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Abstract 
In the past three decades, the usage of computer-assisted stemmatological methods has 

increased in New Testament textual criticism, affecting all subsequent critical editions. 

These are not a unified group of methods but a wide variety of techniques using 

computers and tree (or network) structures to depict the relationships between 

manuscripts. 

In this dissertation, different computer-assisted methods are applied to the manuscript 

tradition of the Acts of the Apostles in three peer-reviewed articles. The first two articles 

test two existing stemmatological approaches widely used in the field, the Coherence-

Based Genealogical Method (CBGM) and the phylogenetic analysis of manuscripts. 

These analyses point to complicated interrelationships between manuscripts of Acts that 

cannot be depicted using simple tree structures. Instead, the tradition can be depicted (to 

some extent) using networks that are applied, for example, to cluster manuscripts. 

The network methods are often based on distance calculations between manuscripts. 

Critics have long calculated these distances using collations and variation units, which 

take considerable time and limit the number of manuscripts taken into the analysis. The 

third article introduces a new method and a software package named Relate to establish 

quantitative relationships between manuscripts. The proposed method aims to be more 

efficient than any existing techniques. The preliminary assessments show that the results 

of the method are compatible with those of conventional techniques but take only a 

fraction of the time. 

The introductory material introduces an evolutionary theoretical framework to the 

manuscript tradition of Acts. It uses models from cultural evolution to explain the 

phenomena seen in the manuscripts. Previous stemmatological studies have shown that 

the phenomena and problems of textual criticism are like those of evolutionary biology. 

These parallel phenomena have enabled critics to use sophisticated phylogenetic 

applications in textual criticism that were originally developed to study biological 

evolution. This dissertation investigates the interdisciplinary possibilities that 

evolutionary biology and cultural evolution can offer to textual criticism. 

Even though some New Testament textual critics would prefer to abandon all the 

clustering paradigms in the field, the analysis conducted here, particularly in the second 

article, reveals that these suggestions are premature. The survey also demonstrates that it 
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is possible to consider all textual evidence in each manuscript tradition of the New 

Testament by giving a more prominent role to digital techniques in stemmatological 

analysis.  



	 5 

 

Acknowledgments 
Cultural evolution teaches us that no one lives in isolation but constantly interacts with 

the surrounding social-intellectual environment, which could not be more true in doctoral 

studies. Every doctoral candidate adopts insights from what they read and the people they 

encounter. I am lucky since numerous experts and legends in our field of expertise found 

time to address my many inquiries, and for that, I am grateful to you all. 

First, it must be said that I had the best supervisor one could ask for. Professor Petri 

Luomanen always found time to address all the problems I had during the years of my 

doctoral journey. Though my surveys often surpassed Professor Luomanen’s comfort 

zone, he never restrained my thought process but always encouraged me to pursue new 

intellectual heights. For that, I am eternally grateful to him. I am also profoundly thankful 

to Docent Matti Myllykoski, who was (and hopefully will be in the future) my interlocutor 

in textual critical matters in Finland. Our discussions taught me a lot about Codex Bezae, 

for instance, and textual criticism in general. 

I received a lot of help with methodological issues, which was critical for the 

dissertation. During the preliminary stages of my studies, the support of Doctor Georg 

Gäbel was crucial for understanding the different aspects of the Coherence-Based 

Genealogical Method. This insight was later deepened by Doctor Klaus Wachtel, 

Professor Tommy Wasserman, and Associate Professor Peter Gurry. I also want to thank 

Professors Tuomas Heikkilä and Teemu Roos, who invited me to Studia Stemmatologica, 

which organizes international workshops on stemmatology. This group opened me to the 

world of the phylogenetic analysis of manuscripts. Professor Chris Howe and Doctor 

Heather Windram aided me in understanding how these highly sophisticated techniques 

operate.  

Each doctoral candidate needs funding to conduct highly demanding studies. Hence, I 

am grateful to the Finnish Cultural Foundation, Olvi Foundation, and the Memorial 

Foundation of Reino Ylönen for supporting my studies. Thank you, Bishop Emeritus 

Wille Riekkinen, Dean Sakari Häkkinen, and Vicar Emeritus Risto Pentikäinen, who 

were my (ecclesiastical) supporters for all these years. Also, I am eternally in debt to the 

Early Christianity in Cultural Evolution (ECCE) project, which funded my studies for 

several years. Thank you to all the members of this project: Doctoral candidates Elina 

Lapinoja, Jarkko Vikman, Antti Vanhoja, and Wille Riekkinen Jr. Special thanks belong 



	 6 

to Doctor Nina Nikki, who has been my constant support from bachelor’s thesis to the 

doctoral dissertation. 

This dissertation would not have been finished without the help of anonymous peer-

reviewers of the journals TC: A Journal of Biblical Textual Criticism and Digital 

Scholarship in the Humanities. These experts taught me a lot, and I thank you all for 

sacrificing your precious time to review my texts. Thanks to the editorial boards who 

approved my articles to be published in their journals. From the same token, I am grateful 

to pre-examiners Professor Peter Robinson and Holger Strutwolf, whose comments 

helped to improve the final version of the dissertation. Also, thanks to Kenneth Lai and 

Albion Butters, who proofread this dissertation’s texts and improved the language used. 

Lastly, I want to thank my family, the cornerstone of my life. I thank my parents for 

listening to my endless talks about manuscripts and stemmatology. Doctoral studies 

challenge a person to the limits, which is why Doctoral candidates only sometimes make 

the ideal husbands or fathers. We might be physically present, but our minds are often a 

million miles away. I thank my wife, Linda, and my children, Luukas and Martta, for 

understanding and keeping my feet solidly on the ground. 

 

 

 

Kiuruvesi, 

November 2022 

 

 

Pasi Hyytiäinen  

 

  



	 7 

Content 
 
Abstract .......................................................................................... 3	
Acknowledgments .......................................................................... 5	
Content ........................................................................................... 7	
List of original publications ........................................................... 9	
1 Introduction ............................................................................... 10	
1.1 Background ........................................................................................ 10	
1.2 Testing Computer-assisted Stemmatological Methodologies ........... 13	
1.3 An Overview of the Transmission History of Acts ........................... 16	
1.4 An evolving manuscript tradition? .................................................... 21	

2 Theory: An Evolutionary Approach to Manuscript Changes ... 24	
2.1 Random processes ............................................................................. 25	
2.1.1 Textual mutations ........................................................................................... 25	
2.1.2 Textual drift ................................................................................................... 28	

2.2 Nonrandom processes ........................................................................ 31	
2.2.1 Guided variants ............................................................................................. 31	
2.2.2 Textual selection ............................................................................................ 33	

2.3 Modes of textual transmission ........................................................... 38	
2.3.1 Vertical .......................................................................................................... 38	
2.3.2 Horizontal and oblique textual transmission ................................................. 39	

2.4 The significance and possibilities of the evolutionary approach ....... 41	

3 Methodologies ........................................................................... 43	
3.1 Two stemmatological approaches ..................................................... 43	
3.1.1 Lachmannian stemmatology .......................................................................... 43	
3.1.2 Computer-assisted stemmatology .................................................................. 45	

3.2 Coherence-Based Genealogical Method (CBGM) ............................ 47	
3.2.1 A new stemmatological way of thinking ........................................................ 47	
3.2.2 Pre-genealogical coherence .......................................................................... 48	
3.2.3 Genealogical coherence ................................................................................ 51	
3.2.4 Constructing the initial text of the ECM ........................................................ 54	
3.2.5 It’s all about the variation units .................................................................... 56	

3.3 Phylogenetic Approach to Stemmatology ......................................... 56	
3.3.1 From trees to networks .................................................................................. 56	
3.3.2 Preprocessing the data .................................................................................. 60	
3.3.3 Phylogenetic methodologies .......................................................................... 64	



	 8 

3.4 Toward a new methodology .............................................................. 72	
3.4.1 Quantitative method of textual analysis ......................................................... 72	
3.4.2 Summarizing the problems with the concept of the variation unit ................. 72	
3.4.3 String metrics ................................................................................................. 77	
3.4.4 A new method revealed .................................................................................. 81	
3.4.5 Relate: Software for textual scholarship to establish quantitative 
relationships between versions of a text .................................................................. 85	

4 Case Studies ............................................................................. 88	
4.1 Study I: Coherence-Based Genealogical Method (CBGM) .............. 88	
4.1.1 Aim ................................................................................................................. 88	
4.1.2 Methods .......................................................................................................... 89	
4.1.3 Results ............................................................................................................ 89	
4.1.4 Discussion ...................................................................................................... 91	

4.2 Study II: A Phylogenetic Approach ................................................... 91	
4.2.1 Aim ................................................................................................................. 92	
4.2.2 Methods .......................................................................................................... 92	
4.2.3 Results ............................................................................................................ 93	
4.2.4 Discussion ...................................................................................................... 94	

4.3 Study III: Toward a New Methodology ............................................. 94	
4.3.1 Aim ................................................................................................................. 95	
4.3.2 Methods .......................................................................................................... 95	
4.3.3 Results ............................................................................................................ 96	
4.3.4 Discussion ...................................................................................................... 97	

5. Concluding remarks ................................................................ 99	
5.1 The plea for abandoning the text-type concept…? ............................ 99	
5.2 Evolving textual clusters .................................................................. 101	
5.3 From stemmata to networks ............................................................ 102	
5.4 New Testament textual criticism needs Relate ................................ 103	
5.5 The future is in algorithms ............................................................... 104	
5.6 Should we then abandon the concept of variation units once and for 
all…? ..................................................................................................... 105	

References ................................................................................. 107	
Digital resources ........................................................................ 121	
  



	 9 

List of original publications 
This thesis is based on the following publications: 

 

Study I Hyytiäinen, P. (2019). “Evolving Gamaliel Tradition in Codex Bezae 

Cantabrigiensis, Acts 5:38–39: A Novel Application of Coherence-Based Genealogical 

Method (CBGM),” TC: A Journal of Biblical Textual Criticism 24.  

 

Study II Hyytiäinen P. (2021). “The Changing Text of Acts: A Phylogenetic 

Approach,” TC: A Journal of Biblical Textual Criticism 26.  

 

Study III Hyytiäinen P. (2022). ”A New Method in Establishing Quantitative 

Relationships Between Manuscripts of the New Testament,” Digital scholarship in the 

humanities. 

 

 

 

 

 

  



	 10 

1 Introduction 

1.1 Background 

This dissertation investigates changes that are detected between the manuscripts of the 

Acts of the Apostles, using them as sources for depicting manuscript histories. Acts was 

transmitted for over 1400 years through the medium of manuscripts produced by hand 

(manus scriptus, or “written by hand”), and every time a new manuscript was copied, 

changes crept into the text. The scholarly discipline that studies these changes in Acts is 

called New Testament textual criticism, which is itself experiencing rapid changes in 

terms of theory and method. A three-hundred-year-old theoretical framework is being 

questioned by critics using new computer-assisted methodology. 1  Change is also 

something that this investigation aims at by introducing a new textual critical way of 

thinking. 

By the early eighteenth century, when New Testament critics and natural scientists 

faced the same problem of how to describe the relationships within their growing 

databases, they produced the same solution: hierarchical classification.2 Johann Albrecht 

Bengel (1687–1752) envisioned a grand project of classifying the New Testament 

manuscripts into nations, tribes, families, and companies.3 This forward-looking vision 

was not fully carried out by him or by any other subsequent New Testament critic.4 

However, Bengel’s work led to a threefold scheme for describing the manuscript 

families—two ancient textual groups (Alexandrian and Western) and a later one 

(Byzantine)—forming the basis for the development of the text-type theory that scholars 

still use today.5 

The same threefold scheme applies to Acts also, but the differences between the 

manuscripts of Alexandrian and Western groups are greater in Acts compared to other 

texts. This has led to myriads of studies focusing on the relationship between these two 

 
1 See, e.g., Wasserman and Gurry 2017, 5–13. 
2 Lin 2016, 27–31. 
3 Carl Linnaeus also used these so-called nested hierarchies in his classification of the living 
world into kingdoms, classes, orders, genera, and species. See Bengel 1734, 387; Linnaeus 
1735. 

4 Bengel distinguished two great groups or nations of manuscripts, the Asiatic and the African, 
with the latter apparently being subdivided into two tribes. See Bengel 1734, 429–30; 1737, 
47. 

5 See the influential formulation of the text-type theory by Brooke Foss Westcott and Fenton 
John Anthony Hort in Westcott and Hort 1882, 119–35; see also Aland and Aland 1995, 317–
37; Metzger and Ehrman 2005, 276–80; Epp 2013; Porter and Pits 2015, 73–9.  
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textual groups while ignoring, at least to some extent, the value of the Byzantine text.6 

For these reasons, the text type concept in Acts is sometimes called (rather misleadingly) 

“the theory of two-texts.”7 At the core of this theory lie two prominent codices, the fourth-

century Codex Vaticanus (henceforth B03) and Codex Bezae (henceforth D05), a Greco-

Latin codex copied in the early fifth century CE. Their widely differing texts have been 

the main source of the theory of two-texts, with all older manuscripts of Acts having been 

classified with B03 as Alexandrian or D05 as Western.8 In other words, this theory 

maintains that there are two early textual forms or streams in Acts (Alexandrian and 

Western). At the same time, however, it is acknowledged that the emerging Byzantine 

text played a crucial role in the later development of the text.9 

Eldon J. Epp has proposed two clarifications to the text-type theory. First, one should 

abstain from using the term text-type because it is “too rigid, too tightly circumscribed 

and definitive”; one should prefer the term textual cluster instead. Second, the traditional 

geographical designations of these groups (Alexandrian, Western, Byzantine) should be 

changed to more neutral terms: A-text cluster (Byzantine), B-text cluster (Alexandrian), 

and D-text cluster (Western).10 Following the lead of Epp, the cluster terminology is 

adopted in this investigation instead of the traditional geographical designation. 

Despite these developments, the existence of two early textual clusters in Acts is now 

being questioned, with recent studies suggesting that the tradition of Acts is more 

complex than previously thought. When the fifth-century papyrus manuscript 𝔓127 was 

first published in 2009, containing fragments of Acts 10–12 and 15–17, the editors David 

Parker and Stuart Pickering noticed that it is impossible to assign 𝔓127 to one or the other 

of the two early textual forms of Acts,11 raising questions about the validity of the two-

 
6 Chase 1893; Harris 1894; Blass, 1897; Clark 1914; Ropes 1926; Menoud 1951; Epp 1966; 
Barrett 1979; Aland 1986; Strange 1992; Parker and Amphoux 1996; Rius-Camps and Read-
Heimerdinger 2004–2009; Gäbel 2011; 2017; Epp 2017; Wachtel 2017. 

7 Parker 2008, 298; Epp 2013, 560. 
8 Parker 280, 293–301; Parker and Pickering, 2009, 3–6. 
9 Eldon J. Epp has argued in support of two opposing texts in Acts but at the same time for the 
influence of the emerging Byzantine text on the Western textual group. David C. Parker has 
similarly referred to two competing forms of text, while speaking of Byzantine text as 
representing the later text of Acts. Parker 2008, 173–4; Parker and Pickering 2009, 8; Epp 
2013, 560; 2017, 230–32. 

10 There is also a Caesarean textual cluster (C-text cluster), but its existence has been questioned 
from many quarters. See Hurtado 1981, 88; Epp 2005a, 359–63; 2017, 226. 

11 Georg Gäbel (2011), on the other hand, argued for the Western tendency of 𝔓127. Later he 
withdrew from this position (see Gäbel 2017). 
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text concept.12 Most recently, Georg Gäbel and Klaus Wachtel have argued that there is 

no evidence indicating the existence of a single early D-text (Western) of Acts; thus, the 

notion of such a text should be abandoned once and for all.13 On the other hand, the B-

text (Alexandrian) rests on a handful of witnesses, which is, as Parker put it, “claiming a 

great deal from very little.”14 

These theoretical changes are due to methodological developments in the field, 

moving the whole discipline toward computer-assisted stemmatological approaches. The 

history of stemmatology goes back to the pioneering work of Karl Lachmann (1793–

1851).15 Stemmatology involves constructing family trees or stemmata to describe the 

relationships between the surviving manuscripts of a given text. According to Paul Maas, 

stemmatology relates individual manuscripts to one another; thus, there is no place for 

manuscript groupings or families in the stemmatological method.16  This notion may 

explain why several critics using this approach seek to discard the previous manuscript 

classification system. Applying the general principles of the stemmatological approach, 

Gerd Mink developed a unique version of it named the Coherence-Based Genealogical 

Method (CBGM).17 The institute, which is responsible for all the latest critical editions 

of the New Testament (Institut für Neutestamentliche Textforschung or INTF), adopted 

this method to be used in all subsequent critical editions of the New Testament: Nestle-

Aland (NA), United Bible Society (UBS) and Editio Critica Maior (ECM).18 By now, 

CBGM has been applied to the Catholic Letters (1997), the Acts of the Apostles (2017), 

and the Gospel of Mark (2021).19 CBGM is not, however, the only computer-assisted 

stemmatological method that has been applied to the manuscripts of the New Testament 

in recent years. Phylogenetic methods (with numerical taxonomy)20 that were originally 

developed for the analysis of biological evolution have been used to reconstruct 

manuscript histories. 21  Hence, the connection between textual criticism and natural 

sciences lives on. 

 
12 Parker and Pickering 2009, 6–8. 
13 Gäbel 2017, 133–4; Wachtel 2017, 147. 
14 Parker 2008, 171. 
15 Lachmann founded the principles of the method, which were worked out by several 
successive critics. See Pasquali 1952; Maas 1958. 

16 Maas 1958, 48. 
17 Mink 2004; 2008.  
18 Wasserman and Gurry 2017, 21. 
19 Aland 1997; Strutwolf et al. 2017; Strutwolf et al. 2021.  
20 Griffith 1969. 
21 Spencer et al. 2002; 2004; Carlson 2015; Perrin 2018; Edmondson 2018. 
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The point of this dissertation is to use and test different computer-assisted 

methodologies, compare results, and observe how different approaches depict the history 

of the text of Acts. The results do not form a coherent picture but rather a complex one, 

which is a valuable outcome in and of itself. This warns us not to rely on a single method 

when constructing textual histories, which is much too common a practice in New 

Testament textual criticism.22 Taking notice of the existing stemmatological methods, a 

new method is proposed in the final section of the dissertation, which aims to be more 

efficient than any of the previous techniques and approaches. 

 

1.2 Testing Computer-assisted Stemmatological Methodologies 
The dissertation comprises three peer-reviewed methodological articles, each of them 

dedicated to different techniques to be tested in the analysis of the manuscript tradition 

of Acts. Even though the used methods approach the manuscript tradition somewhat 

differently, they all belong to a wider group of computer-assisted stemmatological 

methods. These are a collection of methods that use computer-assisted techniques and 

treelike or network patterns to reconstruct the history of a manuscript tradition. 23 

Computer assistance refers in this context to some application or program that takes the 

preprocessed textual data as input and outputs a graphical representation of the 

manuscript relations. Why use computer-assisted methods? The reason is quite simple: 

we need new ways to deal with the ever-growing heap of manuscript evidence. For 

example, there are approximately 10,000 Latin, 6000 Greek, 1500 Armenian, and over 

1000 Coptic New Testament manuscripts that we know of today.24 

The first article surveys the possibilities and challenges of CBGM in dealing with the 

manuscripts that contain the D-text (particularly D05), making this method the starting 

point of the whole dissertation. One of the most severe problems of the manuscript 

tradition of Acts is contamination, where the copiers of the texts, the scribes, used more 

than one exemplar. This mixes the manuscript lineages, making it extremely difficult to 

establish the exact relationships of the manuscripts.25 CBGM is designed to answer this 

 
22 All the subsequent critical editions of the New Testament, for instance, are based on a single 
methodological framework (i.e., CBGM).  

23 Except CBGM, which distinguishes the history of the text from the history of the manuscript 
tradition. Mink 2008, 37–8; Wachtel 2015, 2.  

24 Rhodes 1950; Metzger and Ehrman 2005, 117; Parker 2008, 57–64. See the Liste, which 
contains all known Greek manuscripts of the New Testament, at http://ntvmr.uni-
muenster.de/liste; Askeland 2013, 206–7. 

25 Wasserman and Gurry 2017, 21–5. 
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problem, but it demands an enormous amount of manual preprocessing work (see Section 

3.2) and hence other, more efficient techniques are considered. 

In the second article, varied phylogenetic techniques are applied to the tradition of 

Acts. Evolutionary biology and textual criticism essentially study the same processes, that 

is, complex descendancies. Critics have realized that there are analogous features in the 

way mutations are introduced into DNA sequences and how changes occur in 

manuscripts. 26  These features allow interdisciplinary collaboration between textual 

criticism and evolutionary biology, which makes it possible to apply digital and highly 

sophisticated phylogenetic methods to manuscripts. Phylogenetic programs have been 

applied to varied manuscript traditions for three decades with promising results.27 The 

Acts of the Apostles has not been subjected to such a study, and that is corrected here. 

The final article explores efficient (fast) computerized methods to relate the 

manuscripts of Acts in a quantitative manner. This article argues that computers and 

algorithms must be given more weight in order to address the enormous heap of 

manuscript evidence. CBGM and the conventional phylogenetic analysis of manuscripts 

demand a huge amount of preprocessing work, since the programs cannot usually take 

the manuscript transcriptions directly as input but must be first preprocessed, one way or 

another. This generally means collating the texts (aligning them side by side), dividing 

them into variation units and encoding these units using binary (sequence of 0s and 1s) 

or multistate (0, 1, 2, 3, etc.) encoding schemes.28 There are few exceptions to this, such 

as the RHM method developed by Teemu Roos, Tuomas Heikkilä, and Petri Myllymäki 

(Roos, Heikkilä, Myllymäki = RHM), which operates on aligned text files.29 Also worth 

mentioning is Roelli and Bachmann’s Leitfehler method, which combines string metrics 

(see Section 3.4.3) and Lachmannian stemmatology (see Section 3.1.1).30 A similar kind 

of (algorithmic) approach is proposed in the third article but without the need to align the 

 
26 Howe et al. 2001; 2004.  
27 Old Norse narrative Svipdagsmál (Robinson 1991; Robinson and O’Hara 1996); The 
Canterbury Tales (Barbrook et al. 1998); Lanseloet van Denemerken (Salemans 2000); 
Lydgate’s Kings of England (Mooney et al. 2001); Wolfram’s Parzival (Stolz 2003); Epistle 
of James (Spencer et al. 2004); Geoffrey Chaucer’s treatise on the astrolabe (Eagleton and 
Spencer 2006); the legend of St. Henry of Finland (Roos et al. 2006), Dante’s Monarchia 
(Windram et al. 2008); Epistle to the Galatians (Carlson 2015); Catalogus et ordinaria 
successio episcoporum Finlandensium (Halonen 2016); Gospel of John (Perrin 2018; 
Edmondson 2018). 

28 Mooney et al. 2001, 287; Finney 2018, 17. 
29 Roos et al. 2006. See also the Semstem method in Roos and Zou 2012 and the Stemmaweb 
project at https://stemmaweb.net/ (Andrews et al. 2012).   

30 Roelli and Bachmann 2010. 
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texts (RHM) or manually weight variants (Leitfehler method). The program Relate, which 

utilizes a shingling algorithm, was written by the author of this dissertation to establish 

quantitative relationships between the manuscripts. This algorithm is very simple and 

efficient, being accompanied by a proper string metric to measure the similarities between 

the manuscripts.31 The method is fast and takes more manuscript evidence of Acts into 

account more efficiently compared to existing computer-assisted stemmatological 

approaches.32  The results can be then pictured as a tree, network, or clustering pattern. 

Usually these computer-assisted stemmatological methods are used to reconstruct a 

text that is as close as possible to that of the authors, known as the original text. CBGM 

aims to reconstruct the initial text (Ausgangstext), which represents the starting point of 

the textual tradition. This is not necessarily the original text.33 Here these methods are 

used to analyze the structure of the manuscript tradition of Acts per se. In other words, 

this investigation is not interested in the starting point of the tradition, nor the endpoint, 

but the history of the manuscript tradition for its own sake. This change of goal breathes 

new life into the stemmata and networks, recreating the lives of the surviving manuscripts 

while appreciating each of them as valuable pieces of the puzzle. Comprehending the 

objective in this way, one begins to understand that what we are seeing in these graphical 

structures is a representation of a living textual tradition with its diverging lineages. This, 

in turn, emphasizes the idea of textual fluidity, which is underlined by New Philology,34 

meaning that the text was never finished as such but was the subject of constant change 

during manuscript transmission.35 This becomes clear in the following section below. 

 

 
31 For more about the used methodology and Relate, see https://github.com/PasHyde/relate. 
32 The proposed new methodology can be described as efficient for two reasons. First, it 
bypasses some of the preprocessing steps (e.g., collations; see Section 3.3.2) needed for 
computer-assisted stemmatological analysis. This speeds up the analyses. Second, the 
proposed method is fast by itself, being capable of processing hundreds of manuscripts in a 
matter of hours. This does not, however, mean that this approach does not require any kind of 
preprocessing or that the entire analysis of manuscripts can be described (at the moment) as 
efficient. The manuscripts need to be transcribed into a file and this takes a long time. 
Concerning the future prospects, see Section 5.5.  

33 According to Mink, the original text (the author’s text) is one of the possible working 
hypotheses but not the only one. The reconstructed text (the starting point of the tradition) 
may also be an edition of the author’s text or, for example, an archetype of the tradition (Mink 
2004, 11–17; 2008, 10; Wasserman and Gurry 2017, 12). 

34 New philology is not oriented toward reconstructing a text which is as close as possible to 
that of the authors; it is interested in the manuscripts and/or their variants as relevant objects 
of study in themselves. The emphasis is on the production, use, and historical context of each 
individual copy. See Lundhaug and Lied 2017, 1–19. 

35 Lundhaug and Lied 2017, 9–10. 
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1.3 An Overview of the Transmission History of Acts  

We do not have firsthand evidence of how Acts was published and began to circulate in 

the early Christian communities, but we have a relatively good picture of how books in 

general were published and began to be copied in the Ancient Roman world. One may 

draw inferences from first-century CE practices concerning the transmission of Acts since 

one may assume it followed first-century CE practices overall.  

