
[image: cover]


By the Numbers


By the Numbers

Numeracy, Religion, and the Quantitative Transformation of Early Modern England

JESSICA MARIE OTIS

[image: image]


 

[image: image]

Oxford University Press is a department of the University of Oxford. It furthers the University’s objective of excellence in research, scholarship, and education by publishing worldwide. Oxford is a registered trade mark of Oxford University Press in the UK and certain other countries.

Published in the United States of America by Oxford University Press

198 Madison Avenue, New York, NY 10016, United States of America.

© Oxford University Press 2024

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, without the prior permission in writing of Oxford University Press, or as expressly permitted by law, by license, or under terms agreed with the appropriate reproduction rights organization. Inquiries concerning reproduction outside the scope of the above should be sent to the Rights Department, Oxford University Press, at the address above.

Chapter 3 is adapted from Jessica Otis, “‘Set Them to the Cyphering Schoole’: Reading, Writing, and Arithmetical Education, circa 1540–1700.” Journal of British Studies, 56, no. 3 (2017): 453–82. doi: 10.1017/jbr.2017.59. © The North American Conference on British Studies, 2017. Reprinted with permission.

You must not circulate this work in any other form and you must impose this same condition on any acquirer.

CIP data is on file at the Library of Congress

ISBN 978–0–19–760878–4 (pbk.)

ISBN 978–0–19–760877–7 (hbk.)

ISBN 978–0–19–760880–7 (epub.)

DOI: 10.1093/oso/9780197608777.001.0001


 

To Mom and Dad


Contents

Acknowledgments 

A Note on Style, Dating, Money, and References 

Introduction—“Number, Weight and Measure”: Numeracy in Early Modern England 

1.“The Dyuers Wittes of Man”: The Multiplicity and Materiality of Numbers 

2.“Finding Out False Reckonings”: Trust and the Function of Numbers 

3.“Set Them To the Cyphering Schoole”: Reading, Writing, and Arithmetical Education 

4.“According To Our Computation Here”: Quantifying Time 

5.“It is Oddes of Many To One”: Quantifying Chance and Risk 

6.“Davids Arithmetick”: Quantifying the People 

Epilogue—“Heau’ns Great Arithmetician”: Living in a Numerical World 

Appendix: Arithmetic Textbook Marginalia by First Author and Holding Library 

Notes 

Bibliography 

Index



Acknowledgments

As a sophomore in college, my academic advisor in the mathematics department sent me trotting across the campus of the College of William and Mary to declare a history minor. Little did I know that those were the first steps on a journey that would lead me to a PhD in history and this book. A truly humbling number of people have helped me get from there to here and I am incredibly grateful for their support.

I want to begin by thanking the librarians and archivists who made my research possible. The staff at the Huntington Library and Folger Shakespeare Library were especially welcoming and provided homes away from home for me at various points while I was working on this book. Thanks also to the staff at the American Philosophical Society Library; British Library; Bodleian Library at the University of Oxford; Cambridge University Library; Carnegie Mellon University Libraries; Essex Records Office; George Mason University Libraries; Guildhall Library; National Archives of the UK at Kew; Lambeth Palace Library; Library Company of Philadelphia; London Metropolitan Archives; Senate House Library; Society of Antiquaries of London Library; St. Bride Library; University College London Library; Rare Book and Manuscript Library at University of Illinois at Urbana-Champaign; University of Pittsburgh Libraries; University of Virginia Libraries; Wellcome Library; Dr. Williams’s Library; and Worcester College Library.

Thanks also to my professors, colleagues, and friends who have accompanied me on this journey. Karen Parshall helped me figure out how I wanted to be a historian of mathematics, while Paul Halliday has been a font of wisdom, enthusiasm, and encouragement throughout my career. Everyone should have an advisor like Paul in their corner. I want to thank everyone who gave me encouragement, writing accountability, or feedback on my endless drafts, including the late James N. McCord Jr., Dale Hoak, the late Joseph C. Miller, Margaret Lewis, Anne Throckmorton, Jason Eldred, Heather Wiedner, Brian Dudley, Kristen McCabe, John Collins, Ryan Bibler, Sophia Rosenfeld, Michael Suarez, Erik Midelfort, Megan Brett, Abigail Mullen, Lincoln Mullen, my thoughtful peer reviewers at Oxford University Press, and my amazing editor Susan Ferber. Thanks are also due to the countless friends and colleagues who kept me company on Twitter, Slack, and other social networks along the way.

Throughout this project, generous financial support was provided by the University of Virginia Graduate School of Arts and Sciences; Folger Institute; American Philosophical Society; John “Bud” Velde Fellowship at the Rare Book and Manuscript Library at the University of Illinois at Urbana-Champaign; Dibner History of Science Program at the Huntington Library; Dumas Malone Fellowship established by the Thomas Jefferson Foundation; Carnegie Mellon University Libraries; and the Department of History and Art History at George Mason University.

Last, but never least, I want to thank my family for always being in my corner.


A Note on Style, Dating, Money, and References

Early modern punctuation, capitalization, italics, and spelling have been retained, with the exception of abbreviations, which have been expanded to their modern equivalents by the insertion of the missing letters in italics.

Unless otherwise noted, dates are given in the Julian/Old Style calendar that was used in England until 1752. With respect to the date of the new year, consistency is maintained with the original source. Although the new year officially began on Lady Day, March 25, most almanacs and printed books preferred to use January 1.

Pre-decimal English money contained 12 pence (abbreviated d. from denarius) to the shilling, and 20 shillings (abbreviated s. from solidus) to the pound (abbreviated li. or £ from libra).

When possible, references have been made to modern, printed, or electronic versions of manuscript material to facilitate ease of access. Signatures are cited when printed page numbers are mistaken or not available.


By the Numbers


Introduction

“Number, Weight and Measure”: Numeracy in Early Modern England

In an almanac written for the year 1659, George Wharton mentioned a biblical passage that would have been familiar to early modern “well-wishers,” “lovers,” and “students” of mathematics: “For indeed all things were made by God, in Number, Weight and Measure.”1 An unknown reader found this passage so interesting that they underlined it in their copy.2 The implications of this simple statement were enormous. If numbers were indeed the building blocks of God’s Creation, then everything in the world could be understood through the use of numbers, particularly the concrete numerical exercises of weighing and measuring. Furthermore, a knowledge of numbers would be necessary for those who wished to study any aspect of God’s inherently numerical Creation.3 This biblical passage was not a common subject for Sunday sermons, and the Book of Wisdom in which it can be found is technically part of the Apocrypha. Nonetheless, Wisdom 11:21—God’s creation of the world by number, weight, and measure—formed a rallying cry for people who wished to encourage the wider study of mathematics among the general population of early modern England.

One of the earliest and most widely published of these English mathematicians was Robert Recorde, whose The Ground of Artes (1543) was reprinted throughout the sixteenth and seventeenth centuries and became a byword for vernacular arithmetic textbooks. Recorde considered numbers to be the foundation, or ground, of all human arts and sciences.4 As such, they were indispensable to every aspect of early modern society: “no man can do any thing alone, & moch lesse talke or bargayne with other, but he shall styll haue to do with numbre.” Recorde expected some of his claims to be self-evident to his readers. For example, clerks, auditors, geometricians, and astronomers—“whose offices without Arithmetike is nothing”—must understand numbers as a matter of course. However, Recorde also argued that those who wished to study a wider variety of subjects, including law, grammar, and philosophy, would find themselves sorely lacking if they did not also possess some knowledge of numbers. Most important, for England as a whole, a knowledge of numbers was essential for the “gouernaunce of commyn weales in tyme of peace: and in dewe prouision and order of armes in tyme of warre.” In short, “[w]herfore as without nomberynge a man can do almost nothynge, so with the helpe of it, you maye attayne to all thyng.”5

Recorde conceived of a world that was inherently quantifiable, in which numbers and mathematics could be applied to every aspect of the world to help accomplish any conceivable goal. He wanted the mathematical arts and sciences to be not just the domain of an elite body of professionals but available to all men and women, no matter their station in life. As such, he formed part of a vanguard of mathematical educators who helped transform English numerical practices during the late sixteenth and early seventeenth centuries.

This transformation in numerical practices was complex and wide-ranging in its impact on early modern society and thought. In part, it was a transformation in symbolic systems—the culturally agreed upon symbols and syntax used to represent numbers. It was also a transformation in mathematical education, enabled by increasing literacy rates and the printing revolution. Most important, it was a transformation in technologies of knowledge, specifically the way the people of early modern England conceived of and used numbers in their daily lives.

This numerical transformation completely reconfigured the way English men and women understood the world around them. At the start of the sixteenth century, ordinary people lived in a culture where numbers were useful in certain contexts but not central to their everyday lives. Men like Recorde had to exhort people to learn arithmetic and justify why a lawyer or a naval office might care about numbers. But over the course of the next two centuries, England slowly became a place where everyone from rural farmers and urban artisans to scholarly elites and privileged nobles casually used numerical symbols and mathematical concepts to discuss abstract phenomena such as time and chance. It became a place where natural philosophers used numbers to theorize how the world worked but also where theologians used numbers to support their ideas about God and government officials used numbers to justify their policy decisions. This book demonstrates that the early modern period was a time of transition that fundamentally reoriented English ways of knowing about the world to rely increasingly on numbers.

The foundation of mathematical knowledge is numeracy. Although early modern authors examined the human ability to work with numbers, the noun “numeracy” and its associated adjective form “numerate” are only very recent additions to the English language.6 The Oxford English Dictionary (OED) attributes the first use of both words to a report written by the English Ministry of Education in 1959. The words were explicitly intended to “represent the mirror image of literacy” when drawing contrasts between the reading-based humanities and the calculating-based sciences.7 Though the concept has become more familiar in our data-driven society, and the word “numeracy” has won out against competing phrases such as “quantitative literacy,” it retains its strong derivative association with literacy.

There is analytical value in contrasting numeracy—however it is defined—with literacy. Both are technologies of knowledge. Literacy has also been studied extensively by scholars over the centuries, creating possible methodological precedents. The OED currently defines literacy as “the quality, condition, or state of being literate; the ability to read and write.”8 While there are nuances to interpreting this definition for various times and places, in general it is understood that literacy can be judged by the demonstrated ability to read and/or write using culturally appropriate language and tools.9 This definition provides relatively clear behavioral markers that can be used to judge whether someone has acquired the skills of literacy.

The OED definition of numeracy is almost—but not quite—parallel to its definition of literacy: “the quality or state of being numerate; ability with or knowledge of numbers.”10 The definition of numeracy does not reference any behavioral markers by which such knowledge can be judged.11 In a twenty-first-century context, its vague reference to “knowledge of numbers” could be interpreted as anything from the ability to count to mastery of algebra or statistics. During the early modern period, there was a similarly wide range of standards that could be used for judging numeracy. The OED’s definition of “numerate” provides a bit more clarity, asserting that a numerate person is “competent in the basic principles of mathematics, esp. arithmetic; able to understand and work with numbers.”12 While this suggests that some sort of arithmetical knowledge is a key component of numeracy, it still fails to define the “basic” principles of mathematics or what it means to “understand” or “work” with numbers.

This ambiguity allows for a historical “knowledge of number” to be understood within the context of specific times and cultures. Many early modern authors were keenly interested in humans’ God-given abilities with respect to numbers.13 Mathematicians such as Recorde believed that a knowledge of numbers was one of the primary distinctions between humans and animals, arguing that those who “contemne nomber” were “as brutysshe as a beaste, and vnworthy to be counted in the felowshyp of men.”14 This distinction was so fundamental that they believed only humans could even recognize quantities in nature. According to Recorde:


in nomber was there neuer beaste found so connyng, that coulde know or discerne one thynge from many, as by dayly experyence you maye well consyder, when a bytche hath many whelpes, or a henne many chyken, & lyke wayes of other, what so euer they be, take from them all theyr yonge, sauyng onely one, & you shall perceyue playnly that they mysse none, though they wyll resyste you in takynge them away, and wyl seke them agayne, that they maye knowe where they be; but els they wyll neuer mysse them truely, but take awaye that one that is lefte, and then wyll they crye and complayne: and restore to them that one, then are they pleased agayne.15



Recorde’s most significant point—that the numerical abilities of humans greatly surpass that of animals—aligns with the modern science of numerical cognition, though his specific example falls apart upon close examination. We now know that elements of numerical thinking are not limited only to humans but have deep evolutionary rooms and are widespread in the animal kingdom. Many animals share the ability to subitize: to recognize immediately, without counting, the quantity of objects in a small group, usually up to four or five.16 Various types of fish, amphibians, birds, primates, and other mammals can further discriminate between two quantities—that is, they can recognize that five is less than ten. Some animals can also perform rudimentary arithmetic and interpret ordinal information, such as choosing the third object in a list. While humans are the only species known to have the ability to create numerical symbols—that is, symbols that are assigned abstract numerical meaning—there are even a few animals such as primates and parrots that can be taught to interpret symbolic numbers.17 Furthermore, it isn’t necessary to count the number of puppies in a room to know that a specific one is gone, as indicated by Recorde’s admission that dogs will search for their missing puppies. A dog investing her emotional energy into the puppy that remains to her doesn’t mean that she is quantitatively unaware that the others have been taken, as Recorde asserts. While he provided only this single example, he expected his audience to have myriad “daily experiences” that would be sufficient to convince them of the truth of his ideas, whether those experiences were with farm, household, or wild animals. For Recorde, humans’ numerical superiority was a self-evident truth.

John Bulwer, a medical practitioner interested in deafness and sign language, similarly argued in his Chirologia that “man [is] a naturall Arithmetician, and the only creature that could reckon and understand the mistique laws of numbers.”18 For Bulwer, the line between humans and other animals lay in the ability both to reckon—that is, perform addition, subtraction, or other arithmetical calculations—and to understand abstract “laws” that govern mathematics. Bulwer gave no particular examples of these laws; he could have been referencing anything from simple number properties like the commutativity of addition to the religious significance of the number 666 to complex Rules of Three. However, the idea of “laws” in conjunction with reckoning seems to indicate that Bulwer meant that humans had an introspective and abstract knowledge of numbers and arithmetic, beyond rote memorization of words and facts.

Crucially, Bulwer believed that the uniqueness of humans’ ability with numbers was not an accident but rather the foundation for humanity’s dominance over all the rest of God’s Creation: “that divine Philosopher doth draw the line of mans understanding from this computing faculty of his soule, affirming that therefore he excells all creatures in wisdome, because he can account.” The ability to work with numbers was part of the human soul and something that God had created to be the foundation of human wisdom. Consequently, humans’ ability to reason actually depended on their ability to use numbers. Bulwer went on to “account such for idiots and halfe-sould men who cannot tell to the native number of their Fingers.”19 Those people who could not count to at least ten were intellectually deficient; they lacked the “computing faculty” part of the soul, which was necessary to be fully human.

Bulwer’s use of the legal term “idiot” indicates that the lack of ability with numbers could have serious consequences in early modern England. Judge and legal writer Sir Anthony Fitzherbert defined the inability to comprehend numbers as a standard by which local officials could determine someone’s mental competency to hold or inherit property:


He who shall be said to be a Sot and Idiot from his birth, is such a person, who cannot accompt or number twenty pence . . . so as it may appear, that he hath no understanding of reason what shall be for his profit, or what for his loss: But if he have such understanding, that he know and understand his letters, and to read by teaching or information of another man, then it seemeth he is not a Sot, nor a natural Idiot.20



Here Fitzherbert recognized a vital distinction between the ability to read and the ability to count. Literacy was a learned skill, something that could only be acquired through the assistance of some teacher. Literacy could then constitute sufficient proof of mental competency, as only an intelligent human could acquire that skill. By contrast, the ability to count was something that every reasonable human should possess. For early modern officials, the inability to count constituted sufficient proof of mental incompetency, as opposed to mere lack of education. A person who could not count to twenty could be considered an “Idiot from his birth” and naturally deficit in some mental facility common to the rest of humankind.21

Indeed, modern science has shown that all humans are born with a rudimentary understanding of numbers; even newborn babies can subitize and identify differences in quantities as long as there is at least a 1:3 ratio between the objects to be counted.22 Infants also have the ability to perform approximate addition and subtraction—e.g., 25 minus 17 should result in about 5 to 10.23 As long as they are raised in a culture that has created numerical symbols, children acquire an understanding of those symbols without much if any deliberate training.24 Furthermore, there seems to be something about the process of mapping a mental representation of quantity onto a numerical symbol that makes the underlying abstract concept of that quantity grow more precise, enabling exact quantity comparisons and arithmetical operations as opposed to just the approximate mathematical operations enabled by evolution.25 Thus almost all children raised in early modern England would have been able to meet Fitzherbert’s numerical standard for mental competency.

Recorde, Bulwer, and Fitzherbert made several varying assumptions about humans’ natural knowledge of numbers. All three took for granted that there were spoken number words with which every English speaker should be familiar—one, two, three, and so forth. Indeed, the most common numerical symbols employed across human cultures are linguistic, though in some cultures gestures appear to serve the same function as number words.26 Despite the intermediary role played by language in most forms of number words, MRI experiments have shown that number words and other mathematical exercises activate areas of the brain that evolved to deal with quantity rather than non-mathematical language.27 Crucially, despite the common intermediary role played by words, the human understanding of quantity is abstract and largely independent of language.

These three authors also took for granted that spoken number words were distinct from all other words in the English language. This is not true of every early modern language. For example, Bulwer’s sign language in the Chirologia did not have separate number gestures; instead it created a one-to-one correspondence between numbers and the letters of the alphabet.28 By contrast, someone learning English had to learn the number words separately and could not repurpose an existing word for counting.29 Learning a number word in English required the learner not only to memorize the word and its pronunciation but also to demonstrate their understanding of the existence of an abstract quantity indicated by that word.30 Modern children go through these steps sequentially; they usually acquire the basics of their culture’s linguistic symbols for numbers alongside other words in their first language(s) and subsequently learn to associate those symbols with the abstract quantities the symbols are meant to represent.31 This doesn’t happen all at once and children across cultures go through consistent intermediary steps: first, they understand the quantity 1; then they understand 1 and 2; then they understand 1, 2, and 3; then they understand 1, 2, 3, and 4, and make the cognitive leap to understanding that each successive number word indicates one more item than the previous one. From this basic understanding of plus or minus 1, most children then figure out how to add and subtract without further instruction. Even at this stage, their understanding of quantities is abstract: bilingual children who acquire the understanding that “three” means 3 almost immediately make the connection that “tres” also means 3.32

One of the largest cultural differences at this point in a child’s acquisition of number symbols derives from the numerical base used in the culture’s number system. The counting numbers in early modern England—which are also the dominant counting numbers used around the world today—are decimal or base 10 numbers, in which all numbers are formed by a combination of a power of 10 and a number less than 10.33 Regardless of the base number, the culture’s language will develop a series of lexical number words (e.g., in the English-language base 10 system these are “one” through “nine”) as well as words for powers of the base (e.g., ten, hundred, thousand, million) which can be combined syntactically to generate an arbitrarily large—though not infinite—set of counting numbers.34 The extent to which a culture’s number words correspond to their chosen base influences the speed at which children learn place-based values, and thus the ability to syntactically form larger number words. English number words map relatively well to a base 10 system, but there are several irregularly formed number words, particularly between 10 and 100.35 For example, in a perfectly regular mapping, the number 11 ought to correspond to a syntactical word meaning ten-one (10 + 1) but in English it is the word “eleven.”36 As with modern English-speaking children, these slight variations would have delayed early modern English children’s acquisition of numerical syntax.

This is important because where Recorde, Bulwer, and Fitzherbert differed was in their assumptions about the extent of man’s natural ability to string together these number words in a given sequence. Recorde only explicitly referenced the ability to differentiate one and more-than-one, though he strongly implied the ability to count an unspecified number of objects, presumably up to the limit inherent in then-extant English number words. This demonstrated an understanding of the associated quantities by creating a one-to-one relationship between number words and physical objects. Bulwer similarly required an accused idiot to count, but only to ten, the number of most humans’ fingers, arguing that “all men use to count forwards till they come to that number of their Fingers . . . [which] by an ordinance of nature, and the unrepealable statute of the great Arithmetician, were appointed to serve for casting counters” for humanity.37 Bulwer’s formulation leaves unclear whether one needed to understand ordinality—to be, in modern scientific jargon, a cardinality-principal-knower who understands that counting to 10 results in a collection of 10 items—or merely recite number words with the mnemonic aid of fingers.

By contrast, Fitzherbert’s legal text picked twenty as the smallest number to which his alleged idiot must be able to count. “One” through “twenty” form the complete set of lexical and irregularly formed English number words in the counting numbers.38 Beginning with “twenty-one,” the rest of the English number words are syntactical, formed by combinations of powers of ten and numbers less than ten. The syntax grows more complicated with the addition of hundreds, thousands, tens of thousands, and so on, but the numbers remain syntactical in nature.39 Thus Fitzherbert required his accused idiot to demonstrate a facility with all the non-syntactical numbers but left unspecified whether mastering the syntax of larger numbers requires an equivalent intellect to mastering the symbols and syntax of written language.

Beyond counting, Recorde, Bulwer, and Fitzherbert also assumed that all mentally competent human beings would be able to perform varying degrees of arithmetic, particularly addition and subtraction. Recorde began the arithmetic section of his textbook with the addition of three-digit numbers and assumed his readers would be able to mentally add and subtract one- or two-digit numbers such as 6 plus 8 or 14 minus 12; he also refused to teach multiplication of “small dygetes vnder 5 . . . seynge they are so easy that euery chyld can do it.”40 Bulwer’s comments about human arithmetical ability lacked specific details, but Fitzherbert clearly tied human arithmetical skills to accounting, requiring the ability to differentiate profits from losses. In practice, mental competency examiners seem to have begun by asking people to count with small numbers such as 7, 12, or 20, then required those who succeeded in these initial tasks to work with larger numbers and/or perform arithmetic in financial contexts. For example, during a 1628 examination, a man was asked to subtract £120 from £200, while other accused idiots were required to compare or convert quantities across currencies, which required either serial addition and subtraction, or multiplication and division.41 It is unclear whether this arithmetic had to be performed mentally or whether it could be performed using verbal counting strategies or some physical aid. However, it appears to have been the abstract ability to add and subtract that was important, not the means by which this task was accomplished.

Modern science has upheld many of the assumptions these authors made about human numerical abilities at the aggregate level, within the specific context of English-speaking cultures. However, it is vital to remember that individuals within the same culture vary in their aptitude for numbers. This is particularly important given the scarce evidence available for certain historical cultures and the associated need to infer generalized information from a small number of examples. Modern scientists have calculated that somewhere between 3% and 7% of humans have dyscalculia—a severe difficulty learning basic numeration and arithmetic—which is linked to deficits in their inborn abilities to assess and estimate quantities.42 Dyscalculia can manifest as poor fact retrieval, failure to master spatial concepts, and/or weak understanding of arithmetical procedures.43 Variations in people’s inborn ability are also predictively related to the types of strategies they adopt to perform mental arithmetic, including addition, subtraction, and multiplication.44 When one is reconstructing historical numeracies, individual variations should not distort conclusions about broader trends.

In early modern England, the ability to learn English number words, along with some level of arithmetical skill, was considered inherent in every mentally competent human being and something every child should learn without much, if any, deliberate instruction. If this is used as the marker for an early modern “knowledge of number,” then the entire population of England was almost universally numerate and had been for centuries. While such a result might be emotionally satisfying, it obscures very real differences in numerical practices within the population and across the early modern period. It is therefore more useful to consider the knowledge of English number words as the baseline for a range of numerical skills whose acquisition might indicate a “knowledge of number.”

As Bulwer’s references to finger-counting and casting counters implied, number words were only one way of symbolizing numbers in early modern England. Other symbolic systems had to be learned separately from the English language, through formal or informal training, and varied widely. Some were performative, such as hand gestures. They required no physical aids but were also incapable of being used to communicate over large physical or chronological distances. Others were based on the manipulation of objects, like tally sticks and counters. The materiality of these objects created the possibility of an object also being imbued with both numerical and non-numerical information. Still others were written, like Roman and Arabic numerals. Mastery of these systems required access to a specific set of tools as well as prerequisite skills associated with literacy. While written systems are most familiar to and privileged by modern scholars, there was no dominant system during the early modern era. Several of these systems were, in practice, codependent with other systems.

To accommodate this variety of symbols, early modern English numeracy can be provisionally defined as knowledge of a symbolic system for representing and manipulating numbers that is distinct from the English number words. While historically sensitive, this definition lumps together a wide variety of symbolic systems and obscures the differences between them. It is therefore useful to additionally treat each symbolic system as its own type of numeracy—e.g., hand gesture numeracy, tally stick numeracy, etc.—and to recognize the existence of early modern English numeracies, plural, within the overarching formula of early modern English numeracy, singular. This multiplicity allows for analysis of the differences between various “knowledges of number” and the ways in which these differences shaped how people chose to use each symbolic system. Such choices were not neutral decisions. Indeed, they profoundly influenced what and how information could be conveyed in early modern England.

By the Numbers explores the quantitative transformation of early modern England, particularly its relationship with numeracy and religion. It does not attempt to quantify historical numeracy rates but rather focuses on describing early modern numerical practices and analyzing how numbers came to matter so much—and be so widely embedded—in English culture. The first part of this book establishes the variety of early modern English number symbols, including their material characteristics and how ordinary people learned to use them, while the second part consists of three case studies that place numbers in conversation with broader developments in English history.

Chapter 1 begins by examining the universality, multiplicity, and materiality of early modern numeracies. Prior to the modern dominance of Arabic numerals, the people of sixteenth- and seventeenth-century England utilized a variety of different symbolic systems to record and manipulate quantitative data. Common systems included performative, object-based, and literate options, and people’s choice to use any particular system was informed by that system’s material characteristics. While early modern patterns in Arabic numeral adoption have confused many scholars, they are in fact consistent with a culture where multiple forms of numeracy coexisted without a single dominant system. Over the course of the early modern period, English men and women adopted Arabic numerals in a context-specific fashion, commonly employing them side by side and interchangeably with other symbolic systems.

During the late sixteenth and seventeenth centuries, many English account-keepers began to replace their existing object-based and literate arithmetical practices with new practices based on Arabic numerals. These men and women considered the material characteristics of symbolic systems when making decisions about whether or not to trust a system to perform either of the conceptually distinct functions of recording and calculation. In particular, they looked at the permanence of a system’s symbols when choosing a system for recording, and they developed strategies to increase symbols’ resistance to after-the-fact alterations. At the same time, they looked for the opposing characteristic of manipulability when choosing a system that would facilitate calculations. Because recording and calculation remained conceptually distinct, people could employ different systems for each function, choosing the optimal system for the task at hand. Although Arabic numerals had the potential to perform both functions, they were not the optimal solution for either one. As a consequence, Arabic numerals were neither immediately nor universally believed to be a significant improvement over other early modern symbolic systems, despite being the only extant system with the potential to unite recording and calculation. Chapter 2 examines both the incentives and disincentives to Arabic numeral adoption, critiquing the common modern tendency to assume their inherent superiority.

Just as there were multiple symbolic systems in early modern England, there were multiple ways to acquire a knowledge of them. England’s increasing literacy rates and the development of vernacular arithmetic textbooks were essential to changing arithmetical practices in this period. Textbooks were better suited to teaching written, rather than object-based, methods of arithmetic and enabled individual educators to reach wider audiences than face-to-face methods of instruction. By exploring the qualities of printed books, analyzing marginalia in arithmetic textbooks, and examining changing educational advertisements and curricula over time, Chapter 3 demonstrates the importance of literacy and didactic literature to early modern arithmetical education.

Chapter 4 demonstrates how the methods early modern people used to locate themselves in time became more complex and abstract over the course of the early modern period, even as time retained its religious significance. Politically and religiously contested calendar reforms led English men and women to adopt the mathematical notion of fractions, while the proliferation of almanacs and increasing global travel raised popular awareness of both the relativity of time and its interconnectivity with space. By the eighteenth century, English men and women understood calendars and times to be primarily numerical constructs; calendars were not sacred in and of themselves, but rather tools people could employ to conduct both their mortal and immortal lives.

The second case study explores early modern conceptions of quantified chance and its relationship to God’s providence to show how early modern people used numbers in an attempt to cope with the uncertainties of the future. Over the course of the sixteenth century, gamblers adapted the existing language of proportional odds to refer to a quantified version of chance, which the wider population subsequently began to apply to situations in their everyday lives. This brought quantified chance into potential conflict with established views of divine providence by the turn of the seventeenth century. Chapter 5 demonstrates how people increasingly embraced the concept of using numbers to predict their futures and minimize risks, even as they maintained their belief in an all-knowing, all-powerful God. It was God who made the world to function by natural, numerical laws, and thus it was because of God’s providence that people could use those numbers to calculate the likelihood of future events and avoid the undesirable ones.

The final case study in Chapter 6 examines how new ways of thinking with numbers led to the transformation of early modern censuses from the creation of lists in support of government fiscal-military initiatives to the aggregation of the necessary data for quantitatively analyzing populations in support of governmental policymaking more generally. During the sixteenth century, census data were most commonly collected in qualitative list formats and applied toward immediate policy goals. However, over the course of the seventeenth century, people increasingly used the collection and quantitative analysis of demographic data as evidence to support social and political arguments. This led to the post-Restoration articulation of “political arithmetic,” in which numbers were manipulated to support monarchical policy goals. Later practitioners reimagined their work as the analysis of demographic data whose power to influence politics lay in its avowed neutrality, transforming political arithmetic from a method of governing by numbers to a more general method of reasoning by numbers, which could be applied to a host of political, economic, and social questions.

As these diverse examples demonstrate, reconstructing the cognitive element of numeracy is vital for understanding the wider culture of early modern England. Only by examining numbers through the lens of early modern English culture—and, crucially, defamiliarizing the Arabic-numeral numeracy we so often take for granted—can we comprehend the full range of early modern numeracies. Recovering these numeracies illuminates a revolutionary shift in the way people used numbers during the early modern period. Changes in symbolic systems and educational practices encouraged new ways of thinking, as people began to employ numbers as a tool for interpreting the world around them. The men and women of sixteenth- and seventeenth-century England never doubted that God created their world, and at the turn of the eighteenth century, they still lived in a world made by God. But it was also a world made—and made understandable—by number, weight, and measure.


1

“The Dyuers Wittes of Man”: The Multiplicity and Materiality of Numbers

In 1607, an entry in the Earl of Northumberland’s accounts recorded 20s. paid out “to one that taught the accountant, Mr. Fotherley, the art of arithmetic.”1 At first glance, this appears nonsensical. The accountant in question was already keeping the earl’s books and must have known how to signify quantities, add, subtract, and more. The multiplicity of early modern numeracies stands at the root of this terminological confusion. Mr. Fotherley was not learning the basics of arithmetic for the first time but rather how to perform arithmetic with a new symbolic system of numbers. Given that this occurred at the turn of the seventeenth century, the tutor was most likely instructing him in the still relatively new written method of arithmetic with Arabic numerals.

Early modern English men and women utilized a wide range of symbolic systems to record and manipulate quantitative data, including but by no means limited to the written systems preserved in account books. In his 1543 arithmetic textbook, Robert Recorde covered three of these systems, then informed his readers that he couldn’t possibly teach them every system they might encounter. They must learn other systems by observing “the workying of eche sorte: for the dyuers wittes of men haue inuented dyuers and sundry wayes almost vnnumerable.”2 Given this variety of systems, Recorde saw no reason why those with little other learning—particularly “them that can not write and rede”—shouldn’t be able to acquire knowledge of one or more symbolic systems and use arithmetic in their day-to-day lives.3

The main symbolic systems employed during the sixteenth and seventeenth centuries can be roughly divided into three categories based on their most prominent material characteristics: performative, object-based, and written. Performative systems did not require the assistance of external physical objects and could be employed under any circumstances. Object-based systems involved the alteration or manipulation of physical objects, which were invested with numerical meaning that persisted across time and space. Written systems also involved the assistance of physical objects—commonly pen, ink, and paper. However, these objects were only a means to create and convey numerical symbols, not symbols themselves; the same symbols could be drawn on wax tablets or dust boards, engraved into wood and stone, or embroidered onto cloth. Although these categories are analytically useful, it is important to recognize that most systems had multiple material characteristics; for example, tally sticks could be both notched to record quantities as well as written on, to indicate the names of parties in a financial transaction. The boundaries between these categories should therefore be considered fluid rather than hard-and-fast divisions.

Humans naturally transcode—that is, translate back and forth between the abstract idea of a specific number and numerical symbols—when they acquire number words. Learning additional symbolic systems further develops that ability by associating even more symbols with each abstract concept. Numerical information can further be transcoded between symbolic systems, such as a twenty-first-century American mentally translating the dot arrays on dominoes into Arabic numerals to be written on a game’s scorepad.4 However, numerical symbols are not merely neutral conveyances for quantitative information; they are layered with additional capabilities and meanings by their material characteristics and the cultures that invent and use them. For the men and women of early modern England, their choice to use any particular numerical system was informed by both their cultural norms and each system’s material characteristics.

Words and Gestures: Embodied and Performative Symbolic Systems

The most universal symbolic systems in early modern England were spoken words and gestures, which enabled people to count and calculate without any physical aids other than their minds and bodies. Oral numeration, in particular, was something that all mentally competent human beings were supposed to learn along with language. Robert Recorde began his arithmetic textbook, The Ground of Artes, with a discussion between a master and scholar that mocked the concept of speech without numbers. When the scholar complained about having to learn arithmetic, the master challenged him: “Yf nombre were so vyle a thynge, as thou dyddest esteme it, then nede it not to be vsed so moch in mens communycation. Exclude nombre and answere me to this question: Howe many yeares olde arte thou?” The scholar was only able to respond with “Mum,” an inarticulate sound indicating refusal or inability to speak. The master continued to harry the scholar with unanswerable questions: “How many dayes in a weke? How many wekes in a yere? What landes hath thy father? How many men doth he kepe? How longe is it syth you came from hym to me?” He mocked the scholar’s continued inability to provide a numberless answer: “So that yf nobmre wante, you answere all by mummes.” Finally the scholar stopped playing by the rules and responded to a question about the distance to London with the nonsensical statement: “A poke full of plumbes.” The master’s point was made.5

Oral numeration formed the basis of early modern English numeracy. The numerical information from other symbolic systems could always be transcoded to and communicated through spoken number words. Philosopher Thomas Hobbes even believed that non-verbal symbolic systems were useless without this verbal reference base. According to him, words registered human thoughts and “without words, there is no possibility of reckoning of Numbers.”6 Educators such as grammar school master John Brinsley encouraged the connection between spoken number words and other symbolic systems by requiring students to practice transcoding between them. Brinsley had his scholars read and recite numbers “backwards and forwards, so that your scholler be able to know each of them, to call them, or name them right, and to finde them out, as the child should finde any letter which he is to learne: in a word to tell what any of these numbers stand for, or how to set downe any of them.”7

After children learned number words, arithmetical calculations could be performed mentally, verbally, or using fingers for physical assistance. John Hall of Richmond described children learning to add small numbers as a combination of all three processes. “We finde children, one with another, making it one of the first tryals of their abilities to pose each other in mental addition of numbers,” by first becoming 1-, 2-, 3-, and 4-knowers then “having the question asked them how many two and three do make, or the like” small numbers. The child so questioned would respond by “calling into memory the figure of any three and two things so and so posited; and so, by comparing them do know what they amount unto.” When children were unable to rise to the challenge, they resorted to a physical aid to discover the answer: “they help themselves in their numeration by an outward figure, as by counting on their fingers, or the like.”8

Hall’s observations of seventeenth-century English children’s early arithmetic strategies parallels observations of twenty-first-century American children’s strategies. By kindergarten, most American children can solve simple addition and subtraction problems, and they employ strategies such as counting verbally or on their fingers to support their arithmetic. One such strategy for adding two numbers, e.g., 3 and 5, involves counting 1, 2, 3 then “counting on” 5 more numbers (4, 5, 6, 7, 8) to reach the answer. A faster strategy involves starting at 3 and just counting 5 more numbers, or realizing that the process will be fastest if they start with the largest number and so beginning at 5 and counting 6, 7, 8 to the answer. Such strategies lead to children eventually being able to directly retrieve the answer to an arithmetical question, such as simply “knowing” that 3 + 5 = 8, and to use decomposition strategies—e.g., knowing 6 + 6 = 12 so 6 + 7 must be 13—to extend their arithmetical knowledge.9

When mental manipulation of numbers becomes too difficult, humans naturally transition to using body parts as an aid to counting and calculation. Modern children appear to pick up this behavior spontaneously by modeling behavior they see in older children or adults.10 In early modern England and Europe, the body parts in question tended to be limited to fingers and usually involved putting quantities in one-to-one correspondence with fingers; indeed, the English word digit derives from the Latin word for finger.11 However, other systems are possible. The eighth-century English monk Bede developed a specialized system for calculating solar and lunar cycles that involved counting on a combination of fingers and finger joints, and a similar system was used by navigators in the early modern period to calculate the age of the moon and the current state of the tides.12 More recently, the Torres Strait Islanders use fingers, arms, torso, legs and toes in a specific order to denote numbers up to 33, while the Oksapmin-speaking people of New Guinea count to 27 using their fingers, shoulders, and eyes.13

Both modern scholars and early modern thinkers such as Hobbes attribute the origin of base 5 and 10 arithmetical systems to finger counting.14 As Hobbes explained:


there was a time when those names of number were not in use; and men were fayn to apply their fingers of one or both hands, to those things they desired to keep account of; and that thence it proceeded, that now our numerall words are but ten, in any Nation, and in some but five, and then they begin again.15



The overwhelming majority of historical symbolic systems are base 10, and finger counting is the likely ultimate origin of this similarity. However, language is an important intermediary factor; in all known cases of independently invented symbolic systems for numbers, the system has the same base as the number words in the culture’s native language.16

While it isn’t possible to quantify the extent to which people finger counted in early modern England, anecdotal evidence suggests it was a widespread practice among both children and adults. Physician John Bulwer believed finger counting to be a universal experience “by all Nations,” as fingers were “quicke and native digits, alwaies ready at Hand to assist us in our computations.” The method Bulwer described mirrored the left-to-right reading direction of English and other European languages:


to begin with the first finger of the left hand, and to tell on to the last finger of the right, is the naturall and simple way of numbring & computation: for, all men use to count forwards till they come to that number of their Fingers.17



For Bulwer, the perceived universality of this method was no accident, but part of God’s express design, for humans’ ten fingers were “those numbers that were borne with us and cast up in our Hand from our mothers wombe, by Him who made all things in number, weight & measure.”18

Unlike in later centuries, there appears to have been no stigma attached to the adult use of finger counting during the early modern period.19 A late seventeenth-century edition of Diego Hurtado de Mendoza’s Lazarillo had the title character “counting on my Fingers, how I should lay out my Money” as he ran to market, while earlier in the century, Pierre de La Primaudaye argued that it was short-sighted and foolish for men to “marrie by the report of their fingers, counting vpon them how much their wiues bring to them by mariage.”20 Although these were likely references to straightforward addition and subtraction, some mathematicians taught students to perform even the relatively complicated operations of multiplication and division on their fingers. At the turn of the eighteenth century, Scottish mathematician and minister George Brown considered “how to add, subtract, multiply, and divid by the figners [sic]” to be preliminary knowledge for those wishing to learn decimal arithmetic. He gave no explanation for adding numbers less than six, which he considered intuitive, and his method for adding numbers greater than five was almost as simple. Given two numbers, “you may make the one on the left, the other on the right Hand, accompting the shut hand five; and if you open one Finger 6, two 7, three 8, and four 9.”21 The sum was ten plus the sum of the open fingers. His methods for multiplication and division of numbers over five were more complicated, often requiring the calculator to carry a one from the units place to the tens place; this was not a system for someone unfamiliar with the basic principles of arithmetic.

