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1.  Introduction 
 
The present monographic research follows the guidelines of the “Grupo Barcelona” typography 
research group of the Department of Design and Image of the University of Barcelona.  For years 
this group has committed to the scientific development based on the transversality of disciplines, 
combining the knowledge of the trade derived from direct practice with the materials. In this 
opportunity the object of study is the 42-line Bible allegedly printed by Johannes Gutenberg. 
Specifically we have based our research on the New Testament1 volume that resides in the 
University of Seville library.  
 
Our first objective is to demonstrate that the graphic-operative solution that made possible the 
transition from calligraphy to movable types was reached through a design project derived from 
the coining process, but that didn’t achieve its “typographical reality” until Peter Schöffer, an 
outstanding, yet still unknown calligrapher, joined the Mainz partnership of Gutenberg-Fust. It 
was he who produced the orthogonal gauge for the gothic textura2 that helped realize the solution 
of the technical metallurgic aspect developed by Gutenberg.  
 
Our second objective is to introduce a digital catalogue of the Bible types called "ginyB42"3/4. The 
catalogueue works through an application that scans, converts to vector, and analyzes the files with 
a typographic pseudo-format that permits to simulate later the composition of a line of text; the 
end result being the generation of a PDF file. 
 
Our third and last objective starts from the relationship among the project processes of design and 
the mathematical resources to interpret a reality by means of a verification system that has served 
to mark with accuracy the existence of several font matrices for a same letter. The end result of 
this union is the determination of the use of a multiple typographic bill in the printing of the Mainz 
Bible.  
 
 
2.  The Hand-mold  
 
From his birth and after his coming of age, Gutenberg was in contact with the mint; therefore he 
had to gain his knowledge there. A common held belief about his profession is that he was a 
goldsmith and that initially he devoted his time to cutting and polishing gems. His maternal 
grandfather was a gem trader; however Gutenberg carried on with the family tradition even if he 
was aware that, because he wasn't a pure patrician, he could not inherit his father’s position. 
Besides being a merchant, Friele zum Gensfleich (Gutenberg’s father) was the major mestre of the 
Mint of the Archbishopric of Main. Therefore it was required that he was knowledgeable in the 
melting, refining and alloy processes of metals5. His post put him at the direction of the complex 

                                                
1 Gutenberg, Johannes. Biblia Latina. Moguntiae, (ca. 1454- agosto, 1456). Germany. Old fund. University of Seville, 
Spain. 
2 “...it has an extremely rigorous stipulation: Repetitive vertical modules form the letters separately... To accentuate the 
uniformity, the distance between the vertical strokes... always constants and equal to the thickness of the stroke itself. 
The angularity is augmented by the typical diamond finish of the vertical trace.” Tubaro, Antonio e Ivana. Tipografía. 
Estudios e Investigaciones. Universidad de Palermo, Librería Técnica CP67, Italia, 1994. Page 20 
3 http://gutenberginy.sourceforge.net 
4 giny is the Catalan for engine.  
5 Torres Lázaro, Julio. Ordenanzas medievales sobre fabricación de moneda en Castilla: edición y análisis del 
vocabulario técnico (1998). Doctoral thesis. Director: Juan Miguel Ribera Llopis. Madrid: Complutense University of 
Madrid, Publishing Service, 2003. Electronic Resource. 
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structure of the mint. Up to thirty persons could participate in the coining process. A record from 
1422 of the Barcelona Mint lists the personnel that may have worked under Gutenberg’s father6: 
 
Officers: Mestre + deputy, Royal scribe + deputy, Curator, Keepers of the gold, Master of 

the scales + deputy, Founder, Whitener of silver, Assayer + deputy, Slicer + 
deputy, Carver of silver, Carver of gold + deputy, Colorist of gold, Coalman + 
deputy, Mayors, Tax Attorney, Herald (+16) 

Coiners: 56 
Workers: 18 
 
The job that interests us is that of the carver. Gutenberg is named as such in the notarized 
documents; the following reference explains the work performed by a carver of the Fifteen 
century: 
 
 “The carver manufactures the instruments for coining, also called rigs, nowadays known as dies 
or punches. Specifically the carver manufactures the part of the dies meant for printing because 
the body of those instruments is manufactured by the blacksmith that works for him. His 
responsibility in cutting coins is related more to their aspect than to their size”.7 
 
Undoubtedly Gutenberg had much more knowledge that we give him credit for; his technical 
activities did not stop until he produced the hand–mold used to manufacture types. Without the 
previous technical knowledge obtained by his experience, this tool would have not been feasible. 
This tool is described as a “technical feat” by F. Geldner8 since there was no model to follow; 
while the latest mold preserved, probably property of Claude Garamond, it came 90 years later.  
 

