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ABSTRACT 

 Cultural evolutionary models that relate spatial and temporal patterning in artifact 

sequences to human social learning processes and history have made many recent 

advances.  Specifically, these models connect evolutionary forces and social leaning 

mechanisms along cultural pathways with expectations that can be assessed using 

material culture.  In this dissertation, I use an historical archaeology case study of carved 

New England gravestones to evaluate three different aspects of cultural transmission and 

artifact patterns.  First, I study the role of social network structure in the transmission of 

cultural information among carvers organized in workshops that were principally 

comprised of a carver and his apprentices.  The results of this study suggest that the 

motifs reflect widespread similarity that transcends workshop organization.  However, 

the finer grained decorative elements that make up these motifs correspond with cultural 

lineages of gravestone carvers. Second, I examine the relationship between the diffusion 

of innovations and cultural transmission mechanisms that result in spatiotemporal 

patterning.  The spatial patterning suggests that social contagion among consumers 

created brief instances of wave-like diffusion from a distinct workshop, highlighting the 

role of consumer choice.  A review of probate payments shows that gravestones were 

rarely purchased from distance sources, as transport costs could be prohibitive.  The 

spatial patterning and historic record suggest that carvers also learned from other carvers 

creating a hierarchical diffusion process.  These two populations created a feedback 

mechanism that leads to complex emergent phenomena, as illustrated by the rapid and 

widespread adoption of the cherub motif.  Third, the neutral model of stylistic variation is 
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applied to gravestone data to examine the ways that increased consumption and an 

expanding carving industry led to dominant decorative motifs.  This study shows that 

neutrality can be a fleeting and transitional state between the dominance of single 

decorative styles. These three studies use New England gravestones to illustrate the 

evolutionary forces and cultural transmission mechanisms among artifact producers and 

consumers, which generated the stylistic patterning we observe in the archaeological 

record. 
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CHAPTER 1: 
 

INTRODUCTION 
 
All around, there were monuments carved with armorial bearings; and on 
this simple slab of slate—as the curious investigator may still discern, and 
perplex himself with the purport—there appeared the semblance of an 
engraved escutcheon (Hawthorne, The Scarlet Letter 1850). 

 
 
Explanation of the Problem 

 The artifacts that people use to mark graves and commemorate the dead are 

imbued with cultural meaning.  The imagery that adorns these funerary markers can 

inform the archaeologist about past religious ideology.  But as material objects they can 

also tell us much about the ways that cultural knowledge is transmitted, as well as the 

historical conditions and social relationships of the individuals they celebrate.  Thousands 

of historic gravestones still stand in New England cemeteries, recording much about the 

Colonial culture that erected them.  These artifacts have been used to track attitudes about 

death and the religious reforms of the eighteenth century (e.g. Dethlefsen and Deetz 

1966, Ludwig 1966).  Many different interpretations of this gravestone imagery have 

been proposed and debated (Forbes 1927; Ludwig 1966; Tashjian and Tashjian 1974; 

Benes 1978; Watters 1981; LaFountain 2004).  This study takes a different approach to 

understanding gravestone style and stylistic change, using models from evolutionary 

archaeology to understand the decorative variation of artifact assemblages.  This study of 

gravestone style goes beyond a knowledge of Puritan history and the ecclesiastical 

dialogue about these eschatological symbols.  Read as the products of gravestone carvers 

working in seventeenth- and eighteenth-century Massachusetts and the consumers who 
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purchased them, these artifacts speak to the learning frameworks gravestone carvers, 

consumer agency, and the historical circumstances that shaped product distribution of the 

gravestone carving workshops.   

 This study uses a surveyed sample of the tens of thousands of seventeenth- and 

eighteenth-century stones that are still standing in community burial grounds throughout 

New England.  The survey conducted by the author documented 9600 seventeenth- and 

eighteenth-century gravestones in 46 burial grounds dispersed throughout eastern 

Massachusetts.  This study collected data about the location, date and decorative content 

of the stones, in order to quantitatively describe the spatial and temporal patterning of 

gravestones.  The seventeenth- and eighteenth-century slate markers have resisted 

weathering unlike the nineteenth century marble stones, some of which have been 

rendered all but unreadable by acid rain.  The carved decorations and inscriptions on 

these stones are still legible today.  These artifacts capture the decorative knowledge and 

techniques of carvers, and reflect the preferences of the families that purchased them to 

mark the graves of the deceased. 

These well-preserved artifacts have been placed in a larger historical narrative 

concerning the erosion of orthodox Puritanism (Deetz and Dethlefsen 1967).  However, 

the decorative diversity and spatial patterning of the gravestones are at variance with this 

narrative in many communities at various points during the late seventeenth and 

eighteenth centuries.  The Deetz and Dethlefsen narrative does not adequately deal with 

the role of the gravestone carvers.  With probate documents that deduct payments to 

individual carvers for gravestones before estates were settled (Forbes 1927), many of 
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these artifacts can and have been linked with the stone carvers who created them.  When 

examined systematically, the stones with known authorship can help us understand the 

ways that carvers learned how to decorate the stones by comparing them with those of 

their peers and predecessors.  This study approaches the material record as a product of 

both artifact producers and consumers.  Rich spatiotemporal stylistic data captured by 

gravestones in eastern Massachusetts and the associated historic documents show that 

these artifacts are the product of complex interactions between both carvers and 

consumers.  The social networks that emerged from relationships among artifact 

producers and workshops shaped the emergence of spatial and temporal patterning.  The 

people who purchased these gravestones were not passive recipients of gravestone style.  

The consumers, who lived in dispersed communities at varying distances from carving 

workshops, made choices about which styles to purchase and how much they were 

willing to spend for transporting a stone to their community burial ground. 

Consumer choice and carvers’ craft traditions interacted in a feedback loop.  In 

order to be successful, a carver had to produce stones that consumers considered suitable 

to commemorate the deceased.  But the choice between alternative gravestone variants 

was constrained by their knowledge of the locally available stones.  The producers 

learned in a social context organized around workshops of carvers.  Although the carver 

certainly had creative input and sometimes carved innovative new designs, the artifacts 

were characterized by very low levels of innovation in the main decorative motifs carved 

on the stones.  A few decorative motifs, the death’s head, cherub, and urn and willow, 
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dominated cemeteries, although there were some notable local departures from these 

dominant styles. 

Recently, a suite of models has been developed that draw on Dual Inheritance 

theory (Cavalli-Sforza and Feldman 1981; Boyd and Richerson 1985) to study the 

cultural evolutionary processes that affect the production and consumption of material 

culture (see Shennan 2008 for an overview).  Dual Inheritance theory examines the ways 

that cultural information is shaped by social learning pathways.  This study applies 

models of social network structure, spatial diffusion, and decorative diversity to examine 

the evolution of gravestone carving traditions and the concomitant archaeological 

distributions of these markers.  Three case studies use New England gravestone data and 

documentary evidence to evaluate and refine models of cultural transmission.  These 

essays demonstrate how spatially and temporally defined cultural traditions in emerge 

from the social and spatial organization of producers and consumers. 

 

Literature Review 

Dual Inheritance Theory 

 Dual Inheritance theory refers to the transmission of both genetic material and 

culture between people.  While genes are passed from parent to child, along well-known 

biological pathways, culture can be transmitted in a wider variety of directions.  The 

human capacity for social learning permits us to acquire new cultural behaviors, beliefs, 

knowledge, and values from others (Boyd et al. 1997).  Dual inheritance theory 

synthesizes population genetic models and cultural transmission by adapting quantitative 
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models of evolution (Cavalli-Sforza and Feldman 1981).  This theory adapts population 

genetic models to cultural variation, by identifying cultural analogues to evolutionary 

forces of selection, migration, drift and mutation.  Of course, culture can be transmitted 

across generations between related individuals (vertical transmission), or across 

generations between unrelated individuals (oblique transmission) (Cavalli-Sforza and 

Feldman 1981:54).  Cultural information can also be transmitted between peers 

(horizontal transmission) (Cavalli-Sforza and Feldman 1981:54).  In contrast to genetic 

transmission, the relationships between learners and teachers are diverse, and range from 

one-to-one, one-to-many, and many-to-many. 

These Dual Inheritance models were subsequently extended to describe the ways 

that social structure shapes cultural transmission (Boyd and Richerson 1985).  One of the 

most important contributions of this theory is the recognition of human decision-making 

processes that differentiate social learning from biological inheritance.  These decision-

making processes place humans in a “complex social network through which they 

actively participate in the creation and perpetuation of culture” (Boyd and Richerson 

1992:183).  Boyd and Richerson (1985) specify several different mechanisms by which 

alternative cultural variants can be chosen.  In the simplest neutral model of cultural 

transmission, a naïve individual chooses a cultural variant from another individual in the 

population at random.  Guided variation is a means by which individuals can evaluate the 

effectiveness of certain behaviors through a combination of observation of others, direct 

experimentation and the inherent qualities of alternative variant traits (Boyd and 

Richerson 1985).  Certain learning mechanisms are also said to bias cultural transmission 
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by affecting the adoption of cultural variants.  These biases alter the probability that a 

naïve individual will chose from a set of available teachers.  The frequency of alternative 

variants (frequency-dependent, conformist or non-conformist bias) is one source of bias.  

In frequency-dependent bias, learners attempt to emulate the most common cultural 

variant in the population.  In this situation, the rate at which a trait is reproduced in the 

next generation scales non-linearly with its frequency in the population.  This contrasts 

with the way that traits are copied in an unbiased, random copying model.  Another 

potential source of bias is the social position of those with alternative variants, or prestige 

bias, wherein naïve individuals choose to emulate or learn from other individuals based 

on their social position.  All of these biased strategies avoid the costs associated with 

direct experimentation with novel cultural variants. 

These models have obvious appeal to archaeologists who attempt to infer social 

processes from material culture data.  Boyd and Richerson suggest that several simple 

microevolutionary processes can account for the diversity we observe in human culture 

(1992). Examining the roles of evolutionary forces and social learning strategies in 

shaping cultural patterning, gives both historical contingency and evolutionary 

mechanisms a role in the emergence of cultural patterns (Boyd and Richerson 1992).  The 

time series data that archaeologists analyze have the potential to illustrate the ways that 

cultural inheritance systems are shaped by historic forces (Boyd and Richerson 1992; 

Neiman 1990; Shennan 2002).  Several different trends in cultural evolutionary research 

draw on models of diversity, the diffusion of innovations, and the role of social networks 

in the evolution of cultural phylogenies. 
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Neutral Models in Archaeology 

 In order to discern biased transmission and selection from the neutral processes of 

drift, migration and innovation, archaeologists have adapted the neutral model of genetic 

variation (Ewens 1972) to model material culture diversity.  The neutral model predicts 

that genetic diversity is a function of the effective population size, gene flow, and 

innovation rate.  The model’s mechanistic predictions may be compared with estimates of 

diversity based on neutral alleles to infer migration or bottlenecks in the population, 

which would increase or decrease diversity, respectively.  Similarly, archaeologists use 

the neutral model with material culture data to examine whether neutral processes can 

account for observed stylistic diversity (Neiman 1995; Shennan and Wilkinson 2001; 

Kohler et al. 2004; Steele et al. 2010; Premo and Scholnick 2011): departures from 

neutral expectations are taken as indications of social processes such as conformist-

biased transmission.  The neutral model is also applied to metric variation in artifacts like 

projectile points (Eerkins and Lipo 2005). These studies suggest that a diverse set of 

cultural transmission mechanisms shape material culture diversity, from biases and 

selection to drift.   

A useful tool in determining neutrality is the Ewens exact test, which compares 

allele frequencies against samples of a neutral distribution with a Monte Carlo simulation 

approach (Slatkin 1994, 1996; Lansing et al. 2008).  The Ewens exact test has been 

applied to artifact diversity (Steele et al. 2010) and simulated artifact assemblages to 

examine the role of spatially structured populations in artifact diversity (Premo and 

Scholnick 2011).  Another approach to assessing neutrality is the comparison of stylistic 
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frequencies with a power-law distribution, which are generated in simulations of neutral 

models that involve random copying (Bentley et al. 2004). 

The Spatiotemporal Diffusion of Innovations 

In culture historical studies, diffusion was a commonly invoked process by which 

cultural traits spread from one culture to the next.  This concept lost popularity in 

archaeology with the rise of Processual archaeology.  Lately, archaeologists have 

returned to this concept because it is a historical process that is structured by cultural 

transmission.  However, the specific transmission processes that produce these patterns 

are not well understood.  In fact, diverse processes can yield similar cumulative 

distribution functions (Kandler and Steele 2009; Steele 2009).  In addition to the temporal 

diffusion curves, these diffusion processes also generate spatiotemporal patterns that have 

been observed in the spread of innovative technologies at both large (Griliches 1960) and 

small scales (Hagerstrand 1967).  The diffusion of innovations occurs as people learn 

from those who are spatially and socially close to them.  But alternative mechanisms that 

generate similar spatio-temporal diffusion curves have not been investigated. 

A case in point is the S-shaped, or sigmoid adoption curves (Appendix 2: Figure 1), 

which have been observed in the adoption of innovations in many different fields (Rogers 

2003).  In Dual Inheritance theory, Cavalli-Sforza and Feldman (1981:29-46) recognize 

that the diffusion of cultural variants can be modeled just like the diffusion of an 

infectious disease or a selectively advantageous allele.  Models of the diffusion of 

innovations show that some level of frequency-dependent biased cultural transmission 

shapes the diffusion of innovations producing the commonly observed sigmoid, or S-
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shaped, cumulative frequency distributions (Henrich 2001).  Kandler and Steele (2009) 

show that alternative models of economic decision-making in the adoption of innovations 

that incorporate social inequality and variable adoption thresholds can also produce the 

characteristic S-shaped curves.  The mechanisms that have been proposed to explain the 

diffusion of innovations through time are diverse, showing that multiple processes can 

account for the S-shaped cumulative frequency distributions that archaeologists and 

others observe.  Few anthropological studies have incorporated space into models of the 

diffusion of innovations. 

Archaeology and Social Network Analysis 

Social network analysis has been used in archaeology to study social organization, 

patterning in artifact diversity, and the development of archaeological traditions.  These 

are a diverse set of topics that conceptualize social networks at different scales of 

organization.  The approaches to the social networks that are relevant to archaeological 

inquiry are equally diverse, ranging from studies that use past transportation networks 

between islands or settlements to studies that focus on material culture assemblages to 

infer the social context in which artifact production was learned from others.  A review of 

other approaches to social networks in prehistory or in the production of material culture 

situates this study’s use of the concept to uncover latent structure in decorative variation. 

Initially, archaeologists used network approaches to study settlement patterns and 

travel networks.  In the early 1980’s, archaeologists looked at how Indonesian island 

networks structured interaction between settlements (Hage and Harary 1991; Irwin 1978, 

1983).  More recently, others have examined archaeological settlements in the Aegean in 
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order to explain site location and organization (Broodbank 2000; Evans et al. 2009; 

Knappett et al. 2008).  Graph theory has also been applied to travel networks such as 

prehistoric roads (Gorenflo and Bell 1991), and river networks (Peregrine 1991).  Control 

of the connections (links) between polities has been cited as an important strategy of 

gaining social power in early states (Smith 2007).  Other archaeologists have used 

historic documents to create networks from past travel itineraries in the Roman Empire 

(Graham 2006), and Viking Scandinavia (Sindbaek 2007a, 2007b).  Network approaches 

have also been used to examine early state formation in Japan (Mizoguchi 2009) and the 

relations between Classic period Maya polities (Munson and Macri 2009; Munson et al. 

in press) by modeling social hierarchy and power relationships. 

Other recent archaeological investigations were inspired by studies of stochastic 

network growth that leads to scale-free distributions, as seen in examples such as web 

pages and their hyperlinks (Adamic and Huberman 2000; Barabasi et al. 2000).  These 

approaches compare observed topologies with null models, such as random or stochastic 

network structures to examine the types of network structures that emerge from certain 

cultural behaviors.  The findings suggest that simple linkage or transmission rules 

produce similar scale-free distributions of cultural entities like pottery styles (Bentley and 

Shennan 2003), baby names (Hahn and Bentley 2003), and U.S. Patent citations (Bentley 

et al. 2004). 

Even if it is seldom possible to identify artifact producers in the archaeological 

record, social network patterning that structured the transmission of cultural knowledge 

about the production of artifacts can help us understand how archaeological patterning 
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relates to historical episodes of culture change.  With cultural transmission pathways as 

the target of social network analysis, formal studies can inform concepts about the 

dynamic social structure of past people.  The present study uses a two-mode network 

concept to explore the structural relationships between artifact producers as evidenced by 

shared decorative content.  Since the documentary record permits access to the workshop 

organization of gravestone carvers in the Boston area, this study evaluates the notion that 

affiliations based on material culture characters can be used to help us understand the 

structures of past social networks. 

Reading New England Gravestones 

Gravestone studies can be traced to Forbes’ (1927) pioneering work in the 1920’s, 

which used the documentary record to identify the carvers responsible for the ornate 

markers in New England cemeteries.  Forbes presents documentary evidence that local 

carvers manufactured these stones from local slate.  Forbes photographed thousands of 

stones and combed the probate court records from several eastern Massachusetts counties 

for references to payments for gravestones.  Forbes’ documentary and field research 

identifies hundreds of gravestones that can be attributed to particular carvers through 

payments listed in the probate documents. Forbes’ work still accounts for much of what 

we know about the gravestone carvers responsible for these artifacts. 

Forbes’ (1927) interpretation of the decorative content of the stones is based on 

reading symbolic elements that adorn these grave markers as statements.  She identifies 

several themes presented in the iconography based on the symbols.  For instance, she 

argues that “the flight of time” was symbolized by elements including carved 
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hourglasses, a (snuffed) candle, or a scythe.  Other themes are “the certainty of death,” 

the occupation or status of the decedent, Christianity, and resurrection.  Forbes argues 

that these themes are supported both by the decorative symbols and the epitaphs that 

adorn the stones. 

In the 1960’s, the interpretation of New England gravestones was expanded to 

incorporate the historical context of the seventeenth- and eighteenth-century religious 

change.  A central theme in Ludwig’s (1966) book is the role of symbolic imagery in the 

historically iconoclastic culture of English Puritanism.  Ludwig argues that Puritans 

“substituted emblems of death, symbols of the Resurrection, and iconic soul 

representations for the narrative and allegorical cycles we normally associate with high 

religious art” (1966:423).  Ludwig views images like the death’s head and cherub as 

symbols of souls leaving the earthly existence, which he argues is a paradox within a 

religious sect that had a history of destroying religious icons in sixteenth-century 

England.  Puritans used gravestone iconography as a means of expressing their views on 

death, which was contrary to the beliefs of the Calvinist religious leaders, as expressed in 

their sermons (Ludwig 1966).  Deetz and Dethlefsen (1967; Dethlefsen and Deetz 1966) 

also argue that changes in decorative imagery during the mid-eighteenth century, 

specifically the increased frequency of the cherub, correspond to the Great Awakening.  

This was an evangelical religious revival movement in the Connecticut River Valley, 

where Jonathan Edwards and others were preaching to congregations during the 1730’s 

and earlier.  Edwards was known for fiery preaching, and advocating a greater role of 

personal commitment in working towards salvation.  Dethlefsen and Deetz (1966:508) 
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suggest that this movement and Edwards’ views mark a more liberal view that “placed 

stress on the joys of life after death and resurrection of the dead, rather than the earlier 

stern emphasis on judgment and mortality.”  Ludwig (1966:40) echoes the view that this 

movement represented an effort to “liberalize the use of symbols” in sermons and on 

gravestones, pointing to angelic motifs that became common in the late-eighteenth 

century.  Deetz and Dethlefsen (1965, 1967; Dethlefsen and Deetz 1966) connect this 

religious movement to the emergence of local styles outside of Boston.  These local 

variants depart from the death’s head that dominates the seventeenth and early eighteenth 

century assemblages.  Benes (1977) furthered this thesis, arguing that the shift away from 

the death’s head in Plymouth Colony, embodied by the spirit skulls he illustrates, 

represents changing Puritan ideology about death. 

These interpretations of gravestone motifs as symbols of changing beliefs about 

death sparked a great deal of debate during the 1970’s.  This debate concerns the role of 

gravestones in Puritan religious discourse.  Specifically, the argument that gravestone 

iconography was a means by which Puritans could express artistic impulses in an 

iconoclastic culture is rejected (see Hall 1976; Tashjian and Tashjian 1974).  The 

Tashjians (1974) interpret these gravestones as part of a civic funeral ceremony, whose 

symbols were tacitly accepted by religious leaders.  They see these gravestones as civic 

monuments to people, which created memory through both the imagery and the textual 

content of the stones (Tashjian 1978; Tashjian and Tashjian 1974:9-10).  Others would 

argue that the Puritans who viewed these works were capable of recognizing various 

eschatological themes that gravestone imagery represented symbolically (Watters 1981).  
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If the perceived iconoclasm of the New England Puritans was overstated as the Tashjians 

(1974) and Watters (1981) argue, the decorative imagery should not be seen as 

paradoxical.  The gravestone symbolism may best be viewed as cultural, and Puritan 

culture was very religious (Watters 1981). 

Similarly, the inscriptions on these markers have also been interpreted as 

indicative of a changing view of death.  Deetz (1977:72) argues that the wording “Here 

lies buried…,” “Here lies the body of…” and  “In memory of…” parallel gravestone 

motifs of death’s head, cherub and urn and willow.  In this view, reference to the “body” 

only indicates a view that the soul was separate, which corresponds with the cherub, and 

that the reference to “memory” is associated with an urn and willow monument.  Fitts 

(1990) further investigates this linguistic shift by analyzing the inscription syntax.  

Although he sees the first two variants as equivalent, he argues that reference to memory 

in the inscriptions can be equated with the emergence of a secular Yankee culture, and 

the decline of the religious Puritanism.  However, the dichotomy of the secular, 

individualistic Yankee and the religious, community-oriented Puritan has been criticized 

(LaFountain 2004).  And the relationship that Deetz (1977) describes between the motifs 

and the inscriptions is not clear, but evaluating this linkage is out of the scope of this 

study focusing on the decorative motifs.   