Finger counting sometimes even seems to have been seen as a sign of or proxy for arithmetical skill during the seventeenth century. One of author Margaret Cavendish’s characters enters a library and encounters several men, each carrying an object or gesturing in a manner that indicated their subject of study: law, arithmetic, astronomy, geography, moral philosophy, theology, natural philosophy, and poetry. One man was “counting on his Fingers, and looking in his Book; by which he saw he was studying Arithmetick.”22 Conversely, philosopher Mary Astell indicated to the readers of one of her treatises that they should mock the ignorance of her “city-critick” character by describing him as someone who aspired to arithmetical learning but “mistakes frequently in the tale of his Fingers.”23 Beyond the literary world, John Bulwer described statues of Arithmetic embodied in human form—including one “in the new Ovall Theater, lately erected for the dissecting Anatomies in Barber-Surgeons Hall in London”—that were visually designated as Arithmetic by hands sculpted to look as if they were engaged in “Manuall Arithmeticke.”24

While it is likely that most people in early modern England were simply placing numbers in one-to-one correspondence with their fingers, Bulwer’s statues were using a more formal method for finger counting that was in widespread use throughout the Mediterranean during the Roman Republic and early medieval periods. There are currently no known descriptions of how the calculations worked, but visual depictions of this method of finger counting appear on ancient Greek and Roman reliefs, mosaics, and tesserae. The earliest surviving treatise that describes the finger counting method in full—up to its presumed maximum of one million—is the 688 Romano computatio. The method also appears in Bede’s De tempore ratione liber in 725. This English monk’s treatise on reckoning time helped popularize finger counting as a silent method of communication among the monks of northern Europe.25 It’s unclear how common this method remained in the late medieval period, but it was well-known enough among Italian mathematical elites for Leonardo of Pisa to include it in his 1202 Liber Abaci as a physical aid for the mental calculations required in Arabic numeral arithmetic, and for Luca Pacioli to include it in his 1494 Summa de Arithmetica. The method also survived in the Byzantine East and can be found in two fourteenth-century letters on arithmetic by Nicolas Rhabdas of Smyrna.26
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Figure 1.1 Gestural Enumeration from Luca Pacioli’s 1494 Summa. Bodleian Library Savile P 8. Used by permission of the Bodleian Libraries, University of Oxford, under a Creative Commons Attribution-NonCommercial 4.0 International License. https://digital.bodleian.ox.ac.uk.



By the early modern period, however, the Greek and Roman finger counting system appears to have fallen out of general use in England. Robert Recorde reproduced it in his 1543 The Ground of Artes and extolled “the arte of nombryne on the hand, with diuers gestures of the fyngers, expressynge any summe conceaued in the mynde” but admitted that “[t]his feate hath ben vsed aboue 2000 yeares at the leaste, and yet was it neuer comonly knowen, especyally in Englysshe it was neuer taughte yet.” Still, Recorde believed this gestural system was “ryghte worthy to be well marked” and suggested its “straungenes and secretnes” could make it useful for facilitating secret and silent communication.27 His book’s later editors were not impressed by a system that was only useful as a curiosity or a code. While the system was reprinted in subsequent editions through the 1590s, it was dropped from all seventeenth-century editions to make room for other, more widely marketable content.28

Tally Sticks and Counters: Object-Based Symbolic Systems

Although oral and gestural systems were the most universal symbolic systems in early modern England, systems based upon the manipulation of physical objects were almost as widespread. It was only a short conceptual step from fingers to external objects that, like fingers, were a manipulatable substitute for the objects to be counted. Many of Recorde’s “dyuers and sundry wayes” of enumeration and arithmetic were probably object-based, as virtually any collection of objects could serve as an aid to counting and arithmetic, particularly objects small enough to carry. Exciseman John Cannon had a grandfather who used beans to keep his accounts, while Daniel Defoe knew a country shopkeeper who performed arithmetic with spoons, and the servants of George Purefoy used twigs to keep track of how many people he helped with his charity.29 While in theory any object could be used to create numerical symbols, in practice there were two commonly known and widely used object-based systems during the early modern period: tally sticks and counters.

Humans began keeping tallies by notching bones somewhere between 35,000 and 10,000 bc, and cross-cultural studies have demonstrated the worldwide use of tallies in a variety of mediums to the present day.30 People used tallying across medieval and early modern Europe—from the Mediterranean to Scandinavia and from Russia to the British Isles—and European travelers noticed and compared foreign tallying practices to their own.31 An English translation of Inca Garcilasso de la Vega’s chronicles described and admired quipu, while John Smith noted the native Americans in Virginia “by little sticks will keepe as iust an account of their promises, as by a tally.”32 Travelers to Asia made similar observations. As early as the thirteenth century, Marco Polo compared Chinese tallying to Italian practices, while in the seventeenth century Englishmen Samuel Purchas and Lewes Roberts wrote about merchants in Vociam (modern Baoshan) and Cambalu (modern Beijing) who used a system of making “contracts and obligations in tallies of wood, the halfe whereof the one keepeth, and the other the other halfe, which being afterwards paid and satisfied, the said tallie is restored; not much unlike the custome of tallies in England.”33

The men and women of early modern England commonly tallied by marking chalk lines on slate or by cutting notches into sticks; this latter method dated back to at least the Anglo-Saxons, and the original name of the English Royal Exchequer was actually “the Tallies.”34 Although tally sticks varied widely in size and even shape, each was a wooden stick—often hazel or some other easily split wood—with a series of notched marks cut into the sides.35 These notches could form a simple count, with each notch in one-to-one correspondence with a thing being counted, or the notches could vary in size to function as symbols for specific quantities, such as pounds, shillings, and pence. Tallies created for personal or private use could vary widely in notational conventions—particularly when used to count non-monetary objects such as trees, sheep, or coal—to the point that sometimes only the people who created them could read them.36 In general, however, tallies seemed to have been sufficient to meet the needs of a wide variety of people, from shepherds to alehouse keepers to tradesmen to miners.37

One especially widespread use for tally sticks was in tracking credit and debt transactions, where a more formalized set of conventions held sway. Two parties would cut notches into a stick then split it lengthwise, with each party keeping one half to prevent the possibility of fraud. The creditor’s half was called the stock, which eventually gave its name to financial concepts including government stock, stock jobbing, and the stock exchange.38 The debtor kept the slightly shorter half of the stick, called the foil. When the two parties reconvened to settle the debt, the two halves of the tally stick were compared and only if they matched each other—proving that neither party had attempted to defraud the other—was the debt considered paid. The tally stick could then be broken, burnt, or otherwise disposed of at will.
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Figure 1.2 Fifteenth-century Exchequer tally sticks © Science Museum Group.



These split tally sticks were used by the Exchequer to keep track of its financial transactions from at least the eleventh century through the beginning of the nineteenth century. Exchequer tally sticks were so ubiquitous that many people also adopted the Exchequer cutting and labeling customs—which remained essentially fixed for over seven hundred years—in the tally sticks they used for private lending and debts.39 These customs included a distinct notch type and location for each monetary unit, or large multiple of a monetary unit, resulting in a versatile object that could function simultaneously in all three numerical bases of the English monetary system: base 10, base 12, and base 20.40

Object-based symbolic systems, like tally sticks, have often been viewed as the province of the illiterate. As early as 1600, one of William Shakespeare’s historical plays contrasted his character’s ability to write his name with the “score and the tally” used by his “ancient forefathers,” while by 1714 Roger North declared tallies “well known, being of ordinary Use in keeping Accompts with illiterate People, and serves well enough for meer Tale” but were “obsolete” for the gentleman accountant.41 Private tallies probably catered more to the illiterate, but they do not survive in large enough numbers for firm conclusions to be drawn about their use. By contrast, the Exchequer tally sticks contained a written component that included the names of the parties originally involved in the transaction, a feature that assumes the literacy of its user base. This writing was originally in Latin—or, in a high medieval branch of the Exchequer dedicated to Jewish cases, in Hebrew—which required users to have not just literacy but also some ability to interpret a second language.42 The Exchequer only issued tally sticks with English writing under the Commonwealth; in 1654 Lord Protector Oliver Cromwell ordered tallies to be “levyed and allowed according to the usual and accustomed Course of the Exchequer, with the Alteration of the Words upon the Tally from Latine to English” to make them more widely legible.43

The writing on Exchequer tally sticks was a vital component of the tally as a physical object, supporting its use in securing credit and debt transactions while also enabling it to effectively function as a bill of exchange. As early as the 1290s, instead of keeping large amounts of specie on hand, the Exchequer would cut a tally stick and then give the foil to the debtor and the stock to their own creditor.44 For example, one fifteenth-century tally stick was entered into the Exchequer Receipt Roll as having been received on July 11 in “Sussex. From John Perpount and John Yerman, collectors of the king’s customs and subsidies in the port of the town of Chichester, £vij of the said custom and subsidies.” A marginal note was later added, “for Lord Bourchier by return of one tally, levied on the xvij0 day of February in the xxiijo year of the present king, by the hand of Richard Wode.”45 This tally stick recorded a £7 debt owed by the king’s officers, which was reassigned to cover a debt to Henry Bourchier, who likely took the stock to Chichester as evidence that they should pay him directly. Creditors did complain about the inconvenience of this system, but from the Exchequer’s point of view it was ideal.46 By this means, the Exchequer could avoid both collecting its own debts—that expense and hassle being passed off to its creditors—and disbursing specie in large quantities. This ability to cancel debts owed with the debts of others was crucial to the smooth functioning of the economy in an era with chronic shortages of available coins.47 As an added benefit, it could also transform large quantities of money from bulky and heavy coins into a more portable stick.

Individuals could also use their own private tally sticks as bills of exchange, though such tallies’ usefulness was contingent upon the individual’s perceived social and financial worth.48 Upon taking office in 1595, William Day, bishop of Winchester, easily paid the debts of his predecessor “by Talley.”49 But decades later, civil servant and diarist Samuel Pepys discovered he had accepted a worthless tally from merchant and politician Thomas Povey, as “upon his tally [I] could not get any money in Lombardstreet, through the disrepute which he suffers.”50 Even government tallies were not immune to losing their value when the perceived reliability of their issuer decreased, as goldsmiths and other tally-holders found to their dismay when King Charles II temporarily stopped payments from the Exchequer in 1672.

A logical extension of using tallies as bills of credit—and the proximate cause of the so-called Great Stop of the Exchequer—was the late medieval and early modern practice of allowing the Exchequer to cut tallies of recompense in anticipation of future revenues.51 By the Restoration, the Exchequer was spending income well in advance of its collection by persuading creditors to accept discounted or interest-bearing tallies for debts that would not come due for weeks, months, or even years. But the cost of such advanced funds was high. Although Restoration interest rates were legally fixed at no more than 6%, Pepys often complained in his diary about the money Charles II was losing by paying fees and 10% interest rates, which was still better than 20% and 30% interest Charles would end up paying a few years later, or the 30%, 40%, or 60% interest the poor were allegedly charged by tally men, in the early modern equivalent of credit card debt and payday loans.52 The situation only worsened after the 1672 stop of Exchequer payments. By the 1680s, Parliament attempted to curtail the king’s use of tallies by resolving that anyone who paid for the creation of or accepted a tally of anticipation would be “be adjudged to hinder the Sitting of Parliaments, and shall be responsible therefore in Parliament.”53 There was even an established market for the buying and selling of government debt through tallies and other bills, a proto-stock market run by “stock jobbers” and “tally jobbers.” Only the 1694 founding of the Bank of England—which was offered favorable terms to buy up government tally sticks that traded with average discounts of 40% off their face value—reined in the tally-jobbers and stabilized tallies’ worth.54 The bank accepted deposits of tally sticks worth over £112,000 in its first week alone, and the scarcity of specie encouraged the continued, extensive use of tally sticks in their first decades of existence.55

Tally sticks remained useful at the beginning of the eighteenth century, but their usage declined precipitously in favor of paper bills and notes over the course of the eighteenth century. In 1783, the Exchequer officially adopted indented cheque receipts—whose cut edges mimicked the split in tally sticks—and began to phase tallies out of service.56 Tally sticks were technically abolished in the same act that introduced the cheque receipts, though the implementation of the act was officially delayed until the two incumbent chamberlains left office in 1826. Subsequent attempts to dispose of the now-obsolete tally sticks led to the Houses of Parliament burning down on October 16–17, 1834, making them ex post facto weapons of math destruction.57

Besides tally sticks, the other widespread object-based symbolic system in early modern England relied on sets of metal discs called counters, compters, or jettons, which were often used in conjunction with a counting board, table, or cloth to form an abacus.58 This system had antecedents in the ancient Greek and Roman pebble abacus, which employed small stones—as well as discs of bone, baked clay, horn, and wood—for counters.59 Various forms of the English word calculate derived from “calculus,” the Latin word for both a pebble and a counter, and its associated verb “calculare,” which means “to calculate” and can be transcribed literally as “to pebble.” The term abacus itself came from a Latin derivation of the Greek word “abax,” meaning “a flat surface” on which to perform those calculations.60 By no later than 1110, the abacus system—specifically a “chequered” cloth used as a surface for calculations—had given its name to the English Royal Exchequer, though the adoption of metal counters was a slightly later development.61

The oldest minted, metal counters that can be definitively dated belonged to Blanche of Castile, queen of France at the beginning of the thirteenth century, though it is possible metal counters were also in use by northern Italian bankers and merchants at this time. Over the next hundred years, people in France, England, and the Low Countries increasingly adopted the use of metal counters, even as Italians began to abandon the abacus in favor of Arabic numeral arithmetic. During the fifteenth century, metal counters were commonly used from Scandinavia to the Iberian peninsula and from Scotland to Poland, but Venetian scholar Ermolao Barbaro felt comfortable denigrating the abacus as a system only used by foreign (i.e., non-Italian) barbarians.62 Most fifteenth- and early sixteenth-century counters were minted in the city of Tournai—in northern France until its conquests by first Henry VIII then Charles V—which had a royal monopoly on their production, but the Free Imperial City of Nuremberg became the new center of early modern counter production in the sixteenth century. For the next two hundred years, Nuremberg continued to export counters to England and the rest of western Europe, and from there to European colonies in the Americas.63
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Figure 1.3a and b Rechenmeister counter from Nuremberg, circa 1586–1635, from the author’s personal collection. Images by Richard A. Otis.



Early modern counters were generally round, coinlike objects that varied in size and metallic composition as there was no strong incentive to standardize their appearance. They tended to be thinner than most coins, and almost all their decorative images were cut in low relief to enable the user to more easily stack and push them across the flat surface of a counting board or cloth.64 They often came in sets—also called casts or nests—of a hundred, but a set could be as small as thirty. Some inventories also list unusual set sizes such as 34, 39, or 89. This suggests that people occasionally lost counters but continued to use the sets as long as they remained large enough for ordinary calculations.65 The most expensive counters were made of gold or silver; in 1535, John Longland, bishop of Lincoln, sent a dust box and a cast of presumably gold counters worth 40li. to Thomas Cromwell, Earl of Essex, while goldsmiths appraised a set of 40 silver counters at 20s. in 1600.66 Cheaper stock counters, for everyday use by the general population, were made in brass, bronze, copper, latten, and lead; this was probably the kind the Exchequer spent a mere 7d. on when purchasing a purse full of counters in 1519.67 Counters were produced in such large numbers that tens of thousands of counters have survived, though the metallic value of silver and gold counters was high enough that many were probably melted down and recast.68

Though counters were commonly used on a lined counting board, counters could be used alone if a board wasn’t available. As Recorde explained in the Grounde of Artes, various methods of “accomptyinge by counters” fell into two general categories, “The one by lynes, and the other without lynes: in that that hath lynes, the lynes do stande for the order of places: and in that that hath no lynes, there muste be sette in theyr stede so many counters as shall nede, for eche lyne one, and they shall supllye the stede of the lynes.”69 Stacking counters to visually indicate implied lines made it possible for users to employ the system on any flat surface available, such as a shop counter, table, or even the ground.70 While using counters “without lynes” appears to have been known throughout Europe, it was particularly common in France. Arithmetic textbooks explained how to form a vertical row of counters called a “tree of numeration” which functioned in the same way as lines.71

In England, counters were generally used with counting boards, and the phrase to “know the lines” meant to be familiar with counter-based arithmetic.72 Counting boards could be cloths, or wooden tables with painted or chalked lines, rather than just a “board” as the name implies. While cloths could be laid out and taken up again after use, dedicated tables—such as the Exchequer’s ten foot by five foot table—required permanent locations to store them.73 Some households, businesses, and government offices maintained dedicated spaces, called counting houses, for accounting and counting board calculations.74 As material objects, counting boards of all kinds were more ephemeral than metallic counters; the friction generated by sliding counters across these surfaces meant that owners had to regularly replace worn out cloths and repaint faded lines on tables, as evidenced by the new cloths “to cover the chequer” purchased for the Reading town hall in 1521, 1522, and 1523.75 This was not a large economic barrier to use as, like counters, counting boards could vary widely in terms of cost and materials. In 1556, two counting tables, three counter boxes, and forty counters were considered expensive enough to be an appropriate New Year’s gift for Queen Mary. By contrast a 1596 inventory of the Earl of Huntington’s goods valued two cloths, including a compter cloth, at a mere 12d.76
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Figure 1.4 Counters laid out in base 10 standard form as 1543 and 2022. Image by the author.



There were numerous small variations in how counters might be laid out and subsequently manipulated, but Recorde’s textbook describes three main methods of counter-based arithmetic in England: the standard, merchants’, and auditors’ forms. All three required users to have at least an implicit understanding of place value and zero. In the base-10 standard form, the lowest line on the counting board was the units line, and each subsequently higher line stood for a power of ten—ten, one hundred, one thousand, ten thousand, and so on for as many lines as the calculator needed. Three counters laid out on the units line stood for three but on the tens line they stood for thirty. If four counters were laid out on each of the hundreds and units lines then they would indicate the number 404 with (implicitly) zero in the tens place. The standard form also usually employed a subbase of 5 in the spaces between lines. Up to four counters could be placed on a line such as the units line and, when a fifth needed to be added, the counters would be removed from the units line and a single counter placed in the space above it signaling five. If there was already a counter in that space, they recognized they now had ten and needed to instead indicate that quantity on the tens line. They removed the counters from the units line and the counter from the space, replacing them with one counter on the tens line. Thus there were never more than four counters on any line—a quantity that could be recognized at a glance due to subitizing—or one counter in any space.

While the standard form was generically useful, the merchants’ and auditors’ forms were specifically designed to deal with the complexity of English currency and are likely to have been used by accountants on a day-to-day basis. Despite their eminent usefulness, Recorde was offended by the irregularities of the combined base-12 and base-20 forms; he included them briefly in his arithmetic textbook, but complained about “the order of commen castyng, wher in are bothe pennes, shyllynges, and poundes, procedynge by no grounded reason, but onely by a receaued fourme, and that dyersly of dyuers men: for marchauntes vse one fourme, and auditors an other.”77 In the merchants’ form, the units line was replaced with a line for pennies and a counter on the space above it represented six pennies, not five. Twelve pennies made a shilling, which would then be placed on the second line—formerly the tens line—and a counter on the space above it would represent ten shillings. The next line up was for a pound, or twenty shillings, and the line above that retained the base-20 system and represented twenty or a score of pounds.78 Because nine counters on a line is too many to subitize and would have been difficult to visually assess without counting, a single counter could be set separately on the left side of the line; this left-side counter represented five, which when added to the four counters remaining on the right side of the line signaled nine.79 For fractional pennies, up to three counters—each representing a farthing or one-quarter of a penny—could be set to the right below the pennies line. The auditors’ form used similar conventions but translated the numbers from vertical columns of counters to horizontal rows with the pennies to the far right.
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Figure 1.5 Addition in merchants’ form, showing 35li.8s.2d. + 2li.2s.4d. = 37li.10s.6d. Image by the author.



Addition with counters was easy in any of the three forms. The calculator only needed to literally add the counters from two numbers together, line by line and space by space, and reduce them so that there were no more than the allowed number of counters on each line. Subtraction was also simple and involved the same process in reverse, occasionally borrowing counters from a higher line to subtract, say, 19 from 211. Calculators even had the choice of working from top to bottom or bottom to top (left to right or right to left in auditors’ form), as the quantity of counters in each place value remained easily manipulatable throughout the process—in contrast to modern Arabic numeral subtraction, which requires setting down a number in pen or pencil then erasing or scratching it out to change it later. Multiplication and division were more difficult, as they required multiplying or dividing a number one line or space at a time and keeping track of which line or space the results should go on. In standard form, these place-value-based processes were markedly similar to today’s processes for written Arabic-numeral-based multiplication and long division. But while it is theoretically possible to multiply and divide in merchants’ and auditors’ form—carefully accounting for the difference between the base 12 and base 20 lines—this does not appear to have been done in practice. Recorde flatly declared it impossible to do so and advised his reader, “in suche case, you must resort to your other artes,” i.e., the base-10 standard form for counters or Arabic numeral arithmetic.80

The frontispiece of the 1543 edition of Recorde’s The Ground of Artes shows a scene that might plausibly have resulted from mixing merchants’ form counting board addition and subtraction with Arabic numeral division.81 Four men crowd around a counting table, at least three of whom are directly involved in the calculations. The one on the left manipulates counters over the lines of a counting board that have either been temporarily chalked or permanently inscribed onto the table. Two men on the right stand over an Arabic numeral division problem that appears to be worked out directly on the table—possibly writing with chalk, but no slate—while the man at the back writes down the results of all their calculations on a piece of paper using Arabic numerals.82 The image hints at Recorde’s personal preferences both by the sole counting board user’s spatial isolation and by the use of Arabic numerals for the date on the wall—the year of the book’s publication, 1543.83 However, his calculators’ use of two different systems also suggests that both had a place in the realm of financial transactions; indeed, including counters in the image might have been necessary to advertise his book to his intended audience.
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Figure 1.6 Woodcut from the title page of the 1543 Robert Recorde’s The Ground of Artes. © British Library Board. All Rights Reserved/Bridgeman Images.



As Recorde’s frontispiece illustrates, one of the advantages of calculations done with counters was that they lent themselves well to outside observation and, in the realm of financial transactions, outside audit. Customers could watch shopkeepers calculate their bills and merchants could watch custom officials calculate their duty payments in order to ensure the accuracy of the calculations. Sheriffs bringing their accounts before the Exchequer had their income and expenditures “read and cast up in open Court, before the Treasurer & Barons of the said Court, in the presence of the Treasurers Remembrancer, Clerk of the Pipe, Controller, & other Officers whom it shall or may concern; and two Auditors at the least for casting up the said accounts.”84 Calculating and double-checking the calculations of these accounts was both a mathematical activity and a public performance before an audience of interested—or at least legally invested—parties.

This performative aspect of counters, combined with their ability to take imprints in the same fashion as coins and medals, resulted in a form of conspicuous numeration during the sixteenth and seventeenth centuries. While high medieval counters were minted with generic images like crosses, keys, rakes, or scales, even the most generic early modern counters generally had more complex designs.85 Counters most frequently spoke to their owners’ skill with the physical act of calculation, bearing legends such as “cast up correctly, cast up, and you will find the amount,” “he who casts up correctly will find his account,” and “diligent accounting leads to correctness”; the common Rechenmeister style of Nuremberg counters paired such legends with the letters of the alphabet and an image of a man performing counting board arithmetic.86 These images and legends, asserting the calculators’ skill, would then be prominently displayed to onlookers through every act of calculation. Counters bearing the image of the current monarch—and performatively asserting loyalty to that monarch—were also perennial favorites and had wide appeal for people of all social statuses.87 Nicholas Hilliard, engraver to Elizabeth I and James VI/I, issued counter sets with images of members of the royal family, “for reckoning and for play,” and obtained a presumably lucrative twelve-year monopoly over such images beginning in 1617.88

In addition to the generically marketable images of calculations and monarchs, many sixteenth- and early seventeenth-century nobles and elite government officeholders commissioned personalized counters to testify publicly to their owners’ political and religious loyalties. Such counters served as status symbols, particularly for men who could boast of their public offices on counters they might use to calculate with during the course of their duties. Other people commissioned counters for their own private use in accounting, proclaiming their personal titles rather than their public positions.89 The use of personalized counters flourished among English elites until the civil wars in the middle of the seventeenth century. After the Restoration, a new generation of nobles and public officeholders continued to strike medals with their mottos and images but no longer showed an interest in commissioning their own, personalized counters.

Although Nuremberg counters were regularly produced for another century, with extant counters bearing the image of every British monarch from Charles II to George II, the quality of these mass-produced counters declined. They were used less and less for financial calculations and instead retained only as tokens for scoring games.90 Of a set of 1,212 counters dredged primarily from the river Thames in London, 92% dated from 1300 to 1650, at which point there was a sharp drop-off in number; there were only six post-1750 counters.91 The final, 1699 edition of Recorde’s arithmetic textbook dropped its section on counters, and Baily’s 1740 An Universal Etymological English Dictionary defined a counter as “A piece of Brass or other metal with a stamp on it, formerly used in counting, but now in Playing at Cards.”92 That said, a 1753 French arithmetic textbook asserted that counters were still widely used, including by government clerks, though they were more often used by women than men, presumably due to differences in access to education or material resources.93 While intended to discuss French numeracy, the statement could have equally applied to England, where the Exchequer continued to use its counting table until the early 1780s. Its use was discontinued only around 1785, not long after the 1783 act that reformed the Exchequer and (eventually) abolished the use of tally sticks.94 In France, the counting board lasted a few years longer but use of counters for arithmetic “ceased entirely” during the French Revolution.95 Nuremberg counters continued to be produced into the nineteenth century, but as game tokens for tallying scores rather than as the foundation of a symbolic system used for arithmetic.

Roman and Arabic Numerals: Written Symbolic Systems

Object-based symbolic systems like tally sticks and counters often had a written component, but only three systems required the user to possess the tools and skills of literacy. The simplest system involved writing number words using the same alphabetic symbols as any other English word. The other two systems involved special symbols to indicate numbers. The older of the two was the additive system of Roman numerals, which was adopted throughout Europe during the period of the Roman Empire and remained the primary written symbolic system of medieval and sixteenth-century England.96 During the late sixteenth and seventeenth centuries, however, Roman numerals were gradually replaced in most contexts by the newer positional system of Arabic numerals.97 This symbolic system was first developed in India and subsequently adopted in the Islamic Middle East and Iberia before being introduced into Christian Europe. The widespread adoption of Arabic numerals in England is particularly important for the study of numeracy and arithmetic, not just because it remains one of the most dominant symbolic systems in the twenty-first century, but also because it enabled people to adopt written calculation methods based on Arabic numerals.

Number words formed an essential part of the English language and were learned alongside other English words. As a consequence, written English number words required the same skills as writing any other English word: knowledge of the Latin alphabetic symbols and the ability to use the tools of literacy. These tools were often pen and paper but could also include writing with a stylus on erasable wax tablets, engraving, embroidery, or other media. Such written number words were cumbersome in length but did not require the literate user to memorize any new symbols or syntactical rules for constructing numbers. This system thus formed a subcomponent of, and was taught in conjunction with, the ability to read and write in English. Written number words became increasingly familiar to the English population as literacy rates rose throughout the sixteenth and seventeenth century. They were, however, confined to the literate part of the English population.

Roman numerals were a simple and intuitive symbolic system that likely developed from object-based tally systems; the first symbols—I, II, III, and IIII, which can also be written as IV—are visually equivalent to a simple tally.98 These symbols could be easily taught, so long as the student already knew the words for numbers up to a thousand and had a basic grasp of mental addition and subtraction. There were only seven symbols to memorize, all of which had analogs in the English alphabet, and the system’s additive structure required little explanation. Brinsley spent a mere two paragraphs on this lesson, explaining to his readers that I stood for one, V for five, X for ten, L for fifty, C for a hundred, D for five hundred, and M for a thousand. As for how these letters were to be used, he noted that


any number set after a greater, or after the same number, doth adde so many mo [sic], as the value of that later number is. As, I. set after X. thus, XI. doth make eleuen. XV. fifteen. XX. twentie. But being set before, they doe take away so many as they are: as I. before X thus, IX. nine. . . . And thus much shortly for numbring by letters.99



However, despite the additive construction of Roman numerals, they in no other way facilitated arithmetical calculations. This has been a source of considerable confusion to scholars, who assumed Roman-numeral arithmetic must have been common and have subsequently invented convoluted methods for multiplying and dividing with them.100 However, early modern men and women would not have attempted to multiply with Roman numerals. Those who wished to add multiple numbers, multiply, divide, or extract roots would instead turn to a different symbolic system more suitable for performing their calculations. The counting board was ideal for these purposes.101 In its standard form, its base 10 lines and subbase 5 spaces neatly aligned with the construction of Roman numerals. Once calculations were complete, a user could easily transcode the results into Roman numerals. Early modern men and women who used Roman numerals thus did so in the context of multiplistic numeracy, regularly shifting between symbolic systems as needed.

The place-value system of Arabic numerals was new compared to Roman numerals, but by the sixteenth century it had a relatively long history in England. Although initially developed in India, the symbols became known as Arabic numerals because Europeans first became aware of them through Arabic scholarship in the Islamic world. Arabic numerals entered Europe through Iberia, where the western variant of these numerals were known as ghubār (dust) numerals, likely in reference to their use on dust boards.102 Scholars such as Gerbert of Aurillac, the future Pope Sylvester II, brought Arabic numerals from Iberia to Italy during the late tenth century, where a rotated version of these numerals was used to mark the stones of a modified “Gerbertian” abacus that never achieved widespread use. However, by the twelfth century, a variety of Arabic works were being regularly translated into Latin by scholars in Toledo, to the point that Christian scholars sometimes called the system Toledan numerals.103

Their earliest known appearance in England dates to 1130, when Adelard of Bath translated Persian scholar Muhammad ibn Mūsā al-Khwārizmī’s treatise on Arabic numeral arithmetic into Latin.104 Around the same time, one of Adelard’s students—known only as “H. Ocreatus”—attempted to merge the Roman numerals I through IX with Arabic numerals’ positionality and explicit zero to create a hybrid that combined the traits of both systems. Positions were separated with dots, a feature that would later be reinvented to separate different denominations of currency.105 As with earlier attempt to introduce Arabic numerals to Italy over a century earlier, neither Arabic numerals nor Ocreatus’s hybrid system gained much traction among users of the existing English symbolic systems; Adelard himself continued to use Roman numerals for the rest of his life. By the fourteenth century, versions of Arabic numerals began to appear in specialized mathematical manuscripts—including astronomical tables, nativity calendars, and psalter calendars. However, it would be another two centuries before vernacular, printed arithmetic textbooks helped stabilize the appearance of Arabic numerals into the symbols 0 through 9—still used by Europeans and residents of their former colonies today—and made information on Arabic numeral arithmetic available to the wider English population.106

When early modern English men and women did begin to adopt Arabic numerals, they did so in a piecemeal fashion that was consistent with multiplistic numeracy, picking and choosing the contexts where Arabic numerals would be most helpful rather than completely replacing one or more of their existing systems. There is a clear pattern of Arabic numerals initially being adopted for use in a single context—specifically, to record the number of years since the incarnation of Christ, e.g., 1509.107 During the late sixteenth and seventeenth centuries, people subsequently broadened their Arabic numeral use to include an increasing number of diverse contexts. Although there was considerable variation in the timing of individuals’ first use of Arabic numerals to record information, there was a fairly consistent pattern in the order of contexts where these numerals appeared in an individual’s accounts: first in the year of the incarnation in engravings and written documents, followed by other aspects of dating, quantities and monetary values, and finally the summation of accounts.

While fourteenth-century use of Arabic numerals seems mostly confined to mathematical elites, by the fifteenth century more English men and women were employing Arabic numerals for the year of the incarnation, particularly in engravings on buildings. The year of the object’s creation, as measured from the incarnation, was the most typical number engraved on an object, and it is likely that the inherently shorter length of the year, as recorded in Arabic rather than Roman numerals, appealed to the objects’ creators. The British Museum has astrolabes from 1326 and 1342 inscribed with Arabic numeral years of incarnation, while as early as 1424, the seal of Fountains Abbey bore the Arabic numeral year 1410.108 Later in the fifteenth century, people began to use Arabic numerals to record the year on wooden gates and doors, stone walls, pavement, and decorative shields. By the turn of the sixteenth century, Arabic numerals could be found recording the year on a wide variety of material objects, including tabernacles, wood-cuts, roof beams, tombs, brasses, bells, cups, windows, and everyday mathematical objects like counters; the earliest counters with dated legends come from this period and almost always used Arabic numerals.109

By the early to middle years of the sixteenth century, English men and women expanded their use of Arabic numerals for the year of the incarnation into their written accounts and letters. With the exception of merchants and tradesmen—who had more contact with Continental merchants and a greater financial incentive to adopt their accounting practices—English account-keepers generally retained Roman numerals as the primary method for recording quantities, monetary costs, and other kinds of dates, including the regnal year. The churchwardens’ accounts of St. Michael, Spurriergate, York, first contained an Arabic numeral year of the incarnation in 1547, while four Peterborough churchwardens recorded their receipts in Roman numerals from the “feast of S. Mychell in Anno 1554 vntill the Feast of S. michell in Anno 1557.”110 In the parish of Prestbury, the register book listed Arabic numeral years beginning in 1560, but did not use Arabic numerals for any other purpose until 1611–2.111 Even in 1627–8, the churchwarden Nicholas Goore in Walton-on-the-Hill, Lancashire, used Arabic numerals for the year and Roman numerals in all the remaining quantities, save one.112

Although early modern English men and women initially saw no need to use Arabic numerals for recording anything other than the year of the incarnation, they eventually began to extend their use of Arabic numerals to other aspects of recording dates. In the 1530s, Honor Plantagenet, Lady Lisle, wife of the Lord Deputy of Calais, received letters employing both Roman and Arabic numerals for days of the month. Henry Higford, the clerk of the corporation of Stratford-Upon-Avon in the late 1560s, consistently recorded the year of the incarnation in Arabic numerals, while varying between Arabic and Roman numerals for the day of the month.113 The parish registers of Prestbury recorded christenings performed on “29th Marcij” and “vjto Aprilis” in 1623, while the Peterborough feoffees used a similar mixture of Arabic and Roman numerals for days of the month throughout the 1610s and 1620s before dropping the use of Roman numeral dates.114 Account-keepers also began to use Arabic numerals to record quantities and prices, as well as dates. In his parish register, Thomas Hassall of Amwell used Roman numerals for the days of the month until 1611, and used a mixture of Roman and Arabic numerals until 1636. As early as 1603, however, he followed the convention of the London Bills of Mortality in noting the total dead in his parish in Arabic numerals: “Buried in all this yeare 41” and “of the plage 19.”115 A 1615 list of Adventurers for Virginia in the first Wycombe ledger book list investments of “10s.,” “5s.,” “40s.,” “13s. 4d.,” and “20s.” Churchwarden Nicholas Goore noted that he had “paid the glazier for worke done at the church/for Fourteen Foote of new glass at 6d/the foote” in 1627–8.116

As account-keepers began to employ the Arabic numerals in a wider variety of places, overall they used the Arabic and Roman numeral systems side by side and interchangeably. The church records of St. Andrew Hubbard include a 1534 will in which hatmaker William Harber bequeathed “in 5 Friday every 5d. sterling to v poor, needy persons in the honour and worship of the v wounds of Our Lord Jesus Christ.”117 The Prescot churchwardens’ accounts record a payment for “8 ashlers” immediately before a payment for “ij daies worke in layinge the ashlers,” while the Peterborough feoffees’ accounts note “all soe xxs. of the same Some is in like Mannour to bee oute being parte of the 60li. of Mrs. Swinscotes gift.”118 Fluent use of multiple symbolic systems even occasionally manifested itself in quantities that can best be described as “mixed,” in that they use both Arabic and Roman numerals in the same number. This sometimes occurred in years such as “anno M quingentesimo 24” and “Mij. 63” or monetary values such as “xxviis 8d” and “iis 6d.”119 When recording quantities or prices, however, the different symbolic systems were more commonly used in separate numbers, though they might be employed in the same sentence or entry. Mixed numbers were never used frequently enough to create a hybrid system and ceased to appear in records after about 1650.120

Around the turn of the seventeenth century, people also began to use Arabic numerals for the final type of numbers that appeared in their accounts: valuation columns and sums. Peter Wardley and Pauline White’s collaborative study of probate inventories specifically focused on this context, “ignoring numbers in the text, dates and quantities of objects” where Arabic numerals were already in use. Although they briefly noted “the likelihood of binumeracy on the part of some” people who used both Roman and Arabic numerals in their probate inventories, they were primarily interested in what they called complete mastery of Arabic numerals—by which they meant the complete abandonment of Roman numerals.121 They found that most people in their sample adopted Arabic numerals for use in valuation columns between 1590 and 1650, with the main transition period beginning in the 1620s and 1630s and continuing through to 1650. This corresponds well with Wardley’s earlier research on Bristol and West Cornwall, where he found a slightly earlier adoption period of 1570 to 1630, and J. M. Pullan’s examination of the Bristol archives, which showed a transition period of 1635-40.122 The Norfolk probate inventories showed some of the earliest uses of Arabic numeral sums, in 1584, while most of the places Wardley and White surveyed had earliest adoption dates between 1607 and 1612. However, this was by no means a universal trend. Accountants in Bermondsey and Rotherhithe used Roman numeral sums until the end of the seventeenth century, and individuals generally continued to use Roman numerals alongside Arabic numerals in most of the surveyed areas.123

While it is a relatively straightforward—if time consuming—task to track the use of Arabic numerals in still-extant written records, it is far more difficult to determine when people began using Arabic numerals for calculation as opposed to recording numerical information. Although it is not always possible to determine what symbolic system was used for any particular account, some general trends can be seen. Most fifteenth- and early sixteenth-century accounts, especially those written entirely in Roman numerals, were most likely written by someone who used a counting board for their calculations. The late sixteenth and seventeenth centuries then saw a proliferation of arithmetic textbooks intended to educate people in Arabic numeral arithmetic. Late seventeenth- and eighteenth-century accounts, or earlier accounts written entirely in Arabic numerals, were more likely written by someone who had adopted Arabic numerals for both recording and calculation. In between, many people probably transcoded between symbolic systems as needed and desired, choosing the system that seemed easiest or most appropriate in any particular context.

Given the multiplicity of early modern numeracies, people’s transition from written Roman numerals and counting board arithmetic to written Arabic numerals and Arabic numeral arithmetic was not a simple process of immediate or complete replacement but rather a series of context-specific decisions that led to a gradual transition from one collection of systems to another. The slow-growing popularity of Arabic numeral arithmetic was reflected in the changing terminology they used to distinguish it from other forms of arithmetic over the late medieval and early modern periods. From the thirteenth century, Arabic numeral arithmetic had been known as “algorism,” after al-Khwārizmī whose translated works introduced it to England. By 1530, it was also known as “cyphering,” to reflect its positional dependence on the explicit concept of the cypher, or zero.124 John Palsgrave included both words in his 1530 French-English dictionary, translating sample phrases such as “I Cyfer[,] I acompt or reken by algorism.”125 However in the seventeenth century, terms intended to distinguish arithmetic by Arabic numerals from arithmetic by counters began to drop out of use, and “arithmetic” gradually became synonymous with Arabic numeral arithmetic. By 1701, Scottish physician and mathematician John Arbuthnot could declare it “would go near to ruine the Trade of the Nation, were the easy practice of Arithmetick abolished: for example, were the Merchants and Tradesmen oblig’d to make use of no other than the Roman way of notation by Letters” in conjunction with counters, tally sticks, or other symbolic systems.

Early modern English men and women employed a variety of symbolic systems to convey numerical information, transcoding freely among performative, object-based, and written systems. Oral systems were the most universal and served as a basis for acquiring a familiarity with other symbolic systems. Finger-counting was a widespread aid to mental arithmetic, but other gestural systems were considered curiosities and were promoted as methods for secret communication. More common were object-based systems such as tally sticks and counters. These objects could be invested with both numerical and non-numerical information, but only the former could be transcoded into other symbolic systems. Both performative and object-based systems were employable by those with varying degrees of literacy and were institutionalized for use in government courts such as the Exchequer.