It seems that the authors of Ancient Rome did not work in isolation but had a small 

circle of like-minded friends helping with the text, perfecting it, and thus forming reading 

communities. An author would, for instance, hand copies to friends for comments and 

then make revisions based on their feedback. After reworking the text, the author would 

invite a small group of friends to a reading or recitation session, where the work was read 

aloud by the author. Then, the invited company would again give feedback and the author, 

after this gathering, would make the final version.36 We can assume that the author of 

Acts, commonly referred to as Luke, also had some circle of literate Christians, perhaps 

members of his congregation, helping him with the text. Should the procedure described 

above apply to Luke, that is, a group of friends working together, Acts (and the Gospel 

of Luke) does not represent the thoughts or theological convictions of an individual. 

Instead, it reflects the theological ideas and interpretations of a wider group of people 

(i.e., the Christian community) where the author worked and thereby adopted the form of 

Christianity that gave birth to the text of Acts. 

There were no professional publishers in the first century CE, but publication took 

place by holding a public reading, recitation, or providing copies to others to read.37 The 

latter option seems most plausible, since Acts was dedicated to a certain Theophilus (Luke 

1:1–4, Acts 1:1). In Ancient Rome, it was a common practice to devote a work to someone 

(for instance, to a patron). Luke addresses Theophilus as κράτιστε, or “most excellent” 

(Luke 1:3), which refers to a person of high social status.38 Luke reveals that the work 

was not merely dedicated but written to him, so that Theophilus can be assured of the 

teaching he had already received (Luke 1:3–4). He was a person of great importance if he 

indeed was the reason for Luke to take up his writing endeavor. The person to whom the 

text was devoted would get a copy as a gift,39 and we can assume that Theophilus was 

 
36 Pliny the younger describes these activities in his letters. See, e.g., Ep. 7.17.7. 
37 Johnson 2010, 52–3. 
38 Witherington 1998, 13. 
39 Gamble 1995, 84. 
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indeed the first to receive a copy of this work. When this happened is under debate, with 

estimates ranging from the 60s to the early second century CE.40 We are on relatively 

solid ground by suggesting that it was at some point within the Flavian period (69–96 

CE), perhaps about the middle of the period.41 When Luke copied the text for Theophilus 

to read, he effectively surrendered all personal control, since there was no means of 

making any authoritative revisions after the “publication,” or preventing others from 

making changes.42 Hence, when the work left Luke’s hands, it became public property, 

and changes began to accumulate.43 

It is a matter of debate whether the so-called Apostolic Fathers alluded to Acts (such 

as in Pol. Phil. 1:2),44 but the first explicit reference to Acts is found in the Adversus 

Haereses (c. 180 CE) of Irenaeus (c. 130–202 CE).45 This silence of sources may testify 

on behalf of the later dating of Acts, since it would seem odd that the earliest Christian 

writers, the Apostolic Fathers, would not have used Acts had they known of its 

existence.46 On the other hand, Irenaeus uses Acts as an authoritative text written by Luke 

the Evangelist (Hear. 1.23.1, 3.14.1), which tells us that it had circulated in the early 

church for some time and gained the status of authority, undoubtedly due to its association 

with Luke. Indeed, Acts first circulated with the gospels, which can be deduced from 

particular third-century papyrus manuscripts (𝔓45 and 𝔓53) that contain both the gospels 

and Acts.47 However, it seems that Acts did not enjoy the same prestige as the gospels, 

for if we compare the number of references48 made by the church fathers, Acts falls far 

behind them.49 During the first three centuries CE, the church fathers referred to Acts 

approximately 1900 times, whereas the Gospel of Luke had around 7000 mentions and 

Matthew over 14,000. 50  From the fourth century onwards, the manuscript tradition 

 
40 Darrel Bock (2012, 38–41) has suggested the 60s dating of Acts. Richard Pervo (2006, 343–
46; 2009, 5), on the other hand, ends up with a much later dating (c. 115 CE).  

41 Bruce 1988, 12. 
42 Gamble 1995, 85. 
43 See also Parvis 1952, 165–74.  
44 See Bovon 2009, 66. 
45 Pervo 2006, 15–27. 
46 The other possibility is that it was not important in the early Christian congregations and only 
became relevant later. Bovon 2009, 74. 

47 See, e.g., Sanders 1937, 151–61.  
48 The following numbers entail direct quotations but also looser allusions to the text in 
question. 

49 Also noticed by Bovon in 2009, 75. 
50 Allenbach 1975, 223–428; 1986, 235–363; 1991, 224–352. 
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witnesses that Acts was gradually separated from the gospels and associated with the 

letters of Paul and Catholic Epistles, located before either one of them.51 

Commentators often underline the importance of Acts in the early church as a bridge 

between the Gospel and the Apostle, that is, the Pauline corpus, functioning as a kind of 

interpretative tool for Paul’s letters.52 However, if this were the case, one would expect 

to find more references to this bridge-builder. Comparing the numbers of references to 

Acts (c. 1900) also with Paul’s letters, for example, to the Romans (c. 5400) or 1 

Corinthians (c. 6300), we find that both were exceedingly more popular than Acts in the 

first three centuries CE.53 Also revealing is that the early church fathers did not offer a 

series of homilies on Acts, while sermons on the gospels were popular.54  There is, 

however, one exception: John Chrysostom. Around 400 CE in Constantinople, he started 

a series of homilies on Acts. The reason for this becomes evident in the first sentence of 

the first homily (Hom. Act. 1.1): “To many persons, this Book is so little known, both it 

and its author, that they are not even aware that there is such a book in existence.” We 

can deduct from these factors that Acts was not valued, or even known as Chrysostom 

suggests, as highly as the gospels or the Romans. If so, we can ask whether scribes 

approached it in a more relaxed manner than the gospels and the Pauline epistles. 

This could, at least in part, explain some of the phenomena we encounter during the 

early transmission history of Acts. It seems that Acts developed freely during the first 

three centuries CE;55 that is, we find numerous variations of Acts, beginning from an 

early date. Some critics have pondered whether Acts was particularly prone to changes, 

which may have something to do with its literary genre.56 For instance, the form of Acts 

that Irenaeus used in the late second century differs from that used by Clement of 

Alexandria (c. 150–215 CE) two decades later (compare Haer.3.12.14 and Paed. 2.56.2). 

Similarly, in the early third century CE, we find that Tertullian (c. 155–240 CE) and 

Cyprian (ca. 200–258 CE), although both working in Carthage, applied divergent texts of 

Acts in their works (see Pud. 12.2, Test. 3.119). In other words, we can theorize that Acts 

was copied more freely than the gospels, for example, causing changes to accumulate 

 
51 Parker 2008, 285–6; Pervo 2009, 1. 
52 Bruce 1988, 3–4; Bock 2007, 28; Pervo 2009, 1. 
53 Allenbach 1975, 428–74; 1986, 363–94; 1991, 352–407. 
54 Bovon 2009, 80. 
55 Of course, this can be said about the other New Testament texts as well, as stated in Aland 
and Aland 1995, 69; Metzger and Ehrman 2005, 275–6. 

56 Parker 2008, 299. 
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more rapidly. Studies have in fact shown that scribes treated the gospels of Matthew, 

Luke, and John more carefully than Acts and the Gospel of Mark.57  It is also worth 

mentioning here that also Mark was relatively rarely referred to (c. 2310 times) by the 

church fathers. 

One should remember, however, that during these early centuries, New Testament 

texts were copied from one congregation to the next by literate members of the Christian 

communities, having differing skills and theological ideas. They were transmitted 

through private channels for at least the first two Christian centuries without the 

possibility to control what was copied.58  By the beginning of the fifth century CE, 

manuscripts evidence substantial differences. If we compare the texts of B03 (copied 

around 350 CE) and D05 (c. 400 CE), we discover that Bezae is approximately 10 percent 

longer than Vaticanus,59 and these two codices only agree in 68.3 percent of cases in 

Acts. 60  Within 300 years, very different textual lineages had developed, circulating 

approximately at the same time. 

When Christianity received official sanction in the fourth century CE, the number of 

Christians increased to the extent that it became more usual for commercial book 

manufacturers, or scriptoria, to produce copies of the books of the New Testament. From 

then on, private copying channels were not enough to satisfy the growing demand for 

New Testament manuscripts, even though they did not disappear as such.61 The laborious 

task of copying was made by thousands of scribes, who copied the texts with precision, 

and assigned correctors checked over the manuscripts in order to ensure greater 

accuracy.62 From this period, we find the first attempts to standardize the New Testament 

texts in Egypt but also elsewhere in the emerging Byzantine Empire. This imperial textual 

form, called the A-text cluster here, soon became exceedingly dominant in the Byzantine 

church; it was not a monolithic text, however, but developed in various ways.63  

Acts of the Apostles continued to be copied manually throughout the Middle Ages, 

and variants kept accumulating since not all the errors that arose during the copying 

 
57 Parker 1992, 257. 
58 Gamble 1995, 85; Haines-Eitzen 2000, 79–83, Metzger and Ehrman 2005, 275. 
59 Depending on the method of calculation, the text of Acts in D05 is on average 6–10% longer 
than that in B03. See Kenyon 1936, 287–315; Metzger 1994, 223; Read-Heimerdinger 2003, 
2–21. 

60 The agreement values are found at 
https://ntg.unimuenster.de/acts/ph4/comparison#ms1=03&ms2=05. 

61 Aland and Aland 1995, 65. 
62 Metzger and Ehrman 2005, 25.  
63 Aland and Aland 1995, 56, 64. 
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processes were detected. On the other hand, the text was also being directed theologically 

to a more correct form. In Acts 20:28, for instance, the oldest textual form reads “the 

Church of God, which he purchased with his own blood.” It seems that scribes (or the 

early church) opposed the idea that God himself would have shed his own blood and in 

several early manuscripts this passage was changed to “the church of the Lord.” 64 In the 

Middle Ages, we find a combination of these two earlier readings in the majority of the 

manuscripts: “the church of the Lord and God.”65 In later manuscripts, it was changed to 

“the church of the Lord Jesus and God,” and finally, the word “God” was deleted all 

together: “the church of the Lord Jesus.” 66  Here we can see traces of changing 

interpretations of this passage as time passed by, which are reflected in the differing 

readings. 

The significance of the monasteries can hardly be overstated. This institution cared 

and transmitted the text of Acts over the centuries in every locality of Medieval Europe.67 

This underlines the fact that the text of Acts was never transmitted in isolation from the 

surrounding Christian cultures but as an organic part of the local church in each time and 

place. As the interpretations of the text changed, the text itself also changed due to the 

developments occurring in the social-theological environments. As in Acts 20:28, we can 

see that the church and the text of Acts were in dialogue with one another, steering the 

text toward a correct interpretation in a given time and place. As Merrill M. Parvis put it, 

“Scripture was a living body of literature which was constantly being enriched as it was 

interpreted and reinterpreted by each succeeding generation.” 68  Different variants 

emerged and disappeared while others continued to be transmitted. By the time printing 

presses began to spread in the 16th century, Acts had nearly 1500 years of copying history, 

resulting in myriads of changes.69 

Now, what should we make of the nature of this tradition? It was not static, and quite 

the opposite in fact. From the beginning, manuscripts witnessed significant differences, 

meaning that the tradition developed rapidly into different textual lineages. The 

Byzantine church aimed to standardize the texts of the New Testament “to make them 

 
64 Ehrman 1993, 88, 264.  
65 Metzger 1994, 425.  
66 See, e.g., the minuscule manuscripts 1837 and 2243. 
67 Metzger and Ehrman 2005, 26–9.  
68 Parvis 1952, 173.  
69 See Gurry 2016, 97–121. 
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say what they were already known to mean.” 70  By doing so, another form of text 

developed that eventually superseded the earlier textual forms. By the Middle Ages, the 

differences between Greek manuscripts decreased but the texts continued to change. 

Medieval minuscule71 manuscripts 1 (12th c.), 81 (11th c.), and 2412 (12th c.) all contain 

texts of different natures though copied within a century.72 Until the very end of the 

manuscript transmission, unique readings continued to emerge. 73  Based on the 

manuscript evidence, one can argue that the tradition evolved through the accumulation 

of small changes that emerged out of accidental and deliberate processes. This, on the 

other hand, follows the logic of how cultures evolve in general. Hence, the question 

presents itself, should we understand Acts as an evolving manuscript tradition? 

 

1.4 An evolving manuscript tradition? 

Evolutionary thinking is not a novel standpoint per se in New Testament textual criticism. 

Textual critics have in fact used evolutionary ideas, language, or terminology for a long 

time, consciously or unconsciously, without much thought about its significance. Already 

in 1924, Burnett Streeter portrayed the development of local texts in a Darwinian manner, 

suggesting that a text acquires unique features as it adapts, so to speak, to its local 

environment.74  Donald W. Riddle articulated this more clearly, referring to “textual 

evolution” and the “evolution of the gospel texts,” while Merrill M. Parvis argued that 

manuscripts reflect the “particular theological interpretation which was in the foreground 

at that time and place.”75 Eldon J. Epp has similarly described the New Testament as a 

“living, breathing organism reflecting and reacting to its social and theological 

environment.”76 

Some critics, on the other hand, are reluctant to see any similarities between the 

concept of evolution and the changes in the manuscript tradition of the New Testament. 

It seems that these kinds of attitudes often arise from a misconception that evolution is 

 
70 Ehrman 1993, xii.  
71 Minuscules refer to medieval manuscripts copied using small Greek letters instead of large 
ones, called majuscules, which was the writing style of the earlier manuscripts.   

72 See more about these manuscripts at http://ntvmr.uni-muenster.de/liste. 
73  See minuscule 2243 (17th c.!) in Acts 20:28.  
74 Streeter 1924, 35–9. 
75 Riddle 1936, 223, 231; Parvis 1952, 173.  
76 Epp 2005a, 478. 
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somehow teleological or progressive.77 It can be underlined that the manner in which the 

term “evolution” is used here does not point to any kind of progression, instead giving 

space to chance and coincidence.  

What kind of evolution are we dealing with here? Before answering this, we must first 

address a more profound question, namely, what the manuscript is. It is a part of a larger 

chain of technological innovations spanning thousands of years to transmit, preserve, and 

store information. To this end, manuscripts are a very good choice. They are light, 

durable, and easy to work with. Manuscripts are the backbone of the cultures that 

produced, copied, changed, and interpreted them. New Philology often uses the term 

manuscript culture: 

 
In cultures where literature is written down and copied by hand, texts are constantly in a 

process of change, both through scribal reworking and copying, and through the work of 

active readers taking notes in the margins and otherwise interfering with the text. Texts are 

adapted, translated, interpolated and supplemented. Earlier glosses become part of the text 

block of the next copy, and new glosses affect the way readers encounter and understand 

the text.78 

 

Cultural evolutionists often define cultures as information stored in human brains: 

knowledge, beliefs, attitudes, norms, and skills.79 These are passed on from parents to 

their offspring (vertical transmission) or from teachers to pupils or among friends 

(horizontal transmission) by means of different forms of learning and imitation. However, 

when a cultural variant (idea or belief) reaches the new human brain, it will be different 

compared to the previous one since it does not get copied to the individual’s 

consciousness as such. It will be processed and re-arranged by the brain so that a person 

can understand it while attaching new aspects to it but also deleting some. These cognitive 

processes change from one person to the next, since everyone is equipped with a different 

set of knowledge, attitudes, and experiences. 80  The difference is not necessarily 

significant when the variant reaches a new brain, but these changes accumulate over time, 

causing cultures to evolve into a wide variety of forms.81 

 
77 This seems to be the case with Klaus Wachtel in an interview with Yii-Jan Lin conducted in 
Münster, Germany, March 10, 2011. See the full interview in Lin 2016, 173–81. 

78 Lundhaug & Lied 2017, 4. 
79 Richerson and Boyd 2005, 61–2; Mesoudi 2011, 2–3; Lewens 2015, 44–60. 
80 Sperber 1996, 101. 
81 Richerson and Boyd 2005, 50–4.  
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Cultural information can also be stored in physical objects or artifacts such as 

manuscripts.82 The cultural information in which we are interested here concerns the 

important Christian text of Acts of the Apostles, a book about the history of the early 

Christian movement. The work is an informational accumulation of the Christian 

worldview, beliefs, and ethics. Although the author of Acts undoubtedly used his artistic 

talents, he did not invent the form of Christianity that his work testifies to. Rather, the 

author and the Christian community that he was part of interpreted the tradition that had 

been passed down by the previous Christian generation. When the author wrote Acts, he 

stored or encoded this important Christian information, preserving it for the succeeding 

generations. However, the text began to change immediately after the transmission 

process started. 

As already mentioned, scribes copied manuscripts using older exemplar(s); hence we 

can say that the new copy inherited its readings from the exemplar. This allows us to talk 

about parent (exemplar) and child (new copy) manuscripts. 83  However, during this 

process, changes occurred along similar lines as when cultural information is passed on 

from one brain to the next. At first glance, this seems to also concur with biological 

evolution, but in fact it is quite different. Cultural evolution is not as blind as biological 

evolution (for instance, using random mutations only); instead, at least partly, it is guided 

by the intentional actions of people.84 As stated, whenever human beings encounter new 

information, complex cognitive processes take place in our minds, changing the 

information, adapting some aspects while neglecting others.85 

The manuscript transmission process is one of the few examples where a cultural 

product is copied or replicated, partly concurring with meme theory.86 This theory states 

that memes (ideas, beliefs) are gene-like particles in human cultures that have the 

 
82 Richerson and Boyd 2005, 61. 
83 In fact, this is part of the common terminology used in recent New Testament textual 
criticism. See Mink 2008, 165–78. 

84 Mesoudi 2011, 45.  
85 Intentional actions of scribes generate changes between manuscripts at a more rapid pace than 
random errors (see the following section). As was already stated, Acts may have been treated 
in a more relaxed manner compared to the gospels. This may have caused changes to 
accumulate more rapidly, and this may be one of the reasons why we see vast differences 
between the manuscripts of Acts from such an early date. The extent of these differences, on 
the other hand, make it more difficult for computer-assisted methods to relate the manuscripts 
of Acts (see case study I).  

86 Sometimes the phylogenetic analysis of manuscripts is called phylomemetics. See Howe and 
Windram 2011. 
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capability of making copies of themselves. 87  Richard Dawkins used scribes and 

manuscripts to explain how genetic evolution works.88 However, we must remember that 

manuscripts did not get copied automatically like genes but manually by scribes. Even 

though scribes committed several accidental changes (mistakes or errors), they also made 

unequivocally deliberate changes or improvements to the texts they were copying. In 

other words, manuscripts are the results of countless decisions made by human beings. 

Thus, the manuscript tradition of Acts can be approached in the following way: 

accumulation of small variations, comprising purely accidental processes but also 

intentional modifications. The child manuscripts primarily inherited their readings from 

the parent manuscripts. Hence, the same forces that cause cultures to change were 

operating behind the changes in the manuscripts.89 The possibilities and implications of 

this evolutionary approach are explored in the following section. It is demonstrated that 

an evolutionary approach can explain all the phenomena we see in the manuscripts, which 

have parallels in genetic and cultural evolution.90 

2 Theory: An Evolutionary Approach to Manuscript Changes 
The different processes that cause manuscripts to change are well documented and found 

in every textbook of New Testament textual criticism.91 These are often divided into 

(unintentional) errors made by the scribes and intentional changes, such as theologically 

motivated alterations. All these processes have parallels in cultural evolution but are 

called somewhat differently. In the following section, these parallels are presented with 

examples taken from different manuscripts of Acts. It is argued that the theoretical 

framework of cultural evolution (with its terminology) can be used in New Testament 

textual criticism and, in fact, it offers useful tools to better understand the phenomenon 

seen in the manuscripts of Acts. As stated earlier, contamination is a severe problem in 

the manuscript tradition of Acts and CBGM was designed to tackle the issue. This 

process, called cultural selection in cultural evolution, is translated here into the term 

 
87 Computer viruses or chain mails can be seen as other examples of this replicating process in 
human cultures. Dawkins 1976, 201; Dennett 1995, 352–69; Blackmore 1999. 

88 Dawkins 2016, 20–1. 
89 As described by Richerson and Boyd or Mesoudi. See Richerson and Boyd 2005, 69; 
Mesoudi 2011, 57. 

90 Howe et al. 2004.  
91 See, e.g., West 1973, 15–29; Metzger and Ehrman 2005, 250–71; Porter and Pitts 2015, 112–
16. 
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textual selection, giving a more neutral approach to the phenomenon.92 Furthermore, 

several studies in cultural evolution divide the phenomenon into categories (content-, 

model-, and frequency-based selection), which are based on the possible reasons for 

selecting a given variant over others.93 This example shows how cultural evolution gives 

tools to understand this phenomenon more precisely. 

The different models developed and used by Luigi Luca Cavalli-Sforza and Marc 

Feldman,94 Robert Boyd and Peter Richardson,95 and Alex Mesoudi96 are applied here. 

In these models, the forces that cause cultures to change can be divided into random 

(cultural mutations, cultural drift) and nonrandom (guided variations, cultural selection) 

forces. Hence, some are purely accidental in nature, while others are directed by human 

beings.97 We must also pay attention to the different pathways by which cultural traits 

were transmitted: vertical, horizontal, and oblique. It is vital to understand these modes 

of transmission, since they also increase the number of changes found in the manuscripts. 

 

2.1 Random processes 

2.1.1 Textual mutations 
The main question here is not whether changes were introduced unintentionally or 

unconsciously by the scribes, but rather what is the likelihood that a change emerged by 

accident, termed textual mutation. In other words, these are the types of changes that 

every scribe had an equal chance to commit, regardless of the text the scribe was copying 

or the time and place, arising from the manner in which scribes reproduced manuscripts, 

that is, manually copying letter by letter, page after page. In this sense, textual mutations 

are universal changes that are not dependent on the text or even the used language. We 

can find similar changes in all manuscripts.98 

One of these types of changes occurred when scribes mixed up letters due to their 

resemblance to each other. The letters lambda and delta, for instance, were easily 

 
92 Contamination refers to something pure that becomes dirty, which arises from the traditional 
attitudes in the field and the obsession to find the pure original text. Textual selection, on the 
other hand, is a more neutral term to describe what is actually happening here: a scribe 
selecting one variant over others. 

93 See, e.g., Richerson and Boyd 2005, 69; Mesoudi 2011, 57. 
94 Cavalli-Sforza and Feldman 1981. 
95 Boyd and Richerson 1985; Richerson and Boyd 2005. 
96 Mesoudi 2011.  
97 Richerson and Boyd 2005, 69. 
98 To put it more precisely, the processes behind mutation are the same, but the details vary 
from language to language. Compare West 1973, 15–29; Metzger and Ehrman 2005, 251–9.  
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confused. In Acts 7:45, Stephen preaches how Jews received the tabernacle of the 

testimony in the wilderness. The word for “receive” is διαδέχοµαι, which in this verse is 

in the form διαδεξάµενοι (aorist participle). However, a 16th-century minuscule 1884 

contains a change from δ to λ, so that it reads διαλεξάµενοι, meaning “to discuss,” which 

changes the meaning from “having received it” to “having discussed it.” The difference 

between these words seems obvious when we write them in modern-day minuscule fonts, 

but we must remember that in the earliest days (the time at which this variant originated) 

in the textual transmission of the Acts, there were no spaces between words or 

punctuation, and everything was written in capital letters. Hence, a scribe would have 

seen the text like the following:  

 

ΗΝΚΑΙΕΙϹΗΓΑΓΟΝΔΙΑΔΕΞΑΜΕΝΟΙ 

(ἥν καὶ εἱσήγαγον διαδεξἄµενοι) 

 

The letters alpha (Α), delta (Δ), and lambda (Λ) were easily confused with one another. 

The same minuscule 1884 contains another similar change in 15:40: whereas all other 

manuscripts (except Codex Bezae) reads “But Paul chose Silas and left,” 1884 reads “But 

Paul welcomed Silas and left.” The only difference here is again a change of just one 

letter, from ἑπιλεξάµενος to ἑπιδεξάµενος. One could perhaps argue that this change may 

have been deliberate, because the change makes sense. This does not, however, concern 

us here, since we are asking whether the change could have arisen in a purely random 

way, to which we have to say yes. There are several other examples where scribes made 

similar changes, which tells us that these types of changes emerged often. 

Sometimes scribes accidentally omitted words, sentences, or entire verses when 

different lines happened to end with the same words or even the same syllable, and the 

scribes’ eyes wandered from the first line to the next while omitting everything in 

between.99 In Acts 5:20, an angel of the Lord instructs the apostles to “speak to the people 

in the temple” (λαλεῖτε ἐν τῷ ἱερῷ τῷ λαῷ), whereas papyrus manuscript 𝔓74 (7th century 

CE) reads “speak in the people” (λαλεῖτε ἐν τῷ λαῷ). Hence, it seems that the scribe of 

𝔓74 jumped over ἱερῷ, which is located between the two τῷ articles. 

 
99 Metzger and Ehrman 2005, 253. 



	 27 

These variants are idiosyncrasies of a few manuscripts without becoming widespread 

among the manuscripts of Acts. There are, however, readings that emerged randomly and 

eventually became widespread. For instance, Acts 17:10–15 narrates how Paul was 

successful among the Jews at Beroea at first, but after Jews of Thessalonica heard that 

Paul was there, they came to Beroea and began “to stir up and incite the crowds” (17:13). 