 

Dissertation Format 

This dissertation uses models drawn from social network analysis, the diffusion of 

innovations, and evolutionary archaeology to examine the patterned assemblages of 
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carved gravestones in New England.  These analyses comment on the role of these 

important artifacts in Colonial New England.  Deetz and Dethlefsen (1965, 1967; 

Dethlefsen and Deetz 1966) demonstrate that certain gravestone styles are correlated both 

spatially and temporally.  Their interpretation is that this stylistic change reflects religious 

movements in New England, such as the Great Awakening.  Yet, the role of these 

artifacts in religion is debated.  If the images do not represent the Great Awakening 

revival movement, why do they change in the mid-eighteenth century?  If these images 

are associated with civil funerary ritual (Tashjian and Tashjian 1974), why do they 

change?  This project examines these gravestones from an archaeological perspective that 

focuses on the cultural mechanisms affecting artifact diversity and the distribution of 

gravestone motifs.  The role of the apprenticeship institution in gravestone carving 

workshops and the ways that carvers learned to carve decorative variants are examined 

using gravestone assemblages from historic Eastern Massachusetts. 

This dissertation is comprised of three connected studies of the New England 

gravestone data that address three different approaches to modeling cultural variation and 

change using concepts from evolutionary theory.  These studies are presented as a set of 

papers that are prepared for publication in peer-reviewed scholarly journals.  They are 

written as stand-alone articles, not as a single manuscript.  As such, they may include 

redundancies, like duplicate descriptions of research methods or data, although there are 

instances when these papers draw on findings presented in other sections. 

Following this introduction and literature review, the second chapter summarizes 

the primary contributions of the present study.  The first paper, included as Appendix A, 
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examines the ways that the social structure of gravestone carvers shaped the decorative 

techniques employed in their work by using a social network analysis of carvers and the 

stylistic attributes of the stones they carved.  The second paper (see Appendix B) 

addresses the spatiotemporal diffusion of gravestone motifs in order to infer cultural 

transmission mechanisms that structured their spread.  The third paper constitutes 

Appendix C, which draws on the neutral model of stylistic variation to explain dramatic 

stylistic changes in motif diversity during the eighteenth century.  The three papers 

prepared for publication are appended to this dissertation. 
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CHAPTER 2:  

PRESENT STUDY 

 

This chapter presents the principal contributions of the three papers appended to 

this dissertation.  These three papers, which use historic New England gravestone data to 

evaluate cultural evolutionary models of stylistic variation, present the methods, results, 

and conclusions of this study. 

This project provides a new perspective on the funerary art of Colonial New 

England by modeling the dynamic interaction among producers and consumers of 

material culture.  Earlier approaches to these gravestones (Deetz and Dethlefsen 1965, 

1967; Dethlefsen and Deetz 1966; Deetz 1977) described the documentary evidence for 

the carvers responsible for executing the motifs carved on these gravestones, even 

constructing a phylogeny that traces the evolution of the distinctive carving motifs found 

in Plymouth county burial grounds (Deetz and Dethlefsen 1967).  Yet, the changes in 

motifs and their spatial and temporal patterns are seen as a product of broad religious 

changes in eighteenth century Anglo-American culture.  While not necessarily at odds 

with one another, these different aspects of gravestone choice have important 

implications for the archaeological patterning and diversity that we observe.  This project 

demonstrates that both the producers and consumers contributed to the diffusion of 

gravestone styles and the changing diversity of gravestone assemblages through time.  

Consumption of gravestones bearing these motifs is shaped by consumer preference, 

carver knowledge, and the costs of transporting these heavy goods.  At the most visible 
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level of decoration, carvers may conform to the most popular motifs in an area, but at a 

finer level, the microstylistic traits that make up these canonical motifs capture the 

cultural transmission pathways within workshops. 

This study also makes several important contributions to an anthropological 

understanding of material culture evolution.  The first paper (Appendix A) uses the social 

network analysis concept of structural equivalence to discern the ways that social 

organization shapes the transmission of cultural knowledge.  Importantly, the individual 

decorative elements that comprise a motif show that lineages of producers can be 

identified through choice of decorative elements, even though constellations of these 

elements are subject to conformism between workshops.  The second paper (Appendix B) 

also uses models of spatial diffusion (Hagerstrand 1967; Brown 1981) and historic data to 

identify the cultural processes that generated the characteristic S-shaped diffusion curves 

that appear in so many studies of innovation diffusion.  And the third paper (Appendix C) 

uses the expectations of the neutral model of artifact variation (Neiman 1995) to 

understand the ways that cultural transmission shaped the diversity of gravestone motifs.  

Low gravestone diversity and stylistic convergence between the burial ground 

assemblages suggest two periods of conformist biased transmission between both carvers 

and consumers that result in the dominance of the death’s head and cherub motifs, 

respectively.  The proliferation of locally produced and distributed motifs increases 

diversity and interassemblage distance during the mid-eighteenth century, as the neutral 

model predicts.  In this case, gravestone motif diversity conforms to the neutral model 

during a transitional period between the dominance of two different motifs.  This paper 
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demonstrates that the decorative diversity of these artifacts stems from increased 

consumption, rather than religious movements as others have suggested. 

 

Research Design 

This dissertation project documents changing spatial and temporal patterns of 

decorative diversity in seventeenth and eighteenth century gravestones through a field 

survey of burial grounds in eastern Massachusetts.  These burial grounds are located in 

and around Boston, where some of the earliest permanent gravestones are still standing 

(Appendix 2: Figure 3).  This is not a comprehensive inventory of all historic gravestones 

in eastern Massachusetts, but rather a sample of them.  The sites range from Gloucester 

on Cape Ann in the north to Barnstable and Falmouth on Cape Cod in the south, creating 

a regular distribution throughout eastern Massachusetts.  This captures as many of the 

sites with a large sample of seventeenth- and eighteenth-century stones as possible.  I was 

able to record a representative sample of the population of graveyards in the area, which 

range in size from over 1000 stones in Boston and adjacent cities to smaller rural 

graveyards where fewer than 100 period stones stand. 

This survey documents 9,600 pre-1800 gravestones.  In most cases, these stones 

mark inhumations of individuals and in some cases a married couple or a mother and 

daughter pair.  The carved slate headstones that were documented form an artistic 

tradition with a regular format: decorative elements surrounding a rectangular field with 

an inscription concerning the decedent.  Other styles of grave markers include panels that 

seal tombs, horizontal slabs that rest on brick foundations or piers, and rough fieldstones.  
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This study does not document tombs or crypts, as the carved stones that seal these are 

usually commissioned depictions of a unique family shield, and are difficult to date.  Nor 

were the slabs placed on piers recorded, since they are usually comprised primarily of 

text without decorative fields.   

Most gravestones were carved using local slate of varying qualities.  The slate 

used by carvers in the Boston area and to the northwest comes from high-quality slate 

deposits.  The raw materials used by Plymouth county carvers does not preserve as well, 

as it seems to be of inferior quality.  This study also includes several stones made with 

marble, which are likely nineteenth-century stones that were post-dated to mark the grave 

of someone who had died many years earlier.  Admittedly, an 1800 end date for this 

study is arbitrary, but this coincides roughly with the end of the Federalist Period.  This 

date was pragmatic since the number of gravestones increased rapidly throughout the 

study period, with around 1500 placed in the last decades of the eighteenth century.  In 

addition, nineteenth-century gravestones become much more uniform, with urn and 

willow motifs and little decorative elaboration surrounding the inscription. 

The sampling design for this study was based on three concerns: reconstructing 

and expanding Dethlefsen and Deetz’s (1966) sample, creating a broad spatial coverage 

of the eastern Massachusetts, and documenting cemeteries that had large samples of 

eighteenth-century markers.  Dethlefsen and Deetz (1966:503) report visits to 24 burial 

grounds, covering a 5000 square mile area.  This study includes many of the same sites as 

the 1966 survey, but increases the number of sites and the spatial extent of the survey 

area (Figure 1).  To identify and locate historic burial grounds, the present study uses a 



  33 

	  

published guidebook that lists the names, earliest dates and addresses of cemeteries in 

each of the Massachusetts townships (Lambert 2002).  The current sample creates a 

rather uniform (not random) distribution of 46 burial sites in eastern Massachusetts.  The 

strategy was to document large sites, with a representative sample of pre-1800 

gravestones that would capture the decorative diversity of the motifs chosen by area 

residents.   

At each burial ground in this study all of the stones with inscribed death dates 

before 1800 were recorded using a standard protocol.  This survey recorded numerous 

attributes of each gravestone, including the spatial location (using GPS), formal, textual, 

and decorative attributes (see Table 1).  The gravestone motifs were coded in the field 

based on the descriptions of Dethlefsen and Deetz (1966).  These data create a geospatial 

database, or GIS, that relates the point locations of these artifacts and their attributes in 

Cartesian space.  The point coordinates of each stone represent the average of 

approximately 50 GPS readings, which were differentially corrected using local base 

station readings.  Each stone was also photographed to document its decorative and 

textual content in more detail.  The geospatial database can be used to aggregate stylistic 

data from these stones by cemetery and by time period.  Most analyses at the motif level 

used decadal samples aggregated by burial ground that include at least ten gravestones.  

Analyses of decorative variation in the elements that comprise individual motifs used the 

photographs of the individual gravestones. 

This dissertation also uses the documentary evidence that identifies gravestone 

carvers and their work, primarily comprised of payments for gravestones identified in 
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Massachusetts Probate Court records.  It was common for payments of expenses related 

to the funeral to be deducted from the estate before the will was executed.  Many of these 

probate references are published in biographical studies of gravestone carvers and their 

work (Chase and Gabel 1990; Farber 1987; Forbes 1927; Kelly and Williams 1983; 

Tucker 1993; Watters 1983).  Forbes also recorded in her notes 1058 probate payments to 

carvers, which are archived at the American Antiquarian Society.  Laurel Gabel, Lisa 

Gabel and Ralph Tucker (Tucker et al. 1980; Gabel and Gabel 1981) transcribed Forbes 

notes.  These volumes are held by the American Antiquarian Society, and as scanned 

images obtained by the author in 2008.  The payment records identified in Middlesex and 

Suffolk county records rarely identify a specific carver by first and last name.  In many 

cases, the recipients of payments for stones are listed by surname only.  Over 400 

payments to individual carvers working in the study area have been linked with 

photographs of the stones.  More than 200 of these stones have been attributed to Boston-

area carvers.  This study makes use of these published and unpublished attributions to 

look at how a carver’s position in the social network of carvers is related to his choice of 

decorative imagery. 

 

Summary of Attached Papers 

Summary of First Paper 

 This paper applies the social network analysis concept of structural equivalence to 

the two-mode network that describes gravestone carvers and their affiliations with 

decorative elements.  Structural equivalence occurs when two or more actors (nodes) 
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share the same social ties, meaning that they can be substituted for one another without 

changing the structure of the network.  While true structural equivalence rarely occurs in 

large networks, this concept can be applied to contingency tables that capture data about 

the frequency of ties (Breiger and Mohr 2004).  With contingency tables, latent social 

structure can be identified through an exploratory analysis that calculates the likelihood 

ratio chi-square distances of alternative pairs of nodes in both modes of the network.   

This paper assembles a database of Boston-area gravestone carvers and the stones 

attributed to them.  The ties between carvers and stylistic elements reflect the frequency 

of these elements identified on securely attributed stones.  Two different levels of stylistic 

analysis are examined: the choice of motifs and the facial elements of the motif.  

Structural equivalence between carvers with the same surname, working in the same 

workshop or members of the same cohort (across carving lineages) is tested using 

likelihood ratio chi-square statistics. 

This social network analysis demonstrates the value of using the structural 

equivalence concept with cultural traits in order to reveal latent social structures formed 

by sets of actors.  Boston-area carvers exhibited very little decorative variation at the 

motif level (see also Appendix B).  However, microstylistic elements demonstrate the 

ways that lineages diverged from each other.  Significantly, carvers’ choice of fine-scale 

decorative elements reveals their workshop structure.  Although authorship and cultural 

lineage data about material culture is rarely available, the gravestone data suggest that 

workshop organization can be detected in fine-grained stylistic data. 
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Summary of Second Paper 

 Many explanations for the sigmoid or S-shaped curves that characterize the 

diffusion of innovations through time have been proposed.  Two recent studies 

demonstrate that social learning mechanisms, including conformist strategies (Henrich 

2001), and heterogeneous adoption thresholds related to economic inequality and the 

decreasing cost of goods generate these S-shaped curves (Steele 2009; Kandler and Steele 

2009).  While the curves vary slightly, it is unlikely that empirical studies can discern 

differences between these models.  With the gravestones, styles are equivalent in cost, so 

the threshold heterogeneity explanation for S-shaped curves is less plausible.  The present 

study of this regional material culture sequence includes spatial patterning to discern 

alternative underlying social forces that structure diffusion of material culture style 

through both space and time. 

Using historic New England gravestones and their associated documents, this 

study investigates the cultural transmission between stone carvers and among the 

consumers to examine the spatiotemporal diffusion patterns described by Deetz and 

Dethlefsen’s influential study (1965).  Diffusion via local social contagion among 

consumers results in a wave-like diffusion pattern traveling outwardly through time.  This 

study uses logistic regression to evaluate the odds that an event will occur at a given 

distance from the source.  In two cases, we examine the occurrence of a gravestone motif 

at known distances from the center of its production.  In the first case, the distribution of 

the Roman motif centers in Harvard, but expands in a wave-like fashion in sequential 

decades associated with social contagion, decaying after its primary producer died.  The 
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subsequent spatial patterning during the mid- to late eighteenth century suggests that 

while distinctive motifs can expand in a wave-like diffusion pattern, more widespread 

decorative change occurs through hierarchical diffusion between producers working in 

different areas before local consumers adopt innovative styles. 

This study illustrates the differential input of artifact producers and consumers in 

the spatial patterning of decorative style. These two groups had social networks of 

varying scales, which structured the flow of information about gravestone motifs.  The 

spatiotemporal patterns of artifact distribution reflect the complex feedback between 

producer and consumer groups.  While innovative motifs diffuse through consumer 

populations in a wave-like pattern resulting from social contagion that expands outward 

from a source, the success of other carvers as measured by the popularity of the style they 

produce can bias a producer to conform with a regional trend.  

 

Summary of Third Paper 

Although recent advances in measuring stylistic diversity of material culture have 

been made, characterizing the ways that cultural transmission processes affect diversity 

remains a challenge for archaeologists.  The neutral model has been adapted from 

population genetics to examine the stylistic diversity of material culture to identify 

departures from neutrality (Neiman 1995).  Subsequent studies (Shennan and Wilkinson 

2001; Kohler et al. 2004) apply Neiman’s methodology by comparing diversity expected, 

given assumptions about the effective population size and innovation rate, with diversity 

estimates based on the observed frequency of artifact variants.  Recently, the Ewens exact 
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test, which compares observed trait frequencies with simulated samples drawn from a 

neutral distribution, has been applied to archaeological (Steele et al. 2010) and simulated 

material culture data (Premo and Scholnick 2011).  As simulations show, population 

density and social learning interact to generate locally non-neutral assemblages due to 

spatial drift.  This study also uses a migration matrix approach to examine neutral 

expectations of intergroup divergence due to drift and varying levels of migration. 

This study uses historic New England gravestones to examine how and when 

decorative style departs from the expectations of the neutral model.  Departures from 

neutrality in the form of skewed motif frequencies in the gravestone data suggest there 

were many periods when biased cultural transmission or other sorting mechanisms 

decreased motif diversity in the study area.  In addition, during certain periods, spatial 

partitioning of the carver population further contributed to skewed assemblages.  While 

diverse, these were comprised of spatially dependent groups of assemblages, whose 

aggregated distributions are unlikely to be members of a neutral population.  The 

emergent picture of these artifacts is that neutrality is a fleeting state of the gravestone 

assemblages that characterize transitional decades between periods of conformist 

transmission between carvers and local divergence of isolated carvers. 
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Table 2.1. Attributes recorded in the field survey for each gravestone, in addition to 
spatial location. 
 
Field Description 
StoneID unique identifier for each gravestone 
Time_ time recorded 
Date_ date recorded 
Material raw material (most are slate) 
Motif design style in tympanum 
LName last name of decedent 
FName first name of decedent 
DOD year of death 
Age age at death 
MonumentType form of monument 
Height height above ground level 
Width width of stone 
NumBuried number of individuals buried 
Comments comments on stone, additional names 
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APPENDIX A: 
 

AND THEIR WORKS DO FOLLOW THEM:  
SOCIAL NETWORKS AND STRUCTURAL EQUIVALENCE OF HISTORIC 

NEW ENGLAND GRAVESTONE CARVERS 
 

Introduction 

Identifying the cultural transmission mechanisms and the historical processes that 

result in patterned archaeological assemblages relies on inferences based on attributes of 

artifacts, architecture, sites, and landscapes.  A goal of the early “New Archaeology” was 

to infer changes in past social organization based on the stylistic content of artifact 

assemblages (Hill 1970; Longacre 1970), but this study failed to clarify just how social 

organization structures assemblage content.  The formation of the archaeological record 

limits our resolution of prehistoric social organization using patterned artifacts (Schiffer 

1972).  A social network made up of relationships between actors describes one 

dimension of social organization. This study develops a database of artifact producers 

and documents examples of their work in order to examine the ways that workshop 

structure shaped the decorative content of their artifacts.  Using the concept of structural 

equivalence (Breiger 1974), this essay distinguishes the stylistic influences of carvers 

within the same workshop from other peers. 

While actors may be observed, the full extent of the social groups with which they 

affiliate are not typically observable (Breiger 1974).  Social network analysis techniques 

have been developed to study these latent social relationships based on the attributes of 

contemporary actors and their social relationships (e.g. Breiger 1974; Wasserman and 

Faust 1994; Borgatti and Everett 1997).  Social network analysis is a set of methods that 



 49 

graphs relationships between actors along a single dimension.  These methods have also 

been extended to model social organization as a two-mode network through the 

relationships between both actors and the events in which they participate (Breiger 1974).  

Aspects of social structure can be captured through patterned participation in the same 

events.   

The two-mode concept can be applied in archaeological situations where 

individuals can be linked to particular objects, places or events: in this case, a two-mode 

network graphs people and archaeological attributes as two sets of nodes and their 

associations as links.  Here we are interested in the relationships between the people that 

structure social groups, so we must infer these relationships through attributes that are 

preserved in material culture.  Detailed accounts that identify the actors who made and 

used these artifact assemblages provide a good opportunity to examine past social 

networks.  If the actors in this two-mode network are the artifact producers and the 

artifacts they made, the structure of the ties between these two modes can address ways 

that social learning shaped variation in material culture. The assertion is that patterned 

ties between groups of actors in the same workshop identify shared derived cultural traits. 

This study examines the ways that the social organization of artifact producers 

affects the transmission of decorative knowledge. The approach taken here extends the 

social network analysis concept of structural equivalence to a dataset of artifacts that may 

be attributed to their producers.  Many of the slate New England grave markers carved 

during the seventeenth and eighteenth centuries, which were first studied as an 

archaeological dataset by Deetz and Dethlefsen (1965; Dethlefsen and Deetz 1966), can 
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be attributed to the individual artisans who carved them through historic documents as 

well as through maker’s marks and signatures on the stones.  The decorative style of 

these artifacts offers a means to infer the cultural transmission pathways along which 

these artisans learned their trade.  Social networks can be defined by carvers’ affiliations 

with different variants of a motif or decorative elements they chose to execute on their 

works.  Parenthetically, shared affiliation does not imply direct contact between carvers, 

since carvers could copy motifs from stones carved by other carvers.  Partitioning a 

network of actors and affiliations by different levels of social organization, like male 

lineage, workshop membership and generation, and shared use of decoration, allows us to 

infer social structure in the New England gravestone industry of the seventeenth and 

eighteenth centuries.  In this case, the structural positions of carvers in this network 

suggest that while most decorative similarity between carvers is due to position in a 

common cultural lineage, some decorative elements are shared through horizontal 

transmission or blending.  In other words, carvers acquired decorative techniques through 

training and continued interaction with other members of their workshops, but they 

occasionally copied decorative techniques of other carvers outside their workshops. 

There are few artifact assemblages that can be associated with individual artisans 

and their social organization.  This study collects just such a unique database of historic 

New England gravestone carvers and the stones that they carved.  Authorship of these 

stones can be determined through probate court records that identify payments to 

individual carvers and when carvers inscribed their names or initials.  The documentary 

references have been cross-referenced with photographs of stones.  The stylistic content 
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of these stones is analyzed systematically.  These stylistic data inscribed on each stone 

are used to infer regular patterns of cultural transmission between actors.  Analysis of this 

social network demonstrates that workshop structure can be identified through shared 

decorative content at the fine-grained scale of individual decorative elements.  However, 

when motifs made up of different individual decorative variants are examined, it becomes 

clear that workshops carve the same motifs with different decorative techniques.  This 

study demonstrates that the social organization of past artisans can be identified based on 

the presence of shared derived decorative techniques. 

 

Cultural Transmission 

Craft producers learn material cultural practices from parents, elders or peers (see 

Cavalli-Sforza and Feldman 1981). These pathways of information exchange may be 

considered a social network.  These producers practice their craft as an actor within these 

social networks, no matter if they are organized at the household, village, or industrial 

level.  The structure of these social learning networks, particularly the topology of the 

network connecting an actor to his or her teachers, shapes material cultural traditions.  

The pathways of cultural transmission can be non-randomly structured according to age, 

status or familial relationship, the frequency of a cultural practice, the differential prestige 

of practitioners, and other factors (Boyd and Richerson 1985).  Importantly, historical 

events, like migration, shape these social networks, and thus have profound effects on 

cultural assemblages.  While migrations result in the formation of new connections 

between actors, isolation or the loss of connections between actors remove rare variants 
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in artifact assemblages, just as smaller populations are subject to drift (Neiman 1995).  

Few archaeological studies (e.g. Collard and Tehrani 2008; Tehrani and Collard 2009) 

have been able to distinguish the relative importance of these alternative cultural 

transmission pathways, of horizontal and vertical transmission, or different types of 

historical processes that alter diversity. 