Number words and Roman numerals were the dominant written symbols at the beginning of the early modern period and were employed in conjunction with counters and counting boards. Over the course of the sixteenth century, people adopted Arabic numerals in a context-specific fashion consistent with multiplistic numeracy. This began with dates and gradually expanded to include quantities and sums during the first half of the seventeenth century. After the Restoration, the population increasingly abandoned Roman numerals, counters, and counting boards for Arabic numerals and written arithmetic. While people still used multiple symbolic systems at the end of the seventeenth century—and, indeed, people in England and its former colonies still operate in a context of multiplistic numeracy and use objects in support of their calculations today126—Arabic numerals had become the most dominant symbolic system in England and the standard by which eighteenth-century numeracy would be judged.127


2

“Finding Out False Reckonings”: Trust and the Function of Numbers

In 1635, Gervase Markham published a treatise on husbandry and farm management in which he argued a servant’s trustworthiness was far more important than his or her skill with letters. However, the more Markham discussed his servants’ learning, the more he shifted his discussion of trust into terms of accounting and numbers. He conflated numeracy with literacy as he argued:


there is more trust in an honest scoure chaulkt on a Trencher, then in a cunning written scrowle, how well so ever painted on the best Parchment…. I had rather be my Mans Amanuensis to register his Truthes, then a Witnesse of his Learning in finding out false Reckonings. And there is more Benefit in simple and single Numeration in Chaulke, then in double Multiplication, though in never so faire an hand written.1



He was not completely opposed to writing—in particular, he believed “as touching the Master of the Family himselfe, learning can be no Burthern.” But he refused to put too much stock in it either, as writing could easily be “falsified and corrupted,” while a servant’s integrity “if it be sound will hardly be shaken.”2

Markham not only made trust judgments based on the actions of his servants, but he also extended those judgments to cover the symbolic systems those servants used to record information. Chalked scores were “honest,” a straightforward and a trustworthy system that was not prone to error. By contrast, he denigrated written systems as “cunning”—playing off the word’s dual definition of both being learned and covertly deceitful—and argued this deceitfulness was an attribute that writing retained, regardless of whether or not it was presented in an aesthetically pleasing manner.3 However his examples suggest that he was less mistrustful of writing in general and more wary of a new type of written calculation—“false reckoning” and “double Multiplication” in writing with Arabic numerals.

In the context of early modern numeracy, symbols formed a vital intermediary between people creating and sharing numerical information.4 Trusting each other was insufficient if the system itself was untrustworthy. Symbolic systems were differentiated from each other by their material characteristics, which helped form the basis for people’s trust judgments and influenced people’s decisions about whether or not to trust the system to perform a specific mathematical function. Trust is a key factor in explaining early modern patterns of symbol use as well as Arabic numeral adoption during the sixteenth and seventeenth centuries.

Recording versus Calculation

In describing his ideal servant, Markham made judgments about the trustworthiness of different symbolic systems, but he also expressed a desire for his servants to limit themselves to recording numerical data—“simple and single Numeration”5—rather than calculating with it. While there does not seem to have been a strong conceptual difference between recording and calculating in early modern writings about mathematics, Markham’s complaint highlights an important practical distinction between recording quantitative information with numerical symbols and performing arithmetical calculations with the assistance of numerical symbols. Early modern mathematicians divided arithmetic into several “parts,” the first of which was always numeration or knowledge of the number symbols themselves. Indeed, numeration requires an understanding of the cardinality principle—that the last number in a count gives the quantity of objects counted—and a built-in series of implicit calculations: specifically, adding one to a given quantity. However, subsequent parts of arithmetic—addition, subtraction, multiplication, division, and then various rules of three—all involved more explicit calculation and were effectively distinct skills from numeration.

More fundamentally, early modern men and women favored different material characteristics in the symbolic systems they used for recording and calculating. Creating a record, particularly a permanent one, required fixing a numerical symbol so that it could not be easily altered. People who sought to record numerical information ascribed greater trustworthiness to systems with more permanent and less manipulable symbols. They even developed strategies to further decrease the manipulability of such symbols, thus increasing the trustworthiness of the system for conveying information across time and space. By contrast, people who performed numerical calculations favored manipulable symbols. The very act of calculating transformed two or more numbers into a single, numerical answer. There was thus an inherent tension between recording and calculation, with their conflicting needs for permanence versus manipulability. As a result, early modern men and women tended to choose different symbolic systems for one function or the other, depending on the system’s material characteristics and affordances.

This practical distinction between recording systems and calculating systems is particularly vital for understanding patterns of Arabic numeral adoption in early modern England. Generations of scholars have focused on the adoption of Arabic numerals for calculation, believing this was their primary appeal. And for scholars who come from a culture steeped in Arabic numeral–based mathematics, it is easy to retrospectively assume that as soon as the barrier of illiteracy could be overcome, “the western world would at once adopt the new numerals . . . which were so much superior to anything that had been in use in Christian Europe.”6 Indeed, previous historians have wondered at the “stubborn resistance to the new numerals”7 and denigrated those “few reckoners who went on using the old, obsolete methods.”8 One noted the existence of a viable alternative in the counting board, and the confusion arising from an explicit zero, as the main “intellectual obstacle” to the widespread adoption of Arabic numerals.9 For these scholars, the Arabic numeral system’s primary rival was the counting board, and their primary interest lay in its adoption for calculation.

In general, however, the men and women of early modern England first adopted Arabic numerals not for calculation but for recording. They didn’t even use them for recording all types of numerical information but specifically for shortening the length of large numbers in dates. Like Markham, they mistrusted Arabic numerals for more sensitive financial recording. And even as people increasingly adopted them for recording, the multiplicity of early modern symbolic systems made it common for people to use Arabic numerals only for recording, continuing to rely on the tried, true, and trustworthy counting board for calculation.

From an early modern viewpoint, Arabic numerals were not the most trustworthy of systems. But they did have a functional advantage over other symbolic systems: Arabic numerals enabled the unification of permanent recording and calculation in a single system. Early modern men and women could, and did, use Arabic numerals for solely one function or the other. However, the potential for increased efficiency encouraged people to adopt the unification of both functions, even in the face of Arabic numerals’ other limitations. During the last decades of the sixteenth century and the first half of the seventeenth century, Arabic numerals’ enhanced functionality increasingly—but not universally—trumped the security of other symbolic systems.

Permanence and Trustworthy Records

The trustworthiness of a system for recording could be judged by its ability to create a permanent record of numerical information that persisted across space and time, particularly one resistant to later alteration. Not all alterations were made with malicious intent, but systems that allowed such alterations were more vulnerable to fraud. Of the seven most common early modern symbolic systems for numbers, four were suitable for creating a permanent record. The performative systems—spoken words and gestures—were necessarily ephemeral; unless they were subsequently translated into written form or engraved on a material object, the numbers existed only as long as someone was speaking or gesturing. The object-based system of counters and counting boards was similarly ill suited for creating permanent records because counters were designed to be easily moved around a board and could not be fixed into a specific, unalterable location. By contrast, the object-based system of tally sticks and the three written systems of English number words, Roman numerals, and Arabic numerals all created permanent records with varying degrees of resistance to later alteration.

Of all the early modern symbolic systems, the tally stick was considered the most secure and trustworthy, with its split format specifically designed to create a permanent record that could not be changed without leaving obvious signs of tampering. Given the scarcity of coins in early modern England, and the widespread use of reciprocal credit to ensure the smooth functioning of the economy, the trustworthiness of recorded credit transactions was vitally important.10 The shape and grain of each tally stick was unique, and the security of its notches was ensured by splitting the stick into two unequal parts, which were then divided between the creditor and debtor. Any attempt to alter or add to the notches on either part would be immediately apparent when the two were brought back together to check the account. A 1589 reprint of a medieval book on husbandry advised readers to “not sell, buy, receyue, nor deliuer any thing except by tally, or by good testimonie,” thereby rating the tally stick equivalent to the word of a known and trustworthy man.11 In 1622, a preacher described the practice of “Bakers and Brewers (& such Tradesmen as vse to deliuer their commodities to their Customers vpon Tale)” as using a split tally “to keepe euen reckonings: So that if either goe about to deceiue other, they neede but to drawe our Their side of the Tally, and That will soone discouer the Truth.”12 The tally stick’s testimony could therefore be considered more trustworthy than that of tradesmen or their customers. The two parties might sometimes agree on the number recorded by the tally but not on its real-world meaning. For example, a fourteenth-century Lord Chancellor of England complained he “cannot tell whether [the notches] refer to bullocks or to cows or to what else . . . so we hold this [tally] to be no deed which a man must answer.”13 However, only when all or part of a tally was lost or destroyed—invalidating its security measures and forcing creditor and debtor to rely instead on each other’s verbal assurances—could the recorded numbers themselves be questioned.14

Because of this trustworthiness, the split tally stick was particularly associated with the Exchequer as “a very antient and most certain way of avoiding all cozenage in the Kings Revenue.” While people could be very motivated to avoid paying debts to the government, the tally stick ensured that any “corruption . . . is easily and soon discovered, and the Offender severely punished by Fine and imprisonment.”15 When one late medieval creditor added 60s. to the notches on his Exchequer tally stick, his deceit was promptly discovered, and he was sentenced to a year and a day in prison.16 Even after rising literacy rates had enabled the wider adoption of Arabic numerals in the late seventeenth century, authors were still extolling the virtues and security of the tally compared to written alternatives:


This Antient way of striking of Tallies hath been found, by long experience, to be absolutely the best way that ever was invented, for it is Morally impossible so to Falsifie or Counterfeit a Tally, but that upon rejoyning it with the Counterfoyl, it will be obvious to every Eye, either in the Notches, or in the Cleaving, in the Longitude, Latitude, Natural growth or shape of the Counterfoyl; whereas Acquittances in Writing cannot be so done, but that they may be Counterfeited by skilful Penmen, and that so exactly, as that he who wrote the Original, shall not be able to know his own hand from the Counterfeit, as hath been frequently seen in all the Courts of Westminster.17



The split tally stick was designed for secure transactions and fraud detection, and there appears to have been little to no early modern concern about attempts to counterfeit or alter split tallies.

While this system was considered unimpeachable, tally sticks’ main practical limitation in the realm of finance was the sometimes problematic credit of their issuer. When Samuel Pepys was unable to convince a goldsmith to trade a tally for money, no one doubted the veracity of the tally stick, only the ability of its issuer to make good upon the debt.18 A few years later, an alcoholic found herself unable to obtain further money from the tally shops because her husband “told them if they trusted her any more he would not pay them.”19 His forthright refusal to pay his wife’s future tallies, much like Charles II’s suspension of regular Exchequer payments from 1672 to 1677, laid bare some of the problem creditors might face in collecting debts via tally.

By the middle of the seventeenth century, tallies still held legal force with respect to government debts but creditors ran into more legal challenges when using private tallies. In 1641, lawyer and politician Thomas Wentworth argued that debts recorded on tallies were promises, like a man’s given word, but they did not have the same legal force as a sealed, written contract unless they were issued by the government. Failure to honor them could be prosecuted as breach of promise, and damages recovered that way, but the executor of a debtor’s estate was not actually obligated to pay the original debt.20 A 1648 treatise similarly warned that obligations made “on a Tally, peece of wood, or any other thing but paper or parchment, albeit it be sealed and delivered, yet it is voyd.” In 1651, another treatise specifically flagged the written component of tallies as lacking legal force by arguing a tally could not be considered the same thing as an “Obligation in writing . . . because letters written in wood may be easily raced out, and altered, it was resolved unfit to allow and open so apparent a way to deceit.”21

While obligations written on paper or parchment had the most legal force, both government and private tallies remained widely trusted among the wider English population. Tradesmen and alehouse-keepers continued to run tabs with tallies, and miners used tallies to keep track of their work and ensure they received correct payment from company officers.22 Much like modern gift certificates, tallies were effectively equivalent to money. Samuel Pepys, in his diary, fretted equally over being robbed of tally sticks and being robbed of specie. When he fled during the Great Fire of London, the survival of his tally sticks was one of his main concerns: he “got my bags of gold into my office ready to carry away, and my chief papers of accounts also there, and my tallies into a box by themselfs.”23 At the end of the seventeenth century, one Scottish reformer even proposed to formalize this equivalency and issue tallies designed to be used as “passable Money.”24 Although rising literacy rates made the three written systems increasingly available alternatives, tallies’ trustworthiness, versatility, and transferability ensured their continued popularity into the eighteenth century.

Of the three written systems, only writing out the English number words came close to matching the permanence and ascribed trustworthiness of tally sticks. The main ways the integrity of these systems could be compromised were the alteration of existing symbols or the addition of new symbols. In general, the alteration of a few letters within a word could not change the meaning of the word itself without leaving evidence of tampering, allowing exceptions for very skilled forgers as well as the very similarly spelled “seven” and “eleven. ” While extra letters and words could more easily be added to a number—such as turning “six” into “sixteen” or “forty-three” into “two hundred forty-three”—this required sufficient space on the page around the original number. Such alteration could easily be prevented by embedding the number in a line of text. The expansiveness of written number words was thus both a strength and a weakness, preventing the alteration of numbers while requiring significantly more space than the other written symbolic systems, particularly for large quantities.

Roman numerals were also a relatively difficult symbolic system to alter, though they were not as secure as tally sticks and number words. I, V, X, C, D, and M were distinct symbols that could not be easily exchanged for one another without leaving visible proof on the page. The main place the Roman numeral system was vulnerable to tampering was at the beginning and end of each written number. For instance, XI could easily be transformed into XXI or CXI by the addition of a numeral at beginning of the number. Similarly, it could become XII, XIII, XIIII, or XIV by the addition of more I’s or a V at the end of the number. While many early modern accounts used the subtraction-based IV to indicate the number four, others used IIII to indicate the same thing.25 The use of one or the other seems to have been a matter of personal preference, as opposed to standardized usage, providing the opportunity for someone to alter the right side of the number in a more-or-less space-intensive manner as desired.

When Roman numerals were used within a line of written text, they were generally safe from this type of tampering. As with number words, adding a numeral would crowd the text immediately before or after it and be noticeable at a glance. However, most early modern accounts were set up in two columns, with the left column containing the description of an expense in textual form and the right column containing only the cost to be recorded, often with a sum of all the costs at the bottom of the column. The free-floating numbers of the right-hand valuation column were both high-value targets for fraud and particularly vulnerable to tampering by the addition of extra numerals.

Account keepers had three main strategies for minimizing this risk, all of which involved spatially isolating the otherwise free-floating numbers: placement, the addition of non-numeric symbols, and the modification of the existing symbol set. Placement generally entailed justification of numbers, which made it impossible to add extra symbols to the one end of the number without destroying the clean vertical line of the number column. Left justification was more common than right justification, both because English men and women wrote left-to-right and because adding a symbol to the left end of the number would create a larger number than adding a symbol to the right end. Writers could also add horizontal and vertical lines, along with brackets, to spatially locate the beginning or end of numbers in a similar fashion. The addition of non-numeric symbols generally involved periods or colons placed before and after numbers in order to isolate the number from any attempted addition, or the use of monetary denomination symbols such as £, s., and d. to one side of the number. Finally, the symbol J could be substituted for the terminal I in a number—i.e., XVIJ instead of XVII—and thereby prevent any subsequent addition to the right of the number The terminal J probably originated in southern Italy around the year 900, though a few classical texts used an upside-down J in a similar fashion.26 Most account keepers did not rely on a single strategy, but mixed and matched among them. The following account of Prince Arthur’s funeral expenses in 1502, for example, used a combination of left justification, horizontal lines and brackets, periods, denomination symbols, and terminal Js to constrain the otherwise free-floating Roman numerals.
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Figure 2.1 Roman numeral account containing Prince Arthur’s funeral expenses. LC2/1, f. 20r. Used by permission of The National Archives of the UK (TNA).



Of all the potentially permanent systems, Arabic numerals were the most vulnerable to tampering. The place-value system allowed a person to add any of the ten Arabic numerals to the end of a number, and all but the zero to the beginning of a number, providing a greater range of possible alterations. However, most of the strategies that people used to minimize risk for Roman numerals could also be used with Arabic numerals. Placement and the addition of non-numeric symbols did not rely on any particular characteristic of Roman numerals. Only the practice of using a terminal J was not directly translatable to Arabic numerals.

More problematically, Arabic numerals were the only written system where the symbols themselves were easy to alter. The Arabic numeral 1 could be invisibly transformed into a 4 or a 7. With a little more effort, it could be transformed into most of the other numerals as well. Similarly, 0, 6, and 9 could be interchanged with the addition of an ascending or descending mark. These and other alterations were possible in both manuscript and print documents, depending a person’s handwriting or the print quality of a text. The changes did not even have to be deliberate. Sloppily written 6s or 0s can easily be mistaken for one another, while 1s and 2s are extremely difficult to differentiate in texts with low print quality, including many of the surviving London Bills of Mortality.27

Given this greater vulnerability to tampering, early adopters of the Arabic numeral system often preferred to retain more secure and trustworthy English number words and Roman numerals for sections of their accounts that were at higher risk of tampering. People initially adopted Arabic numerals for the year of the incarnation, a date that was relatively safe from alteration as it would be evident if someone added another numeral to the beginning or end of the year; furthermore, the year was often clear from context. They subsequently began to use Arabic numerals for all aspects of date-keeping and for numbers protected within lines of text, such as in the left-hand column of account books. However, many people—such as the Elizabethan merchant John Isham and the Caroline bailiff of Peterborough—preferred to retain Roman numerals for the free-floating numbers in the right-hand column of account books, even after Arabic numerals had become their system of choice for all other numbers.28 A 1348 edict by the University of Padua required the prices on books for sale to be written “ ‘non per cifras, sed per literas clara’ (not by figures but by clear letters).” A 1590 advisor to the Cannock ironworks in England agreed; other things might be written with Arabic numerals, but “Prises, for to avoide mistaking, are better written in letters.”29

When Arabic numerals were employed to record the price of an item in the right-hand column of an account, the numbers were often further spatially isolated into three separate columns—one each for pounds, shillings, and pence. Another common strategy among account-keepers was to record the price with six or more digits, even when such length was unnecessary. For example, in an Exchequer certificate of revenue from 1679, 4li. 8s. was recorded as 0004: 08: 00. The additional zeros prevented minor alterations to entries that might transform a single penny into 10 or 11 pence. However, this did nothing to prevent alteration of the numerals themselves. This document has at least three altered numerals, of varying degrees of visibility to the casual reader. An entry for 00s. has been clearly altered to 08s., as the second circle extends awkwardly upward from the first, in comparison to the tilted, sideways 8s. visible in other numbers. In an entry for 01s., the awkwardly straight right-hand side of the 0 indicates it was probably originally a 1, while the slight difference between the 1 and other 1s on the page as well as the discoloration of the underlying paper suggests a number was scraped out, perhaps transforming an entry for 14s. into 01s. Given more discoloration farther up on the page, the 5 in the entry for 0500li. has also possibly been altered from an unknown numeral. While there is no evidence that this particular document was altered maliciously, the mutability of Arabic numerals was and remained their greatest vulnerability.
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Figure 2.2 Arabic numeral account. SP46/157, f. 326r. Used by permission of The National Archives of the UK (TNA).



The men and women of early modern England considered the weaknesses of the available symbolic system for numbers when trying to create a permanent record, and they compensated for those weaknesses by employing strategies to minimize the risk of alterations and increase the trustworthiness of their numbers. Of all the systems, Arabic numerals were the least trustworthy; the form of the numerals themselves, combined with the place-based value system, meant that the system did not lend itself well to inalterably recording numbers. Even early adopters of the Arabic numeral system often retained Roman numerals for their most sensitive numerical data—monetary costs. For more important and extensive monetary transactions, the Exchequer chose to continue using tally sticks instead of switching to a completely written system that might be less bulky and easier to store; the trustworthiness of the tally stick form still trumped the possible advantages of alternatives. Given the particular weakness of the Arabic numeral system, it should not be a surprise that many early modern English men and women were not particularly eager to exchange Roman for Arabic numerals. However, Arabic numerals were not only useful for permanently recording information; they could also be employed as a system for calculation.

Manipulability and Calculation

Unlike systems optimized for recording information, most early modern symbolic systems used for calculation allowed a certain amount of manipulation and transformation of its symbols. Performative systems worked well for calculation, and anyone who needed to verify the calculations could listen or watch as calculations were literally performed before them. Similarly, most object-based systems were well suited to calculation, including non-split tally sticks and the system of counters and counting boards. These objects were designed to be manipulated and provided a visual representation of quantities that could be transformed into other quantities through physical movement. By contrast, the only written symbols used for calculation in the early modern period were Arabic numerals.30 As with other systems, people had to memorize a series of arithmetical facts to calculate with them. But unlike object-based systems, Arabic numerals could not be physically manipulated to short-cut this memorization process. People who were less handy with mental arithmetic had to consult an external aid such as a multiplication table, which began to be printed in the 1610s and 1620s.31 The material characteristics of Arabic numerals worked against their use for calculation, even as the mathematical construction of the system supported and enabled it.

Spoken number words supported mental addition and subtraction, particularly through the practice of counting on, in which two numbers are added or subtracted by speaking or thinking of one number and counting upward or downward until the answer is reached; e.g., adding 5 + 3 by counting “five, six, seven, eight.” Humans naturally transition from mental and verbal arithmetic to using fingers and physical objects as mnemonic aids in support of their more difficult calculations. Fingers, in particular, were always “at hand” to serve as symbolic placeholders, but beans, bones, knots, spoons, twigs, and other objects could play a similar supporting role.32 Indeed, one of the early uses of tally sticks was actually as a calculating aid, rather than a notched and split stick intended to create a permanent record. In its original form, the tally stick was simply a stick with marks on its length, used by shopkeepers to keep track of quantities during mental calculations.33 After split tally sticks became widespread in England, the simple, non-split tally stick remained a useful calculating tool. In one particularly famous manifestation, Napier’s bones—or calculating rods—were essentially tally sticks marked with numbers in a specific (logarithm-based) pattern that enabled the user to reduce the complicated operations of multiplication and division to simpler addition and subtraction.

However, during the sixteenth and early seventeenth centuries, counters and the counting board were by far the most prominent symbolic system for calculations. Counters were concrete, easily manipulable objects, which made addition and subtraction particularly intuitive.34 Someone other than the main calculator could also visually follow or physically assist in the movement of counters, making it possible for a small group of people to watch, comment on, or participate in the calculations as they occurred. This could be especially helpful in matters of credit and debit, as several parties needed to agree and trust that calculations had been done correctly.

Significantly, counters on a counting board also possessed the two most highly touted mathematical features of the Arabic numeral system: place-value notation and—albeit implicitly—the zero. According to a traditional strand of hagiography in the history of mathematics, Arabic numerals became the dominant symbolic system worldwide because their use of place-value notation, and an explicit expression of zero made them inherently superior to all other systems.35 For example, historian of mathematics Georges Ifrah believed:


In conjunction with the place-value principle, discovery of the zero marks the decisive stage in a process of development without which we cannot imagine the progress of modern mathematics, science, and technology. The zero freed human intelligence from the counting board that had held it prisoner for thousands of years, eliminated all ambiguity in the written expression of numbers, revolutionized the art of reckoning, and made it accessible to everyone.36



According to this and similar narratives, Arabic numerals and their explicit zero were necessary for all mathematical, scientific, and technological advances made since around the twelfth through fourteenth centuries. However, such claims begin to fall apart after even a cursory examination. For example, the shift to a written system might have “revolutionized” arithmetic, but it certainly couldn’t have made it “accessible to everyone” at a time when the majority of the population was illiterate.

While idolizing the explicit zero is particularly common, scholars such as Paul Lockhart have begun to push back against the hyperbolic praise and seriously consider the affordances of abacus-style symbolic systems:


for some reason, people seem to get bent out of shape about “the invention of zero” as some kind of landmark event, not only in the history of arithmetic but in the development of civilization itself. I say poppycock. I would further go on to say balderdash. The zero allows us to disperse with the abacus frame, that’s all. It’s a good idea, I grant. But it’s not zero that is the breakthrough concept, it’s the idea of a symbolic place-value system—frame lines or no.37



Like Arabic numerals, counters on the counting board were a place-value symbolic system: each counter took its value from its place on the lines and spaces of the board. Unlike Arabic numerals, with their fixed 10 symbols, counters actually had the flexibility to function not just for base-10 arithmetic, but base-12, base-20, or any other base the user could imagine. All that was necessary was for the user to declare the meaning of the lines and spaces; the counters and the board remained the same.

Counters used on a counting board also had an implicit zero, namely, any line or space with no counters placed upon it. For example, two counters placed on the ones line and hundreds line indicated the quantities of one hundred, zero tens, and a single one. This in no way required a person using a counting board to have an explicit concept of zero as a natural number because the zero was indicated by simply leaving a place empty and ignoring it, rather than by a specific action or symbol. The empty place on the counting board was functionally equivalent to the 0 in Arabic numerals. While the importance of the conceptual difference between zero as absence or nothingness and zero as a natural number can and should be debated, it’s worth noting that young children in modern America view 0 as the former but “six-year-olds are actually better at solving abstract mathematical operations with zero such as a + 0 = a” than abstract problems using other natural numbers.38 Early modern men and women using counting board arithmetic are therefore likely to have had a similar ability to understand and work with such mathematical abstractions, despite not having an explicit concept of zero as a natural number.

Counters and the counting board did have two major disadvantages as a calculating system. First and foremost was speed. Calculations could be slow, particularly compared to similar abacus systems—such as the Japanese soroban—or written arithmetic with Arabic numerals.39 Someone well versed in Arabic-numeral arithmetic could calculate the solution to a problem more rapidly than someone using counters, even if the mental arithmetic necessary to support Arabic numeral calculations made them more liable to err when working with large numbers.40 Schoolmaster John Palsgrave estimated the speed differential between the systems at six to one.41 The primary factor affecting the speed of counter calculations was the length of time required to lay out the counters on a board, as well as the time required to move the counters back and forth during the calculations. However, for an experienced counting-board user or someone less familiar with Arabic numeral arithmetic, the length of time it took to perform each type of calculation was probably closer. Furthermore, speed took second place to accuracy, especially in the realm of financial calculations where trust in calculations was essential.

Second, each step of a calculation with counters completely and irrevocably erased the previous step in the same calculation. While it is possible to perform a calculation by iteratively adding counters to create intermediate numbers, without moving any of the counters on the board, this is space and time intensive. In practice, calculations were usually sped up and the process simplified by manipulating—and erasing the previous position of—counters already on the board. As a result, there was no way to discover, after the fact, where an error occurred in a multi-step calculation. Nor was there a way to recover the previous step if the calculator noticed an error in the middle of a calculation. In both instances, the calculator had no choice but to start over again at the beginning. It is here that the practical difference between permanent recording and calculating becomes most apparent—the very act of calculation literally erased the numerical information displayed by the counters in the previous step.

Of all the symbolic systems used in early modern England, only Arabic numerals had the potential to unite the two distinct functions of permanent recording and calculation. Like counting boards, Arabic numerals combined place-value notation with the concept of zero. There were, however, three key implementation differences between the systems. First, and most famously, the Arabic numeral zero was an explicit symbol rather than inferred through emptiness. Second, Arabic numerals had nine other written symbols, each with separate meaning, as opposed to the singular symbol of a physical counter. Mathematically, there is little difference between three counters on the tens line of a counting board equaling 10 + 10 + 10 = 30 and the symbol 3 in the tens place of a numeral equaling 3*10 = 30. However, abandoning the additive component of the counting board’s place value system was a significant shift that appears to have made Arabic numeral numeration less intuitive to early modern calculators than counting board numeration. In The Ground of Artes, Recorde spent fifteen pages on the concept of “Nvmeration” with Arabic numerals, and all but one of these pages were concerned with explaining the concept of place. Recorde even included a table to illustrate this discussion to ensure that his readers had a firm grasp of the mathematical foundation of the Arabic numeral symbolic system.

Third, the written characteristics of Arabic numerals created a record of both the answer and most of the intermediate steps that led to that answer. However, if a person embraced the affordances of the system and performed calculations with the same material objects as the permanently recorded final answer, the Arabic numeral system permanently consumed significant resources—whether wood, parchment, paper, or something else—to support the act of calculation. This was especially problematic before the invention of paper mills, when paper was relatively scarce and expensive, and it has often been cited as one of the factors “delaying” the widespread adoption of Arabic numerals.42 In the medieval Islamic world, people avoided this problem by temporarily recording the steps of the calculation on dust boards. In early modern England it was more common for people to turn to wax tablets that could be smoothed out again after the calculations were complete.43 They thus erased their calculations, much as a counting board user did and maintained the functional distinction between the materials they used to calculate and the materials they used to permanently record their results.

This continuing distinction complicates any attempt to analyze the adoption of Arabic numeral arithmetic in early modern England. However, it is still possible to find evidence of its use—or conversely, the use of counting boards—in accounts and inventories through a careful examination of variations in the general Arabic numeral adoption patterns and through serendipitous marginalia. Initially, Arabic numerals turned up in dates—generally the year, followed by the day. Next, they appeared in quantities and prices safely sandwiched in the lines of text that form the left-hand column of accounts. Only after Arabic numerals were adopted in all other contexts were they finally used for the free-floating prices in accounts’ and inventories’ right-hand valuation column, along with the summa totalis or “sum total” of that column. This last number is particularly significant, as the sum total is the closest intersection of recording with calculation, being the sum of the numbers recorded in the column above. It is in the sum total where the majority of pattern variations occur.

For example, the accounts of the Roberts family of Sussex contains a folio from 1586 that was used as a scratch sheet to calculate a sum using Arabic numerals, indicating the scribe’s familiarity with Arabic numeral calculations.44 At the same time, the scribe used Roman numerals to record almost all the numerical information in his account book, with the exception of the year of the incarnation and—tellingly—the sum total of the account columns. The scribe was thus familiar with Arabic numerals for calculation, while retaining Roman numerals for almost all aspects of recording. This anomalous use of Arabic numerals for sum totals was not an isolated example; the churchwardens of Ashwell, Knebworth, and Prescot parishes also used Arabic numerals to record the sum total of Roman numeral columns. John Isham, a London merchant and member of the Mercers’ Company, and his clerks similarly used Roman numerals to denote values in their right-hand columns and then employed Arabic numerals for the sum total.45 Peter Wardley and Pauline White’s collaborative study of 2,422 probate inventories shows the same trend in a different type of financial document; in four out of the five areas where they had complete data, their probate inventory scribes began recording sum totals in Arabic numerals several years before they adopted Arabic numerals for recording prices in the valuation columns. In the remaining area—which consisted of three parishes in Kent—the use of Roman numerals with Arabic numeral sums was preceded, three years earlier, by a single inventory that used Arabic numerals with a Roman numeral sum.46

This suggests that, despite the general use of Roman numerals for permanently recording most numbers, these account-keepers were using Arabic numeral arithmetic. If account-keepers used scratch paper for their calculations, then the otherwise anomalous use of Arabic numerals for a sum total indicates that the sum was calculated with Arabic numerals and not transcoded back into Roman numerals afterward. While using Arabic numerals for the sum total theoretically left the number open to alteration, the item costs could always be recalculated to check the accuracy of a disputed sum. This suggests that scribes generally adopted Arabic numerals for calculation prior to trusting them in the final, most financially critical aspects of creating a permanent record. Only after adopting Arabic numerals as a system for calculation did scribes choose to adopt a single system for all aspects of recording as well as calculation.

By a similar logic, when costs were recorded in Arabic numerals and sum totals were recorded in Roman numerals, counting boards were probably used to obtain the sum. Although the sum theoretically could have been written in Arabic numerals, the lines and spaces of the counting board coincided closely with Roman numerals. It would therefore have been easier and more secure to record the final results in Roman, rather than Arabic, numerals. This pattern suggests the use of a counting board, but it is not possible to tell whether or not this was the result of a deliberate choice on the part of a calculator who distrusted Arabic numerals.

It is important, however, not to overstate the connection between people’s choice of systems for recording versus calculation. Even people who recorded everything in Roman numerals may have used Arabic-numeral arithmetic; Wardley and White reported Roman numeral accounts with Arabic numeral calculations in the margins occurring as early as 1475 in the City of London.47 In cases where a writer chose to use scratch paper, instead of writing in the margins, there would be no evidence in the written record of the use of Arabic numerals. Even knowing that a writer had once used Arabic numeral arithmetic would not necessarily be evidence of future use; just as people switched back and forth between Arabic and Roman numerals, they could also use a combination of counting board and Arabic numeral arithmetic. Recorde justified the inclusion of a “second dialogue” on counting boards by explaining they were useful both for people who could not read and write, as well as “for the[ym] that can do bothe, but have not at some tymes their penne or tables ready with them.”48 He clearly believed that those who learned the new Arabic numerals might find themselves in situations where they would need to know how to use the older system of counting boards, switching back and forth between the two systems as circumstances required.

Marginalia, then, is the surest indicator of the symbolic system used for calculation, particularly in the case of Arabic numeral scratchwork. But just as marginalia sometimes reveals the use of Arabic numeral arithmetic in Roman numeral accounts, it can also demonstrate the opposite. In 1585–6, Dame Anne Stanhope’s accountant, William Foster, maintained an account with Arabic numeral dates and quantities while using Roman numerals for prices. At the bottom of the page, he wrote the sum of those prices in Arabic numerals, which makes it probable he performed Arabic numeral arithmetic but chose not to transcode the results back into Roman numerals. However, in the bottom left-hand corners of the page, someone also recorded the results of his arithmetic in a series of dots separated by vertical slashes.49 When those lines are considered to separate pounds, shillings, and pence—as they do in the Arabic numeral sum above—it becomes clear that the dots represent counters laid out in the auditors’ form of a counting board. On the left-hand page, there are three dots for 3li. After the slash, there are two widely spaced dots—the one on the left representing 10 and the one on the right representing 5—above a line of four dots, yielding 10 + 5+4 = 19s. After the second slash, the board transitions from base 20 to base 12 and there is a dot representing 6 above four other dots, yielding 6 + 4 = 10d. On the right-hand page, the dots similarly transcode to 5li./15s./8d. confirming the Arabic numeral sum.
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Figure 2.3 Dot notation in Arabic numeral accounts. V.b. 362, 5v-6r. Used by permission of the Folger Shakespeare Library under a Creative Commons Attribution-ShareAlike 4.0 International License.



The account thus shows the use of four different symbolic systems: two only for recording, one only for calculation, and one for both. Number words were confined to lines of text, while Roman numerals ensured the trustworthiness of the vital financial information in the valuation column. Dates and some quantities were written in Arabic numerals without concern for mistakes, as was the sum total, which could and was later verified through the use of other symbolic systems. Either Foster, as Dame Stanhope’s accountant, used a counting board to confirm the accuracy of his Arabic numeral arithmetic, or someone else—such as Dame Stanhope herself—used a counting board to audit the accounts and left written evidence of it in the form of a few scattered dots. In Dame Stanhope’s household, then, Arabic numeral calculations could be trusted, but only because they had been confirmed by a counting board.

The multiplicity of symbolic systems for numbers gave early modern English men and women the ability to pick and choose among them. People particularly focused on the material characteristics of each system when choosing which to trust for any specific task. They considered systems with more permanent symbols better suited to recording numerical information and developed further strategies to increase those symbols’ resistance to alteration, while systems with manipulable symbols facilitated calculations. Recording and calculation remained functionally distinct operations as people regularly employed different systems for each, choosing whichever system they knew that was optimized for the task at hand.

As a consequence, Arabic numerals were not immediately seen as a significant improvement over other available symbolic systems nor were they safe from alteration and manipulation. For cases where the trustworthiness of recorded data was paramount—such as in the extensive dealings of the English Exchequer—tamper-proof tally sticks continued to be used throughout the eighteenth century. Even those who preferred to maintain written accounts tended to trust Roman, instead of Arabic, numerals for accuracy in recording the numbers in their valuation columns.

However, Arabic numerals did gain significant popularity as a calculating system during the late sixteenth and early seventeenth centuries, providing a viable written alternative to the prevailing system of counters and counting boards. For people who adopted it for calculation, the system’s ability to combine calculations with the creation of a permanent record encouraged the further adoption of Arabic numerals for all aspects of recording. For those who chose to employ Arabic numerals for both recording and calculation, the advantages of the system’s versatility outweighed the potential security risk.


3

“Set Them To the Cyphering Schoole”: Reading, Writing, and Arithmetical Education

In late 1631, a fifteen-year-old boy named John Wallis came home from grammar school and “there found that a younger Brother of mine (in Order to a Trade) had for about 3 months, been learning (as they call’d it) to Write and Cipher, or Cast account” with Arabic numerals. Being curious, he convinced his brother to spend the next two weeks teaching him “the Practical part of Common Arithmetick,” which he “shewed me by steps, in the same method that he had learned them: and I had wrought over all the Examples which he before had done in his book.” After leaving for university, Wallis continued his education through textbooks, studying “at spare hours; as books of Arithmetick, or others Mathematical fel occasionally in my way.” This education was self-directed because, as he later recalled in his autobiography, “Mathematicks (at that time, with us) were scarce looked upon as Accademical studies, but rather Mechanical; as the business of Traders, Merchants, Seamen, Carpenters, Surveyors of Lands, or the like . . . [and were] more cultivated in London than in the Universities.”1

Wallis intended his autobiographical statements both to castigate the grammar schools and universities for the lack of mathematics in their humanist curricula as well as to extol his own virtues as a self-directed learner.2 In doing so, he inadvertently opened a window to the educational practices of a wider, less elite segment of the English population—those merchants, craftsmen, and other account-keepers learning outside of England’s Latin-based schools. Far from being extraordinary, Wallis’s arithmetical education reflects a typical seventeenth-century learning experience: commercial interests inspired the introduction of Arabic-numeral arithmetic to the Wallis household through the medium of vernacular, printed books, which the Wallis brothers both read out of and wrote back into under the guidance of a more knowledgeable instructor. Significantly, for both the Wallis brothers, learning Arabic-numeral arithmetic was a fundamentally literate experience.

Until the sixteenth century, literacy and numeracy were independent skills in England, where men and women could use a variety of symbolic systems to record numerical information but primarily employed material objects to perform arithmetic. However, European commercial expansion incentivized literate merchants, tradesmen, and account-keepers to adopt Arabic numeral–based accounting practices, beginning with Italian abacists and merchants in the thirteenth and fourteenth centuries.3 English men and women’s adoption of Arabic numerals in the late sixteenth and seventeenth centuries was similarly motivated by commercial pressures and enabled by rising literacy rates and the growth of the English book trade—in particular, the introduction of vernacular arithmetic textbooks.4 Textbooks proved to be well suited to teaching Arabic numerals’ written form of arithmetic and enabled teachers to reach large audiences at more affordable prices than in-person instruction. Over the course of the seventeenth century, English educators shifted their curriculum to increasingly link numeracy with literacy and didactic literature.

Early Modern Literacy and Numeracy

Prior to the wholesale adoption of Arabic numerals, most English men and women relied on counting boards to perform arithmetical calculations. The act of calculation was predicated on the manipulation of physical objects, and it was conceptually and practically distinct from the act of recording. People who had no need to record the results of their calculations permanently, or who chose to use object-based symbolic systems such as tally sticks, could thus be simultaneously numerate and illiterate. Even people who used written symbolic systems to record numerical information were still reliant on the counting board for their calculations. While it was possible for a single individual to minimize his or her contact with counting boards by consulting pre-made arithmetical tables and “ready reckoner” books, someone still had to perform the original calculations.5 Thus, at the beginning of the early modern period in England, there was no inherent connection between literacy and numeracy, which instead relied on one’s facility with material objects.