 
 

Fig. 1    Casting of molten metal in an ingot mold used for jewelry9 
 
For a product to be innovative it has to introduce advances to an object used everyday10; we may 
think of Gutenberg’s work with the tools of his trade as his everyday activities, either in the 
jewelry or coining business. Figure 1 show a foundry mold used in jewelry, in the casting of ingot 
molds used also for coining. Gutenberg had the capacity to think of a new approach to an everyday 
object. In modifying the tool, he also modified the process: “the change of tools produced in 
typographical writing is not a simple switch of objects, it is also a change of instructions, a 
reversal of the prevalent writing rules, which allowed it to be considered an art form”11. This 
means to fragment the writing in interchangeable and reusable pieces; contrary to the way of 
thinking of the age, he manufactured “an instrument”, which by means of “a mold” would allow 
him to produce as many copies as he wanted of each letter, every one the same. Thus, this 

                                                
6 Salat, Josef. Tratado de las monedas en el Principado de Cataluña: con instrumentos justificativos, Imp. de Antonio 
Brusi, Barcelona, 1818. Vol. II. Page 50-53 
7 Op. Cit. Torres, Julio. Page 474 
7 Geldner, Ferdinand. Manual de Incunables, Col. Instrumenta Bibliológica, Ed. Arcos/Libros, Madrid, 1998. Pág. 66 
9 Diputación Foral de Gipuzkoa. Oficios Tradicionales [online]. Departamento para la Innovación y la Sociedad del 
Conocimiento. Urdangarin Altuna, C; Izaga Reiner, J. M. España, 2008. [Query: 21 may 2009]. 
http://www.gupostseguro.com/fitbak/es/industriales/joyeros 
10 Martínez-Val, Juan. Gutenberg y las tecnologías del arte de imprimir. Fundación Iberdrola, 2005. Page 40 
11 Op. Cit. Salat, Josef. Page 12 y 15 
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instrument had to be adjustable, because it had to fit the mold or matrix which is fixed or better 
put, to the molds, one for every character. Hence it would be versatile enough to work for both a 
narrow i, as well as for a wide m. Once the letter (type) was manufactured, the possible 
combinations were endless; also if we assume that the matrix was produced with the utmost 
possible care, each type was identical to other manufactured in the same matrix, so “the 
multiplying order of the efficiency was considerable”12. To create the foundry mold, Gutenberg 
and Schöffer worked together preserving the proportions of the letters: Type height, point size and 
character width. (Fig. 2) 
 

      
 
Fig. 2    Basic dimensions of a movable type: 1) type height, 2) point size and 3) character width. 

 
Figure 3 shows the basic scheme of the foundry mold: Two pieces that, when slid against each 
other can regulate the character width of the letter.  The matrix that contains the body of the 
alphabet, which is fixed, and contains a predetermined area for the graphic, fits in these same 
pieces. The red lines mark the same point size whether it’s an i or an m. The type height is also 
fixed and is visualized in blue. “The typographical height subordinates the group of typographical 
alphabets to the possibility of printing, the typographical body delimits generic typographic 
alphabets and is articulated in relation to the continuous development of the line; the character 
width refers to the lateral fragmentation of the line, that is, delimits the letters of specific 
typographical alphabets”13. 
 

      
 

 
 

Fig 3    Basic scheme of the Hand-mold.14 / 15 

                                                
12 Op. Cit. Martínez-Val. Page 42 
13 Op. Cit. Moret Viñals. Page 112 
14 Smeijers, Fred. Counterpunch, Hyphen Press, London, 1996. Flap. Modificated. 
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2.1 Selection of the typography  
 
Since “the first printed books, the big format bibles, the works of canonical law and the patristic 
texts like the ones produced at the Mainz printing presses were published for a well defined 
market in mind, basically monasteries and other ecclesiastical institutions”16, thus it is normal that 
the 42-line Bible and most of the incunabula books were printed in gothic characters, because 
everything in that age was based on a model, therefore the work of modeling the letters to be 
reproduced in the types should be based in known forms.   
 
The choice of typography was neither coincidence nor random; the main objective while printing 
that first book was to minimize the differences between handwriting and artificially produced 
writing, “whoever engraved these letters in iron punches to manufacture types had lived 
surrounded by them”17.  It is in this moment that Schöffer, who has joined the Mainz partnership, 
with his knowledge as calligrapher, generates the harmonic criteria for the composition in lead and 
reintroduces18 the gothic textura to generate an orthogonal gauge, which is a grid of lines and a 
combination of 90º and 45º angles in the shapes of the letter; certainly these shapes made cutting 
easy19. 
 
The shift of thought that Schöffer must had undergone can be sensed in this fashion; even when 
the final result appears to be the same, even when there is a continuity in the use of calligraphy and 
typography, the big difference between both processes is the mode of production. Understanding 
both was the key to find the fundamental “rule” of typography, which states: The combination of 
the movable characters is not based on the alphabetical forms but in a system of spatial 
proportions that allow their interchangeability in terms of economy of use for their 
distribution/adaptation in a compact polymold. It is obvious that without this contribution to the 
concept of the typographical space, according to which the graphic elements and the whites are 
no longer subject to the formal elaboration (like manuscript writing) but to an abstract geometric 
modulation, the foundry typographical technology would have not consolidated”20. 
 