It is not clear how strongly or regularly horizontal transmission between 

contemporary artisans leads to convergence in material culture traditions.  Neither is it 

entirely clear how the divergence of lineages affects artifact diversity.  Recent debates 

center on the question of whether cultural phylogenies more closely resemble the tree-

like structure of biological phylogenies, referred to as “branching,” or a whether they are 

better described as a “tangled bank” (Kroeber 1948) with many intertwined branches, 

which is also called “blending” (see Collard and Tehrani 2005; Collard et al. 2006; 

Tehrani and Collard 2009).  Branching refers to phylogenesis, or the differentiation of 

cultural lineages (see Tehrani and Collard 2002).  Blending refers to ethnogenesis, where 

new forms of culture arise through the combinations of ancestral traits from multiple 

lineages (see Moore 1994).  The importance of different pathways of transmission may 

even vary over an individual’s life cycle (Jordan and Shennan 2009).  During training, as 

with an apprenticeship, vertical transmission (learning from elders) is more important.  

Later in life, as skills are mastered, and producers are less constrained by their teachers, 

they may learn more from individual experience or from peers.  Factors such as the level 

of residential mobility may limit the breadth of exposure to the traditions of other artisans 

(Tehrani and Collard 2009).  Studies have also shown that different parts of cultural 
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systems, like language and material culture, do not always reflect the same transmission 

processes (e.g. Jordan and Shennan 2009). 

This study examines the roles of branching and blending at a fine scale in the 

historic community of gravestone carvers in the Boston area.  It assesses the magnitude 

of horizontal and vertical transmission processes within a particular craft tradition. It 

enables us to stuffy patterns of patterns of affiliation can be studied using social network 

analysis of this historic dataset where relations between known actors can be inferred 

through both documentary evidence and the material objects they produced1.  New 

England gravestones are attributed to carvers through probate records and initialed stones 

(Chase and Gable 1990; Farber 1987; Forbes 1927; Kelly and Williams 1983; Tucker 

1993; Watters 1981).  Historians have also identified lineages of carvers linked through 

biological relationships, as well as apprenticeship documents and sharing workshop space 

(Chase and Gable 1990; Forbes 1927; Tucker 1993).  But the social relationships that tie 

carvers together through apprenticeship or horizontal learning are not directly observable 

in the archaeological record, nor are they thoroughly documented in the historic record.  

More importantly, we do not know how links with different actors in these networks 

shaped the output of carvers.   

To investigate these unknown relationships, the inferred networks of social 

relations are modeled as a two-mode network, where one mode is the carver and the other 

mode is the decorative variants or motifs carved on a gravestone.  The relative positions 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 The social network of gravestone carvers based on artifact similarity is not an instantaneous 
snapshot of stylistic affiliations of carvers.  Rather, this social network captures the stylistic 
affiliations of seventeenth and eighteenth century carvers, focusing on the eighteenth century, 
when the majority of documented stones can be attributed to individual carvers. 
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of each carver are used to infer the structure of the social network that linked the carver 

community together.  Cultural attributes vary at different scales of analysis: spatial, 

temporal, and the level of detail (microstyle versus macrostyle).  Importantly, this study 

asks how these different scales of analysis relate to alternative cultural transmission 

pathways.  Inferences about cultural transmission mechanisms depend on the typologies 

of cultural variants that are used, since the decorative style may be influenced by many 

different sources.  Analyzing the affiliations and network structures though different 

dimensions of stylistic variation shows how blending and branching processes can co-

occur and shape the evolution of a decorative tradition. 

 

Apprenticeship and Gravestone Carvers in Colonial America 

Colonial New England craft workshops existed within a very different set of 

economic conditions than their European predecessors.  In the seventeenth and eighteenth 

centuries, children were entered into apprenticeship or servitude with a master craftsman 

in order to learn the skill and knowledge of a particular craft (Demos 1970; Rorabaugh 

1986).  However, these arrangements were not regulated through a guild system, as in 

Europe, where the number of apprentices a master could train was limited (Rorabaugh 

1986).  New England was a sort of free market for skilled artisans without institutional 

regulation of apprenticeship.  This may be a result of the growing population, as well as 

increased material consumption associated with a trend termed the Consumer Revolution 

(Carson 1994), which could sustain greater numbers of craftsmen.  Masters did not have 

as much incentive or ability to control the numbers of journeymen setting up new 
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workshops that would compete with them.  Increasing numbers of apprenticeships 

resulted in a corresponding increase in journeymen, which lowered the wages masters 

had to pay.  But if the capital required to open a workshop was low, a master could find 

himself with greater competition. 

Identifying workshop structure in historic Massachusetts carving workshops is 

difficult.  Few documents that record the apprenticeships of gravestone carvers in New 

England have been uncovered, either because these agreements were rarely registered in 

court, or because apprentices were usually a master craftsman’s own children in which 

caase no legal arrangement was required. While carvers who were clearly related to one 

another, as brothers or father and son, can safely be grouped in the same lineage, 

assigning two biologically unrelated individual carvers to the same workshop or lineage 

is problematic.  Fortunately, there are thousands of payments to gravestone carvers 

recorded in probate documents.  Similarities in carving styles, as well as circumstantial 

evidence like residence in the same neighborhood, may indicate apprenticeships.  In the 

few instances where apprenticeships have been inferred based on stylistic and 

circumstantial evidence, many of the gravestone historians seem to be in agreement.  The 

apprenticeships based on familial relationships and documents serve as a stronger set of 

examples for this study. 

Authorship of Colonial New England gravestones is primarily based on payments 

to carvers listed in probate documents.  When the estate of a decedent was inventoried for 

probate court, the expenses related to the funeral were commonly deducted before the 

will was executed.  Some of these records do list payments to a specific carver by name.  
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For example, John Kneeland, Jr.’s probate documents include a payment to William 

Mumford for his father’s stone: “To two pair gravestones for Father, Mother and sister of 

William Mumford 2.0.0” (Forbes 1927:31).2  Forbes (1927) has identified probate 

payments for hundreds of gravestones and has extensively documented the gravestones of 

Massachusetts, some of which are referenced in her book, Gravestones of Early New 

England.  Forbes’ notes record the references to carvers, gravestones and other funerary 

expenses that she identified in Massachusetts probate records.  Laurel Gabel and others 

have transcribed Forbes’ notes in unpublished manuscripts archived at the American 

Antiquarian Society (Tucker et al. 1980, Gabel and Gabel 1981; Gabel 1981).  Forbes 

(1927) and other historians (Chase and Gable 1990; Farber 1987; Kelly and Williams 

1983; Tucker 1993; Watters 1981) have published many of the recorded probate 

payments to carvers.  This enables us to sketch an elaborate view of gravestone 

authorship in the late seventeenth and eighteenth century.  The best representation of this 

trade through probate documents comes from the area in and around Boston, including 

Charlestown and Dorchester, where these craftsmen have left thousands of gravestones. 

As part of this study, I have created a database of 309 stones that were attributed 

to specific carvers using the historiography of gravestone carvers (Chase and Gable 1990; 

Farber 1987; Forbes 1927; Kelly and Williams 1983; Tucker 1993; Watters 1981), and 

from Forbes’ unpublished notes (Tucker et al. 1980, Gabel and Gabel 1981; Gabel 1981).  

In most cases, these attributions are based on payments to individual carvers recorded in 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2  Forbes also found evidence that Mumford apprenticed to the brazier, Henry Shrimpton.  
Mumford was listed as a beneficiary in Brazier’s will, and Forbes suggests that the skills of 
engraving copper and brass were readily transferable to carving gravestones (Forbes 1927: 28).  
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probate documents, but others can be attributed to carvers from signatures or initials 

carved in the stone.  In several instances, payments to carvers were recorded in account 

books, like the records of payments to Mumford recorded in Judge Samuel Sewall’s 

account book (Gabel 2008).  The secondary literature on gravestone carvers does 

attribute stones to carvers based on stylistic similarity and even the execution of lettering 

(c.f. Blachowicz 2006).  Although the careful stylistic analyses in the secondary literature 

may indeed be correct, these attributions were excluded from the present study, since 

they would introduce circularity to inferences about social networks based on stylistic 

affiliation. 

 

Gravestone Carvers in the Documentary Record 

The probate payments and signed stones suggest that several workshops were 

responsible for the majority of seventeenth- and eighteenth-century gravestones in the 

Boston area (Figure 1; Table 1).  The work of these workshops can be found throughout 

eastern Massachusetts, but it dominates the burial grounds in and around Boston.  An 

unnamed carver, referred to as the “Stonecarver of Boston” or the “Stonecutter of 

Boston,” is thought to have produced the earliest slate markers.  Due to stylistic 

similarities in their work, Forbes argues that Joseph Lamson worked as an apprentice for 

the Stonecarver (Forbes 1927).  Lamson was the progenitor of a prodigious carving 

lineage who carved stones into the nineteenth century (Figure 1).  His sons, Nathaniel and 

Caleb, became prolific gravestone carvers, whose early works can be identified by their 
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carved initials (Chase and Gabel 1990).  Nathaniel and Caleb each had sons who also 

became carvers, the third of at least five generations of gravestone carvers (Tucker 1993). 

The Lamsons were not the only carving lineage that can be traced to the 

seventeenth century. As mentioned above, William Mumford was another prominent 

Boston stone carver and the progenitor of a carving lineage that spanned the seventeenth 

and eighteenth centuries.  Records of Mumford’s apprentices have not been found, and he 

may not have had any sons (Forbes 1927).  Forbes (1927) argues that Nathaniel Emmes 

was an apprentice of Mumford’s because he grew up on the same street as Mumford and 

began receiving payments for stones in 1717, the year before Mumford’s death.  This 

claim is based solely on stylistic similarity and the proximity of the workshops, not 

documentary evidence (Chase and Gabel 1990:88).  Similarly, William Codner was 

almost certainly an apprentice of Nathaniel Emmes, although no documents exist to 

support this assertion (Chase and Gabel 1990:85).  Nonetheless, Emmes and his son, 

Henry, were major carvers during the eighteenth century.   

Just south of Boston, the Fosters of Dorchester operated a workshop during the 

eighteenth century, where three successive generations of carvers worked under the name 

James Foster (Forbes 1927).  Because three generations of James Fosters worked as stone 

carvers, many of the probate payments to “James Foster” without designating the 

generation allows us only to attribute stones to this workshop, except when the carving 

date suggests otherwise.  Payments to James Foster range from 1722 to 1771 (Forbes 

1927), and a few payments were made to Hopestill Foster, who was a member of the 

second generation of Foster carvers. 
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Many of the other carvers, who are known through probate payments and initialed 

stones, including William Custin, John Gaud, James Gilchrist, William Grant, and John 

Noyes, are not known to be apprentices of any of these major lineages (Chase and Gabel 

1990).  Initialed stones may be the work of journeymen, or older apprentices, since 

initials on gravestones often precede the probate payments to carver (c.f. Chase and 

Gabel 1990: 42).  The practice of initialing a stone is seemingly discontinued around 

1725, but the initialed stones provide evidence for the second generation of Boston 

carvers, who followed the early work of Joseph Lamson, William Mumford, and James 

Foster.  There is some evidence that Gilchrist and Custin shared workshop space, as they 

are both listed on a lease for a building in Boston, but the nature of their collaboration or 

cooperation is unclear (Chase and Gable 1990:50).  In the late eighteenth century, Henry 

Christian Geyer of Boston placed at least fifteen advertisements in the Boston Newsletter 

between 1759 and 1770 describing the services he performs that include, but are not 

limited to carving gravestones.3  He is also cited as the carver of a gravestone in a death 

announcement in that publication.4  Geyer is referenced in several probate documents as 

receiving payment for gravestones (Forbes 1927:63-64). Other late eighteenth century 

carvers include John Homer of Boston and Daniel Hastings of Newton.  The gravestones 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 Geyer “does all other sorts of stone work too numerous to mention” (August 20, 1767: 4) in his 
advertisements.  The work he does mention includes carving architectural elements, millstones, 
hearths, and cleaning and polishing old marble. Beginning in 1768, Geyer also mentions selling 
busts and sculpture made from plaster of Paris. Also beginning in 1768, he emphasizes that his 
work is locally made, likely in response to the Colonial response to British taxes in the 1760’s. 
4 The death announcement in the Boston Newsletter for Robert Sandeman of Danbury, 
Connecticut describes the gravestone carved by Geyer as “executed in the Composite order with 
twisted pillars, and the other proper ornaments, having a Cherub’s head on wings, and the 
following label from his mouth, Rev. XIV. 6, 7” (July 30, 1772: 3). 
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attributed to seventeenth- and eighteenth-century Boston carvers form a sizeable corpus, 

and capture the diverse decorative elements used by contemporary gravestone carvers. 

 In order to examine the transmission of decorative knowledge between carvers, 

these references to carvers must be associated with the material artifacts.  The list of 

gravestones confidently attributed to a single carver in the documents was then cross 

referenced with my own survey of gravestones in Massachusetts and with the Farber 

Gravestone Collection.5  In total, I identified images of 466 gravestones that could be 

attributed to individual carvers.  Of these, 171 stones are the products of Boston-area 

carvers (Table 1).  Each of these images was catalogued and individual design elements 

were recorded in the database,  which includes as well the carver, current location of the 

stone, the name(s) of the decedent(s) and the date of death.  While it is a modest 

proportion of the thousands of extant gravestones in Eastern Massachusetts from this 

period, these securely attributed stones allow us to compare the decorative content of the 

work of specific carvers. 

 

Stylistic Variation in Gravestone Carving 

Archaeological studies of these unique markers have focused on the major motif 

carved in the arching field above the inscription, called the tympanum (see Figure 2). 

Seventeenth- and eighteenth-century New England gravestones were richly decorated 

monuments, thought to resemble the headboard and footboard of a bed frame.  The 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5 This is an online database of gravestone photographs by Daniel and Jessie Lie Farber, Forbes, 
and Ernest Caulfield, who documented Connecticut stones.  The American Antiquarian Society 
has published this database online (http://www.davidrumsey.com/farber/). 
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decorative elements often surrounded the tablet bearing the inscription, which recorded 

the name(s) of the decedent(s), date of death, and age at death, as well as other 

information.  The tympanum is just one of the decorative fields of these artifacts, as the 

borders of the inscription tablet were often decorated with vines, scrolls, gourds, fruit and 

other designs.  The rounded shoulders or finials (Figure 2) were also decorated with 

elements like spirals, concentric rings or bull’s-eyes, and various medallions.  And the 

death’s heads, cherubs, and portrait motifs may be broken down into their constituent 

parts that symbolize eyebrows, eyes, nose, moustache, and mouth, as there was variation 

in the shapes that carvers used to symbolize these elements.  The major motif is both 

temporally and spatially patterned (Deetz and Dethlefsen 1965; Dethlefsen and Deetz 

1966), but we know little about how the constituent decorative elements of these major 

motifs and the other decorative fields were patterned.  Some of these decorative elements 

are likely to be idiosyncratic, but others may represent the subtle ways that apprentices 

learned from master craftsmen during their apprenticeship. 

A comparison of carvers’ products allows us to infer transmission between pairs 

of carvers or between nodes.  The social network that connects carvers can be modeled as 

a two-mode network, in which carvers, as nodes, are affiliated through shared use of a 

decorative motif or element.  Similar decorative repertoires should result from some form 

of cultural transmission, so the structure of relationships among gravestones can be used 

to infer the latent social networks of seventeenth- and eighteenth-century carvers.  

However, these carvers and decorative elements constitute a social network in the 

abstract sense only.  The historic social networks were dynamic and participants may 
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have been largely unaware of them.  Analysis of these two-mode social networks yields 

some significant clues about how their structure shaped material culture. 

 

Two-mode gravestone networks 

A two-mode network may be modeled as an adjacency matrix with the nodes as 

rows, and the “events” or affiliations as columns.  An example of a two-mode affiliation 

network is a set of Southern women who attend a set of social events, where co-

attendance defines social interaction (Davis et al. 1941; Breiger 1974).  Breiger argues 

that the duality of individuals and groups can be modeled in network form.  For instance, 

the number of events two actors both attend defines the tie between them, and the set of 

actors that attend two events defines a tie between events (Breiger 1974).  It is possible to 

reduce a two-mode network into a single mode that represents affiliation between actors 

along a single dimension, but the advantage of a two-mode network is that it preserves 

the multivariate relationships between actors and multi-state traits. 

A two-mode affiliation network can be used to examine structural equivalence 

between multiple actors.  Structural equivalence is a property of a social network used to 

analyze the position of nodes.  Two or more nodes are structurally equivalent (Figure 3) 

when they have identical ties with other nodes, such that substituting one for the other 

would not change network structure (Lorrain and White 1971; Wasserman and Faust 

1994:356).  In a two-mode network, two actors are structurally equivalent “if and only if 

they have the same ties to everyone in the network” (Breiger and Mohr 2004:20).  In the 

example cited above, two people can be considered structurally equivalent if they both 
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attend exactly the same set of events, but in large networks, particularly those that capture 

the frequency of ties, exact structural occurrence is very rare.  In the present study, 

stylistic content is considered an affiliation, so gravestone carvers who share the same 

decorative repertoire would be considered structurally equivalent.  In a contingency table 

with actors as rows and affiliations as columns, combining rows or actors that are 

perfectly structurally equivalent will not reduce the homogeneity of the table.  In large, 

complex networks, it is rare for two nodes to share the exact same set of links, so a more 

common approach is to identify nodes that are approximately structurally equivalent.   

 As discussed above, the network of gravestone carvers (or workshops) can be 

represented as a contingency table with the carvers as rows, the decorative element 

(death’s head, cherub, etc.) as columns, and the frequency of each motif in a carver’s 

work as cell values.  Carvers are not tied to one another based on evidence for direct 

contact, but are affiliated through sharing a cultural attribute, such as a decorative motif.  

This network represents the stylistic similarity between carvers.  In this network, two 

carvers are structurally equivalent if they used the same decorative elements on stones 

they carved.  The expectation is that carvers who learn from each other or from the same 

teacher will use identical or similar sets of decorative elements, and thus will approach 

structural equivalence. 

Breiger and Mohr (2004) extend structural equivalence measures to contingency 

tables, with frequencies of ties between nodes rather than the more commonly used 

binary network data (Lorrain and White 1971).  In this model, combining structurally 

equivalent actors or affiliations will create a reduced form of the matrix that still 
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represents the same amount of variation. Conversely, we can check for structural 

equivalence by combining actors that may be linked (through apprenticeships, for 

example) and testing whether variation has been conserved or lost.  

The variance in a contingency table can be measured by the chi-square, a statistic 

that is familiar to archaeologists.  The Pearson chi-square statistic is used to evaluate 

whether the rows and columns are independent, meaning that cell values can be predicted 

by the row and column totals.  That is, the Pearson chi-square is commonly used to detect 

variation, and evaluate the null hypothesis that the rows and columns are homogeneous.  

The null hypothesis is rejected when the statistic significantly departs from the expected 

chi-square distribution, indicated by a very small p-value.  But in order to measure 

structural equivalence, chi-square distances are used slightly differently.  Breiger and 

Mohr (2004) use likelihood ratio chi-square values, which are decomposed into sub-

tables that represent the combination of one or more rows or columns.  Following 

methods outlined by Goodman (1981) to identify homogeneity, a partition of the original 

contingency table is considered homogeneous when the likelihood ratio chi-square is 

small relative to the degrees of freedom it represents.  To evaluate structural equivalence, 

Breiger and Mohr (2004) use a hierarchical, iterative routine to cluster pairs of similar 

actors, joining pairs that are most similar on the basis of the likelihood ratio chi-square 

(G2) distance.  The rationale is that if two or more nodes that are structurally equivalent 

are joined, the chi-square statistic will not decrease significantly, since the nodes occupy 
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similar positions in the network.6  In other words, by combining rows or columns of the 

contingency table, their ties with other nodes are added and the subsequent reductions in 

chi-square distance and degrees of freedom should not be significant. 

This method of identifying structural equivalence can be readily applied to the 

network of carvers and the stylistic attributes of the gravestones they carved.  If 

decorative style is learned through apprenticeship with a master carver, the master and 

apprentice will be associated with the same decorative elements and will approach 

structural equivalence.  In addition, if transmission occurs predictably between master 

and apprentice, apprentices in the same workshop should use the same decorative 

attributes, as they are shared derived traits.  On the other hand, when carvers copy 

different motifs used by carvers in different workshops, peers will share ties to the same 

decorative elements.  Structural equivalence within carving workshops would indicate 

that transmission of a carving style from master to apprentice or between apprentices 

trained by the same master carver is more important than copying or learning from a 

more distant peer’s work.  In this scenario, workshops diverge from each other as 

innovations are adopted within a workshop.  Alternatively, if social learning from peers is 

more important, as in the blending hypothesis, then contemporary carvers should be 

structurally equivalent irrespective of their workshop affiliation or with which master 

they apprentice.  These alternative models of vertical and horizontal cultural transmission 

are compared using alternative sub-tables of reduced form, which aggregate the work of 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6 The p values based on the Chi-Square distribution are used as nominal values to evaluate 
relative degrees of structural equivalence, not to test a hypothesis (Breiger and Mohr 2004). 
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carvers into a new set of nodes that represent a family lineage, workshop, or generational 

cohort of carvers.  

Structural equivalence among carvers can be examined at several decorative 

scales, as there are many alternative configurations in each part of a gravestone.  These 

include the motif in the tympanum, as well as the individual decorative elements used to 

signify a particular motif.  Although this study does not consider decorative elements in 

the shoulder, side border, or tablet of the gravestones, these fields also show decorative 

variation.  With so many decorative fields, individual carvers may distinguish their work 

at different levels.  This study focuses on the decorative elements that adorn the 

tympanum, since carvers can use different design elements to signify specific symbols.  

In particular, this study examines the choice of decorative elements used to signify the 

brow, eye, nose, and the moustache/palate, or the absence of brow or moustache (Figure 

4) of death’s head and cherub motifs. 