However, from the 3rd century CE, manuscripts evidence that “and incite” (καὶ 

ταράσσοντες) began to gradually disappear from the manuscripts, even though it was used 

a couple of verses earlier (17:8) in precisely the same context as in 17:13, referring to the 

Jews of Thessalonica. This deletion, it seems, occurred accidentally for καὶ ταράσσοντες 

is preceded by the verb σαλεύοντες; that is, we have two subsequent verbs that have the 

same -οντες participle ending, as the scribe’s eyes jumped over καὶ ταράσσοντες, deleting 

it. The deletion is first found in 𝔓45 (3rd c. CE) and later in the majority of the Greek 

witnesses.100 

Scribes also replaced words with synonyms, changed the word order, or transposed 

letters within a word apparently without much thought.101 Hence, in Acts 1:15 we read 

that Peter speaks either to brothers (ἀδελφῶν), disciples (µαθητῶν), or apostles 

(ἀποστολῶν). Occasionally, little differences in the spelling change the identity of the 

person the text is speaking of. Acts 1:23 tells us that the other candidate for replacing 

Judas (besides Mathias) was Josef called Barsabbas, but some manuscripts spell the name 

βαρσαβᾶν, βαρναβᾶν, or βαραββᾶν, so that it is not clear to whom the texts refer and 

whether this is the same Josef mentioned in 4:36.102 A similar phenomenon can be seen 

in Acts 1:4, where the majority of manuscripts read καὶ συναλιζόµενος παρὴγγειλεν αυτοις: 

“While staying with them, he (Jesus) ordered them.” In the Codex Bezae, the word 

συναλιζόµενος has taken the form συναλισκόµενος, which means “to be taken captive” or 

“to be sullied.” If we assume that a scribe meant to write συναλισγόµενος here, the 

translation would be: “While being captive (or sullied) with them, he ordered them.” It is 

hard to deduce what the scribe’s intention was here. Some critics see a mistake and have 

corrected the text of the Codex Bezae to συναλιζόµενος,103 but we cannot be sure.104 On 

 
100 Metzger 1971, 454. See also Pervo 2009, 417. 
101 Metzger and Ehrman 2005, 257. 
102 Rius-Camps and Read-Heimerdinger 2004, 113. 
103 Ropes 1926, 3. 
104 Rius-Camps and Read-Heimerdinger 2004, 50. 
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the other hand, we see again how a simple change (from -ζ- to -σκ- or –σγ-) has the power 

to change the sense entirely and how often these changes occurred. 

Word order seems to be particularly vulnerable to changes. We have several examples 

where we find all possible word order combinations. In Acts 3:18, Peter preaches how 

“His (God’s) Messiah would suffer,” which is found in various forms: παθεῖν τὸν χριστόν 

αὐτοῦ, αὐτοῦ παθεῖν τὸν χριστόν, αὐτοῦ παθεῖν τὸν χριστόν αὐτοῦ, παθεῖν τὸν χριστόν αὐτον, 

παθεῖν τὸν χριστόν, etc.  These types of variations arose when a scribe tried to remember 

the exemplar’s text while copying, changing the word order, or deleting some words.105 

These are the types of changes that occurred when scribes copied the text from an 

exemplar. Different types of changes emerged when scribes copied texts from dictation 

in scriptoria. The problem with copying texts from dictation is that several Greek letters 

or diphthongs are pronounced alike. For instance, from the 2nd century CE onwards, the 

vowels η, ι, and υ, the diphthongs ει, οι, and υι, and the improper diphthong ῃ came to be 

pronounced alike, with all of them sounding like long e.106 Let us return to Acts 17:28, 

where we can see what types of problems this causes. As mentioned, Paul states here: “In 

him (Christ) we live and move and have our being.” The verb κινέω (“move”) is in the 

form of κινούµεθα (present indicative), but we encounter in this variant place different 

words altogether: κεινούµεθα (κενόω or κεινόω = “to empty”) and κοινούµεθα (κοινόω = 

“undertake together, agree”). As we can see, these little changes caused by identical 

pronunciation have the effect of changing the word altogether. 

These examples demonstrate that manuscripts were vulnerable to random mutations, 

which had the capability to change the text. Before moving to intentional or guided 

variations, it is worth paying attention to another evolutionary force, textual drift, which 

is also entirely random in nature.  

 

2.1.2 Textual drift 
The phenomenon called cultural drift in studies of cultural evolution is here replaced by 

the term textual drift, since it better describes the phenomenon in manuscripts. The term 

refers to a process where the frequency of a particular variant among the manuscripts is 

affected by random events; that is, some readings or variants may become widespread, 

 
105 Metzger and Ehrman 2005, 257. 
106 Dickey 2009, 152. 



	 29 

decrease in number, or disappear entirely, not because they are beneficial or somehow 

better compared to others but because some accidental events have occurred.107 

We can illuminate the issue by focusing on the manuscripts themselves that carry the 

text. The fact is that we do not have all the manuscripts ever copied. Even though we 

know of over 6000 Greek New Testament manuscripts, of which over 500 contain Acts, 

most of the manuscripts, particularly the older ones, are now lost.108 Our earliest papyrus 

manuscripts of Acts come from the 3rd century CE (𝔓29, 𝔓45, 𝔓53, 𝔓91), but before that, 

we have no manuscript evidence, only allusions or quotations of the church fathers. All 

the manuscripts that were copied between ca. 100 CE and ca. 225 CE are now lost. Also, 

we have only 13 surviving witnesses of Acts that can be dated before the year 400 CE, of 

which two are complete, the rest being fragments.109 One can only imagine how many 

manuscripts did exist, having been copied within these 300 hundred years. Hence, we 

have only a tiny fraction of all the manuscripts copied in the earliest period. 

One of the reasons for this might be the Great Persecution by Emperor Diocletian. In 

the first edict (issued in 303 CE), Diocletian commanded that “the churches be leveled to 

the ground and the Scriptures be destroyed by fire” (Hist. eccl. 8.2.4). While it is quite 

possible that Christians tried to hide their most precious texts or hand over whatever else 

they could find, and some were willing to die rather than surrender their sacred scriptures 

(Aug. Brev. Coll. III 13.25), several records state that Christians indeed gave up scriptures 

with or without a fight (Hist. eccl. 8.2.1, Passion Sancti Philippi, IV, Optatus, Appendix 

I). It seems that in the eastern part of the empire, it was not even considered a sin to hand 

over the sacred books, whereas in the west the situation was drastically different.110 In 

314 CE, the Council of Arles ordered in one of its canons (14:13) that all clerics who 

handed over the Holy Scriptures be released from their office. Surrendering scriptures 

was the main factor that ignited the Donatist schism after the persecutions ended, which 

tells that this indeed was an issue.111 Christians lost their sacred books in great numbers, 

and we can only imagine the amount of copies destroyed during this period. For instance, 

in Cirta, the capital of Numidia in North Africa, 37 codices were confiscated by officials 

in one single raid (Optatus, Appendix I).  

 
107 Richerson and Boyd 2005, 69; Mesoudi 2011, 76–7. 
108 Mink 2004, 13. 
109 See the list at http://ntvmr.uni-muenster.de/liste. 
110 Ste-Croix 2008, 46–8.  
111 Ferguson 2013, 275–6.  
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A number of questions arise here. How low did the numbers of manuscripts fall during 

this period? How well do the surviving manuscripts represent those that were destroyed? 

How much of the earliest textual tradition did Christians manage to save? On the other 

hand, when the persecutions ceased, what exemplars did they use for the new copies, and 

how divergent were the textual forms represented by these exemplars? For instance, when 

Constantine ordered the famous fifty copies around 331 CE from Eusebius for the 

growing churches of Constantinople (Vit. Const. IV 36–37), what types of exemplar(s) 

were used by the scribes. 

These are fascinating questions, since it seems that the overall character of the textual 

tradition of Acts changed during this time. A significant proportion of the manuscripts 

vanished, while vast numbers of new ones replaced those that were lost. The form of a 

text that Irenaeus used in the late 2nd century CE, for instance, was once widespread across 

the Roman Empire, but now only a handful of Greek witnesses are known.112 One of the 

contributing factors may be that the numbers of this textual form drastically dropped 

during the Great Persecution, and when the time came for manuscripts to be reproduced 

again, scribes used other exemplars of a different nature. Also, we find several variant 

readings which were known to the church fathers, but today we have perhaps one or two 

manuscripts in agreement with them (Acts 2:9; 2:16; 4:32; 17:23, 27, 31; 20:28). This 

suggests that major disturbances indeed occurred during the textual transmission. After 

the persecutions, Christians needed vast amounts of copies of the New Testament. The 

demand increased all the time due to the expansion of the congregations and new ones 

being established. Hence, the textual variants contained in the exemplars that were used 

in that period by the scribes rapidly spread and multiplied.113 

These types of events can be described as random since there was no way of foreseeing 

which manuscripts would survive and be used as exemplars for the new copies. These 

processes had the power to change the frequencies of different variants among the 

manuscripts. Some readings increased in number while others perished altogether. 

Cultural drift works in this way, when some natural disaster (or, for instance, famine or 

epidemic) strikes, wiping out large amounts of individuals within a given population, but 

some of them survive as a matter of luck.114 

 
112 Westcott and Hort 1882, 108. 
113 Aland and Aland 1995, 64–7. 
114 Mesoudi 2011, 76–9.  
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The Diocletian persecution was not by any means the only event that caused 

disturbances in the textual transmission. We see a significant drop in the numbers of the 

New Testament manuscripts, including Acts, during the 7th century CE.115 This was the 

time of Arab conquests, which saw three ancient Christian patriarchates (Jerusalem, 

Antioch, and Alexandria) fall under Muslim dominion. The great theological library of 

Caesarea, for instance, with its 30,000116 books, was destroyed in 638 CE.117 Christian 

populations of North Africa, Egypt, Palestine, Syria, and Mesopotamia were greatly 

reduced, with corresponding effects on the transmission of the New Testament in those 

areas.118 Constantinople was the only ancient Christian center that did not get conquered 

or destroyed for hundreds of years, which undoubtedly affected the fact that the most 

widespread textual form of the New Testament was the one used in the Byzantine 

Empire.119 

These are a couple of examples that demonstrate how vulnerable the manuscripts were 

to external, completely random forces, such as changing social, political, and religious 

currencies. The manuscripts and textual variants included in them did survive over the 

centuries not only due to the qualities or attributes they contained but at least to some 

extent because they were in the right hands in the right place at the right time. 

 

2.2 Nonrandom processes 

2.2.1 Guided variants 
What has been said so far about the random forces behind the changes in manuscripts of 

Acts may begin to sound a lot like genetic evolution,120 but like in cultural evolution, all 

variants did not arise due to random events. Textual variation also emerges due to 

decisions made by human beings.121 We have several examples where the text has been 

deliberately modified to meet some purpose. However, it is entirely another matter to try 

to deduce the exact intentions behind the alterations. In the following, different cases are 

pinpointed where we can identify intentional modifications made by the scribes. 

 
115 See the statistical data of Leuven Database of Ancient Books (LDAB) at 
https://www.trismegistos.org/ldab/graphs.php. 

116 This estimation was made by Isidore of Seville in Origines VI.6.1. 
117 Antioch and its churches, on the other hand, were destroyed by an earthquake already a 
century earlier in 526 CE. See Witakowski 1996, 46–7. 

118 Metzger and Ehrman 2005, 220. 
119 Metzger 1971, xx; Aland and Aland 1995, 64–5; Metzger and Ehrman 2005, 215. 
120 And perhaps following the principles of the memetics, as in Dennett 1996, 352–69. 
121 Mesoudi 2011, 45–6, 63–4.  



	 32 

Guided variation refers to a process where an individual receives cultural information 

from another person and modifies it according to one’s cognitive processes, which are 

then transmitted to others in a given population.122 In the context of manuscripts, this 

means that a scribe encounters a particular reading in the exemplar and decides to change 

the reading one way or another. In Acts, it seems that these types of changes often deal 

with details concerning a particular figure in the narrative. 

In Acts 8, we encounter Simon, who later came to be known as Simon Magus (a title 

that Luke never used).123 He is eager to gain the same power as the apostles and offers 

them money, but Peter denies this by saying that the gift of God (the Holy Spirit) cannot 

be bought, and damns him to perdition (8:18–23). In the next verse (24), Simon replies: 

“Pray for me to the Lord, that nothing of what you have said may happen to me.” 

However, some scribe(s)124 made certain interesting additions, for we find the following 

verse in the Codex Bezae: “And Simon answered and said to them, ‘I beseech you, pray 

for me to God, that none of these evils of which you have spoken to me may come upon 

me’ – who did not stop weeping copiously.” In other words, Simon Magus is depicted as 

penitent for some reason.125 Interestingly, in his homily on Acts (Hom. Act. XVIII) around 

400 CE, John Chrysostom cites Acts 8:24 without these additions, but then he adds that 

Simon “ought to have wept and mourned as a penitent.” Whether this means that 

Chrysostom knew the Bezan text or not,126 the fact remains that some scribe indeed added 

this information to the verse. Perhaps Simon was expected to have behaved this way. As 

Bart Ehrman put it, “Scribes altered their sacred texts to make them ‘say’ what they were 

already known to ‘mean’.”127 This may be the case here. 

Some scribes went even further and rewrote, it seems, some verses or passages 

altogether. For instance, in Acts 8:26–40 we encounter the famous Ethiopian eunuch, who 

was struggling with the text of Isaiah when Philip meets him on the road that goes from 

Jerusalem down to Gaza (26–31). A Coptic manuscript called the Codex Glazier (5th 

 
122 Mesoudi 2011, 63. See also Sperber 1996, 101.  
123 Fitzmyer 1998, 400. 
124 It is possible that these additions were not made by one person. There are some indications 
that multiple subsequent additions can be discerned here. The first addition, “I beseech you,” 
for instance, is found with minor differences in minuscules 431, 614, 876, etc. The second, 
“these evils,” appears in majuscule 08 and minuscule 1884. The last one is found only in the 
Codex Bezae and Syriac Harklensis with the Coptic Codex Glazier. Thus, the situation is 
almost identical as in Acts 5:38–39. 

125 Barrett 2004, 417–18; Rius-Camps and Read-Heimerdinger 2006, 146–7; Pervo 2009, 215. 
126 Harris 1894, 94; Ropes 1926, 80.  
127 Ehrman 1993, 322. 
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century) contains a text that differs from all known manuscripts in varied ways. In verse 

35, for instance, all the other manuscripts read: “Then Philip began to speak, and starting 

with this scripture, he proclaimed to him the good news about Jesus.” By contrast, the 

Codex Glazier reads: “Then Philip took his beginning from the scripture, and now he was 

in the spirit; he began to explain to him from the scripture and preached the Lord Jesus 

Christ to him.” As we can see, the whole sentence is changed, and we see similar changes 

across the entire pericope in the Codex Glazier. Here the point seems to be that Philip 

was under the direct influence of the Spirit. 

As was said above, the Codex Glazier is our only witness to the majority of these 

changes. Without it, we would be oblivious to these variants. Though scribes made 

intentional changes to the manuscripts, they were randomly preserved and transmitted. 

Unique readings vanished into the shadows of time if the manuscript that contained them 

happened to be destroyed.128 Also, these changes testify that occasionally scribes indeed 

had the power to make significant changes to the texts they were copying. 

 
2.2.2 Textual selection 
All the intentional changes do not involve transforming the readings. Scribes also selected 

or adopted some variants over others.  In other words, they had more than one variant 

from which to choose. Particularly in the context of the New Testament, scribes used 

more than one exemplar, following the text of one but occasionally selecting variants 

from another manuscript. This is called contamination in textual critical studies,129 but 

here this phenomenon is called textual selection,130 following the common terminology 

of cultural evolution.131 Textual criticism should in fact dispense with the traditional 

terminology, such as contamination or corruption, because these are heavily tendentious 

terms, as if our studies have one single purpose, that is, unearthing the pure original text, 

 
128 I am not suggesting here that the Codex Glazier was the only manuscript to contain these 
readings. It is possible, for example, that the Codex Bezae may have included them. However, 
the Codex Bezae has lacunae here (8:29–10:14). Hence, the Codex Glazier is at present our 
only manuscript that contains these readings. See Epp 1966, 197–212. 

129 West 1973, 13; Parker 2008, 167–170. 
130 This was developed from the term cultural selection and is understood as Alex Mesoudi 
(2011, 64) defined it “as any condition where one cultural trait is more likely to be acquired 
and passed on than an alternative cultural trait.” Or, to put it in the language of textual 
criticism, this would be any condition where a scribe was more likely to follow one 
manuscript and copy its text while discarding others. See also Sforza and Feldman 1981, 15. 

131 Richerson and Boyd seem to argue on behalf of separating selection from biased 
transmission, a term that they developed. Richerson and Boyd 2005, 79–80. 
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a quest that has been questioned in recent decades.132 What we see in the manuscripts 

time and again is a practice of making selections between different variants and 

(re)combining different textual sources; thus, we should use the more natural or neutral 

terms of selection and recombination. 

Here the different types of—or, rather, differing reasons for—textual selection are 

classified. The aim is to answer the question why scribes chose a particular variant over 

another. The fact that New Testament manuscripts testify to numerous instances of textual 

selection is often stated without further evaluation of what types of selection there are or 

what caused scribes to choose some variants over others.133 Three different selective 

models adopted from cultural evolution are used here: content-, model-, and frequency-

based selection.134 

 

Content-based selection 

Cultural evolutionists have noticed that some cultural traits are more likely to be learned 

because they are more attractive, meaning, for instance, that they are easy to remember.135 

In other words, this selective model is content-based, because the reason for the selection 

is based on what the variant contains. In the context of this investigation, the question is, 

which textual variants are more attractive compared to others. One may think this depends 

on the immediate context of the variant, but the key issue here is what kind of selection 

was easier for scribes to make. If we return to the pericope about Philip and the Ethiopian 

eunuch, we encounter an entire verse (8:37) that several manuscripts contain, but which 

is omitted by the earliest manuscripts and the majority of the witnesses. Verse 37 reads: 
“And Philip said, ‘If you believe with all your heart, you may.’ And he answered and 
said, ‘I believe that Jesus Christ is the Son of God.’” Minuscule 1739 is considered to 

contain very early text, and it often agrees with the earliest manuscripts such as the Codex 

Vaticanus and Sinaiticus. Here, however, 1739 has verse 37 while Vaticanus, for instance, 

omits it. This verse is quite early, for it is found already in the text of Irenaeus (Haer. 

3.12.8), but critics have judged this to be a later addition.136 It seems that 1739, though 

generally following the text similar to Vaticanus, has changed the exemplar, which 

 
132 Ehrman 1995, 361; Parker 1997, 3–4, 119, 208–9, 212; Epp 1999, 278. 
133 Mink 2004, 22–4; 2008, 29–32, 51–2, 58–63, etc.; 2011, 148–51; Wasserman and Gurry 
2017, 21–5.   

134 Mesoudi 2011, 56–7.  
135 Richerson and Boyd 2005, 69; Mesoudi 2011, 65.  
136 Metzger 1994, 359–60. 
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included verse 37. Also, it is easy to see why this happened. After all, the Ethiopian 

eunuch here follows a very early Christian confession: “I believe that Jesus Christ is the 

Son of God.” In other words, this selection was easy for the scribe to make, and was thus 

more attractive. 

 

Model-based selection 
Sometimes people adopt certain cultural traits that are not based on the actual content of 

the trait but on the prestige of the person who exhibits them.137 This person is here called 

a model; hence, this type of selection is model-based, which concerns the identity of the 

person from whom the traits are acquired. People might, for instance, imitate the very 

prestigious model of high social status. We see this operating all the time. People copy 

the hairstyles or clothes of a famous movie or pop star. In the context of the manuscripts, 

scribes may have preferred some variants, not based on the quality of the variant but 

because some famous person was known to use them in their texts. Some readings could 

have been associated with a particular and early Church leader (some church father, for 

instance), which would have made them attractive in the eyes of the scribes. 

Minuscule 1739 contains numerous marginal notes taken from the writings of 

Irenaeus, Clement, Origen, Eusebius, and Basil. It seems that this minuscule was copied 

by a monk called Ephraim in Constantinople, who had access to all these writings and 

compared different variants and took the authority of these early church leaders into 

consideration when selecting between differing readings.138 Hence, the scribe chose a 

particular variant because some of these prominent Church Fathers used them in their 

writings. It is possible that the scribe (on a personal level) did not prefer or approve of a 

particular variant in terms of the content and meaning but simply followed these famous 

Christian authors and their authority.  

 
Frequency-based selection 

Individuals also select cultural traits that are not attractive on a personal level or because 

they are exhibited by some well-known authority. Some traits are adopted due to their 

popularity in the population. This frequency-based form of cultural selection is a strong 

motive to choose traits, since the pressure to conform to the majority view in a given 

 
137 Mesoudi 2011, 73. 
138 Kim 1950, 170; Parker 1997, 62.  
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population often outweighs personal preferences or judgments.139 By imitating the most 

common variants, individuals are less likely to acquire unfavorable cultural traits in a 

population than those who imitate them at random.140 Hence, people in the same cultural 

group tend to behave and think similarly, compared to neighboring groups where 

individuals believe in different things and behave in different ways. This creates and 

maintains group boundaries and cultural differences through time.141 

Critics often divide the earliest manuscripts of Acts into two groups, the B- and D-text 

clusters.142 The textual forms contained in them are very different. The B-text is short and 

controlled, while the D-text is long, including several additions but also omissions. In the 

5th century CE, it seems, one finds the first instances of the A-text cluster. This became 

popular in the Byzantine Empire and is characterized by lucidity and smoothness.143 

Initially this was a rare textual form, but something occurred in the 8th–9th centuries CE. 

 

Figure 1. The rise of the A-text cluster 
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Figure 1 comprises 425 Greek manuscripts of Acts that were classified by the author of 

this dissertation using all the literature that was available. It is questionable, however, 

 
139 Mesoudi 2011, 71. 
140 This holds true most of the time. If environments change, then the majority trait may not be 
the most favorable and conformity maintains a sub-optimal tradition. Richerson and Boyd 
2005, 120–4. 

141 Henrich and Boyd 1998, 230–1. 
142 As stated earlier, critics often identify two early textual forms of Acts (B- and D-text 
clusters) and one later one (A-text cluster). Hence, there are (usually) three textual clusters in 
total identified by the critics. See Epp 2013, 560; 2017, 230–2. 

143 Metzger 1971, xx; Aland and Aland 1995, 64–5; Metzger and Ehrman 2005, 215. 
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whether the earliest manuscripts classified as containing the A-text—the majuscule 

manuscripts 077 (5th c.), 0166 (5th c.), and 0294 (6th / 7th c.)—are witnesses to the A-text, 

due to their fragmentary state. Here, the classification of ECM was followed.144 It seems 

that the A-text suddenly became popular among Byzantine congregations, since in the 9th 

century it came to occupy the majority of the surviving Greek manuscripts, as can be seen 

in the figure.145 

We know that the Byzantine Empire fell into the Dark Ages in the seventh century due 

to several reasons, one being the Muslim conquests, which crippled the empire. This 

period marks a pause in the historical records and a decrease in the number of surviving 

manuscripts.146 The Byzantine Empire experienced a renaissance or revival in the ninth 

century, leading to the preservation and re-copying of ancient texts.147 Thus, it seems that 

when the Byzantine church began to copy the New Testament in large quantities once 

again, they chose the Byzantine text as the basis. All the different types of the textual 

selection presented here may have contributed to this development. The A-text was 

compelling to the scribes with its smooth and complete language (content-based 

selection). We can find it in a rudimentary form already in the writings of the great Church 

leaders, such as Basil the Great and Chrysostom (model-based selection).148 Also, the 

exemplars used by the scribes changed toward the A-text, since this was considered as 

the authoritative textual form in the Byzantine Empire.149 In other words, the pressure to 

produce text that conformed to the Byzantine text increased as time went on (frequency-

based selection). 

Also, the s-curve seen in the figure is revealing. This corresponds to the pattern of new 

cultural traits spread in cultures when biased cultural selection (content-, model-, and 

frequency-based) is the predominant affecting force, causing initially rare innovations, 

ideas, beliefs, and values to become widespread within a given human group.150 Hence, 

this suggests that the A-text represents an innovation that emerged in the fifth century, 

and later superseded older textual forms, coinciding with the dynamics of cultural 

 
144 Strutwolf et al. 2017b, 8. The Alands, on the other hand, did not classify these as witnesses 
to the A-text; see Aland and Aland 1995, 120, 123. 

145 The figure is also constructed by the author. 
146 New Testament Virtual Manuscript Room lists seven heavily fragmentary manuscripts of 
Acts, dated between 600–799 CE, but 14 that were copied between 800–899 CE in much 
better condition. See http://ntvmr.uni-muenster.de/liste. 

147 Mango 2002, 217. 
148 Racine 2004. 
149 Aland and Aland 1995, 67–71. 
150 Henrich 2001, 992–1013.  
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evolution. This, on the other hand, challenges numerous studies that argue for the priority 

of Byzantine text. This theory maintains that the original text of the New Testament is 

found in most manuscripts (i.e., from the A-text cluster).151 

 

2.3 Modes of textual transmission 

As stated above, one must also pay attention to the different pathways along which the 

texts were transmitted: vertical, horizontal, and oblique. It is vital to understand these 

modes of transmission since they significantly increase the number of changes found in 

the manuscripts. More importantly, they affect how we can trace the history of the 

manuscript tradition of Acts.  

 

2.3.1 Vertical 
In an ideal situation, concerning transmission history, a scribe would copy a text using 

one exemplar. This would mean that a child manuscript inherited most of its readings 

from its parent manuscript while the scribe made some mistakes and/or deliberate 

changes. Scribes may have used the same parent manuscript more than once to copy 

several child manuscripts,152 but the direction of the transmission is always from parent-

to-child. This kind of transmission is vertical and ideal for tracing the history of a given 

manuscript tradition, since it allows one to depict it as a tree or a stemma, as demonstrated 

in the example below: 

 

Figure 2. A stemma or tree of manuscripts (vertical transmission) 

Bifurcating tree Multifurcating tree 

  

 
151 Some critics still argue that the A-text cluster represents the original text of the New 
Testament. The logic behind these claims seems to be that the majority of the manuscripts, 
which reflect a high degree of textual uniformity, must preserve the most reliable and ancient 
text. The majority of the surviving manuscripts indeed contain the A-text, which is why it is 
often called the Majority Text. See, e.g., Robinson and Pierpont 2005; 2019; Guarino 2019. 

152 Love 2004, 77. 
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In this example, we have two different stemmata or trees depicting two different textual-

historical scenarios. The Greek letter alpha (α) at the top stands for the lost and most 

recent ancestor of the known manuscripts and, at the same time, the starting point of the 

tree.153 Each subsequent split represents the hypothetical ancestors (internal node) and 

letters written in capitals as extant manuscripts. The hypothetical ancestors depict 

manuscripts that have been lost, as actual exemplars from which a given manuscript was 

copied rarely ever surface. One can also find manuscript generations (1. gen., 2. gen., 

etc.) inserted into the trees to help the reader understand how they should be read 

chronologically. 