The spatial relationships of the upper case and lower case graphics in the gothic textura are 
determined by the quill that traces them, which confers them a compact appearance, with an 
inexistent interline in some cases, where the contrast of their thick and fine traces is resolved with 
a narrow prose between letters. Schöffer didn’t omit anything; on the contrary, each formal feature 
of the letter was captured and developed within an economy of technical means. The emergence of 
the press cannot be imagined until it is understood that it appears during the gestation of the 
modern man. The press was known as Ars scribendi artificialiter in its beginnings. This is because 
the calligraphic writing developed by the amanuensis was considered an art, and as such it was 
governed by rules and regulations. In “the calligraphy (...) we can explain how to write and teach 
to write by means of principles, rules, precepts, even parameters. This allows the systematization 
of the process and consequently to reproduce it by artificial means”21. This means that the 
mechanization of the writing representation system and its organization in the space of a text 

                                                                                                                                             
15 TypoRed, boletín gráfico digital 3. “De punzón a tipo” May, 2002. Page 39 
16 Hellinga, Lotte. Impresores, editores, correctores y cajistas. Instituto de Historia del Libro y de la Lectura, 
Salamanca, 2006. Page 47 
17 Carter, Harry. Orígenes de la Tipografía. Punzones, matrices y tipos de imprenta (siglo XV-XVI), Ollero & Ramos, 
Madrid, 1999. Page 59 
18 The word “reintroduce” is used intentionally, it is common knowledge that the gothic textura was used before the B42 
was printed in Sibyllenbuch (1446), 26-line Donatus (1450), 27-line Donatus (1447), 28-line Donatus, 30-line Donatus 
(1455), Astronomy Calendar (1447) and Turkish Calendar (1454). 
19 Bain, Peter; Shaw, Paul coord. La letra Gótica, Campgràfic Editors, sl. València, 2001. Page 15 
20 Simón Ortoll, Begoña. “Peter Schöeffer, first designer in book industry”. 3rd International Conference on Design 
History and Design Studies. Istanbul, Turkey, 9-12 July, 2002. Turkey, 2002. 
21 Rodríguez Valero, Daniel. Tipografía digital: Propuesta de un nuevo sistema paramétrico para el diseño y la 
digitalización de alfabetos (2006). Doctoral thesis. Director: Enric Tormo Ballester. Barcelona: University of Barcelona, 
2006. Page 223 
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helped Schöffer to reproduce it artificially. The process of this mechanization did not focus in just 
fragmenting the words in letters or the texts in lines; it encompassed all the system of 
representation of a page, of each page... and in the order direction, also of each letter. If 
calligraphic writing was the model to follow, the typographic writing had to copy it, “typography 
(...) was a form of derived technical progress, and hence an innovation, basically because it 
represented a system of artificial reproduction of the manuscript text itself”22  
 
The copying of this system had to start from the creation of a gauge where all the letters could fit. 
The creation of the gauge should help the calligraphy to gain volume and step towards 
tridimensionality. From that moment the organization and order within the page forced Schöffer 
and Gutenberg to account not only for the characteristics of the letter but also the space, and thus 
the technical means of creation changed; this fact however had to go unnoticed in its graphic 
architecture23, that meant that the distribution of the space in the sheet and its internal formal 
structure could not be altered. Despite the change of instruments, the text had to preserve the 
appearance of a manuscript. In the resulting Bible, they tried to hide the nature of the instrument 
used as much as possible. Nevertheless the change of the technical instrument was a fact, and the 
gothic textura was the first calligraphy transformed into typography. 
 
The typography would become an art that articulated a process, a technical system, a specialization 
of tasks (trades) and finally in its relation to the press, would always presuppose the existence of 
the mold that created it. 
 
 
2.2 Double modulation: Calligraphic and typographic 
 
The calligraphers set the height of the letters based on the width of the point being used; in the 
same manner they could influence the height of ascendants, descendants and upper case letters just 
by varying the gauge. Likewise the width of the nib and the spaces left between the traces produce 
the thickness of the letter; an important fact was that they could alter the gauge at the beginning of 
the work, but once started, there was no way of departing from the norm. Figure 4 shows the 
gauge for gothic textura, both in lower case and upper case. 
 

     
 
 

  
 

Fig. 4    Shows how the type height of the letters is determined based on the width of the nib. 
 
The foundry device worked in two directions, as we have seen: A fixed height in the vertical 
direction and a variable height in the horizontal direction. Just like the calligrapher did it, in the 
typographic modules this variability was controlled and a module was affixed where each letter 
fitted to perfection (Fig. 5 and 6). The module m is a square module, which served to determine the 

                                                
22 Simón Ortoll, Begoña. Sistemes d'ordenació de la imatge gràfica: l'arquitectura gràfica en la metodologia del 
projecte gràfic (2001). Doctoral thesis. Director: Enric Tormo Ballester. Barcelona: University of Barcelona. 
23 Idem. 
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dimension of the letters and the lines within the page. Here Schöffer beget the system of harmonic 
relationships between the “typographical” modular pieces and the “calligraphic” modular 
pieces. 
 

 
 

Fig. 5    “m” Module. As shown the stroke of the letter m has a thickness of 1/5. 
 
 

 
 

Fig. 6    If the module m is turned 90º the type x-height is shown. 
 
