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MODIFICATIONS IN PARAPHRASTIC REUSE

Text Reuse is the written repetition of text. In historical texts, text reuse detection
challenges include:

language variation over time

incomplete witnesses

diverse reuse types

To further improve automatic detection of paraphrase, we:

quantify paraphrastic modification

to better understand reuse
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PARALLEL BIBLE CORPUS AS TEXT DATA

Name Abbr. Publication Source Translation Class
The Webster Bible WBT 1833 bst1 standard
English Revised Version ERV 1881-1894 mys2 standard
Darby Bible DBY 1890 ptp3 standard

Brenton’s English Septuagint LXXE 1844-1884 mys2 literal
Young’s Literal Translation YLT 1862 bst1 literal
Smith’s Literal Translation SLT 1876 mys2 literal

1http://www.biblestudytools.com/
2www.mysword.info/
3Mayer & Cysouw 2014
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They that wait renew their strength they mount up with wings as eagles they walk [...] be weary

Those expecting pass to power They raise up the pinion as eagles They go […] are fatigued

NOP NOP lowerfallback syn syn hyper hypo lem syn

ALIGNMENT AND OPERATION ASSIGNMENT
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They that wait renew their strength they mount up with wings as eagles they walk [...] be weary

Those expecting pass to power They raise up the pinion as eagles They go […] are fatigued

NOP NOP lowerfallback syn syn hyper hypo lem syn

Abbr. Operation

NOP perfect match

lower case-folding matches

lem lemmatizing matches

editdist writing variant

syn synonyms match

hyper source word is hypernym of target word

hypo source word is hyponym of target word

co-hypo co-hyponyms match

fallback other

ALIGNMENT AND OPERATION ASSIGNMENT
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OPERATION RATIOS FOR INSPECTION

Darby’s Bible Translation & the English Revised Version

id NOP lower lem editdist syn hyper hypo co-hypo fallback
01001001 0.889 0.0 0.111 0.0 0.0 0.0 0.0 0.0 0.0
01001002 0.815 0.037 0.0 0.0 0.037 0.0 0.0 0.0 0.111
01001003 0.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Young’s & Smith’s Literal Translation

id NOP lower lem editdist syn hyper hypo co-hypo fallback
01001001 0.778 0.0 0.111 0.0 0.0 0.0 0.0 0.111 0.0
01001002 0.72 0.04 0.0 0.0 0.04 0.04 0.0 0.0 0.16
01001003 0.714 0.0 0.143 0.0 0.0 0.0 0.0 0.0 0.143
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FEATURE WEIGHTS

Towards a Metric for Paraphrastic Modification 
 

Introduction 

Clarifying the genesis of a passed down text is of outmost importance for many 

scholarly disciplines within the humanities such as history, literary studies, and 

Bible studies. Often, historical text sources have been copied over and over for 

hundreds or even thousands of years, thus being subjected to paraphrasing and 

other kinds of modifications, repeatedly. Despite the significance of source 

criticism for the humanities as a whole, algorithmic support in this matter is still 

limited. While current approaches are able to tell if and how frequent a text has 

been modified—to the best of our knowledge—there has been no work on 

determining the degree of paraphrastic modification. To a human reader, the 

introduction of, say, spelling variations is indubitably a minor modification 

compared to substituting entire words. Yet, how can the different “degrees” of 

alterations, which are intuitively clear to scholars, be captured in an algorithmic 

way?  

 

To this end, we present a first approach for designing a metric for paraphrastic 

modification in text (henceforth paraphrasticality). Based on an English Bible 

corpus (three literal Hebrew and Greek translations and three standard 

translations) we measure the frequency of different classes of textual 

variations between each pair of Bibles. We then use the probability of these 

variations in a machine learning experiment to derive weights for these classes 

of modifications. Ultimately, this allows us to define a metric for 

paraphrasticality which we validated with promising results. 