The tree on the left is a bifurcating tree meaning that each internal node split in two. 

Manuscripts A and B are grouped, comprising lineage 1. In lineage 2, we have manuscript 

C depicted as an ancestor to manuscripts D and E. The second tree is a multifurcating tree 

since the manuscripts C, D, and E descends from a single parent node. This depicts a 

situation where one manuscript was used to produce multiple copies. These two trees also 

represent two different hypotheses of how manuscripts are related to one another. In the 

bifurcating tree, C is interpreted as an ancestor of D and E. When a critic is using methods 

that are primarily developed to produce bifurcating trees (phylogenetic methods), they 

would produce trees like this one as a default. This means that the data is forced into this 

type of tree and may not represent the actual history of the tradition. The multifurcating 

tree, on the other hand, hypothesize that C is not an ancestor but that all these three 

manuscripts have a common source.154 For this reason, there is one manuscript generation 

less in the multifurcating tree.  

These examples demonstrate how vertical transmission works and how easy this type 

of transmission is for a stemmatologist to handle.155 However, the situation is widely 

different in the textual tradition of Acts. Here, one must consider horizontal and oblique 

textual transmission. 

 

2.3.2 Horizontal and oblique textual transmission 
When one studies the manuscript tradition of Acts (or any other New Testament 

tradition), one thing quickly becomes clear: scribes did not copy manuscripts of Acts 

 
153 This is called an archetype or initial text (Ausgangstext), depending on the standpoint and/or 
methods of the critic. See Mink 2008, 9–16.  

154 Even though phylogenetic methods are designed to produce bifurcating trees, they are also 
able to generate multifurcating trees in particular situations. See Howe et al. 2012, 63.  

155 These types of textual traditions are called closed recensions. See West 1973, 31–7.   
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using one exemplar at a time. This led to a tradition where one sees traces of 

recombination (also block-mixture and conflation of readings)156 everywhere.157 When a 

scribe changed from one exemplar to the next, he (or she) recombined the two texts and, 

at the same time, their textual histories, making it extremely difficult to trace or 

reconstruct the history of the text. 

In textual-critical studies, contamination is often a generic term for textual mixture.158 

Here, however, it is possible to be more precise by using the framework of cultural 

evolution. From a textual-critical point of view, both trees in Figure 3 picture a 

recombination event where two separate lineages interact with one another. As stated, 

this happened when a scribe changed exemplars and, at the same time, mixed two 

different lineages. In the horizontal textual transmission example, manuscript C did not 

inherit all its readings from its parent manuscript, but also from manuscript B from a 

different manuscript lineage. In other words, the transmission pathway was not only 

parent-to-child, but also from child-to-child, that is, manuscripts of the same generation 

influenced one another.159 In the example of oblique textual transmission, E inherited its 

readings from its parent manuscript but also from B, which belonged to the same 

manuscript generations as its parent manuscript.  

 

Figure 3. Recombined traditions  

Horizontal textual transmission Oblique textual transmission 

  

 
156 Block mixture is one form of recombination where the scribe used one manuscript and then 
changed it to copy a longer portion of the text. A conflation of readings, on the other hand, 
refers to a practice where a scribe did not choose between two readings but incorporated them 
both into the new copy. See, e.g., Geer 1989, 39–47; Metzger and Ehrman 2005, 265. 

157 Ropes 1926, ccxv–vi; Geer 1988, 33; Strange 1992, 1; Parker 2008, 286–301; Epp 2017, 
232. 

158 West 1973, 37–47; Wasserman and Gurry 2017, 21–4. 
159 Mesoudi 2011, 58. 
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Horizontal and oblique textual transmission may not seem a big deal at first, but this has 

a catastrophic effect on the stemmatological pursuits to trace the history of a given 

manuscript tradition. Imagine a tradition, like Acts, which was copied manually over 

1400 years; hence, countless recombination events occurred. This generates a web of 

relations so complex that no existing method can handle it in its entirety.  

 

Figure 4. Heavily recombined tradition 

 
The relations between manuscripts in a heavily recombined tradition may look like the 

ones in Figure 4 with a very small sample of manuscripts. As can be seen, the situation 

may become very complex in a very short time. Paul Maas, the father of modern 

stemmatology, has famously stated: “where contamination exists the science of 

stemmatics in the strict sense breaks down.”160 Hence, recombination is a challenge that 

must be addressed in the sections below. 

 
2.4 The significance and possibilities of the evolutionary approach 
As mentioned in Section 1.3, one of the most challenging problems in the manuscript 

tradition of Acts is the rapid pace with which variations crept into texts between the years 

100–400 CE. Within 300 years, very different textual lineages had developed, circulating 

approximately at the same time. This has led to diverging theories on how these two 

textual forms (B-text and D-text) came into existence. Most of these theories maintain 

that a coherent editorial activity (edition, recension, or redaction) lies beneath these two 

widely different textual forms.161 

 
160 Maas 1958, 48. 
161 Blass, 1897, 42; Clark 1914, 6–7; Ropes 1926, 223; Menoud 1951, 19–32; Barrett 1979, 15–
27; Strange 1992, 185–89; Holmes 1996, 123–60; Gäbel 2011, 150. 
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Interesting issue here is the notion that cultures seem to evolve at different rates 

depending on the pathways by which cultural traits are transmitted. The change is slow 

when cultural traits are primarily transmitted vertically, that is, parent-to-child. 

Horizontally transmitted traits, on the other hand, spread across cultures much faster, 

causing changes to accumulate at a rapid pace. Therefore, vertical transmission is more 

likely to maintain variation than to increase it.162 Based on this idea and the short survey 

on the different forces and pathways of cultural evolution, one can suggest that scribes 

recombined their manuscripts from the start of the transmission history of Acts.163 This 

caused the manuscript tradition of Acts to change at a rapid pace. Thus, there is no need 

to rely on some theory about the main redaction or two different editions made by the 

author of Acts himself. The wide differences between the B- and D-text clusters was 

caused by the accumulation of small variations, which piled up quickly since the tradition 

was mainly transmitted through horizontal pathways. The manuscript lineages of the B- 

and D-text clusters split at a very early date, and each subsequent manuscript generation 

diverged a bit more. The manuscript tradition of Acts evolved by following the general 

dynamics of cultural evolution. Hence, we can call this manuscript tradition an evolving 

one. 

The described evolutionary nature of the manuscript tradition of Acts is an important 

background for the used methods as well, justifying the use of phylogenetic techniques. 

After all, these methodologies were originally developed for the study of biological 

evolution. In other words, the phylogenetic analysis of manuscripts would be useless 

without some common mechanics between genetic mutations and manuscript changes. 

The following section is dedicated to the methodologies and techniques used and 

tested in the peer-reviewed articles. 

 
162 Mesoudi 2011, 59–60. 
163 Even though we have only 13 surviving manuscripts of Acts, which can be dated before the 
year 400 CE, this tells very little about how many manuscripts existed in that period. The 
number of manuscripts that was lost is enormous, as explained in Section 2.1.2. In other 
words, in all probability there were plenty of manuscripts at the scribes’ disposal from the 
earliest periods, in order for the changes to accumulate. 
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3 Methodologies 

3.1 Two stemmatological approaches  

3.1.1 Lachmannian stemmatology 
All methods applied in this dissertation belong to a wider group of methodologies that 

are commonly referred to as computer-assisted stemmatology. The history of 

stemmatology goes back to the pioneering work of Karl Lachmann (1793–1851).164 

Lachmann’s method165 involves constructing family trees or stemmata to describe the 

relationships between the surviving manuscripts of a given text. The procedure begins by 

comparing the manuscripts, one by one, to one another and recording all substantial 

differences between them. The technical term for this procedure is collation, which results 

in a list of variants. Surveying this list, the critic then judges which variants are significant 

(i.e., did not arise by accident). These significant variants are called monogenetic or 

indicative errors.166 The stemmata are constructed using these common errors167—that 

is, if manuscripts contain the same errors and such errors do not have a high probability 

of occurring independently, the manuscripts are taken to be of common descent.168 Let us 

take closer look at the stemma in Figure 5 and decipher how a stemma is constructed in 

general. In this example, we have six manuscripts: A, B, C, D, E, and F. 

The logic behind the Lachmannian stemmatology runs as follows. There are some 

indicative errors (secondary readings) common to all six manuscripts; therefore, they all 

descended from a now-lost manuscript (archetype) that contained all these readings. None 

of these six manuscripts is the archetype, since all of them contain other errors that are 

absent from the rest. 

  

 
164 Lachmann founded the principles of the method, which were worked out by several 
successive critics (Pasquali, 1952; Maas, 1958).  

165 Here Lachmann’s method, Lachmannian stemmatics, Lachmannian stemmatology, etc. are 
used interchangeably. 

166 Trovato 2017, 52–7. 
167 This is simply a technical term, since all significant variants are not errors but contain 
intentional changes, etc. Other equally justifiable terms include innovations or secondary 
readings. See West 1973, 32; Trovato 2017, 54. 

168 Maas 1952, 42–9; Salemans 2000, 64–71. 
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Figure 5. Constructing a stemma 

 
A and B share errors that are absent from C, D, E, and F, but they also have errors of their 

own. Hence, one assumes that A and B derived their readings from another manuscript, 

which is now lost, called a hyparchetype. C, D, E, and F contain common errors that are 

absent from A and B; hence, the stemma is split in two. On the other hand, D and E have 

common errors that are absent from C, but they also have peculiar errors of their own. 

Thus, it is assumed that these errors were derived from two lost exemplars, and two other 

hyparchetypes are added. F has all the errors of E, along with some of its own; hence, one 

assumes that E is the copy from which F was made. One connects these directly to one 

another without a hyparchetype. The result is a stemma codicum, that is, a diagram that 

clearly indicates the genealogical relationships between surviving manuscripts. 

Manuscript F is eliminated from the final stemma (a step called eliminatio codicum 

descriptorum) since it does not improve one’s knowledge of the original text. Using the 

final stemma, one tries to identify the readings that are most likely to be the original 

ones.169 

The basis for the stemmatic analysis is the notion that every manuscript contains the 

same errors that were in the exemplar from which it was made, minus some that were 

corrected by its scribe, plus some new errors. As time passes, errors will also 

accumulate. 170  This notion that all errors come from the exemplars explains why 

Lachmannian stemmata must be based on significant or monogenetic errors only, which 

did not arise accidentally. The inclusion of accidental variants (polygenetic errors) would 

effectively upset the construction and logic of the stemmata, since these variants did not 

 
169 West 1973, 32–3; Trovato 2017, 59–60. 
170 Trovato 2017, 52. 
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come from the used exemplars and would give misleading information about the 

relationships of the manuscripts. In other words, the logic of stemmatic analysis requires 

the variants (or errors) to be such that they were inherited directly from the exemplars. 

Most often, Lachmannian stemmatics is conducted manually, even though some have 

also tested computer-assisted approaches.171 

The mentioned principles are sound as such, but the very foundation of the method 

(i.e., the indicative errors) raises significant questions about its integrity. The chief 

criticism of Lachmann’s method has been its subjectivity—namely, in allowing critics 

themselves to select and evaluate the indicative errors.172 This means that individual 

critics decide which variants are considered significant and which are discarded. This 

procedure is termed weighing of variants.173 The natural outcome of this kind of selection 

is that critics may end up with different stemmata despite using the same data, since they 

choose different variants in their analysis. This arises from the simple fact that critics 

often evaluate or weigh variants differently. 

Even though computer-assisted stemmatology mainly rests on the same principles as 

Lachmannian stemmatics, there are also some profound differences. Computer-assisted 

stemmatology, as the name suggests, uses computers in its analyses, which is not so often 

the case with Lachmannian stemmatics. The software used usually consists of 

phylogenetic applications; hence, it is not surprising that this computer-assisted approach 

is sometimes referred to as phylomemetic analysis. 174  It differs from traditional 

Lachmannian stemmatology in another way also: it often uses a wider selection of 

variants, including polygenetic errors. 

 

3.1.2 Computer-assisted stemmatology 
It must be underlined that there is not a single computer-assisted stemmatological method 

but a wide variety of methods, applications, and approaches. Here the term is used as an 

umbrella for all approaches that use computers in their analyses and base their stemmata 

(or networks) on a wider selection of variants, instead of significant errors. Lachmannian 

investigations that use computers are called Neo-Lachmannian stemmatology.175 

 
171 Salemans 2000; Roelli and Bachmann 2010. 
172 Robins, 2007, 92. 
173 Spencer et al., 2004. 
174 Howe and Windram, 2011.  
175 An example of these studies is Salemans 2000. 
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As stated above, computer-assisted stemmatology is not based on significant or 

indicative errors but a much wider selection of variants. This does not mean that this 

approach is entirely free from the procedure of weighing of variants, but that it is done 

somewhat differently. The variants that are usually left out contain spelling differences, 

for example, which often differ significantly even within the most carefully written 

manuscripts. These reveal little information about the relationships between 

manuscripts.176 The significance of the other variants are not evaluated beforehand (a 

priori, as in Lachmannian stemmatology), but according to whether they form significant 

agreement patterns between the manuscripts.177 Although Lachmannians see the decision 

to take polygenetic errors into account as a mistake, adding noise to the data, studies have 

shown that categorizing variants according to significance has little effect on the structure 

of the tree if the data are generally consistent. On the other hand, if the variants support 

many contradictory trees, then it is difficult to handle the data by either manual or 

computer-assisted methods.178 

 

Figure 6. Different types of graphs in computer-assisted stemmatology 

Stemma (or rooted phylogenetic tree) Diagram of CBGM Network 

 

  

 

Lachmannian stemmatics uses a traditional concept of a stemma with archetype and 

hyparchetypes (i.e., the resulting tree always has a root with theoretical and now-lost 

ancestral manuscripts). On the other hand, some computer-assisted methods produce 

phylogenetic trees with internal (hyparchetypes) nodes (neighbor-joining, maximum 

parsimony, etc.), others use a form of diagram that connect the manuscripts directly to 

 
176 Howe et al. 2001, 123; Royse, 2008, 90. 
177 Variants are significant if they are continuously found in the same pattern of witnesses, 
which can be known a posteriori. These can be monogenetic or polygenetic in nature. Hence, 
as much textual data as possible needs to be considered. See Bordalejo and Robinson 2018, 
37–8. 

178 Spencer et al. 2004; Howe et al. 2012, 60. 
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one another (CBGM). Some methods do not produce trees at all but networks 

(NeighborNet), which should not be confused with the concept of a stemma.179 This is 

because a network represents a different type of graph, with different properties than a 

tree or stemma (see Section 3.3.1). 

 

3.2 Coherence-Based Genealogical Method (CBGM) 

3.2.1 A new stemmatological way of thinking 
One may think that computer-assisted methodologies are fast and efficient by design, 

enabling the analysis of vast amounts of manuscript data. However, it may come as a 

surprise how much manual work these approaches often demand. Coherence-Based 

Genealogical methods is a prime example of this. 

Gerd Mink, a researcher working at INTF (Institut für Neutestamentliche 

Textforschung), began developing a new stemmatological method already in the early 

1980s.180 His main goal was to find a way to relate the Greek manuscripts of the New 

Testament in spite of their extremely mixed nature (recombination). As became clear in 

the previous section, this phenomenon makes the reconstruction of manuscript relations 

very complicated.181 The effects of recombination forced most New Testament textual 

critics to relate groups of manuscripts instead of individual manuscripts. 182  Mink 

concurred with Maas that manuscripts cannot be related to one another in the presence of 

recombination. In other words, it is impossible to create stemmata for New Testament 

manuscripts. He instead argued that it is possible to construct a stemma of states of text.183 

Texts contained in manuscripts are separated from their physical carriers (i.e., the 

manuscripts). The text in a manuscript is referred to as a witness. This term is used in a 

unique way within CBGM, since a witness does not refer to the manuscript as a whole 

(as is done elsewhere in this dissertation)—for instance, its physical form, age, style of 

writing, etc.—but to its text only. This means that CBGM is not aimed at constructing a 

stemma of manuscripts but “a structure that integrates states of text and must not be 

confused with an outline of actual historical processes or a stemma of manuscripts.”184 

According to the logic of CBGM, texts can relate in ways manuscripts cannot (e.g., a 

 
179 As done (unfortunately) in Eagleton and Spencer 2006, 245. 
180 Mink 1982. 
181 Maas 1958, 48. 
182 Wasserman and Gurry 2017, 18–19.  
183 Mink 2004, 13; 2008, 38. 
184 Wachtel 2015, 1–2. 
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young manuscript can contain a very old text and then be an ancestor to the text of a much 

older manuscript).185 

Since CBGM relates states of texts instead of manuscripts, stemmata produced by 

CBGM are very different compared to the traditional stemma with hyparchetypes (or 

internal nodes).  

 

Figure 7. General textual flow diagram 

 
As can be seen, all witnesses are connected to one another directly without hyparchetypes. 

The starting point of a given textual tradition is called initial text (A = ausgangstext). 

Perhaps one should not call this type of diagram a stemma to begin with, but rather what 

it is (i.e., an arborescence or directed rooted tree).186 This diagram does not argue that 

witnesses 4 and 5, for instance, were copied directly from witness 3, but that they share 

enough similarities to be connected to one another. Witnesses 3, 4, and 5 are closely 

related, but 3 contains more earlier readings, which makes it a potential ancestor of 4 and 

5. 

 

3.2.2 Pre-genealogical coherence 
CBGM relates witnesses to one another using two types of coherence: pre-genealogical 

and genealogical coherence. Pre-genealogical coherence is established by collating all 

the witnesses included in the analysis, identifying variation units or places of variations 

(i.e., sequences of text where at least two variants exist). Then, one calculates how many 

times any given pair of witnesses agree in these variation places. The agreements in places 

 
185 Spencer, Wachtel, and Howe 2002, para. 14; Wasserman and Gurry 2017, 24. 
186 Evans and Minieka 1992, 59–60. 

A initial text

1 32 a witness

54

6

1.gen.

2.gen.

3. gen.



	 49 

where there is no variation are not counted, since these reveal nothing new about the 

relationships between witnesses. The instances of agreements are converted into 

percentages by dividing the number of agreements and the number of extant variation 

places between pairs of witnesses. This measurement of similarity can be formulated as: 

 

𝑠𝑖𝑚(𝑤𝑖𝑡𝑛𝑒𝑠𝑠1, 𝑤𝑖𝑡𝑛𝑒𝑠𝑠2) =
𝑚
𝑛 =

𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑎𝑔𝑟𝑒𝑒𝑖𝑛𝑔	𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛	𝑝𝑙𝑎𝑐𝑒𝑠
𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑒𝑥𝑡𝑎𝑛𝑡	𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛	𝑝𝑙𝑎𝑐𝑒𝑠  

 

This type of analysis has previously been called the quantitative method of textual 

analysis. 187  In CBGM, this quantitative analysis is done slightly differently than in 

previous studies, which partly arises from the manner in which a unit of variation is 

defined. Ernest C. Colwell and Ernest W. Tune, the pioneers of the quantitative analysis 

of the New Testament, defined a variation unit as a segment of a text containing at least 

two variants supported by at least two manuscripts. Practically all subsequent quantitative 

analyses of New Testament manuscripts adopted this definition.188 It has been pointed 

out, however, that critics should also consider variations found in individual manuscripts 

(singular readings), since the manuscript that preserves it may be the only survivor of a 

once-strong strand of transmission.189 This idea is adopted in CBGM, which considers 

singular readings also. The definition of a variation unit is then a segment of a text where 

at least two variants exist, supported by at least one manuscript.190 The result of the 

quantitative analysis is a table (or matrix) containing all pairwise-similarity values 

between the witnesses, which is used to connect variants and witnesses to one another in 

CBGM. A high agreement level (e.g., above 90 percent) between a pair of witnesses 

results in a good pre-genealogical coherence, which is taken as an indication of their close 

relation.191 

Another difference between pre-genealogical coherence and earlier quantitative 

analyses is that almost all variants count alike in CBGM, whereas the weighing of variants 

is an important part of the earlier quantitative studies. In fact, all previous quantitative 

investigations were based on genetically significant variations, weighing the variants in 

a similar manner, as is done in Lachmannian stemmatology. Gordon Fee, for instance, 

 
187 Metzger and Ehrman 2005, 234; Wasserman and Gurry 2017, 27. 
188 Colwell and Tune 1964, 254; Epp 1976, 157; Hurtado 1981, 11; Osburn 2004, 178.  
189 Wachtel 2000, 34–5. 
190 Mink 2004, 27–8. 
191 Mink 2008, 144–7. 
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argued that genetic relationships must be based on firmer grounds than on agreements in 

addition to/due to omission of articles, possessives, conjunctives, or tense changes of 

verbs, etc. 192  In other words, CBGM considers more variation units (and more 

manuscripts) than any of the previous studies, which has the effect of increasing the 

similarity values compared to any of the previously conducted calculations. In the ECM 

of the Acts of the Apostles, CBGM considers 183 manuscripts and 7,446 places of 

variation. CBGM takes all variations into account except most spelling differences, 

including singular readings. Thomas Geer, for instance, included in the first stage of his 

analysis approximately one hundred manuscripts, resulting in 2,838 variation places, 

excluding singular readings.193 This led to much higher agreement rates in CBGM (see 

Table 7). 194  In general, adding to the quantitative analysis more manuscripts which 

contain new variation places increases the level of agreement.195 

Even though computers conduct the final calculations, the editors of CBGM are 

required to manually identify all variation places and their extent, which is a time-

consuming process. Even though some critics seem to think that pre-genealogical 

coherence represents objective facts,196  it contains, on the contrary, rather subjective 

elements. One scholar (or, in the case of CBGM, an editorial board) may subdivide what 

another sees as a single unit. A single change may be given too much weight, leading to 

higher agreement rates (because the critic calculates several agreements instead of one) 

or vice versa. In other words, critics may end up dividing the texts into variation units 

very differently, leading to different agreements rates, an issue that has long been 

acknowledged.197 This means that the pre-genealogical coherence does not comprise 

absolute similarity values between the witnesses, but ones that are established using 

manual techniques and subjective judgments by the editors concerning the identification 

and definition of the limits of the variation units. The establishment of the genealogical 

coherence is, however, an even more time-consuming process. 

 

 
192 Fee 1993, 67–8.  
193 Geer 1994, 6; Wasserman and Gurry 2017, 38. 
194 Compare the values in Geer 1994, 14–16; Osburn 2004, 188; Donker 2011, 317 with those of 
CBGM at https://ntg.uni-muenster.de/acts/ph4/  

195 Adding new manuscripts to the analysis that do not contain many new variation places is 
pointless since they do not affect the overall agreement rates. See Mink 2011, 147; 
Wasserman and Gurry 2017, 41. 

196 Wachtel 2008, 126. 
197 Colwell and Tune 1964, 255. 



	 51 

3.2.3 Genealogical coherence 
Genealogical coherence is also based on variation units, but instead of simply calculating 

agreements, it is established using disagreements also. According to the principles of 

CBGM, pre-genealogical coherence does not have any kind of direction (i.e., one cannot 

make assumptions about the genealogy of variants or witnesses using the pre-

genealogical coherence alone). This basically means that agreements between witnesses 

alone do not give information regarding which variants are older and which witnesses 

descended from which. Genealogical direction is acquired by constructing a local stemma 

from every single place of variation. This stemma, as the name suggests, is a stemma of 

variants in one variation place. The example in Figure 8 is from Acts 5:8, using the 

available data at https://ntg.uni-muenster.de/acts/ph4/. 

Each variation unit has a unique address, which comprises the chapter (5), verse (8), 

and starting point of the unit (18) accompanied by the ending point (22). Every word in a 

verse is assigned an even number and white spaces between words an uneven number, as 

follows:  

 
απεκριθη δε προς αυτην πετρος ειπε µοι ει τοσουτου 

2 4 6 8 10 12 14 16 18 

το χωριον απεδοσθε η δε ειπεν ναι τοσουτου 

20 22 24 26 28 30 32 34 

 

Figure 8. Local stemma of 5:8/18–22 

 

a) τοσουτου το χωριον 

b) το χωριον τοσουτου 

c) τοσουτου χωριον 

d) τοσουτου 

A local stemma is then a construction done by the editors of the CBGM that determines 

by which sequence readings arose in one place of variation. The asterisk in the stemma 

represents the initial text from which variant a (τοσουτου το χωριον) descended and, from 

that, the b, c, and d readings. The reading a is seen in this example as a part of the initial 

text, meaning that the initial text is reconstructed without a global stemma (similar to the 

stemma codicum in Lachmannian stemmatology) that represents the overall relations 

between witnesses. The editors base these local stemmata on the conventional text-critical 

*

a

b dc
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evidence, external and internal alike. The external evidence refers to the pre-genealogical 

coherence. Since the stemma displays reading a as the source of the other variants, the 

witnesses that contain these variants must be closely related to one another—that is, the 

level of proportional agreement has to be relatively high. If the pre-genealogical 

coherence is low, it is unlikely that there is a genealogical connection between the 

variants. According to Mink, the weaker the pre-genealogical coherence (i.e., the amount 

of agreements between witnesses) between different readings, the more internal evidence 

is needed to establish a genealogical relationship between variants.198 Internal evidence 

entails questions such as which reading best explains the rise of other variants that concur 

with the style, vocabulary, and argumentation of the author.199 

The editors begin constructing local stemmata with simple cases, where it is more 

obvious which of the readings is the earliest (i.e., the source of other variants).200 In the 

local stemmata, each source variant (a) is prior, and each developed from it is posterior. 

As editors construct the local stemmata one by one, the prior and posterior readings are 

calculated for every witness, which generates a sort of genealogical profile for them. If 

witness x has more prior readings than witness y, then x is likely a potential ancestor of 

y. In other words, the more prior readings a particular witness contains, the earlier the 

textual state it represents. Potential ancestors are those witnesses that contain a higher 

proportion of prior readings than posterior ones in comparison with each given witness. 

This genealogical coherence is directed such that textual flow runs predominantly from 

potential ancestors to potential descendants, assuming that there is a general textual flow 

from earlier to later textual states.201 Here, it is not the age but the textual state of the 

manuscript that matters, since a relatively recent manuscript could contain an old text. 