Superimposing this gauge in the page of the B-42, we can see that the x-height fits perfectly but 
there is an odd space between one gauge and the other (Fig. 7), what is causing it? The width of 
the nib were not divided in smaller units, because the work would get complicated for no reason. 
On the other hand the typographical dimensions as far as we know are exact... or in the beginning 
this was not the case? The height of five 1/5 modules matches, but the problem arises in the 
ascendants and descendants. We can perfectly fit 1/5 module up and down, for a total of 7 1/5.  
However there is no space left for one further 1/5.  
 

 
 

Fig. 7    Space between both gauges of 7 1/5. 
 
The integrated representation of the typographic module with the calligraphic module preserving 
the dimensions and proportions of both is shown in Fig. 8. To reach this conclusion it was 
necessary to obtain all the lower case letters used, and to ponder the behavior of each one within 
the space of the type and the calligraphic gauge. Viewed as a whole, it was notable that the 
calligraphic module wouldn't reach the gauge of nine 1/5 by a length of half 1/5, both in the 
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ascendants and descendants.  The typographic module has a height of eight 1/5, where the eighth 
1/5 was splited above and below, but what was the reason for this? 
 

         
 

Fig. 8    Calligraphic gauge of nine 1/5, with a typographic modulation of eight 1/5.  
 
In the beginning the result seemed surprising, but we promptly realize it was not a mistake, but the 
hurdle that Schöffer overcame by adapting the calligraphic modulation to the typographic 
modulation: “splitting the signs joined by writing and taking them to the rectangular end of a rod, 
while keeping the characteristic alignment of writing”24. 
 
Before continuing we had to take in account the complete distribution of the text; in other words, 
we had to examine the spaces between words. Fig. 11 shows how the dimension of each of the 
spaces between words varied; to detect this dimension we worked again the base unit of 1/5 of 
module and divided it once more in five parts (Fig. 9). The result was revealing... the calligraphic 
and typographic gauges matched perfectly! 
 
When applying this new grid over our text, we verified that in the spaces there was one further 
division: the module now was divided in tenths. The “minimum space” at the dawn of the press 
was of 1/10 and was conveniently used in the formation of the text combined with the 1/5 space as 
Figures 10 and 11 show. 
 

 
 

Fig. 9    Division of each 1/5 in five parts. 

                                                
24 Barker, Nicolás. “Los caracteres tipográficos”. En: Dreyfus, J; Richaudeau, F. (dir.) Diccionario de la edición y de las 
artes gráficas, Ed. Pirámide, Madrid, 1990. Page 64 
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Fig. 10    Subdivision of the module to obtain 1/10. 
 

 

 
 

Fig. 11    Use of the spaces in the text of the lines 5-8, Column I, Page 1, Gospel of Matthew. 
 
 

3.  ginyB42: line composer 
 
The device used in our research is the Mitutoyo’s QVision-20025, a measuring device equipped 
with the QVPak and FormPak software.  The letters have been measured from a safety microfilm 
of the New Testament of the 42-line Bible. The millimeter is the base measuring unit and the 
imaging resolution of the device is 0.0001 mm. This device allows for quick and highly precise 
measurements with an advanced coordinates technology, without contact and by image processing. 
It incorporates a high resolution camera with automatic image detection.  

 

        
   

  

                                                
25 Mitutoyo, “Machines de mesure par analyse d’image Mitutoyo” [online]. France. ©2007. Available at: 
http://www.mitutoyo.fr/telechargement-catalogueue.php [Query: 28 october 2008] 
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3.1 The process in five steps 
 
Context of the QuickVision machine: 
 
1) Each character (2D microfilm) is digitalized, using the QVPak application, to produce a TXT 
file; this custom format of the application produces an outline for each letter. The device can also 
process 3D objects, like metal types. 
 

  
 

2) Each file of the character is run and analyzed with the FormPak application to produce a FPK 
file. 
 

   
 

3) Still in the FormPak application, each FPK file is processed to build a set of two-dimensional 
points, depending on the closed outlines of each letter. The definitive data is rewritten in DAT 
format. 
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Context of Terminal26: 
 
4) To construct each one of the glyphs for the digital catalogue. The DAT file is analyzed with the 
online application ventaQVdat_###.ps (through Ghostscript), to produce the 
glyph2glyph.DAT.B42 in a typographical pseudo format. In parallel this produces a PDF file with 
a plotted modulation and a metric detail of information for each character.  
 

 
 
 
Web context: 
 
5) Lastly, a line of text can be written (like in the old Mergenthaler-Linotype machines), by filling 
the corresponding text field in the user interface on the Web, and click a button with the mouse to 
run the ginyB42.ps (through Ghostscript). This operation picks up all the DAT.B42 characters that 
are in the server and then analyzes and writes the line of text to produce a PDF file as a result.  