However, the ability to write—whether with pen and paper, dust boards, wax tablets, carving, or even needle and thread—was a prerequisite skill to using Arabic numerals.6 The timing of Arabic-numeral adoption in England suggests that this prerequisite created a prohibitively high barrier during the thirteenth through the fifteenth centuries.7 The sixteenth and seventeenth centuries, by contrast, were a period of rising literacy rates throughout English society. Historian David Cressy used signature counting—a method that conflates the technically distinct abilities of reading and writing, withholding the status of “literate” from those who could read but not write—to estimate overall male literacy rates of only 10% in 1500. However, this rose to 30% by 1600, the same period during which people increasingly began adopting Arabic numerals for calculation, and reached 50% by 1700, when Arbuthnot hyperbolically associated Arabic-numeral arithmetic with civilization.8 Urban areas, where merchants and tradesmen congregated, tended to be more literate than rural areas, with London and Bristol both having closer to 65% literacy in the mid-seventeenth century.9 But in Wales, less than 20% of the population could sign their names in the late 1640s, leading to the beginning of a concentrated popular literacy drive in 1650. In Scotland, by contrast, seventeenth-century literacy rates were comparable to those in northern England, with a positive correlation between literacy and high social or economic status.10

While signature counting is a generally recognized method of judging literacy rates, scholars have raised significant concerns about its use in the early modern period, when reading and writing were taught sequentially rather than concurrently. These numbers must dramatically underestimate the number of people who had the ability to read, particularly those who had the ability to read printed blackletter—the “type for the common people,” which was given to convicted criminals attempting to prove their literacy in order to claim benefit of clergy—as opposed to Roman type or various styles of handwriting.11 Furthermore, judging literacy based on the ability to sign one’s full name, rather than initials or a partial name, discounts as illiterate those people who had the ability to write but did not do so fluently. The extent of the possible underestimate can be seen by looking at Cressy’s calculations for female literacy, which persistently lagged 10% to 20% behind their male counterparts' rates.12 By contrast, historian Eleanor Hubbard’s investigation of female literacy, which allowed both signatures and initials to stand as proxies for literacy, suggests that between 1570 and 1640, London’s native female population had a 36% literacy rate and that a further 22% of its female immigrants were also literate. Significantly, Hubbard’s calculations show the same rising trajectory as Cressy’s, with women born before 1560 having a 16% literacy rate, rising to 29% for those born in 1600 and later.13 Therefore, it is important to acknowledge that any specific set of literacy-rate calculations likely underestimates those with some ability to read, even as they provide a realistic approximation for the increasing percentage of the population with the prerequisite writing skills to even consider adopting Arabic-numeral arithmetic.

Vernacular Arithmetic Textbooks

Christian Europeans’ knowledge of Arabic-numeral arithmetic originated in Italy’s late medieval abacus schools and manuscript instructional books, called abbaci or libri d’abbaco. Thirteenth- and early fourteenth-century Italian mathematicians modified the high medieval rules of the Arabic-numeral system to better suit the writing materials favored by Italy’s increasingly sedentary merchants and then began to teach the system to merchants through classroom lessons, which were soon also gathered into manuscripts for later reference. Arabic-numeral arithmetic proved particularly well suited to being summarized in written media, as the calculations were intended to be written in the first place. While classroom instruction predated manuscript production, the one closely followed the other; the earliest record of an abacus school comes from 1284, while the oldest of the vernacular libri d’abbaco still extant was written around 1290.14 By the fifteenth century, Italians almost universally used Arabic numerals for their commercial transactions. While Italian merchants’ dealings with Arabic merchants and the increasing complexity of the late medieval Italian economy might have provided the incentive for learning the new numbers, it was the abacus schoolmasters and libri d’abbaco that provided urban Italians with the means to do so.15

As printing presses began to be adopted through Europe, these new arithmetical rules and pedagogical structures moved from manuscript to print with the Treviso Arithmetic of 1478 and Luca Pacioli’s more famous Summa de Arithmetica, Geometria, Proportioni et Proportionalita in 1494. It was at this point that libri d’abbaco appear to have shifted from reference books to teaching books, primarily for those who were self-educating rather than those who were paying for classroom instruction.16 Arithmetic textbooks also began to be published throughout the rest of Europe. The first German arithmetic textbook predated the Summa, being published in 1482, while the first French and Spanish arithmetic textbooks were published in 1512, and the first Portuguese arithmetic textbook was published in 1519.17 These printed textbooks must have created a dramatic increase in the number of students that a schoolmaster-turned-author could potentially reach. Some contemporary sources claimed that Italian schoolmasters taught up to two hundred students at a time and Dutch sources cite schools of up to four hundred students. However, other sources estimate concurrent enrollments of twenty-five to forty students in Italy and fifty students in Antwerp, with one schoolmaster teaching about nine hundred students during his forty-five-year career.18 Therefore, with even a single print run of one thousand books, the schoolmaster could effectively double the number of people he taught or, if he chose to use them in conjunction with his classroom activities, produce more textbooks than his face-to-face students could use in his lifetime. Well-written textbooks could exponentially expand a schoolmaster’s audience, profiting the schoolmaster and providing the self-guided student instruction at a fraction of the classroom cost.

In England, the sixteenth and seventeenth centuries saw the increasing production of printed books as a widespread, literate method of communication. More than 125,000 titles survive from the early modern period, with annual publication rising from at least 475 titles in the first decade of the sixteenth century, to over 3,935 titles in the first decade of the seventeenth century, to 18,247 titles during the chaos of the 1640s.19 Due to questions about the survival of texts, these figures should be seen as minimum estimates for the print production in each of these time spans, rather than an accurate accounting. Bibliographer and literary scholar D. F. McKenzie argues there was a significantly greater rate of loss of texts during the late sixteenth and early seventeenth centuries, based on his quantitative analysis of London printing presses and the labor force attached to them.20 The rate of loss for cheap print and basic educational works, such as almanacs and ABCs, is particularly high, with hundreds of thousands of copies known to have been printed during the early modern period, though only a few books are still extant.21

Most of the printing industry was concentrated in London, the home of the Stationers’ Company and the center of English book production. London booksellers abounded and carried large inventories of diverse titles. By the 1660s, George Thomason had collected 14,942 pamphlets and 7,216 newspapers, while Charles Tias had over 90,000 octavo and quarto books in his shop, house, and warehouse.22 There was a considerable trade in books outside of London as well. In 1585, Roger Ward of Shrewsbury had an inventory of 2,500 books, including 546 different titles; in 1615, Michael Harte of Exeter died with a stock of over 4,500 items; and in 1644, John Awdley of Hull had 832 different titles for sale.23 Peddlers also carried smaller stocks of printed broadsides and books with them to sell at inns throughout the kingdom.24

The increasing availability of printed books—and the increasing percentage of the population able to read them—enabled the early modern production of over sixty unique titles related to basic arithmetic education. Approximately half of these titles were reprinted at least once, and together they went through nearly three hundred still-extant editions in the sixteenth and seventeenth centuries. Only three different arithmetic textbooks, in twenty editions, survive from the first three quarters of the sixteenth century, but their rate of production began to increase in the 1570s and continued to grow throughout the seventeenth century. Six of these titles were bestsellers reprinted twenty or more times, including four seventeenth-century titles that continued to be reprinted into the eighteenth century.25 Judging by reprint rates, demand for arithmetic books outstripped demand for more advanced mathematical books on geometry, astronomy, navigation, and surveying; a similar pattern held for the Antwerp book market.26 Contemporary complaints about “learned bookes [that] can not bee vnderstoode of the common sorte” generally referred to these more advanced books, such as the geometry books of Euclid, Robert Recorde, and Thomas Digges, as well as Leonard Digges’s book on surveying.27 It is likely that these specialized skills appealed to only a small subset of arithmetic students or were more often acquired through hands-on training and observation than textbooks.28

The first English arithmetic textbook, Cuthbert Tunstall’s De Arte Supputandi, was written in Latin, but it was soon followed by vernacular competitors, beginning with the anonymously authored An Introduction for to Learn to Reckon with the Pen & with the Counters, which went through at least nine early modern editions. Unlike Italian libri d’abbaco, which focused exclusively on teaching Arabic numeral arithmetic, An Introduction for to Learn to Reckon taught both the new Arabic numeral arithmetic—“with the Pen”—alongside the established counting board arithmetic—“with the Counters”—despite the unwieldiness of needing to use multiple large printed images to portray even simple counting-board operations.29 This textbook was thus aimed at beginners with no experience in either method of arithmetic and assumed a potential need to learn both. A few Dutch arithmetic textbooks also show this multiplicity, and it is possible that An Introduction for to Learn to Reckon was a direct translation of a Continental arithmetic textbook, as many early modern English schoolbooks drew from Continental sources.30 Historian Jean Vanes claims that the printer John Herford produced this work from French and Dutch originals; however, while the use of French and Dutch mathematical terms, money, and geography suggests that the tract did have a Continental origin, Herford only printed the 1546 edition.31 A fragment from 1526—which is possibly but not definitively the same work—was printed by Rychard Fakes and claimed to have been “Translated out of Frenshe in to Englyshe not without grete labour.” In 1539, Nycolas Bourman printed his own edition.32 A surviving copy of the 1581 edition has marginalia noting the authorship is “ascribed to W. Awdley,” but that this is most probably a mistaken reference to the printer of two earlier editions, John Awdley.33

These early translations were swiftly overtaken in popularity by two vernacular textbooks with definite English origins: Robert Recorde’s The Ground of Artes, first published in 1543, and Humfrey Baker’s The Wellspring of Sciences, of 1562. Together, these two textbooks went through about seventy editions and only went out of print in the late seventeenth century, eclipsed by a new style of arithmetic textbooks that also included sections on decimal fractions, logarithms, and algebra.34 However, marginalia in surviving editions of The Ground of Artes and The Wellspring of Sciences show that they were often resold or passed down within families.35 For example, one 1623 edition of Recorde’s The Ground of Artes passed through the hands of at least a half dozen annotators, including “John Griffiths” and “Mary Griffiths: his Daaghter.”36 Thus, these textbooks continued to be used throughout the eighteenth century, particularly by female students who had less access to institution-based education and were more likely to be taught arithmetic at home, if they were taught at all.37 Recorde’s books were so popular that his name became a byword for arithmetic textbooks in the seventeenth century. As grammar schoolmaster John Brinsley explained to his readers, if any of their students wished to learn more than numeration with Arabic numerals, “you must seeke Records Arithmetique, or other like Authors, and set them to the Cyphering schoole.”38

As on the Continent, English textbooks emerged in the wake of face-to-face instructional activities. Recorde and Baker had both previously worked as mathematical tutors and drew on their personal teaching experiences to create a literary equivalent to the tutor—the arithmetical textbook.39 This debt is most obvious in Recorde’s The Ground of Artes, which was organized in the form of a dialogue between a Master mathematician and the Scholar, his pupil. The interactions between them deliberately mimicked an oral tutoring session, blurring the line between the oral and the literate.40 The Scholar challenged the Master’s authority, made calculation errors that the Master had to correct, and asked questions about complicated ideas such as the Arabic-numeral place-value system. In the original dedication of The Ground of Artes—made into a preface in later editions—Recorde explicitly explained his hope that the book could replace professional, face-to-face instruction for a widespread readership, particularly


suche as shall lacke enstructers, for whose sake I haue so playnely set forthe the examples, as no boke (that I haue sene) hath done hetherto, which thyng shall be great ease to ye rude reader. Therfore good M. Whalley, though this booke can be vnto your selfe but small ayde, yet shall it be some help unto your young chyldren, whose furtheraunce you desyre no lesse than your owne.41



In 1582, a new edition of the book justified itself by harkening back to Recorde’s preface, claiming that “it is a Booke [that] hath done many a thousand good” but that now had accumulated errors so that “when a young beginner commeth to a confused or mistaken figure, it bringeth him into a wonderful discoragement and maze.”42 The assumed lack of an external instructor to help the young beginner at such moments of confusion was part of the justification for a new, corrected edition of the text.

After Recorde’s death, The Ground of Artes continued to be published under the editorship of mathematicians with previous practical teaching experience, who used their work editing The Ground of Artes as a textual method to promote their skills to an audience of merchants, tradesmen, and other literate men and women. John Dee taught mathematics in London during the 1550s, while John Mellis and Robert Hartwell both advertised themselves as mathematical tutors. Mellis styled himself a “schoolmaster” and through the 1582 to 1610 editions, he


giueth intelligence: That if any bee minded to haue their children or seruants instructed or taught in this noble Arte of Arithmetick, or any briefe practise thereof. [His] method is such by long custome of teaching, that (God to friend) he will bring them (if their capacitie be any thing) to their desire therein in a short time.43



After they gained this understanding of arithmetic, they might also learn accounts of debtor and creditor, a subject on which he also published an introductory textbook.44 Hartwell styled himself a “Philomathematicus” and “Practitioner in the Mathematicks” who taught students in his school “In Fleetestreete, neere the Cundite, within Hanging Sword Court,” which by 1632 had moved to “Great Saint Bartholomewes in the new street.”45 He advertised his arithmetical offerings in far more detail than Mellis: whole numbers and fractions, the extraction of roots, astronomical fractions, proportions, the rules of equation with algebra, and accounting. He also offered his students a variety of advanced lessons in the practical, real-world applications of mathematics that built upon basic arithmetical skills, including geometry, trigonometry, logarithms, navigation, dialing, and the use of mathematical instruments.46

Like Recorde, Humfrey Baker never explicitly advertised his tutoring services in his textbook, The Wellspring of Sciences. However, a surviving broadside that includes a detailed list of mathematical subjects Baker was able to teach, along with an example of his ability to reconcile merchant accounts, demonstrates the close correlation between his two instructional activities. The content and lesson order for both were largely similar: they began with numeration, addition, subtraction, multiplication, division, and progression in whole numbers before covering the same ground with fractions. They then continued with commerce-based applications of these operations, including the various rules of three, the rule of gain and loss, the rules of fellowship and partnership, the rules of interest, the rule of allegation, and the rule of suppositions or false positions. Both Baker’s in-person arithmetical curriculum and the literate approximation of this curriculum provided by his textbook were geared toward commercial applications.

However, toward the end of his textbook and his tutoring advertisement, Baker showed his awareness of the instructional benefits and limits of the material forms of textbooks by expanding upon his standard catalog of arithmetical skills, choosing the subjects most appropriate to each informational medium. In a book that could be carried around in a pocket for reference, he included practical information on trading geared toward a merchant who might be traveling abroad and working with other merchants from across Europe. This consisted of rules about the trade of merchandise with tare and allowances, rules relating to bartering, examples of how to exchange money from one place to another, and information about weights and measures throughout Europe. By contrast, in person he taught more advanced mathematical subjects, which required more expert assistance to learn, as well as subjects geared toward tradesmen and those requiring manipulation of material instruments.47 This included algebra; measurement of land and solid objects; the “principles of geometry, to be applied to the ayde of all Mechanicall worke-men”; the use of the quadrant, geometrical square, cross-staff, astronomer’s staff, astrolabe, and Ptolemy’s ruler; and double-entry bookkeeping.48 While it was possible to teach instruments through books using paper cut-outs, these were flimsy and harder to learn on than their more durable wooden or metal counterparts.

The arithmetic textbooks of men like Recorde and Baker found a steady market during the late sixteenth and seventeenth centuries. Ownership marks in surviving textbooks indicate that these books were generally purchased within one to two years of publication. They were usually printed in the more portable and cheaper octavo or duodecimo formats. While there was no material reason for smaller books to be cheaper than larger ones, extant prices indicate that duodecimo arithmetic textbooks were sold at lower prices than octavos, which were in turn cheaper than quartos.49 Prices for seventeenth-century arithmetic textbooks ranged from as little as sixpence to 4s., putting them roughly in line with the cost of other educational books (threepence to 3s.6d.); the slightly higher cost likely derives from the unusual typography required to print mathematical books, which tended to be produced by a specialized subset of London printers.50 Many new arithmetic textbooks in octavo were priced about 2s.6d. in the 1630s and 1640s, rising to 3s. in the 1650s, 3s.6d. in the 1660s, and 4s. in the 1670s and 1680s.51 Octavo textbooks that were reprints of older texts tended to be priced slightly lower than those by new authors. Robert Clavell’s 1672 survey of London books priced relative newcomer Wingate’s Arithmetick at 4s., while Record’s Arithmetick and Baker’s Arithmetick were 3s. and 2s.6d., respectively.52 Textbooks in duodecimo format and used copies of octavo textbooks could be found for around one to two shillings, although one lucky student bragged of getting an even better deal and secured a witness to prove that he had come by the book honestly: “Six pence was ye price of it. Ralph Sheldon his booke witnes to it John Peeke anno dominum 1646.”53 While even this deal was more expensive that what scholars term “cheap” print—such as 2p. annual almanacs—it was a bargain compared to the 20s. an already experienced accountant paid to have an expert teach him Arabic-numeral arithmetic in 1607.54

Successful titles were reprinted whenever the previous edition sold out, as Thomas Rooks—the stationer who reprinted Hodder’s Arithmetick—proudly explained in 1667:


in this bad time of trade of Books, in less than ten months, I sold of them 1550. There being very few of this kind yet set forth by an Teacher of this Art; and as I am informed, those which are extant, of very little use to the Learner, without the help of an expert Tutor. . . . Now I desire your candid ingenuity further to observe, that these Books of the third Edition are sold and out of print, and now I present you with a 4th Edition.55



First appearing in 1661, Hodder’s Arithmetick was thus reprinted three times in six years—a rate at which it continued to be reprinted for the rest of the century and into the early 1700s, despite James Hodder’s death sometime in the mid-1670s.56 The longevity of these titles, most of which continued to be reprinted long after their original authors died, indicates that popular demand for vernacular arithmetic textbooks remained high throughout the seventeenth century.

Rooks’s denigration of arithmetic textbooks that required the “help of an expert Tutor” may have been a marketing tactic to boost Hodder’s Arithmetick’s sales, but it also might indicate that some students had genuine difficulty learning from textbooks. While many authors attempted “to render the Rules of those excellent Arts . . . so plain and obvious, as that they may be easily apprehended without the Assistance of a living Master,” others thought of their textbooks as aids to classroom instruction, such as R. B., author of a one-off textbook whose title page declared it to have been “Designed for the use of the Free Schoole at Thurlow in Suffolk.”57 Others expected their textbooks to be used in a range of situations, especially toward the end of the seventeenth century, as they became part of a wider landscape of educational opportunities. Edward Cocker claimed to have addressed a fourfold audience in the 1678 edition of his Cocker’s Arithmetick: already educated merchants, overworked schoolmasters, self-educating children, and—apparently—mathematical frauds. His description of how he expected his textbook to be used in classrooms was both bluntly honest and an intriguing window into how even the paid student might be expected to partially self-educate. He expected his textbook to serve “most excellent Professors . . . of this noble Science . . . as a monitor to instruct your young Tyroes, and thereby take occasion to reserve your precious moments, which might be exhausted that way, for your important affairs”—instructing their students in elementary arithmetic apparently no longer being one of them. Given the high rate at which Cocker’s Arithmetick was reprinted for the next 150 years, Cocker must have been correct in predicting at least some of the uses for his text, although “the pretended Numerists of this vapouring age” were probably not as receptive to his text as schoolmasters and self-educators.58

Analyzing Arithmetical Marginalia

While arithmetic textbooks were published—and purchased—extensively during the late sixteenth and seventeenth centuries, the extent to which these textbooks aided in the learning process cannot be determined entirely from the fact of book ownership.59 To take one example, both John Wallis and his younger brother learned arithmetic out of some sort of book: either a printed arithmetic textbook or a handwritten book of arithmetical notes, problems, and solutions that served the same purpose.60 In the process, Wallis “wrought over all the Examples which he before had done in his book”; in other words, the boys left behind textual traces of their learning process in the form of marginalia. Indeed, early modern students were taught in school to mark up their books with personal notes, a process that leaves traces of students with access to additional paper for scratchwork.61 Marginalia enables certain inferences about how arithmetic textbooks were used.

In his survey of early modern books held by the Huntington Library at the beginning of the twenty-first century, literary scholar William Sherman concluded that over 50% of surviving sixteenth-century books had substantive marginalia. For certain subjects—such as practical guides to law, medicine, and estate management—the percentage of marginalia remained over 50% for the seventeenth century as well, although the overall marginalia rate for sixteenth- and seventeenth-century books combined was just over 20%. However, Sherman argued, the number of surviving books with marginalia is only a fraction of those books that were annotated during the sixteenth and seventeenth centuries. The more heavily used books would have been more vulnerable to decay. One arithmetic textbook held in the Senate House Library contains a handwritten series of laments—possibly inserted by nineteenth-century mathematician and historian Augustus De Morgan—over the difficulty of finding a copy of the same, with similar speculations that editions have vanished because they were used until they fell apart. Moreover, many book owners had no compunction about effacing the marks of previous users, particularly by cropping off marginalia or by bleaching the pages.62

In my own research, I consulted 365 copies of arithmetic textbooks that survived from the sixteenth and seventeenth centuries—a little over 30% of the 1,165 individual copies listed in the English Short Title Catalog.63 Of the textbooks examined, 53% contain marginalia that clearly indicate arithmetical knowledge and engagement with text, including manicules, underlining, corrections to the text, marginal glosses, and scratchwork. Arithmetical scratchwork often duplicated or expanded on the examples in the text, but it also encompassed a wide variety of other calculations, from personal accounting to determining the current age of the textbook. This reader engagement even extended to commentary on previous annotators, such as one annoyed writer who complained about the strike-outs in the text: “The book is right, and needs not this blottinge.”64 Another 23% of the textbooks contain non-arithmetical marginalia consisting mostly of ownership marks—such as owners’ names, years of ownership, purchase dates, and purchase prices—or handwriting practice and doodles, which suggests that many books were used simultaneously to practice arithmetical and literary skills. The remaining 24% of textbooks have no markings datable to before 1800.65

These findings were relatively consistent across holding library, publication decade, and textbook series, and the averages do not appear to have been skewed by outliers.66 The most significant divergences appear among the different textbook series: the textbooks of the popular Robert Recorde, Humfrey Baker, and James Hodder have marginalia rates of 87%, 80%, and 82%, respectively, while the textbooks of Edmund Wingate show marginalia rates of just 53%.67 While Recorde’s surviving textbooks far outnumber those of these other authors, his longevity does not distort the results; controlling for the difference in publication run length, by limiting the numbers only to those copies of Recorde’s arithmetic published after 1630, when Wingate’s first edition was published, gives Recorde the even higher marginalia rate of 95%.

Wingate’s comparatively low marginalia rates probably result from his original focus on the use of newfangled logarithms to avoid the “tedious and obscure” methods of “Multiplication, and Diuision, which so confound, and perplex the new Practitioner.”68 In his first edition, Wingate raced through the first five parts of arithmetic, spending longer on numeration in whole numbers, fractions, weights, and measures than on the multiplication and division that students found so confusing, which barely rated sixteen pages between them in a book of nearly five hundred pages. In second and third editions published decades later, editor John Kersey spent considerable effort bringing the text into better alignment with other arithmetic textbooks, expanding the early parts of the book so that “Learners, as desire only so much skill in Arithmetick, as is useful in Accompts, Trade, and such like ordinary employments,” could find nine chapters solely on arithmetic in whole numbers “before any entrance be made into the craggy paths of Fractions, at the sight whereof some Learners are so discouraged.” He also “plainly and fully delivered the Doctrine of Fractions, both Vulgar and Decimal,” making the book “now supplied with all things necessary to the full knowledge of Common Arithmetick” as well as logarithms.69 With these changes, Wingate’s Arithmetick rated a dozen further editions before the end of the century. It is likely that readers seeking an elementary arithmetic education found these changes an improvement, as Kersey’s additions increased the marginalia rate on Wingate’s arithmetic considerably—only 27% of the pre-1658 editions are annotated, compared to 71% of post-1658 editions. Looking at only these post-1658 editions thus brings his marginalia rate in line with those of authors such as Edward Cocker, at 72%, as well as Thomas Blundeville and Thomas Masterson, both at 70%.

While it would be dangerous to read too much into these numbers—the sample size for Masterson is a mere ten books—it does suggest that there is a positive correlation between marginalia rates and the quality of the textbook’s instruction as perceived by students. While experienced arithmeticians might purchase texts for reference or instruction in advanced techniques like logarithms, students who were still learning basic arithmetic actively marked up their textbooks. Assuming books that did not survive have a similar or perhaps even greater percentage of marginalia, then a significant number of students must have learned arithmetic from printed textbooks. It was to these students that authors and their subsequent editors particularly needed to appeal when determining a textbook’s content.

Evolving Content Standards

The importance of these textbooks to the educational process can be seen in the way that their writers modified their content in response to the perceived needs of student audiences. When non-conformist minister, mathematician, and schoolteacher Adam Martindale wrote his autobiography at the end of the seventeenth century, he described his 1642 attempt to write


a booke of Arithmetick for whole numbers and fractions in the old method of Record, Hill, Baker, &c. (for then I knew nothing of Decimals, Logarithms or Algebra) but somewhat more contracted by with an appendix of mine owne invention touching extracting the rootes of fractions.70



For Martindale, it was not enough to merely describe the textbook manuscript that he had lost during the civil wars as being for whole numbers and fractions. He also had to excuse the lack of subjects that by 1692 had become an expected part of the standard arithmetical textbook—the “artificial” arithmetic that consisted of decimals, logarithms, and “symbolic” arithmetic or algebra.71

Both Recorde and Baker’s textbooks are typical of Martindale’s “old method” of arithmetical instruction, which focused on introducing Arabic-numeral calculations to an English population more used to Roman numerals and counting boards. This method always began with a presentation of the first five “parts” of arithmetic: numeration, addition, subtraction, multiplication, and division. It then usually continued with progression—the construction of number sequences through addition or multiplication—and some variant of the rule of three—a memorized set of steps that enabled users to solve ratios and that was particularly useful for the conversion of currencies or the unequal division of assets. Beyond that, arithmetic textbooks’ content varied, particularly with respect to the tables, practice problems, and other content that was meant to be of use in readers’ daily lives. While Roman numerals occasionally appeared in these textbooks, they usually did so in the section on numeration, where the student first learned Arabic-numeral symbols. By the seventeenth century, most textbooks omitted Roman numerals entirely and related Arabic numerals back to English number words instead. The exception to this is Recorde’s textbook, which, until the 1699 edition, also always included a second section on the counting boards used to perform arithmetical operations in tandem with written Roman numerals. However, neither Baker nor any subsequent authors offered instructions on counting boards, and counting boards were not mentioned in any of the printed advertisements. For the vast majority of authors, the only system they promoted and taught was Arabic numeral arithmetic.

Although the main structure of these textbooks remained the same, authors and editors constantly updated their textbooks’ contents and touted the most significant changes on their title pages in hopes of convincing potential buyers that their textbooks were the most useful. Many of these additions were printed charts and tables that would have remained useful to the commercially inclined reader even after he or she mastered the basics of arithmetic. Humfrey Baker edited several editions of The Wellspring of Sciences before his death, and he included a variety of “most necessary Rules and Questions” aimed at an audience of merchants and artificers.72 Starting with the 1591 edition, he also included tables of “measures and waights of diuers places of Europe” that would also be of use to merchants who traded on the Continent.73 John Mellis added “sundry new rules” including “a third parte of rules of practice” to his 1607 edition of The Ground of Artes. He similarly appealed directly to merchants and traders by adding “diuerse such necessarie rules as are incident to the trade of merchandise” and “diuerse Tables and instructions that will bring great profit and delight vnto Merchants, Gentlemen, and others.”74 Of all his tables, the ones that set forth the current value of various coins must have been the most useful to readers because he specifically highlighted these tables in the title of the 1610 edition and all subsequent ones. Robert Norton added “the art and application of Decimall arithmetic” in 1615, but this failed to appeal to readers and was dropped from the next edition.75 However, Norton’s tables of board and timber measures survived and were mentioned prominently on the title pages of subsequent editions. Norton’s table for 10% interest found enough of an audience that Robert Hartwell replaced it with more extensive interest tables in 1631. Hartwell’s new tables were “of Interest vpon interest, after 10 and 8 per 100” as well as “the true value of annuities to be bought or sold present, respited, or in reuersion.”76

The second half of the seventeenth century saw a striking shift in these title page advertisements, with commercially based tables replaced by subjects that would have previously been considered advanced mathematics. At the same time, the very words used to describe Arabic-numeral arithmetic in whole numbers changed from “cyphering”—a term meant to differentiate it from counting-board arithmetic—to “vulgar arithmetic”—a phrase meant to differentiate it from more advanced forms of Arabic-numeral arithmetic such as decimal arithmetic or even algebra.77 These content changes were significant enough for Martindale to call them a whole new method of arithmetic textbook, which included arithmetic in whole number and fractions alongside decimal fractions, logarithms, and algebra.

The same changes could be seen both in textbooks and in teaching methods more generally, indicating that textual and verbal instruction remained closely linked. Robert Norton’s 1615 attempt to include decimal arithmetic into The Ground of Artes might have failed, but Henry Phillips, editing the 1670 edition of The Wellspring of Sciences, proudly announced the inclusion—once again—of the “Art of Decimal Fractions, intermixed with Common Fractions, for the better Understanding thereof.”78 This time, subsequent editions continued to include Phillip’s decimal arithmetic. In 1650, Jonas Moore published the first of several editions of his arithmetic, which included “ordinary operations in numbers, whole and broken” along with decimals, the “new practice and use of the logarithmes, Nepayres bones,” algebra, and the mathematics of “the art military.”79 William Leybourn published his Arithmetick: Vulgar, Decimal, Instrumental, Algebraical in 1659, while in 1685 Edward Cocker first published his decimal arithmetic as a separate companion volume to his textbook on vulgar arithmetic. Cocker’s arithmetic textbooks are particularly significant because they emerged as the new standard for English arithmetic textbooks in the eighteenth century. In 1705, when John Cannon found Recorde too antiquated to understand, he turned to Cocker instead.80 Later in the century, Cocker’s textbooks became so prominent that they even generated a figure of speech: “correct according to Cocker.”81

Similar changes also occurred in late seventeenth-century tutoring advertisements, indicating that downplaying commercial interests in favor of a broader spectrum of arithmetical skills was part of a global pedagogical shift on the part of specialty mathematics teachers rather than a publishing trend. While tutors had offered lessons on decimals, logarithms, and algebra before, these subjects—especially decimals—began to take on new prominence in advertisements. In 1650, John Kersey, an editor of Edmund Wingate’s arithmetic textbook, advertised his ability to teach arithmetic in whole numbers as well as arithmetic in three different types of “fractions”—vulgar, decimal, and astronomical. He also would teach logarithms but rated this skill less highly, burying it at the bottom of his advertisement in a note on his ability to teach the construction and use of mathematical instruments.82 By 1683, Henry Mose placed decimals on par with whole numbers and fractions when he simply stated his ability to teach “arithmetick in whole numbers and fractions, vulgar and decimal, and merchants accompts.”83 Also by the 1680s, Adam Martindale promised to instruct students in all parts of arithmetic: vulgar arithmetic—being whole numbers, fractions, and balancing accounts—and artificial arithmetic—being decimals, logarithms, instruments, and algebra.84

These changes in the standard curriculum for arithmetic textbooks and specialty mathematical tutors suggests that by the end of the seventeenth century, fewer students were seeking an initial grounding in arithmetic with a commercial emphasis. While these skills were still taught, basic lessons were insufficient to make a book or a private mathematical school profitable and had to be supplemented with lessons on more advanced and difficult subjects. It is highly unlikely that there was a sudden decrease in the need for Arabic numeral education at a time when people were increasingly adopting Arabic numerals for calculation. Instead, these changes reflected the increasing diversity of student opportunities for learning arithmetic from both formal and informal sources. In a crowded market, textbooks and tutors could stand out by teaching advanced skills as well as basic arithmetic.

Petty-School Arithmetic

Much has been written about formal education in the early modern period, generally with a focus on the changes brought about by the Reformation, humanist learning, and growing literacy rates.85 The mathematical arts and sciences do not fare well in these narratives, as grammar schools concentrated on teaching boys Latin and Greek, while scholars considered the universities of Cambridge and Oxford to be reactionary and antithetical to the “new sciences,” including mathematics.86 This portrayal of early modern mathematical education has not gone completely unchallenged.87 However, the overall view remains pessimistic, emphasizing the lack of a universal mathematical education rather than noting the variety of paths to mathematical training for the children who wanted or needed it, beginning at a young age.

Early modern children usually were first exposed to formal education at around the age of five or six, in what were generally called petty schools.88 A 1406 statute enabled children of both sexes to attend petty schools, where they were supposed to acquire at least a rudimentary knowledge of reading and writing in English.89 These schools varied widely in form, ranging from “dame schools” run by women, often informally in their homes, to “song schools” attached to great cathedrals and intended to educate the boys of the choir.90 Falling somewhere in between were petty schools attached to grammar schools, which were intended to prepare boys for entrance to those grammar schools. These latter petty schools could be run by ushers out of the grammar school or more informally by masters in their private homes.91 Beginning in the 1580s, petty schools increasingly became a source of education in numeracy, arithmetic, and elementary accounting.

Examples of ideal petty-school curricula can be found in printed books on elementary education. Schoolmaster and author Francis Clement first wrote The Petie Schole in the 1570s; his preface is dated July 21, 1576, and the work was entered into the stationer’s register on July 20, 1580.92 The original edition was focused solely on English orthography, promising “to enable both a childe to reade perfectly within one moneth, & also the vnperfect to write English aright.” However, by the time of its republication in 1587, he felt the need to add—and advertise the addition of—patterns for writing secretary and Roman hands along with instructions on how “to number by letters, and figures” and “to cast accomptes, &c.”93 In this second edition he introduced his students to both Roman and Arabic numerals—including explaining the arithmetical origins of the common proverb, “but stand (we say) like a cypher in Algorisme”—but only alluded to the possibility of calculating with the latter. He felt that it would be sufficient to teach counting-board accounting, including “the due placyng, laying downe, and tykyng vp of counters” and therefore limited his arithmetical instruction to the conversion of monetary units, as well as addition and subtraction through the use of counters on a counting board.94 Clement was not the only author to advocate teaching arithmetic to petty-school students in the late-sixteenth and seventeenth centuries. Charles Hoole, in his 1659 The Petty-School, desired teachers to have “good skil in Arithmetick” so that students could be taught “to read English very well, and afterwards to write and cast accounts.”95 Like Clement, Hoole prioritized the ability to read but was unclear whether he expected students to receive serial or simultaneous instruction in writing and arithmetic. The post-1550 popularity of the Rechenmeister style of Nuremberg counter, which displayed the alphabet on one side, suggests simultaneous instruction of reading and counter-based arithmetic but provides no clues as to how written arithmetic fit into curricula.96

Arithmetic similarly began to appear in schoolmasters’ licenses in the 1580s. Of the eleven licenses reproduced by historian David Cressy in his education sourcebook, three included arithmetic alongside reading and writing.97 In 1583, a “literatus” named Will Bradley was licensed to “teach boys the art of writing, reading, arithmetic and suchlike at Bury St Edmunds.” Four years later, Thomas Cullyer of Norwich was licensed “to teach boys and infants the abc, art of reading, writing, arithmetic and suchlike.” Other advertisements placed writing and arithmetic into closer proximity, grouping them together in such a way as to imply that the skills could be taught simultaneously. One 1599 license, which survived in full, authorized a fishmonger, William Swetnam of the parish of St. Margaret Pattens in London, “to teach and instruct children in the principles of reading and introduction into the accidence, and also to write and cast accounts” within the city of London.98 At Maidenhead, Berkshire, the local chaplain “demanded but 3d a week for every scholar that learned English only, and for such as learned to write and read or to cypher or learn grammar 4d weekly.”99 There were also countless unlicensed and informal teachers, most of whom are lost to the historical record, but brief surviving mentions of their curricula often included arithmetic alongside reading and writing.100 While it is not possible to determine how often—or how well—any of these schoolmasters taught arithmetic, the subject was becoming part of the constellation of possibilities for their students.

In the seventeenth century, a growing number of schools were founded explicitly to teach poor children literacy and arithmetic together, with the expectation that these lessons would prepare them for future apprenticeships or other honest careers. A thorough command of reading and writing in English was a prerequisite for many trades, and a “youth brought up at school will be taken Apprentice with less mony then one illiterate.”101 In an early example from 1586, George Whately of Stratford-upon-Avon set up a school in Henley-in-Arden where thirty children between the ages of eight and thirteen could learn reading, writing, and arithmetic.102 In 1624, Sir William Borlase founded a petty school at Marlow to teach twenty-four poor children to read, write, and cast accounts; this course of instruction was expected to take approximately two years, after which the boys would have acquired the skills prerequisite to being bound as apprentices.103 Similar schools to teach poor children to read, write, and cast accounts were founded in Beccles, Suffolk, in 1631; in Cheshunt in 1642; in Greenwich in 1643; and in Westhallam, Derbyshire, in 1662.104 In 1694, Simon, Lord Digby, bequeathed £4 per annum to teach boys reading, writing, and accounting to prepare them for a range of future careers such as bailiffs, gentlemen’s servants, or honest tradesmen.105 The Great Yarmouth Children’s Hospital, in 1696, also aimed to prepare children for apprenticeship and rewarded the schoolmaster “for teaching every child, viz., twenty shillings when it can read well in the Bible, twenty shillings more when it can write well, twenty shillings when it can cypher well to the rule of three inclusive, and twenty shillings when each girl can sew plain work well.”106

While arithmetic gradually became an enduring component of children’s early education, it is important not to overestimate the quality or universality of early modern petty-school instruction. Edmund Coote—author of The English Schoolmaster, which was reprinted forty-eight times over the course of the seventeenth century—focused on teaching reading and writing, with special attention to orthography for those who would go on to grammar schools. Although he felt obliged to include instruction on “the first part of Arithmetick, to know or write any number,” he refused to spend more than a page on it, “my Book growing greater than I purposed.”107 Like Coote, many schoolmasters must not have taught anything beyond the most basic introduction to numeration by Roman and Arabic numerals, of the kind that could also be had from an ABC book.108 Even those who taught addition or subtraction did not necessarily have to be skilled arithmeticians. As late as 1701, John White—the master of Mr. Chilcot’s English-Free-School in Tiverton with “near Forty Years Practice in Teaching”—expounded the benefits of rote learning in his The Country-Man’s Conductor:


As to the Arithmetical Part (When your Children have gotten some Perfection in their English) let them learn it by heart, and if neither Teacher nor Learner understand the Use of the Rules, yet when they come to learn Arithmetick in earnest, it will be a great help to them and ease to their Master.109



Understanding the rules of arithmetic took second place to memorization, and White argued that even the teacher did not need to understand what he taught. White further recommended that children be taught arithmetic “before or as soon as they are put to writing.”110 This is a logical progression, given the reliance of Arabic numeral arithmetic on writing skills. However, a significant number of children, particularly in rural villages, likely dropped out of petty school after learning to read but before learning to write. Thus even those students who had access to arithmetical instruction might not have been able to take advantage of the opportunity.111

Grammar Schools, Tutors, and Apprenticeships

After children—theoretically—learned reading, writing, and at least basic enumeration at a petty school, boys had several different options for continuing their educations, all of which allowed for further arithmetic instruction as needed. Boys could attend grammar schools, obtain apprenticeships, or seek out other, specialized instruction such as public lectures and mathematical schools. These options were not mutually exclusive; many boys first attended grammar schools or mathematical schools and afterward were bound apprentices or gained admission to universities. Other boys traveled even more complicated educational paths. Sixteen-year-old Robert Ellison, a student at the prestigious grammar school of Eton, was supposed to begin an apprenticeship but was told that he “cannot come from thence [Eton] into a merchants’ compting house without being some months at school in London to learn to write and also accounts.”112 He thus required a combination of a formal grammar school, a specialty writing and arithmetic school, and an indentured apprenticeship to prepare for his future career in trade.