 

Related work 

Measuring the similarity or distance between two spans of text is relevant to 

many areas in and related to natural language processing (NLP).  One of the 

earliest approaches is Levenshtein’s (Jurafsky and Martin, 2009) edit distance 

which is based on character-level removal, insertion, and replacement 

operations. BLEU (Papineni, 2002) is the most common evaluation metric in 

machine translation, capturing the difference between gold and automatic 

translations based on (word-level) n-gram overlap. In stylometry, different 

kinds of delta metrics are used to compute the difference between the writing 

style of authors or texts (Jannidis et al., 2015). These are typically based on the 

frequency distribution of the most frequent words. These first three 

approaches have in common that they rely on surface features (token and 

character-level) alone and do not incorporate semantic proximity. In contrast 

to that, computing the semantic similarity between two sentences is a popular 

task within NLP (Xu et al., 2015). However, approaches in this field are typically 

not indented for manual inspection and are thus less suited for applications in 

the humanities. Lastly, Moritz et al. (2016) quantify modification operations on 

a parallel Bible corpus yet do not present a way to aggregate these counts into 

a distance metric. In contrast to these related contribution, here, we aim to 

develop a metric which is both semantically informed as well as human 

interpretable. 

 

Data  

We use a parallel corpus of the Old Testaments of six English Bible translations1 

from the 19th century, half of them being literal translations that closely follow 

the primary source texts’ language and syntax while the other half are standard 

translations (see Table 1). 

 

name abbr. publication source translation  

The Webster Bible WBT 1833 bst standard  

Brenton’s English Septuagint LXXE 1851 mys literal 

Young’s Literal Translation YLT 1862 bst literal 

Smith’s Literal Translation SLT 1876 mys literal 

English Revised Version ERV 1881-1894 mys standard 

Darby Bible DBY 1890 ptp standard 

Table 1: Bible editions used for investigation. Sources: bst: 
biblestudytools.com; mys: https://www.mysword.info; ptp: Parallel Text 
Project (Mayer and Cysouw, 2014) 
 

Literal Translations: Robert Young, the translator of YLT, created a highly literal 

translation of the original Hebrew and Greek texts. Thus, Young tried to be as 

                                                           
1 Note that our approach is not limited to applications on historical text and that our 
choice of textual material is based on technical reasons only. In fact, any paraphrastic, 
parallel corpus would work equally well for our proposed method. 
2 http://morphadorner.northwestern.edu 

consistent as possible in representing Greek tenses with English ones, e.g., he 

used present tense where other translations used past tense (see Young, 

1898a; Young, 1898b) as in: “In the beginning of God's preparing the heavens 

and the earth —” (Genesis 1:1). SLT: Upon publication, Julia Smith’s Bible 

translation was considered the only one directly translating the historical 

source texts to contemporary English. She aimed at complete literalness and 

tried to translate each original word with the same English word, consistently, 

and tended to translate the Hebrew imperfect to English future tense (Malone, 

2010). LXXE by Sir Lancelot Charles Lee Brenton is an English translation from 

the Codex Vaticanus version of the Greek Old Testament, which itself is a 

translation of the Hebrew Old Testament (Roger, 1958). 

 

Standard translations: WBT by Noah Webster is a revision of the King James 

Bible mainly eliminating archaic words and simplifying Grammar (Marlowe, 

2005). ERV is today’s only officially authorized revised version of the King James 

Bible in Britain (no author, 1989). The most recent edition in our study is DBY, 

Darby’s translation of the Bible. The Old Testament was published by his 

students in 1890 and is based on Darby’s German and French versions 

(Marlowe, 2017).  

 

Methods 

Preprocessing and alignment: We use MorphAdorner2, a specialized toolkit for 
early modern and modern English, to tokenize and lemmatize the Bibles. After 
removing punctuation and verse identifiers, we pair up our six Bibles in every 
possible combination (15 in total). Since the different Bible versions are 
inherently aligned on the verse-level (by their verse identifier), our next step 
builds up a statistical alignment at the token level for each pair of bibles using 
the Berkeley Word Aligner (De Nero and Klein, 2007), a tool originally designed 
for machine translation.  
 