 

   
 

                                                
26 We refer to a computer terminal, running a Linux or Unix operating system. 
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3.2 Main requirements of the software 
 

Apache 2.# Server 
Ghostscript 8.# Interpreter 
PHP 4.# Interpreter 
Web browser 

 
 
3.3 How the ventaQVdat_##.ps application works 
 
The objective of this application is to create the DAT.B42 file and generate a precisely plotted 
drawing, in PDF format for each glyph. The following is a brief description of its internal process: 
 

[a] reads the variable entry data: Scale value, outline of the DAT file, matrix units, etc. 
[b] validates the DAT format of QVision  
[c] number of closed outline paths  
[d] assesses maximum and minimum values for  X, Y coordinates 
[e] calculates the bounding box of the character 
[f] draws the module grid 
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[g] paints the glyph (stroke or filled) 
[h] explores the area of coverage to fill 
[i] draws the principal spacing guides  
[j] stores metadata 
[k] draws a second B/W pixel map image 
[l] writes the file in the typographic pseudo-format DAT.B42  

 

        
 
 
3.4  How the ginyB42.ps application works 
 
Firstly, the objective of this application is to explore all the B-42 fonts of the digital catalogue, and 
then analyze and write the line of text in PDF format with a detailed metric control. The following 
is a brief description of its internal process: 
 

[a] reads the string of text to compose 
[b] sets the composition mode and the length of the master line 
[c] detects the interpreter + version 
[d] collects all the DAT.B42 files found in the working server and builds the encoding of 
characters for whole font type catalogueue 
[e] writes the HTML pop up filewith the whole font glyphs and codes, as a visual aid user 
 

  
 
[f] Analyzes the string of text to: Control the blank spaces, page format and unknown 
glyphs, and extract all the words 
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[g] composes and sets some subtleties (transparency, indicates the linked DAT, metadata) 
and writes the final PDF output 

 

 
 
 
A free software project has just been started and it can be found at: 

http://gutenberginy.sourceforge.net 
 
 
4.  Gothic textura from a mathematical standpoint 
 
Our objective is to find a verification system that allows us to annotate with accuracy the existence 
and use of a multiple typographic bill for the printing of the Mainz Bible. Therefore we must 
establish the possible existence of several foundry matrices for the same letter. We only have the 
printed pages as reference material and any molten type, matrix or die that could be used for 
comparison purposes is beyond our reach. Therefore we must consider the small differences that 
each printed letter presents. Such differences may be due to two circumstances: Firstly, the result 
of the possible mistakes in the manipulation of the printing may be caused by the ink, the inking, 
humidity, paper, etc., secondly, in the molten type the errors may be due to the wear and tear of the 
metal, so even if the types are produced by the same matrix, they are perceived as different.  These 
mistakes are not systematic and must be considered random. Hence, it is important to “filter” these 
deviations to detect if there is a “structural difference” among letters, which may be due to the fact 
that they proceed from different matrices.  
 
Once laid this foundations, the next step is to produce a sufficiently representative sample for the 
formal study and as reference for a systematized comparison. To this end we take a set of letters 
from the same page, so the principle of proximity guarantees that the set comes from the same 
case of the composition box, which allows the detection of the matrix uniqueness or otherwise its 
variations. The above corresponds to the premises of trade and graphic execution. The existence of 
the multiple typographic bill will be proved by means of a mathematic methodology based on the 
“cluster analysis”. The page chosen is the first page of the Gospel of Matthew.  
 
We have established two phases of work and analysis. A first phase of low formal complexity 
where we have worked with the lower case letter “i” because it only has one outline and it’s the 
letter of calligraphic reference that affirms the first formal principle. Likewise, it’s the letter that 
determines the minimum graphic module that combines with the counters of the same dimension.  
In the second phase we worked with the lower case letter “a” due to its formal complexity, because 
it has (in this typography) three structural outlines determined by two internal counters. In the first 
case we worked with a set of 10 elements, in the second case with a set of 21 elements. The letters 
“i” were taken from the column I alternating between lines, beginning from the first line, that is 
the odd lines; for the letter “a” we began from the second line, that is the even lines. This samples 
were considered convenient, because 10 is a sufficiently small number to obtain the optimal 
clustering (grouping) under a given criterion and, likewise, the number of 21 letters will give us 
more opportunities to discover classification patterns. It is necessary to clarify that we must resort 
to an approximate method of cluster analysis due to the enormous computing time required to 
obtain the optimum clustering. 
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The study has a conservative bias. The question of how many clusters are there lacks a universal 
solution. Therefore we have based on the following considerations to achieve ours: 
 

· Firstly, we want to be conservative, that is, we prefer to err by stating that two letters 
come from the same matrix went in fact they come from different matrices, than to err by 
stating that they come from different matrices when they actually come from the same. 
· Secondly, our basic objective is not to determine with accuracy the number of different 
matrices used. Our intention is to gather enough evidence to proof there is more than one, 
or more than two, etc. 
· Lastly, we had no option but to take some decisions in advance that may influence the 
final results; whether to adopt one criterion or other about what constitutes an optimum 
partition or to choose the approximate method to use. Yet, subsequently, once the results 
of the clustering procedures are obtained, an additional criterion will be used to reexamine 
them and confirm the isolation of the clusters. 