As the case of Robert Ellison implies, arithmetic was not a substantial component of the continuing education of boys who attended grammar schools. The humanist curriculum of grammar schools focused on Latin, Greek, and reading the classics, none of which required a great knowledge of arithmetic, much less more complicated mathematics. Schoolmaster John Brinsley was probably only exaggerating slightly when he complained that innumeracy was “a verie ordinarie defect” and that he had seen “Schollers, almost readie to go to the Vniuersitie, who yet can hardly tell you the number of Pages, Sections, Chapters, or other diuisions in their bookes” nor “helpe themselues by the Indices, or Tables of such books.”113 While students were expected to be fluent readers, their later introduction to writing and arithmetic meant those were often less practiced skills.

Many grammar schools sought to remedy the defects in their students’ petty-school educations by arranging optional extra lessons on holidays and half days. The grammar school at Rotherham offered writing and accounting lessons as early as the fifteenth century, while Bristol grammar-school students were released early on Thursdays and Saturdays for lessons with the local scrivener.114 Statutes written by the trustees of the Blackburn Grammar School in 1597—and confirmed again in 1600—made provision for associated “petties” to be instructed in arithmetic, and schoolmasters could force grammar school students to take remedial, petty-level lessons at any time in which they were not actively engaged in their primary curriculum:


Uppon dayes and tymes excepted from teachinge, the Scollars may be caused by the Schoole Master and the Usher to larne to write, cipher, cast accounts, singe or such licke, and allso upon holidayes, and other convenient tymes.115



This section of the statutes was probably enforced in practice, as the trustees also assert an unusual commitment to mathematical education in their statutes: “The principles of Arithmeticke, Geometrie, and Cosmographie with some introduction into the sphere, are proffitable.”116 A set of 1629 statutes written by Samuel Harsnet, future archbishop of York, for the Chigwell school even required one of its schoolmasters to be proficient in both writing and arithmetic in addition to Latin:


I ordain that the second schoolmaster, touching his years and conversation, be in all points endowed and qualified as is above expressed touching the Latin schoolmaster; that he write fair secretary and Roman hands; that he be skilful in cyphering and casting of accounts and teach his scholars the same faculty.117



The trustees thus wanted a schoolmaster who could actively teach his students writing alongside several different mathematical skills, including the use of Arabic numerals for calculations, counters for “casting” accounts, and the bookkeeping skills necessary to record their accounts. But most grammar schools probably relied on outside tutors—ideally those who could teach both writing and arithmetic—to teach their remedial students.118

The common need for tutoring in writing and arithmetic increased the inherent pedagogical link between them, leading to the rise of writing-cum-arithmetic tutors who advertised their skills in both capacities. From 1582 to 1610, John Mellis, the editor of an arithmetic textbook, ran a school “within the Mayes-gate in short Southwarke nigh Battle bridge” where “children or seruants” could be taught arithmetic, accounting, algebra, and “any manner of hand vsuall within this Realme of England.”119 The Restoration, in particular, saw a significant expansion in the number of these tutors who formed their own private schools in and around London. During the 1660s and 1670s, James Hodder taught both writing and arithmetic in a house “next dore to the Sunne in Tokenhouse Yard, Lothbury, City of London”—aside from a 1666–71 interlude in Bromley by Bow—and his school was continued by Henry Mose, “late servant and successor to” Hodder, through 1720.120 Similarly, Edward Cocker taught writing and arithmetic from 1657 to 1676, holding classes in St. Paul’s churchyard, Northampton, and then in Southwark. John Hawkins took over the Southwark school after his death, styling himself a “writing master,” until his own death in 1692.121 Hawkins’s conflation of writing and arithmetic continued in his advertising for a 1680 edition of Cocker’s arithmetic book, where he noted that it had been commended by “many eminent mathematician and writing-masters in and near London,” implying that the opinion of a writing master should have similar value to that of a mathematician when it came to teaching arithmetic.122 While there were fewer of these writing-cum-arithmetic tutors outside London, Cocker’s Northampton school was not the only one. In 1677, Peter Perkins “taught Writing and Arithmetick, with any or all parts of the Mathematicks at easie Rates” near the grammar school at Guildford in Surrey.123 Nor were all of these tutors and students male. A woman named Elizabeth Beane—who also conflated writing and arithmetic, being referred to variously as “mistress in the Art of Writing” and tutor in “The Art of Writing and Arithmetick”—taught female students in the 1680s.124

As with arithmetic lessons at the petty-school level, the availability of extracurricular arithmetic lessons from grammar schools and outside tutors did not mean that all students took advantage of those lessons. Local clerks, scriveners, and mathematical teachers charged fees to cover the costs of these lessons, and parents would have been most likely to pay for such lessons—particularly those focused on learning to cast accounts—in the case of sons who would eventually be bound as apprentices. However, the majority of early modern boys did not continue formal schooling by attending universities but instead left school to pursue vocational education as apprentices in trade or agricultural settings.125 Historian Patrick Wallis estimates that, by the late seventeenth century, over 9% of England’s teenaged males were serving apprenticeships in London alone, where two thirds of adult males had been apprentices in their youth.126 It was to these sorts of apprenticeships that the poor recipients of charity education aspired, children of tradesmen flocked, and younger sons of the gentry defaulted in order to make a living.

Some form of arithmetic must have been necessary for any tradesman who expected to be paid by his customers and even more so for boys who pursued careers in carpentry, surveying, and navigation. However, mathematical instruction was not commonly specified in apprentice indentures. The relative silence on the subject of arithmetic in indentures was probably due to an assumption that accounting would necessarily be included in any apprentice’s instruction; at least a rudimentary ability to calculate was necessary to trade. The seventeenth-century Southampton apprenticeship registers only record one instance in which an indenture explicitly included arithmetic. In January 1630/1, the orphaned Giles New of Southampton was apprenticed to a clothier who promised to instruct him “in the trade of clothier and to write and cipher.”127 In most indentures, it must have been understood that clauses such as “all other trades of sciences as the said [master] shall use” included the keeping of accounts.128 Many apprentices began their apprenticeships in their masters’ counting-houses, observing counting-house clerks perform calculations. This was called “learning the lines,” and it would enable the apprentice to eventually calculate accounts on his own. Merchants, vintners, drapers, and haberdashers were especially likely to follow this practice.129

The Southampton apprenticeship register is similarly silent on the subject of other advanced mathematics that would be necessary for the practice of specific trades. For example, no explicit mention is made of mathematical training for John Jolliffee, who was learning to be a seaman in January of 1654/5. Given that his father was a weaver, he probably did not have extensive training in the use of mathematical instruments. Thus, additional mathematical education would have been a necessary part of his master’s “instruct[ing] him in ye art of navigacon &c.”130 In January of 1648/9, another boy, David Jenvy, was to be instructed “in the art of merchandizing beyond the seas. . . . Master to permitt ye apprentice to trade and trafficque for himselfe with a stocke of 50 li when he goes to sea, which is to be in ye two last yeares.”131 To trade overseas successfully, Jenvy needed to have training in advanced arithmetical subjects such as the rules for commuting and exchanging money. However, this training was understood to be part of his general education, and there was no need to list it separately in his indenture. Whether he already had this skill before beginning his apprenticeship or whether he obtained it by shadowing his master, reading an arithmetic textbook, or attending lessons with a local tutor is unknown, but all were possible routes to acquiring the arithmetic he needed for his future career.

In the early modern period, the previously separate skills of writing and arithmetic were linked in English mathematical and pedagogical practices. This connection began with the commercial impetus to adopt Arabic numerals, which made at least some proficiency with writing a prerequisite skill to performing arithmetic. Unlike object-based methods of arithmetic, Arabic-numeral arithmetic lent itself well to both face-to-face and text-based instruction. The sixteenth century’s rising literacy rates and the creation of a new genre of vernacular arithmetic textbooks made instruction in Arabic-numeral arithmetic available to any literate person—male or female—with a few shillings to spare for the purchase of a new or used book. Early textbooks sold steadily, if slowly, until a surge of interest in the 1570s and 1580s led to the publication of a host of new textbooks and a drive to incorporate basic Arabic-numeral arithmetic into the petty-school curriculum.

Over the next fifty years, account books and probate inventories show the overwhelming adoption of Arabic numerals for calculation among the literate part of the English population. The successful introduction of Arabic-numeral arithmetic to England is also reflected in textbooks and tutors’ changing content standards in the mid-seventeenth century, as they began to cede more introductory lessons in Arabic numerals to a variety of formal and informal educational alternatives in order to focus on more advanced topics like decimals, logarithms, and algebra. Seventeenth-century petty schools and charity schools increasingly incorporated arithmetic into their curricula while writing-cum-arithmetic tutors—many of whom were themselves textbook authors—reinforced the pedagogical connection between writing and the pen-and-paper arithmetic of Arabic numerals. While some English men and women continued to use counting boards throughout the eighteenth century, Arabic numerals had become the dominant, literate symbolic systems for mathematical calculations.
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“According To Our Computation Here”: Quantifying Time

On the “viij0 die Februar’ 1609, anno 70 et 43 Regis Jacobi &c.,” the indenture of a young man named John Newell was recorded in the Southampton apprenticeship register. Newell was to be bound an apprentice “for the Terme of seven yeres from the feast of St. Thomas Thappostle last past.”1 In other words, Newell was bound to serve his master for the seven years following December 21, 1609, of the old style, Julian calendar, which was also December 31, 1609, of the new style, Gregorian calendar. This information was written into the register a little over a month later, on February 8—or 18, new style—in the English legal year ad 1609, the Scottish legal year ad 1610, the seventh year of the reign of King James I and VI of England, and the forty-third year of his reign in Scotland.

This multiplicity of chronological systems begins to illustrate both the complexity of time during the early modern period and the way people used numbers to temporally locate themselves.2 The clerk who enrolled John Newell into the apprenticeship register used several calendars in his efforts to pinpoint two moments that were crucial for Newell’s hopes of a future career and social status in Southampton as precisely as possible. All but one of these calendars were built on an explicitly numerical foundation. Even the liturgical calendar of Christian holy days was implicitly quantitative, with holy days either permanently fixed to the numerical days of other calendars or varying according to mathematical formulas.3 The Feast of St. Thomas the Apostle was a date, in and of itself, but it was also the twenty-first day of December.4

Time was highly quantified at the beginning of the sixteenth century. Numbers were an explicit part of most calendars, but advanced mathematical knowledge was required to construct calendars and calculate time based on astronomical observations. However, the way ordinary people used numbers to locate themselves in time changed over the course of the early modern period. During the late sixteenth century, religiously motivated and contested calendar reforms led people to adopt the notation of mathematical fractions to accommodate competing calendar systems. In the seventeenth century, the proliferation of almanacs brought the multiplicity of early modern calendars directly into the household and encouraged people to place themselves at the center of their own personal calendars. Along with the increasing incidence of global travel, almanacs also raised popular awareness of the relativity of time and the relationship of time with space. By the eighteenth century, calendars and time were generally understood to be first and foremost numerical constructs, not in and of themselves sacred, but rather important only insofar as they helped people temporally locate themselves in order to conduct their mortal and immortal lives.

Consensus and Variation in Sixteenth-Century Europe

At its most basic, time is a measurement of duration; it answers the question “how long?”5 The duration of an event is understood to be the length of time between its start and end, whether that length is measured quantitatively with numbers or qualitatively by comparison to some other, non-numerical duration. Both “three quarters of an hour of length” and “as long as you can say an Avemary” are measures of duration, though only one is explicitly quantitative.6 Time is commonly used to order events by measuring the duration between each event and a fixed reference event. These events do not need to have already occurred, so time can be used both to record past and predict future events.7 Calendars are a formalized version of this; they establish an official reference event, or group of events, that are subsequently used to chronologically order all other events. In other words, calendars assign all events to a specific temporal location: a date.8

During the early modern period, temporal locations were defined using three different conceptions of time—linear, episodic, and cyclical. Linear time fixes a single important event as the center of its chronology and measures duration forward and backward from that event along an imagined time line. Episodic time is similar to linear time but relies on multiple events, which are usually all of the same type, and reckons duration by each event only until the next event occurs. That next event then becomes the new chronological reference point, and the process repeats itself. Finally, cyclical time consists of an event or events that repeat in a regular pattern without a clear beginning or end.

At the beginning of the sixteenth century, a temporal consensus existed throughout Europe that used all three types of time in conjunction with one another. Christian kingdoms, city-states, and other political entities all agreed on what constituted the basic chronological units of the calendar: the 12-month year, the 28- to 31-day month, the 7-day week, and the 24-hour day.9 A linear calendar enumerated the years and built on a cyclical foundation of episodic months and cyclical days. The months repeated in a fixed cycle; the days of a month were numbered sequentially, but that sequence restarted with each new month; and the days themselves were built on a continuous cycle of hours with no beginning or end. While these hours could be further subdivided into minutes and seconds, in practice only specializations such as astronomy required this level of temporal precision.10

This shared calendar generally followed rules established in the Roman Empire by Julius Caesar’s calendar reforms of 46–5 bc.11 The so-called Julian calendar was based on the solar year, calculated as the length of time required for the sun to travel from one equinox to the same equinox the next time it occurred.12 While the Julian calendar also incorporated chronological subunits, the solar year does not divide evenly into any naturally defined subunit. Instead, it consists of approximately 365.24 solar days and 12.37 lunar months. To accommodate the partial day in the solar year, the Julian calendar employed a “leap year” or “bissextile” by adding an extra day in the month of February every four years.13 It did not, however, make any attempt to incorporate lunar months; instead, days were grouped into weeks and months of arbitrary length, which were derived by calculation from days and years rather than from observed astronomical phenomena. Ignoring lunar cycles immensely simplified calendar calculations, but it also meant that important Christian feasts based on lunar cycles did not exist in fixed relationship with the rest of the calendar and were thus known as the “movable feasts.”

Within this general consensus, there was still room for variation. Cyclical temporal units have no inherent beginning or end, making the day and the year particularly open to interpretation. Natural astrological phenomena that occur repeatedly over the course of the day—such as sunrise, noon, sunset, and midnight—were all obvious candidates and variously used to mark the division between one day and the next, but they were not the only choices. In parts of Italy, for example, the daily cycle of hours restarted half an hour after sunset, a time that approximates the end of local civil twilight, when artificial illumination becomes necessary outside.14

The year was similarly open to interpretation, even under the Roman Empire. Julius’s initial new year’s day of March 1 was soon modified to January 1, to coincide with Roman election cycles.15 While starting the year on the first day of a month—any month—was logical, it was also far from the only choice. After the fall of the western Roman empire, various successor states adapted a Roman practice of numbering years by the reign of their rulers, in so-called regnal calendars.16 These episodic calendars had a new year’s day corresponding to the monarch’s accession day; numbered years from the beginning of each monarch’s reign; usually ended with a partial year as monarchs rarely died on their accession day; and restarted with the accession of a new monarch.

In addition to the use of locally defined regnal calendars, various Christian political entities also came to agree on the use of a shared regnal calendar, one whose primary reference date was the incarnation of Christ, the King of Kings.17 The years calculated from the incarnation were known as anno domini, which was translated into English as years of grace or years of our Lord, and today is abbreviated ad. By the early modern period, years of the incarnation were increasingly paired with a backward-counting system of years “Before Christ” or bc, in which the year ad 1 was preceded by the year 1 bc, which in turn was preceded by 2 bc, and so forth.18 It was this shared calendar that allowed Europeans to agree that Bede standardized the anno domini calendar in the eighth century or that Henry VII became king of England in ad 1485 .

The date of the new year, however, varied from kingdom to kingdom, as there was no consensus on when in the year Christ’s reign began. Some retained the Roman January 1, but other Christian kingdoms instead adopted December 25—Christmas, the celebration of Christ’s birth—or March 25—the Annunciation or Lady Day, the celebration of the beginning of Christ’s incarnation on earth—as the logical start of the anno domini new year. Some even used the movable feast of Easter—the celebration of Christ’s resurrection—as a new year’s day.19 Thus, while all of Christendom might have celebrated the fall of Muslim Granada to Christian forces on January 2, they would have disagreed on whether that event occurred in ad 1491 or 1492. These small temporal variations had to be accommodated when communicating across political and cultural borders, but the broader temporal consensus made such accommodations relatively straightforward. Unfortunately for the men and women of late sixteenth-century Europe, the rules of the Julian calendar were inherently flawed, and the temporal consensus was about to be broken.

Breaking Time and Broken Numbers

The Julian calendar had provided a solid foundation for ancient time reckoning, but cracks began to appear in that foundation over the following centuries. Julian leap years did not completely reconcile the Julian year with the actual length of the solar year, leaving a difference of approximately 11 minutes and 16.5 seconds. This difference did not create a discernible problem in the short term, but as centuries passed, it caused the Julian calendar to slip increasingly out of alignment with the natural cycle of the equinoxes. This primarily impacted movable feasts, the most important of which was Easter, the celebration of Christ’s resurrection from the dead. In ad 325, the Council of Nicaea had officially fixed Easter to the Sunday following the first full moon after the vernal equinox of March 21.20 By the sixteenth century there was a difference of ten days between the natural cycle of the equinoxes and the fourth-century Julian calendar that assumed a March 21 equinox. As a consequence, calculations done according to the established calendar formulas no longer matched those done according to astronomical reality, with each producing a different date for Easter. Even worse, in places like England that adhered to a March 25 start of the new calendar year, some years didn’t have an Easter, while others celebrated it twice.21

Although the calendar’s slippage led to repeated calls for reform over the centuries, it was no longer clear who had the authority to alter time. The reforms of the first century bc had been proclaimed by a Roman emperor, and as early as ad 453, Pope Leo had written to the eastern Roman Emperor Marcianus about the problem of the calendar drift, but Europe was no longer politically united.22 In theory, Christian Europe shared a religion, and various popes considered the problem of calendar reform in the 1340s, 1430s, and throughout the sixteenth century.23 However the twelfth-century schism that divided Christianity into two separate churches—the Eastern Orthodox and Roman Catholic—meant that any decision a pope made on calendar reform might not be respected by Christians who followed the patriarch of Constantinople. The Protestant Reformation further complicated questions of authority, but also led Pope Gregory XIII to call the Council of Trent in 1563.

This council undertook the reform of the Catholic breviary and missal, with the understanding that this would necessitate some sort of calendar reform to fix the problems associated with calculating the date of Easter. Several options were considered, including a fourteen-day reform to return the Julian calendar to its original relationship with the equinoxes and an eleven-day reform to return the calendar to its state at the time of Christ. However, the council eventually decided to make a ten-day reform to the time of Nicaea.24 By choosing Nicaea as the basis of their reformed calendar, they intended to both emphasize Trent’s Nicaea-like power as a general church council as well as encourage the Eastern Orthodox churches to adopt the same reform.25 In February 1582—assuming a January 1 new year—the new calendar was published in the papal bull Inter gravissimas. Various kingdoms and polities followed this with civil decrees requiring the adoption of the new calendar, and ten months later, October 4 was followed by October 15 in Spain, Portugal, Poland, and parts of the Italian peninsula.26 Intriguingly, the chronological unit of the week was not affected by this reform. October 4 was a Thursday and was followed by Friday—not Monday—October 15. The base cycle of Sunday holy days was thus unaffected by the reforms.

While the English acknowledged the flaws in the Julian calendar, they were reluctant to adopt the Gregorian calendar because to do so risked acknowledging papal authority over time and, implicitly, papal authority over religion. This was a particularly sticky proposition in the 1580s, given the 1570 papal bull excommunicating Queen Elizabeth and calling for all loyal Catholics to overthrow her. In December 1582, Elizabeth’s Privy Council—possibly at her request—engaged mathematician John Dee to advise them on the matter.27 Dee produced a treatise by February and testified on the matter in March. He suggested that Elizabeth proclaim her own calendar in her role as a British empress, much as the original Julian calendar had been proclaimed by a Roman emperor. This would both neatly avoid the question of accepting the pope’s authority and promote Elizabeth’s own authority as an imperial power.

Dee advocated this reform be set not to Nicaea but to the time of Christ, for “Christians should regard his birth as the ‘Radix of Time’ ” and thus the proper moment to form the basis of the reformed calendar.28 The English reform would be more correct than that of Pope Gregory, who surely must eventually recognize the superiority of the English calendar.29 But upon further discussion with William Cecil, Lord Burghley, Dee agreed to remove ten days and conform with Catholic Europe, so long as this practical concession was accompanied by theoretical arguments that the entirety of Christendom ought to subsequently find one more day to remove from their new calendar. Whether ten days or eleven, these days were to be removed gradually over the course of several months to avoid social disruption. Elizabeth seems to have accepted this advice, as an unpublished proclamation dated April 28, 1583, declared her intent to publish a special calendar removing ten days between May and August 1584, so that by September the English calendar would be in “accord with other countryes next hereto adjoyninge beyond the seas.”30

However, this modified proposal was scuttled after being sent for approval to Edmund Grindal, archbishop of Canterbury. Grindal joined with three other English bishops to object to the proposal using a combination of theological, political, and mathematical arguments. Just as the Catholic Counter-Reformation was at the heart of the Gregorian calendar reform, Protestantism was at the heart of the bishops’ objections. They argued that the exact timing of Easter was a matter of historical convention rather than doctrinal necessity, as it was only a commemoration rather than a reenactment of Christ’s death and rebirth. Even if it had not been, the Gregorian calendar retained a one-day error from the time of Christ, which meant its dates continued to be inaccurate, just like those of the current calendar. Given the choice between two calendars that were inaccurate in different ways, it was the duty of the Protestant churches to distance themselves from the Roman calendar.31

The bishops also rejected the idea that a monarch had the political authority to reform the calendar and insisted another ecumenical council like Nicaea would be required to make any necessary changes. On this point, Elizabeth had an obvious rebuttal in the Royal Supremacy, which included control over the ecclesiastical calendar that her father had used vigorously during the 1530s. More successfully, the bishops pointed out that calendar reform would also require a revision of the 1559 Book of Common Prayer. This could all be dealt with through a parliamentary act, so Elizabeth deferred the question to the next parliament in 1585. “An Act, giving Her Majesty authority to alter and make a calendar, according to the calendar used in other countries,” was read several times but lost when the parliament was dissolved less than a month after its introduction, and with it went the last real push for calendar reform in the 1580s.32

Although religion and politics were sufficient to stop the calendar reform, the bishops intriguingly put forth a third argument for refusing to change the calendar: the mathematical consequences for the general population. Before submitting their opinion, they sought the advice of “some godly learned in the mathematicalls” as well as merchants who “have continual resort by cause of contracts and traffic for trade of merchandises” to the Continent. Having to accommodate different calendars would be inconvenient, but “diverse marchants of best experience inhabiting within the citee of London do think and offer to prove, that they may use their traffic as well without that alteration as with it.”33 Subtracting ten days from the current date was definitely within the capabilities of merchants who were already used to making the complicated mathematical calculations necessary to exchange foreign currencies.

If merchants did not need the calendar to be changed to support international commerce, the bishops argued, then the mathematical drawbacks of adopting the new calendar would outweigh any possible benefits:


the alternation will ease but a few, viz.—such as have traffick with foreyn nations; but to the rest of the realm it will be troublesome. For the old rules of the compound manual of the Golden number, of the epact and cycle of the sonne, &c. whereby generally the people of this realme doe find out the course of the year, the change of the moon, and consequently the tides and the Dominical letter, &c. (which hitherto have served them) will be wholly out of use, and hardly shall they learn new, which peradventure will also be more uncertain.34



Thus, for the majority of the population, the calendar adhered to by the rest of Europe was irrelevant. However, any attempt to alter the English calendar would result in widespread confusion, as the old rules for calculating lunar dates would be made invalid. Without these rules, farmers could no longer correctly calculate the seasons, nor mariners and fishermen the tides. Every movable feast, fair, and law term would also have to be recalculated according to a new set of rules. While the population would eventually adjust to and memorize new rules for calculation, their grasp of these rules would remain uncertain and more prone to mistakes than their calculations by the current rules. In short, the bishops argued that people were capable of performing calculations with memorized formulas, but lacked enough understanding of the mathematics underpinning those formulas to easily adapt them to a new calendar.35

By the time the bishops raised their objections to the planned reform, some English men and women were already working, living, and communicating across calendrical “borders.” Letters extant in the Elizabethan state papers show a minimum of fuss and confusion at the changes in late 1582. Some simply continued using the Julian calendar or adopted the Gregorian calendar without comment. Others noted the implementation of the new calendar, such as when Thomas Stokes wrote from Bruges on December 23 about how “Yesterday by proclamation from the Court, and proclaimed here in this town, ‘that yesterday’ was appointed to be New Year’s Day and to be the first of January: so they have lost Christmas Day here for this year.—Bruges, the 23 December 1582, ‘stillo anglea’ and here they write the 2 January 1583.”36 Letters began to be dated “according to the reformation of the calendar,” “according to the new calendar,” or “according to our computation here” with the occasional longer note such as was written by one correspondent from Strasbourg who dated a letter “according to the old style, for we do not use the new on in these parts.”37 Within a few months, people stopped giving explanations and simply flagged dates being in the English style or date, the old style, or the new style.38 But even that appears to have been more ink than writers wished to spend on the calendar reform, and they soon began abbreviating old and new style to O.S. and N.S. in English, or st. v. and st. n. in Latin, French, Italian, and other languages, a custom that continued into and throughout the seventeenth century.39

The quest for clarity and concision eventually led people to co-opt the notation of mathematical fractions, also known as “broken numbers,” to conveniently indicate the date in both the Gregorian and Julian calendars. This was a relatively straightforward notation, as Humphrey Baker explained in his arithmetic textbook: “Fractions or broken numbers . . . are two noumbers with a line betwene them bothe.”40 Thus Sir Dudley Carleton could date a letter written April 10 in the old style calendar and April 20 in the new style calendar, as “ye 10/20 of Ap. 1615.”41 There was no consensus as to which date should come first, the Julian or the Gregorian. Elizabeth Stuart, exiled Queen of Bohemia and daughter of King James VI/I, used both interchangeably, writing letters on “3/13 of Januarie,” “22/12 of April,” and “31/21 of May.”42 Fraction notation for the day could even be used in conjunction with fraction notation for the year when spanning a new year, such as a letter she received on “19/29 March 1638/9.”43

The most complicated part of translating between the Gregorian and Julian calendars occurred when the calendars disagreed on the month, as well as the day. In these situations, some people had no trouble subtracting across the months, giving dates such as “28 Jullet / 8 Aust 1632,” “1 d’Aoust / 22 de Jul. 1639,” and “30 Mars / 10 April 1640.”44 However, others preferred to employ a single calendar during these transitions and simply marked their dates as being old or new style, using qualitative rather than mathematical signifiers to indicate which calendar they had employed.45 Only when the Gregorian date had advanced past the tenth of the month did they revert to using fraction notation. They were thus extremely fluent in translating between calendars and only rarely made errors in their dates, such as one letter corrected via strikeout to read “10/20 of October N stile.”46 Navigating between the various calendars was inconvenient but well within their mathematical capabilities.

In theory, the majority of people in England remained unaffected by the Gregorian calendar reform. In practice, there was one change that had already begun to filter into England: the establishment of January 1 as de facto new year’s day, as opposed to March 25 as codified in the English civil calendar.47 Scotland even officially adopted January 1 as the beginning of the year in 1600, just prior to the union of the English and Scottish monarchies, leaving the Stuarts to reign over kingdoms with officially different calendars. The uncertainty surrounding the start of the new year grew to such a point by the middle of the seventeenth century that Lady Anne Clifford of Westmorland felt the need to explain that her birthday was “ye 30th of January (Being Fryday) in ye yeare 1590 as ye yeare begins on New Yeare’s Day.”48

Here, too, the notation of mathematical fractions could provide clarity with concision. As early as 1613, the first ledger book of High Wycombe gave the date as “22 January 1612/3” and fraction notation became more common as the seventeenth century wore on.49 Most people used only one or two extra numerals to denote the next year, giving dates such as “Feb: 5th 1660/61” or “March 15 1671/2.”50 However, other people chose to write out the entire Arabic numeral year above and below the line, thus even more closely mirroring fractions: “24 ffebruary 1631/1632” and “22. March 1635/1636.”51 This notation thus acknowledged the numerical uncertainty of the calendar by conceding that a date could belong to either of two different years, depending on what day one chose as the start of the new year. While not adopted universally, it still proved extremely useful for reducing calendrical confusion, so much so that people studying the early modern period still use it today.

The late sixteenth century thus saw the shattering of the European temporal consensus. Attempts to create a universal reformation of the increasingly inaccurate Julian calendar foundered on disagreements about what type of people, or groups of people, could exercise authority over time. In England, political and religious arguments against reform were further bolstered by evidence that the population had sufficient mathematical skill to add and subtract ten, but not to learn new versions of the complicated rules for calculating movable feasts that were not fixed to a certain day of the calendar. To navigate conflicting calendars and eliminate temporal confusion, seventeenth-century English men and women co-opted the notation of fractions—commonly referred to as “broken numbers”—to convey two different dates for the same event. The calendar had been both literally and notationally broken.

Annual Almanacs and English Times

The English adoption of January 1 as new year’s day was at least partially facilitated by the new genre of the yearly almanac, which followed the astronomers’ custom of beginning the year on that date.52 Prior to the sixteenth century, most calendars were designed to work in perpetuity and required readers to either consult separate tables or use mathematical rules to calculate the movable feast days for any particular year. The first printed calendars to be prepared for specific time periods were still designed to last for decades.53 In the late sixteenth century, however, the decreasing cost of printed books led to the rise of the yearly almanac, which achieved its standard form during the reign of Queen Elizabeth and fell under the control of the Stationers’ Company by 1571.54 Almanacs were reliable money-makers—generating a profit of £1000–1500 annually by the Restoration and rising even higher thereafter—and the Stationers worked hard to suppress rival, illegal almanacs while minimizing costs to maximize their profits.55 Under their monopoly, seventeenth-century almanacs grew to be second in popularity only to the Bible, selling over 400,000 copies annually in the 1660s and 1680s.56

At their core, almanacs consisted of a calendar and a prognostication, which helped people temporally locate themselves with respect to past, present, and predicted future events. But almanacs also contained a wide variety of historical, medical, and scientific information—including mathematical information geared toward popular consumption, such as explanations of the calendar reform, tide tables, ready reckoners for calculating interest on loans, and discussions of upcoming meteorological phenomena like eclipses.57 Authors further used almanacs to advertise expertise as physicians, mathematical educators, instrument makers, and textbook authors, seeking to convert their readers into customers and students.58 These almanacs appealed to all levels of society; they were relatively cheap, costing between one and six pence, and also commonly available in alehouses or other shared spaces for those who couldn’t afford to buy one outright.59 While the vast majority of almanacs must have been thrown away at the end of every year, when their calendars became obsolete, a minority were kept and placed in bound collections for later reference. This was a common enough practice that Arthur Hopton expected the readers of his 1611 almanac to be able to refer back to “the directions in my Almanack 1608.”60

Until the 1750s, the English almanac adhered to the astronomical version of the Julian calendar, reckoned from Christ’s incarnation and running from January 1 to December 31. The limited temporal scope of these almanacs meant that authors could calculate a whole year’s worth of movable feasts and other astronomical phenomena, eliminating most of the reader’s need to perform his or her own calculations.61 After the Gregorian reform, many almanac writers also helped readers track the differences between the two calendars by adding dual tables of Julian and Gregorian movable feasts. This can be seen in a Dublin almanac as early as 1587 and in London almanacs by 1591.62 By the seventeenth century, dual tables of the Julian—also known as English or Sosigenian—and Gregorian—also known as Roman or Lilian—calendars had become regular features in many almanacs, though some almanac writers provided incorrect tables in 1700 when they initially failed to realize the gap between calendars had widened to eleven days.63 These tables generally included a list of the main movable feasts in each calendar, listed side by side for easy conversion, but also gave the necessary information—namely, the golden number, dominical letter, and epact—for readers who wished to perform their own calculations.

While English almanacs used Julian years of the incarnation as their primary calendar, their authors also sought to increase their appeal by including other popular early modern chronological systems. The Julian calendar was the dominant calendar employed by the English monarchy and elites, and it was codified as such in 1538 with the establishment of parish birth, marriage, and death registers that employed Julian dates for recording life events.64 However, it was not the only chronological system available in early modern England. Historian Keith Wrightson’s survey of early seventeenth-century deposition books and wills from rural Durham and the cities of Newcastle-upon-Tyne and Gateshead found five different types of temporal reference events: Julian dates; ecclesiastical feasts; moments in the seasonal and agricultural cycles; historical events, especially those of personal importance; and the present moment. Surprisingly, he found little evidence of people using the English regnal calendar, though it thrived in other contexts. Overall, Julian dates were used in 42.4% of wills, while ecclesiastical and seasonal references were used in 44.7% of wills.65 Perhaps unsurprisingly, ecclesiastical and seasonal references were more common in rural areas—where agricultural cycles based on those seasons and calculated by those feasts structured daily life—than in towns, where Julian dates and comparisons to historical and personal events were more common.66

To ensure their broadest possible appeal and utility, it was therefore imperative for almanac calendars to not only provide readers with Julian dates but also associate those dates with seasonal events and the liturgical cycle of Christian holy days. These events and holy days were integrated into the main calendar; almanacs’ monthly pages listed the major holy days next to their respective Julian dates, particularly days that commonly served a dual function as religious festivals and temporal markers for mundane civic activities. For example, the so-called Quarter Days, were ecclesiastical and seasonal events used to subdivide the year for the payment of rents. When translated into Julian months and days, the Quarter Days of Lady Day, Midsummer, Michaelmas, and Christmas became March 25, June 24, September 29, and December 25. These were, respectively, 91, 96, 87, and either 90 or 91 days apart depending on the leap year. The Quarter Days were therefore chosen for their importance as holy days, as opposed to their exact mathematical quartering of the year. The legal and university terms were also based on the cycle of holy days but were calculated from—rather than fixed to—movable feasts. Simply indicating the Julian date of these holidays on the monthly pages, as was possible to do with Quarter Days, would have left the reader responsible for calculating the term dates on his or her own. Therefore, almanacs included verbal explanations and tables in which their authors had already calculated the start and end date of that year’s legal and university terms.67

The importance of the ecclesiastical calendar for scheduling secular events can perhaps best be seen in almanacs’ continued inclusion of old saints’ days that had been eliminated from the official English liturgical calendar during the Reformation. This was a situation of no little embarrassment to Protestant almanac writers, who felt the need to justify their inclusion of apparently Popish festivals. George Wharton, in his 1648 almanac, explained that some of these days


are appointed by the Church to be kept holy. Others, (such as Cuthbert, Martin, Hilary, Thomas Becket, &c.) because the principall Marts and Faires kept here in England are by them distinguished, and the Dates of old Evidences thereby the better discovered, and not for any superstitious use, as the ignorant suppose.68



It was not, strictly speaking, necessary for events based on the feasts of Cuthbert (March 20), Martin (November 11), Hilary (January 13), and Thomas Becket (December 29) to refer to ecclesiastical feasts rather than Julian dates in the calendar. But it was easier for some people to remember that the Hilary Term began the Sunday before Hilary rather than the Sunday before January 13.69 Indeed, when Great Britain eventually adopted the Gregorian calendar in 1752, it caused confusion where it altered market and fair dates set according to seasonal events and ecclesiastical feasts.70

In addition to incorporating references to ecclesiastical and seasonal events, almanacs included tables of information on historical events. The most important of these was the regnal table, which listed every English monarch from William the Conqueror to the present along with the anno domini date their reign began and the length of their reign. These enabled people to translate back and forth between years of the incarnation and English regnal years, an episodic calendar that reckoned time from the accession of each English monarch. These were commonly found in the legal system because they were officially used to enumerate Acts of Parliament. For example, the first Act of Supremacy was passed in November 1534, which was the twenty-sixth year of King Henry VIII, and the act was known as 26 Hen. 8 c. 1. Acts passed during the reign of co-monarchs Philip and Mary were referred to with respect to both their regnal years, such as 2 & 3 Ph. & M. c.9—an act against gaming passed in 1555, which was the second and third year of the reigns of Philip and Mary.

Anyone who worked in or had recourse to the legal system would have encountered the use of English regnal years, but they also appeared in accounts, letters, wills, leases, deeds, and other personal documents, particularly during the sixteenth century.71 In his household book, Sir Edward Don used regnal years exclusively for the fourteen years from “Mensis Septembris anno H. viii iio” to “Novembyr anno xvito.”72 Regnal years could appear alone, interchangeably with or side by side with years of the incarnation. Sir Henry Savile wrote several letters to William Plumpton that he consistently dated with regnal and anno domini years, on “xxviij of November, anno 1544, 36 H.8,” “xxviij of May, anno 1545, 37 H.8,” and “vth of May, anno 1546, 38 H.8.”73 The Pyrton, Oxfordshire, churchwarden accounts were more variable; they began in “the seconde yere of the reyne of owre sovereigne Lord Kynge Edward the syxt,” then switched to anno domini years in 1554, returned to regnal years in “the iiij yere off the rayne off our ssoverentt lade Elysabeth,” and began mixing the two in “the yeare of oure lorde god 1566 and in the 8 yeare of the rayne of quene Elzabethe [sic].”74

Regnal years appear to have become less common over the course of the seventeenth century.75 However their continued importance to the government can be seen in the 1649 declaration of the House of Commons forbidding their use. The day before the execution of Charles I, the Commons passed an act to establish a “New style and form in legal proceedings, writs, etc.” to erase monarchical references from all English legal proceedings. Their first concern was to remove the title of King from legal paperwork. Eliminating regnal years was an immediate, and vital, corollary. The Act declared that, within


the Kingdoms of England and Ireland, Dominion of Wales, and Town of Berwick upon Tweed, Instead of the Name, Stile, Title and Teste of the King, heretofore used, That from henceforth the Name, Stile, Title, and Teste of Custodes libertatis Angliœ authoritate Parliamenti, shall be used, and no other; And the date shall be the year of the Lord, and none other.76



Despite this call to enshrine anno domini years as the only English calendar, the continued appeal of a nationalist English alternative prompted the republican Henry Marten to introduce 1649 as “the first year of freedom,” which reckoned successive years from 1649. This system was subsequently used for dating documents under the great seal during the Commonwealth.77 After the Restoration, the use of regnal years was resurrected, and Charles II asserted the legitimacy and continuity of his reign by deliberately back-dating his accession to the year his father died. Thus, the year 1660 was styled as “the twelfth year of our reign.”78

While regnal years were integral to the English legal system, they were not the easiest calendars to use. A survey of the Southampton apprenticeship registers demonstrates the possible confusions and mistakes that could arise from calendar conversions, with over a dozen seventeenth-century enrollments bearing conflicting regnal years and years of the incarnation.79 The regnal years of James I and VI and Charles I were particularly problematic as they began on March 24 and March 27, respectively, and were in close proximity to the March 25 new year’s day for the year of the incarnation.80 James also had the added complication of different new year’s days for both his English and Scottish regnal years, as he ascended the two thrones on different dates.81 March of 1624/5 would have been especially difficult for record-keepers because there were three new years’ days within a five-day period: March 23 was in 1624 and 23 and 58 James I and VI; March 24 was in 1624 and 24 and 58 James I and VI; March 25 was in 1625 and 24 and 58 James I and VI; and March 27 was in 1625 and 1 Charles I.82 Thus, it is not surprising that apprentice Thomas Bridgwater was listed as having been indentured on “xxvj die Martii 1625, anno regni regis Caroli primo,” when Charles I did not actually become king until the next day, March 27.83 While some of the errors probably arose from habit, as the writer simply forgot to increase the number for the year after new year’s day, others must have resulted from confusion over the start dates of each regnal year.