 

Results 

A series of contingency tables that capture the relationships between Boston 

carvers and decorative elements from each decorative field summarize the stylistic traits 

of the attributed gravestones.  The networks of carvers and decorative elements reveal 

several different levels of structural equivalence, indicating more than one cultural 

transmission pathway shaped the decorative content of gravestones.  The relative 

contributions of horizontal and vertical transmission are evaluated by measuring the 

structural equivalence of carvers within the same male lineage, sharing a last name; those 
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who apprenticed in the same workshop, as suggested in the gravestone studies literature; 

and those in the same cohort, defined by those who learned the trade at about the same 

time.  Structural equivalence is dependent on the choice of the two modes, meaning that 

two carvers may have the same ties in some stylistic characters, but not others. 

 

Model 1: Motifs 

The first model of the carver network represents individual carvers and the major 

motifs (death’s head, cherub, and portrait) as nodes (Figure 5).  A better description of 

this network weights links between carvers and motifs by the count of stones of each 

motif that are attributed to a particular carver.  This network can be represented as a 

contingency table with carvers as rows, major motifs of the gravestones as columns, and 

the count of attributed stones as values.  Six different motifs are attributed to 29 Boston-

area carvers before 1800.  Removing the rare motifs with fewer than five examples, the 

table contains death’s head (n = 119), cherub (n = 43) and portrait motifs. 

The network of carvers and motifs does not reveal structural equivalence between 

carvers because all carvers heavily favored the death’s head motif during the eighteenth 

century.  The full network, Model 1A (Table 2a), represents all carvers and the 3 major 

motifs (G2 = 147.344, 56 df, p < .0001).  Carvers can be grouped by surname in Model 

1B (Table 2b; G2=103.89, 26 df, p < .0001) in order to test the hypothesis that carvers 

from the same male lineage are structurally equivalent, since sons often worked in their 

father’s workshop.  In other cases, we know that master carvers had apprentices who 

were not their sons.  Indentures and other apprenticeship contracts are rare in Colonial 
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New England, but circumstantial evidence suggests a few apprenticeships with master 

carvers and partnerships between carvers sharing workspace.  Carvers are aggregated by 

workshop, which groups both carvers sharing a surname and those apprenticeships 

identified in the gravestone historiography (Model 1C; Table 2c; G2=92.907, 16 df, p < 

.0001).  Carvers can also be grouped by generation (Model 1D; Table 2d) based on the 

year they began carving (G2=66.534, 6 df, p < .0001).  Although the contingency tables 

are sparse, these chi-square values suggest significant patterning in motif choice at each 

level of aggregation, meaning that there were non-random associations between the motif 

choice and carver.  Partitions of this network based on lineage, workshop or generation 

are also non-randomly associated.  These patterns suggest that the death’s head was the 

dominant motif for Boston-area carvers, where it persisted well into the late eighteenth 

century. 

While the carver and major motif network and its partitions exhibit non-random 

associations between carvers and motifs, comparing these partitions with the baseline 

model demonstrates little significant structural equivalence.  When actors are structurally 

equivalent, we expect small and statistically insignificant differences in G2 values 

between a network and its partitions that have reduced dimensionality.  The networks 

partitioned by surname (Model 1E), workshop membership (Model 1F) or generation 

(Model 1G) indicate little structural equivalence.  These partitions depart from the 

baseline model, as evidenced by large differences in G2  (Table 3).  This likely relates to 

the dominance of the death’s head motif in the Boston area, suggesting some combination 

of conformism between carvers and consumer preference were at work (Scholnick n.d., 
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see Appendix C), since carvers are not structurally equivalent with others in the same 

lineage, workshop, or generation in the motif network.  And the stones with cherub 

motifs are primarily attributed to just two carvers, Henry Christian Geyer and Daniel 

Hastings, who began their careers establishing new workshops, unaffiliated with earlier 

master carvers in the 1760’s and 1770’s.  These two carvers account for 20 of the 33 

cherub stones in this dataset, but they were not the first to carve this motif.  Earlier 

examples of the cherub are found on the stones that Caleb and Nathaniel Lamson initialed 

early in their careers at the turn of the eighteenth century.  While the major motif is 

temporally sensitive, most carvers working in the Boston area are more conservative, 

carving the death’s head through the late eighteenth century.  In this network, the 

association between generation and major motif is not homogeneous (Table 2d, Model 

1D).  But carvers of the same generational cohort, who began practicing their trade at 

roughly the same time, cannot be considered structurally equivalent. 

 

Model 2: Facial Elements 

While the death’s head became the dominant motif adorning Boston-area 

gravestones for much of the seventeenth and eighteenth centuries, the execution of this 

canonic motif exhibits variation, presumably reflecting the learning pathways of the 

individual carvers.  This motif is comprised of individual decorative elements that 

represent the skull as part of the death’s head.  No single set of decorative elements is 

used to represent the facial features of these skulls.  Rather, combinations of features vary 

by carver, indicating the hand of the craftsman.  How are these carving techniques 
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acquired?  Are these elements learned from a master carver as an apprentice?  The 

variation in decorative elements may indicate different structural positions for the carvers 

who used the elements. 

The different facial design elements used to carve a death’s head or cherub were 

specific to lineage.  The brow, eye shape, nose, and moustache are represented in 

different ways.  Some of these facial elements are specific to cherub and death’s head 

motifs, but there are several different variants used to represent these elements (Figure 3), 

including the absence of a particular element, like a moustache that represents a skull’s 

palate.  Some of these design elements are specific to a particular motif and other variable 

states denote the absence of a feature like an eyebrow or moustache (Table 3).  Once 

again, a two-mode network models carvers as one mode, and decorative elements as the 

other.  Alternative models that aggregate carvers by surname, workshop, and generation 

are used to identify levels of structural equivalence in the data. 

The network of carvers and facial elements reveals structural equivalence at the 

surname and workshop level, suggesting that these subtle features are learned through 

apprenticeship.  The basic network (Table 4) represents the work of 25 carvers, and the 

17 design elements used to represent the brow, eye, nose and moustache on 148 attributed 

gravestones (Model 2A, G2 = 796.752, df = 384, p < .0001).  When the carvers in these 

networks are grouped by surname (Model 2B), workshop (Model 2C), or by generation 

(Model 2D), the observed links with decorative elements depart significantly from the 

expectations of network with equally distributed ties between modes.  The differences 

between the basic network of carvers and decorative elements (Model 2A) and the 
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aggregated networks are compared with chi-square distribution to identify structural 

equivalence (Table 5).  When the surname (Model 2B) and workshop (Model 2C) 

networks are compared with the carver contingency table (Model 2A), the reductions in 

chi-squared values are not significant with either surname (Model 2E) or workshop 

groupings (Model 2F).  This indicates that the carvers with the same surname or those 

who worked in the same workshop are structurally equivalent, since their ties with the 

facial elements are very similar.  Yet, when carvers are aggregated by generation, there is 

a significant reduction in the chi-square value (Table 5, Model 2G), indicating that 

carvers in the same generation do not use the same facial elements to denote a motif.  

Incidentally, the difference between these two aggregated network models (Table 5, 

Model 2H) is not significant either (G2=80.562, p=0.4632), suggesting that those 

apprentices who are not related to the master carver from whom they learned their trade 

are structurally equivalent with others in their workshop.  This analysis suggests that 

facial features were learned from members of the same workshop, likely as apprentices, 

regardless of whether or not the apprentices were sons of the master carver.  In this case, 

cultural transmission does not parallel kinship, but follows workshop organization.  

While carvers may learn the subtle decorative variants used to carve a motif in a 

workshop context from master carvers and their peers, they did not copy decorative 

elements from peers in other workshops. 

 

Visualizing Carver and Style Networks 
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One challenge of comprehending the implications of these groupings is 

visualizing a multidimensional contingency table.  So far, we have characterized the 

tables using a measure of the independence of all rows and columns, which does not 

reveal the relationship between the specific rows and specific columns.  Correspondence 

analysis (CA) can be used to visualize major dimensions of variation within this 

contingency table.  CA decomposes the total inertia of the contingency table, which is the 

sum of all of the chi-square distances in the matrix.  The distances of each row and 

column are scaled based on the total of all cell values in the matrix, so in this case it is the 

total number of decorative elements observed on all stones.  CA identifies a set of 

dimensions, similar to eigenvectors, which maximize the inertia of each successive 

dimension (see Table 6).  Since CA dimensions are ranked by the inertia they capture, a 

graph of the first two dimensions creates the best two-dimensional representation of the 

contingency table.  This lower order representation can be used to display the 

correspondence of nodes in a two-mode network, both between the two modes and 

between the nodes in each. 

A graph of the first two dimensions creates the most parsimonious two-

dimensional representation of the contingency table, maximizing the amount of inertia of 

the table in each of these dimensions.  A two-dimensional representation derived from 

CA displays the stylistic relationships between carvers based on choices of how to 

represent facial elements.  The low frequency of stones attributed to certain gravestone 

carvers means that we must be cautious in our interpretations of the CA and the structural 

equivalence analysis above.  Although columns with low counts (<9) were not included, 
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carvers with less than 3 attributions (12 facial elements) were retained in the matrix.  An 

alternative matrix without these carvers was analyzed, but differed little.   

This CA further demonstrates the structural equivalence of certain workshops.  

The first dimension of CA discriminates between the major workshops, scoring the 

Lamson workshop negative and the Foster and Mumford/Emmes/Codner workshops 

positively (Figure 6).  This suggests similarity within workshops that Model 2 reveals is 

likely based on the difference between the Lamsons and other death’s head carvers, since 

this accounts for nearly half (48.6%) of the inertia of the table.  Interestingly, the 

Stonecarver of Boston is plotted near the origin, suggesting that the progenitor of this 

carving tradition did not use a single set of facial design elements.  Another alternative 

that we must consider is that the “Stonecarver of Boston” is not a single individual, but 

may refer to more than one first generation carver in the Boston area.  The divergence of 

the Lamson workshop likely occurred in the first generation of carvers, since the first CA 

dimension plots Joseph Lamson on the opposite end of the axis from William Mumford 

and James Foster.  This ordination also suggests that there may have either been a 

common teacher for Mumford and Foster or there was more borrowing between these 

two workshops located in Boston and nearby Dorchester, respectively.   

 

Discussion 

The social network that connects Colonial Boston-area carvers to gravestones 

through historic probate records allows us to infer the ways that these carvers learned the 

decorative elements that adorned their craft.  Boston gravestone carvers acquired 



 74 

decorative styles along several different pathways.  Their choice of decorative motif was 

most likely influenced by what their peers were carving, as well as the knowledge about 

the motifs that consumers decided to purchase.  After all, carvers and consumers could 

see the gravestones others carved and placed in the burial grounds just we can see these 

markers today.  Although the major motif was likely chosen based on some combination 

of conformist bias and consumer preference (see also Appendix B and C), this analysis of 

the subtle decorative elements reveals more about the workshop organization of Colonial 

carvers.  These analyses show that while the death’s head motif dominated Boston and 

neighboring burial grounds for much of the seventeenth and eighteenth centuries, the 

individual elements of which it is composed were stylized differently among workshops.  

Even with conformist pressure to produce death’s heads, the Lamson workshop and 

others expressed authorship in subtle ways. 

The relative position of actors within these networks suggests that some 

decorative elements were shared among peers, particularly the major motif, like the 

death’s head or cherub, the most visible decorative field of these gravestones.  But 

vertical transmission leaves a subtle signature.  While the choice of a more visible motif 

can be influenced by consumer preference and carver conformism, the more subtle 

decorative elements reveal the learning framework of the producer.  In this study, the 

dependence of rows and columns (Model 2), as shown by chi-square distances, reveals 

carvers who share a common position through their use of similar decorative elements.  

The aggregation by lineage reflects kinship relationships that link master carvers with 

their sons.  Apprentice and journeyman carvers were not mentioned in probate payments, 
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but it is likely that they acquired much of their technique and style during this phase of 

their careers.  Rough chronological equivalence denoted by generation may capture the 

groups of carvers who may have learned from one another, within and between different 

lineages. 

Variation in material culture style is constrained by cultural transmission 

mechanisms differently at the individual, lineage and community/regional levels. This 

two-mode social network analysis shows that the stylistic variation in material culture can 

be used to model the relative position of craft producers in the social network of their 

trade.  In this case, the major motif, which is comprised of a collection of design 

elements, is not associated with a particular lineage or a particular cohort of gravestone 

carvers.  However, the design elements that are used to represent a death’s head or cherub 

can be used to trace the lineage of carvers (Figure 1).  In this domain, carvers learn how 

to execute these facial features through apprenticeship in a particular workshop.   

Some carvers were more successful than others, practicing their trade in viable 

workshops for decades and teaching other apprentices how to carve.  It was only the 

carvers who were well capitalized (as evidenced by numerous gravestone payments) and 

could afford to employ their sons and other apprentices, who became actors in the 

branching structure of these carving lineages.  The rare motifs specific to a few carvers 

were removed from the corpus of gravestones through a drift-like process (see Appendix 

C).  But drift’s spatial extension (Wright 1943) is also a factor in the social networks of 

carvers.  The carvers in the Boston area producing the stones we examine here practiced 

in workshops that were close to one another, but distance between workshops does not 
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equate with structural equivalence at the scale of decorative element.  At a larger spatial 

scale, workshops in other parts of New England, like that of Hartshorne in Ipswich, 

Massachusetts (Slater and Tucker 1978), the Soules of Plympton, Massachusetts (Benes 

1977; Deetz and Dethlefsen 1967) and the Stevens shop of Newport, Rhode Island (Luti 

2002), chose different major motifs for their gravestones, like the Roman, Medusa, and 

cherub motifs, respectively.  The distributions of these motifs demonstrate their success 

with their respective consumer populations.  They also reveal spatial boundaries of social 

influence among carvers and consumers (Appendix B).  This analysis of Boston carvers 

did not include stones from these workshops because probate records have not been 

documented as thoroughly in all parts of eastern Massachusetts or Rhode Island.  Yet, 

inclusion of other carvers’ stones likely would have revealed more geographic and 

workshop differentiation in major motif, since other carvers and consumers chose the 

cherub, Roman, and Medusa motifs in greater frequency outside of Boston. 

The structural equivalence of some actors in these stylistic networks indicates that 

workshop membership is an important explanatory variable in the fine decorative 

elements of gravestones.  Within the Boston area, the dominance of the death’s head 

stems from its adoption among all of the first generation carvers.  Facial features of the 

death’s head suggest that these motifs diverged from the first generation of carvers 

through a branching process of vertical transmission.  On a regional scale, the 

contemporary Roman tradition in Ipswich, Massachusetts, and the cherub tradition in 

Newport, Rhode Island, point to branching processes, with differing degrees of social 

conformity depending on the number of carving workshops serving the area.  And 
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between carving lineages in the Boston region, we also see branching processes that may 

signal workshop affiliation, as with facial elements of the death’s head skull. Beyond 

gravestone carvers, or historic-period workshops, this research suggests that the scale of 

analysis affects archaeological inference about cultural transmission mechanisms, both at 

the spatial extent of the survey and at the scale of stylistic analysis.  While these artifacts 

have unique provenance data, this study demonstrates that social network analysis of 

two-mode stylistic networks reveals important properties of cultural transmission at 

different scales of analysis and observation.  Different workshops can share motifs, 

acquiring them by copying other examples, but workshops distinguish themselves with 

different individual decorative elements learned through apprenticeship,  

Deetz and Dethlefsen observed that the decorative motifs that adorn gravestones 

change through time and are spatially dependent (1965, 1967; Dethlefsen and Deetz 

1966).  While certain levels of stylistic variation, like the major motif, are useful for 

chronology building, fine-grained decorative variation does not represent temporal 

variation, because peers do not copy them.  This study demonstrates that decorative 

elements are specific to the learning framework of the craftsmen and can be used to trace 

past producer lineages.  The parallel with the ceramic sociology of the late 1960’s and 

early 1970’s (e.g. Longacre 1970, Hill 1970) is apparent, yet the motivation of this 

analysis is to use artifacts with known authorship to discern the multiple social ties that 

structure the transmission of stylistic information.  The social organization of artifact 

producers does indeed structure the transmission of stylistic content, but in this case of 

craft workshops with apprenticeship, the lineages are apparent in the subtle decorative 
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variants.  However, this kind of subtle variation will be most apparent in situations where 

product and producer can be directly linked. 

Conclusion 

 The concept of structural equivalence describes the relationship between two or 

more producers that are informed by a similar set of sources.  Regularities in the active 

and dynamic relationship between the two modes of craft producer and material culture 

can be described generally by the probability of an actor’s choice of affiliation.  Thus, 

this study of structural equivalence using contingency tables that capture the frequency of 

relationships between producers and artifact design choices allows access to their internal 

logic of design.  The organization of design choices reflects the cultural transmission 

pathways in which an artifact producer learned a trade and practiced that trade, codifying 

his knowledge in the production or decoration of an artifact.  As this study of historic 

gravestones demonstrates, the structural similarities of producers are apparent in subtle 

decorative element choices.  But it also suggests that variation in the highly visible 

decorative motifs may reveal broader discontinuities in social structure.  It is through the 

formal regularities in these ties between artifact producers and their products that we gain 

insight into the reflexive relationship between social structure and practice. 

 This study does more than identify the work of individual craftsmen or kin group.  

Like the goals of the New Archaeology studies (Hill 1970; Longacre 1970), it attempts to 

infer social organization through decorative variation in artifact assemblages.  These 

network analyses use stylistic data to evaluate hypothetical models of social organization.  

But we also evaluate the role of horizontal transmission following Dual Inheritance 
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theory (Boyd and Richerson 1985), recognizing that cultural information can be 

transmitted between unrelated individuals across lineage or workshop organization.  

These gravestone and carver data show that the decorative content of artifacts captures 

different social processes at different levels of analysis.  At the broadest level, the motifs 

we recognize can be subject to conformist biased transmission not kin groups, creating 

structural equivalence between artifact producers in a region.  But at a finer level, the 

distinctive ways that producers execute these elements reveal structural equivalence 

within workshop organization and lineage.  These fine-grained decorative elements can 

be used to uncover latent social network structure of the producers.  Social networks can 

be defined along many different dimensions, and those of the gravestone carvers are no 

different.  This study shows how several dimensions of carver social organization align 

with artifact style and can be used to identify the social processes that lead to the 

evolution of artifact styles. 
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Table 2a. Carvers and the 3 major motifs they carved on attributed stones. Omitted motifs 
with less than 5 occurrences in the attribution database are the armorial, flower, skull and 
crossbones, and urn motifs. This table has 56 degrees of freedom (G2=147.344, p < 
.0001). 
 
Name Workshop Generation cherub death's 

head 
portrait 

Boston, Stonecarver CarverLamson 1 0 1 0 
Codner, Abraham MumfordEmmesCodner 4 0 1 0 
Codner, William MumfordEmmesCodner 3 2 11 1 
Custin, William GilchristCustin 3 3 7 0 
Emmes, Henry MumfordEmmesCodner 3 3 1 4 
Emmes, Joshua MumfordEmmesCodner 3 0 1 0 
Emmes, Nathaniel MumfordEmmesCodner 2 0 9 0 
Foster, Hopestill Foster 2 1 1 0 
Foster, James I Foster 1 0 3 0 
Foster, James II Foster 2 2 5 0 
Foster, James III Foster 3 0 1 0 
Gaud, John Gaud 2 0 2 0 
Geyer, Henry Christian Geyer 3 8 0 0 
Gilchrist, James GilchristCustin 2 4 3 0 
Grant, William Grant 2 1 1 0 
Hastings, Daniel Hastings 4 12 0 0 
Hastings, Nathan Hastings 4 1 0 0 
Homer, John MumfordEmmesCodner 3 0 5 0 
Lamson, Caleb CarverLamson 2 1 19 0 
Lamson, David CarverLamson 4 1 0 0 
Lamson, John CarverLamson 3 0 1 0 
Lamson, Joseph CarverLamson 1 0 7 0 
Lamson, Joseph III CarverLamson 4 1 0 0 
Lamson, Joseph Jr CarverLamson 3 0 12 0 
Lamson, Nathaniel CarverLamson 2 1 15 0 
Mumford, William MumfordEmmesCodner 1 0 8 0 
Noyes, Enoch Noyes 4 1 0 0 
Noyes, John Noyes 2 0 5 0 
Noyes, Paul Noyes 4 1 0 0 
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Table 2b. This table aggregates carvers by surname representing 26 degrees of freedom 
(G2 = 103.89, p < .0001). 
 

Surname cherub death's head portrait 

Carver 0 1 0 
Custin 3 7 0 
Lamson 4 54 0 
Foster 3 10 0 
Gaud 0 2 0 
Geyer 8 0 0 
Gilchrist 4 3 0 
Grant 1 1 0 
Hastings 13 0 0 
Mumford 0 8 0 
Emmes 3 11 4 
Codner 2 12 1 
Noyes 2 5 0 

 



   83 

Table 2c. This table groups carvers by workshop affiliation representing 16 degrees of 
freedom (G2 = 92.907, p < .0001). 
 
Workshop cherub death's head portrait 

CarverLamson 4 55 0 
Foster 3 10 0 
Gaud 0 2 0 
Geyer 8 0 0 
Hastings 13 0 0 
MumfordEmmesCodner 5 36 5 
Noyes 2 5 0 
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Table 2d. This table groups carvers by generation representing 6 degrees of freedom (G2 = 
66.534, p < .0001). 
 
Generation cherub death's head portrait 

1 0 19 0 
2 10 60 0 
3 16 39 5 
4 17 1 0 
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Table 3. Chi-square statistics of the two-mode network of carvers and major motifs, and 
the differences between models. 
 
Model Rows Rows Columns df G2 p 
1A Carver 29 3 56 147.344 <.0001 
1B Surname 12 3 26 103.89 <.0001 
1C Workshop 9 3 16 92.907 <.0001 
1D Generation 4 3 6 66.534 <.0001 
1E=1A-1B       30 43.454 0.0534 
1F=1A-1C       40 54.437 0.0635 
1G=1A-1D       50 80.81 0.0037 
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Table 4.  A subset of facial features on 148 attributed gravestones used in this analysis. 
 