 
 
4.1 Cluster analysis for the “i” letter and the table of dissimilarities 
 
We want to obtain a quantification of the difference between two letters, that is, a measurement of 
the distance or dissimilarity between letters; “dissimilarity” and “distance” may be considered 
synonymous27. To estimate the measurement error ascribable to the measuring device and the 
measurement process, the distance of a scan was measured against itself and the distances were in 
the order of 10-27. Two different scans of the same letter produced a distance of 10-6. These values 
are below the relevant values when measuring the dissimilarity between two different letters, thus 
the measuring process can be considered stable and reliable in this aspect. The original dimensions 
of the letters in the microfilms are in the order of 0.285 mm (for x-height value) and produce 
dissimilarities between them in the order of 10-5 mm. To visualize and treat more conveniently the 
obtained values, they were multiplied by 10.000 which produced the dissimilarities shown in 
Table 1. The programs devised for the analysis are written in R, a specialized language for the 
treatment of data that currently is becoming a standard in scientific applications28. 
 
The sample of 10 letters “i” were compared one against each other. We obtained a symmetric 
dissimilarity table, which is the initial suitable data to proceed to the cluster analysis. Since they 
are not real distances, it is impossible to visually represent the letters as points in a coordinated 
space, regardless of dimension. Nevertheless, through the Multidimensional Scaling technique we 
obtain a certain visualization of the relative position between the letters, in two-dimensional and 
three dimensional spaces.  
 

 i1 i2  i3 i4  i5 i6 i7 i8 i9 i10 
i1  0.2329 0.3518 0.2310 0.1912 0.3213 0.2179 0.2652 0.2590 0.3929 
i2 0.2329  0.2097 0.0283 0.0701 0.0801 0.1139 0.0425 0.0835 0.0907 
i3 0.3518 0.2097  0.1750 0.1638 0.3713 0.0670 0.1901 0.1232 0.3290 
i4 0.2310 0.0283 0.1750  0.0895 0.0756 0.0902 0.0512 0.1026 0.0926 
i5 0.1912 0.0701 0.1638 0.0895  0.1541 0.1219 0.1285 0.1028 0.2014 
i6 0.3213 0.0801 0.3713 0.0756 0.1541  0.1467 0.0560 0.1324 0.0645 
i7 0.2179 0.1139 0.0670 0.0902 0.1219 0.1467  0.0977 0.0900 0.2186 
i8 0.2652 0.0425 0.1901 0.0512 0.1285 0.0560 0.0977  0.0718 0.0719 
i9 0.2590 0.0835 0.1232 0.1026 0.1028 0.1324 0.0900 0.0718  0.1717 
i10 0.3929 0.0907 0.3290 0.0926 0.2014 0.0645 0.2186 0.0719 0.1717 

 
Table 1. Table of dissimilarities for the letters “i”. 

 

                                                
27 Technically, the term “distance” in the usual mathematic sense must comply with the triangular inequality principle: 
The distance between two objects must be less that the sum of the distances of said objects to a third object. The 
dissimilarity measurement that we will use doesn’t comply with this principle. 
28 It is distributed as “open source”, along with a graphical interface, through The R Project for Statistical Computing. 
Available at: http://www.r-project.org  
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Since we want cohesive and isolated clusters and there are several reasonable ways to achieve this, 
we can refer to “the best” clustering, that is, the one with the least “cost” or “penalty”, in several 
ways. We have to choose a way to assess each cluster and then combine the assessments of the 
different clusters. For this study we consider the following criteria suitable: 
 

· Assessment of a cluster: For each object, the average of all the dissimilarities between it 
and all the other objects of the cluster is measured. The smallest figure is selected from all 
the results obtained. 
· Assessment of a clustering: We take the maximum of the value of all clusters. 

 
This criteria gives rise to:  
 

· The clusters may be graphically represented as star, with a model letter in its center and 
all the other letters of the cluster around it, as variants of the model. 
· There will not be very cohesive clusters coexisting with dispersed clusters. 
· If possible, there will be no letters very far from the center of the star, coexisting with 
others that are very close to it. 

 
Using this method to optimally classify the 10 letters “i” in 2 and 3 clusters, the best 2-cluster 
partition consists in an isolated letter 1 and all the rest around the letter 4 as the model, as shown in 
Figure 12; while in a 3-cluster arrangement the letter 1 remains isolated but 3 and 7 form a group, 
and the rest has the letter 2 as a model, as shown in Figure 13. The letters belonging to the same 
cluster are joined with a continuous line to the model letter of the cluster and the dissimilarity is 
indicated alongside it. The different cluster models are joined through a dashed line and the 
dissimilarity between the models is also indicated.  Nevertheless, the lengths of the lines are not 
proportional to the corresponding dissimilarity. 
 

 
 
Fig. 12    Optimal clustering with two star-shaped clusters. 
 