Almanacs thus undertook to supply readers with regnal tables that readers could use to confidently translate half a millennium’s worth of regnal dates into their corresponding year of the incarnation. Regnal tables became a standard almanac feature during the 1570s and continued to be printed throughout the seventeenth century.84 Given the limited space available to almanac authors—generally only three sheets or forty-eight pages, with twenty-four pages reserved for the monthly calendar—the continued dedication of an entire page to the regnal table indicates that readers must have found it useful. It formed one of the standard features of the almanac, much like the Zodiac Man or the prognostication.85 Without these expected features, potential readers would see the almanac as deficient. As almanac author Edward Pond put it, “He with contempt would straight refuse to buy This book, and ’t is no Almanack contend.”86

Intriguingly, some regnal tables also had a third column that measured the number of years “Since their reign.”87 Unlike the dates that monarchs’ reigns started—which were vital for determining regnal years—or the lengths of their reigns—which computed the number of regnal years each monarch had—there is no immediately apparent reason to calculate how many years had passed since their deaths. Their death dates also corresponded to the starts of their successors’ reigns and thus the table duplicated information about months and days, while performing only the simplest of calculations—subtraction—on the year of each monarch’s death. By doing so, the authors inverted the usual flow of time. Rather than reckoning the date of each monarch’s death in reference to some prior event, such as the incarnation of Christ, they reckoned the date of each monarch’s death in reference to the present, the reader’s own personal time.

Almanacs further supported readers who thought of important religious and national events in relationship to the present through their inclusion of a table of historical events, known as a chronology. Rather than being reckoned according to the year of the incarnation, events in a chronology were all temporally situated with respect to the publication date of the almanac. This was also, presumably, the year in which the almanac was being read. Therefore, the underlying question for each entry in a chronology was always “how long since.” Readers were not told that a great plague decimated London in 1665; they were told that it had been six years since that plague. Similarly, a Norman duke did not conquer England in 1066, but rather it had been 605 years since the William the Conqueror’s invasion.88

Some of the chronology events were from the world’s legendary past and, while they were dated with numerical specificity, no firm consensus existed across almanacs as to exactly how long ago they had been. This could include secular events, like a notice that it had been 2,485 years since Cambridge was built—which conveniently just beat out Rome, at a mere 2,423 years old. However, they were more often religious events, such as Noah’s flood or the creation of the world. The creation was especially popular and often appeared both in chronologies and on almanac title pages, such as Francis Perkin’s 1671 almanac for “The year of our Lord God 1671. BEING The third after Bissextile or Leap-year. And from the Worlds creation 5634.”89 It is here that the discrepancies between almanacs are most apparent. John Gadbury calculated that 4,713 years had elapsed between the creation and the incarnation, while Francis Perkins thought it had only been 3,963 years. Thomas Bretnor set the difference at 3,982 years, while George Wharton and Henry Coley both argued it was instead 3,949 years.90 Such dates might have been numerically precise, but they were by no means accurate.

However, most events fell within the span of recorded history or living memory and were generally agreed on across all almanacs. These included events of religious significance, such as the burning of Saint Paul’s church or Martin Luther’s opposition to the Pope, as well as events of political or technological significance. In 1679, Coley helpfully pointed out on his title page that the year could also be “Numbred From the Constitution of the Kalendar by Julius Caesar 1722,” as well as from the “Reformation thereof by Pope Gregory. 97.”91 The internal chronologies added even more events that would specifically appeal to English readers, such as the Norman conquest, Guy Fawkes’s attack on Parliament, the execution of Charles I, and the Restoration of Charles II. They also emphasized several important technological inventions, particularly the invention of the movable-type printing press that enabled the production of almanacs in the first place. By doing so, the chronology did not merely provide a brief history of England and the world. It consistently located historical events in relationship to the present and thus the reader’s own, personal time.

A subset of the yearly almanacs further evolved to enable their use as a combination of account book, diary, and planner, the ultimate locus of personal time. The monthly pages of early almanacs were crammed full of dates and events, leaving as little empty space as possible on the page. Some readers would interleave the pages of the almanac calendar with extra pages that they subsequently used to record events of personal significance. These could range from noteworthy events that would become part of an annual schedule of familial celebrations, such as marriages and the birth of children, to the minutia of daily life, such as travel schedules and financial transactions.92 Authors and publishers recognized this use. As early as 1566, one enterprising almanac maker created A Blancke and Perpetuall Almanack with blank pages facing each month of the calendar, designed primarily to note financial matters and “things that passeth from time to time (worth of memory to be registered).”93 By the end of the sixteenth century and continuing through the seventeenth century, a substantial minority of almanac makers modified the format of their monthly calendar pages to include blank pages.94
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Figure 4.1 January calendar page and blank Joachim Hubrigh’s annual almanac for 1565. STC 462.2 Used by permission of the Folger Shakespeare Library under a Creative Commons Attribution-ShareAlike 4.0 International License.



In the almanac shown in Figure 4.1, the left-hand page is still full of useful information relating to the days of the month. Note the inclusion of festival days, the phases of the moon, and times—sometimes down to the minute—for sunrise, sunset, and various weather predictions on the left-hand page. By contrast, the right-hand page is almost entirely blank so that the reader can make diary entries next to—and thus temporally locate events in—every day of the month. This type of almanac was called a “blank” to differentiate it from the more standard “sorts.”95 Blanks enabled and encouraged readers to fill their calendar pages with events of personal significance, creating a record of their life that was firmly tied to specific moments in the passage of time.

Late sixteenth-century England thus saw the rise of a new type of yearly almanac, an immensely popular type of cheap literature that supported a variety of methods for reckoning time. These almanacs helped people reconcile the Gregorian and Julian calendars, calculated the relationship of a year’s worth of ecclesiastical feasts and seasonal events to the Julian calendar, and supported conversions between years of the incarnation and English regnal years. Almanacs further supported readers who thought in terms of present-oriented, personal time through the inclusion of chronologies and blank space intended for reader diaries. While the Stationers’ monopoly theoretically gave them complete control over almanac content, both authors’ comments and the development of blanks suggest that popular demand for specific features played a significant role in determining the standard form of the yearly almanac. Early modern almanacs reflected, as much as shaped, popular modes of thinking about time.

The Relativity of Local Time

In addition to providing calendars that people could use to temporally locate themselves to the year, month, week, and day, almanacs also foregrounded the smaller temporal units of hours, minutes, and even seconds with their predictions for sunrises, sunsets, weather, tides, and more. By the sixteenth century, unequal hours that could be measured directly from astronomical phenomena had largely been replaced by equal hours that could only be measured from devices such as sand glasses or mechanical clocks that operated at a constant rate.96 The first public clocks in England were erected in the fourteenth century, and clocks were more often public, rather than private, devices throughout the early modern period.97 In 1500 around 75%—rising to 85% by 1700—of parishes had clocks in towns where there was only one parish, while in multi-parish towns and rural parishes, a quarter of parishes, rising to 40% by 1700, had clocks.98 The odds were good that a multi-parish town would have at least one clock, making clock time familiar throughout towns and cities. Even rural parish residents would travel to market towns or serve apprenticeships somewhere that familiarized them with clock time. Churchwarden accounts show bells were constantly being used and repaired throughout the early modern period, and at least fifty English towns had clocks—above and beyond those of parish churches—before 1640.99 These clocks and their associated bells regularly rang out the hour so that people could count the bell strokes and determine the time of day, making the clock hour an integral part of early modern parish and city soundscapes.100

The hour was a useful unit of time. Early modern schools, workdays, markets, and curfews officially began and ended according to hours of the clock.101 National, regional, and local laws all referenced clock time, including the 1563 Statute of Artificers, which set daily working hours “at or before five of the Clock in the Morning . . . untyll betwixt seven and eight of the Clocke at Night.”102 While Keith Wrightson’s depositions survey found that the date was more frequently mentioned than times of day, a full 86% of Newcastle and Gateshead residents employed clock hours when they mentioned times of day.103 Historian Mark Hailwood’s examination of rural quarter sessions and church court witnesses found that the most easily recognized time markers were based on astronomical phenomena—e.g., morning, noon, or sunset—but that over 40% of the population used specific clock hours. Moreover, that percentage was relatively stable across the entire early modern period.104 Crucially, references to clock time tended to locate events between two hours, as people recognized events as happening between the tolling of each hour’s bells. Hailwood persuasively argues that clock time use thus says as much, if not more, about whether someone lived and worked within the sound of a church’s bells as their understanding of clock time.105

But while clocks rang out the hour, ringing out the half or even quarter hour was rarer. Just ringing a twenty-four-hour day, counting the hours from one to twenty-four, required three hundred strokes a day and wore out the mechanisms faster—requiring expensive repairs more often—than ringing twelve hours twice (156 strokes), eight hours thrice (108 strokes), or six hours four times (84 strokes).106 While twelve hours twice was most common, different early modern localities chose different hour chiming patterns and put all four patterns on their clock dials, leaving travelers to cope with the mental arithmetic of translating between them.107 Regardless of the chosen chiming pattern, adding half hours, quarter hours, or even more precise temporal measurements would be harder on the clock than just ringing the hours. The majority of men and women in charge of these clocks appear to have considered greater temporal precision unnecessary, especially when weighed against the costs of the increased wear and tear on the bells.

Even as the majority of people in early modern England only reckoned time to the hour or large fraction thereof, almanacs predicted sunrises, sunsets, the tides, and other astronomical phenomena with exact times listed by both the hour and minute, familiarizing their readers with more granular time units.108 However, this very precision also made it apparent to readers that such predictions did not always hold for their location, sometimes varying minutes or even hours from their appointed times. Or, as almanac writers often explained it, their almanacs served only “indifferently” for various parts of the British Isles. Instead, almanacs were calculated to serve a specific geographical location, usually “the place where the rectifier hereof was borne” or lived, and numerically described in terms of longitude and “meridian.”109 Many almanacs were printed in London and “principally referred to the Meridian of LONDON” but could be used throughout the “Kingdoms of England, Scotland, and Ireland.”110 There were also regional almanacs calculated for other English cities, including York, Shrewsbury, Yarmouth, Canterbury, Gloucester, Derby, Wolverhampton, Horsham, and Reigate.111 A few almanacs even explained to their readers how to translate the almanac into local time, providing tables and instructing the reader to “ad the houre & min. standing after the name of the place you desire according as this little subscribed table instructs thee, vnto the houre & min. of the Moones being South that day” according to the almanac’s monthly pages.112

Global travel, particularly to the West Indies in the Americas, provided extreme demonstrations of the geographical relativity of time. Royal hydrographer and globe maker Joseph Moxon printed a treatise on geography in which he explained that the time difference between London and Jamaica “is reckoned by the access and progress of the Sun: for the Sun gradually circumvolving the Earth in 24. hours, doth by reason of the Earths rotundity enlighten but half at one and the same moment of Time.” By using a globe, his readers could calculate the difference in time based on the difference in longitude and discover the answer was five hours and fifteen minutes.113 One enterprising almanac-writer, John Seller, even wrote an almanac specifically for Jamaica, while John Gadbury included instructions within his London almanac on “how to make this Ephemeris serviceable to the West-Indies.”114 He explained the time conversions as a simple matter of subtracting six hours from the printed times, “In a thing so easie, examples are needless.”115 While there was not quite a six-hour time difference between England and Jamaica, the approximation was close enough to serve for most purposes and made the arithmetic easy. For any readers who desired more exactitude in their astronomical calculations, Gadbury encouraged them to buy his 180-year Jamaican “nativity.”

Just as calendar reform forced people to confront exactly how their methods of measuring the year corresponded with the solar year, so too did almanacs force people to confront exactly how they defined and measured their days compared to natural phenomena. Unlike solstices—which occurred on the same day of the year regardless of where one lived on the globe—dawn, dusk, high tide, and low did not occur simultaneously everywhere. A ten-minute difference between dawns in Bristol and London might not be noticeable to a casual observer, especially one estimating times to the hour or half hour, but it became increasingly perceivable when pinned down to the minute in a printed almanac. To some men, such as the puritan minister Richard Baxter, the official boundaries of the day were irrelevant to how people should conduct their affairs. Indeed, it was Satan himself who caused men “to trouble themselves with scruples at what hour the day begins and ends, and the like.”116 However to others, including the puritan pamphleteer William Prynne, this was a matter of such importance to how men conducted their daily lives that he dedicated an entire treatise to the subject.117

The people of early modern England were already familiar with and accepted various definitions of the day. Common parlance generally referred to days as beginning at sunrise. In a 1657 almanac, Thomas Wilkinson explained, “In matters of Law, we the Inhabitants of Great Britain account the day to begin at Sun-rising, and to end at Sun-setting; wherefore, whosoever is bound to pay a sum of Money on a set or certain day, need not tender it before Sun-rise, nor after Sunset.”118 Such language implied that days and nights were two distinct chronological units that followed, one upon the other. Terms such as sennight—seven nights—and fortnight—fourteen nights—had their origin in this convention.119 However, there is no evidence in early modern almanacs to support this as a widespread view of time. For example, the monthly calendar page of Joachim Hubrigh’s annual almanac for 1565 has thirty-one days in January, numbered sequentially, with no gaps to insert thirty-one corresponding nights. It was thus generally understood that the use of the word “day” to mean the period when it was light out, and “night” to mean the period when it was dark, “doth not in this account exclude the Night before as part of this first Day, and consequently the Naturall Day consisting of Night and light.”120

In contrast to the general population, astronomers started their day at noon, a practice that continued in nautical almanacs until the early twentieth century.121 This had the mathematical advantage of remaining relatively constant throughout the year, as opposed to dawn and dusk, which fluctuate as the days lengthen and shorten. Still others placed the day’s beginning at midnight. John Goad, a meteorologist and headmaster of the Merchant Taylors School in London, explained that there were actually two days—one natural, the other artificial. His natural day began at midnight, while his artificial day began at sunrise.122 And in legal cases, specifically “in Indictments of Murther we reckon the day from midnight to midnight.”123 For some English divines, however, there could be no question that the day began at sunset. As it said in the Bible, “And God called the light, Day, and the darknesse he called Night: and the euening and the morning were the first day.”124 Further examination of the Bible proved that “all dayes in Scripture and divine computation do alwayes begin and end at Evening, (not morning or midnight).”125

Whether the day began at midnight, dawn, noon, or sunset, that still left open the question of where that astronomical event occurred. Like Gadbury, New England divine Thomas Shepard noticed the variability of local time and reassured his fellow colonists that, though the hours may differ, the day itself remained the same at all longitudes around the world. Even though “our countreymen in old England begin their Sabbath above 4. hours before us in new, they beginning at their evening, we at our evening, yet both may and do observe the same day.” This was because “a day is not properly time but a measure of time” and those measurements necessarily differed based on one’s geographical location on the globe.126 In other words, the day need not be universally fixed with relationship to a specific point in time, consisting of the same twenty-four hours everywhere across the globe; rather, the day was a duration—one full “rotation” of the sun—that could, and naturally should, be observed differently at each longitude.

Furthermore, Shepard argued that any apparent irregularities in the nature of the day around the world were the product of faulty human observations, giving the specific example of people who gained or lost a day circumnavigating the globe. After explaining the astronomical cause of this phenomenon, he advised the traveler to simply correct his faulty observations by “cut[ing] off in his accounts that day which he hath gained by anticipating the Suns course, and so rectifie his account.”127 Significantly, Shepard justified this alteration of the traveler’s account by comparing it to the Gregorian calendar reform, arguing that both actions brought a faulty calendar deriving from human observation back into alignment with natural, astronomical time.128 None of these alterations in time should concern the religiously minded, as “the morality of the Sabbath is not built upon Astronomicall or Geometricall principles.”129 Or, as astronomer Johannes Kepler more famously said a few decades earlier, “Easter is a feast, not a planet.”130 The faithful did not need to worry about temporal alterations, be they small—such as a few minutes’ time difference between various parts of the British Isles or a few hours’ time difference between London and the Americas—or large—such as the day gained or lost by circumnavigating the world or as the ten days lost to calendar reform.

The regularity of clock hours made it possible for yearly almanacs to make extremely precise predictions about astronomical phenomena such as sunrises and the turning of the tides. However, this very precision enabled people to see how time varied according to geographical location. Almanacs were rectified to specific geographical areas, and while they could still be used to approximate times for the rest of the British Isles, the time difference was readily apparent in the American colonies. Religious concerns over the varying beginnings of the day, particularly the Sabbath, led seventeenth-century puritan divines to declare that the relativity of local time did not affect the universality of chronological units such as the day. Furthermore, they argued that any apparent contradictions or faults in time were due to the unreliability of human observation. Therefore, it was always acceptable to correct human timekeeping to match astronomical reality—whether it be hours, days, or the calendar. The morality of Christian holy days was not reliant on astronomy. Time, as a measure of duration, was more a matter of mathematics than religion.

At the beginning of the sixteenth century, English men and women used a variety of qualitative and quantitative methods to measure time, which operated within the larger framework of a Europe-wide temporal consensus based on the Julian calendar reform of the first century bc. This system was built on a series of complex mathematical calculations but could be used by anyone with the ability to number the twelve days of Christmas or to count the tolling of increasingly common parish church bells to determine the hour of the day. While not explicitly religious in construction, the calendar played a key role in the religious controversies of the sixteenth century, which led to the breaking of Europe’s temporal consensus in 1582.

Late sixteenth- and seventeenth-century men and women adopted the notation of fractions or broken numbers—a concept generally taught only after arithmetic in whole numbers—to help pinpoint themselves within the broken consensus. The wildly popular genre of yearly almanacs further supported conversions between the Julian and Gregorian calendars, as well as other temporal systems defined by ecclesiastical feasts, monarchs’ reigns, significant sociopolitical events, and even personal time. In conjunction with increased global travel, almanacs also made clear that time was not fixed but rather varied across the globe. The seventeenth-century calendar was still important to the practice of the Christian religion, but it was no longer the sole province of popes, bishops, and synods. Time was becoming a series of numbers that ordinary men and women might need to adjust—by minutes, hours, or more—as they went about their daily lives.

At the turn of the eighteenth century, the question of calendar reform was again raised in England and other Protestant countries, spurred by the prospect of 1700 being a leap year in the Julian calendar, but not the Gregorian. In England, the calendar reform failed due to mostly familiar arguments about the religious and political consequences. However, over the next forty years calendar reform remained a topic of public discussion—a discussion that was no longer centered around religion but rather around the practicalities of being temporally at odds with the Continent.131 In the 1740s, those who supported calendar reform found an advocate in the Earl of Chesterfield, who drew up a calendar reform bill over the course of 1749–50—An Act for regulating the commencement of the year, and for correcting the calendar now in use. While the reform would be of some inconvenience, this was presented to Parliament as a mathematical inconvenience, not a religious one. The bill passed easily, with little debate, and the reform itself was uncontentious.132

In 1752, England’s calendar was finally reunited with that of its Continental neighbors after over a century and a half of schism. The new calendar was disseminated throughout Great Britain and its colonies in almanacs, which helped people navigate through the arithmetical intricacies of the Gregorian calendar and its relationship to older calendars.133 The compromises and jury-rigged solutions to make those calendars compatible resulted in the adoption of odd dates—neither astronomically determined events nor holy days, but rather what would have been holy days in the old calendar—to mark the new cycles of festivals, ceremonies, and terms. Perhaps most famously, the tax year remained fixed to the old new year’s day to avoid impacting revenues, which is why the United Kingdom’s tax year still begins on April 6 today. The “broken” time of the early modern era was eventually repaired, but the old fractures left their mark.
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“It is Oddes of Many To One”: Quantifying Chance and Risk

On August 11, 1634, “a Captain, a Lieutennant, and an Ancient . . . of the Military Company in Norwich” set out on a tour of England. During their seven weeks of adventures, they passed through Cumbria and became completely lost upon the fells. They traveled “through such wayes, as we hope wee neuer shall againe, being no other but climing, and stony, nothing but Bogs, and Myres, or the tops of those high Hills, so as we were enforc’d to keepe these narrow, loose, stony, base wayes.” Eventually, they “happily lighted on a good old Man” who gave them directions to escape the fells, for otherwise “It was a hundred to one, that wee should so escape this eminent land danger, as this good old Man made it plainly, and euidently appeare to vs: well, through his help (thanks be to God) wee escaped.”1

The travelers’ analysis of the danger they had faced and the likelihood of their rescue drew upon two different ways of viewing the world. First, they expressed the risk of their deaths on the fells in terms of quantified chance. They set the “odds” of their survival, without assistance, at 100 to 1. This group thus saw numbers as an appropriate and effective way to describe and comprehend the risks they had faced. Yet, when their unlikely rescue did arrive in the form of directions from an old man, they thanked God. The encounter with an old man was not something whose odds needed to be quantified because God willed them to be rescued. They were saved due to God’s providence, not chance.

None of the military trio saw anything amiss in juxtaposing the language of quantified chance and divine providence, despite their derivation from two different worldviews. A probabilistic mode of thought, which relied on quantified chance, was closely associated with gambling—or, in early modern terms, gaming.2 This was a necessary precursor of, but not equivalent to, the mathematical theory of probability developed in the late seventeenth and eighteenth centuries.3 Rather, a probabilistic mode of thinking acknowledged the existence of chance, which followed natural and quantifiable laws, even if the arithmetic necessary for dealing with complicated real-world situations did not yet exist. In comparison, a providential mode of thinking saw God’s active, directing will in all earthly events. God’s providence could not be limited by natural laws as God was free to intervene in human affairs whenever and however he desired. Despite their potential differences, these two ways of thinking coexisted not only in the minds of three military adventurers, but also in the popular culture of seventeenth-century England.

Gaming was a socially pervasive activity in early modern popular culture that provided the language and context for the development of a probabilistic concept of quantified chance. Over the course of the sixteenth century, quantified chance emerged in gaming language through the term “odds,” which English men and women subsequently began to apply to situations in their everyday lives. Quantified chance came into conflict with puritan views of divine providence at the turn of the seventeenth century, leading to pamphlet wars and public debates over the nature of chance and providence. The two worldviews were reconciled through a subtype of providence that explicitly relied upon natural—and hence potentially quantifiable—laws, rather than God’s active intervention in worldly affairs. Early modern men’s and women’s growing belief in quantified chance and its ability to predict future events can be seen in the adoption of insurance outside merchant circles and the rise of public mortality statistics. But chance was quantifiable only because God had made the world to function accordingly. It was, ultimately, by the grace of God that early modern men and women could use numbers to determine the likelihood of future events and protect themselves from chance disasters.

Gaming and Chance

During the early modern period, men, women, and children all played what are today called games of chance. These game were ubiquitous—found in alehouses and coffeehouses, in public houses and private homes, in schools and on the streets.4 Dice games were the oldest of these forms of play, dating back to at least the Roman occupation of Britain and likely earlier.5 These games were almost purely dependent on chance, and the wildly popular game of hazard—an ancestor of modern craps—even gave one toss of the dice the linguistically on-the-nose name of a “chance.”6 Table games like backgammon and chess, while still including an element of chance, were more skill-based games and were also adopted across the social spectrum after being imported to England circa the twelfth century.7 By contrast, card games were relative newcomers that only began to appear in the records in the early fifteenth century but quickly became as popular as older games of chance.8 As early as the 1460s, Edward IV’s Parliament attempted to ban the importation of foreign game pieces to encourage domestic manufacture.9 During the sixteenth and early seventeenth centuries, thousands and later tens of thousands of decks of cards were being imported annually, but this was miniscule compared to the third of a million packs produced domestically every year in the early seventeenth century or the over a million a year produced by the middle of the century.10

While it was not necessary to bet on the outcomes of games of chance, many did so, with stakes ranging from stones and nuts picked up off the ground to counters, cards, or coins of real monetary value.11 A host of late medieval and early modern statutes prohibited games of chance, but by the sixteenth century, these laws were more concerned with the financial consequences of gaming than gaming per se; they included exceptions for Christmas gaming and for the wealthy to play year-round.12 Royal support for gaming can be seen as early as the 1520s when the Groom Porter—the official in charge of providing tables, chairs, and other accoutrements for the king’s lodgings—was tasked with obtaining cards and dice to entertain the royal household. By the end of the century, the Groom Porter also had the right to license game houses in London, and his primary responsibility had become supporting court gaming.13 Queen Elizabeth held an unsuccessful fundraising lottery in 1567–9, while Charles I officially incorporated the Worshipful Company of Makers of Playing Cards in London in 1628.14 By the early seventeenth century, “any Nobleman or Gentleman of a hundreth pound lands per annum [could] licence his seruants at his discretion” to play games of chance outside of the Christmas holidays. Even those without noble sponsorship were legally allowed to play for meat and drink.15 There were short-lived attempts to suppress gaming under the Commonwealth, but gaming came back in full force at the Restoration; a 1664 gaming law was once again focused on limiting financial risk by setting the maximum amount of money that could be bet in any one gaming session and establishing specific fines for cheating.16

The financial consequences of winning or losing incentivized early modern men and women to keep a lookout for cheaters, and it facilitated an implicit understanding of probability among dice players. The repeated tossing of a six-sided die—which had six equally likely outcomes when the die had not been tampered with—lent itself particularly well to this. Philosopher and historian of science Ian Hacking’s experiments with ivory dice held in the Cairo Museum of Antiquities found even the most “irregular looking ones were so well balanced as to suggest that they had been filed off at this or that corner just to make them equiprobable.”17 Medieval scholars created lists of all possible outcomes of dice throws, and early modern gamers were quick to accuse others of cheating when a die showed the same number too often or too infrequently.18 Sir Nicholas L’Estrange recorded one seventeenth-century dice game that erupted into an argument when the two players disagreed on the numbers that had briefly been shown:


Sir William then replied, “Thou art a perjured knave; for, give me a sixpence, and if there be a four upon the dice, I will return you a thousand pounds”; at which the other was presently abashed, for, indeed, the dice were false, and of a high cut, without a four.19



Sir William’s repeated observations of the dice allowed him to realize that the dice were behaving improbably; he didn’t attribute this to God’s active interference in the game but rather concluded the dice had been tampered with. He was certain enough of his conclusions that he wagered an enormous sum of money on an examination of the dice—specifically, he offered the cheater 40,000 to 1 odds.

During the early modern period, even gamesters who preferred to bet on tables, cards, and other entertainments that mixed chance and skill began to use quantitative odds to understand the risks they were taking with their money. The Oxford English Dictionary’s earliest recorded use of the word “odds” dates only to the beginning of the sixteenth century and originally referred to quantitative differences rather than probability.20 In war, the odds were the difference in size between two armies; in voting, the odds were the difference between those for and against; and in gaming, the odds were the difference between the amounts each of two parties staked on a bet. In the first two contexts, odds were generated through simple counting of pre-assembled groups of people. In a gaming context, however, the odds were not the amount of money gamesters brought to the table but rather how much of that money they were willing to bet on achieving their desired outcome. The numerical difference in stakes was soon conflated with a quantitative assessment of the likelihood of an event’s outcome, and the term “odds” was used for both. By the turn of the seventeenth century, the term was regularly employed in its predictive rather than its differential sense, and it appeared in a variety of contexts, including political, military, philosophical, and religious texts.21

These new predictive odds were quantitative, in the sense of being expressed numerically, but they were not mathematical, in the sense of having been calculated according to the as-yet undeveloped rules of probability theory. They demonstrate a probabilistic way of viewing the world that accepted numbers could be used to quantify the likelihood of future events, even if no one had yet formulated mathematical rules to make those numbers accurate. This lack of concern about accurate calculations can particularly be seen in mixed quantitative and qualitative statements, e.g., “oddes of many to one,”22 which simultaneously embraced the rhetorical power of quantitative and predictive odds while dispensing with any need to assign actual numerical values to the odds.23 But mathematical shortcomings in practice did not undermine the belief that chance existed and could—theoretically—be described and understood quantitatively when one was predicting the likelihood of unknown or future events.

God and the Gamesters

For the Christian population of early modern England, God’s providence was supposed to determine the course of all earthly events, especially those whose outcome was uncertain.24 This providence was twofold, reflecting God’s status as both omniscient and omnipotent. On the one hand, God stood outside time and thus one aspect of his providence was knowledge of the past, present, and especially future. On the other hand, God was all-powerful and used that power to direct events ranging from awe-inspiring miracles to the simple roll of a die. God may have created the world in number, weight, and measure, but the relationship of his divine providence to a quantified chance was less than certain.

Many English clergymen did their best to discredit beliefs that they interpreted as undermining the supremacy of God’s providence. William Gouge, minister of St. Ann Blackfriars, London, denounced the popular belief in fortune, which led to “those things which are done by God, [being] attributed, then to fortune, or chance, or lucke, (for these are but severall titles which are used to set out one and the same thing.)”25 Clergymen also sharply condemned the popular astrology and prognostications of yearly almanacs, which used the course of the stars and planets to make predictions about the future and was predicated on the idea that heavenly bodies had a direct influence on earthly events, including human actions and decisions.26 One of the most scathing condemnations of almanacs and astrology came from theologian William Perkins, who denounced writers for their inability to actually deliver true predictions and buyers for believing human prognostications, which demonstrated their “distrust in God [and] Contempt of the prouidence of God, in not reuerently regarding it.”27 While royal injunctions in 1559 and 1568–9 did restrict almanac writers and printers from publishing potentially seditious political predictions, they did nothing to curtail the general practice of astrology, and almanacs continued to include prognostications through the eighteenth century.28

A belief that was less overtly problematic—but no less troublesome to some—could be found in the idea of a natural order. George Herbert, rector of Bemerton near Salisbury, complained of “the great aptnesse Countrey people have to think that all things come by a kind of naturall course.” In his treatise on country parsons, Herbert lamented how difficult it was for the parson to teach his parishioners that it was not feeding and caring for their cattle that led to milk, nor sowing and tending the ground that made corn grow, but rather God’s providence, which possessed manna-like properties. Only his “sustaining power . . . which he continually supplyes” kept farmers’ crops growing; “without [this] supply the corne would instantly dry up.”29 God’s sustaining power was continuously present, as opposed to his governing power, which God used to create disasters such as fires or earthquakes.30 Thus it was God, not nature, that deserved the credit for a farmer’s crops and livestock.

However, while English clergymen were quick to defend the supremacy of God’s providence, some did allow that providence was not completely antithetical to the existence of a natural order. Like Herbert, most divided the active component of providence into two parts—a general, sustaining, or universal providence, and a special, governing, or particular providence. The former referred to God’s maintenance of the world and could be interpreted to include a natural order established during the Creation. This general providence operated through secondary causes; God did not act directly but rather employed intermediary forces, including so-called laws of nature. However, God was not in any way limited by these laws. He could, and did, violate them at will and function as a primary cause of earthly events. Thus God’s special providence encompassed his dealings with his chosen people and his direct actions to punish or reward, particularly miraculous interruptions of the natural order. Not all clergymen agreed on the mechanisms of providence and the division between secondary and primary causes. They also argued about the implications of God’s omniscience, particularly whether or not miracles were improvised interventions to keep God’s plan for humanity on track, or a pre-existing part of that plan.31 But this distinction between God as a primary or secondary cause provided a potential theological justification for the belief in natural laws and quantified chance and was a key point of contention in several well-publicized debates on gaming, chance, and providence.

At the turn of the seventeenth century, within the context of increasing differentiation between the religious practices of puritans and prayer-book Protestants, popular gaming became a flashpoint for those with puritan leanings.32 In 1594, clergyman James Balmford launched an all-out assault on gaming in a short treatise intended to prove “the vnlawfulness of playing at cards or tables, or any other game consisting in chance.”33 His arguments were entirely rooted in the concept of providence. Pure chance, such as the drawing of lots or throwing of dice, presupposed God’s special providence; thus, dice games “tempt[ed] the Almightie by a vaine desire of manifestation of his power and speciall prouidence.” He then sought to prove, by logic, that “if Dice be wholly euill, because they wholly depend vpon chance, then Tables and Cards must needes be somewhat euill, because they somewhat depend vpon chance.”34 While it was true that such games were popular among the nobility and royalty, that was no excuse for allowing such abuses of God’s providence to continue, and he advocated for all games of chance to be banned.35 A decade later, puritans blamed the 1603 outbreak of plague on God’s anger at gamesters’ abuse of his providence, and some went so far as to claim that God ended the plague in response to the mayor of Northampton’s campaign against gaming and alehouse-haunting.36 Throughout the reign of James I and VI, puritans took such a firm stance against certain forms of recreation—including gaming—that James rebuked them in his 1618 Declaration of Sports.37

But not all puritans were convinced that games of chance were inherently sinful. In 1619, a London pastor named Thomas Gataker published a sermon on chance and the theological propriety of gaming that had been well received when he preached it to his congregation.38 He took Balmford’s treatise as a starting point, but instead of focusing on games, he addressed the underlying assumption of Balmford’s argument: activities that involved lots were theologically unlawful because they relied on chance, which relied in turn on God’s special providence. In deconstructing this idea, Gataker argued that most lots relied on God’s general providence, as enacted through natural, secondary causes. He agreed with Balmford that it was indeed unlawful to frivolously call upon God’s special providence in casting a lot. However, the lots in games of chance were not cast with any assumption of God’s direct intervention.

To make this argument, Gataker first distinguished between three different categories of events—necessary, contingent but not casual, and contingent and casual.39 A contingent event was uncertain and variable, “not directed or determined by the skill, counsell, or fore-craft” of man and “not effected and produced by knowne naturall causes,” as opposed to a necessary event, which was certain, determined, and predictable.40 Contingent events could be further divided into two types: those that were and were not dependent on chance or “casualty.” Under this schema, a lot was defined as a chance event purposely applied to the deciding of some doubt.41 However, there were other kinds of chance events, which “befall men so continually in the whole course of their liues, which yet come not the most of them within compasse of a Lot . . . [such as] lighting on some one in the street or at the market, whom they desired to speak with, while they are going about other business.”42 Thus, while lots were the canonical example, they formed only one part of a larger category of chance events.

Gataker then claimed that God’s general providence directed earthly events. Thus it was also general providence that directed chance events, including lots.43 To clinch his argument, Gataker proposed the following proof by contradiction:


if in euery Lot there be necessarily an immediate worke and prouidence of God, then it is in the naturall power of man to make God worke immediately at his pleasure: for it is in mans power naturally to cast Lots at his pleasure. But to say that it is in mans power naturally to set God on working immediately at his pleasure, is absurd. There is not therefore an immediate worke and prouidence in euery Lot.44



To argue that God’s special providence directed the outcome of every lot was to argue, by implication, that a man had the power to force God to be the immediate, primary cause in every roll of dice or random drawing of a lottery ticket. This assertion was patently absurd to Gataker, and thus “it may be truly said, that it was Gods will, to wit, his disposing will, that the Lot should go as it hath gone.”45

Although most of Gataker’s lots relied on God’s general providence, he did differentiate between lots intended to simply decide some matter of contention and those intended to divine God’s will on the matter.46 The former he called ordinary lots, while the latter were extraordinary lots, since “extraordinary power or prouidence is required for the direction of the action to that end wherevnto it is applied.”47 It was the intention of the lot user that differentiated an ordinary from an extraordinary lot, which did rely upon God’s special providence. Gataker condemned extraordinary lots as presumptuous, unlawful, and “as it well deserueth, to the dunghill.”48 However, he defended gaming as ordinary lots that were determined not by the active intervention of God but rather by a “natural power” inherent in every creature and hence a product of God’s creation and general providence.

Offended by Gataker’s treatise and sermons—particularly his “confut[ing] me by name in open pulpit”—Balmford published an extensive rebuttal that consisted of a reprint of his original treatise and a “modest reply” to Gataker’s arguments.49 While willing to adopt the distinction between ordinary and extraordinary lots, Balmford continued to insist that both were guided by God’s special providence.50 To further his argument, Balmford expounded on an analogy between oaths and lots. “As an Oath, in the nature therof, supposeth the testifying presence of God: so a Lot, in the nature thereof, supposeth the determining presence of God.”51 Thus, just as an oath sworn before a legal court, by definition, implies God’s approval and verification of a witness’s truth, a lot cast to resolve a controversy, by definition, implies God’s approval of the lot’s resolution. Given this necessary connection between God’s special providence and the use of lots, Balmford argued that lots could not be used for non-religious ends, any more than prayer or swearing oaths.52 Thus gaming of any sort—whether dice games wholly consisting of lots, or card games partially consisting of lots—should be shunned for its vain appeal to God’s special providence.

Writing at incredible speed, Gataker composed his own reply to Balmford’s 1623 “modest reply” in less than three weeks, dissecting Balmford’s arguments point by point to demonstrate “the insufficiencie of his answers” and “the imbecillitie of his arguments.”53 Gataker’s central argument remained unchanged: that lots were chance, or casual, events and as such were no different in causation from other types of chance events.


What is there in the casuall falling of the Dye, or dealing of the Cards, more than in the fall of a Coyte, or lighting of an Arrow neerer or further, or the turning of a Boule, to ensnare the Conscience? Art more ruleth the one, and Nature the other; Gods prouidence and concurrence being equall in either.54



Gataker explicitly linked together all chance events to argue that, if gaming was blasphemous, then shooting at game while hunting or counting the number of flies circling an unattended plate of food should be considered equally evil. Through reiterating the presence of chance in nature, Gataker concluded once again that “to impose a speciall and immediate worke of Gods prouidence, vpon the casuall euent of the Lot, more than vpon other naturall accidents and deliberate actions of men, is a temerarious and groundlesse assertion.”55

While Balmford did not dignify Gataker’s second treatise with a direct reply, it is unlikely that he was ever convinced. Two years later, in 1625, he reprinted his 1603 treatise on the infectiousness of plague in which he discussed the ways God’s providence manifested during plague epidemics. While he admitted that “there be causes both naturall and diuine” for surviving the plague, he castigated those survivors who “obscure Gods prouidence by attributing thine escape to this, that the plague is not infectiue.”56 Most intriguingly, he also claimed that it was unlawful for clergymen to go among the sick for the purpose of Christian charity, using familiar arguments about God’s special providence:


A wanton or vnnecessary putting of God to the manifestation of his power or speciall prouidence, is a tempting of the Almighty . . . to runne into danger of the plague without necessary cause, as they do, who resort as boldly and freely to them that are sicke of the plague, as to those that are sicke of any other disease, is wantonly and vnnecessarily to put God to manifest his power and speciall prouidence in preseruing them from the Plague: therefore to runne into danger of the plague without necessary cause, as they do, who resort as boldly, &c. is a tempting of the Almighty.57



It was thus God’s special providence that was responsible for averting the plague, specifically, and risks in general. Consequently, in both the gaming debates and in discussions about plague, Balmford equated taking unnecessary risks with tempting God.

Despite Balmford’s disengagement, Gataker did not get the final word. The debate over chance, providence, and gaming continued into the next decade as Gataker’s arguments were formally debated by Cambridge students and came under attack by the extremist puritan theologian William Ames.58 Enough criticism of gaming and other popular entertainments remained that Charles I felt the need to reissue his father’s declaration on sports, causing a wave of protests from puritan clergymen. Yet at the same time, other people began to adopt Gataker’s views on chance. As early as 1633, clergyman John Downe reproduced Gataker’s arguments in his own defense of lots.59 While Gataker’s arguments did not immediately defeat older arguments against gaming, they did provide people who wished to reconcile chance and providence with an alternative, natural-law based framework for thinking about the nature of chance.

Clergymen’s attempts to explain the nature of contingent events relied on the splitting of God’s providence into a special and general providence, with the latter allowing natural laws to be the secondary causes God used to direct earthly events. Gataker used this concept of general providence to defend the theological propriety of gaming during the early seventeenth century. In doing so, he unyoked chance from the active intervention of God and argued for the existence of natural laws that governed chance in all things, from throwing dice to unexpected encounters in the marketplace. At the same time, by arguing for the interchangeability of gaming and other chance events, he provided theological justification for both quantified chance in gaming and its more general use in people’s daily lives. While quantified chance was applicable to any real-world situation, it would prove especially useful for calculating risk and, consequently, for risk aversion. The popular adoption of quantified chance for risk aversion was particularly apparent in the seventeenth-century mainstreaming of insurance and growing public interest in mortality statistics.