Behind the variants in 5:8/18–22, we find the following witnesses:  

  

 
198 Mink 2008, 192. 
199 Metzger and Ehrman 2004, 302–3. 
200 Wachtel 2008, 113. 
201 Mink 2004, 31, 114, 156–60. 
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Figure 9. Coherence at the variation unit 

 

 

All the witnesses containing readings b, c, and d have their closest relatives (with the 

highest pre-genealogical coherence) in witnesses that contain the reading a. Since all the 

witnesses that contain reading a have more prior readings than those containing readings 

b, c, and d, these are seen as their potential ancestors. Hence, we have good evidence that 

reading a is the source of the other readings. 

CBGM uses pre-genealogical coherence to search for the closest relatives (highest 

number of agreements) between the witnesses and genealogical coherence in order to 

establish which of the close relatives represent the earlier textual state (i.e., which have 

the highest number of prior readings). It is an iterative process, meaning that as the editors 

work their way to more difficult variation units, the genealogical profile of the witnesses 

may change, since the witness that contains the majority of the prior readings in the easier 

variation places may elsewhere include posterior readings or vice versa. 

In a way, CBGM has inverted the logic of Lachmannian stemmatology. Lachmannians 

first construct the overall structure of the relations between manuscripts (stemma 

codicum), which is judged as an impossible task in the context of the New Testament due 

to the heavily contaminated nature of the manuscript traditions, whereas CBGM first 

constructs the structure of the smallest possible unit (i.e., one variation unit). 202 

Lachmannian stemmatics proceed from up to down, and evaluate each reading based on 

the stemma codicum, whereas CBGM moves from down to up, starting from local 

stemmata and aiming at constructing the global stemma as the final step. The global 

stemma is a tree diagram that depicts all the relations between the witnesses of a given 

text. This stemma is constructed from sub-stemmata (i.e., the necessary number of 

stemmatic ancestors to explain the readings in one witness). As stated above, potential 

ancestors are all those witnesses that have the higher number of prior readings compared 

 
202 Mink 2004, 13; Parker 2008, 169. 
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to a given witness. The number of potential ancestors can be substantial. The stemmatic 

ancestors, on the other hand, are the smallest number of witnesses necessary to explain 

all the readings of a given witness.203 

 

Figure 10. The sub-stemma for witness 35 

 
Figure 10 demonstrates Mink’s hypothesis about the sub-stemma for witness 35 in the 

Catholic letters.204 The global stemma emerges when all sub-stemmata of all witnesses 

are simply united in one single graph. This last step of CBGM is the most time-

consuming, and Gerd Mink has not constructed the sub-stemmata for all witnesses or the 

global stemma for any of the analyzed texts (Catholic letters, Acts, Gospel of Mark).205 

On the other hand, Andrew Edmondson was able to construct one as a part of his doctoral 

dissertation. It is available at http://epapers.bham.ac.uk/3145/, though it is only 

preliminary, done for the Editio Critica Maior of John, and may be subject to change 

before publication.206 Why has Mink not constructed a single global stemma? The answer 

may be that there is no need to do that, since CBGM reconstructs the initial text of ECM 

without it. 

 

3.2.4 Constructing the initial text of the ECM 
How is INTF then constructing the text of ECM using CBGM without the global stemma? 

All other stemmatological approaches use a (global) stemma or tree that describes all the 

relationships between manuscripts to construct the base text of the critical editions. 

However, CBGM does not require a global stemma to reconstruct the texts of the ECM, 

which makes it a rather unique stemmatological approach. It instead uses different 

coherencies. A perfect coherence in a variation unit is taken as an indication that the 

 
203 Mink 2008, 134; Wasserman and Gurry 2017, 32. 
204 Presented in Mink 2008, 560. 
205 Wasserman and Gurry 2017, 32. 
206 Edmondson 2018. 
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variant belongs to the initial text.207 A perfect coherence arises, according to the logic of 

CBGM, when almost all the witnesses in a general textual flow diagram are connected to 

their most closely related ancestors: 

 

Figure 11. Perfect coherence in textual flow diagram of Acts 5:36/26 

 
 

Imperfect coherencies, on the other hand, arise when the same reading is found in 

witnesses that are not closely related and their closest ancestors are found in other 

attestations. This is taken as a sign of multiple origins of the reading, which weakens the 

possibility that the variant belongs to the oldest layer (i.e., the initial text):208 

 

Figure 12. Imperfect coherence in textual flow diagram of Acts 1:10/34–36 

 
 

 
207 Mink 2008, 225–8.  
208 Mink 2008, 205–24. 
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It should be noted, however, that different coherencies offer new evidence for the critics, 

but these are not isolated, in any way, from other evidence. The traditional textual-critical 

reasoning goes hand in hand with the coherencies: the preference for the more difficult 

reading, which variant explains the rise of other variants, what fits the style of the author, 

etc.209 

 

3.2.5 It’s all about the variation units 
CBGM may seem very complicated to grasp, and hence it is in order to remind that all 

the graphs and tables are based on one thing: variation units. As already mentioned, pre-

genealogical coherence is established by calculating the agreements based on variation 

units and local stemmata constructed of one unit of variation. This means that when critics 

make different decisions in how texts are divided into variation units (i.e., subdividing 

longer units or vice versa), it does not only change the similarity values but all the 

stemmata of CBGM. Similarity values change since the number of variation units will 

increase or decrease depending on whether longer or shorter units are used. Local 

stemmata will also differ along the length of the variation unit, which changes the number 

of readings in one place of variation. Longer units often comprise more witnesses and 

readings, making the local stemma more complicated. This, in turn, changes the global 

stemmata and finally the initial text.210 

Herein lies the worrying aspect of CBGM: it is ultimately based on the decisions made 

by the editorial board of INTF in Münster. It is worrying since all the upcoming critical 

editions of the New Testament by Nestle-Aland (NA) and the United Bible Society (UBS) 

with Editio Critica Maior (ECM) will be based on CBGM (see Section 4.1.4). One may 

wonder, should we base the future editions of the New Testament on something that is 

perhaps more objective? Should we give computers and algorithms more weight in 

constructing the stemmata and the initial text? Next, another stemmatological approach 

is introduced that moves closer in that direction.  

 

3.3 Phylogenetic Approach to Stemmatology 

3.3.1 From trees to networks 
The phylogenetic analysis of manuscripts falls somewhere between Lachmannian 

stemmatics and CBGM, but at the same time it is far more diverse than the two combined. 

 
209 Wachtel 2008, 126–7. 
210 As demonstrated by Edmondson 2018, 131–48. 
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As the name suggests, phylogenetic analysis uses different phylogenetic applications to 

construct trees and networks. These methods were originally developed for the analysis 

of genetic evolution, but since genetic evolution and manuscript transmission have 

several mutual elements, phylogenetic methods can also be used to study manuscript 

relations.211 Unlike CBGM, phylogenetic methods relate manuscripts, not states of texts. 

On the other hand, these methods are not designed to establish the starting point of the 

tradition (archetype); initially, an unrooted tree is constructed. A critic can root the tree, 

but then additional evidence is needed.212 That is, the critic needs to use all his or her 

experience and expertise to assign the root of the tree, deciding which of the branches of 

the tree lie closest to the archetype and then root the whole tree near this branch.213 Here, 

like in Lachmannian stemmatics, hyparchetypes or internal nodes are also essential parts 

of the tree, which is aimed at the reconstruction of the history of manuscript tradition. 

An unrooted tree does not have a starting point (i.e., the root). One may wonder why 

this is called a tree and not a network, since it is lacking the root. Any graph can be seen 

as a tree if it satisfies two conditions: (1) the graph is connected and (2) it does not contain 

cycles.214 Both of these conditions are met in Figure 13, and thus both graphs can be 

called trees. A graph is a network if there are cycles in it, as in Figure 14. An unrooted 

tree is the tree type that phylogenetic methods initially return, which the critic can first 

work with before determining the direction of descent and the root of the tree.  An 

unrooted tree is not a stemma and it must not be confused with one (i.e., one cannot 

identify ancestral readings using an unrooted tree alone). Some critics question the 

phylogenetic approach, since these methods are designed to produce bifurcating trees, 

that is, every internal node or split in the tree has a maximum of two descendants. In the 

manuscript traditions, however, it was common for several copies to be made from a 

single exemplar. 215  Several phylogenetic methods are indeed developed to produce 

bifurcating trees, but the resulting tree can also contain multifurcations, as is depicted in 

Figure 13.  

  

 
211 Howe et al. 2004. 
212 Howe, Conolly, and Windram 2012, 62. 
213 O’Hara and Robinson 1993, 62–4. 
214 Evans and Minieka 1992, 9. 
215 Love 2004, 77.  



	 58 

Figure 13. Phylogenetic trees 

Unrooted tree Rooted tree 

 

 

 

Multifurcation may occur when the statistical robustness of a tree is tested by using 

bootstrapping, for instance (see Section 3.3.3). If there is little statistical support for a 

particular bifurcation, the tree will be shown as a multifurcation.216 

Both trees in Figure 13 contain the same branching pattern since the relations of the 

manuscripts to one another in the tree are fixed, and they do not alter however one may 

root it.217 The rooting simply gives ancestral direction to the tree. The phylogenetic 

software automatically produces an unrooted tree on the basis of a table of the 

manuscripts and their variants, without any judgement about which variant readings are 

ancestral. There are a number of algorithms used in phylogenetics to construct the initial 

unrooted tree, such as maximum parsimony218 and neighbor-joining.219 Rooting, on the 

other hand, is essentially based on the knowledge and judgment of the critic about the 

manuscript tradition in question. Here, one can use whatever information one has 

concerning the tradition. Hence, the difference between the phylogenetic approach and 

CBGM is that the critic does not input any kind of genealogical data to the programs as 

is done in CBGM in the form of local stemmata. Also, the form of the tree that is returned 

 
216 Howe, Connolly, and Windram 2012, 63–4. 
217 O’Hara and Robinson 1993, 63. 
218 Farris 1970; Fitch 1971. 
219 Saitou and Nei 1987. 
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by the phylogenetic analysis (after rooting) is that of traditional stemma (i.e., the stemma 

of manuscripts), not a stemma of textual states as in CBGM. 

In Figure 13, the best location of the root was assigned between the internal node of 

manuscript C and the multifurcation. The rooting can be described as simply picking one 

branch and raising the whole tree up from that branch, which does not change the 

manuscript relations. This rooted tree can then be used as a traditional stemma to identify 

ancestral readings. As has already become clear, constructing a tree of manuscripts of the 

New Testament is not possible due to the heavily contaminated nature of the manuscript 

tradition. In the phylogenetic tree, once different lineages have diverged, they never 

interact with one another. In the case of recombination, different lineages do interact with 

one another since more than one exemplar was used. It seems to have been a rather 

common practice for scribes to use exemplars from different lineages leading to 

recombination (with block mixture and conflation of readings).220 Phylogenetic methods, 

however, are not powerless in front of recombination since they do not produce trees 

alone but also networks, which allow cycles to be formed.221 Hence, a network is able to 

depict interactions between different lineages, which is a useful feature when analyzing 

recombined traditions, such as Acts. The network in Figure 14 represents the same data 

as the trees above. There is no direction in this network; hence, it is an unrooted network. 

Every box represents conflicting connections, that is, there is more than one way to 

connect the manuscripts to each other. One of the issues that can cause these conflicting 

signals is recombination. In other words, this network summarizes all the conflicting tree 

structures in a single graphic representation.222 A tree can be seen as simplified graph of 

the manuscript relations, but a network better reveals the complexities that lie behind a 

simple tree structure. 

  

 
220 See footnote 156. 
221 Moulton and Huber 2017, 631–53. 
222 Bryant and Moulton, 256–9. 
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Figure 14. A Network 

 
Before one can use these advanced phylogenetic computer-assisted techniques, the 

manuscript data must first be converted to a form that is understood by the computers. 

This usually means that the texts are converted to a sequence of numbers (or characters). 

 

3.3.2 Preprocessing the data 
The data is processed via similar lines as in CBGM. The texts are transcribed to a file and 

collated by identifying the variation units, which can be done using software CollateX, 

available at https://collatex.net/. The starting point of CollateX was Peter Robinson’s 

software, Collate, which was designed as a complete solution for producing a critical 

apparatus.223 The developers of CollateX, with Ronald Haentjens Dekker working as a 

project leader, planned it as a software component that could be embedded into other 

software.224 CollateX saves a lot of time, though it must be acknowledged that it simply 

identifies all kinds of variations between the texts. A critic may judge several shorter 

variation units identified by CollateX as comprising one unit or vice versa, redividing the 

variation units accordingly. These decisions, on the other hand, affect the generated trees 

or networks. The other problem with CollateX is that its speed rapidly decreases when 

the length of the text increases. Thus, it cannot be used for longer texts without cutting 

them into smaller pieces.225 

Nowadays, we have at our disposal a useful website called Stemmaweb at 

https://stemmaweb.net/stemmaweb/. A critic can first collate the texts using CollateX, 

transfer the collations to Excel, for instance, and then import the Excel file into 

Stemmaweb. In other words, Stemmaweb is a site that contains tools to construct 

stemmata, but the underlying data (collations) must be first supplied by the critic. Since 

 
223 Robinson 1992. 
224 See https://collatex.net/about/.  
225 Dekker et al. 2015, 461. 
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Stemmaweb processes the manuscript collations directly, no other preprocessing steps 

are needed.226 Stemmaweb does not, however, include all the phylogenetic methods, such 

as recombination detection tools, which are crucial for this investigation. In order to use 

these tools, one must use phylogenetic software directly, which means more 

preprocessing steps.227 The variation places must be encoded using binary (a sequence of 

0s and 1s) or multistate (0, 1, 2, 3, etc.) encoding schemes, enabling programs to process 

the data. 228  All these preprocessing steps take time, which limits the number of 

manuscripts (and variation places) that can be included in the analysis. Scholars have also 

tested the idea of adding discrete weights to different variants, but this has had little effect 

on the results.229 As noted earlier, the chief criticism of Lachmann’s method has been its 

subjectivity. If phylogenetic analysis should also require the critic to differentiate and 

assign weights to different types of variants, thus abandoning the intended principle of 

objectivity, this approach would start to come close to that of Lachmann’s criticized 

method. 

On the other hand, it should be noted that the phylogenetic approach includes weighing 

of variants in one form or another (i.e., all variants are not counted). Usually the spelling 

is regularized, and texts are transcribed without punctuation. This is because spelling, for 

instance, differs significantly, even within the most carefully written manuscripts; thus, 

it is thought that these types of variants reveal little information about the relationships 

between manuscripts. This approach thereby omits variants of a linguistic nature that are 

unlikely to contain relevant information about the history of the manuscript tradition.230 

This is the same principle as used in CBGM.231 

In the phylogenetic analysis conducted here, all variants (except those of certain 

linguistic changes, as noted above) are treated equally (i.e., all are counted equally). This 

was achieved by encoding the texts into sequences of numbers. In one place of variation, 

each reading is assigned a number: 0, 1, 2, etc. Using this method, all places of variation 

can be encoded, regardless of the number of variant readings. The example in Table 1 

demonstrates the procedure outlined. 

  
 

226 Andrews et al. 2012.  
227 Most critics still use the software directly. Hence, encoding is a crucial part of the analysis. 
See, e.g., Howe, Conolly and Windram 2012, 61.  

228 Mooney et al. 2001, 287; Finney, 2018, 17. 
229 Spencer et al. 2004, 229, 238. 
230 Howe et al. 2001, 123; Royse 2008, 90. 
231 Wasserman and Gurry 2017, 38–9. 
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Table 1. Encoding variation places 
MS No variation Variation place Encoding 

A the fox jumps 0 

B the fox waits 1 

C the fox jumps high 2 

D the fox – 3 

E 

F 

the fox 

the fox 

jumps high and waits 

sits 

4 

5 

 

In the beginning of this passage, there are no variations to be found. Hence, “the fox” is 

not encoded at all. It tells us nothing about how these witnesses are related, because they 

all agree. The agreement simply reveals that they are related, but this is something we 

already knew, since they all contain the same work.232 The other half of the passage, on 

the other hand, contains six different readings. These six readings are encoded as 0, 1, 2, 

3, 4, and 5 to differentiate them. Phylogenetic programs treat each different number as a 

different character state; that is, there is no hierarchy between them. Thus, all variants can 

be encoded with a single character-state change at the same place of variation. In case 

two manuscripts happen to include the same variant, they receive the same number. It is 

important not to encode each word separately, as this might add weight to a single 

change.233 The differing readings in Table 1 are seen as a result of a single event, and thus 

a single number is used to also mark the multi-word changes in C and E. 

The encodings do not alone suffice, but these must be converted to a NEXUS file 

format as follows: 

  

 
232 Wassermann and Gurry 2017, 40. 
233 Howe, Connolly and Windram 2012, 61. It seems that Ben Salemans reversed this principle 
in his doctoral dissertation by stating: “The variation place must be kept as small as possible to 
avoid the danger that it contains variants introduced during independent stages of textual 
transmission.” Hence, he decided to use single words as a basic unit of variation. He continued 
by pointing out that single word changes are often the results of one text-genealogical moment 
of change. Gerd Mink gives more leeway in his definition of a variation unit: “A place of 
variation may comprise more than one word, but it can also be the space between words. 
Ideally, it covers a logical unit of variation.” See Salemans 2000, 81; Mink 2004, 27. 
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Table 2. Manuscript data converted to a Nexus file 
#NEXUS 
BEGIN TAXA; 
 DIMENSIONS NTAX=6; 
 TAXLABELS 
  A B C D E F    
 ; 
END; 
BEGIN CHARACTERS; 
 DIMENSIONS  NCHAR=6; 
 FORMAT DATATYPE = STANDARD RESPECTCASE GAP = - MISSING = ? SYMBOLS = "0 1 2"; 
 MATRIX 
 
                                A       011110 
                                B       011010 
                                C       111111 
                                D       111002 
                                E        110002 
                                F        110102 
; 
END; 

 

Using the NEXUS file, one specifies the number of objects analyzed (DIMENSIONS 

NTAX=6), the IDs of these objects (TAXLABELS A, B, C, D, E, F), the length of the 

sequences (DIMENSIONS NCHAR=6), the symbols used to differentiate variations 

(SYMBOLS="0, 1, 2"), etc. When this NEXUS file is downloaded to a phylogenetic 

program, the data is arranged as shown below:  

 

Table 3. Data matrix 
 1 2 3 4 5 6 

A 0 1 1 1 1 0 

B 0 1 1 0 1 0 

C 1 1 1 1 1 1 

D 1 1 1 0 0 2 

E 

F 

1 

1 

1 

1 

0 

0 

0 

1 

0 

0 

2 

2 

 

Here one has six rows, each beginning with the name of the manuscript, followed by the 

sequence of numbers. Each sequence is divided into six columns, which signify the places 

of variation in the manuscripts. In each column, different numbers represent the different 

readings found in the manuscripts. The program analyzes the data, column by column, 

while keeping track of which manuscripts agree (contain the same number) in each 
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column. Finally, based on this data, it generates a phylogenetic tree (or network), using 

different methodologies. 

 

3.3.3 Phylogenetic methodologies 
A phylogenetic program automatically generates an unrooted tree using a specific 

algorithm, which is a set of exact instructions to solve a particular problem. Here, an 

algorithm searches for an answer for two problems: (1) how the texts are related to one 

another based on the information inputted and (2) what is the most probable 

reconstruction of the evolution of a text from a single origin to the diverse state observed 

in the inputted texts.234 In the phylogenetic analysis of Acts, two methods were applied 

for inferring phylogenetic trees, maximum parsimony (MP) and neighbor-joining (NJ), 

and one for constructing networks, NeighborNet (NN). In addition, a bootstrap analysis 

was conducted to evaluate the statistical robustness of the constructed trees. All these 

methods have been applied to manuscript traditions with promising results.235 Also, three 

recombination detection tools were tested since one expects that the manuscript tradition 

of Acts is full of recombination events.  

 
Maximum parsimony (MP) 
The maximization of parsimony is one of the oldest and most widely used phylogenetic 

methods in evolutionary biology, textual criticism, and cultural evolution. 236  It is a 

character-based tree estimation method; that is, it constructs trees directly from the data 

matrix of discrete characters (Table 3). The most parsimonious principle states that the 

simplest explanation that explains the greatest number of observations should be 

preferred over more complex explanations. This principle is akin to Occam’s Razor, 

stating that all else being equal, the simplest hypothesis (in this case, the shortest tree) 

that explains the data should be selected.237 That is, the most accurate tree is most likely 

the shortest tree, which assumes the fewest amounts of mutations or changes.238 

 
234 Macé and Baret 2006, 95. 
235 O’Hara and Robinson 1992; Macé, Baret, and Robinson, 2005; Eagleton and Spencer 2006; 
Roos and Heikkilä 2009; Roos 2011.  

236 Fitch 1971; Mace, Shennan, and Holden 2010; Halonen 2016. 
237 Gerd Mink refers several times to the rule of parsimony in the context of CBGM. CBGM 
does not generate shorter trees but favors simpler solutions over more complex ones. Mink 
2008, 28, 97, 104, 477. 

238 This does not, however, mean that most parsimonious approach is unable to describe 
complex evolutionary processes, such as the accidental rise of variants (homoplasy). In 
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MP treats every change the same way (i.e., every change is counted as one change). 

These changes are summed up, and the tree with the lowest value is then designated as 

the most parsimonious tree.239 This approach can sometimes result in trees of equal 

length—that is, trees with the same value—in which case the critic must evaluate and 

determine which to select. The other challenge faced when using MP is long-branch 

attraction (although other methods also must deal with this problem), where objects are 

closely related not because they are related by descent but because they have undergone 

major, though unrelated, changes—that is, different lineages may have undergone the 

same changes by coincidence.240 

 

Figure 15. Stepwise addition method 

 

 

Methods that have some optimality criterion, such as parsimony, should theoretically 

search out the optimal tree from all trees. Unfortunately, this is all but an impossible task 

due to the number of possible tree structures. Thus, different techniques are used for 

sampling trees, such as the stepwise addition method (Figure 15). Stepwise addition adds 

one sequence or node at a time to the tree until all are included, and it evaluates at each 

step all possible solutions, choosing the best option based only on the optimality criterion 

 
addition, the method does not assume that such phenomena are rare. It simply minimizes the 
number of homoplasies required to explain the genealogy of a given dataset. Farris 1983. 

239 Fitch 1971, 413–14. 
240 Felsenstein 1978, 401–10. 
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(maximum parsimony or shortest tree).241 In other words, it finds the shortest tree in every 

given step, as demonstrated in Figure 15. The numbers above the trees are the lengths of 

the trees, and the algorithm selects the shortest value every time a new node is added to 

the tree. 

 

Neighbor-joining (NJ) 

Neighbor-joining is a distance-matrix method that infers phylogenetic trees from a matrix 

describing dissimilarities between pairs of studied objects (Table 4). Pairwise distances 

are calculated from the matrix to construct a tree that minimizes the length of the branches 

and, subsequently, the length of the entire tree.242 

 

Table 4. A distance matrix 
 A B C D E F 

A 0 5 7 2 9 3 

B 5 0 4 11 14 2 

C 7 4 0 7 11 10 

D 2 11 7 0 15 6 

E 9 14 11 15 0 19 

F 3 2 10 6 19 0 

 

The distance matrix in Table 4 is called a symmetric distance matrix, containing the same 

number of rows and columns. All the distances are displayed twice in the symmetric 

matrix and the zero values signify instances where the objects are compared to 

themselves. The observed values in this example exhibit all the instances where these 

manuscripts differ, but these types of matrices can also contain percentual distance values. 

The starting point of NJ is a star-like tree. It continues by searching for the least distant 

pair of objects—that is, the closest neighbors—and connecting them to one another by an 

ancestral node. The lengths of the branches that connect the witnesses to the newly 

generated ancestral node are defined by calculating the distance between one another and, 

from this ancestral node, to all remaining witnesses. This process continues until a true 

tree is obtained. The length of the generated branches depends on the distance value of 

 
241 Yang 2014, 83. 
242 This follows the principles of minimum evolution (ME) described in Kidd and Sgaramella-
Zonta 1971, 235–52; Saitou and Nei 1987. 
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each pair of neighbors, with the least distant values producing the shortest branch length 

and the most distant the longest branch length.243 

The advantage of this method is its efficiency, making it possible to analyze vast data 

sets in a short amount of time. It also has some disadvantages, as NJ finds the solution 

that appears best at the moment, one step at a time, without accounting for the whole data 

set when searching for the optimal tree. It is an example of a greedy algorithm (like 

stepwise addition), searching optimal local solutions at each step, and it does not search 

for the globally optimal tree.244 

 

Bootstrapping 

Bootstrap analysis is a technique to test the statistical robustness of a tree by creating 

several additional trees based on samples of the original dataset. In the original dataset, 

one has six columns, and the bootstrap algorithm randomly selects columns from this 

dataset to generate another set of six columns. Due to the random selection process, each 

column may be selected more than once or not at all. This process runs until the size of 

the original dataset (six columns, each with characters for six manuscripts) is reached; 

this is called a bootstrap sample, as seen in Table 5. 

 

Table 5. Bootstrap analysis 
Original dataset Bootstrap sample 

 1 2 3 4 5 6  6 2 4 5 2 1 

A 0 1 1 1 1 0 A 0 1 1 1 1 0 

B 0 1 1 0 1 0 B 0 1 0 1 1 0 

C 1 1 1 1 1 1 C 1 1 1 1 1 1 

D 1 1 1 0 0 2 D 2 1 0 0 1 1 

E 

F 

1 

1 

1 

1 

0 

0 

0 

1 

0 

0 

2 

2 

E 

F 

2 

2 

1 

1 

0 

1 

0 

0 

1 

1 

1 

1 

 

In this example, the algorithm randomly selected the columns, which led to the exclusion 

of column number 3 from the bootstrap sample, but at the same time column number 2 

was selected twice. After the size of the original dataset is reached, this process is repeated 

a number of times. In the analysis of Acts, the process was repeated 1000 times; that is, 

 
243 Saitou and Nei 1987, 407–9. 
244 Yang 2014, 94. 



	 68 

the bootstrap algorithm generated 1000 samples and MP or NJ trees were constructed for 

every artificially generated bootstrap sample. In this process, the information within the 

columns about the relationships between the manuscripts remained untouched, but the 

resulting datasets differ from each other in regard to the types of variant readings selected 

into new sets of six columns. The random selection of the (types) of variant readings, 

repeated a number of times, aims to determine the probability of recurring splits in the 

tree structures. 