 

 
 
Fig. 13 Optimal clustering with three star-shaped clusters. 
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4.2  Approximate cluster analysis 
 
The approximate method used corresponds to a heuristic procedure called agglomerative 
hierarchical clustering. With this method the clusterings are arranged by hierarchy, so in hindsight 
we have to choose which clustering of the hierarchy we select. It is possible to make a graphic 
representation of the agglomerative process. This representation is called dendrogram. There are 
several ways to perform an agglomerative hierarchical clustering. We have verified that the 
method known as “average linkage” distributes letters the “i” the closest to our exact clustering 
criteria, so that it will be the method employed to investigated the 21 letters “a”. The average 
linkage for the letters “i” produces the dendrogram shown in Figure 14, which clearly display that 
the natural division in two and three cluster produces the same clusters obtained before.  

  
Fig. 14    Dendrogram for the letter “i” with the “average linkage” method. 

 
 
4.3 The letter “a” 
 
Following an analogous procedure to compare the 21 letters “a” of the same page as for the 
comparison of the letters “i”. First we create a dissimilarity table, then we use the agglomerative 
hierarchical clustering with the “average linkage” distance. The dendogram is a graphical 
representation of what letters may be more similar to others, but it remains pending the 
determination based on it of how many and which clusters we believe there exist. If we didn’t 
have other information available, we could only surmise the number and composition of the 
cluster based on the leaps of distances between consecutive agglomerations and “cutting the 
dendogram” wherever we detected big magnitude leaps.   

 
Fig. 15    Distance under which we will not subdivide clusters. 
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But we do have additional information to determine the number and composition of the clusters. 
This information is obtained from a group of dissimilarity measurements performed from the 
scanning of the impression of some new types from a French bill29 belonging to typographic 
colletion the Bauer-Neufville Type Foundry30. Hence, we are certain they have never been used 
and come all from the same source; these types will work as the “control group”. If we pretend to 
divide them in clusters, all of them would belong to the same cluster. By comparing these letters 
amongst themselves in the same way as the microfilmed letters of the Gospel of Matthew, we will 
glimpse what dissimilarities we can expect that can be attributed only to the construction errors of 
the types and printing errors.  The division between the maximum distance and the minimum 
distance to the model of the new types gives us a measurement of the variability that we can 
expect in this kind of letters.  
 
With the data arising from the control group, we can trace in the dendrogram of the letters “a” a 
horizontal line at height 0.1555, and declare that all the clusters grouped below that line will not be 
subdivided (Figure 15). This way we obtain six clusters. Now we can build the star-shaped models 
corresponding to this clustering and obtain model letters, and the corresponding distance of all the 
remaining letters to the model letter: 
 

number cluster model Average of the 
distances Minimum, maximum Max/min 

1 {4, 9, 1, 20, 18, 6, 15, 3, 5} 5 0.1114 0.0769, 0.1468 1.9090 

2 {7, 19} 7, 19 0.1161   

3 {14, 21, 8, 16, 2, 17} 8 0.1137 0.0972, 0.1347 1.3858 

4 {11} 11 −   

5 {10} 10 −   

6 {12, 13} 12, 13 0.1226   

 
Table 2. Preliminary clustering for the letters “a”. 

 
At this moment, the conclusion is that the maximum number of clusters obtained from the 21 “a” 
letters is 6. Subdividing any of the clusters would be analogous to declare that the letters in the 
control grup came from more than one matrix, and this is not the case. 
 
To validate the obtained clusters, we use a statistical test to detect outliers. Usually a value of 5% 
is fixed for they maximum tolerance of the probability of error in rejecting the proposed 
hypothesis. The most common statistical criterion to test the hypothesis is the Dixon test. Once the 
Dixon test is applied we obtain the final classification in table 3. 
 

 Cluster Model Average of the 
distances 

Minimum, 
maximum Max/min 

A {4, 9, 1, 20, 18, 6, 15, 3, 5, 7, 19} 5 0.1114 0.0769, 0.1468 1.9090 

B {14, 21, 8, 16, 2, 17} 8 0.1137 0.0972, 0.1347 1.3858 

C {11} 11 − − − 

D {10, 12, 13} 12 0.1254 0.1225, 0.1281 1.0457 

 
Table 3. Final classification in clusters of the letters “a”. 

 

                                                
29 “Bill: It’s the name of the set of letters, numbers, punctuation, white spaces, etc. that are necessary to compose a 
certain language. The Spanish bill differs considerably from foreign bills” Bauer, Federico. Conocimientos 
fundamentales para el aprendiz cajista. Biblioteca Gráfica Neufville. Barcelona, 1921. Bd. I. Page 15 
30 The Bauer-Neufville Typographic Fund is currently located in the Department of Design and Image, Fine Arts 
Faculty, University of Barcelona. 
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Once again, we will emphasize that we used a conservative procedure: We are pretty sure that 
there is more than one cluster in the 21 letters “a” (in fact, 4 at least), but is perfectly possible 
that there be more.  
 
 
4.4 Inner outlines 
 
The letter “a” in the gothic textura, the typography used in the 42-line Bible, has two inner 
outlines. This produces a global outline with three closed curves that do not intersect: Outer, top 
counter and bottom counter. We know that “the pieces (of a letter) link together in a generative 
sequence, where the first piece is printed or embossed in the second (thus roughly creating it) from 
the footprint that has just been casted and outlined. The procedure then can be considered 
centrifugal since the generation of the character occurs from the inside out.”31.  
 