Risk and Insurance

The insurance of trade, particularly maritime cargo, was a long-standing practice in the early modern mercantile community. The distant origin of maritime insurance lay in bottomry—borrowing money against a ship, which would be repaid only if the ship safely made port—which had been practiced by the ancient Babylonians, Greeks, and Romans. Medieval merchant guilds provided a form of mutual assurance for their members, while non-mutual forms of maritime insurance appeared in Europe around the thirteenth century.60 By the fourteenth century, maritime insurance policies were flourishing on the Italian peninsula. Two of the earliest surviving insurance policies, from Genoa and Palermo, date to 1343 and 1350, respectively. Both Florence and Genoa enacted fourteenth-century insurance statutes to regulate these policies and keep merchants from running afoul of the 1236 papal prohibition against charging interest on maritime loans.61

By the early fifteenth century, Italian merchants carried maritime insurance to Southampton, England. Records exist of a lawsuit surrounding a 1426 insurance policy issued by eighteen Italian merchants, while the Borromei bank ledgers attest to at least nine insurance policies written up in the 1430s.62 Italian merchants primarily spearheaded and underwrote these policies, which were almost all written in Italian until the 1550s. The English insurance market relocated to London in the middle of the sixteenth century, at which point native merchants began underwriting most policies themselves; they had pushed almost all foreign merchants out of the local market by the 1580s.63 Although insurance remained a niche concern of merchants, policies were still numerous enough for Queen Elizabeth to establish a special Chamber of Assurances, which enabled merchants to settle insurance disputes without having to resort to expensive and lengthy court suits.64 At the turn of the seventeenth century, maritime insurance was so well established that one late Elizabethan law could declare “it hath been time out of mind an usage amongst Merchants, both of this Realm, and of foreign Nations, when they make any great Adventure (especially into remote parts)” to take out an insurance policy on their ship and goods.65

Maritime insurance policies were focused primarily on protecting merchants from the loss of trade goods due to storms, piracy, and other misadventures, but it was only a short conceptual step from insuring goods to insuring human lives. Slaves—as human “goods”—were commonly insured in the late medieval Mediterranean, from both maritime and non-maritime hazards, such as death in childbirth.66 Creditors also began increasing the security of their loans by taking out policies in the name of their debtors, or by having debtors take out policies that named the creditors as beneficiaries.67 While technically life insurance, both types of policies were more about providing insurance for someone’s financial interest in another person’s life—the market value of an enslaved person or the amount of a creditor’s loan—than about calculating and insuring the value of the life itself. But merchants also began insuring their own lives during high-risk travel, adopting language from ship hull insurance policies and applying it to their own bodies. Such policies were time-limited and required health exams or had waiting periods of forty days before the policy kicked in to ensure that sick and dying people didn’t attempt to scam the insurers.68 But unlike ships’ hulls, which had a clearly defined value, merchants did not have a market price for their own bodies. In choosing to put a quantitative value on their lives, they were effectively betting on their own lives and deaths.

On the Continent, insuring the lives of slaves, debtors, and travelers morphed into thinly—and not so thinly—veiled wagers, and life insurance became heavily associated with gaming in the sixteenth century. One could purchase a whole host of “wager insurances” on even the lives of strangers in whom the policyholder had no direct financial interest—including, much to their dismay, kings and queens. This conflation of insurance and gaming led to a transnational movement against life insurance in the 1570s and 1580s, which culminated in a series of laws that made life insurance largely illegal on the Continent.69

In England, life insurance survived this backlash because it remained an obscure practice limited to the mercantile community.70 Domestic slavery was not widely practiced in late medieval and early modern England, obviating the need to insure enslaved people’s lives.71 Although the early modern scarcity of coin led to the widespread use of credit to keep the economy functioning, English debts were more often reciprocal or forgiven as acts of charity than one-way relationships that needed to be insured to guarantee repayment.72 The oldest surviving example of a non-maritime life insurance policy was issued to a London slater in the relatively late year of 1583, while the sample six-month life insurance policy listed in William West’s popular legal handbook, Symboleography, bore the date of May 14, 1596.73 Furthermore, West only included sample insurance policies beginning with the second edition of his handbook, in 1603. These policies didn’t even form part of the main handbook, but were tucked away at the end in an addendum of miscellaneous subjects for use in “Merchants Affairs.” The section on merchant affairs was included in subsequent reprints throughout the first half of the seventeenth century, but it remained distinct from the main body of the handbook where more widely used documents, such as last wills and testaments, could be found. There was enough of a growing interest in regulating life insurance that the Chamber of Assurances lost jurisdiction over it to the common law courts by 1649, but it still remained primarily a merchant affair.74

The first widely adopted form of insurance in seventeenth-century England was actually a novel form of insurance that hewed closer to maritime policies. In the aftermath of the 1666 Great Fire of London—which burned down more than 13,200 houses, along with dozens of churches and civic buildings—insurers began to offer policies to protect rebuilt houses against future fires.75 As one 1680 insurance scheme explained, since “the Original of Assurances amongst Merchants” was an agreement that “a Loss might be made Good, and divided amongst Many; which otherwayes might have fallen to a Particular Person, or some few Persons, to his, or their great Detriment, and Ruin,” a logical parallel might be drawn between maritime disasters and land-based ones. For example, “The Demolishment by Fire of the City-Buildings, may be of like Detriment, and Impoverishment to those Proprietors” as the destruction of a merchant’s ship and cargo. Thus “Reason and Experience . . . will direct the like Security to be admitted of, for Re-building and Repairing the Casualties of Houses by Fire, to those Proprietors and Inhabitants; both being Adventurers at a Hazard, though in a different kind and Element.”76 A history of mercantile insurance laid the foundation for the widespread, public adoption of insurance, but the disaster of the Great Fire both triggered that adoption and channeled it into a very specific form.

Seventeenth-century fire insurance schemes had two main components: an assessment of risk in quantitative terms through the size of the insurance premium and a series of actions taken to reduce the overall risk of fire for their policyholders. The calculation of premiums took into account both the value of the house and the materials with which it was built. The former was a relatively straightforward acknowledgment of the value of the goods—the house—being insured. The latter, however, was based on the underwriters’ assessment of the risk of the house burning, expressed quantitatively. It was widely accepted that brick houses fared better in a fire than wooden ones. As one 1679 proposal for a joint-stock company explained, “The Casualties which may happen by Fire amongst the Timber-Houses, are in a greater Proportion, more Violent, and Hazardous” than brick house fires.77 Nicholas Barbon—who established the first successful fire insurance scheme in an effort to protect the houses he had rebuilt after the Great Fire of 1666—set the terms for his policies at “sixpence per pound rent for brick houses, and twelvepence for timber.”78 Around the time of Barbon’s scheme, the City of London created a scheme that assessed its premiums based on the value of the house, not the rent. However, the City’s scheme agreed with Barbon’s assumption that a timber house was twice as risky an investment as a brick house and thus should be charged twice as high a premium.79 These numbers may not have been derived through a mathematical analysis of house fires, but both early modern insurers and the people who bought their policies agreed that the risk of building in timber could be expressed and understood in quantified terms.80

The second component of fire insurance schemes was the establishment of fire-fighting brigades to mitigate the overall risk faced by all their insured properties. In other words, they viewed the risk of fire as something natural that could be warded against rather than the inescapable will of God. As early as 1638—in the wake of another fire that destroyed a large portion of London Bridge—a pair of gentlemen named William Ryley and Edward Mabb presented a petition to Charles I, in which they laid out a detailed plan to prevent the “many great losses by the lamentable fires hapned in and about the Citty of London.” In addition to insuring houses, the company would establish a continual fire watch, provide fire engines, and establish reserves of water to aid in fire-fighting efforts.81 While their petition failed, they anticipated the fire brigades that would become a component of all the fire insurance companies founded in the wake of the Great Fire. Companies established their own fire brigades and “maintained them in livery with badges” to fight fires throughout the city.82 Regardless of who sponsored a brigade, the firemen’s fee—anywhere between 6p. and 2s.6d., depending on the size of the fire—was paid by whatever company had insured the building they saved, or sometimes by the city if a building was uninsured.83 These costs generally formed only a small amount of the insurance premiums. For example, the Sun Fire Office limited itself to spending approximately 3% to 5% of its premiums on fire-fighting efforts, reserving the rest for insurance claims and shareholder dividends.84 In this way, early fire insurance both mitigated the financial effects of a house fire—the risk of which was quantitatively assessed through insurance premiums—and supported fire brigades in an effort to reduce the risk of disaster.

During the last decades of the seventeenth century, England finally experienced the kind of boom in popular insurance that the Continent had experienced more than a century earlier. A half dozen fire insurance schemes were established in London alone, and one company—the Amicable Contributors—insured over 13,000 houses by 1708.85 By 1694, insurance policies had grown so numerous that the Crown sought to raise revenues by imposing a stamp duty on them. Not all of these were fire insurance policies, as the popular adoption of fire insurance seems to have encouraged the adoption of other insurance policies as well. While not as common as fire insurance policies, sixty different life insurance schemes formed and issued policies between 1696 and 1721.86

The English insurance boom echoed the abuses found in the Continental boom. Many of these new insurance schemes were de facto wagers rather than an attempt to protect something in which the insurer had a viable financial interest. In 1702, Daniel Defoe complained that “WAGERING, as now practis’d by Polities and Contracts, is become a Branch of Assurances; it was before more properly a part of Gaming,” and he estimated that no less than £200,000 had been wagered on the outcome of the second siege of Limerick in 1691.87 Sieges proved a particularly popular subject for wager insurance policies; during the Nine Years’ War, various insurance policies offered 30% premiums against the Netherlands city of Namur succumbing to its besiegers by the end of September in 1695. During the eighteenth century, it was possible to purchase insurance on the likelihood of births, marriages, cuckoldry, highway robbery, the fall of a besieged city, and even death by drinking gin.88 Only in 1774, with the passage of the Gambling Act, were wager insurance policies curtailed.

As popular interest in all types of insurance increased, mathematicians worked with mortality statistics to put life insurance premiums on a firm mathematical basis for the first time. Early premiums for all types of insurance were based on educated guesses that insurers adjusted according to the season of the year and reports of piracy, location and building materials, or age and health. Both insurers and policyholders agreed that risks could be gauged quantitatively, but they lacked a method for precisely calculating those risks. In 1671, a Dutchman John de Witt became the first person to attempt to calculate life annuities based on mortality statistics. In England, mathematician Edmund Halley performed similar calculations in the 1690s, using information gleaned from Silesian bills of mortality.89 De Witt and Halley’s use of the bills was a new innovation that had the potential to set life insurance on firm mathematical ground for the first time. However public mortality statistics also had a long history of being analyzed for a much simpler type of risk analysis—tracking plague epidemics.

Plague and Bills of Mortality

Plague first entered England in 1348 as part of an epidemic that killed approximately one third of the population of Europe.90 There were reservoirs of plague in England throughout the late medieval and early modern periods, which regularly spilled over into the human population, causing both epidemics and smaller outbreaks of plague mortality. Some of England’s best-documented epidemics were in its cities—particularly London, which suffered six major epidemics in the century between 1563 and 1665–7 and lost an estimated 225,000 people to plague.91 Though plague died out in England after 1679, the Great Plague of Marseilles triggered English fears of renewed epidemics in the early eighteenth century, and there were outbreaks in the Mediterranean and eastern Europe until the turn of the nineteenth century.92

Unlike various Italian city-states, whose governments enacted plague policies early on and kept lists of people who had died from the plague, England did not have an official royal plague policy until the sixteenth century.93 In 1517, London suffered an epidemic of sweating sickness that infected the Lord Chancellor, Cardinal Wolsey, and other members of the court, followed by an outbreak of the plague. Upon recovering, Wolsey drafted England’s first royal policy to combat infectious disease, which was proclaimed on January 13, 1517/8 and reissued in various forms during subsequent outbreaks.94 These early efforts came to include reports on London mortality. But unlike their Continental predecessors, the London reports emphasized the number of the dead over the identities of the dead.95 From their early years, they were quantitative, rather than qualitative.

While it’s unclear exactly what the first reports looked like, those that survive from 1528 are full of numbers—listing the weekly number of corpses in each London parish, how many of those were plague deaths, subtotals of plague and non-plague deaths, and parishes that were clear of the plague.96 Mortality reports were circulated to the London mayor and aldermen as well as to the monarch and Privy Council, and were issued often enough in the early decades of the century that a 1555 London ordinance could require the clerks to provide the mayor with a weekly mortality report “in like manner and custom as heretofore hath been accustomed.”97 John Stow’s Annales, published in 1580, contains numbers related to the 1563 epidemic, and it’s probable that he obtained them from manuscript sources such as the ones alluded to by the London ordinance.98 However, such reports were never widely available, and a century later, John Graunt had to omit the 1563 epidemic from his seminal analysis of London’s bills.99

This interest in local mortality was not confined to London. Outside of the capital city, the 1538 establishment of nationwide parish registers made it theoretically possible to begin tracking every christening, marriage, and burial in England—at least those that occurred within the official church.100 The civic annals of Bristol reported only “great plague” and “mortality by pestilence” in 1544–5 and 1551–2, but city officials began to collect mortality statistics in the second half of the century. They entered numerical death tolls into the annals in 1565, 1575, and 1603.101 In 1579, the city of Norwich suffered an epidemic that was worse than any other epidemic since the Black Death of 1348–9; the Mayor’s Court responded by having clerks compile weekly mortality reports out of their parish registers. These reports continued almost without interruption until 1646 but only differentiated plague deaths from other kinds of death beginning in 1590.102

Mortality statistics continued to circulate in manuscript form until the plague epidemics of 1592 and 1603, when they were first printed and made available to the general population.103 The 1603 outbreak actually lasted for eight years, and popular demand for the printed bills was high enough that they were published continuously thereafter.104 During the 1603 outbreak, the Exeter civic annals also reported numbers derived from “the Church books and printed tickets,” which suggests that printed bills of mortality were circulated in that city, though currently there are no known copies still in existence.105 They were probably similar in form to the London bills, which included a parish-by-parish list of total deaths and plague deaths, along with running tallies of christenings, deaths, plague deaths, and infected parishes. London’s weekly bills were later supplemented annually with a general account of the preceding year, published on the Thursday before Christmas.106 Over the next several decades, more London-area parishes were added to the bills, including the parishes of neighboring Westminster, until the “Bills of Mortality” formed a recognized geographical unit that included all of London and its suburbs.107



[image: image]

Figure 5.1 Annual bill of mortality for 1665. L2926.2. Used by permission of the Folger Shakespeare Library under a Creative Commons Attribution-ShareAlike 4.0 International License.



During the seventeenth century, there was sustained popular interest in acquiring either the bills of mortality themselves or at least the quantitative information contained within them. Individual bills could be purchased for a penny apiece, or families could purchase an annual subscription for 4s., a price that appears to have remained consistent across the seventeenth century.108 London preacher Francis Raworth included them in some of his sermons, exhorting his congregation to thank God for zeros in the plague columns: “for these 12. moneths and above, I finde there nothing but Ciphers: Ah Lord, how unthankful are we for such a blessing! when thou might’st as justly as suddenly, turn our Ciphers into Figures.”109 Even Charles I kept up with the London bills during the civil wars, as parliamentary agents discovered when they intercepted two suspicious packages and discovered “no more nor no less, then the Bills of Mortality bound up in a bundle, of the whole years burials in London, &c. usually sent heretofore to the King.”110

Demand for both historical and current bills of mortality always increased dramatically during plague epidemics. Evidence suggests that plague-time demand for the bills resulted in unusually large print runs, though surviving copies are rare. During the 1660s, the Company of Parish Clerks lamented their inability to “Recover all the particular Weekly Bills thereof; the sight of them hath been much desired these times; but it is beyond my power, as yet, to answer mens expectations.”111 Rare book librarian Stephen Greenberg convincingly argued that the early bills of 1603 were printed using two different presses to increase the number of bills that could be printed during the single day the printer had to produce each week’s bill. This would have resulted in a production run of somewhere between 5,000 and 6,000 bills per week in a city of 141,000, or one bill per 20 to 25 people.112 Only at the end of the year and into 1604, when the worst of the epidemic was past, did the printer reduce his production to the approximately 2,500 bills that could be printed on a single press in one day.113

Londoners assiduously collected and evaluated the weekly mortality statistics printed in the bills over the course of plague epidemics. During the 1636 plague, one preacher noted how his parishioners “haue beene and are very diligent in enquiring after the weekly Bils of mortality, and they that could first obtaine the Bill from their Parish Clarks, haue acknowledged to be most beholden vnto them.”114 An anonymous Londoner faithfully filled out a comparative chart of weekly death tolls, subdivided by geographical area, in a printed broadside that listed remedies for the plague and exhorted its readers to “Live well. Die well.” Merchants such as Edward Wood, who lived in Littleton but had business dealings in London, followed the bills just as carefully and requested their local factors send them copies with their letters.115 Others acquired the same information by subscribing to newspapers such as the London Gazette, which printed summaries of the bills of mortality on the back of their 1665–6 broadsides.116 The newspapers were also a source of provincial statistics, so that people could compare the extent of the infection in various localities; many English towns instituted their own bills of mortality in imitation of the London bills, and by 1665 the London newspapers could confidently report news about the plague in Bristol, Cambridge, Gosport, Norwich, and Yarmouth.117 Even Daniel Defoe, in his fictional account of the 1665 plague, maintained a running commentary on the bills of mortality.118

In one of the most famous diaries of the seventeenth century, Samuel Pepys recorded a weekly summary of the bills of mortality from June, 1665 until the following May. His diary is invaluable for providing a first-hand account of the passion for and popular discussion of plague numbers during a London epidemic. Even before Pepys began tracking the bills, their numbers were the talk of the city.119 By August, the plague had grown so dangerous that during a ride through London's suburbs, Pepys found


all the way, people, Citizens, walking to and again to enquire how the plague is in the City this week by the Bill—which by chance at Greenwich I had heard was 2020 of the plague, and 3000 of all diseases; but methought it was a sad question to be so often asked me.120



A week later, at his office, Pepys and his coworkers were unable to concentrate on work and instead sat around discussing the plague numbers, “in great trouble to see the Bill this week rise so high.”121 Even on the official day of Thanksgiving to celebrate the end of the epidemic, in November of 1666, the numbers in the bills were on people’s minds: eight people had died of the plague that previous week, and seven more would die in the week to come. Pepys lamented the rush to celebrate: “Lord, how the town doth say that it is hastened before the plague is quite over, there dying some people still.”122 There was thus a general consensus among the population of seventeenth-century London that the bills of mortality provided valuable, quantitative information on the severity of a plague epidemic.

This consensus included those who defended God’s providential control of epidemic disease and saw plague death counts as a message from God. James Balmford, during the 1603 epidemic, equated God’s love with a decreasing number of deaths reported by the bills and exhorted his congregation to “coole not in your deuotion, because the number of the buried in our parish is fallen (blessed by God) from 305. to 51. in one weeke, and from 57. to 4. buried in one day. Shall our loue coole, when Gods loue is kindled?”123 An anonymous preacher, three decades later, complained that his parishioners had not “humbled themselues in Prayer, endeauouring to depart from their sinnes” when God made his wrath apparent via an increasing number of deaths.124 During the 1636 epidemic, printed broadsides containing prayers for God’s mercy were surrounded by death counts pulled from the bills of mortality, quantitatively reinforcing both the extent of God’s wrath and the direness of London’s situation. In 1665, clergyman Matthew Mead wished “we had Weeklie Bills of such Sins” as brought in the plague and used the language of quantified chance to predict it was “great odds, but the Contagion may shortly reach” the unrepentant sinner.125 Regular fast days and days of Thanksgiving were observed throughout all the seventeenth-century epidemics, and death tolls used as proof of their effectiveness in appeasing God’s wrath: “the two weeks Bills of Mortality, immediately after the Fast upon that occasion, were brought to the half of what they were the week before, and did amount not to more discernably then in the healthiest times.”126 Proof of God’s providence was in the numbers.

Of all the information provided by the bills of mortality, increases in the death toll came under the most scrutiny, and those people who responded with fear or flight equated increasing death tolls with an increased risk of death. One preacher noted how increases in the bills frightened his parishioners, “made them murmure, and proiect to flee to their Country-houses here or there, and peraduenture to send beforehand their Wiues, Children, and Houshold-stuffe.”127 Both Pepys’ diary entries and Defoe’s novel highlight the same trend. Early in the 1665 epidemic, Pepys noticed plague deaths had risen by 50% in one week, hitting “267—where is about 90 more then the last.” He concluded that there was now an unacceptable level of risk for his family and responded by both putting “all my affairs in the world in good order” and “sending of my wife’s bedding and things today to Woolwich, in order to her removal thither.”128 Later in the epidemic, when the bill first topped a thousand—and again, when the first plague death occurred in his parish—Pepys similarly interpreted the numbers as indicating an increased risk of his own death. His thoughts turned once more toward “setting some papers in order, the plague growing very raging and my apprehensions of it great.”129 While Defoe’s fictional protagonist chose to stay in London and recklessly gallivanted about town, exploring plague pits out of curiosity, his narrator’s elder brother swiftly “sent his wife and two children into Bedfordshire, and resolved to follow them” after he had set his business affairs in order. The brother stayed in London for several weeks, hoping to convince the narrator to join them, but eventually the risk of contracting the plague grew too high to allow further delay; “the bills were risen to almost 700 a week, and my brother told me he would venture to stay no longer.”130

Indeed, people relied so heavily on the bills of mortality to evaluate the severity of plague outbreaks that there was real incentive to minimize death tolls by underreporting. At the start of the 1665 epidemic, the aldermen of Norwich attempted to hide the outbreak of plague by restricting local bills and falsifying the numbers reported to London papers.131 Even during the height of the epidemic, when there was no hiding that plague deaths were occurring, not all clerks were completely honest about their numbers. Pepys recorded his concerns over underreporting after a chance meeting in the street with his parish clerk


who upon my asking how the plague goes, he told me it encreases much, and much in our parish: “For,” says he, “there died nine this week, though I have returned but six”—which is a very ill practice, and makes me think it is so in other places, and therefore the plague is much greater then people take it to be.132



Pepys was thus concerned that underreporting would cause people to incorrectly evaluate the severity of the epidemic, which would have particularly ill effects for people who based their risk-aversion decisions on the bills.

However, clerks were not the only ones responsible for reporting plague deaths and suspicion also fell on the searchers—usually poor women—who inspected dead bodies for “tokens” of plague and helped determine official causes of death for the parish register.133 John Graunt, in his analysis of plague deaths, calculated that the plague was often underreported by “as many as one to four, there being a fourth part more dead of other casualties that year, then the years preceding or subsequent,” and he blamed “the poor Searchers, out of ignorance, respect, love of money, or malice” for returning false verdicts.134 Such accusations may owe more to elitism or misogyny than practice, as he later allowed that searchers were accurate in their assessment of other diseases. Searchers’ testimony regarding causes of death was even considered credible evidence in late seventeenth- and early eighteenth-century murder trials.135

Regardless of the cause of the shortfall, Graunt developed a simple, mathematical solution: he looked at “the number that died of other diseases, and the casualties the weeks immedately before the Plague begun,” and subtracted that number from the current totals. The remainder “are indeed dead of the Plague, though returned under the notion of those other diseases.”136 The practice of looking at so-called excess mortality to identify undercounting of deaths from infectious disease continues to the present day, albeit usually on the basis of annual rather than weekly statistics because of seasonal mortality spikes. The numbers in the bills of mortality were important enough to lie about during an epidemic, and even afterward they remained important enough to try to correct.

Over the course of the sixteenth century, widespread familiarity with gaming enabled the development of probabilistic ideas about chance and the creation of a new word, “odds,” to express those ideas. While the more puritan clergymen wrangled with the theological implications of a chance based on natural laws, particularly its relationship to God’s providence, others drew on the doctrine of secondary causes to reconcile chance and providence. Popular familiarity with gaming odds, combined with a belief in the existence of natural laws, led to the idea that the likelihood of all future events—and not just the roll of a die—could be quantified.

In the seventeenth century, this quantified chance proved particularly useful for both predicting and thus averting risk in people’s daily lives. The increasingly widespread adoption of life and fire insurance reflected popular acceptance of the idea that risk could be assigned odds and monetary values—even if people weren’t entirely clear yet on how to calculate those odds. This idea was not limited to those who had the resources to pay insurance premiums, as evidenced by the popular interest in mortality statistics, particularly the London Bills of Mortality. During plague years, people used the quantitative information in the bills to evaluate risk and even those who urged people to put their faith in God used the bills to support their arguments.

It is, however, important not to overstate the mathematical facility of the population of early modern England. At the height of the 1665 plague epidemic, Samuel Pepys heard a sermon preached by the Duke of Albemarle’s chaplain, who chastised the bill-readers by proclaiming that “All our physicians can’t tell what an ague is, and all our Arithmetique is not able to number the days of man.” Only God’s providence could determine the future, thus all the work of human physicians or mathematicians had been for naught. Pepys, listening to this sermon, agreed with the chaplain’s conclusion, but not with the reasons behind it: “God knows, [it] is not the fault of arithmetique, but that our understandings reach not that thing.”137 Even though mathematicians would only develop mathematically rigorous theories of probability and statistics in the late seventeenth and eighteenth centuries, the men and women of early modern England had already embraced the concept of quantified chance.
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“Davids Arithmetick”: Quantifying the People

In 1676, Lord Treasurer Thomas Osborne organized a census of English adults in order to determine “what proportion or disproportion of number there is” between Catholics and Protestants, and between Protestants who did and did not conform to the Church of England.1 The Compton Census was run by and named after the bishop of London, who conducted it through established ecclesiastical data collection channels. Information was gathered at the parish level by rectors, victors, and churchwardens, then collated and summed up at the diocesan and archidiaconal levels.2 While the local mechanisms of data collection were long established, the questions asked by the census were unfamiliar, leading to a fair amount of confusion about who was actually eligible to be counted. Approximately 20% of the parish officials who conducted the ground-level census carefully included detailed descriptions of the categories of people they had chosen to count. The rector of Knowlton provided a typical explanation of his numbers: “If by Persons inhabiting be meant Housholders, the Families are two; but otherwise of grown Persons, & such as be of yeers to come to the Sacraments of the Lords Supper, there may be sixteen.”3 While some returns only contained estimates of the parish population, others went to the opposite extreme and listed all the parish’s inhabitants—adult or child—by name, rank, and household. Particularly enthusiastic parish officials, such as those in St. Nicholas’s Warwick, even compiled “an exact account, in all respects, according to the best information we can get, by going to every house in the parish for our information herein.”4

The Compton Census was not a neutral attempt to collect demographic data on England’s adult population. Rather, it had a specific policy goal of reassuring Charles II there was no truth to the allegations that Catholics and Dissenters dramatically outnumbered the English men and women who conformed to the Church of England.5 Despite Osborne’s intentions, popular interest in the Compton Census numbers ended up becoming stronger than the interest of the government that had sponsored it. The census failed to have any substantial impact on monarchical policy, even though its results were presented to Charles II, James II, and William III. However, information from the census was cited in religious treatises, calculated and recalculated by political arithmeticians, and even published in a Dutch newspaper.6 Instead of becoming a tool for monarchical policymaking, the data were embraced by political outsiders and used to discuss important religious and political issues in terms of numbers.7

By the early modern period, censuses were a familiar and long-standing tool of good government. However, the biblical precedents of King David and the association of censuses and taxation led to persistent, widespread reluctance to support anything that resembled “Davids arithmetic” or “numbering” people.8 Locally controlled census data, such as the parish registers and censuses of the poor, largely avoided this association and became increasingly important to local governments over the late sixteenth and seventeenth centuries. The parish registers, in particular, became the foundation for the collection and analysis of plague mortality statistics, which in turn paved the way for more general seventeenth-century attempts to use demographic data for social analysis. This new way of thinking with numbers led to the post-Restoration articulation of a formal practice of political arithmetic that was designed to support monarchical policymaking. However, by the end of the century, proponents of political arithmetic had redefined their work as the analysis of neutral demographic data, divorced from any particular political agenda. This led to the transformation of political arithmetic and demographic statistics from a specific tool of government policymaking to a general method for using numbers to understand the population and society of early modern England.

Numbering the People

Censuses were an ancient tool of government, referenced in both classical history and the Bible and thus widely known among the people of early modern England. Men who attended grammar school learned of the ancient censors of Rome, who were employed to perform “a generall survey and numbring of the people” and whose census results “were reckoned and entred into the Censours bookes of cittizens.”9 The census-takers of the Bible appeared in biblical readings and sermons, including the backstory of Jesus’s Bethlehem birth and the stories of Moses, Saul, and David. Indeed, Moses’s censuses were such a prominent component of his story that the fourth book of the Old Testament “is called Numbers, because therein are related two severall numbrings of the people.”10 These censuses were only intended to count free, adult males eligible for military service, not the entire population. By Moses’s second survey, the Israelites numbered “six hundred twentie foure thousand seuen hundred seuenty three . . . besides the women, slaues, old men, and youth vnder twentie yeres, which were at the least twice as many” but whose precise numbers were considered unimportant.11

During the early modern period, one of the most famous of these ancient censuses was conducted by the Old Testament king David and led to divine punishment in the form of a deadly plague. English clergymen considered the census one of David’s three great sins: “his adulterie, murther, and numbering of the people.”12 David’s affair with Bathsheba and murder of her husband, Uriah, were sins that needed little explanation, but the problems inherent in David’s census were not so obvious. Attempts to explain David’s sin ranged from his trespassing on the prerogatives of the Roman Empire to forgetting to “leuie the summe of halfe a sickle vpon euery one” counted. Some even argued—conveniently ignoring the precedents of Moses and Saul—that it was completely unlawful to number the people since God had promised they would “be innumerable as the starres of the skie, and the sand of the Sea: and therefore it belonged vnto God onely to number that, which was innumerable.”13

However, most clergymen agreed that the fault lay not in the census itself but rather in David’s sinful reasons for conducing the census. Hugh Latimer, bishop of Worcester, preached a sermon to Edward VI in which he explained that “it was not the numbrynge of the people that offended God, for a king may number his people, but he dyd it of a pride, of an elacion of mynde, not accordyng to Gods ordinaunce.”14 Sixty years later, Andrew Willet, the rector of Barley in Hertfordshire, was only slightly less harsh, arguing that David’s sin lay in “entring into a needlesse action, wherof there was no cause, but onely Dauids curiositie.”15 Shortly before the Restoration, the non-conformist Anthony Burgess argued that David’s sin was in seeking to conduct a census “out of vain and ambitious ends,” while William Guild, a Church of Scotland minister, placed the blame on all three motivations: “curiosity, vain confidence and pride, which makes the action vicious and sinfull.”16 While conducting a census was a prerogative of sovereign princes, it was also an act that pious Christians should perform only when there was an immediate, practical need for its results.17

Monarchical censuses for taxation and military levies had a long history within England, including the 1086 Domesday book and the 1334 assessment that set perpetual tax rates for the “fifteenth and tenth.”18 During the first half of the sixteenth century, royal ministers such as Cardinal Wolsey and Thomas Cromwell oversaw a variety of censuses or surveys intended to assess or extract population resources for immediate fiscal and military purposes.19 A 1522 survey of England’s military capacity formed the basis for the loans of 1522–3 and would have been used to assess the 1525 Amicable Grant had it not fallen through.20 Muster rolls included both the names of men who could be called out for the militia and the names of taxpayers who were required to furnish them with uniforms, arms, and other equipment, which turned into a flat tax of 70s. per man by the end of the century.21 The 1535 Valor Ecclesiasticus assessed the values of church properties with an eye toward confiscation, as did the Chantry Commissions of the 1540s.22 The word “census” itself had such a strong financial connotation in both its Latin and English usage that in 1538 Sir Thomas Elyot defined a census as “yerely reuenues. Also valuation of goodes. Also a subsidie, the numbring of the people.”23

One particular census, associated with the granting of subsidies, became a repeated and familiar occurrence during the sixteenth and seventeenth centuries. Although there had been at least ten attempts at directly assessed taxes prior to the reign of Henry VIII, they were largely failures. The subsidy only acquired its early modern form during the war years of the 1510s, under the direction of Cardinal Wolsey. Subsidy commissioners were appointed to assess the wealth of the population, including both annual income and the value of movable goods. Taxpayers would swear under oath to the value of their assets, then pay a proportional—rather than fixed—amount of taxes.24 These subsidy valuations were a thorough census of potential taxpayers as they certified “the names and surnames of euery parsone man and woman of thage of .xv. yeres or aboue” who was not on charity, as well those under fifteen with “landes. tenement rentes, fees, annuytes, offyces, or Corodyes, of the yerely value of .xx.s. or aboue, or hauyng goodes or Catalles, mouable, coyne, plate, Stocke or marchandyse . . . to the value of .xl.s. or aboue.”25 Subsidy valuations proved so useful that they later formed the basis for assigning a host of other taxes, such as church rates, scavenger rates, poor rates, militia rates, and plague rates.26

The use of subsidy valuations to set tax rates incentivized potential taxpayers to evade being listed or to misreport their assets. Subsidy valuations were fairly accurate during the first half of the century, but Queen Elizabeth allowed the elimination of the taxpayer oath in 1563, which led to rampant underreporting and tax evasion. In the wealthy London wards of Cordwainer and Broad Streets, the percentage of taxpayers assessed at £50 or more dropped from 30% in 1563 to a mere 5.5% by 1598. At the same time, the percentage of taxpayers assessed at £3 in goods—at that time the lowest assessment level—rose from 20% to 40%.27 By the 1580s, underreporting was such a well-known problem with the subsidy valuations that the government attempted to divorce these valuations from other rates. In 1584, the earl of Huntingdon ordered his militia commissioners “to have regarde not to the favorable and easie taxacion sett downe in the subsydie booke but what there levings are inded by reasonable construction.” Two years later, Yorkshire justices of the peace who proved reluctant to meet their military obligations were even threatened with the accurate assessment of their subsidy valuations: “yt maye happen that the observacion of other lawes will be required of them which will touche their purses more deeplie then this thinge doth.”28 Despite almost yearly subsidies granted from 1581 until the end of Queen Elizabeth’s reign in 1603, the combined total of these post-oath subsidies was still less than the subsidy revenues of the 1540s and 1550s.29

During the seventeenth century, the decline of subsidy revenues encouraged Stuart monarchs to invent new ways to assess and tax the wealth of the English population. Customs duties and the excise proved the most durable. Quota taxes such as the ship tax proved the most reliable method for raising a specific sum of money. However, the method of assigning quotas was often perceived to be grossly unfair, particularly after the outbreak of the English Civil Wars, when Royalists could claim that their quotas had been artificially inflated as punishment for their politics.30 The financial demands of mid-century warfare also led to the levying of income-graduated poll taxes in 1641 and 1660, as well as the creation of an entirely new form of census-based taxation: the hearth tax.31 Since the hearth tax was based on a combination of property values, income, and number of hearths in each household, it proved a far more reliable indicator of household wealth than taxpayers’ monetary self-reports alone. However, it also created a source of general discontent, as it required people to let strangers into their homes to count their hearths. This led to its 1696 replacement by a window tax that could be assessed from the outside.32

The association of censuses and taxation continued throughout the seventeenth century, making financial self-interest the primary barrier to more expansive, frequent, and reliable national censuses. The government as a whole recognized the need for accurate information on its people. In 1619, the Virginia assembly passed a registration bill requiring annual quantitative reports on the colony’s demographic data. Between 1623 and 1700, the English government conducted twenty-one censuses of its various colonies in the West Indies and North America.33 At the same time, however, the members of England’s Parliament were reluctant to enact measures that would significantly impact their own wealth and resisted efforts to conduct thorough and accurate censuses of the population of England itself.34 During a 1657 debate over the need to make “equal and equitable” assessments, members of the interregnum Parliament stonewalled a new census, noting “that the chief magistrate should know men’s estates was always avoided.” They also implied that any attempt to conduct a census might bring the fate of David down upon England by claiming the project looked “something like the numbering of the people.”35 Numbering colonists was an acceptable process and yielded valuable information for their home government, but numbering taxpayers at home—particularly taxpayers with political power—met serious, self-interested resistance.

From Local Lists to Demographic Analysis

English elites may have been reluctant participants in national censuses intended to extract financial resources from them, but those same people had less hesitation when it came to conducting their own smaller-scale censuses. Like royal ministers, they understood the census to be an important tool for gathering information and more generally recognized the potential of listing and counting for assessing, controlling, and extracting resources from the people they governed.36 Local religious and civic officeholders, such as churchwardens or city aldermen, had long kept account books, but the second half of the sixteenth century saw the increasing use of paper-based recordkeeping as part of the rise of what historian Peter Burke has dubbed the “paper state.”37 Particularly in urban areas, these local government positions came to be dominated by the same middling sort of men who were increasingly incentivized by commercial pressures to learn reading, writing, and Arabic numeral arithmetic for their own personal affairs. When faced with religious, economic, demographic, or epidemiological crises, these officials coped by turning to the same sort of inventories, accounts, and paper records that they used in their businesses and households.38 As local governments became more “data driven,” they moved to protect their paper records—keeping them under lock and key at home—but also shared their data on a need-to-know basis through information networks that stretched across the country to other localities and the central government in London.39

The most regular and widespread of these local censuses were the parish registers. In 1538, Henry VIII ordered parish officials to record every birth, marriage, and death that occurred within the Church of England. Rumors immediately began to circulate, speculating that the registers were intended to form the basis for some new tax, but Henry’s chief minister Thomas Cromwell reassured local justices of the peace that the registers were intended only to clarify lines of inheritance and allegiance.40 While the registers were never intended to provide a quantitative account of the parish’s population at any one moment in time, they did create an accurate and thorough census of people as they passed through critical life milestones. The registers were particularly significant in that they were not limited to the rich, taxpaying part of the population, nor to only the part consisting of able-bodied males fit for military service, but rather sought to collect information on the entire population; this inclusiveness would prove to be vital for the work of early demographers in the seventeenth century. Even in the sixteenth century, the value of the information contained in the parish registers was immediately apparent, and the registers themselves were closely guarded and maintained by parish officials across the country. Royal injunctions from 1561 required parish officials to send annual copies of their registers to their local diocese. These were followed up by proposed parliamentary bills in 1563 and 1576 aimed at creating a centralized collection point for the entire country. These bills failed to pass, and parish registers remained under the control of local officials and the Church of England except for a brief period during the Interregnum.41 They did not even become a source for central government taxation until the passage of the Birth, Marriages, and Burials Duty Act of 1695.42

Another common type of local census that was conducted regularly, albeit not on an annual basis, was the census of the poor. In some ways the opposite of the subsidy valuations, these censuses were intended to identify those people who were supported on public funds or otherwise indigent and in potential need of charity. These generally took the form of a time-limited collection of data, rather than an ongoing collection effort like the parish registers.43 Beginning in the 1550s and intensifying in the 1570s, urban and rural officeholders alike collected the names of their local poor.44 The most famous of these was the 1570 Norwich Census of the Poor, which followed in the wake of an attempted uprising in the city and led the city government to fear that the poor might join and strengthen any future rebellions.45 Late sixteenth-century demographic, political, and economic stresses—a booming population, war with Spain, and year after year of famines in the 1590s—led to increased population mobility and made it a matter of some urgency for urban officials to enumerate the poor, suppress vagrancy, and maintain the established social order. In 1598 and again in 1601, the parish became the local government unit responsible for implementing the new Elizabethan Poor Laws, further incentivizing them to keep track of which poor people they were—and weren’t—responsible for maintaining.46

During the sixteenth century, the information gathered through national and local censuses largely remained in qualitative list form. This allowed government officials to deal with people on an individual basis—such as knowing who a child’s parents were, what a particular taxpayer owed during a subsidy, and which local men and women were permanently unable to work because of infirmity or age. Data were sometimes stripped of identifying information and aggregated into a quantified, arithmetically manipulable format—notably, Wolsey’s 1520s corn surveys and the 1570 Norwich Census of the Poor—but this was not common. Furthermore, any sums or analyses were generally limited to immediate purposes rather than used as part of a large-scale quantitative analysis of government population data.47 However, one type of census data was regularly extracted from lists and put into a quantified—and mathematically manipulable—form: deaths from plague.