Every split in the resulting tree is assigned a bootstrap value, computing the proportion 

of a given split occurring among the samples. If some split has a value of 65 percent, for 

instance, it means that this split is found in 65 percent of the trees generated by the 

bootstrap algorithm. When the value falls below 50, the algorithm groups the manuscripts 

together, signaling uncertainty about their relationships. While it is not an easy task to 

interpret the generated values, branches or groups that are given above 75 percent support 

can be treated with considerable confidence.245 

 

NeighborNet (NN) 

A phylogenetic tree implicitly assumes that once two lineages separate, they never 

interact with one another. A network, on the other hand, allows cycles (Figure 14), that 

is, paths that begin and end at the same node. In other words, a network can depict 

interactions between different lineages, as occurs in the case of recombination.246 

There are several types of networks and methods to construct them, including split 

decomposition, median networks, and NeighborNet, to mention a few.247 Even though all 

these methods have been applied to textual and other cultural data, NeighborNet seem to 

generate more resolved networks than, for instance, split decomposition; hence, 

NeighborNet (NN) method was selected for the analysis of Acts.248 Like the NJ method, 

NN is an agglomerative procedure, but it allows the graphs to contain cycles and thus be 

locally network-like. NeighborNet constructs networks from a distance matrix of pairwise 

distances between the manuscripts (Table 4). A split is a partition of the set of manuscripts 

into two subsets. When all possible splits are computed over a set of manuscripts, they 

 
245 In addition, 1000 samples seem to be a sound number for our analysis. See Van de Peer 
2017, 157–9; Swofford and Sullivan 2017, 297; Yang, 2014 172; concerning the question why 
bootstrapping works, see Felsenstein 1985. 

246 Moulton and Huber 2017, 632. 
247 Bandelt and Dress 1992; Bandelt et al. 1995; Bryant and Moulton 2004. 
248 Howe et al. 2001; Hamed 2005; Eagleton and Spencer 2006. 
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can be either compatible or incompatible with one another. In the first case, there is a 

single way of connecting the manuscripts, which is a perfectly tree-like branching pattern. 

In the latter case, there are multiple ways of connecting the manuscripts, resulting locally 

in a network. NeighborNet summarizes the branching parts (edges) and the local networks 

(boxes) in a single graphical representation. Edges correspond to single unambiguous 

links while boxes embody conflicting connections.249 

There are several different types of phylogenetic software that can be used in the 

analysis of manuscripts. Here, two software were used, PAUP* and SplitsTree, 250 which 

are the two most often used software in computer-assisted stemmatology.251 

 

Recombination detection methods 

Because one expects the manuscript tradition of Acts to be heavily contaminated, 

different recombination detection methods are applied to the dataset. The point of using 

these tools is to find out whether there are signs of recombination and whether they can 

be isolated to a particular region within the sequences and then excluded from the 

analysis. There are several recombination detection applications, but TOPALi was used 

here because it contains several detection methods that can be used to crosscheck the 

findings.252 

The methods of detecting recombination events are PDM (Probabilistic Divergence 

Measures), LRT (Likelihood Ratio Test), and DSS (Difference of Sums of Squares).253 

These methods use a sliding window approach in which a fixed-size window is moved 

along the alignments and in each position of the window a tree is estimated, using the 

Markov chain Monte Carlo approach (PDM), neighbor-joining (LRT), or by minimizing 

the sum of squares (DSS). 

As can be seen from Figure 16, one needs to specify the window size (3 characters) 

and the length of the step (1 character), that is, how many characters the window moves 

forward in each step. While the window slides along the sequences (and in each position 

a tree is estimated), the differences between each position of the window are calculated 

 
249 Bryant and Moulton 2004, 256–9. 
250 Swofford 2003; Huson and Bryant 2006. 
251 See, e.g., O’Hara and Robinson 1993, 57; Howe et al. 2001, 123; Roos and Heikkila 2009, 
422. 

252 Milne et al. 2004; 2009. 
253 For more information about these methods, see McGuire and Wright 2000; Husmeier and 
Wright 2001. 
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and recorded in a graph.254 These methods are exceedingly computationally demanding; 

thus, one cannot take all the sequences into the analysis, but rather a representative 

sample. 

 

Figure 16. Sliding window method 

 
NeighborNet can be used to select a sample of certain number of manuscripts that are 

well distributed across the network and may constitute a useful subset to investigate 

evidence for recombination. 255  The manuscripts in Figure 17 are spread across the 

network; that is, they have a good distribution, containing the chapter five of Acts. 
 

Figure 17. NeighborNet of Acts 5 (7 manuscripts) 

 

 
254 McGuire and Wright 2000, 130–4. 
255 Moulton and Huber 2017, 648. 
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A clustering method: UPGMA 

The last technique to consider in this section belongs to a wider group of clustering 

methods called UPGMA (an unweighted pair-group method using arithmetic averages). 

Like NJ and NN, UPGMA is also a distance matrix method, but unlike these two it does 

not aim to minimize the length of the tree. UPGMA simply attempts to group or cluster 

the most closely related objects to one another. The algorithm starts by finding the 

smallest value from the distance matrix, and pairs the two objects together, which now 

form a cluster. Then, the distance between this newly formed cluster and the rest of the 

studied objects is calculated by taking the average distance the two objects show to each 

of the other objects in the matrix. This process is continued until all objects are 

clustered.256 Often, the results are displayed using a dendrogram, which is a tree but used 

differently than phylogenetic trees in general. 

 

Figure 18. Clustering using dendrogram 

 
The dendrogram in Figure 18 is constructed using data from the distance matrix of Table 

4 and an UPGMA algorithm to cluster the manuscripts. The UPGMA algorithm 

automatically clusters the manuscripts, but the critic needs to make the classification (i.e., 

decide on the number of clusters (or classes) in which the manuscripts should be 

arranged).257  The classification is done here via a horizontal stroke with the use of 

different colors, identifying three clusters: (E, C), (A, D), and (B, F). 

 
256 Van Damme 2017, 26. 
257 Romesburg 2004, 31–3. 
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As can be observed, the phylogenetic approach does not comprise any one method 

(like CBGM) but several complementary methods and approaches to investigate the 

relationships between the studied objects.258 

 

3.4 Toward a new methodology 

3.4.1 Quantitative method of textual analysis 
Lachmannian stemmatics, CBGM, and the phylogenetic approach are all based on the 

process of collating the manuscripts and the identification of the variation places. The 

same holds true with the other approaches as well, such as the quantitative method of 

textual analysis. As mentioned, this approach measures the similarities between 

manuscripts in a similar manner as pre-genealogical coherence in CBGM. The 

quantitative method of textual analysis does not use this for stemmatological analysis but 

to categorize or classify manuscripts.259 It is, however, often conducted in a manner that 

resembles the Lachmannian method. The Lachmannians include the indicative or 

monogenetic errors in the stemmatic analysis alone, whereas the quantitative method of 

textual analysis uses genetically significant variants, which are in effect the same as 

indicative errors.260 All these approaches depend on a large amount of manual work in 

identifying the variation places. On the other hand, this is based on rules and principles 

that may vary from one analysis to the next, which can have an impact on the results.  

In the following section, a new approach is introduced that enables critics to efficiently 

establish quantitative relations between manuscripts without the use of variation units. 

These measures can be used to construct phylogenetic trees (using, e.g., the NJ method) 

or networks (NN), or to classify manuscripts using clustering methods (UPGMA). Before 

going into the proposed method, a clarification is provided why such a method is needed. 

 

3.4.2 Summarizing the problems with the concept of the variation unit 
As mentioned in Section 3.2.2, there is no consensus among the critics what qualifies as 

a variation unit. According to one interpretation, a variation unit is a segment of a text 

containing at least two variants supported by at least two manuscripts.261 The logic behind 

this definition is, for example, that singular readings tell nothing about the relation 

 
258 Besides the described methods, Bayesian methods also show promise. See the discussion in 
Tehrani 2020, 572–4.  

259 Metzger and Ehrman 2005, 234. 
260 Fee 1968, 5; Hurtado 1981, 11; Geer 1994, 6–7. 
261 Colwell and Tune 1964, 254; Epp 1976, 157; Hurtado 1981, 11; Osburn 2004, 178. 
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between manuscripts, since they leave a manuscript unrelated to others.262 As stated 

earlier, CBGM also considers singular readings, that is, variations found in one 

manuscript only since the manuscript that preserves it may be the only survivor of a once-

strong strand of transmission. In this case, the definition of a variation unit is a segment 

of a text where at least two variants exist, supported by at least one manuscript.263 In other 

words, one critic confines the analysis to places where there are at least two variants 

supported by at least two manuscripts, which results in one set of variations. Another 

considers singular readings also, increasing the number of variation places. 

Another problem is the extent of the variation unit. One scholar may subdivide what 

another sees as a single unit. A single change may be given too much weight, leading to 

higher agreement rates (because the critic calculates several agreements instead of one) 

or vice versa. This, on the other hand, means that critics may end up dividing the texts 

into variation units very differently, leading to different agreement rates, an issue that has 

long been acknowledged.264  The point here is not to underestimate the expertise of 

different editorial boards, such the ones in the Canterbury Tales Project265 or in INTF 

(operating with a specific set of rules and principles), or to say that they could not reach 

high levels of consistency. What is instead stated here is that these rules and principles 

may vary from one editorial board (or from one scholar) to the next and that the 

stemmatological analysis which is based on variation units takes a lot of time.266 Every 

decision made along the way by the scholars has an impact on the stemmatological 

analysis. 

Let us consider the following five texts: 

 

A the fox jumped over the hedge 
B – 
C the cat jumped over the chicken 
D a man saw that the fox jumped over the hedge 
E a man saw that the fox jumped over the chicken 

 

How then should we divide these texts into variation units? Since manuscript B has an 

omission, one could simply see here one large variation unit. 

 
262 Colwell and Tune 1963, 27. 
263 Wachtel 2000, 34–5; Mink 2004, 27–8. 
264 Colwell and Tune 1964, 255; Jongkind 2014.  
265 See https://www.canterburytalesproject.org/. 
266 As described by Bordalejo & Vázquez 2021, 13–22. 
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Table 6. The identification of the variation units 
Solution 1 Solution 2 

A – the fox jumped over the 

hedge 

– the fox jumped over the hedge 

B – – – – – 

C – the cat jumped over the 

chicken 

– the cat jumped over the chicken 

D a man 

saw 

that  

the fox jumped over the 

hedge 

a man 

saw 

that  

the fox jumped over the hedge 

E a man 

saw 

that  

the fox jumped over the 

chicken 

a man 

saw 

that  

the fox jumped over the chicken 

 

However, none of the manuscripts would then agree, even though they contain identical 

smaller variation units. The manuscripts here seem to represent divergent textual 

traditions. Manuscripts D and E have longer texts in the beginning of the passage, while 

C speaks of “cat” instead of “fox.” Thus, one may see here two units, where “a man saw 

that” comprises one unit. On the other hand, one may see here three units, since the word 

change from “hedge” to “chicken” seems rather significant. In the first solution, 

manuscripts A and D have one agreement while C and E have none. In the second 

solution, on the other hand, A and D have now two agreements, while C and E have 

obtained one agreement. 

The similarity value in the first solution with A and D is 50.0 percent (1 unit divided 

by 2 units), but in the second solution the value increases to 66.6 percent (2 units divided 

by 3 units). At the same time, the similarity between C and E rises from 0.0 to 33.3 

percent. In this way, every decision made in the collations and the identification of 

variation units has a direct impact on the similarity values and the reconstructed trees. 

In addition, the number of manuscripts included in the analysis also has a significant 

impact on the similarity values. Should a critic compare two manuscripts only, which are 

identical apart from two places, the agreement rate would be zero. This is because the 

agreements in places where there is no variation are not counted, as these reveal nothing 

new about the relationships between manuscripts. However, if one adds a third 

manuscript which disagrees in 98 new variation places from the previous two, the 

agreement would then be 98 percent. In general, adding to the quantitative analysis more 
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manuscripts that contain new variation places increases the level of agreement. On the 

other hand, adding new manuscripts to the analysis that do not contain many new 

variation places is pointless, since they do not affect the overall agreement rates.267 

Let us compare the agreement rates presented in previous studies. In ECM of Acts, 

CBGM considers 183 manuscripts and 7,446 places of variation. 268  As mentioned, 

CBGM takes all variations into account except most spelling differences, including 

singular readings.269  Thomas Geer instead included in the first stage of his analysis 

approximately one hundred manuscripts, resulting in 2,838 variation places, excluding 

singular readings.270 These two studies contain approximately one hundred comparative 

manuscripts with their similarity values, from which a selection can be made. Four 

important manuscripts of Acts were chosen for the comparison. The Codex Sinaiticus 

(01) and Codex Vaticanus (03) are representatives of the B-text cluster, in general being 

rather coherent and very ancient texts. The codices Bezae (05) and Laudianus (08), on 

the other hand, are famous for their eccentric texts and are often seen as representing the 

D-text cluster. 271  The numbers of CBGM can be found at https://ntg.uni-

muenster.de/acts/ph4/comparison.272 

 

Table 7. Comparing similarity values in Acts of the Apostles 

Manuscripts Geer CBGM 

01, 03 85.5 92.07 

03, 05 54.6 68.34 

05, 08 53.6 65.52 

 

The agreement levels differ significantly due to the different variation units included and 

the differing number of manuscripts. In fact, the values of CBGM are much higher 

compared to any of the previous calculations conducted in the manuscript tradition of 

Acts since more variation units are considered.273 

 
267 Mink 2011, 147; Wasserman and Gurry 2017, 41. 
268 Wachtel 2017, 28*. 
269 Wasserman and Gurry 2017, 38. 
270 Geer 1994, 6. 
271 Metzger and Ehrman 2005, 62–74. 
272 See also Geer 1994, 14–16. 
273 See also Osburn 2004, 188; Donker 2011, 317. 



	 76 

Considering the time-consuming nature and the differing results of the earlier 

stemmatological and quantitative studies, one could argue that we need to reassess the 

concept of the variation unit. Several prominent computer-assisted stemmatologists agree 

that one needs to consider all available textual data in the stemmatological analysis 

instead of samples.274 This is not a feasible task in the context of the New Testament if 

one relies on variation units due to the mass of manuscript data. INTF bypasses this 

problem by using test passages (Teststellen) of all available manuscripts. For the ECM of 

Acts, INTF collated all available (or known) 550 Greek manuscripts in 104 test passages. 

Based on these test passages, 183 manuscripts were chosen to be fully collated.275 As 

noted, there are 7,446 variation units in ECM of Acts. Hence, INTF used 1.39 percent 

(104/7446) of all variation units in Acts to select (or classify) the relevant manuscripts. 

One of the goals of this procedure is to eliminate vast amounts of A-text manuscripts 

from the analysis, which contain very little variation and therefore have little value in 

reconstructing the starting point of the tradition. Even though the passages were selected 

by one of the greatest textual critics, Kurt Aland,276 one is left wondering whether these 

are the most relevant passages. This approach was not a novelty as such since already in 

1891, the famous Dante scholar Michelle Barbi suggested a similar approach to handle 

the 800-plus manuscripts of Dante’s Commedia. He selected 396 lines (out of 14,233 

lines in total) of the Commedia that he judged to be critical to the analysis of manuscript 

relations for the whole text.277 Later, using digital techniques (a database analysis of the 

distribution of variants), Peter Robinson was able to show that out of these 396 lines, only 

121 proved to be productive in the investigation of manuscript relations in the 

Commedia.278 This outcome warns us of the dangers of relying on samples rather than 

considering all textual data. Hence, we need more efficient ways to relate New Testament 

manuscripts to enable the consideration of more manuscript data. This issue is tackled in 

the final methodological article of this dissertation. The proposed approach departs from 

the previous methods, giving a greater role to computers and algorithms, and does not 

require collations, variation units, or encodings. Using digital techniques, one can relate 

the manuscripts in a quantitative manner by using transcriptions only. 

 

 
274 Wachtel 2000, 39; Mink 2004, 17–18; Bordalejo and Robinson 2018, 38. 
275 Wasserman and Gurry 2017, 38. 
276 Aland and Aland 1995, 318. 
277 Barbi 1891, 28–38. 
278 Robinson 2012, 13–26. 
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3.4.3 String metrics 
As a matter of fact, several studies in mathematics and computer science deal with the 

question of how a distance or similarity is established between two text strings. The 

metric that measures this is called string metrics or string similarity metrics. In computer 

science, a text is referred to as a string and letters as characters. These metrics can be 

divided into character-based approaches, such as Levenshtein, Jaro, and Hamming 

distances that estimate the distances directly from individual characters.279 Other metrics 

use a token-based approach, meaning that the strings are first divided into substrings, 

called tokens, shingles, or k-grams, and then a measure is used, such as the Jaccard, 

Overlap, and Sørensen-Dice coefficient for statistical comparisons.280 The measures used 

in the token-based approach are intended for gauging  similarity between sets, which, 

according to the set theory, is a collection of elements.281 This means in the context of 

strings (texts) that a tokenized string is seen as a set and separate tokens as elements of 

that set. This in turn has consequences regarding which tokens count and which are left 

out of the calculations (as explained in Section 3.4.4). One of the benefits of the token-

based approach is its time efficiency compared to character-based approaches.282 Speed 

is one of the crucial aspects here since, as mentioned, we have enormous amounts of 

manuscript data at our disposal. The manuscript tradition of the Acts of the Apostles is 

not the largest tradition within the New Testament, and yet it comprises over 500 

manuscripts. Thus, highly efficient techniques are needed if one wishes to take all this 

data into account in a manageable timeframe.283 The difference between character- and 

token-based approaches becomes clear by investigating how the different techniques 

operate. 

  

 
279 Hamming 1950; Levenshtein 1966; Jaro 1989. 
280 Jaccard 1912; Dice 1945; Sørensen 1948. 
281 Halmos 2015, 1. 
282 Ukkonen 1992, 191–2. 
283 The goal is that a single critic could manage all the evidence in years rather than decades. 
The proposed method is a step in this direction, but it does not suffice in its own. Other 
techniques are needed to speed up the transcribing process, which at the moment takes a lot of 
time (Section 5.5).  
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 Table 8. The Levenshtein algorithm (dynamic programming approach) 

             D O G  A N D  C A T 

0 1 2 3 4 5 6 7 8 9 10 11 

 D 1 0 1 2 3 4 5 5 6 7 8 9 

no change (D, D): 
(min(1,0,1) = 0) 

   O 2 1 0 1 2 3 4 5 6 7 8 9 

       G 3 2 1 0 1 2 3 4 5 6 7 8 

0 1   4 3 2 1 0 1 2 3 3 4 5 6 

1 0  U 5 4 3 2 1 1 2 3 4 4 5 6 

 N 6 5 4 3 2 2 1 2 3 4 5 6 

 D 7 5 5 4 3 3 2 1 2 3 4 5 

CHANGE! (U,A): 
min(1,0,1) +1 = 1 

  8 6 6 5 3 4 3 2 1 2 3 4 

  B 9 7 7 6 4 4 4 3 2 2 3 4 

0 1 A 10 8 8 7 5 4 5 4 3 3 2 3 

1 (0) + 1 = 1 T 11 9 9 8 6 5 5 5 4 4 3 2 

Levenshtein distance = 2  

 

Let us consider, for instance, the Levenshtein distance, which is defined as the smallest 

number of edit operations (insertion, deletion, and substitution) required to transform one 

string into another. The Levenshtein distance tabulations, using a dynamic programming 

approach, can be seen in Table 8. Here we have two strings, “dog and cat” with “dog und 

bat.” One starts from the upper left corner, pictured in the table. There is no change (D, 

D) and the algorithm returns the minimum value from the three preceding cells (left, top 

left, and above) and does nothing else. When a change is encountered, the algorithms 

return the minimum value of the three preceding cells, as was done previously, but now 

it adds one: min(1,0,1) + 1 = 1. This is iterated though the characters, one by one, and 

returns the Levenshtein distance in the last cell in the bottom right corner. The 

Levenshtein distance value can be converted to a similarity value as follows: 

 

𝐿𝑒𝑣𝑠𝑖𝑚(𝑠𝑡𝑟𝑖𝑛𝑔1, 𝑠𝑡𝑟𝑖𝑛𝑔2) = 1 −
𝐿𝑒𝑣𝑑𝑖𝑠𝑡(𝑠𝑡𝑟𝑖𝑛𝑔1, 𝑠𝑡𝑟𝑖𝑛𝑔2)
max(|𝑠𝑡𝑟𝑖𝑛𝑔1|, |𝑠𝑡𝑟𝑖𝑛𝑔2|)

= 1 −
2
11

= 0.818 = 	81.8	% 

 

All this seems rather good, but Levenshtein, like all character-based string metrics, has 

two major issues that prevent one from using them in the following analysis. First, the 

execution time of the algorithm becomes unfeasible when the strings become longer. 

With Levenshtein one can analyze shorter texts, such as individual chapters of Acts, but 
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not the entire work. Even though several optimizing techniques exist, the use of 

Levenshtein becomes difficult when the data size increases. 284  Table 9 shows the 

execution times of the Myers algorithm, which is one of the fastest Levenshtein 

algorithms.285 

 

Table 9. Average execution times per comparison of the Myers algorithm (Levenshtein) 
Number of chapters 1 2 4 8 16 32 

Execution time (sec) 0.0114 0.0244 0.1067 0.2383 0.8537 3.2591 

 

If one were to compare all 54 manuscripts (the data used in the second and third articles) 

of Acts in their entirety (28 chapters) by using this algorithm, one comparison would take 

approximately 2 seconds. Therefore, the overall duration time, if every string is compared 

with one another (54 x 54 = 2916 comparisons), would take approximately 6000 seconds 

or 100 minutes. The underlying point here is to aim at methodology that can analyze 

larger datasets than 54 manuscripts; hence, the execution time must be significantly lower 

than 2 seconds per comparison. 

The second issue with character-based string metrics is that they may not be the best 

suited to estimate the similarities between ancient Greek texts. As mentioned, all 

character-based string metrics use direct character comparisons. Ancient Greek, however, 

contains myriads of words that begin with the same preposition (παρα, περι, ανα, αντι, 

etc.). This means, for example, that Levenshtein identifies similarities between words that 

are altogether different: περιβάλλω (“to put on”), περιβλέπω (“look around”). 

Token-based string metrics, as the name suggests, are based on sub-strings or tokens; 

that is, the strings are divided into smaller pieces. There is a number of ways to do this. 

At the most elementary level, the strings are divided into ordered or unordered set of 

words. The latter of these is called the bag-of-words (BOW) approach, where each string 

is treated as an unordered set of words. This means that the structure of the strings is lost, 

and the comparison is based on separate words.286 Let us consider manuscripts A and C 

in Table 6 and denote them as string_a, and string_b:  

 

 
284 Jokinen, Tarhio, and Ukkonen 1996, 1439. 
285 The Python package Polyleven employed here uses this algorithm: 
https://ceptord.net/2018121e5-polyleven.html. See Myers 1999. 

286 Goldberg 2017, 69. 
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string_a: “the fox jumped over the hedge” 

string_b: “the cat jumped over the chicken” 

 

which translates to BOW’s approach as follows:  

 

string_a: the, the, jumped, over, hedge, fox 

string_b: the, the, jumped, over, chicken, cat 

 

In the example of Table 6 (using the concept of variation units), these two strings have 

zero (0.0) percent similarity, but here we can see that from six words, four are the same. 

Thus, we can calculate with 66.6 percent similarity (4/6). This can be seen as an example 

of Hamming similarity: the number of corresponding words divided by the length of the 

largest sequence.287  Here we can see the difference between string metrics and the 

traditional way of thinking. When using the variation units, it is possible to have zero 

similarity between texts even though they clearly contain the same text with some 

differences. In the example above, the difference of two words caused the similarity to 

drop to zero. By contrast, when using strings metrics, every word or sequence of 

characters counts, which changes the similarity values from zero to 66.6. This changes 

our way of understanding of how similarity between texts should be defined. The whole 

enterprise of New Testament textual criticism from the time of Colwell and Tune has 

been based on similarity in variation units, which is a contradictory idea per se (similarity 

in variation). The approach that is proposed here, on the other hand, is based on the overall 

textual similarity between manuscripts. 

However, the problem with the BOW approach is that it cannot detect changes in word 

order, a phenomenon that is exceedingly common in the manuscripts of the New 

Testament.288 In the example above, one could change the location of “fox” and “over” 

without any change in the bag of words. Hence, one is required to turn to a more 

constructive approach to tokenize the strings: this is called k-shingling. 

  

 
287 Hamming 1950. 
288 Metzger and Ehrman 2005, 257. 
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3.4.4 A new method revealed 
K-shingling 

A k-shingle or k-gram can be seen as a consecutive word sequence (i.e., a substring of 

length k). If k = 2, every substring has the length of two words (2-gram or bigram), where 

each word depends only on the previous one (k - 1 words).  In other words, each substring 

partially overlaps with the previous one. These bigrams serve then as an approximation 

of the underlying text. This is a more informative approach, keeping the original structure 

of the strings more intact. 