This is the technique known so far for manufacturing matrices with a centrifugal process, as 
mentioned above.  It is interesting to study one of the two inner outlines and to classify them with 
the same technique used for the complete letters “a” and to compare both classifications in order to 
verify if this technique was used from the beginning of the press. More specifically, we have 
measured and classified the lower outlines. The existence of several clusters in these outlines 
would indicate that more than one punch was used in the manufacture of the matrices. 
 
The dendrogram of these outlines obtained with the “average linkage” method is shown in Figure 
16, and we can immediately deduce the existence of four clusters, formed by the outlines  
 

a = {19, 21, 12, 2, 16} 
b = {8, 17, 10, 14, 11, 13} 
c = {4, 5} 
d = {20, 1, 9, 3, 18, 7, 6, 15} 
 

confirmed subsequently with the Dixon test. 

 
Fig. 16 Dendrogram for the lower counter of the letter “a” with the “average linkage” method. 

 
 
The result of crossing the classifications of the complete letters “a” with the classifications of the 
inner outline is revealing by itself, because it shatters the idea of the centrifugal generation of the 
character in the manufacturing of matrices. Using the MDS in dimension 2 we represent the 
positions of the complete outlines of the letters “a” marking the clusters as A, B, C, D with a solid 

                                                
31 Moret Viñals, Oriol. El Mitjà tipogràfic (2007). Doctoral thesis. Director: Dr. Enric Tormo Ballester. Barcelona: 
University of Barcelona, 2007. Electronic Resource. Page 85. http://www.tdx.cat/TDX-0919107-123102 
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line and superimposing in dashed lines the clusters a, b, c, d of the inner outlines. All this is shown 
in Figure 17; Table 4 shows the same information but with a different presentation. 
 

Cluster Punch a Punch b Punch c Punch d 
A 19  4, 5 1, 3, 6, 7, 9, 15, 18, 20 
B 2, 16, 21 8, 14, 17   
C  11   
D 12 10, 13   

 
Table 4. Crossed table between the clusters of the complete letters “a” and the clusters of their lower inner 

outlines.  
 

 
 
 

Fig. 17    MDS for the complete letters “a” with the clusters of the inner outlines superimposed. 
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In the table, a certain (yet not complete) independence between the global shape of the letter and 
the form of its lower center is observed. Specifically, 
 

1. Letters whose global outlines have been classified as belonging to the same cluster, have 
lower centers classified in different clusters (A splitted in a, c, d; B and D splitted in a, b).  
2. Letters whose lower outlines have been classified as belonging to the same cluster, have 
global outlines classified in different clusters (a splitted in A, B, D; b splitted in B, C, and 
D).  

 
The most reasonable explanation for this fact is that the outer outlines, unlike previously believed, 
were also produced with the same technique as the inner outlines, which means there was a punch 
to create the outer outline.   
 
This is not difficult to admit if we remember that the typography in metal comes from coining, a 
tradition that Gutenberg knew perfectly32, so it’s reasonable to admit that several outer outlines 
were carved and then crafted with the same punches to produce the inner outlines. 
 
We cannot discard the possibility that our classification of the outer outlines is in fact too 
conservative, and there could be more different matrices involved in the studied page. If, for 
example, we subdivide the clusters A, B, D in accordance to the Table 5, then the existence of 
punches for the outer outline is not necessarily implied, because for each global outline 
corresponds an unique inner punch. Currently our data are insufficient to distinguish between the 
two possibilities and this point no doubt deserves further research. 
 

Cluster  Punch a Punch b Punch c Punch d 
A1 19    
A2   4, 5  
A3    1, 3, 6, 7, 9, 15, 18, 20 
B1 2, 16, 21    
B2  8, 14, 17   
C  11   

D1 12    
D2  10, 13   

 
Table 5. Crossed table between the clusters of the complete letters “a” and the clusters of their lower inner 
outlines. 

 
However, the alternative shown in Table 5 implies the existence of eight different matrices, so it 
further evidences the main conclusion of this research: There were multiple typographic bills in 
the printing of the 42-line Bible.  
 
 
4.5 Other letters in the pages of the Gospel of Matthew 
 
To complement this research, we also obtained data of printed letters from the next pages of the 
Gospel of Matthew. 17 letters were measured in total, marked as a22 to a38. Our intention is not 
to classify them like with letters a1 – a22, but to study in which of the already built clusters may 
be reasonably integrated. We apply the same work process detailed above. 
 
The most relevant conclusion we obtained was: Three of the new letters cannot be integrated (with 
a maximum error probability of 5%) with the clusters of the first 21 letters (Figure 15). These are 
a25, a31 and a33, which as shown, maintain a comparatively great distance with the four models. 
It is deduced that there were possibly more than 4 letter matrices involved in the composition of 
the Gospel of Matthew, possibly up to 7. 

                                                
32 Rangel Alanís, Luz M. El arte de imprimir o la Biblia de 42 líneas. University of Barcelona. Doctoral thesis in 
preparation. 
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Figure 15. Clustering integration all the letters from a1 – a38. 


