100-1200  1200-1230

IP1 38.7% 44.2% 50.0% 79.4% 88.4%
(762/1967) (369/834) (1146/2294) (297/374)  (334/378)
IP2 31.7% 37.2% 47.1% 66.8% 79.4%
(1133/3572)(846,/2277) (2490/5290) (342/512)  (431/543)
IP3 12.5% 28.2% 35.5% 40.3% 79.5%
(144/1155) (410/1452) (1093/3082) (149/370)  (435/547)
IP4 3.4% 7.5% 9.1% 28.7% 80.0%

(90/2628) (112/1496) (308/3394) (84/293)  (412/515)

Table 9 : IP feature values in the training material
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Text-internal criteria
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IP-headedness
Scrambling
Genitives

Text-internal criteria

SB1 - pronominal scrambling in root clauses

(5)

a.

& ic pe wolde eft miltsian

and I you wanted again show mercy

'And | wanted to be merciful to you again’
(HomS_11.2_[ScraggVerc_3]:33.411) (c. 950 A.D.)
and se brodor wolde wurdlice  hine bestandan
and the brother wanted honourably him bury

"And the brother wanted to bury him honourably’
(coaelive,/ELS_[Thomas]:125.7623) (c. 1000 A.D.)



IP-headedness
Scrambling
Genitives

Text-internal criteria

SB2 - pronominal scrambling in subordinate clauses

(6) a. ... beet he sylfa us hider gesecean wolde
... that he self us hither seek would

"... that he himself would seek us here’

(HomS_46_[BIHom_11]:119.67.1519) (c. 950 A.D.)
b. ... gif pu gepyldelice me gehyran wylt

.. if you patiently = me hear want

. if you want to listen to me patiently’
(£CHom_I,_38:514.201.7680)) (c. 1000 A.D.)



IP-headedness
Scrambling
Genitives

Text-internal criteria

SB feature values in training texts

850-910 910-990 990-1100 1100-1200  1200-1230

SB1 33.2% 60.1% 75.3% 77.3% 96.5%
(187/563) (438/729) (1138/1512) (92/119)  (381,/395)
SB2 10.8% 26.1% 40.0% 83.1% 93.8%

(137/1270) (141/540) (476/1191) (270/325) (120/128)

Table 10 : SB feature values in the training material
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SB feature values in training texts

o
g |
(=)

w il

CCD

5

3

2

s

a

3

L o

o © 7

=

2

;

C

5

2

z

5 o |

OVI'

c

s

h =

5

2

5

'R (=2
o~
o -

T T T T T
850-910 910-990 990-1100 1100-1200 1200-1230



IP-headedness
Scrambling
Genitives

Text-internal criteria

Genitive phrases (e.g. Crisma 2012)

NP

N Genitive

destruction Pompeii’s



IP-headedness
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Genitives

Text-internal criteria

Genitive phrases (e.g. Crisma 2012)

NP

Genitive N

Pompeii’s  destruction



IP-headedness
Scrambling
Genitives

Text-internal criteria

GEN - all contexts

(7) a. Her endad nu [seo ®ftre froferboc Boeties|
here ends now the second joy-book Boethius’

'Here now ends Boethius’ second book of consolation’
(coboeth,B0:21.50.5.909) (c. 890 A.D.)

b. he awrat [0a forman Cristes boc]
he wrote the first Christ’s book
'He wrote the first book of Christ’
(£CHom_I1,_37:272.21.6135) (c. 1000 A.D.)



IP-headedness
Scrambling
Genitives

Text-internal criteria

GEN feature in training texts

850-010  910-990  990-1100 1100-1200 1200-1230
GEN 65.2% 80.7% 85.0% 92.7% 97.3%
(5921,/9077)(5557 /5508)(10911,/12844) (594 /533)  (540,/555)

Table 11 :  GEN feature values in the training material
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GEN feature values in training texts
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Classification

Obtaining the data

> observation of each feature for every individual text
> ignore cases with too few examples

» spreadsheet



Classification

Collection of data for each individual text
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Classification

Naive Bayes Classifier

» probabilistic classification technique: identify to which of a set
of classes (here: one of five periods) a new observation (here:
undated text) belongs, on the basis of quantifiable properties
(here: the text-internal criteria) drawn from observations
whose class membership is known (here: the general early
English text corpus).
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Classification

Naive Bayes Classifier

» probabilistic classification technique: identify to which of a set
of classes (here: one of five periods) a new observation (here:
undated text) belongs, on the basis of quantifiable properties
(here: the text-internal criteria) drawn from observations
whose class membership is known (here: the general early
English text corpus).