Shingling can also be conducted using letter-grams, where a bigram (k = 2) refers to a 

substring of two characters. White spaces also qualify as characters. Here, the size of k 

becomes crucial: 

 

• k must be large enough, or most strings will share most k-grams  

 

If one chooses a k size that is too small, most sequences of k characters appear in most 

strings. If so, we could have strings whose shingle-sets have high similarity, yet the 

documents had none of the same sentences or even phrases. Word-bigrams can be used 

in the dataset of Chapter 5 of Acts (the data used in articles two and three), but when 

using letter-grams one should choose a k-size between 5–10.289 

The two strings from the previous example converts to word-bigrams (k = 2) as 

follows: 

 

string_a: ‘the fox,’ ‘fox jumped,’ ‘jumped over,’ ‘over the,’ ‘the hedge’ 

string_b: ‘the cat,’ ‘cat jumped,’ ‘jumped over,’ ‘over the,’ ‘the chicken’ 

 

Every subsequent word-bigram partially overlaps with the previous one, hence the name 

shingling. This way shingling preserves the original structure of the text much better, with 

the ability to detect word order changes also. A sequence of six words converts to five 

word-bigrams. These bigrams are too large for these small examples, resulting in 40.0 

percent similarity (2/5). We get more accurate approximation by using letter-bigrams: 

 

 
289 Leskovec et al. 2014, 78–9. 
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string_a: 'th', 'he', 'e ', ' f', 'fo', 'ox', 'x ', ' j', 'ju', 'um', 'mp', 'pe', 'ed', 'd ', ' o', 'ov', 

've', 'er', 'r ', ' t', 'th', 'he', 'e ', ' h', 'he', 'ed', 'dg', 'ge' 

string_b: 'th', 'he', 'e ', ' c', 'ca', 'at', 't ', ' j', 'ju', 'um', 'mp', 'pe', 'ed', 'd ', ' o', 'ov', 

've', 'er', 'r ', ' t', 'th', 'he', 'e ', ' c', 'ch', 'hi', 'ic', 'ck', 'ke', 'en' 

 

Instead of having five word-bigrams, one now has two tokenized strings with the lengths 

of 28 (string_a) and 30 (string_b) letter-bigrams. As can be seen, some of the bigrams 

have one letter only since the white spaces are also considered. 

As stated above, the metrics applied to estimate the similarity between tokenized 

strings are used to gauge similarity between sets. Georg Cantor, the father of set theory, 

defined a set as a collection of distinct objects or elements.290 In other words, when the 

tokenized strings are converted to sets and the k-grams to elements of that set, all 

duplicate elements (k-grams) within the sets are deleted, following Cantor’s definition of 

a set: 

 

set_a: {'ge', 'ed', 'er', 'dg', 've', 'mp', 'th', 'd ', 'r ', 'um', 'ju', ' f', 'x ', ' h', 'fo', ' j', 

'pe', 'ov', 'e ', ' o', 'ox', ' t', 'he'} 

set_b: {'at', 'ju', ' o', 'e ', 'hi', 'r ', 'um', 'er', 'ca', 'he', 'th', 'pe', 've', 'mp', 'en', 'ic', 

'd ', ' t', 'ke', 't ', 'ed', 'ch', ' c', 'ov', ' j', 'ck'} 

 

This procedure results in two sets of the sizes 23 (set_a) and 26 (set_b). The order of the 

bigrams does not matter since one is comparing the bigrams, not the entire strings. The 

strings are now collections of unordered bigrams.291 One has now arrived in the position 

of estimating the similarities between the tokenized strings, which can be done in a 

number of ways by using different similarity coefficients. 

 

Similarity coefficients 

The most often used method for measuring the similarity between sets is the Jaccard 

coefficient, which is calculated by counting the number of elements shared between sets 

divided by the number of elements in both sets.292 This gives a value between 0 and 1. 

 
290 Cantor 1915, 85. 
291 Roelli and Bachmann’s Leitfehler method also uses string metrics, but the strings are 
considered ordered lists of words. Roelli and Bachmann 2010, 8. 

292 Jaccard, 1901. 
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The more that two sets have in common, the closer the value is to the number 1. Jaccard 

is often referred to as the ratio of intersection over the union: 

 

𝐽(𝑠𝑒𝑡1, 𝑠𝑒𝑡2) =
|𝑠𝑒𝑡1 ∩ 𝑠𝑒𝑡2|
|𝑠𝑒𝑡1 ∪ 𝑠𝑒𝑡2| =

𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛
𝑢𝑛𝑖𝑜𝑛 = 	

𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠	𝑠ℎ𝑎𝑟𝑒𝑑	𝑏𝑒𝑡𝑤𝑒𝑒𝑛	𝑠𝑒𝑡𝑠
𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠	𝑖𝑛	𝑏𝑜𝑡ℎ	𝑠𝑒𝑡𝑠  

 

However, in studies conducted in ecology, which uses different coefficients to estimate 

genetic similarities, the Jaccard coefficient is noted to always be smaller compared to 

other coefficients.293 The reason for this seems to be the use of a union, which merges the 

distinctive elements of the two sets into one, treating the two sets as one unit.294 This 

decreases the similarity values, since the size of the denominator increases during the 

merging. This seems to hold true in the previous example: 

 

𝐽(𝑠𝑒𝑡_𝑎, 𝑠𝑒𝑡_𝑏) =
16
33 = 0.484 = 48.4	% 

 

The result of the BOW approach with simple hamming similarity was 66.6 percent. Thus, 

it indeed seems to hold true that Jaccard returns lower values compared to other 

coefficients and is perhaps not the best fit for the analysis at hand. 

One could simply sum the bigrams of one or the other of the sets and use it as the 

denominator. However, since the sets are of different sizes, the question arises which of 

the two should one select. If one chooses the size of the larger set and uses it as the 

denominator, the similarity value significantly increases: 16 / 26 = 0.615 = 61.5 percent. 

Selecting the larger set size, however, contains other problems. In Chapter 5 of Acts, for 

instance, the used data of the Greek manuscripts contains 5–10 percent differences in 

their length. The lengths vary from one manuscript to the next due to accidental omissions 

of words, etc. If one chooses the size of the larger set and uses it as the denominator, the 

similarity values automatically decrease to a certain extent. On the other hand, choosing 

the smaller of the two sets (overlap coefficient) automatically excludes all deletions from 

the calculations included in the original strings. This would be an enormous mistake, 

 
293 Kosman and Leonard 2005, 417; Dalirsefat et al. 2009, p. 7. 
294 Sørensen 1948, 6. 
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since deletions are one of the most important sources of variation in different manuscript 

traditions.295 

There is another similarity coefficient, however, which is known to always be greater 

than Jaccard: the Sørensen-Dice coefficient (henceforth SDC). This similarity measure 

was independently developed by Thorvald Sørensen and Lee Dice.296 The SDC is closely 

related to Jaccard with some crucial modifications: 

 

𝑆𝐷𝐶(𝑠𝑒𝑡1, 𝑠𝑒𝑡2)	 =
	2|𝑠𝑒𝑡1	 ∩ 	𝑠𝑒𝑡2|
|𝑠𝑒𝑡1| + |𝑠𝑒𝑡2|  

 

The SDC equals twice the number of the intersection divided by the sum of the number 

of elements in each set. When this is applied to our example: 

 
2	𝑥	16
23 + 26 =

32
49 = 	0.653 = 	65.3	% 

 

The SDC returns almost exactly the value one was expecting. The SDC is usually greater 

than Jaccard, since it attaches more importance to shared elements (agreements).297 The 

proportion of the intersection increases since it is multiplied by two and because the size 

of the set is always smaller than the union. Also, taking the size of both sets as the 

denominator decreases the effects of random length differences between manuscripts.298 

This similarity coefficient seems to work better than the other coefficients in the context 

of manuscript data. 

The proposed methodology hence combines the shingling algorithm with the 

Sørensen-Dice coefficient to estimate similarities (or relate manuscripts in a quantitative 

manner) between manuscripts. A program was developed that incorporates the 

preprocessing steps of the k-shingling with different coefficients. This program is called 

Relate, and its source code is found at https://github.com/PasHyde/relate. In the following 

section, a brief description is given of how the software is designed to operate. 

 

 
295 Royse 2008, 100, 719; Trovato 2017, 55. 
296 Dice 1945; Sørensen 1948. 
297 Kosman and Leonard 2005, 418. 
298 Sørensen 1948, 7. 
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3.4.5 Relate: Software for textual scholarship to establish quantitative relationships 
between versions of a text 
Relate was developed to enable the establishment of the quantitative relationships 

between the manuscripts more efficiently than done before.299 It contains three modules: 

shingle, metrics, and matrixes modules. All of them can be used separately or together. It 

takes a plain text file as input and outputs a list of pairwise distances between the analyzed 

texts arranged as a matrix. 

At the present stage of development, Relate contains the following techniques: 

 
Tokenization: shingling (character and word) 

Character-based metrics: Levenshtein and Hamming 

Token-based metrics: Jaccard, Overlap, Sørensen-Dice 

Matrixes: similarity, distance (with or without a standardizing function) 

 

A user can select whether he/she wishes to use character- or token-based metrics. In the 

case of character-based metrics, one can use the Levenshtein or Hamming distance 

measures, which are calculated using direct character comparisons without the 

tokenization. The Levenshtein distance is calculated using the Myers algorithm, which is 

one of the fastest Levenshtein algorithms.300 

The tokenization can be conducted using characters or words. The k-shingling 

algorithm is very straightforward and fast. After the texts are tokenized and converted to 

sets of k-grams of a given size, the algorithm iterates through the sets and determines 

whether a given k-gram is present in a set or not. In the following example, one has word-

bigrams of the size 2 (k = 2): 

 

string_a: “the fox jumped over the hedge” 

string_b: “the cat jumped over the chicken” 

 

  

 
299 A promising new quantitative method was proposed in 2019 by Joey McCollum for 
manuscript clustering. This uses non-negative matrix factorization, but like other quantitative 
methods in New Testament textual criticism, this is also based on collations and variation 
units (McCollum 2019, 68). 

300 Myers 1999. 
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Table 10. The k-shingling algorithm 

 set_a set_b 
'jumped over'  1 1 

'over the'  1 1 

'the hedge' 1 0 

'the chicken' 0 1 

'the fox' 1 0 

'the cat' 0 1 

'fox jumped' 1 0 

'cat jumped' 0 1 

 

The numbers signify whether a given k-gram (or element) is present (1) in a set or not 

(0). This is exceedingly more efficient than any of the character-based methods, since far 

fewer operations are needed. Should the distance between these strings be calculated 

using the Levenshtein algorithm, one needs 899-character comparisons (29 characters x 

31 characters = 899), and at every step the allowed edit operations are considered 

(deletion, insertion, substitution). This makes the character-based approaches 

computationally costly 𝑂(𝑛	𝑥	𝑚) . When using the k-shingling algorithm, 2 x 5 

comparisons are required 𝑂(𝑛	𝑥	𝑚) in this example, but since n is small and a constant 

value, the execution time is in fact linear 𝑂(𝑚).301 

It is noteworthy here that the Myers algorithm that is used here is written in C, while 

Relate is purely a Python program. As programming languages go, C is much faster than 

Python, but as can be seen in Figure 19, the k-shingling algorithm is exceedingly faster 

despite being written in a much slower language.302 As mentioned in the previous section, 

the speed of Levenshtein is acceptable in shorter texts, but with longer texts the execution 

times become unfeasible. 

  

 
301 Ukkonen 1992, 192.  
302 After testing different coding approaches, Python list comprehension proved to be fastest, 
outperforming regular loops and more functional approaches. 
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Figure 19. Comparison of the execution times 

 

 

After the strings are converted to sets of k-grams, a preferable string metric (Jaccard, 

Overlap, Sørensen-Dice) is applied from the metrics module to establish the quantitative 

relationships. Finally, using the matrixes module, a user chooses between different 

matrixes: distance, similarity with, or without a standardizing function:  

 

𝑧 =
𝑥 − 𝜇
𝜎 =

𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑	𝑣𝑎𝑙𝑢𝑒 − 𝑚𝑒𝑎𝑛
𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑	𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛  

 

A standardizing function means that the original values are converted to dimensionless 

units. There are two reasons for doing this. First, the units chosen by the critic for 

measuring the similarities may arbitrarily affect the resulting clustering or tree patterns. 

In other words, if a critic suspects that the decision for selecting a particular unit 

(instances of occurrences, percentual values, etc.) affect the similarities among objects, a 

standardizing function removes these arbitrary effects. Second, if there are significant 

variations in the values chosen for the analysis, a standardizing function brings these 

values closer together, making the comparison easier.303 

Relate returns a list of the chosen similarity, distance, or standardized values arranged 

in a symmetric matrix, as seen in Table 4. This can be used to reconstruct phylogenetic 

trees employing distance-matrix methods, such as neighbor-joining or network analysis, 

which also use distance values (NeighborNet, etc.). The values returned by Relate can 

also be used for clustering (using UPGMA, for instance). Relate exists at this point in 

time as source code only, but the first stable 1.0 release will take place in 2023 and it will 

actively be developed in the forthcoming months and hopefully for years to come. 

 
303 Romesburg 2004, 78. 
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4 Case Studies 
The heart of this dissertation consists of three peer-reviewed articles that approach the 

manuscript tradition of Acts of the Apostles and its textual history from different 

perspectives by using different computer-assisted methods. In the following, an overview 

of these articles is given. 

 

4.1 Study I: Coherence-Based Genealogical Method (CBGM) 
The first article “Evolving Gamaliel Tradition in Codex Bezae Cantabrigiensis, Acts 

5:38–39: A Novel Application of Coherence-Based Genealogical Method (CBGM)” was 

a long time in the making since CBGM and the software Genealogical Queries for Acts 

of the Apostles were still in the process of development. Finally, in 2017 a final version 

was released with the publication of the Editio Critica Maior for the Acts of the 

Apostles.304 

 

4.1.1 Aim 
The data of this investigation comprises two verses in Acts 5:38–39 as contained in the 

Codex Bezae (D05). The text of D05 (or some part of it) is often seen as a representation 

of the D-text. According to earlier studies, this may have been the work of one individual; 

it is also seen as the result of a long process that took place over multiple stages.305 Hence, 

there are a number of ways to understand the D-text, but all approaches share the 

conviction that there exists some cohesive textual entity within the text of D05. In recent 

studies of Acts in D05, it has been proposed that D05 could be seen as an evolving text.306 

As stated several times in this investigation, evolution is a process where small changes 

accumulate over a long period of time, generating varied organisms, cultures, or, in the 

case of manuscripts, textual forms.307 In order for the evolutionary perspective to hold 

true in the context of the New Testament manuscripts, one should be able to find 

intermediate textual stages between the older (and often shorter) readings of the B-text of 

the Codex Vaticanus and later (and often longer) D-text of D05. This was the starting 

 
304 Strutwolf et. al. 2017. 
305 Menoud 1951; Aland 1986, 22–3, 63; Strange 1992, 185–9; Holmes 1996; Gäbel 2011, 150–
2. 

306 Parker 1992, 280, 284; 2008, 289.  
307 Richerson and Boyd 2005, 50–4.  
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point of this study, and the aim was to use the data of CBGM to find these intermediate 

textual stages beneath the text of D05. 

 

4.1.2 Methods 
The CBGM method uses different coherencies to relate witnesses308 to one another. The 

most important measure for this is pre-genealogical coherence. According to Gerd Mink, 

the weaker the pre-genealogical coherence (i.e., the amount of agreements between 

witnesses) between different readings, the more internal evidence is needed to establish 

a genealogical relationship between variants.309 

The main challenge with D05 is that it vastly differs from all other witnesses (also 

from other witnesses to the D-text), meaning that the Codex Bezae does not have any 

particularly close relatives among the Greek manuscript tradition (CBGM considers 

Greek manuscripts only). This implies that D05 represents a textual branch of the New 

Testament of which most witnesses have been lost in time, distancing the Codex Bezae 

from the other witnesses and preventing CBGM from drawing a close relationship 

between D05 and any other manuscript.310 The lack of close relatives is a problem, since 

the purpose of the investigation was to reconstruct the textual history that might have led 

to the longer text of D05 in Acts 5:38–39. Hence, one was obliged to rely on internal 

reasoning to make the connections between differing readings—in other words, 

determining which reading best explains the rise of other variants that concur, for 

instance, with the style, vocabulary, and argumentation of the author.311 The analysis was 

then conducted on the level of local stemmata, reconstructing textual histories in these 

places by primarily using internal reasoning. 

 

4.1.3 Results 
A justifiable case was done in favor of multiple textual layers within the variant readings 

of Acts 5:38–39 in D05. Perhaps the most surprising find was that the scribes seemed to 

recombine not only manuscripts of Acts, but they also took material from entirely 

different sources. The most revealing variation unit was 5:39/19, where D05 contains a 

 
308 Concerning the definition of a witness in CBGM, see Section 3.2.1. 
309 Mink 2008, 192. 
310 Klaus Wachtel acknowledges this limitation when he admits that CBGM does not provide 
the 
appropriate tools for studying the Western text. Wachtel 2017, 31*; Mink 2004, 22. 
311 Metzger and Ehrman 2005, 302–5.  
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longer reading than most of the other witnesses: “neither you, nor kings, nor tyrants; thus, 

keep away from these men.” It was argued that this longer reading does not contain two 

or three textual layers, but four different and separate textual stages, and the local stemma 

of CBGM was revised accordingly (Figure 20). 

 

Figure 20. Local Stemmata of 5:39/19 

 

 

a) om 

b) οὔτε ὑµεῖς οὔτε οἱ ἄρχοντες ὑµῶν 

c) ἀπόσχεσθε οὖν ἀπὸ τῶν ἀνδρῶν 

τούτων  

d) οὔτε ὑµεῖς οὔτε βασιλεῖς οὔτε τύραννοι 

ἀπέχεσθε οὖν ἀπὸ τῶν ἀνθρώπων τούτων  

e) οὔτε ὑµεῖς οὔτε βασιλεῖς οὔτε τύραννοι 

ἀπόσχεσθε οὖν ἀπὸ τῶν ἀνδρῶν τούτων  

 

All the differing readings in this variation unit are seen on the right, listed from a to e 

(D05 contains reading d). The local stemma on the left is the one included in the 

Genealogical Queries for Acts at https://ntg.uni-muenster.de/acts/ph4/coherence/1254. In 

this stemma, the editors of CBGM left open the question how the longer readings d and 

e came about and marked this with a question mark. In the middle, one finds the revised 

local stemma, which explains these readings. Here, the reading e is seen to comprise or 

recombine three different readings or sources. Two of them come from different 

witnesses of Acts and one from the apocryphal book of Wisdom, which refers to kings 

and rulers in the same manner as the readings d and e: “No king or ruler on earth can 

accuse you of punishing those people unfairly” (Wis 12:14). This extracanonical source 

is depicted in the local stemma accordingly. Here, all the phases can be seen which led to 

the longer readings. This, on the other hand, emphasizes the evolving nature of the textual 

tradition of D05. Its longer readings, often labeled Western when supported by other D-

text witnesses, may have emerged in stages. This, on the other hand, challenges the 

traditional view that the D-text emerged from unified editorial activity.312 

 

 
312 Epp 2013, 567–71; 2017, 232–7. 
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4.1.4 Discussion 
In the end, one was unable to use CBGM in the context of the Codex Bezae or the D-text 

witnesses in general and the case for the evolving nature of D05 was built by using 

internal reasoning. CBGM nevertheless yielded a useful general framework to be used in 

the analysis. The inability of CBGM to deal with the textual tradition of D05 came as a 

surprise at the time of writing the article. The prominent experts of CBGM (e.g., Klaus 

Wachtel) have in fact admitted that CBGM cannot be used in the context of the D-text.313 

This is a surprise, since INTF has chosen CBGM to be exclusively used in all subsequent 

critical editions of the New Testament. It seems like a mistake to solely rely on a method 

that cannot deal with all available data. Also, one cannot rely on Greek manuscripts only 

when tracking the textual development of the D-text. Versions must also be taken into 

consideration. This idea was put into practice in the following article. 

 

4.2 Study II: A Phylogenetic Approach 

The restrictions of CBGM became apparent in the first article: the use of Greek 

manuscripts only and the inability of a user to make changes to the underlying data or to 

take all the available data into account.314 Thus, a new approach was adopted in the 

second article, “The Changing Text of Acts: A Phylogenetic Approach.” The proposed 

evolutionary approach and the idea of using phylogenetic methodology emerged 

simultaneously, being each other’s complementary aspects or dimensions. The second 

article is the centerpiece or heart of the whole dissertation. The parallel features between 

genetic evolution and manuscript transmission justify the use of the phylogenetic 

methods, which were, after all, developed for the analysis of biological evolution. The 

ability to use these advanced computer-assisted techniques, on the other hand, justifies 

the evolutionary perspective. This case study would have been all but an impossible task 

without the support of the stemmatological group Studia Stemmatologica, which 

organizes stemmatological workshops in different locations in Europe.315 Professor Chris 

Howe and Dr. Heather Windram have offered several crucial clarifications of the used 

phylogenetic techniques. 

 
313 Wachtel 2017, 31*.  
314 After the publication of the first article, an editable version of CBGM was released: 
https://ntg.uni-muenster.de/.  

315 http://cosco.hiit.fi/stemmatologica/. 
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The data consisted of 54 manuscripts containing Chapter 5 of Acts, of which four were 

Latin, which meant translating these texts into Greek. 

 

4.2.1 Aim 
The article had a simple purpose: to demonstrate how phylogenetic analysis of 

manuscripts can be conducted and what it can reveal about the history of the manuscript 

tradition of Acts. All the different stages of the phylogenetic analysis were thoroughly 

explained so that anyone can understand what is happening beneath these methods and 

learn how to conduct the analysis by themselves. It was designed as a methodological 

groundwork for future studies. The most interesting aspect was to test whether these 

methods can handle recombination, which is a great problem in the manuscript traditions 

of the New Testament, but also in phylogenetics.316  

 

4.2.2 Methods 
All the conventional preprocessing steps of the phylogenetic analysis of manuscripts were 

carried out, including transcribing the texts into a file and standardizing the spelling, 

collating the manuscripts, and encoding the texts using a multistate scheme (using the 

numbers 0, 1, 2, etc.).317 This meant an enormous amount of manual work, but at the same 

time one was able to control and monitor all the different stages of the analysis.318 Then, 

two phylogenetic tree inference methods were applied to the data, maximum parsimony 

(MP) and neighbor-joining (NJ), with network analysis using NeighborNet (NN). A 

technique called bootstrapping was used here to test the statistical robustness of the 

generated trees. All these tools are incorporated in two software packages, PAUP* and 

SplitsTree.319 Also, the recombination detection methods PDM (Probabilistic Divergence 

Measures), LRT (Likelihood Ratio Test) and DSS (Difference of Sums of Squares) were 

applied to the data.320 The point of using recombination detection tools is to find out 

 
316 Howe et al. 2001, 124; Mink 2004.  
317 Howe et al. 2001, 122–3; Mooney et al. 2001, 286–9; Howe and Windram 2011, 1–3.  
318 The New Testament Virtual Manuscript Room (or NTVMR) contains numerous 
transcriptions and collations, which are readily available at https://ntvmr.uni-muenster.de/. 
The author of this dissertation conducted all the preprocessing steps by himself, since all the 
used Greek (and Latin) manuscripts were not available in the NTVMR database. Also, he 
wanted to survey all the preprocessing phases and decisions that needed to be done during 
these steps: the decisions concerning the spelling, establishing variation units, etc. 

319 Swofford 2003; Huson and Bryant 2006. 
320 McGuire and Wright, 2000; Husmeier and Wright 2001. 
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whether the recombination events can be located at a certain point in the texts and 

removed from the final analysis. This proved to be a difficult task.  

 

4.2.3 Results 
Even though Paul Maas stated long ago that “where contamination exists the science of 

stemmatics in the strict sense breaks down,”321 it was surprising to observe this firsthand. 

It was believed that the phylogenetic tree inference methods would be able to handle the 

complicated manuscript relations within one single chapter of Acts. This was not the case. 

The bootstrap values in MP and NJ trees were too low to make any substantial statements 

about the history of the tradition. In other words, these methods found too many 

contradictory tree structures, and thus the tradition could not be fitted to a single tree. The 

inevitable conclusion is that the stemma of the manuscript tradition of Acts cannot be 

constructed using phylogenetic methods (or perhaps with any stemmatological method).  

 

Figure 21. NeighborNet of Acts 5 

 
 

 
321 Maas 1958, 48. 
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While a network that was constructed using the NN algorithm was able to picture the 

complicated structures of the manuscript tradition, this is not a stemma and should not be 

confused with one.322 This network can, however, be used to see the clustering patterns 

of the manuscripts. 

The most intriguing aspect of this network is the observed clustering patterns, which 

comply with the well-known groupings of the manuscripts of Acts: the B-text cluster, 

Family 1739, D-text cluster, and A-text cluster. In addition, when the phylogenetic trees 

broke down due to a lack of statistical support, one group was found in every single tree 

and network: the D-text cluster. 

 
4.2.4 Discussion 
In the first study, it was argued that there is no such coherent entity as the D-text. The 

phylogenetic analysis of Acts 5 forced a reevaluation of this argument, as this cluster was 

found by every single method that was used in the investigation. Perhaps there indeed 

existed a distinct textual entity in the first Christian centuries that we now call the D-text, 

which seemed to develop in stages. Here, one learns an important lesson: the textual critic 

must not base their textual decisions on one approach or methodology but a combination 

of different perspectives. For two decades, the developers and practitioners of CBGM 

have forcefully argued against the concept of text types or textual clusters.323 The results 

of the phylogenetic analysis of Acts are on a direct collision course with these claims, and 

they demand deeper investigation. It appears that the story of the textual clusters has not 

yet been told, even though some are anxious to close this book. Based on the results, it 

seems in fact that clusters and network analysis are perhaps the only way, at the present 

time, to understand the history of the manuscript tradition of the Acts of the Apostles. 

 

4.3 Study III: Toward a New Methodology 

In the previous study, network analysis and NeighborNet seemed to be very promising 

approaches in dealing with recombination. The NN algorithm is also very fast, taking 

𝑂(𝑛!) time for n sequences, which is the same with NJ.324 In other words, NN can deal 

with a large amount of manuscript data. However, the conventional preprocessing steps 

of the phylogenetic analysis of manuscripts take enormous amounts of time and effort; 

 
322 Eagleton and Spencer (2006, 245) refer to NeighborNet as a stemma, which is misleading. 
323 Strutwolf 2006; Wachtel 2017; Wasserman and Gurry 2017, 7–10.  
324 Bryant and Moulton 2004, 263. 
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hence, one is unable to take full advantage of this efficient network algorithm. The 

situation would drastically change should one obtain an algorithm that is able to 

preprocess the textual data automatically. The NN algorithm is a distance-matrix method 

(i.e., it uses pairwise distances between the studied objects to construct the network). This 

means that one would need some automatic technique to establish the quantitative 

relationships between the manuscripts to speed up the analysis. As it turns out, there are 

a number of efficient algorithms that can estimate the distances between texts without the 

need to collate or encode them. These algorithms were tested in “A New Method in 

Establishing Quantitative Relationships Between Manuscripts of the New Testament,” 

which is the last case study in this dissertation. The previous data of 54 manuscripts were 

used in this investigation. 