Feature Description Motif Frequency 
brow bushy arcs cherub 12 
brow curly bracket death's head 48 
brow downturned parenthesis death's head 24 
brow strait lines both 6 
brow none both 58 
eye almond all 32 
eye oval death's head 87 
eye round death's head 29 
nose carrot death's head 49 
nose triangle death's head 66 
nose U-shape cherub, skull and crossbones 27 
nose bulbous cherub 5 
nose hour glass death's head 1 
moustache downturned arc  death's head 59 
moustache downturned bracket death's head 47 
moustache none all 40 
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Table 5. Chi-square statistics of the two-mode network of carvers and face elements. 
 
Model Grouping Rows  Columns df G2 p 
2A Carver 25 17 384 796.752 <.0001 
2B Surname 10 17 208 680.329 <.0001 
2C Workshop 14 17 128 599.767 <.0001 
2D Generation 4 17 66 194.833 <.0001 
2E = 2A-2B    176 116.423 0.9998 
2F = 2A-2C    256 196.985 0.9975 
2G = 2A-2D    318 601.919 <.0001 
2H = 2F–2E    80 80.562 0.4632 
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Table 6. The decomposition of inertia in the CA of face elements and carvers reveals that 
the first two dimensions represent over 80% of the inertia of the table. 
 

Dimension Singular Value Inertia Proportion Cumulative 

1 0.76574923 0.58637188 0.48569169 0.48569169 
2 0.62983828 0.39669625 0.32858341 0.81427511 
3 0.29211783 0.08533283 0.07068116 0.88495627 
4 0.24830128 0.06165353 0.0510676 0.93602387 
5 0.1972491 0.03890721 0.03222683 0.9682507 
6 0.13946662 0.01945094 0.01611121 0.98436191 
7 0.0982987 0.00966263 0.00800356 0.99236547 
8 0.06773879 0.00458854 0.00380069 0.99616616 
9 0.06135149 0.00376401 0.00311773 0.99928388 

10 0.02514491 0.00063227 0.00052371 0.99980759 
11 0.01328963 0.00017661 0.00014629 0.99995388 
12 0.0074622 5.57E-05 4.61E-05 1 
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Figure 1. There were three major lineages that carved gravestones in the Boston area 
before 1800.  Master-apprentice relationships between carvers are represented by 
diagonal lines.
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Figure 2. New England gravestones have several decorative fields that surround the 
tablet, which is inscribed with information about the decedent and an epitaph, in some 
cases.
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Figure 3. An illustration of Lorrain and White’s (1971) definition of structural 
equivalence, showing that nodes a and b are equivalent because they have identical 
ties to other nodes, c and d.
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Figure 4. Comparing William Mumford’s carved skull (left, probate, Nicholas Chatwell, 
1700, Salem) with Joseph Lamson’s (right, probate, Samuel Sargent, 1710, Malden) 
highlights the different decorative elements used to represent facial features.  Mumford’s 
skull may be characterized by the lack of eyebrow, round eye sockets, a carrot-shaped 
nose, and a moustache that resembles a downturned parenthesis.  Alternatively, Lamson 
uses a connected eyebrow with upturned or curly ends, oval-shaped eye sockets, a 
triangle-shaped nose, and a downturned bracket as a moustache.
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Figure 5. Carver affiliations with decorative motifs are visualized in this network diagram, 
where each arrow represents one or more gravestones with a particular motif attributed to 
a carver.

93



Bo
st
on

_S
to
ne

ca
rv
er

C
od

ne
r_
Ab

ra
ha

m

C
od

ne
r_
W
illi
am

C
us

tin
_W

illi
amEm
m
es

_H
en

ry

Em
m
es

_J
os

hu
a

Em
m
es

_N
at
ha

ni
el

Fo
st
er
_H

op
es

til
l

Fo
st
er
_J

am
es

I
Fo

st
er
_J

am
es

_I
I

Fo
st
er
_J

am
es

_I
II

G
au

d_
Jo

hn

G
ey

er
_H

en
ry
_C

hr
ist
ia
n

G
ilc

hr
is
t_
Ja

m
es

G
ra
nt
_W

illi
amH

as
tin

gs
_D

an
ie
l

H
om

er
_J

oh
n

La
m
so

n_
C
al
eb

La
m
so

n_
Jo

hn
La

m
so

n_
Jo

se
ph

La
m
so

n_
Jo

se
ph

_I
II

La
m
so

n_
Jo

se
ph

_J
r

La
m
so

n_
N
at
ha

ni
el

M
um

fo
rd

_W
illi
am

N
oy

es
_J

oh
n

Bu
sh
y
Ar
c
Br
ow

C
ur
ly
Br
ac
ke
tB
ro
w

D
ow

n
Pa

re
n.
Br
ow

N
o
Br
ow

Al
m
on
d
Ey

e

O
va
lE
ye

R
ou
nd

Ey
eD
ow

n
Ar
c
M
ou
st
ac
he

D
ow

n
Br
ac
ke
tM

ou
st
ac
he

N
o
M
ou
st
ac
he

C
ar
ro
tN

os
e

Tr
ia
ng
le
N
os
e

U
-S
ha
pe

N
os
e

-1
.5-1

-0
.50

0.
51

1.
52 -1

.5
-1

-0
.5

0
0.
5

1
1.
5

CADim2(32.9%Inertia)

C
A
D
im

1
(4
8.
6%

In
er
tia

)

C
ar
ve

rs
Fa

ce
El
em

en
ts

Fi
gu

re
 6

. A
 tw

o-
di

m
en

si
on

al
 re

pr
es

en
ta

tio
n 

of
 th

e 
ca

rv
er

 a
nd

 fa
ci

al
 d

es
ig

n 
el

em
en

t n
et

w
or

k 
cl

ea
rly

 se
pa

ra
te

s
th

e 
La

m
so

n 
w

or
ks

ho
p 

fr
om

 o
th

er
s. 

 D
im

en
si

on
 2

 re
pr

es
en

ts
 d

iff
er

en
ce

s b
et

w
ee

n 
ch

er
ub

s a
nd

 d
ea

th
’s

 h
ea

ds
be

ca
us

e 
th

e 
fe

at
ur

es
 a

ss
oc

ia
te

d 
w

ith
 c

he
ru

bs
 a

nd
 th

e 
ca

rv
er

s c
ar

vi
ng

 th
em

 h
av

e 
po

si
tiv

e 
va

lu
es

(C
A

 D
im

. 2
 >

 0
.5

).

49



  95 

REFERENCES 

Benes, Peter 
 1977 Masks of Orthodoxy: Folk Gravestone Carving in Plymouth County, 

Massachusetts, 1689-1805. University of Massachusetts Press, Amherst. 
 
Blachowicz, James 
 2006 From Slate to Marble: Gravestone Carving Traditions in Eastern 

Massachusetts. Graver Press, Evanston, IL. 
 
Borgatti, Stephen P. and Martin G. Everett  
 1997 Network Analysis of Two-Mode Data.  Social Networks 19:243-269. 
 
Boyd, Robert and Peter J. Richerson 
 1985 Culture and the Evolutionary Process. University of Chicago Press, Chicago. 
 
Breiger, Ronald L. 
 1974 The Duality of Persons and Groups. Social Forces 53:181-190. 
 
Breiger, Ron L. and John W. Mohr 
 2004 Institutional logics from the aggregation of organizational networks: 

Operational procedures for the analysis of counted data.  Computational and 
Mathematical Social Networks 8:17-43. 

 
Carson, Cary 
 1994 “The Consumer Revolution in Colonial British America: Why Demand?” In Of 

Consuming Interests: The Style of Life in the Eighteenth Century. Cary Carson, 
Ronald Hoffman and Peter J. Albert, eds. Pp. 483-697. University Press of 
Virginia, Charlottesville, VA. 

 
Cavalli-Sforza, Luigi L. and Marcus W. Feldman  
 1981 Cultural Transmission and Evolution: A Quantitative Approach. Monographs in 

Population Biology. 16 Princeton University Press, Princeton, NJ.  
 
Chase, Theodore and Laurel K. Gabel  
 1990 Gravestone Chronicles: Some Eighteenth-Century New England Carvers and 

their Work. New England Historic Genealogy Society, Boston.  
 
Collard, Mark and Jamshid Tehrani  
 2005 Phylogenesis versus ethnogenesis in Turkmen cultural evolution. In The 

Evolution of Cultural Diversity: A Phylogenetic Approach. Ruth Mace, Claire 
Holden and Stephen J.  Shennan, eds. UCL Press, London. Pp 109-132.  

 
Collard, Mark, Stephen J. Shennan, and Jamshid Tehrani  



   96 

 2006 Branching, blending, and the evolution of cultural similarities and differences 
among human populations. Evolution and Human Behavior 27:169–184.  

 
Davis, Allison, Burleigh B. Gardner, and Mary R. Gardner  
 1941 Deep South: A Social Anthropological Study of Caste and Class. University of 

Chicago Press, Chicago. 
 
Deetz, James and Edwin Dethlefsen  
 1965 The Doppler Effect in Archaeology: A Consideration of the Spatial Aspects of 

Seriation. Southwestern Journal of Anthropology 21(3):196-206.  
  
 1967 Death’s head, Cherub, Urn and Willow. Natural History 76(3):29-37.  
 
Demos, John  
 1970 A Little Commonwealth: Family Life in Plymouth Colony. Oxford University 

Press, New York. 
 
Dethlefsen, Edwin and James Deetz  
 1966 Death’s Heads, Cherubs, and Willow Trees: Experimental Archaeology in 

Colonial Cemeteries. American Antiquity 31(4): 502-510.  
 
Farber, Jessie Lie  
 1987 Stonecutters and Their Works. Markers: The Annual Journal of the Association 

for Gravestone Studies 4:131-177.  
 
Forbes, Harriette Merrifield  
 1927 Gravestones of Early New England, 1653-1800. Houghton Mifflin, Boston.  
 
Gabel, Laurel K. 
 1981 “A list of gravestones in King’s Chapel Burying Ground, Copp’s Hill Burying 

Ground, and the Granary Burial Ground, Boston, for which there are actual or 
likely probate payments to seventeenth and eighteenth century stone carvers, as 
recorded in Suffolk County probate records, Boston, Massachusetts.” 
Unpublished manuscript on file at the American Antiquarian Society, Worcester, 
Massachusetts. 

  
 2008 Death, Burial and Memorialization in Colonial New England: The Diary of 

Samuel Sewall.” Markers: The Annual Journal of the Association for Gravestone 
Studies 25: 10-43. 

 
Gabel, Laurel K. and Lisa Beth Gabel 
 1981 “References to gravestones, stone cutters, funeral expenses etc. in the Suffolk 

County, Massachusetts, Probate Records.” Volume 2 – 97. Unpublished 



   97 

manuscript on file at the American Antiquarian Society, Worcester, 
Massachusetts. 

 
Goodman, Leo A. 
 1981 Criteria for Determining Whether Certain Categories in a Cross-Classification 

Table Should Be Combined, with Special Reference to Occupational Categories 
in an Occupational Mobility.  The American Journal of Sociology 87: 612-650. 

 
Hill, James N. 
 1970 Broken K Pueblo: Prehistoric Social Organization in the American Southwest. 

Anthropological Papers of the University of Arizona, No. 18. University of 
Arizona Press, Tucson. 

 
Jordan, Peter and Stephen Shennan 
 2009 Diversity in hunter–gatherer technological traditions: Mapping trajectories of 

cultural ‘descent with modification’ in northeast California. Journal of 
Anthropological Archaeology 28: 342-365 

 
Kelly, Sue and Anne Williams  
 1983 "And the Men Who Made Them:" The Signed Gravestones of New England. . 

Markers: The Annual Journal of the Association for Gravestone Studies 2:1-104. 
 
Kroeber, Alfred 
 1948 Anthropology: Race, Language, Culture, Psychology and Prehistory. Brace, 

New York. 
 
Lorrain, Francois and Harrison C. White  
 1971 Structural Equivalence of Individuals in Social Networks. Journal of 

Mathematical Sociology. 1:49-80.  
 
Longacre, William A. 
 1970 Archaeology as Anthropology; A Case Study. Anthropological Papers of the 

University of Arizona, No. 17. University of Arizona Press, Tucson. 
 
Luti, Vincent 
 2002 Mallet and Chisel: Gravestone Carvers of Newport, Rhode Island in the 19th 

Century. New England Historic Genealogical Society, Boston. 
 
Moore, John H.  
 1994 Putting Anthropology Back Together Again: The Ethnogenetic Critique of 

Cladistic Theory. American Anthropologist 96(4):925-948.  
 
Neiman, Fraser D.  



   98 

 1995 Stylistic Variation in Evolutionary Perspective: Inferences from Decorative 
Diversity and Interassemblage Distance in Illinois Woodland Ceramic 
Assemblages. American Antiquity 60(1): 7-36.  

 
Rorabaugh, W. J.  
 1986 The Craft Apprentice: From Franklin to the Machine Age in America. Oxford 

University Press, Oxford. 
 
Schiffer, Michael B. 
 1972 Archaeological Context and Systemic Context. American Antiquity 37: 156-165 
 
Slater, James A. and Ralph L. Tucker 
 1979 The Colonial Gravestone Carvings of John Hartshorne.  In Puritan Gravestone 

Art II, edited by Peter Benes, pp. 79-146.  Boston University, Boston. 
 
Tehrani, Jamshid J. and Mark Collard  
 2002 Investigating cultural evolution through biological phylogenetic analyses of 

Turkmen textiles. Journal of Anthropological Archaeology 21(4):443-463. 
 
 2009 On the relationship between interindividual cultural transmission and 

population-level cultural diversity: a case study of weaving in Iranian tribal 
populations. Evolution and Human Behavior 30:286–300. 

 
Tucker, Ralph 
 1993 The Lamson Family of Gravestone Carvers of Charlestown and Malden, 

Massachusetts. Markers: The Annual Journal of the Association for Gravestone 
Studies 10:150-217.  

 
 1997 The Pratt Family of Stonecutters. In Markers XIV. Association for Gravestone 

Studies, Maine. 
 
Tucker, Ralph, Laurel K. Gabel, and Lisa Beth Gabel 
 1980 “References to gravestones, stone cutters, funeral expenses etc. in the Middlesex 

County, Massachusetts, Probate Records.” Volume 1 – 79. Unpublished 
manuscript on file at the American Antiquarian Society, Worcester, 
Massachusetts. 

 
Wasserman, Stanley and Katherine Faust  
 1994 Social Network Analysis: Methods and Applications. Structural Analyses in the 

Social Sciences 3. Cambridge University Press, New York. 
 
Watters, David H.  
 1981 With Bodilie Eyes: Eschatological Themes in Puritan Literature and 

Gravestone Art. Studies in the Fine Arts, Vol. 3. UMI Press, Ann Arbor, MI. 



   99 

 
Wright, Sewall 
 1943 Isolation by Distance. Genetics 28:114-138. 



  100 

APPENDIX B: 
 

THE SPATIAL AND TEMPORAL DIFFUSION  
OF STYLISTIC INNOVATIONS IN MATERIAL CULTURE 

 
Introduction 

In their classic study, James Deetz and Edwin Dethlefsen (1965; Dethlefsen and 

Deetz 1966) argue that the frequencies of artifact styles on Colonial New England 

gravestones were dependent on their spatial distance from the source.  They (1965) use 

the dates inscribed on these gravestones and spatially explicit samples from 

Massachusetts cemeteries to show that the peak popularity of certain motifs occurred 

later and with increasing distance from a particular carving workshop.  Their study 

demonstrates that relative dating of artifact assemblages from different sites using 

seriation is problematic, as diffusion distorts the timing and locations of peak popularity 

of artifact styles.  They propose a model for the diffusion of artifact styles built on an 

analogy with the Doppler effect, which is the change in frequency of sound waves as an 

observer travels towards or away from its source (Deetz and Dethlefsen 1965).  They 

(Dethlefsen and Deetz 1966:508; Deetz and Dethlefsen 1967:33-36; Deetz 1977:69-73) 

interpret the diffusion of motifs as reflective of the changing religious ideology of the 

consumers.  But this study (Deetz 1977; Deetz and Dethlefsen 1967) also points to 

carvers’ modifications of their idiosyncratic folk motifs as a process that leads to the 

emergence of the cherub as the regionally dominant motif.  This influential study of the 

evolution of decorative style points to two causes for the decorative changes in marker 

style. 
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It was the complex interactions among past producers and consumers led to the 

artifact distributions archaeologists observe.  Deetz and Dethlefsen’s interpretations focus 

on the changing religious ideology of the consumers, but their models do not fully 

account for the role of carver populations in decorative change that they illustrate (1967).  

New England gravestones are a rare example of spatiotemporal diffusion where the 

detailed histories of artifact styles can be followed in order to illustrate past cultural 

processes.  These gravestones and the historical records associated with them have much 

to say about how diffusion patterns relate to cultural transmission between the producers 

who carved these grave markers and between consumers who purchased them to mark 

the graves of their kin.  The present study revisits this body of artifacts to examine the 

social processes that led to the diffusion of gravestone styles through Colonial New 

England communities. 

Diffusion can occur at vastly different spatial scales, some of which are sensitive 

to the social learning processes of producers and consumers. On a continental scale, 

spatial diffusion can resemble an isotropic traveling wave, as with the spread of a 

complex of agricultural techniques into Europe with population expansion of farming 

groups into new and favorable environments (Ammerman and Cavalli-Sforza 1971; 

Gkiasta et al. 2003; Hazelwood and Steele 2003; Coward et al. 2007).  Other examples of 

diffusion by population expansion have been modeled using archaeological data, 

including the spread of modern humans into Europe (Mellars 2006; Steele 2009a), or the 

Clovis expansion in North America (Hamilton and Buchanan 2004).  But at a smaller, 

community or regional scale, understanding the spatial parameters of diffusion requires 
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some knowledge about the way that people learn from those around them (e.g. Griliches 

1960; Hagerstrand 1967). 

The spread of technologies at a smaller spatial scale occurs along social networks 

(Hagerstrand 1967).  Innovations can diffuse hierarchically, as the early adopters of 

innovations may be spatially dispersed throughout a region.  The subsequent spread of 

innovations can occur through social contagion as neighbors become aware of them 

through social contact.  Receptivity to novelty or innovation then determines whether 

others choose to adopt an innovative variant.  Many disciplines describe a characteristic 

S-shaped, or sigmoid, cumulative distribution pattern of this process due to relatively 

fewer early and late adopters of innovations.  The types of learning mechanisms or biases 

that structure these diffusion patterns are debated (Henrich 2001; Steele 2009b; Kandler 

and Steele 2009), since multiple types of transmission biases can generate similarly 

shaped cumulative distribution frequencies. 

This paper revisits Deetz and Dethlefsen’s example of seventeenth- and 

eighteenth-century New England gravestones to describe the ways that the motifs carved 

on gravestones diffused through space and time.  It builds on the earlier study using a 

new and larger dataset collected by the author in conjunction with historic records of 

linking gravestone consumers with the workshops from which they purchased stones.  

The study also uses the chronological control of gravestones to examine the adoption of 

innovations as a series of snapshots or panels of the social processes between and among 

carvers and consumers.  Specifically, the changing spatial dependence of motif 

frequencies, meaning the similarity of motif frequencies between nearby community 
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burial grounds, can tell us about the social processes that structure them.  Two types of 

actors played an active role in the distribution of gravestones: the carvers who produced 

these artifacts and the consumers who purchased them to mark the graves of the 

deceased. While the social connections between gravestone carving workshops, which 

were organized mainly around the lineages of male craftsmen, affected the adoption of 

new motifs, consumers also made choices in the styles of gravestones they purchase.  The 

spatial and temporal diffusion of gravestone motifs therefore are a result of the dynamic 

interactions within a structured population of carvers and consumers. 

 

Diffusion of Innovations 

The diffusion of an innovation is commonly observed in a variety of fields as an 

idea, behavior or technology that spreads through a population.  Adopters can be divided 

into categories of unequal sizes, with fewer early and late adopters, and many in the 

middle of the trend.  This pattern has been detected in hundreds of examples of diffusion 

studies in disciplines such as agriculture (e.g. Griliches 1960; Olmstead and Rhode 

2001), criminology (e.g. Cohen and Tita 1999), and public health (e.g. Coleman et al. 

1957; Cliff et al. 1981; Loytonen 1991).  Many studies show that the adoption of an 

innovation is slow at first, but occurs at a faster rate, until the number of potential 

adopters decreases, following a Gaussian distribution (Rogers 2003).  This normal 

distribution of new adopters generates an S-shaped or sigmoid cumulative distribution 

function (Figure 1, see also Rogers 2003).  In addition, innovations also have a spatial 

component that is based on the connections between people who share information 
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(Hagerstrand 1967).  While the archaeological patterns may be clear, the historical and 

cultural transmission processes that create characteristic spatial and temporal diffusion 

patterns, particularly in archaeological contexts, are not well understood. 

Diffusion and migration were once common explanations for culture change in 

archaeology (e.g. Davis 1983; Shennan 2000), but these processes have since fallen out 

of favor, as archaeologists rejected such culture-historical explanations in favor of the 

processual concern for adaptation and environmental stress (e.g. Shennan 2000).  

Subsequent theoretical paradigms in archaeology invoked other mechanisms to explain 

culture change, as the focus on adaptation was rejected with the Post-Processual critique.  

The diffusion concept has remained linked with its culture-historical legacy for this 

reason.  More recently, evolutionary archaeology has developed models that incorporate 

historical forces as well as more complex systems of cultural inheritance that shape 

material culture traditions (Shennan 2001; Neiman 1990).  In cultural evolutionary 

models, diffusion is not a unitary social process, but rather describes culture change 

across a spatial dimension due to a range of mechanisms from demic expansion, 

migration or social learning.  Evolutionary archaeology, as influenced by Dual 

Inheritance Theory (Boyd and Richerson 1985; Cavalli-Sforza and Feldman 1981), 

incorporates alternative social learning strategies with these historical forces to study the 

transmission of culture. 