» nalve: assume that feature are unrelated to each other

» many advantages: works well in complex real-world situations;
robust to isolated noise; handles missing values; robust to
irrelevant features; only requires small amount of training data



Classification

Naive Bayes Classifier - model construction

> feature values in different classes follow different probability
distributions (assume feature values are distributed normally)

W0 7 | e— g50510

— 10-550

— 5501100
11001200
12001230

Frequency

0.0 0.2 0.4 06 0.8 1.0
l-initial headedness (IP2)



Classification

Predicting new observations

» Bayes' Theorem applied to dating problem:

P(criteria| period) x P(period)
P(criteria)

P(period|criteria) =



Classification

Model evaluation

> Naive Bayes Classifier in R, package €1071

actual
predicted | 850-910 910-990 990-1100 1100-1200 1200-1230
850-910 10 2 1 0 0
910-990 0 4 0 0 0
990-1100 0 1 13 0 0
1100-1200 | O 0 0 6 0
1200-1230 | O 0 0 0 6

Table 12 :  Confusion matrix of training texts



Classification

Model evaluation

> Naive Bayes Classifier in R, package €1071
» accuracy: 39 of 43 training texts classified correctly (91%)

actual
predicted | 850-910 910-990 990-1100 1100-1200 1200-1230
850-910 10 2 1 0 0
910-990 0 4 0 0 0
990-1100 0 1 13 0 0
1100-1200 | O 0 0 6 0
1200-1230 | O 0 0 0 6

Table 12 :  Confusion matrix of training texts



Saint’s lives

Medical texts

Apocrypha & others
Results and Conclusion Conclusion

Text Periods 1 2 3 4 5

1. Saint Chad 1-2 1.000 0.000 0.000 0.000 0.000
2. Saint Christopher  1-2 0.735 0.260 0.005 0.000 0.000
3. Maryof Egypt ~ 1-3  0.991 0.009 0.000 0.000 0.000
4. Saint Euphrosyne  1-3 0.015 0.978 0.007 0.000 0.000
5. Saint Eustace 1-3 0.003 0.212 0.785 0.000 0.000
6. Seven Sleepers 1-3 0.000 0.000

8. James the Greater 1-4 0.000 0.000 0.861 0.139 0.000
_ 9. Saint Neot 3-4  0.149 0.000 0.851 0.000 0.000

10. Saint Margaret C  3-4 0.000 0.998 0.002 0.000 0.000
11. Saint Margaret T  1-3 0.000 0.000 0.994 0.006 0.000

Table 13 :  Predicted class membership of saint’s lives
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» Early date of composition predicted on basis of lexicon
(Vleeskruyer 1953)



Saint’s lives

Medical texts

Apocrypha & others
Results and Conclusion Conclusion

Life of St. Chad

» Early date of composition predicted on basis of lexicon
(Vleeskruyer 1953)

» Syntactic evidence confirms this:
mean l-initial headedness (IP2) period 1: 29.1% -
Chad: 19.2%
mean low pronouns (SB1) period 1: 35.6% -
Chad: 12.5%
mean pre-nominal genitives (GEN) period 1: 70.2% -
Chad: 64.0%
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» Margaret (Corpus version) was supposedly written late
(Clayton and Magennis 1994)
evidence: inclusion of innovative words like bread; strong

vocabulary of love
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Saint’s lives

Medical texts

Apocrypha & others
Results and Conclusion Conclusion

Life of St. Margaret

» Margaret (Corpus version) was supposedly written late
(Clayton and Magennis 1994)
evidence: inclusion of innovative words like bread; strong

vocabulary of love
» Syntactic evidence suggests that Margaret C is in fact a 10t
century text
» (10) Dpam mannum sceal man sellan [...] beren bread,
the man shall one give barley bread

'"The man should be given [...] barley bread’
(Lch_11(2)_B21.2.1.2.2(26.1.4)) (??7c. 900 A.D.)



Saint’s lives

Medical texts

Apocrypha & others
Results and Conclusion Conclusion

Text Periods 1 2 3 4 5

12. Herbarium 1-3 1.000 0.000 0.000 0.000 0.000
13. Quadrupedibus 1-3 0.000 0.000 1.000 0.000 0.000
14. Leechbook 1-2 0.000 0.000
15. Lacnunga 2-3 0.000 0.000 1.000 0.000 0.000

Table 14 : Predicted class membership of lives medical texts
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Saint’s lives

Medical texts

Apocrypha & others
Results and Conclusion Conclusion

Bald's Leechbook

» Bald’s Leechbook is not one uniform text but consists of three

parts

» In diachronic studies, the three parts must be treated
separately
Text 1 2 3 4 5
14.a Lchl 0.979 0.000 0.021 0.000 0.000
14.b Lch2 1.000 0.000 0.000 0.000 0.000
14.c Lch3 0.006 0.000 0.994 0.000 0.000

Table 15 :  Predicted class membership of Leechbook 1-3



Saint’s lives

Medical texts

Apocrypha & others
Results and Conclusion Conclusion

Text Periods 1 2 3 4 5

16. Nicodemus 1-3 0.998 0.000 0.002 0.000 0.000

17. Vindicta 1-3 0.746 0.000 0.254 0.000 0.000
" 18. De Ascensione  1-3  0.000 = " 0.001 0.000

19. Distichs of Cato ~ 2-3 0.999 0.000 0.001 0.000 0.000

Table 16 : Predicted class membership of apocrypha and others
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Old English apocrypha

» The exact Latin manuscript is known on which the apocrypha
are based: a collection from St. Omer, France (Cross 1996)

» Manuscript must have left the continent at some time before
the mid 11" century

» Syntactic evidence suggests that both apocrypha were in fact
translated early, in the 9t century
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General outlook

» Statistical classification based on syntactic features is a
powerful method for chronological text ordering

» Proposed early English periodisation is based on natural
clusters of texts

» The periodisation offered might be superior to alternative
classifications like the Helsinki system, which is mainly based
on manuscript dates

» Future extensions: more variables, a period for late 11t
century (1040-1100), separate investigation of homilies in
Blickling and Vercelli collections, revise previous data on
changes based on new periodisation
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Thank you for your attention!
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