 

4.3.1 Aim 
As stated, the manuscript tradition of the Acts of the Apostles is not the largest among 

the different traditions within the New Testament, and yet it comprises over 500 

manuscripts. No one has considered all these manuscripts in any of the previous studies. 

The Editio Critica Maior, which aims to take all available data into account, considers 

183 manuscripts only when reconstructing the initial text.325 The purpose of the third 

study was to develop a new method, or combine existing techniques, to enable the 

consideration of more manuscripts in a more efficient manner. In order to achieve this 

goal, digital techniques were given a significant role in the analysis. This meant that new 

software was written by the author of this dissertation in order to conduct the analysis. 

This has the side effect of distancing a critic from the studied objects, which is a good 

thing and hopefully increases the objectivity of the investigation.326 The study focuses on 

the preprocessing techniques that enable an estimation of the similarities between the 

manuscripts directly from the transcriptions. 

 

4.3.2 Methods 
There are a number of character-based techniques to estimate the distances or similarities 

between the strings (texts) by using direct character (letter) comparisons, such as the 

Levenshtein algorithm.327 These are not fast enough (𝑂(𝑛	𝑥	𝑚)), however, and they 

 
325 Wachtel 2017, 28*. 
326 This approach can be seen as embodying the mindset of distant reading, as theorized by 
Franco Moretti (2013). 

327 Levenshtein 1966; Myers 1999.  
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turned out to return overly high similarity values. Hence, the attention was turned to 

token-based techniques that divide the strings into substrings or tokens of length k. K-

shingling is faster than any of the character-based methods (𝑂(𝑚) ) and a more 

constructive approach among the token-based techniques, since it preserves better 

original structure of the strings while breaking them apart into smaller pieces.328 K-

shingling tokenizes the strings into substrings called k-grams of the chosen length. Each 

subsequent k-gram partially overlaps with the previous one (k – 1 letters or words). These 

k-grams are then converted into elements of a set and a similarity coefficient is selected 

to estimate the similarities between the manuscripts. After testing different measures, the 

Sørensen-Dice coefficient was chosen to be paired with the k-shingling algorithm.329 All 

these techniques were incorporated to the Relate program to conduct the analysis. 

Similarity values were first calculated using the encodings from the previous article and 

these were then compared with the values returned by Relate. Also, the data of CBGM 

were consulted due to the prominent role the method plays in the field of New Testament 

textual criticism. 

 

4.3.3 Results 
The k-shingling algorithm can operate using characters or words (i.e., the texts can be 

tokenized into substrings of letters or words). Both were tested, but the use of words 

seemed more valid since character-based tokenization partially suffers from the same 

problem as the Levenshtein algorithm. They overestimate the similarities unless the 

length of the k-grams is not increased to 10 characters (k = 10) or even longer. This is 

due to the difficult nature of the Greek manuscript tradition. There are close similarities 

between entirely different Greek words due to the manner in which they incorporate 

identical prepositional beginnings. When using word-bigrams, for instance, one can avoid 

these problems. The k-shingling algorithm detects all differences within the word-

bigrams and thus can separate the Greek words even though they might be almost 

identical. It was demonstrated how the word-bigrams deal with deletions, word order 

changes, word additions, and word changes in a similar manner. When using characters, 

the length of the word or variation also plays a role. Word order changes result in higher 

agreement rates, since they change few k-grams, while decreasing the values when facing 

longer variation, such as the change of a short word to a longer one. Accordingly, longer 

 
328 Goldberg 2017, 69–75. 
329 Dice 1945; Sørensen 1948. 
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variations matter more than shorter ones in both k-shingling methods. A sample of 10 

manuscripts was chosen for comparison of the quantitative relations between the 

manuscripts. A comparison of the similarity values revealed that the use of word-bigrams 

leads to similarity values that are in close proximity to those of CBGM, as can be seen in 

Table 11. 

When these values were used to conduct a simple clustering analysis using UPGMA, 

both matrixes returned identical grouping patterns. As mentioned, the combination of k-

shingling and the Sørensen-Dice coefficient is fast, enabling 54 manuscripts of Acts to 

be analyzed, using the letter-grams, in their entirety (28 chapters) in ten minutes (2916 

comparisons x 0.21 sec = 612 sec = 10.2 min). Using word-bigrams, one can complete 

the same task in five minutes (2916 x 0.11 = 320 sec = 5.3 min). This means that, 

assuming one has all the transcriptions, it is possible to estimate the quantitative relations 

between all 500 manuscripts of Acts in a little over nine hours.330 

 

Table 11. Comparing the similarity values 

CBGM Sørensen-Dice Coefficient (word-bigrams) 
 P74 03 05 614 876 1175 1409 1739 1884 2200 P74 03 05 614 876 1175 1409 1739 1884 2200 

P74 100.0 94.88 73.17 84.38 84.30 95.89 90.07 91.13 79.51 90.10 100.0 91.91 72.58 85.01 84.75 94.25 87.69 90.07 74.77 89.29 

03 94.88 100.0 73.93 85.23 86.45 94.26 90.63 91.27 81.65 90.06 91.91 100.0 74.12 86.70 87.99 94.26 89.65 92.28 79.17 91.36 

05 73.17 73.93 100.0 72.10 73.31 75.38 73.23 75.46 66.98 75.46 72.58 74.12 100.0 74.04 75.49 75.39 73.56 75.90 67.02 75.85 

614 84.38 85.23 72.10 100.0 89.54 86.73 85.80 88.62 84.38 89.23 85.01 86.70 74.04 100.0 90.84 88.57 87.70 90.60 81.36 90.67 

876 84.30 86.45 73.31 89.54 100.0 86.71 86.10 89.46 81.04 88.55 84.75 87.99 75.49 90.84 100.0 88.29 87.42 90.87 78.96 90.24 

1175 95.89 94.26 75.38 86.73 86.71 100.0 92.73 93.35 82.21 92.75 94.25 94.26 75.39 88.57 88.29 100.0 91.53 94.43 79.06 93.94 

1409 90.07 90.63 73.23 85.80 86.10 92.73 100.0 91.24 81.29 90.94 87.69 89.65 73.56 87.70 87.42 91.53 100.0 91.71 78.48 91.93 

1739 91.13 91.27 75.46 88.62 89.46 93.35 91.24 100.0 82.57 97.59 90.07 92.28 75.90 90.60 90.87 94.43 91.71 100.0 79.83 98.36 

1884 79.51 81.65 66.98 84.38 81.04 82.21 81.29 82.57 100.0 83.18 74.77 79.17 67.02 81.36 78.96 79.06 78.48 79.83 100.0 79.78 

2200 90.10 90.06 75.46 89.23 88.55 92.75 90.94 97.59 83.18 100.0 89.29 91.36 75.85 90.67 90.24 93.94 91.93 98.36 79.78 100.0 

 

4.3.4 Discussion 
The outcome of the quantitative analysis exceeded initial expectations. The speed with 

which Relate was able to conduct the analysis was very promising. Also, the fact that the 

values were exceedingly close to those of CBGM is very encouraging for the proposed 

methodology. We now have a convenient methodology within our reach that enables us 

to consider large amounts of manuscripts. The second aspect of the analysis is the 

 
330 These figures are based on the processing speed of the iMac with 2.7 GHz (quad-core) Intel 
Core i5 used in the analysis.  
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consistency with which the quantitative analysis is done. This means that anyone that 

uses the same set of data (the same manuscripts of Acts 5) and the same settings of the 

programs (word-bigrams accompanied with the same coefficient) will end up with the 

same similarity matrix as seen in Table 11. The same level of consistency can 

undoubtedly be accomplished by highly skilled textual critics or editorial boards 

operating with a specific set of rules or guidelines while using collations and variation 

units. This consistency is not an easy task to achieve (or maintain), however, since 

countless decisions need to be made by the critics concerning the collations and 

alignments of the variants, for example. 331  Maintaining consistency throughout the 

analysis is easier when using Relate, since the critic needs to only specify the type of the 

shingles (characters or words) used, their length, and the coefficient that is used. Hence, 

there are many fewer decisions that must be made in Relate.  

It should be reminded, however, that all methods contain some shortcomings and the 

proposed methodology here is not an exception. Relate can estimate the similarities 

between fragmentary texts up to a certain point. It can operate relatively well in the face 

of a couple missing verses, but if half of the texts are missing, the distance values increase 

rapidly. Hence, in order to ensure the reliability of the calculations, the texts should be as 

complete as possible. The other shortcoming is that it can establish quantitative 

relationships between manuscripts copied in the same language. If the manuscript data 

contain texts of different languages, they must be translated into the same language. 

Despite these weaknesses, one could make the argument that we are, with the 

development of the Relate program, entering a new age in New Testament textual 

criticism where we can let computers and algorithms do the heavy lifting for us, giving 

critics the chance to fully immerse themselves in the interpretative work of the results. 

We can now take more manuscript evidence into account more efficiently.332 Granted, 

from a statistical point of view, we are in a relatively good position with Acts. Of the 550 

known manuscripts, 183 are fully collated. Hence, around one third of all known 

manuscripts of Acts are considered. This did not, however, prevent the author from 

finding an important D-text variant in the first article of this dissertation from manuscripts 

 
331 Bordalejo and Vazquez 2021, 30.  
332 It must be underlined once again that efficiency refers here to the operating speed of Relate 
and its capability to operate on transcriptions only. One cannot describe the whole analysis of 
manuscripts as efficient until automated techniques are applied to the transcribing process of 
the manuscripts and to the standardization of the spelling. 
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that were not even transcribed by the INTF.333 This once again warns us that usage of the 

test passages is not a foolproof process and that important stemmatological information 

will be missed when using samples. 

5. Concluding remarks 
The aim of this dissertation was to test different computer-assisted stemmatological 

methodologies in the context of the manuscript tradition of the Acts of the Apostles. It 

was crucial also to explain how these methods work, and what their weaknesses and 

strengths are. This was the first time Acts was subjected to varied phylogenetic techniques 

and string metrics. Limited time and space did not allow the author to take more 

manuscripts or longer parts of Acts into account, enabling more profound conclusions 

about the structure and nature of the manuscript tradition. However, the author did gain 

information about which methods seems most promising in dealing with two prominent 

problems of the tradition: (1) recombination (with the coincidental emergence of variants, 

block mixtures, etc.), and (2) the extent of the tradition (550 Greek manuscripts). This 

last section continues and develops the discussions that began in the articles. 

 
5.1 The plea for abandoning the text-type concept…? 

The change from traditional classification systems, or from the text-type concept, to 

stemmatology has been swift within INTF. Kurt Aland, the founder of the institute and 

his wife, Barbara Aland, formulated their well-known classification system of New 

Testament manuscripts in the first edition of Der Text des Neuen Testaments.334 Their 

manuscript categories are essentially an enhanced version of the traditional text-type 

concept and widely referred to in the field.335 The last edition of this hallmark study was 

published in 1995, but already in 1997 INTF released ECM for the Catholic epistles, 

based on the results of CBGM.336 INTF discarded the manuscript categories in a matter 

of years and critics working in the institute soon began demanding that the field of New 

Testament textual criticism should abandon the text-type concept all together.337 

 
333 Hyytiäinen 2019, 12–17. 
334 Aland and Aland 1981.  
335 See, e.g., Osburn 2004, 175–6; Epp 2013, 555. 
336 Aland 1997.  
337 Strutwolf 2006; Wachtel 2017a. 
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These demands are not entirely coherent compared to what INTF is stating in the ECM 

of Acts (or in the Catholic epistles). They have in fact enhanced the significance of the 

A-text cluster, regarding it as the only real textual cluster: “they have reevaluated it and 

concluded that it should be given more weight than in the past.” In other words, they have 

discarded two earlier clusters but kept the most recent one, since “a number of Byzantine 

witnesses were surprisingly similar to their own reconstructed text.” 338 Critics in INTF 

realized that the text of NA,27 which was not yet based on the results of CBGM, was 

relatively close to the Byzantine (or the Majority) text. This forced them to reconsider its 

value, and this was further deepened by the usage of CBGM. In the ECM of Acts, CBGM 

raised 36 A-text readings to the initial text compared to the previous NA28 critical 

edition.339 

One is left wondering whether it is possible to discard the two earlier clusters but keep 

the most recent one, while demanding for an abandoning of the text-type concept 

altogether. In the ECM of Acts, one of the main arguments against the existence of the 

second-century D-text is the poor pre-genealogical coherence between the Greek D-text 

witnesses (averaging under 50 percent between D05 and 𝔓127, for instance).340 However, 

as was demonstrated in the second article of this dissertation, the pre-genealogical 

coherence between the Latin manuscripts and D05 in Acts 5 was between 75 and 85 

percent.341 This exceeds the 70 percent agreement rate that is often used as a criterion for 

a textual cluster.342 On the other hand, one can see clustering patterns in the textual flow 

diagrams of CBGM concerning the B-text cluster. In Figure 11, for instance, a group of 

manuscripts are found close to one another (occurring often with these witnesses in the 

diagrams): 630, 945, 1704, 1739, 1751, 1891, 2200, and 2298. Previous studies, working 

under some form of text-type paradigm have referred to these manuscripts (except 2298) 

as the secondary Alexandrian, later Egyptian, or Family 1739.343 

Thus, the outcry to abandon the text-type concept altogether seems premature. 

Granted, the hierarchical classification was the only imaginable method to manually 

relate large amounts of manuscripts in the past. Harnessing the possibilities of the digital 

 
338 Wasserman and Gurry 2017, 10. See also Wachtel 2017b, 30*.   
339 Wachtel 2017b, 31*. 
340 Wachtel 2017a, 142–3. See also https://ntg.uni-
muenster.de/acts/ph4/comparison#ms1=05&ms2=P127. 

341 Hyytiäinen 2021, 11.  
342 Epp 2005b, 372. 
343 Geer 1994, 2; Aland and Aland 1995, 135, 335; Osburn 2004, 38; Donker 2011, 43. 
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world does not, however, automatically undercut the text-type paradigm. 344  The 

manuscript families may have no place in the conventional Lachmannian 

stemmatology,345 but this does not apply to computer-assisted stemmatology. In fact, 

manuscript clusters or groups are an essential part of the used language and a way to 

interpret the results in the phylogenetic analysis of manuscripts, particularly when using 

clustering or network algorithms.346 

 

5.2 Evolving textual clusters 

It was argued in the first article that there is no sign of a unified D-text seen as the result 

of some coherent editorial process (edition, redaction, etc.). The phylogenetic algorithms, 

on the other hand, repeatedly arranged the D-text manuscripts in the same branch or 

cluster (except 08 and 1884), as explained in the second article. In fact, this was the only 

coherent textual cluster that reoccurred in every tree and network. This forces one to 

reevaluate the D-text cluster. Perhaps it is possible to combine the two observations of 

the first two articles. 

Though there is no need to explain the similarities between the D-text manuscripts by 

some unified editorial work, this does not invalidate the notion that such a cluster indeed 

existed. The D-text emerged in the second Christian century at a time when there was no 

way to control what was being copied by the different Christian congregations. The B-

text, it seems, circulated more locally in the Egyptian congregations, which may explain 

its more coherent nature. The D-text, on the other hand, freely circulated in every region 

of the Roman Empire. We find traces of it almost everywhere: in the oldest Greek 

manuscripts and translations (Latin, Coptic, and Syriac). As it circulated within different 

congregations that interpreted the texts of Acts slightly differently, the D-text developed 

and new pieces were added to it. As noted in Section 1.3, Acts was perhaps treated more 

freely, which gave the scribes (or congregations) the chance to make larger changes to 

the text. Here, one must not underestimate the significance of the recombination work of 

the scribes, which has the effect of increasing variation. These processes explain the pace 

of the variants accumulated. Hence, the D-text cluster can be explained (like all clusters) 

by the accumulation of small variations, which is in accordance with the dynamics of 

cultural evolution. The D-text manuscripts, or the exemplars that were used to copy them, 

 
344 As seems to be suggested by Wasserman and Gurry (2017, 9).  
345 Maas 1958, 48.  
346 Howe et al. 2001, 123; Howe and Windram 2011, 3.  
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are related to one another, though containing differing textual elements. They inherited 

the readings from a common ancestral lineage, while scribes added new elements to the 

texts as they copied the text. 

We do not have any evidence of the A-text of Acts from the earliest Christian centuries, 

which is somewhat contradictory to the decision made in INTF to raise A-text readings 

to the initial text of Acts. The earliest witness to the A-text of Acts might be Chrysostom, 

around the year 400 CE, but this is anything but certain. 347  The emerging A-text 

influenced the two earlier clusters, leading to a strong mix between these clusters until 

the two earlier textual forms eventually gave away to the A-text.348 This was a supreme 

form of text in several ways: the language was smooth and the text theologically more 

correct (e.g., Acts 20:28). As was pointed out in Section 2.2.2, the rise of the A-text 

followed the dynamics of cultural evolution, that is, in a similar manner as new cultural 

traits (or innovations) spread in cultures. Though the A-text represents perhaps a more 

coherent textual tradition compared to others, it did not rise due to unified editorial work, 

or in one place and time, but in stages.349 

Following the lead of Bengel, the manuscript clusters of Acts can be seen as nested 

hierarchies; that is, the A-, B-, and D-texts are the great manuscript nations with 

subgroups, as envisioned by Bengel.350 Family 1739 can be seen as a subgroup of the B-

text, and the companion of the two manuscripts 08 and 1884 perhaps as a subgroup of the 

D-text. In fact, the unrealized vision of Bengel to hierarchically classify all known 

manuscripts of the New Testament can now be fulfilled using new computer-assisted 

methodologies. 

 

5.3 From stemmata to networks 

Has CBGM resolved the problem of recombination? No, it has not.351 The results with 

the A-text cluster are promising, but recombination keeps, for instance, inverting the 

ancestor-descendant relations in the diagrams of CBGM.352 Recombination remains a 

problem whenever any kind of stemma is used to describe complex relations between 

 
347 This issue will remain obscure until someone manages to finish a critical edition of the so-
called rough text of the homilies of Acts by Chrysostom. See Gignac 1970, 314; Büsch 2017, 
201.    

348 Epp 2013, 560; 2017, 230–32. 
349 Wachtel 1995.  
350 Bengel, 1734, 387.  
351 In contrast to Parker 2012, 84. 
352 Gurry 2017, 151–4; Wasserman and Gurry 2017, 114–5.  
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manuscripts. Can a stemma depict the actual history of the manuscript tradition of Acts? 

No, it cannot. When dealing with recombined traditions, a stemma is always a 

(over)simplification, whether picturing manuscripts or witnesses, and it does not 

correspond to the actual transmission events. 353  Mink often refers to the rule of 

parsimony, that is, choosing the simplest explanation.354 This seems rather justifiable, not 

because it explains the tradition best but because it is the only argument that can be used 

to justify representing a very complex tradition with simple rooted trees. In Figure 20, 

one gets a sense of the complexities in the local stemmata, and this is a very simple 

example. One is left wondering why critics should keep using a stemma when its 

limitations are a well-known fact. 

The phylogenetic framework shows its strength here, since it does not rely on tree 

structures only but also uses other types of diagrams, such as dendrograms or networks, 

to cluster the studied objects. Clustering is not, however, immune to contamination either. 

As Finney put it, “Mixture blurs the boundaries of textual groups, causing each group to 

merge into its neighbors. In the case of the New Testament text, mixture is so ubiquitous 

and the number of copies so large that one cannot expect there to be vacant regions 

between groups.” 355  Here, networks—and particularly the NeighborNet algorithm—

proved their usefulness. Networks can depict the historical complexities behind the 

manuscripts (or behind a simple tree structure or stemma), and by using the NeighborNet 

algorithm, the boundaries between manuscripts clusters become visible, as seen in Figure 

21. Hence, network analysis may be the next great step forward in New Testament textual 

criticism and a way to unlock the secrets of the transmission history of the Acts of the 

Apostles. 

 

5.4 New Testament textual criticism needs Relate 

Though the NeighborNet algorithm seems to deal rather well with the complex 

relationships between manuscripts, one cannot fully utilize its possibilities without 

pairing it with efficient manuscript preprocessing techniques. This is where Relate and 

similar kinds of programs come into play. CBGM and conventional phylogenetic 

methods (perhaps excluding RHM, Semstem, Stemmaweb, and the Leitfehler method) 

require enormous amounts of manual work, which limits the analysis and forces one to 

 
353 Gurry 2017, 148. 
354 Mink 2008, 28, 97–107.  
355 Finney 2018, 46.  
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rely on samples (test passages) of the whole tradition. Due to the effects of recombination 

or block mixture, these test passages may not be a very good approximation of the whole 

manuscript, thus leaving out valuable manuscripts from the analysis of CBGM. In the 

first article, for instance, a minuscule manuscript (913) was found purely by accident 

which concurred with D05 in Acts 5:39/19. This minuscule is not included in the 

diagrams of CBGM or ECM. It is not even transcribed by the editors of INTF in the New 

Testament Virtual Manuscripts Room at http://ntvmr.uni-muenster.de/, which is 

otherwise an excellent resource for manuscripts and transcriptions. 

Using Relate, the time required to take all evidence into account is significantly 

decreased, since only the transcriptions are necessary. Hence, it is now much easier to 

analyze large manuscript traditions in their entirety. This may change our understanding 

of the history of the New Testament, or it may simply underscore the things that were 

already known to critics. Nevertheless, in order to move forward, the field needs to give 

more weight to digital techniques and algorithms.  

 

5.5 The future is in algorithms 
Stemmatology as a discipline has taken huge steps forward in the past three decades or 

so. The introduction of phylogenetic methods and other computer-assisted techniques 

(such as CBGM), along with all the tools that have come with them (Collate, Stemmaweb, 

CollateX, NTVMR, Genealogical Queries, etc.), have had an enormous effect on the way 

we study different manuscript traditions. We can, however, be bolder in the manner or 

the extent to which we use computers in our stemmatological analyses. 

The steps toward new ways to conduct textual criticism that are proposed here involve 

one technique (shingling) to preprocess the manuscript data, second to estimate the 

similarities between manuscripts (Sørensen-Dice), and, finally, NeighborNet to construct 

a network of the manuscripts. One must not, however, stop there. Since a program can 

now efficiently process manuscript data from transcriptions, the next step is to speed up 

the process by which the texts contained in the manuscripts are converted into digital 

form. 

Several wonderful sites have been established in recent years, such as the 

https://www.csntm.org/, administered by the Center for the Study of New Testament 

Manuscripts (CSNTM). It houses high-resolution images of over 2000 New Testament 

manuscripts. The physical features of the manuscripts are fascinating and an important 
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subject of investigation in their own right. However, in tracing the transmission history 

in a digitalized manner, one requires the texts in the manuscripts to be converted into 

digital form. It is a long way from images to transcriptions if this is done manually. Hence, 

the next step is to use machine-learning techniques and neural networks to “train” a 

program to read handwritten text or manuscripts from images. It is not surprising that one 

of the goals of CSNTM is to “utilize developing technologies (e.g. OCR and MSI) to read 

these manuscripts and create exhaustive transcriptions.”356 

 

5.6 Should we then abandon the concept of variation units once and for 

all…? 

The answer is yes—and no. Computer-assisted stemmatologists often state that one 

should consider as much textual evidence as possible. It is feasible to consider all known 

textual evidence with full collations in more minor manuscript traditions using well-

established stemmatological techniques. In these traditions, the use of units of variation 

and collations are well grounded. These techniques have their limits, however. A 

complete collation of all the manuscripts of Acts (or any other New Testament text) is an 

unfeasible task due to the required time. The same seems to be the case, for instance, with 

Dante’s Commedia.357 The heap of manuscript evidence is too great to be handled with 

conventional techniques, whether using computer assistance or not. Should we then 

abandon the ideal of considering all evidence? No, we should not. 

Taking all evidence into account should be the ultimate goal and insurance that all 

significant stemmatological evidence is considered. This goal, on the other hand, calls for 

new approaches and techniques. Considering all manuscripts of Acts undoubtedly means 

that numerous A-text manuscripts that do not have much to offer to stemmatological 

analysis will also be included. It must be remembered that this outcome is also beneficial 

for the critics. Since the classification mainly rests on test passages, we have a few 

manuscripts (within the near 370 manuscripts that are not fully collated by INTF) that 

can be classified as non-informative with 100 percent certainty. Several manuscripts may 

not have a lot to offer to the hunt for the starting point of the tradition (or the original 

text). They may instead advance our understanding of the ways in which the A-text 

 
356 https://www.csntm.org/mission/. 
357 See Robinson 2012, 1. 
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developed, reminding us that the transmission history is an essential object of study, with 

all its turns and twists. 

Collations and variation units will undoubtedly have an important place in 

stemmatological investigations in the future. If nothing else, the new methodology 

introduced here could be used as a complementary tool to the existing approaches. It 

could be used to classify manuscripts instead of test passages, since it can take all 

evidence into account in a manageable period of time. INTF could also use Relate to 

crosscheck the pre-genealogical calculations made by the critics. On the other hand, the 

classification done by Relate (paired, e.g., with NeighborNet) can be used by critics as a 

tool to separate older textual clusters from the more recent ones. These decisions rest on 

the critics’ expertise concerning the clusters’ hierarchical relations. Called nested 

hierarchies, these were already used by Bengel in the early 18th century. Bengel’s 

approach rose from the same necessity or drive discussed here: to find ways to consider 

all evidence. After the passing of three hundred years, we may find ourselves at the point 

where we started. Perhaps the next great step forward in New Testament textual criticism 

will be also the return to our roots, with Bengel equipped with new digital techniques.  
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Canterbury Tales Project 

https://www.canterburytalesproject.org/ 
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Center for the Study of New Testament Manuscripts (CSNTM) 

https://www.csntm.org/mission/  

Collatex - Software for Collating Textual Sources 

https://collatex.net/ 

Digital Editio Critica Maior (ECM) of Acts 

http://ntvmr.uni-muenster.de/ecm 

Genealogical Queries of Acts 

https://ntg.uni-muenster.de/acts/ph4/ 
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https://stemmaweb.net/stemmaweb/  
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http://cosco.hiit.fi/stemmatologica/ 
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