Dual Inheritance theory models culture as a system of traits that can be acquired 

through a wider set of pathways than genetic inheritance. The theory takes into account 

the fact that culture can be acquired from peers, parents or elders, on a one-to-one, one-
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to-many or many-to-one basis (Cavalli-Sforza and Feldman 1981).  Learning can be 

unbiased in that an individual may learn from another individual in the population at 

random.  Individuals also learn from their direct experiences with a trait’s interaction 

with their environment, which combined with unbiased learning is termed guided 

transmission (Boyd and Richerson 1985:135).  Cultural transmission can also be biased 

by the properties of others in the population or other aspects, including the prestige of 

other adopters or the local frequency of a particular trait. 

These transmission pathways have important implications for the ways that an 

innovation spreads throughout a population.  Henrich (2001) uses the analytical 

predictions of guided and biased transmission, particularly conformist biases, to generate 

different cumulative distribution functions.  He also shows that populations with guided 

transmission rapidly adopt an innovative form of technology or behavior initially, 

resulting in an r-shaped cumulative distribution (Henrich 2001:996).  In this model, 

individuals evaluate the effectiveness of one trait (P1) in comparison to an alternative trait 

available to them (P2).  The frequency of adopters can be described by the following 

equation (Henrich 2001:Equation 0): 

qt = qt-1 + (1-qt-1)P1 –qt-1P2 

In this case, the adoption rate of the new cultural trait begins at its maximum and declines 

through time as the number of existing adopters in the population increases (see Henrich 

2001:Equation 2). 

Conformist bias, where adoption of a trait is biased by its existing frequency in 

the population, must be present in a population to generate long-tailed, S-shaped patterns 
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with few early adopters.  In the conformist model, the frequency of adopters (qt) is equal 

to the frequency of adopters in the previous time step (qt-1) plus those who learn by 

copying others with a frequency of B multiplied by the non-adopters (1-qt-1) and the 

frequency of adopters. 

qt = qt-1 + qt-1(1-qt-1)B 

The B parameter is the difference in propensities to adopt Traits 1 and 2.  This model is 

applicable to many different types of replicative behaviors (e.g. Cavalli-Sforza and 

Feldman 1981; Henrich 2001:998).  Henrich argues that the distinctive long-tailed, 

cumulative frequency functions, with slow initial adoption, described in the diffusion of 

innovations literature can be generated by heterogeneous populations of individuals with 

conformist bias or guided variation learning strategies.  If the proportion of conformist-

biased learning is too large, innovations will not diffuse through a population.  Henrich’s 

study uses differential equation models to show that populations of rational actors who 

evaluate the performance of innovative traits against their existing cultural traits cannot 

generate the S-shaped curves.  It also demonstrates that the strength of social learning in 

real world cases must be significant relative to environmental learning.   

 Further, the ubiquitous sigmoid diffusion curves can be produced by the social 

inequality within a population and the changing cost of adoption exhibited in modern 

examples of technological innovations, like the tractor or the black and white television 

(Steele 2009b; Kandler and Steele 2009).  Kandler and Steele demonstrate the similarity 

between the Bass Model of innovation diffusion and the Dual Inheritance Model that 

Henrich (2001) describes.  The Bass Model is based on a population comprised of 
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innovators (p) and those who imitate (q).  The imitation parameter is based on the 

frequency of adopters in the previous time step.  The probability of adoption, P(t), is a 

function  

P(t) = p + (qm)Y(t) 

of the innovators, and the ratio of imitation rate (q) and potential adopters (m) and the 

adopters from the previous time step, Y(t).  The relationship between q and p determines 

the shape of the adoption curve, with S-shaped curves generated when q is greater than p.  

Kandler and Steele (2009) demonstrate that without conformist transmission, the Dual 

Inheritance model produces the same adoption curves.  With conformist transmission, the 

Dual Inheritance model causes cumulative frequency curves to exhibit slightly more-

elongated tails (Kandler and Steele 2009:199). 

 The Bass and Dual Inheritance models do not incorporate the cost of adopting an 

innovation into their model, which fluctuates in proportion to varying purchasing power 

of individuals in modern contexts (Steele 2009b; Kandler and Steele 2009).  Kandler and 

Steele (2009) consider both income disparity, which can be measured by the Gini 

Coefficient, and the decline in price of a good in their models of culture change.  As with 

a social learning model, these models assume that knowledge of the innovation is 

universal and without spatial limitations.  Income disparity is a reasonable condition to 

introduce, particularly in cases where there is considerable inequality among people in 

the population.  It has also been shown that adoption costs decrease through time with 

new technologies like a tractor or television, such that a greater proportion of the 

population eventually can afford to purchase or acquire the technology.  However, many 
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alternative cultural traits or material goods do not differ in the cost to obtain them over a 

given time span (e.g. New England gravestones), as this concept may be more applicable 

to modern technological innovation wherein the productions methods also change 

rapidly.  Regardless, Kandler and Steele demonstrate that this threshold heterogeneity 

approach can result in similar S-shaped cumulative frequency distributions as the social 

learning models derived from Dual Inheritance theory. 

 While the social learning model and the threshold heterogeneity models, as 

examples of the larger class of replicator processes (Cavalli-Sforza and Feldman 1981), 

can both produce sigmoid adoption curves through time, these different models do not 

necessarily imply spatial signatures that could be used to differentiate them.  Kandler and 

Steele (2009) suggest that the threshold heterogeneity model may have influenced the 

spatial diffusion of innovations, like modern hybrid corn seed, and the resulting spatial 

pattern in the Midwestern United States.  But large-scale diffusion patterns like that of 

hybrid corn in the Midwest could also result from social learning.  A finer-scale 

examination of these processes may reveal the effects of the threshold heterogeneity or 

social learning mechanisms. 

Another pertinent variable to consider regarding the spatial patterning of diffusion 

is the distance between individuals in a social network.  Social networks in which some 

actors have a greater connectivity with distant actors than networks with homogeneous 

social ties should generate different spatial patterning in the adoption of innovations.  In 

Torsten Hagerstand’s (1967) influential study of Swedish agricultural innovations, the 

early adopters in a community were individuals who had social relationships outside of 
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the community, while their peers in the community adopted the innovation after 

observation of these early adopters.  When actors have unequal social ties within their 

neighborhoods, described by Hagerstand’s concept of the mean information field, 

innovations can spread by either a neighborhood effect or a hierarchical effect (Figure 2).  

In a social learning model on a uniform landscape, we might expect diffusion to expand 

in a wave-like pattern as the frequency of the innovation in each agent’s local 

neighborhood increases the likelihood that it will be adopted.  This local social learning 

process is not necessarily biased, but proximity to a larger number of adopters increases 

the chance of an actor copying the innovation randomly.  Hierarchical diffusion occurs 

when some portion of a population is more susceptible to adopting an innovation, which 

may result from greater network connectivity or long distance ties (Brown 1981).  

Parenthetically, earlier studies have also demonstrated relocation diffusion, which 

occurred when producers moved (migration) to new communities (Deetz and Dethlefsen 

1967; Slater and Tucker 1978). 

Spatially explicit simulations of social learning permit us to systematically 

examine the effects of learning at a distance, population size, density, and the presence of 

biased transmission (Premo and Scholnick 2011).  Simulations show that local social 

learning of selectively neutral cultural traits can have profound effects on the diversity 

that a population can maintain.  A brief review of these simulation results is pertinent to 

our discussion of the spatial diffusion of innovations.  These simulations were conducted 

with an agent-based model of individuals on a uniform landscape of varying population 

density.  Agents could either learn using a random copying or a frequency-biased 
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algorithm based on variable search radii; however, in these simulations agents had 

homogeneous learning strategies and social learning radii.  The diversity of cultural traits 

was measured when the population reached equilibrium.  Although the model was not 

used to trace the diffusion of particular traits over time, these simulations showed several 

emergent patterns in the diversity of the populations caused by the spatial scale of social 

learning.  With a uniform distribution of learners, localized spatial learning has important 

implications for the diversity of a population.  These results are more dramatic on a 

landscape with lower population density and may even be confused with the low 

diversity that results from biased transmission.  An innovation may reach fixation in 

regions of a landscape that is sparsely populated with unbiased social learning within a 

local neighborhood (Premo and Scholnick 2011).  Otherwise, unbiased social learning 

and mixed social learning models with low-level conformity can result in areas of spatial 

dependence due to partitions in the social network and the local learning rule. 

The specific mechanisms of social learning that result in the seemingly ubiquitous 

S-curves are difficult to distinguish from these characteristic cumulative frequency 

distributions, since both threshold heterogeneity and social learning models can generate 

them.  Although there is slight variation in the shape of the tails of the S-curves, 

empirical patterns may not allow us to discern the specific social processes that generate 

these curves.  It seems that many different social learning strategies can yield an S-

shaped curve, with the exception of uniform guided variation (Henrich 2001).  Some mix 

of biased and unbiased cultural transmission can generate S-shaped curves that 

reasonably approximate empirical examples.  While threshold heterogeneity can also 
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generate these S-shaped curves (Steele 2009b; Kandler and Steele 2009), this should only 

affect the diffusion of innovations that are more costly than pre-existing alternatives.  But 

a scenario that would lead to differential costs of two otherwise equally priced 

alternatives could result from adding the cost of transporting an object from the 

production location to the purchase price, particularly before the lower costs of modern 

shipping.  In addition, the spatial patterning of diffusion may allow us to make inferences 

about the structure of the underlying social groups.  We could expect that with variable 

social network connections, a hierarchical diffusion pattern, where some actors have 

long-distance ties, could lead to local spatial patterning that differs from wave-like 

diffusion through a continuous, uniform population. 

 

Historic New England Gravestones 

Deetz and Dethlefsen’s historic New England gravestone data remains an 

excellent dataset to investigate the links between the social structure of carver and 

producer networks and the spatial patterns of stylistic diffusion.  As explained above, 

Deetz and Dethlefsen (1965) describe the spatial and temporal diffusion of motifs, 

drawing an analogy with the Doppler effect, but their inferences about the social 

mechanisms that generate this patterning were limited.  How was the pattern of later peak 

popularity with increasing distance generated?  Were similar forces at work in the 

diffusion of the cherub motif on New England gravestones?   

While Deetz and Dethlefsen (1967; Dethlefsen and Deetz 1966) emphasize 

consumer preference as the main force behind the spread of ideas about death, they do 
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not fully consider interaction between gravestone carvers producing these iconic images.  

Religious changes in this Puritan society may be reflected broadly in funerary ritual and 

the design of grave markers, but the learning frameworks of the carver and consumer 

populations better explain decorative diversity.  Diverse gravestone carving traditions of 

rural eighteenth-century eastern Massachusetts are characterized by regional traditions 

that were independent of different religious movements.   

This study expands Deetz and Dethlefsen’s database using surveys of 46 historic, 

seventeenth- and eighteenth-century burial grounds in eastern Massachusetts (Figure 3).  

These data were used to create a geospatial database that records each of the nearly 

10,000 gravestones I documented as part of this study.  With dated stones, each 

assemblage can be subdivided by decade so that time slices of equal intervals can be 

compared.  The assemblages of each burial ground capture the choices of consumers 

living in the surrounding town, but these towns had differential access to gravestone 

producers.  The ways that gravestone carvers learned to practice their trade and how they 

adopt innovations are pertinent to this study. 

 

Gravestone Costs 

 Consumers likely considered the costs of a gravestone, including transportation 

and installation.  These costs can be examined through probate records, which often 

deduct payments for gravestones from the value of an estate before it was settled.  In 

some cases, transportation costs of carting a stone from another town were itemized in 

the probate document.  And while not all probate records that list a payment to a 
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particular carver itemize the cost of transport, the distances over which gravestones were 

transported can be calculated, since these probate records link the town of the consumer 

and the carvers who worked in known workshops.  Not all probate references to carvers 

are known, but Forbes recorded hundreds of them in her transcribed notes at the 

American Antiquarian Society (Tucker et al. 1980; Gable and Gable 1981).  These 

payments show that the median distance over which stones were transported was 3.8 

kilometers, and almost all of the stones (97.5%) were placed in towns within 40 

kilometers of the carving workshop (Figure 4).  However, some of the stone carvers 

served more distant customers than others (Figure 5).  Forbes’ notes (Tucker et al. 1980; 

Gable and Gable 1981) contain eleven references to itemized payments for carting a 

gravestone from the workshop to the burial ground.  Only two of those payments were for 

transport distances greater than 25 kilometers and for more than one pound.  These 

outliers are two payments of £1.2 and £2.4 for carting stones 35 and 56 kilometers, 

respectively.  Clearly, transport costs could be prohibitive.  These data show that 

gravestones were rarely purchased from workshops more than 25 kilometers to a burial 

ground, as the cost for transporting stones long distances approaches the cost of an 

individual stone. 

 The prices of alternative motifs show little systematic difference in their raw 

values (not adjusted for inflation).  The median cherub gravestone price was £2.5, while 

the median death’s head stone cost £2.0.  The median stone price for all known payments 

in Forbes’ notes (Tucker et al. 1980; Gable and Gable 1981) was £2.3, so these samples 

may be representative of the population of known probate payments.  These skewed 
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distributions both have modes of £2, but many outliers cost considerably more than the 

modal gravestone skew the distribution of gravestone prices.  The account book of John 

Stevens of Newport, Rhode Island records the price of gravestones and tombstones that 

he carved between about 1726 and 1732 (Stevens 1953).  On average, Stevens’ 

gravestones cost £2.13, while tombstones, which are often custom family shields or crests 

marking a tomb or crypt, cost £14.34 and epitaphs beyond the regular inscription were 2 

pence for each letter.  So the more expensive gravestones referenced in Forbes’ notes 

(Tucker et al. 1980; Gable and Gable 1981) may refer to either tombstones or stones with 

more extensive, expensive epitaphs.  However, these outliers were likely custom 

gravestones with long epitaphs that only the elite could afford. 

Based on this sample of payment data, it appears that motifs had similar costs 

aside from the armorial motifs carved on tombstones and a few very expensive custom 

stones.  In most cases, it seems that gravestone motifs did not have widely different costs 

associated with them, even though this study does not control for inflation.  The 

transportation costs of these gravestones could be a significant portion (around 20%) of 

the total cost of a gravestone.  Wealthy consumers may have tolerated greater transport 

costs.  Transport costs and consumer wealth create different thresholds for purchase of 

gravestones from distant towns, which may limit the spatial distribution of a particular 

workshop’s consumers.  However, without these costs changing through time, it should 

not create a diffusion wave that expands outward through time.  With perfect knowledge 

of gravestone prices and their transport costs, consumers could make rational decisions 

based on the prices of alternative variants, creating catchments that divide consumers 
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between carving workshops.  If these carvers were carving different motifs, spatial 

patterns would be discernable.  Yet, knowledge about the carvers, gravestone and 

transport costs may still spread through “social contagion,” as consumers become aware 

of new variants. 

We know little about how far consumers’ information fields extended, but the 

types of media that transmitted information were quite limited in Colonial America.  

Some gravestone carvers did advertise their services on the death announcement pages of 

periodicals, but searches of these periodicals only identified two carvers who purchased 

advertisements.  Henry Christian Geyer placed 16 advertisements in the Boston 

Newsletter over the 11-year period between 1759 and 1770.1  Geyer was competing for 

business with other Boston carvers as a recent immigrant from Germany, as his first 

advertisement makes clear.  The other instance of gravestone marketing through 

periodicals is Enoch Gooden’s (1774) advertisement in the Essex Journal to announce 

that he “carries on the stone cutting business in its various2 branches, near Mr. Jonathan 

Titcomb’s” which suggests that his business is new.  Both of these carvers invested in 

advertisements in early phases of their careers.  Aside from signatures on the stones 

themselves, other marketing efforts have not been preserved.  Marketing through media 

outlets was likely a later development, but it would have only been effective in 

competition between carvers operating within the same area and thus with similar 

transportation costs. 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Geyer’s advertisement published in The Boston Weekly News-Letter on March 29, 
1759 (Issue 3004, Supplement [2]) in Boston, Massachusetts. 
2 Gooden’s advertisement published in Essex Journal on September 7, 1774 (Vol. 1, 
Issue 38, p. 11) in Newburyport, Massachussetts. 
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Stylistic Patterning in Gravestones 

The general sequence of gravestone motifs in eastern Massachusetts during the 

late seventeenth and eighteenth centuries was death’s head, cherub, and urn and willow. 

Although the death’s head motif was dominant throughout the study area in the 

seventeenth and early eighteenth centuries (Figures 6-7), the diffusion of later motifs was 

not a spatially uniform process. The death’s head remained popular in and around Boston 

through the late eighteenth century, while the cherub became more popular in the 

surrounding towns (Figures 8a – 8f).  The cherub reached peak popularity in the 1790’s, 

after which the urn and willow became the dominant motif during the early nineteenth 

century.  Distribution maps reveal considerable spatial heterogeneity between the 1710’s 

and 1760’s (Figures 8a – 8f). 

Regional variants, which depart from the canonic death’s head and cherub motifs, 

appeared in cemeteries outside of the Boston area during the mid-eighteenth century.  

These are often the product of a single workshop and are rarely found more than 25 or 30 

kilometers from these workshops.  Deetz and Dethlefsen recognize the regional variation 

in gravestone motifs, variants like the roman motif, a heart-mouth, and a medusa form 

(Dethlefsen and Deetz 1966).  Dethlefsen and Deetz (1967) developed a phylogeny of 

Plymouth County motifs, suggesting that the heart- and T-mouth motifs evolve into 

several variants of a medusa motif.  They illustrated their Doppler model with the roman 

motif, which is a regional decorative variant carved in Harvard village, in the 

northwestern portion of the study area. 
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The roman style was concentrated around Harvard, Massachusetts, where the 

carver Jonathan Worster and his son Moses lived and worked (Forbes 1927; Ludwig 

1966).  Jonathan Worster began carving in Harvard around 1736, but his work bears 

some resemblance to an earlier carver, John Hartshorne, who lived and worked in 

Rowley, a town in northeastern Massachusetts (Ludwig 1966).  Worster was born in 

Bradford, Massachusetts, in 1707, which is within the distribution of the stones attributed 

to Hartshorne (Ludwig 1966; Slater and Tucker 1978).  It is likely that Worster learned 

the roman motif from Hartshorne (see Forbes 1927:77), since Worster’s roman motif 

closely resembles those stones carved by Hartshorne at the end of his career in Essex 

County.  The stones Hartshorne carved between 1710 and 1721 also have a similar 

stylized mask flanked by rosettes (Slater and Tucker 1978: Figures 38 – 40).  Based on 

probate documents from both regions, Slater and Tucker (1978) argue that Hartshorne 

ceased to carve in Essex County in the 1720’s and moved to Connecticut.  After 1721, 

Hartshorne placed gravestones with similar motifs throughout southeastern Connecticut.  

This relocation illustrates the powerful effect that relocation diffusion can have on 

material culture patterning.  In addition, Worster’s presumed apprenticeship with 

Hartshorne followed by a move to Harvard is another instance of relocation diffusion. 

In Harvard, the Worster workshop operated for more than two decades, beginning 

in the mid-1730’s and continuing after Jonathan Worster’s 1754 death with the work of 

his son, Moses.  Worster’s death is documented in probate records, which clearly 

establish him as both a gravestone carver and the owner of a lease on a nearby quarry.  

His probate records reference “profit arising from land in which contained rocks proper 
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and convenient for cutting and shaping into gravestones or ye like being enforced by a 

lease for a certain term of time” (Forbes 1927:78).  His widow continued to sell his 

stones after his death, as she is referenced in at least one probate record (Forbes 1927)3.  

Moses Worster, Jonathan and Rebekah’s son, continued to carve gravestones, probably 

carving them in his father’s classic roman style.  In the early 1750’s, the lettering of 

roman stones shifted from all upper case to include lower case letters, which continued 

on the stones that post-date Jonathan Worster’s death in 1754.  This shift in lettering style 

may represent Moses Worster’s carving technique.  It is possible that he lettered a 

number of blank stones left in Worster’s estate (Forbes 1927), but he was certainly a 

carver in his own right as roman and similarly executed cherub stones were carved and 

dated long after Jonathan’s death.  Forbes identified probate documents that record 

payments to Moses Worster for three stones4 between 1753 and 1792 (Tucker et al. 

1980).  However, the stones associated with these payments have not been relocated or 

photographed.  Moses Worster presumably carved or lettered his father (Figure 9) and 

mother’s gravestones (Figure 10).  If this is correct, Rebekah Worster’s stone is one of 

the first of his gravestones that eschews the roman motif in favor of the cherub.  This 

stone retains the decorative elements in the side panels of the earlier roman stones with 

the addition of a frond element to the cables and spirals.  Without reserving judgment, 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  Probate documents indicate that in 1759 Josiah Burge’s estate paid “the widow of 
Worster for gravestones, 3.14.0” (Westford, Vol. 35, p. 182; Forbes 1927:78). 
4 Probate records state that the estate of Lt. Daniel Wetherbee of Stowe “paid Moses 
Worster for gravestones, 13.10.0” (1778, Vol. 58, p. 408), in Tewksbury, the estate of 
Seth Lewistone paid “Moses Worster, 2.18.9” (1759, Vol. 32, p. 235), and in 
Marlborough, Joseph Hapgood’s estate “paid Moses Worster, 0.37.4” (n.d. prob 1792-93, 
Vol. 77, p. 356). 
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Ludwig bemoans Moses Worster’s adoption of the cherub, referring to his mother’s stone 

“as an insipid imitation of a low copy of a European model” (Ludwig 1966:373).  

However, this stone is a fascinating example that demonstrates gravestone carvers were 

able to respond to the popularity of other motifs, by learning from the work of their peers.  

Moses Worster continued to carve the cherub motif, as cherub stones with similar cable 

and spiral side elements have been identified elsewhere.   

The frequency of roman stones is greatest during Jonathan Worster’s active years, 

beginning around 1736 in Harvard, Massachusetts.  Worster’s stones were placed 

continuously, even after his death in 1754 at age 46 (Figure 11). The low initial 

frequencies of roman motifs are likely due to two factors: a slow initial rate of adoption 

and the possibility that some stones were carved and purchased well after the death date.  