Counting modification operations: Building on these word-aligned pairs of 

Bibles, we can describe the divergence between a pair of verses in terms of the 

modification operations—such as replacing a word by its synonym—which 

would be necessary to convert one version into another. We automatically 

apply and count the modification classes introduced by Moritz et al. (2016) for 

each verse and Bible pair (see Table 2). Synonyms, hypernyms, hyponyms and 

co-hyponyms, are identified based on BabelNet (Navigli and Ponzetto, 2012). 

 

Label(xi) Operation Estimated 
coefficient 𝜃relative 

NOP perfect match dropped 

lower case-folding matches 0.060 

lem  lemmatizing matches 0.195 

low_editdist writing variant 0.068 

syn synonyms match 0.190 

hyper source word is hypernym of target word 0.117 

hypo source word is hyponym of target word 0.170 

co-hypo co-hyponyms match 0.122 

fallback other 0.078 

  = 1.000 

Table 2: Operations used as features together with estimated weights 

(coefficients) of the fitted model; coefficients are displayed relatively for clarity 

 

Weight identification: By counting modification operations, we gain a fine-

grained description of the exact differences between two spans of text. 

However, to construct a metric, we had to find a way to condense these 

modification frequencies down to a single number. For that we exploit the fact 

that we deal with two classes of Bible translations, literal and standard ones.  

Thus, to estimate a human judgment of deviation, we assume that standard 

translations are more homogenous to each other than literal translations (since 

the latter demand for more creative language use; see Section 3). Hence, we 

can train a classifier to distinguish whether a pair of Bible verses is from the 

same class (both Bibles being standard or literal translations, respectively) or 

from different classes. For this task, we train a maximum entropy classifier3 

where we use the relative frequencies of the modification operations as 

features. Now, the key part of our contribution is that we can exploit the 

3 Using the scikit-learn.org implementation. Training for this binary classification 
task was done using 10-fold cross-validation achieving a satisfying accuracy of .68. 
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FEATURE WEIGHTS
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OUR SCORE CONSIDERS WEIGHTED FEATURES

Based on the estimated coefficients, and the operation frequencies, we define
the paraphrasticality par between two word-aligned text spans a and b as:

DBY ERV WBT LXXE YLT SLT

DBY - 0.13 0.13 0.29 0.31 0.29

ERV - - 0.09 0.3 0.32 0.31

WBT - - - 0.28 0.33 0.29

LXXE - - - - 0.42 0.37

YLT - - - - - 0.31

SLT - - - - - -

par(a, b) =
∑n

i=0 θix
a,b
i

par(Ba, Bb) = par(Ba b align) =
1
n

∑n
j=0

∑m
i=0 θ

j
ix

j
i

xi =
#oi∑m
i=0 #oi

, o ∈ {NOP, lower, lem, low editdist, syn, hyper, hypo, cohypo, fallback}

Ba b align = {oi(wakj , wblj )} : wakj ∈ vaj , vaj ∈ Ba, wblj ∈ vbj , vbj ∈ Bb

X→Y
X
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VALIDATION OF PAR(A,B)

b
ERV WBT LXXE YLT SLT

DBY 0.13 0.13 0.29 0.31 0.29

ERV - 0.09 0.3 0.32 0.31

a WBT - - 0.28 0.33 0.29

LXXE - - - 0.42 0.37

YLT - - - - 0.31

similar distant

DBY, ERV, WBT = standard translations
LXXE, YLT, SLT = literal translations
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SUMMARY

We present a technique to measure paraphrasticality that:

• describes paraphrasticality as frequency of modifications for which we find
empirical weights, and

• is specifically useful for applications in the humanities as operation
frequencies and weights are open to manual inspection.

• Future Work: a comprehensive comparison against existing metrics (e.g.,
BLEU, METEOR) will be published (Moritz et al. 2018, LaTeCH).
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THANK YOU!
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LICENCE

The theme this presentation is based on is licensed under a Creative Commons
Attribution-ShareAlike 4.0 International License. Changes to the theme are the
work of eTRAP.
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