English’s first plague mortality statistics were compiled around 1520, with surviving London examples dating back to at least 1528.48 After the institution of parish registers, these numbers could be derived from the plague deaths listed in the registers at the instigation of city governments or, in the case of London, a combination of city and central government officials. Plague regulations from the 1578 epidemic required local authorities to count their dead, which led the city of Norwich to generate weekly mortality reports from 1579 until 1646; these are the best and longest-running series of early modern English vital statistics outside of London.49 During the second half of the sixteenth century and through the seventeenth century, plague mortality statistics were compiled in London, Norwich, Bristol, Chester, Exeter, Newcastle, Oxford, York, and other major cities.50 Local government officials used these figures to inform their decision-making on issues such as quarantining travelers and goods from other cities, closing the city gates against outsiders altogether, and instituting plague rates to support those shut up in infected houses. Although these data were useful at a local level, the limited geographical scope of each set of mortality statistics meant they couldn’t speak to epidemiological conditions on a country-wide level.

Intriguingly, despite the close association of David’s biblical census with plague, there seems to be no indication that people saw a causal relationship between cities numbering their dead and the outbreak of plague. Even I. D.’s 1636 Salomon’s Pest-House, which bewailed human sins and chastised people for putting their faith in numbers instead of God, failed to draw any general conclusions about censuses of the dead. Instead, I. D. discussed David’s plague solely in terms of magisterial flight, noting “that plague [was] caused by his sinne, the numbring of the people, which caused such a sorrow in Dauid, that he was ready by his owne death to redeem the publike calamitie.” I. D. then entreated magistrates to emulate David in staying to work for the good of their plague-stricken cities: “let not Magistrate forsake his Citie, nor the Minister his flocke” during an epidemic.51 Yet nowhere did I. D. imply that these same magistrates were responsible for their plague outbreaks, in the same sense that David had been. Compiled mortality statistics were an effect, not a cause, of plague.

By the turn of the seventeenth century, calculating government officials and elites began to move beyond local and immediate analyses of lists and their sums to ask and attempt to answer more abstract policy question of their data. In 1601, Thomas Wilson tried to derive the total number of English subjects from the muster rolls of 1588, while in 1603, the Dutch Stranger and prominent London merchant Gerard Malynes made his own attempt by multiplying the size of the average family by the number of families in England—the latter two numbers supplied to him by “the obseruation of Polititians.”52 In 1607, a Privy Council paper used subsidy and muster rolls to calculate the wealth and population size of Somerset and Northamptonshire. The paper then attempted to justify the enclosure of pasture lands by pointing out the greater wealth and population of enclosed Somerset, as opposed to unenclosed Northamptonshire. In 1613, solicitor general and future lord chancellor Francis Bacon—a strong proponent of quantification—pointed out the analytic potential in the information that the government already gathered. “The greatness of a state in bulk or territory doth fall under measure; and the greatness of finances and revenue doth fall under computation. The population may appear by musters, and the number of cities and towns by charts and maps.”53 The Oxford English Dictionary even credits Bacon with the earliest use of the English term “population” in the sense of the inhabitants of a kingdom or other geographical area, which had become itself a unit of analysis.54

While people collected and analyzed information from a variety of sources—such as Andrew Willet’s 1614 analysis of charitable bequests over time using livery company and prerogative court records55—the widespread availability of the printed London Bills of Mortality from 1603 onward made them a particularly popular source of demographic data in the seventeenth century. As early as 1607, baptism and burial numbers in the bills were cited as evidence of the city’s increasing population.56 During the first few decades of the century, much analysis of the bills was focused on active plague outbreaks but during the relatively plague-free years between 1636 and 1665, people began to increasingly analyze the bills to support a wider variety of arguments. An anonymous 1644 petition of “some hundreds of retaylers” argued that the abolition of the farthing as a coin of the realm had led to an increase in starvation among the poor.57 Later that decade, London draper Rice Bush’s treatise on caring for the poor advocated the establishment of food storehouses—not unlike modern food banks and food pantries—to feed the indigent. The proof of the effectiveness of these storehouses would be seen in the decrease in deaths by starvation as, ideally, the storehouses would altogether “prevent the mention of that sad disease in the weekly bills of mortality.”58 During the 1650s, James Howell used the bills to compare mortality rates between London and Amsterdam, reasoning that they would be proportional to the size of the respective cities’ populations. Amsterdam’s Bills of Mortality “at the utmost, come but to about threescore a week; whence may be inferred, that London is five times more populous; for the number that dies in Her every week, comes commonly, to near upon three hundred.”59 The argumentative power derived from analyzing the Bills of Mortality was even great enough for people to lament the limitations of the bills as a data source; Richard Whitlock wished for a rural version of the bills, while Thomas Culpepper complained that the recorded causes of death did not properly account for deaths from overindulgence in food and drink.60

These writers’ analyses of demographic data were not mathematically sophisticated; anyone who could read Arabic numerals enough to transfer the data into their preferred system for calculation could probably replicate what earlier calculators had done. These writers’ methods and results thus remained legible to the majority of the early modern English population. Physician Marchamont Nedham used just addition and subtraction to analyze the change in disease over time and argue that his colleagues should no longer rely on ancient writers, regardless of what established authorities such as the Royal College of Physicians advocated. To prove his point he chose to examine a small subset of diseases presented in the Bills of Mortality, “and leave you to observe and reason out the rest in others” using the same methods.61 After examining the historical symptoms of scurvy, he turned to the bills to provide evidence of the disease’s increase:


if you look back on former dayes about 30 yeares agoe, the number reckoned to dye of that Disease was but small, and year after year ever since it hath encreased gradually. In the year 1630. the number was but 5. In 1631. 7 — 1632. 9. — 1636. 25. Afterward, in the year 1647. the Account came up to 32. — In the year 1652. to 43. — In 1655. to 44. — In 1656. to 103 . . . which signifieth, that the Disease is very much alter’d, being grown to a higher pitch of Malignity and Mortality than in former time.62



Nedham similarly analyzed consumption, convulsion, gout, measles, rheumatism, rickets, “Rising of the Lights,” smallpox, and “Stopping of the Stomach,” using only the increase or decrease of annual mortality statistics to argue his points.63

In 1662, John Graunt took the analysis of demographic data to a new level with his Natural and Political Observations. Despite the breadth and scale of his analyses, he derived them from the Bills of Mortality with only “the Mathematiques of my Shop-Arithmetique,” including addition, subtraction, multiplication, and ratios. With this, he “reduced several great confused Volumes [of bills] into a few perspicuous Tables, and abridged such Observations as naturally flowed from them.”64 These observations were demographic and political in nature, ranging from “not above one in four thousand are Starved” and “there are about six Millions, and an half of people in England and Wales” to “The City removes Westwards” and “the most healthfull years are also the most fruitfull.”65

In his treatise, Graunt also explained to potential critics “to what purpose tends all this laborious buzzling, and groping” with numbers.66 He argued that the purpose of good government was to provide peace and prosperity to its subjects, and the foundation of this was a knowledge of both land and people: “It were good to know the Geometrical Content, Figure, and Scituation of all the Lands of the Kingdom. . . . It is no less necessary to know how many People there be of each Sex, State, Age, Religion, Trade, Rank, or Degree.”67 This knowledge would enable the government to estimate the needs of human consumption and make trade more regular, to the profit of the country as a whole. Furthermore, knowing “how small a part of the People work upon necessary Labours, and Callings,” as well as the distribution of trades, “is necessary in order to good, certain, and easie Government, and even to balance Parties, and factions both in Church and State.” Indeed, Graunt considered this information so important that he concluded his treatise by wondering if he had done the right thing in publishing rather than reserving his analyses for government use only.68 His printers were less ambivalent about making this information publicly available, given there was robust enough demand for it to be reprinted three times in under three years.69

By the end of the seventeenth century, while the original meaning of David’s census was not forgotten, public interest in demographic data had grown strong enough that judge Sir Matthew Hale could analyze David’s census in a wholly demographic context:


in the latter end of the Reign of David, about the Year of the World 2925, which was 435 Years after the Numbring of the People by Moses and Eleazar, David again Numbers the People, and then the Account of the People . . . [was] in all 1300000 fighting Men: and if we should take in Women, Children, and Aged, it is probable they were above five Millions. So that in the space of 435 Years, notwithstanding all these Decrements they were increased about three Millions.70



For Hale, the significance of David’s census was not David’s sin and the plague that followed. Instead, Hale focused on the numbers that resulted from each of the biblical censuses and compared them to one another to argue that, plagues and hardships notwithstanding, the overall population of Israelites had dramatically increased between the exodus from Egypt and the reign of David. Numbering the people was no longer an act of pride but a source of data that supported good government even without an immediate fiscal or military purpose.

Political Arithmetic

The growing association of demographic data analysis and good government led to the late seventeenth-century development of a practice called political arithmetic. The term itself originated no later than the 1670s in the writings of William Petty, an English government official in colonial Ireland with a background in natural philosophy.71 Like Graunt, Petty looked to numbers as a method for making demographic arguments and deliberately contrasted “using only Comparative and Superlative words and Intellectual Arguments” with “the course (as a Specimen of the Political Arithmetick I have long aimed at) to express my self in Number, Weight, and Measure.”72 While they never officially co-authored a publication, Petty supplied Graunt with some of the data used in his analyses, and Petty’s later work on the Dublin Bills of Mortality bore such a striking resemblance to Graunt’s that some of their successors mistakenly attributed Graunt’s work to Petty.73 But unlike earlier demographers, Petty treated populations not only as things that could be described and made legible through quantitative means but also as things that could subsequently be arithmetically manipulated. Crucially, the ultimate purpose of Petty’s political arithmetic was the advancement of the current monarch’s policies—whatever they might be—and his analysis and manipulation of demographic data were simply effective means to that end.74

Petty’s political arithmetic transformed political problems into demographic ones and reframed the work of the government as the manipulation of populations, particularly the ratio of one subgroup to another.75 In 1670, Petty calculated ratios for the population of lands he held in Ireland, where “the right numbering of the People [demonstrated] that there were living about then, upwards of 500 Papists for one of these Protestants.”76 The 1676 Compton Census similarly reduced the religious populations of England to such ratios by determining that only one person out of twenty-two was nonconformist and one out of 178 a Catholic.77 Once known, these demographic ratios could subsequently be manipulated by the transplantation of people; this was both the key to Petty’s political arithmetic and a source of its failure in practice, as demographic manipulation required an enormous movement of people over space. One of Petty’s plans involved exchanging 200,000 Irish men, women, and children with a like number of English ones; the former would constitute less than 2% of the new population of England, while the latter would definitively shift the balance of Protestants to Catholics in Ireland. Other, similar proposals included the exchange of Irish for English women, or even the replacement of Irish Catholic priests with English ones, thus getting rid of troublesome English Catholics while simultaneously destroying Catholicism’s relationship to Irish nationalism.78 Although developed to solve specific governmental problems within the context of Ireland, Petty’s political arithmetic evolved after the accession of James II to become a more generalized method of social engineering that could—in theory, if never in practice—be deployed to manipulate and control populations throughout the Stuart composite monarchy and expanding British empire.79

Like the work of other seventeenth-century writers, Petty’s manipulation of ratios might have been quantitative and arithmetical but did not require extensive mathematical knowledge to understand. In fact, Graunt’s earlier manipulation of statistics in his Observations was more complicated than Petty’s works.80 During a presentation to the Royal Society, Petty attempted “to excite the World to the study of a little Mathematicks, by shewing the use of Duplicate Proportions in some of the most weighty of Humane affairs.” However, he reassured his listeners that the mathematics of proportion should be simple enough that “the meanest Member of adult Mankind is capable of understanding” and “a Child of 12 years old may learn in an hour.”81 The presentation was well received among the members of the Royal Society, but Petty had overestimated the mathematical learning of some of his fellow government officials. Upon reading the printed version of the presentation, the solicitor-general of Ireland was particularly angry with Petty “for saying a Child of 12 yeares old might do in one houre what he found he could not do in many.”82

Although Petty’s arguments were expressed quantitatively and his program relied on the arithmetical manipulation of various ratios, the fact that such manipulations were a means to an externally determined end meant that Petty was able to tolerate a large degree of uncertainty and inaccuracy in his demographic data. He defended the use of numbers even in situations where he could not acquire exact information, noting that even those “that ayme at so much cleernes & certainty are forced sometimes to fly to estimate & opinion.”83 The important thing was to make certain that


the Observation or Positions expressed by Number, Weight, and Measure, upon which I bottom the ensuing Discourses, are either true, or not apparently false… and if they are false, not so false as to destroy the Argument they are brought for; but at worst are sufficient as Suppositions to shew the way to that Knowledge I aim at.84



For example, in his second set of observations on the Dublin Bills of Mortality, Petty noted an improbably large increase in the number of Dublin houses. Upon comparing the alleged numbers of houses, hearths, and burials, he concluded it likely to have been an error then fell back on experience, rather than mathematics, to claim “there is no ground from experience to think that in 11 year, the Houses in Dublin have encreased from 3850 to 6025. Moreover, I rather think that the number of 6025 is yet short.” However, he was still willing to use the numbers as they were “the best estimate I can make of that matter, which I hope Authority will ere long rectifie, by direct and exact Enquiries.”85 Indeed, Petty repeatedly called for more thorough and exact surveys of the English and Irish populations, and English lands, in order to support government policymaking and the practice of political arithmetic.86 The most important thing was not the absolute truth or falsity of his demographic data but rather that the numbers—and the immediate conclusions drawn from those numbers—were not so obviously false as to destroy the political arguments they were intended to support.

After Petty’s death, subsequent political arithmeticians such as Gregory King and Charles Davenant began to disassociate their still-emerging practices from Petty’s policy- and transmutation-centric version of political arithmetic. They acknowledged Petty’s founding role in the field, noting Petty “first gave it that Name, and brought it into Rules and Method,” namely, that “Mathematical Reasoning, is not only applicable to Lines and Numbers, but affords the best means of Judging in all concerns of humane life.”87 But they also focused on his printed works to the exclusion of his manuscript ones and preferred to treat populations as more neutral objects of knowledge, subject to natural laws that could be examined through quantitative analysis.88 In 1691, Royal Society member John Houghton took it as given that “an account of the several Parts of the Bills of Mortality of London” would be of interest to “the Political Arithmeticians that desire to know the Increase and Decrease of Places,” but he ascribed no particular agenda to his intended audience.89 Throughout the 1690s, King argued that it was the job of the political arithmetician to draw conclusions from the numbers, not manipulate the numbers to support a predetermined conclusion or government policy. He agreed that “to be well apprized of the true state, and condition of a nation, especially in the two main articles, of its people, and wealth, [was] a piece of political knowledge.” However, he castigated the exaggeration of “all former calculations” of English demographic data, whose untruths had the potential to lead government decision-makers astray.90 While King was also forced to make educated guesses over the course of his calculations, he insisted that his numbers “come very near the truth.” Any errors were not a deliberate manipulation meant to advance a specific political agenda but a natural result of the limitations of his original data.91

Like King, Davenant also argued for the neutrality of political arithmetic, casting it as a methodology with no inherent political agenda that could be applied to an ever-increasing set of political contexts. He defined the discipline as “the Art of Reasoning, by Figures, upon things relating to Government” and noted the “Foundation of this Art is to be laid in some competent Knowledge of the Numbers of the People.”92 It was not a method of government but rather a method of reasoning about government-related matters, whose foundations lay in numbers and demography. This method of reasoning provided quantitative evidence that might influence policy, but the evidence itself was politically neutral.


A great Statesman, by consulting all sort of Men, and by contemplating the universal Posture of the Nation, its Power, Strength, Trade, Wealth and Revenues, in any Council he is to offer, by summing up the Difficulties on either Side, and by computing upon the whole, shall be able to form a sound Judgment, and to give a right Advice: And this is what we mean by Political Arithmetick.93



The political arithmetician calculated the difficulties of all possible courses of action and only then used these data to decide which course of action to advocate. Even then, this was no more than a judgment, “Political Arithmetick being a good Guide in these Matters; though it gives not demonstrative Proofs.” At the end of the day, the primary purpose of political arithmetic’s calculations was “So that the Parliament would not be quite in the Dark” when making policy decisions, not to make the policy decisions for them.94 By the beginning of the eighteenth century, political arithmetic had thus become a method of producing evidence and arguments for parliamentary and public debates about monarchical policy, drawing on censuses and other quantitative data generated specifically for this purpose.95 Davenant’s arithmetic was very different from David’s arithmetic.

Although the census was an ancient and well-known practice in early modern England, ideas about its acceptable uses and limitations were filtered through the biblical story of David, which warned against curiosity and idle quantification. Census data were supposed to be gathered and analyzed only for immediate fiscal or military purposes. The establishment of subsidy valuations under Henry VIII reinforced the popular association of censuses and taxation and led to self-interested resistance to and attempts to evade accurate reporting during central government census efforts. The primary exception to this was the parish registers, both because they were avowedly non-financial in nature and also because they remained under the local control of parish officials and ultimately answered to the Church of England rather than to civil officials.

However, from the mid-sixteenth century onward, local government offices came to be increasingly dominated by the same middling sort of men whose business interests incentivized them to learn to read, write, and calculate with Arabic numeral arithmetic. When faced with the myriad crises of the late sixteenth and seventeenth centuries, they turned to the information gathering tools they knew best, listing and increasingly summing and analyzing the people they governed. While many of these data were kept secret—or at least provided only on a need-to-know-basis—the one type of data that was freely shared was plague mortality statistics, with the city of London’s Bills of Mortality forming an extreme example of public, quantified data. Over the first half of the seventeenth century, people increasingly quantitatively analyzed whatever demographic data they could acquire, particularly data from the London bills, and used the results to bolster their larger arguments about English society and politics.

By the end of the seventeenth century, the work of quantitatively inclined demographers, especially John Graunt and William Petty, led the latter to articulate a practice of governing by numbers called political arithmetic. In its original formulation, political arithmetic explicitly harnessed demographic analysis and the manipulation of population ratios to advance a monarch’s policy goals in a composite kingdom and nascent colonial empire. After his death, Petty’s successors reframed political arithmetic as a method of reasoning on demographics that could be applied to political matters but was inherently neutral and divorced from any specific policy goals. By the eighteenth century, political arithmetic was no longer a method of government. Indeed, it had transformed into a method of thinking and arguing numerically, that could be generally applied to whatever political, economic, and social questions faced the politically engaged men and women who increasingly chose to adopt it.


Epilogue

“Heau’ns Great Arithmetician”: Living in a Numerical World

In 1599, playwright Thomas Dekker composed a comedy for the Lord Admiral’s Men to perform before Queen Elizabeth and her court during that year’s Christmas season. In the epilogue, an old man beseeched the audience to pray to God for the long continuation of Elizabeth’s reign and framed his own prayer in numerical terms:


And that heau’ns great Arithmetician,

(Who in the Scales of Nomber weyes the world)

May still to fortie two, and one yeere more,

And stil adde one to one, that went before,

And multiply fowre tennes by many a ten:

To this I crie Amen.1



Dekker’s play is just one illustration of the way English ideas about numbers were inextricably bound up with ideas about God in the early modern period. God was the “great Arithmetician” who created the world in number, weight, and measure. Afterward, God continued to use “the Scales of Nomber” to weigh the world and reckon the days of every man and woman’s life. One of the many ways God showed favor toward Elizabeth was through acts of arithmetic, adding still more years to a reign that had already lasted forty-two years. In his enthusiasm, Dekker even suggested that God might multiply the decades and allow her to live as long as the prophets and kings of the Old Testament. God’s love was in the numbers.

The people of early modern England developed a numerical worldview that existed within a framework defined by Christianity. Their world functioned according to quantitative laws because God had made it so, and people could learn these laws because God had given humans the ability to comprehend numbers when he raised them above all other creatures. Early modern attempts to quantify abstract phenomena like time and chance reflect this religious worldview. Calendar reform and concerns over the relativity of time were inspired by the need to celebrate religious festivals at specific chronological moments, while the impulse to quantify chance led to debates over the mechanisms of God’s providence and how he directed earthly events through quantifiable laws. Even a proposal to conduct a national census was interpreted within the context of biblical censuses and God’s directives to his chosen people. Early modern numbers were not value-neutral conveyors of quantitative information but rather the building blocks of Creation.

Numbers were a socially pervasive technology of knowledge, with the power to shape modes of thought. As much as possible, By the Numbers has reconstructed a cognitive element of English culture by looking at not just how people used numbers, but how people thought about numbers and how they used them to think about events in their day-to-day lives. In analyzing numbers this way, it gives ordinary people a stake in philosophies and technologies of knowledge, and in doing so reconnects some of the revolutionary changes in early modern science with the changes occurring in everyday numeracy. This period witnessed not only the mathematization of elite natural philosophy but also the increasing use of numbers by ordinary men and women to interpret the world around them. Many later eighteenth-century developments in economics and politics, among other fields, had antecedents in early modern ways of thinking about numbers. The men and women of seventeenth-century England understood the potential of numbers as a technology of knowledge, even if they had not yet developed the mathematics to completely explain the world via numbers.

It is critical to better understand numeracy as it was one of the most widespread technologies of knowledge that people used while attempting to impose order on the world around them. By looking at a diverse array of both material and textual sources, this book has demonstrated how the multiplicity of oral, object-based, and written early modern symbolic systems ensured that people across the socioeconomic and educational spectrums could perform arithmetical calculations and create permanent numerical records. During the sixteenth century, the combination of counting boards, tally sticks, and Roman numerals could serve the needs of the entire population, from the illiterate to highly educated political officeholders. Only at the turn of the seventeenth century did the literate subsection of the population begin to favor the use of Arabic numerals. Even then, this preference never operated to the complete exclusion of other systems.

The early modern adoption of Arabic numerals is particularly significant for modern historians because it linked the previously separate functions of permanent recording and calculation via the act of writing. The patterns of change in numerical symbol use and in the educational methods employed during the seventeenth century underscore the increasing conceptual connection between writing and arithmetic. By the eighteenth century, the dominant form of English numeracy was a self-consciously literary form of numeracy—the same numeracy that remains the default Anglophone conception of numeracy today. But in combination with an emphasis on written sources, this literary form of numeracy can obscure the vitality of different types of numeracy in the early modern and other periods. In one of the most pervasive examples, it leads modern scholars to make assumptions about the difficulty early modern people must have had performing calculations with Roman numerals. Yet someone in early modern England would no more have turned to Roman numerals to perform calculations than we would use a fork to eat soup.

Scholars from a variety of historical subfields have also used early modern numerical practices to make arguments about the advent of globe-spanning phenomena such as capitalism or modernity. Whether they are historians of science and mathematics looking to Arabic numerals and the explicit zero or business and economic historians interested in merchants’ accounting and the use—or lack thereof—of double entry bookkeeping, these scholars have put quantitative changes at the heart of their grand narratives of history. It is therefore crucial to examine the full range of historical numeracies and to neither misunderstand the nature nor underestimate the pervasiveness of numerical concepts in the past.

Numbers are not transcendent phenomena. Acknowledging them as historically situated and looking at them through the lens of early modern English culture reveals major transformations in the way people used and thought about numbers during the sixteenth and seventeenth centuries. Changes in symbolic systems and educational practices encouraged new ways of thinking, as people began to consider numbers as a tool for interpreting common phenomena in their everyday lives. By the end of the seventeenth century, numbers were no longer simply a limited tool for financial and astronomical calculations. They had become the building blocks of God’s Creation and the foundation of English men and women’s efforts to understand their world.

Over the next three centuries, the people of England—both those who stayed at home and those who joined colonial expeditions to conquer large swaths of the globe—increased their commitment to numbers as a technology of knowledge. Buildings began to be identified by numbers rather than signs, which laid the foundation for geographical locations, movable objects, and people themselves to be likewise assigned numeric identifiers. Complex fiscal calculations became normalized at multiple levels of society, informing household finances, global commerce, and international diplomacy. Personal insurance schemes proliferated based on increasingly mathematically rigorous probability calculations, particularly around human life expectancies. Statistical analyses came to undergird everything from institutional and government policymaking to polling and sports betting. Some people turned to the idea of a “clockwork universe” to reconcile a mathematical and mechanistic world with their notions of God. Over time, Anglophone men and women came to take for granted that they lived in a quantitative and mathematized world.

An inherently mathematical worldview encompasses both the mathematics of advanced scientific disciplines and the use of numbers in ordinary people’s everyday lives. In the twenty-first century, most of the population of the Anglosphere is not highly skilled in mathematics by the standards of modern mathematicians. If asked, many people will self-deprecatingly refer to themselves as “bad at math,” while others will lament the deplorable state of mathematical education in their local schools. At the same time we rely heavily on numbers in our everyday lives, using them to explain such diverse subjects as the location of our homes, our educational achievements, and whether our organs are functioning properly. We take for granted the opaque mathematical algorithms that set our car insurance rates or run internet search engines.2 Ideas about numbers and numeracy are culturally determined, and they can vary significantly over time and place. But it is this essentially numerical way the general population understands the world that defines a mathematical worldview—both in the modern Anglosphere and in early modern England.


Appendix

Arithmetic Textbook Marginalia by First Author and Holding Library



Table A.1 Marginalia by First Author
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Sample size: 365




The breakdown of arithmetic textbook marginalia rates by first author—that is, the original author who gave his name to each textbook series—indicates some differences in the marginalia rates for each series. The authors are arranged by the number of surviving textbooks, with the gray bar indicating the total number of textbooks consulted per author and the black bar indicating the total number of annotated textbooks. Robert Recorde’s textbooks are particularly highly annotated (101 out of 115 examined) and have the largest survival rate in the sample. The only author who equals this annotation rate is Moore (15 of 17), although Baker and Hodder come close. Baker’s textbooks have the second-highest survival rate (40 out of 50 annotated), while the high number of surviving editions of Cocker’s textbooks, published in the late seventeenth century, hint at his burgeoning popularity that continued into the eighteenth century. Wingate’s arithmetics are outliers, with significantly less annotation (18 out of 34) than others.



Table A.2 Marginalia by Holding Library
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Sample size: 365




The breakdown of arithmetic textbook marginalia rates by first author—that is, the original author who gave his name to each textbook series—indicates some differences in the marginalia rates for each series. The authors are arranged by the number of surviving textbooks, with the gray bar indicating the total number of textbooks consulted per author and the black bar indicating the total number of annotated textbooks. Robert Recorde’s textbooks are particularly highly annotated (101 out of 115 examined) and have the largest survival rate in the sample. The only author who equals this annotation rate is Moore (15 of 17), although Baker and Hodder come close. Baker’s textbooks have the second-highest survival rate (40 out of 50 annotated), while the high number of surviving editions of Cocker’s textbooks, published in the late seventeenth century, hint at his burgeoning popularity that continued into the eighteenth century. Wingate’s arithmetics are outliers, with significantly less annotation (18 out of 34) than others.
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Introduction

1.George Wharton, Calendarium Ecclesiasticum: or, A New Almanack After the Old Fashion (London: J. Grismond, 1659), C5r. The group of men whom I refer to with the catch-all title of “mathematicians” gave themselves a variety of titles, including well-wishers, lovers, students, and practitioners of mathematics. Those who authored almanacs, in particular, tended to style themselves as “Philomathematicus.”

2.The almanac belonged to Henry Oxinden of Barham, who extensively annotated it, but it is unclear whether he or another member of his household was responsible for the underlining. HEH, 479104, f. D5r. For more on Oxinden, see Oxford Dictionary of National Biography, s.v. “Oxinden [Oxenden], Henry (1609–1670),” by Sheila Hingley, https://doi.org/10.1093/ref:odnb/21053.

3.Variations on this concept, without the Christian God, date back to at least the ancient Greeks. Plato’s Timaeus describes a creator-god who uses geometry to impose order on the fabric of the world. John Fauvel and Jeremy Gray, eds., The History of Mathematics: A Reader (New York: Palgrave Macmillan, 1987), 76–9.

4.While “science” is arguably an anachronistic term when understood in the modern sense, it also appears frequently in early modern mathematical writings. I follow the usage pioneered by Deborah Harkness, who argues that the Elizabethan definition of a science is “both a study of the natural world and a manipulation of the natural world for productive and profitable ends.” Deborah Harkness, The Jewel House: Elizabethan London and the Scientific Revolution (New Haven, CT: Yale University Press, 2007), xv.

5.Robert Recorde, The Ground of Artes Teachyng the Worke and Practise of Arithmetike (London: R. Wolfe, 1543), A1v–A2r, A4v, A2v.

6.Another version of the adjective “numerate”—defined as “counted”—dates to at least the end of the fifteenth century, while the verb form—meaning “to count”—dates to the mid-seventeenth century. These were just two of a variety of number-related words that the OED first attests to in the early modern period, including numerated, numeration, numerical, and numerically. OED, s.vv. “numerate, adj.1,” “numerate, v.,” “numerated, adj.,” “numeration, n.,” “numerical, adj. and n.,” and “numerically, adv.” This is consistent with the growing interest in counting and quantification during the early modern period.

7.OED, s.vv. “numerate, adj.2,” “numeracy, n.”

8.OED, s.v. “literacy, n.” The definition continues with this: “Also: the extent of this in a given community, region, period, etc. Cf. “NUMERACY n.” This variant meaning and the cross-reference to numeracy are recent additions to the primary definition and were not there when I originally began this research. The previous definition, which more closely parallels the OED definition of “numeracy,” was “the quality or state of being literate; knowledge of letters; condition in respect to education, esp. the ability to read and write.” OED 2nd ed., s.v. “literacy,” https://web.archive.org/web/20200712215613/https://oed.com/oed2/00134127. For comparison, the definition of “literate” as a noun is “A person who can read and write. Opposed to illiterate.” OED, s.v. “literate, adj. and n.”

9.For an extended discussion of the various types of early modern literacy, see Keith Thomas, “The Meaning of Literacy in Early Modern England,” in The Written Word: Literacy in Transition, Wolfson College Lectures 1985, edited by Gerd Baumann (Oxford: Clarendon Press, 1986): 97–131.

10.OED, s.v. “numeracy, n.”

11.Some modern scholars attempting to quantify historical numeracy rates have used age heaping as an identifiable behavioral marker that can stand as a proxy for innumeracy. See, for example, Brian A’Hearn, Jörg Baten, and Dorothee Crayen, “Quantifying Quantitative Literacy: Age Heaping and the History of Human Capital,” Journal of Economic History 69, no. 3 (2009): 783–808. However, this does not work for defining numeracy as there is no necessary relationship between quantitative ability and a cultural belief in the importance of precisely and accurately reporting an adult’s age in years.

12.OED, s.v. “numerate, adj.2.”

13.While early modern authors almost always used the term “man” as opposed to “human,” I have found no evidence that they believed women incapable of performing the same mathematical feats as men. Surviving account-books and almanacs demonstrate that early modern Englishwomen also performed bookkeeping for their households. In 1686 the Royal Society in Dublin examined the case of an eleven-year-old girl who “understands all Arithmetick, and Algebra, Trigonometrie, and the use of the Globes,” and determined that there was nothing “extraordinary in her natare to Mathematick: but doe impute all to her timely earlie education.” Bodl., MS Aubrey 10, ff. 10r, 29v.

14.Recorde, The Ground of Artes (1543), _6v.

15.Recorde, The Ground of Artes (1543), _6r.

16.Great apes, parrots, ravens, and rats can all subitize. My own informal experiments have suggested that my cats are also capable of subitizing when presented with piles of treats. While subitizing does not require counting, it does require active attention. Stanislas Dehaene, The Number Sense: How the Mind Creates Mathematics (New York: Oxford University Press, 2011), 259. Kim Uittenhove and Patrick Lemaire, “Numerical Cognition during Cognitive Aging,” in Roi Cohen Kadosh and Ann Dowker, eds., The Oxford Handbook of Numerical Cognition (Oxford: Oxford University Press, 2015), 348.

17.Brian Butterworth, What Counts: How Every Brain Is Hardwired for Math (New York: Free Press, 1999), 226. Sarah Benson-Amram, Geoff Gilfillan, and Karen McComb, “Numerical Assessment in the Wild: Insights from Social Carnivores,” Philosophical Transactions of the Royal Society B: Biological Sciences 373, no. 1740 (February 19, 2018). Christian Agrillo and Angelo Bisazza, “Understanding the Origin of Number Sense: A Review of Fish Studies,” Philosophical Transactions of the Royal Society B: Biological Sciences 373, no. 1740 (February 19, 2018). Rosa Rugani, “Towards Numerical Cognition’s Origin: Insights from Day-Old Domestic Chicks,” Philosophical Transactions of the Royal Society B: Biological Sciences 373, no. 1740 (February 19, 2018). Oliver Lindemann and Martin H. Fischer, “Cognitive Foundations of Human Number Representations and Mental Arithmetic,” in Roi Cohen Kadosh and Ann Dowker, eds., The Oxford Handbook of Numerical Cognition (Oxford: Oxford University Press, 2015), 36. Caleb Everett, Numbers and the Making of Us: Counting and the Course of Human Cultures (Cambridge, MA: Harvard University Press, 2017), 187. Dehaene, The Number Sense, 28.

18.John Bulwer, Chirologia, or, The naturall language of the hand composed of the speaking motions, and discoursing gestures thereof: whereunto is added Chironomia, or, The art of manuall rhetoricke. (London: Thomas Harper, 1644), 185.

19.Bulwer, Chirologia, 185.

20.Anthony Fitz-herbert, The New Natura Brevium, Of the most Reverend Judge Mr. Anthony Fitz-Herbert (London: W. Lee, M. Walbank, D. Pakeman, and G. Bedett, 1652), 583. This work was first printed in Latin circa 1534 and went through almost two dozen reprints in the sixteenth and seventeenth centuries.

21.For more on the consequences of being declared mentally incompetent in early modern England, see Richard Neugebauer, “Mental Handicap in Medieval and Early Modern England: Criteria, Measurement and Care,” in Anne Digby and David Wright, eds., From Idiocy to Mental Deficiency: Historical Perspectives on People with Learning Disabilities (London: Routledge, 1996), 22–43.

22.By six months, babies can recognize differences with a 1:2 ratio, by ten months, they can recognize a 2:3 ratio, and by adulthood most humans can recognize somewhere between a 7:8 and 11:12 ratio at a glance. While adult capabilities are partially the result of culture and formal education, the improvements in infants’ abilities occur naturally as their brains mature. Christian Agrillo, “Numerical and Arithmetic Abilities in Non-primate Species,” in Roi Cohen Kadosh and Ann Dowker, eds., The Oxford Handbook of Numerical Cognition (Oxford: Oxford University Press, 2015), 228. Manuela Piazza et al., “Learning to Focus on Number,” Cognition 181 (December 1, 2018): 35–45. Titia Gebuis and Bert Reynvoet, “Number Representations and Their Relation with Mathematical Ability,” in Roi Cohen Kadosh and Ann Dowker, eds., The Oxford Handbook of Numerical Cognition (Oxford: Oxford University Press, 2015), 331.

23.Koleen McCrink and Wesley Birdsall, “Numerical Abilities and Arithmetic in Infancy,” in Roi Cohen Kadosh and Ann Dowker, eds. The Oxford Handbook of Numerical Cognition (Oxford: Oxford University Press, 2015), 263, 267.

24.Dehaene, The Number Sense, 28.

25.In Brazil, the Mundurukú and Pirahã languages have quantitative words but these words don’t indicate stable numerical quantities. An English comparison might be the terms “couple” and “handful.” Anthropological studies have argued that monolingual speakers of these languages draw on only the evolutionary elements of numerical thinking that are present in newborns and other members of the animal kingdom and thus perform approximate, rather than exact, quantity comparisons and arithmetical operations. However, when introduced to numerical symbols, members of these linguistic groups become capable of performing the same exact mathematical operations as people raised in cultures with numerical symbols. Everett, Numbers and the Making of Us, 9–10, 22–23, 117. Dehaene, The Number Sense, 263. Ian D. Holloway and Daniel Ansari, “Numerical Symbols: An Overview of Their Cognitive and Neural Underpinnings,” in Roi Cohen Kadosh and Ann Dowker, eds., The Oxford Handbook of Numerical Cognition (Oxford: Oxford University Press, 2015), 539.

26.Dehaene, The Number Sense, 81, 264. Geoffrey B. Saxe, “Culture, Language, and Number,” in Roi Cohen Kadosh and Ann Dowker, eds., The Oxford Handbook of Numerical Cognition (Oxford: Oxford University Press, 2015), 370. For example, the Aranda people in Australia have number words only for one, two, and three. For larger numbers they have a word meaning “this many, as many as indicated,” which is accompanied by drawing the appropriate number of lines in the sand. Butterworth, What Counts, 50, 154–5.

27.Helen De Cruz and Johan De Smedt, “Mathematical Symbols as Epistemic Actions,” Synthese 190, no. 1 (January 1, 2013): 4. Stanislas Dehaene and Laurent Cohen, “Cultural Recycling of Cortical Maps,” Neuron 56, no. 2 (October 25, 2007): 384–98. Sami Abboud et al., “A Number-Form Area in the Blind,” Nature Communications 6, no. 1 (January 23, 2015): 1–9. Marie Amalric, Isabelle Denghien, and Stanislas Dehaene, “On the Role of Visual Experience in Mathematical Development: Evidence from Blind Mathematicians,” Developmental Cognitive Neuroscience 30 (April 1, 2018): 314–23. Marie Amalric and Stanislas Dehaene, “A Distinct Cortical Network for Mathematical Knowledge in the Human Brain,” NeuroImage 189 (April 1, 2019): 19–31. Marie Amalric and Stanislas Dehaene, “Cortical Circuits for Mathematical Knowledge: Evidence for a Major Subdivision within the Brain’s Semantic Networks,” Philosophical Transactions of the Royal Society B: Biological Sciences 373, no. 1740 (February 19, 2018). Marie Amalric and Stanislas Dehaene, “Origins of the Brain Networks for Advanced Mathematics in Expert Mathematicians,” Proceedings of the National Academy of Sciences 113, no. 18 (May 3, 2016): 4909–17. This stands in contrast with literacy skills, which are mapped onto regions of the brain associated with vision, specifically object and scene recognition. When someone acquires the ability to read, the brain has to reorganize itself, “recycling” parts of itself to support this new skill. Stanislas Dehaene and Laurent Cohen, “Cultural Recycling of Cortical Maps,” Neuron 56, no. 2 (October 25, 2007): 384–98. Stanislas Dehaene et al., “Illiterate to Literate: Behavioural and Cerebral Changes Induced by Reading Acquisition,” Nature Reviews Neuroscience 16, no. 4 (April 2015): 234–44.

28.Bulwer, Chirologia, 188-9.

29.English does have words with both numerical and non-numerical meanings. For example, “gross” can mean the quantity one hundred and forty four—that is, twelve twelves, an important number in base twelve systems of arithmetic. The word “gross” also has a host of associated definitions, including large, easy to understand, and the entirety of some group. An even greater range of definitions can be found for “brace,” which can describe a piece of armor, part of a bridge, or a type of fastening device but is also used to mean two of something. However, none of these words are in the main counting sequence; we say, “one, two, three,” not “one, brace, three.” OED, s.vv. “gross, a. and n.”4 “brace, n.”2

30.Paul Sillitoe, ed., Local Science vs. Global Science: Approaches to Indigenous Knowledge in International Development (New York: Berghahn Books, 2007), 265. Calvin C. Clawson, The Mathematical Traveler: Exploring the Grand History of Numbers (New York: Plenum Press, 1994), 28.
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