Like other styles, roman motif stones were post-dated as people commissioned stones to 

mark graves of ancestors after their death, perhaps replacing less permanent markers (c.f. 

Forbes 1927, Slater and Tucker 1978).  In other cases, a consumer purchasing old 

inventory from the carver’s shop could cause the carving of a stone to precede the death 

of an individual.  A considerable number of the roman stones (n=55, 17.4%) pre-date 

1740, as it is likely that Jonathan Worster started carving this motif some time after about 

1736.  And 75 of his 315 stones recorded in this survey post-date his own death and were 

likely carved or lettered by his son, Moses.  The initial concentration of this motif was 

restricted to Harvard, with few stones in neighboring cemeteries. Through time the roman 

motif was placed in a greater frequency in nearby burial grounds, but it never reached 

fixation in towns other than Harvard. 
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After Jonathan Worster’s death, the roman motif quickly lost popularity, even 

though Moses continued to carve this motif until around 1772.  William Park, who may 

have learned carving techniques in his native Scotland, began carving in nearby Groton, 

Massachusetts, in the 1750’s (Forbes 1927).  Park did not carve the roman motif, 

although some minor decorative elements, like the rosettes common on the Worster 

stones, were also used in Park’s early work, like the Samuel Rockwood (d. 1753) stone in 

Groton (Forbes 1927:65).  The stars found on the Rockwood stone and in nearly all of 

Worster’s roman stones are the elements that Forbes associates with a Roman 

sarcophagus in York, England (Forbes 1927:77), which is the origin of the name of the 

motif.  Like Moses Worster, Park adopted the cherub motif after the 1750’s, but also 

carved portraits and the occasional death’s head (Forbes 1927).  These two examples of 

decorative change suggest that unlike the roman motif, which was passed from master to 

apprentice, the cherub motif spread through horizontal transmission, with carvers 

learning this motif from each other. 

 

The Diffusion of Roman Stones 

 A diffusion wave starting at a point and propagating outward through time and 

space can be approximated by a logistic function.  A logistic regression model fits with 

our analytical concept of a wave-like diffusion from an initial concentration at the source 

of the innovation and gradual spatial expansion through time (Cavalli-Sforza and 

Feldman 1981).  With a logistic model, the probability (P) function of the innovative 
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variant being adopted is fitted based on the odds of it occurring with distance from the 

center.  In a basic form, the function  

€ 

p =
eβ o +β1X

1+ eβ o +β1X
 

describes the odds of the variant occurring at a distance (X) from the source.  This model 

fits a binomial distribution that can approach but not exceed 0 or 1 on either end of its 

range.  The shape and location of the curve depends on the sign and magnitude of the 

slope parameter, β1, and the magnitude of the intercept, β0.  Using a generalized linear 

model (GLM), maximum likelihood estimates are calculated for each parameter of the 

model, which in this case is simply the slope and intercept of the model since the only 

predictor value is distance from the center. 

Survey data records the motif of seventeenth or eighteenth century gravestones in 

selected cemeteries to the North, East and South of Harvard, describing an arc of 

approximately 180 degrees.  Since the roman motif has not been found more than about 

40 kilometers from Harvard, a conservative sample of gravestones within 50 kilometers 

was included in the analysis.  The Harvard burial ground is on the edge of the current 

survey area, just as it was in Deetz and Dethlefsen’s survey (1965; Dethlefsen and Deetz 

1966), but the eastern extent of the roman motif is captured in this study.   

The logistic regression functions show that the spatial range of roman motif 

adopters expanded during the first 20 years of production, from 1730 to 1749 (Figure 12).  

In the subsequent decades, the roman motif became less popular across the region, even 

in the Harvard burial ground, which had been dominated by these stones previously.  The 

motif dramatically lost its share of the gravestone market during the late 1750’s, after 
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Jonathan Worster’s death.  These samples each represent over 450 gravestones recorded 

in each decade in a constant area within 50 kilometers of Harvard.  The parameter 

estimates of these GLM models are all significant (p<.05; Table 1).  The increasing 

spatial extent of the roman distribution in the 1730’s and 1740’s suggest that consumers 

learned about these stones from others in neighboring communities or through contact 

with the Worster workshop.   

The roman motif lost its dominance in the local area around Harvard, as cherub 

and Portrait motifs gained popularity during the 1750’s and 1760’s, respectively.  This is 

illustrated by Moses Worster’s own presumed switch from the roman to cherub in the 

early 1770’s (Figure 10).  Interestingly, William Park carves distinctive roman motif 

rosettes to flank the skull motif of an early example of his work, showing that the stylistic 

transfer was likely both ways, although not at the level of the motif.  Park established his 

workshop in Groton, in close proximity to Harvard, where Worster worked, perhaps 

using the same slate source.  Park’s stones competed with the Worster workshop, 

especially after Moses became the master carver in the shop.  This may explain the lower 

level of spatial dependence in roman stones during the 1750’s, after Worster’s death.  The 

logistic curve fit to the 1750’s assemblages suggests that the frequency of roman stones is 

still predicted by a town’s distance from Worster’s Harvard workshop (Table 1), but the 

function no longer implies saturation of the roman motif at the center (Figure 12).  After 

the 1750’s, the occurrence of the roman motifs is no longer correlated with distance from 

Harvard, even though the roman motif still can be observed on stones dedicated in the 
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1760’s in Harvard and neighboring towns.  The roman motif disappears from the Harvard 

and neighboring burial grounds, replaced by the cherub and Portrait motifs in the 1770’s. 

 

The Decline of the Death’s Head’s Dominance 

Dethlefsen and Deetz (1966; Deetz and Dethlefsen 1967; Deetz 1977) describe 

the diffusion of the cherub as beginning in the Boston-Cambridge area, and becoming the 

dominant motif in the burial grounds surrounding this urban center through the eighteenth 

century.  But the data from this study show that this diffusion process did not expand 

from Boston in the same manner that the roman motif spread from Harvard.  In the 

nascent seventeenth-century Boston and Charlestown carving communities, the death’s 

head was the dominant motif from 1690 until the 1720’s and 1730’s.  Assemblages from 

these decades were dominated by a single motif, since the workshops carving stones in 

Boston and Charlestown were for the most part producing death’s head imagery 

(Appendix A).  Other workshops were not contributing significantly to the assemblages 

in the study area; however, other motifs were dominant in the early eighteenth-century 

assemblages outside of the urban core of the study area.  For instance, the John Stevens 

workshop in Rhode Island was producing cherub stones as early as the 1710’s (Luti 

2002), and John Hartshorne was carving the antecedent of the roman style in Essex 

County, north of Boston (Slater and Tucker 1978).  And there were other motifs in use in 

the Boston area during the early seventeenth century, including scenes copied from 

books, peacocks, supernatural characters such as death imps, some of which accompany 

flowers in an urn (see Ludwig 1966).  But the death’s head became the dominant motif of 
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the early Boston and Charlestown workshops.  Early Boston stone carving seems to vary 

more initially, as the conventions or norms of gravestone carving were not well-

established.  In addition, the probate record and initials found on stones suggest that a 

number of carvers entered the trade during this period (Chase and Gabel 1990).  These 

carvers had short careers in the Boston area and were less prolific than Joseph Lamson 

and his children or William Mumford and his apprentices.  Outside of Boston, the death’s 

head lost popularity in Plymouth County, south of Boston, when regional workshops 

introduced motifs like the Heart-Mouth (Benes 1977).  This coincides with the 

emergence of the roman motif in Middlesex and Worcester Counties northwest of 

Boston.  In spite of the emergence of these regional styles, and the cherub motif later, the 

death’s head actually persisted to the end of the study period (Figure 6). However, the 

number of new death’s head stones decreases from about 1760 to 1800 (Figures 6, 7). 

Dethlefsen and Deetz (1966) argue that the cherub was an innovative motif, first 

erected to mark the graves of the elite members of society, which in their view were those 

affiliated with Harvard College, buried in Cambridge, Massachusetts.  They describe the 

pattern of cherub motifs replacing the death’s head and other forms throughout the 

eastern Massachusetts study area.  While the earliest cherubs do mark graves in the core 

of the area, their eclipse of the death’s head occurred later near the urban centers of 

Boston and Cambridge.  Curiously, Deetz and Dethlefsen associate the diffusion of the 

cherub motif with a religious revival movement within the Puritan Church called the 

Great Awakening.  They argue that Jonathan Edwards and this movement can be 

“characterized by a newly placed stress on the joys of life after death and resurrection of 
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the dead, rather than earlier stern emphasis on judgment and morality” (Dethlefsen and 

Deetz 1966:508).   

 The death’s head distribution is characterized by its persistence in the Boston area 

after it achieved fixation in burial ground assemblages during the early eighteenth 

century.  This was likely a result of variation reducing mechanisms, particularly drift and 

frequency-dependent biased transmission.  The high concentrations of the death’s head in 

the Boston area throughout the eighteenth century show that the regional innovations of 

the early to mid-eighteenth century did not become popular in this urban core until the 

late eighteenth century.  Stones with motifs other than the death’s head gained popularity 

in burial grounds outside of Boston beginning in the 1720’s.  The spatial dependence of 

the death’s head motif emerges when the Heart Mouth motif was introduced to Plymouth 

County.  Other motifs continued to encroach on the distribution of the death’s head in 

nearby towns in subsequent decades (Figure 13).  The death’s head gradually lost 

prominence, creating spatial dependence until about 1770 when the cherub motif 

becomes the modal style in the study area. 

Recent survey data obtained by the author illustrate the widespread and rapid 

adoption of the cherub during the late eighteenth century (Figures 6-7), with the peak 

adoption rate occurring around 1775.  The cherub replaces the regional variants like the 

roman motif in the late seventeenth century.  The adoption of the cherub cannot be 

characterized by a wave-like phenomenon spreading from an initial center through space 

and time.  The diffusion of the cherub motif occurred rapidly throughout the study area, 

except for the urban core that resisted this trend.  And while the cherub motif gained 
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popularity outside of Boston during the 1760’s (Figure 8f), the death’s head motif 

remained a dominant style in Boston throughout the eighteenth century.  The cherub does 

not diffuse from a single center, being carved in low frequencies throughout the study 

area beginning in the 1710’s.  It was not until the 1770’s that carvers adopted the cherub 

rapidly throughout the study area, which along with regional styles like the Portrait and 

Medusa motifs, oppose the dominance of the death’s head in Boston and its nearby 

surroundings.   

The death’s head motif became concentrated in the area around Boston when the 

spatial diffusion of regional variants encroaches on the center of the study area.  Logistic 

regression models describe the spatial dependence of the death’s head.  The odds of this 

motif being expressed are inversely proportional with distance from Boston.  In these 

models, the null hypothesis states that the variance in the data is captured by the intercept 

parameter. We can reject the null distribution, since the slope and intercept of these 

models capture significantly more of the overall variance in the system (Table 2).  Both 

the slope and intercept parameters of these models decrease steadily from 1720 to 1769, 

as this once dominant motif looses popularity with producers outside of Boston and their 

growing clientele (Table 2).  This reversed diffusion wave suggests that the odds of a 

death’s head stone occurring in a graveyard decrease with distance from Boston, but the 

spatial extent also decreases through time (β0).  This occurred between the 1720’s and 

1760’s and coincided with the increasing popularity of the roman, cherub and a series of 

other motif variants in the southern part of the study area.  Many of the consumers in the 

urban core of the study area still chose stones with the death’s head motif through the 



  127 

 
 

1760’s and even through the end of the eighteenth century.  In the towns just outside of 

Boston, the death’s head was not the most popular motif, ending the spatial dependence 

between nearby sites.  This suggests that while carvers in Boston, like Henry Christian 

Geyer, were producing cherub stones, the death’s head was still the favorite.  The death’s 

head motif was predominantly placed in Boston’s Copp’s Hill burial ground from about 

1690 through the end of the eighteenth century.  In nearby burial grounds, other motifs 

were favored after about 1770, when the logistic regression shows significant spatial 

dependence. 

One can envision a diffusion wave caused by local social learning between 

consumers living in proximity to each other, even visiting the same burial grounds.  But 

the social learning between neighboring carvers, like Moses Worster and William Park, 

points to the simultaneous flow of information between carvers, either directly or by 

viewing the recent installations of other carvers in burial grounds.  This suggests a 

hierarchical process that has implications for a much greater spatial distance of diffusion, 

across the areas served by local workshops.   

 

Discussion 

 Spatial or temporal diffusion patterns can result from multiple culture 

transmission mechanisms, like threshold heterogeneity and different types of social 

learning.  The spatial diffusion of innovative gravestone motifs is not just caused by the 

horizontal and perhaps biased social learning of consumers, but by carvers learning from 

others or relocating to new areas.  In societies that did not produce and circulate material 
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goods en masse, the craft producer and the consumers both play active roles in the 

diffusion of innovations.  This reexamination of New England gravestones, particularly 

the roman motif stones, shows that social learning among consumers can generate spatial 

patterning.  This is apparent in both the increased spatial extent of the roman motif and 

the persistence of the death’s head in Boston at the same time that consumers in 

neighboring villages increasingly preferred cherub or urn and willow motifs.  For a motif 

to diffuse beyond the distance that goods are normally transported, transmission must 

occur between producers who operate in different areas.  It was cultural transmission 

across lineages of carvers, or horizontal transmission, that was the most likely cause of 

the widespread shift towards the cherub motif.  In this case, the scale of spatial patterning 

of gravestone motifs is likely a function of both the cost of transporting them over long 

distances and the population density of the towns around a carver’s workshop.   

The New England gravestone data show that spatial heterogeneity can emerge as 

a result of the high output of a single workshop, like Jonathan Worster’s, which carved 

the distinctive recognizable roman motif.  But for the motif to diffuse, local consumers 

must learn about its availability and choose to commission stones from local workshops.  

The roman motif provides an example of this diffusion within a carver’s neighborhood, 

as it gained market share from the 1730’s to 1740’s.  Worster was one of the few 

gravestone carvers in his area, which would make his stones more appealing because they 

did not have to be transported over long distances.  Transport costs were high and 

strongly encouraged consumers to purchase a stone from a local carver.  If transport cost 

was a determining factor, however, the spatial gradients of certain motifs should be 



  129 

 
 

constant through time.  In the roman example, the distribution of stones during the 1730’s 

and 1740’s suggests that a greater number of consumers in neighboring towns adopted 

this motif, implying some degree of social learning.  In later decades, the popularity of 

the motif was curtailed as Worster’s son switched to the cherub motif, which he could 

have learned from carvers in neighboring villages, like the Park workshop in Groton.  In 

fact, William Park’s early probate document references in Groton are for a copy of a 

Lamson death’s head5 and a unique motif consisting of a winged hourglass flanked by 

skull and crossbones6.  But these are soon replaced by cherub motifs among more 

elaborate custom commissioned works.  Moses Worster’s adoption of the cherub motif 

suggests that cultural transmission between producers could cause dramatic changes in 

the spatial patterning of artifact styles. 

This case notwithstanding, few novel motifs actually diffused across carving 

workshops or between lineages.  The roman motif and other regional variants, like the 

Mouth Mark or Medusa motifs (see Figures 4a – 4d) did not diffuse through the carver 

population, but represent the output of a workshop, which can be the products of a single 

carver or a lineage. Interestingly, the cherub motif does not exhibit the spatial 

dependence a diffusion wave model would suggest.  Deetz and Dethlefsen (1971) argue 

that the early cherub stones in Cambridge mark the graves of societal leaders and elite.  

They maintain that those who adopted the style later were followers of a religious revival 

movement.  But the cherub motif was not adopted widely by carvers in Boston nor was it 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5 See James Dickinson, Groton, Ma., d. 1754, "Paid Mr. Park for gravestones, L1.4.0;” or 
Benjamin Stone, Groton, Ma., d. 1758, "Mr. Park for gravestones, L1.6.8." 
6 John and Sarah Holdin, Groton, Ma., d. 1753.	  
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adopted in surrounding towns.  The cherub did appear in Cambridge early in its 

popularity.  However, stones with this motif in nearby Boston burial grounds and in 

Rhode Island predate the Cambridge stones.  This was a minor motif until it spread 

rapidly in the second half of the eighteenth century.  The cherub motif was adopted 

widely due to carvers like Moses Worster and the Parks who abandoned their earlier 

stylistic repertoire in favor of cherubic imagery.  This points to hierarchical diffusion 

among the carver population and diffusion through social learning, as consumers 

purchased these carvers’ new motifs over their old motifs.  We should question earlier 

interpretations of gravestone imagery as a diagnostic of religious change (Dethlefsen and 

Deetz 1966).  There was certainly a feedback loop between the consumer and producer 

that affected the motifs a carver chose, but social learning processes between carvers was 

required for novel motifs to spread beyond the local consumer base of an individual 

carver or workshop. 

With these artifacts there were two adoption processes acting simultaneously: a 

carver took on a new style and a consumer chose between alternative motifs to mark a 

decedent’s grave.  These two agents had social networks whose spatial scales did not 

perfectly overlap.  Consumers can conform to the motifs in their town’s burial ground or 

purchase the same motif as other family members.  But a carver who placed stones in 

many different towns learned decorative elements from a master carver with whom he 

apprenticed or from carvers in other workshops.  As we see with the roman style, the 

decorative decisions that carvers made--along with the social learning strategies of 

consumers--can create patterned distributions of motifs.  In addition, the lower transport 
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costs for local stones and perhaps their greater availability made stones from nearby 

workshops more affordable to consumers.  But the consumer still had a choice in which 

motif to select for a gravestone.  A gravestone motif was not successful unless it was 

appealing enough to be chosen by the consumers of these products.   

 

Conclusion 

While Dethlefsen and Deetz (1966) saw changing motif frequencies as indicative 

of consumer attitudes towards death, this reexamination of New England gravestones 

suggests that the spatiotemporal patterning is a product of complex interactions between 

the producers and consumers as both learn which motifs to choose.  The classic sigmoid 

frequency distributions of these motifs do not allow us to diagnose particular social 

processes.  The spatial patterning that Deetz and Dethlefsen (1965) first described shows 

that the range of motif distributions expanded and contracted as consumers learned about 

motifs from neighbors.  But the pervasive spread of the cherub in the early eighteenth 

century also shows how the producers of these motifs learned from each other.  One 

explanation for diffusion dynamics is that humans often imitate others’ strategies, rather 

than engage in their own experimentation in order to choose an option based on its own 

merits (Henrich 2001).  In addition, Kandler and Steele (2009) demonstrate that 

differential purchasing power also contributes to the sigmoid shape of adoption curves 

and this likely extended to all pre-modern societies that had some degree of inequality.  

When considering alternatives that were equivalent in cost, the impact of economic 

inequality is minimal.  Inferring the cultural transmission processes from the temporal 
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and spatial patterning of diffusion may not be possible without also considering the 

spatial scale at which craft producers learn from others, in addition to the scale of 

consumer learning that studies of diffusion typically model.  This consideration of 

producer and consumer social dynamics that are captured by spatial patterning may be 

one of the most important lessons from the combination of historic sources and modeling 

undertaken by this study.  

In the gravestone case, stones adorned with different motifs may have had similar 

prices, but the transportation costs associated with alternative workshops likely 

contributed to consumer choice.  When a producer carved a distinctive motif, as with the 

roman stones, spatial patterning is apparent in the distribution of stones.  Even though 

tolerance of transport costs may have been differential, learning about a discounted local 

alternative likely spread through social contagion.  In some sense, regardless of whether 

lower transport cost or preference for a certain motif was the information that spread, 

local diffusion between buyers detectable in gravestone motif distributions is due to 

social learning.  The spatiotemporal diffusion of stylistic motifs in eastern Massachusetts 

gravestones suggests that the spatial heterogeneity and spatial dependence area that 

emerges between the 1720’s and 1760’s results from both hierarchical diffusion between 

carvers and local social contagion among consumers.  As producers competed for market 

share, local consumers learned about gravestone motifs from their neighbors, creating 

feedback between the two groups.  This feedback between emergent consumer 

preferences through social contagion can affect the changes in carver practice, illustrated 

by William Park and Moses Worster.  When the transport costs of two variants are 
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negligible, social contagion between consumers could pressure producers to adopt a 

different motif.  While this study makes use of data sources that are relatively uncommon 

in archaeology, including historic documents about artifact authorship and inscribed 

dates, it demonstrates that the diffusion patterning that we observe in archaeological 

regions can be structured by a complex dynamic between two different social groups, the 

consumers and producers of artifacts, who were embedded in very different social 

networks within their communities. 

While earlier studies of these gravestones identify both consumer preferences in 

funerary imagery and transmission between carvers, the spatial approach to diffusion 

illustrates the complex interactions between artifact production and consumption 

processes that can generate broad stylistic changes.  Specialist producers had a dramatic 

impact on the spatial and temporal variation in artifact styles that archaeologists 

recognize.  We recognize what are sometimes the idiosyncratic artifact designs of a 

lineage that diverged from others, and we also detect the convergence when producers 

copied from their neighbors.  However, this study also highlights the role of consumer 

decisions.  Consumers copied innovative artifact styles from their neighbors, resulting in 

diffusion in a wave-like pattern that expands through space from a source.  In this case, 

the costs of transporting artifacts constrained the distance over which it was feasible to 

purchase a gravestone, which increased linearly from the workshop.  So these combined 

processes suggest that stylistic diffusion reflects the hierarchical structure of social 

networks that connected carvers with each other, and with the social networks of the 

consumers located in nearby towns.  However, the spatiotemporal patterning that 
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emerges from these processes also involves a feedback mechanism between the 

producers and the popularity of other motifs in the region, which can lead to the diffusion 

between carvers, and the rapid spread of styles between producers. 
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Table 1. Logistic regression results of roman motif and distance (km) from Harvard, 
Massachusetts by decade, summarizing the fit of a logistic model and the slope and 
intercept parameters. 

Period 
Roman 
Stones 

Total 
Stones LogLikelihood Reduced Difference 

1730-39 48 461 153.995 66.0382 87.9568* 

1740-49 117 482 267.1321 131.833 135.2991* 

1750-59 116 529 278.2526 198.9144 79.3382* 

 

Period β0 SE χ2 β1 SE χ2 

1730-39 3.6447 0.7657 46.7753* -0.2368 0.0364 93.0049* 

1740-49 3.9372 0.4663 123.1277* -0.1896 0.0188 97.1812* 

1750-59 1.5653 0.2719 37.8291* -0.1146 0.0115 42.9543* 
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Table 2. Logistic regression results of the death’s head motif and distance (km) from 
Boston by decade (*p < .0001). 

Period 
death’s 

head  Total -LogLikelihood Full Model Difference 

1720-29 485 581 260.4305 153.2036 87.9568* 

1730-39 522 736 443.684 335.4185 108.2655* 

1740-49 444 829 572.5177 505.6327 66.885* 

1750-59 510 1016 704.2297 590.122 114.1077* 

1760-69 405 1025 687.7588 642.5136 45.2452* 

      

      

      

Period β0 SE χ2 β1 SE χ2 

1720-29 5.2984 0.4871 472.9238* -0.1086 0.0107 214.4539* 

1730-39 3.0202 0.2195 348.5231* -0.0645 0.0054 216.531* 

1740-49 1.4321 0.146 115.148* -0.0401 0.0039 133.772* 

1750-59 1.8133 0.1561 171.4899* -0.0557 0.0043 228.215* 

1760-69 0.5544 0.1253 20.268* -0.0308 0.0035 90.4902* 

	  



Figure 1. The number of farmers in two Iowa communities adopting hybrid seed corn 
each year, and the cumulative number of adopters (redrawn after Rogers 2003:
Figure 7-1; Ryan and Gross 1943).
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Figure 2. Diffusion can occur as a hierarchy effect (left) where actors have unequal network 
ties to others in the network, or as a neighborhood or contagion effect (right) (after Brown 
1981: Figure 2.2).
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Figure 3. This study uses surveys of 46 burial grounds in eastern Massachusetts, which 
recorded 9600 gravestones dating to the seventeenth and eighteenth centuries.
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Figure 4. Transportation distances of gravestones referenced in the eighteenth-century
probate records of Suffolk and Middlesex, Massachusetts show that few gravestones 
(<10%) were transported more than 25 kilometers.
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Figure 5. Several carving lineages placed stones in towns at a greater distance from their 
workshops.  The lineages with workshops in Boston (Codner, Emmes, Gilchrist, Homer 
and Mumford) distributed very few stones outside of the city.  The Hastings, Lamson and 
Park lineages, which were located outside of Boston, transported their stones over greater 
distances.  Few probate payments to the Worcester workshop have been identified.
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Figure 6. The frequency of new death’s head motifs per year shows that it was dominant 
until the mid-eighteenth century in eastern Massachusetts while the Cherub gained 
popularity rapidly during the late eighteenth century.
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Figure 7. The cumulative distributions of death’s head and cherub motifs show that the 
rate of adoption of death’s head stones decreases after 1760 when the cherub motif gained 
popularity.

143



1:1,000,000

1710-19
death’s head

cherub

other

N

144

Figure 8a. Frequencies of motifs at burial grounds with more than 9 gravestones between 
1710 and 1719.  The sizes of pie charts are scaled with the sample size.
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Figure 8b. Frequencies of motifs at burial grounds with more than 9 gravestones between 
1720 and 1729.  The sizes of pie charts are scaled with the sample size.
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Figure 8c. Frequencies of motifs at burial grounds with more than 9 gravestones between 
1730 and 1739.  The sizes of pie charts are scaled with the sample size.
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Figure 8d. Frequencies of motifs at burial grounds with more than 9 gravestones between 
1740 and 1749.  The sizes of pie charts are scaled with the sample size.
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Figure 8e. Frequencies of motifs at burial grounds with more than 9 gravestones between 
1750 and 1759.  The sizes of pie charts are scaled with the sample size.
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Figure 8f. Frequencies of motifs at burial grounds with more than 9 gravestones between 
1760 and 1769.  The sizes of pie charts are scaled with the sample size.
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Figure 9. The stone marking Jonathan Worster’s (d. 1754) grave in the Harvard, 
Massachusetts burial ground has a classic Roman motif.  This stone was carved by either 
Jonathan and lettered by Moses, or both carved and lettered by Moses Worster.
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Figure 10. The stone marking Rebekah Worster’s (d. 1772) grave in the Harvard, Ma. 
burial ground was probably carved by Moses Worster.  This stone has a cherub motif, but
also has decorative elements similar to roman stones on its shoulders and side panels.
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Figure 11. The roman motif was popular during the mid-eighteenth century, generating
the characteristic S-shaped cumulative distribution.
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Figure 12. Logistic regression functions fit to decade samples show that the market 
penetration of the roman motif increased in its first two decades, but eroded in the 1750’s 
after Jonathan Worster’s death in 1754.

153



Figure 13. The death’s head motif remains extremely popular in the Boston area, while 
other motifs become more frequent in the surrounding towns.
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APPENDIX C: 
 

A NEUTRALITY APPROACH TO THE DEATH’S HEAD, CHERUB, AND 
WILLOW TREES ON HISTORIC NEW ENGLAND GRAVESTONES 

 
 
Introduction 

A neutral model of artifact style allows us to use decorative diversity to make 

inferences about the ways that people acquired cultural knowledge through social 

learning strategies and to detect the historical dynamics that shaped past social groups 

(Neiman 1995).  Use of the neutral model to evaluate stylistic variation in archaeology is 

based on an analogy between non-Darwinian evolutionary mechanisms and cultural 

mechanisms that affect trait frequencies, like drift, innovation, and migration, without the 

directional effects of natural or cultural selection.  The neutral model has been applied to 

stylistic traits of artifact assemblages to examine the effects of historical processes, and 

where departures from neutrality are detected, to make inferences about alternative 

cultural transmission mechanisms specified in Dual Inheritance theory (Cavalli-Sforza 

and Feldman 1981; Boyd and Richerson 1985; Durham 1991; Richerson and Boyd 2005). 

Recent archaeological studies have used this model to interpret changing patterns 

in the decorative diversity of pottery (Neiman 1995; Shennan and Wilkinson 2001; 

Kohler et al. 2004; Steele et al. 2010).  A selectionist definition of artifact style views it 

as the selectively neutral design content, that is, those traits which do not affect the 

function of the artifact (Dunnell 1978).  This definition is a rather narrow view of 

decorative content because it does not encompass all components of stylistic variation.  It 

is difficult to argue that the social roles of specific forms of pottery, and artifacts more 
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generally, do not lend the consumer any advantage, so the dichotomy of style and 

function is flawed.  Experimenting with both decorative and functional traits is a costly 

endeavor, and inventing or adopting a new design is risky for a producer (van der Leeuw 

1989).   

Applying the neutral model to stylistic variation in the archaeological record does 

not merely test Dunnell’s definition, rather it allows us to rigorously identify where and 

when artifact style is not neutral (Neiman 1995; Lipo et al. 1997; Shennan and Wilkinson 

2001; Kohler et al. 2004).  Neiman’s archaeological neutral model adapts population 

genetics models (Kimura 1968) that make inferences about the phylogenetic history of 

populations based on the diversity of neutral alleles.  When assumptions are met, the 

neutral model predicts levels of diversity using the effective population size of producers 

and the introduction of new variants by in situ innovation and/or migration (Neiman 

1995).  Departures from the neutral model can be used to infer selective effects or 

analogously changing biases in past social learning strategies. 

Archaeologists have long noted that battleship-shaped, unimodal curves often 

describe changes in the relative frequency of artifact variants through time.  In the past, 

these curves were used to order or seriate assemblages to build chronologies.  Seriation 

has been an important relative dating method since it was introduced to archaeology 

through Alfred Kroeber (1916) and Leslie Spier’s (1917) early studies of decorated 

pottery to order the occupations of different Zuni sites.  Before Kroeber and Spier used 

artifact frequencies, Petrie (1899, 1901) used the presence and absence of ceramic types 

and stratigraphic information to order Egyptian burials he excavated during the 
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nineteenth century.  These methods of relative dating have fallen out of favor recently, 

but the nature of the social processes that underpin these lenticular curves remained a 

question.  Neiman (1995) showed that these lenticular curves can result from neutral, 

random copying processes and the countervailing processes of drift and innovation, 

which remove and introduce new variants to the population.  Unbiased copying is likely 

responsible for many other trends in the popularity of different cultural variants from 

prehistory into the present (see Bentley et al. 2004; Hahn et al. 2003). 

The seriation method and the neutral model rest on assumptions about the 

spatiotemporal dynamics inherent in the archaeological record.  In their study of lower 

Mississippi Valley ceramics, Philips, Ford and Griffin (1951; Ford 1962) recognized the 

problematic assumptions inherent in seriation, particularly that pottery has unimodal 

popularity curves and that the peak popularity is synchronous within a study area.  Deetz 

and Dethlefsen (1965) addressed the latter assumption, showing that motif frequencies 

decrease as one gets further from the source in both space and time.  These spatial and 

temporal controls allowed Deetz and Dethlefsen (1965) to evaluate the validity of 

seriation methods.  They demonstrate that relative dating is distorted by the spatial and 

temporal diffusion of artifact styles.  Although several explanations for the changing 

gravestone styles, including religious change and carvers learning from each other, are 

proposed in their work (Dethlefsen and Deetz 1966; Deetz and Dethlefsen 1967), they do 

not distinguish the input of either group. 

In this study, I also use the New England gravestones to examine the roles of 

neutral processes and biased cultural transmission in the material culture style.  This 
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study is based on a survey that recreates and expands Deetz and Dethlefsen's dataset, 

recording eastern Massachusetts gravestones from the earliest slate markers placed in 

Boston-area burial grounds around 1670 through the end of the eighteenth century, when 

marble stones were introduced.  Over 9600 gravestones from 46 burial grounds in eastern 

Massachusetts were recorded during this survey.  The rich historic record of seventeenth- 

and eighteenth-century Massachusetts identifies the carvers who made many of the burial 

markers, making them an excellent case study concerning the role of cultural 

transmission in the emergence of archaeological traditions.  We can use the rich historical 

record of gravestone carvers, and the temporal controls provided by dates and markers, to 

study the spread of cultural knowledge among carvers and among the consumers who 

purchased these stones.  As the industry grew and consumption increased, local 

departures from neutrality in the late eighteenth century indicate that conformist 

processes shaped this tradition.  These dynamic interactions within and among groups of 

carvers and consumers had important implications for the diversity of gravestone 

assemblages placed in individual town burial grounds, particularly in causing certain 

styles to dominate these assemblages.  Although Deetz and Dethlefsen (1965, 1967; 

Dethlefsen and Deetz 1966; Deetz 1977) point to religious reforms taking place in 

Colonial Massachusetts as the cause of stylistic change in gravestones, they briefly 

discuss the role of carvers and consumers in these changes.  However, the present study 

suggests that increased artifact consumption and changing levels of intergroup 

transmission best account for the changing diversity of gravestone motifs through time.  

While the eighteenth century was a dynamic period of religious changes in 
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Massachusetts, gravestone assemblage diversity and distance lead to a new understanding 

the role of the producers and consumers in stylistic change. 

 

Dual Inheritance Theory and Neutral Traits  

In contrast to the transmission of genetic material, the spread of cultural traits 

through populations of social learners can follow a diverse set of pathways, while trait 

choice can be biased by other sources of information.  Dual Inheritance theory (Cavalli-

Sforza and Feldman 1981; Boyd and Richerson 1985) aims to model the transmission of 

cultural information along with genetic material, both of which affect phenotypic 

variation in humans.  These cultural transmission models adapt and modify principles of 

population genetics to understand the inheritance and spread of cultural information 

along different pathways.  The Dual Inheritance theory identifies alternative pathways 

that structure the flow of cultural information within and between groups of people.  

Unlike genetic information, cultural information is not just transmitted between parent 

and child, a pathway termed vertical transmission by Cavalli-Sforza and Feldman (1981; 

Boyd and Richerson 1985).  Additional pathways for propagation of cultural information 

include transmission between peers (horizontal transmission) and transmission across 

generations between genetically unrelated teachers and learners (oblique transmission).  

The concept of a generation in cultural transmission is also problematic because its length 

is difficult to define.  The role of teacher and learner can even switch simultaneously in 

some contexts.  Dialect can be altered in the course of a conversation between two or 

more individuals (e.g. Wedel 2006), and artifact producers can similarly engage in a 
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reciprocal exchange of ideas with others.  Some cultural traits are learned once and 

repeated faithfully; however, others appear more malleable and can change with each 

instance of practice.  Regardless, it is the individual actor that acquires cultural traits 

through learning and reproduces them through practice.   

Another point of difference between cultural and genetic transmission is that 

recipients of cultural information have the option to adopt or to reject information offered 

to them.  Boyd and Richerson (1985) identify a basic strategy of individual learning they 

term guided variation.  This strategy is based on direct experimentation combined with 

unbiased social learning.  When individual learners choose models to learn from at 

random (unbiased transmission), they are likely to choose the most frequent variant at 

random as a model to be copied.  Importantly, individual learning may introduce 

variation into the population (Neiman 1990:123).  When environmental conditions are 

more homogeneous or predictable, experimentation is less advantageous (Boyd and 

Richerson 1985), and an individual may avoid costly trial and error by simply emulating 

or following other individuals, a strategy generally termed social learning (Boyd and 

Richerson 1995; Henrich and McElreath 2003).  Other strategies are preferable to trial 

and error when the environment is relatively predictable. 

Wherever there is variation in the models available, the learner must choose 

among a number of alternatives to emulate.  This choice may be unbiased or it may be 

biased in important ways.  Boyd and Richerson (1985) have identified several biases, 

which are algorithms that individual social learners might use to choose between 

alternative models.  In some situations, a variant is simply more attractive to an 
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individual than others, called direct bias, when some inherent quality of the variant 

appeals to a naïve individual.  This does not involve individual experimentation with 

variants as guided variation does.  Nor does it affect the number of potential models.  

Indirect bias involves evaluation of some indicator variable in order to select the 

appropriate model to adopt, which is analogous to sexual selection in neo-Darwinism 

(Neiman 1990:132).  Factors such as the popularity of different traits, called frequency-

dependent bias, and the social position or some other observable quality of individuals 

who possess a trait, can bias transmission as well. Frequency-dependent bias, also 

referred to as conformist bias, involves a non-linear probability of adoption by a naïve 

individual that scales with variant frequency.  More complex learning strategies have 

been proposed, including one in which rare variants are avoided (Mesoudi and Lycett 

2009).  Boyd and Richerson (1985) argue that biased transmission mechanisms such as 

these may cause particular variants to achieve fixation rapidly in a population of social 

learners.  Alternatively, a pro-novelty selection of rare variants can increase diversity 

(Shennan and Wilkinson 2001).  These processes may have stronger effects among young 

learners, when novel ideas may make up a greater portion of their conceptual models 

(van der Leeuw 1989).   

In some cases, these biased transmission algorithms can have the effect of altering 

the number of models available.  Direct bias is the exception, since choice is based on 

some observable qualities of the available models.  Other biases can reduce the number 

of models available to a social learner.  These forms of biased transmission, including 

frequency dependent bias, cause distributions of traits to depart from expectations of the 
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neutral model.  

 

The Neutral Model in Archaeology  

Novel variants may enter a cultural system through either in situ innovation (or 

copying errors, analogous to mutation), through migration of individuals, or through the 

movement of ideas when novel traits are acquired as a result of learning from a distant 

individual (Neiman 1995: 17).  At the societal level, innovation can be conceptualized as 

a process consisting of both invention and adoption, which would encompass both social 

learning from within the group and from other populations11 (Torrence and van der 

Leeuw 1989; Schiffer 2005).  When drift is unbalanced by innovation, trait diversity is 

reduced (Neiman 1995).  However, an assumption of basic versions of the neutral model 

is that mutation and drift are in equilibrium.  Ewens’ sampling formula (Ewens 1972; 

Slatkin 1994, 1996) states that diversity, termed q, is related to the number of individuals 

reproducing in the population and the rate at which new variants (alleles or cultural traits) 

are introduced.  When studying cultural variation, archaeologists have likened artifact 

assemblages to haploid populations because learning replicates cultural traits from a 

single teacher or example, not recombining two parents’ genes.  This is a simplifying 

assumption, but useful to differentiate new combinations of cultural traits as innovations.  

In a haploid population, diversity (θ) is twice the effective population size (Ne) times the 

mutation rate (µ):  

                                                
1 The definition of a population defined by a study area is not trivial. A further examination of the scale of 
cultural transmission within and between populations is beyond the scope of this project. It is addressed 
elsewhere (Premo and Scholnick 2011). 
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 θ = 2Neµ      (1) 

In the case of material culture, the diversity is related to the size of the producer 

population (Ne), and the innovation rate or the probability that a new variant will occur 

over a particular interval of time.  Biased transmission lowers the effective population 

size, since fewer individuals are transmitting cultural traits to others.   

This model can be used to generate expectations about how varying Ne and µ 

affect archaeological assemblage diversity, and distance (Neiman 1995).  Then using 

estimates of diversity, and assemblage distance measures, inferences about how these 

parameters (Ne and µ) vary can be made.  Neiman (1995) argues that neutrality in an 

assemblage can be evaluated using both diversity and assemblage distance.  Drift reaches 

equilibrium with in situ innovation and intergroup transmission, both components of µ.  

If in situ innovation is assumed to be constant, then assemblage distance can be predicted 

by effective population size and intergroup transmission.  In a neutral assemblage, 

estimates of diversity based on the archaeological assemblage and the mean 

interassemblage distances should be related linearly to each other, since they are based on 

the same components of effective population size and intergroup transmission rate 

(Neiman 1995:25).   

These models predict that given the same initial variant frequencies, drift and 

intergroup transmission can be used to estimate interassemblage distance.  This migration 

matrix model provides expectations that link assemblage distance and diversity.  High 

intergroup transmission will lower interassemblage distance, while low intergroup 

transmission will allow drift to cause groups to diverge from each other.  Similarly, 
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higher intergroup transmission rates should increase diversity at equilibrium, while drift 

will lead to low diversity with low intergroup transmission.  If these models fit, 

statements may be made about the effective population size and how social learning 

affects diversity. 

 

Estimating Diversity 

As with genetic samples, the diversity of artifact assemblages cannot be 

calculated directly. Rather, it must be estimated from samples of the population. Neiman 

(1995) derives two methods of estimating for archaeological samples. One is a measure 

of population homogeneity (Neiman 1995: Equation 7), which is the reciprocal of the 

sum of the squared relative frequencies (p) of k variants minus 1.  

      (2)  

The other is a maximum likelihood estimate based on Ewens sampling theory (Neiman 

1995: Equation 9).  

    (3)  

With neutral traits, Ewens’ sampling formula predicts the number of variants (k) if 

sample size and θ are known [Ewens 1972; see Neiman (1995) for a thorough discussion 

of the Ewens’ formula and the derivation of the above estimates].  Following Ewens, 

Neiman (1995) uses this equation (Equation 3) to estimate, since the number of variants 

and the sample size are known parameters of an archaeological assemblage.  Neiman then 
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uses simulation and empirical data to explore inferences about social learning based on 

the diversity of artifact assemblages.  

Neiman (1995) demonstrates the utility of the neutral model in an analysis of data 

drawn from Braun’s (1977) dissertation on Illinois Woodland ceramics.  Estimates of 

Ewens’ formula indicate that, if neutral processes shaped the Woodland ceramic 

assemblages and in situ innovation is relatively constant, the level of migration could be 

inferred from departures from neutral distributions.  This is because innovation and 

migration are the two components of µ in the neutral model (Equation 1).  The inverse 

relationship between inter-assemblage distance and estimates of diversity suggest that 

migration or horizontal transmission increased during the Hopewell period.  In other 

words, the assemblages were most similar during the Hopewell period, and the greatest 

transfer of stylistic information occurred during this period as well. 

Although the Illinois Woodland period diversity estimates suggest neutral 

mechanisms shaped these assemblages, neutrality is not inevitable with stylistic data.  

Other studies have used the two estimates, tE (Equation 2) and tF (Equation 3), Neiman 

(1995) derived to argue that biased cultural transmission either constrained or inflated the 

diversity of artifact assemblages (Kohler et al. 2004; Shennan and Wilkinson 2001).  

Kohler et al. (2004) argue that biased cultural transmission mechanisms affected variation 

in painted designs on pottery from the American Southwest.  These authors argue that the 

difference between the two diversity estimates suggest lower diversity estimates than 

predicted by the neutral model (Equation 1) and interpret lower diversity resulting from 

conformist strategies of potters.  This trend is contrasted with archaeological population 
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estimates that suggest an increase during the same period, which would predict increased 

diversity with greater numbers of potters.  However, Shennan and Wilkinson (2001) and 

Kohler et al. (2004) depart from Neiman’s methodology in their means of evaluating 

theta estimates. 

These archaeological studies use several different estimates to evaluate the neutral 

model.  Shennan and Wilkinson (2001) compare estimates from Equations 2 and 3 with 

“direct estimates” derived by substituting independent empirical values into the neutral 

model or Equation 1.  Several different estimates of the effective population size and 

innovation rate may be used to calculate these direct estimates.  Shennan and Wilkinson 

“directly” estimated the innovation rate (µ) based on the proportion of novel decorative 

elements in each assemblage.  The effective population size (Ne) in a pottery assemblage 

could be defined in several different ways: the number of potters, the number of pots 

during a particular phase, or the number of different motifs in that phase.  Shennan and 

Wilkinson (2001) use a sensitivity analysis with different values as components of 

Equation 1 in order to draw on multiple empirical parameters to estimate diversity using 

Equations 2-3. They observe higher diversity estimates than would be predicted using 

their “direct estimates” of Equation 1 (Shennan and Wilkinson 2001:587).  They infer 

that these assemblages were structured by an anti-conformist bias or a tendency to choose 

novel decorative elements.  Kohler et al. (2004) follow this methodology, but relying on 

the difference between tE and tF, and infer that conformist bias led to lower than expected 

diversity estimates. 
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The Exact Test 

Neutrality in genetic populations has also been evaluated using an exact test 

(Slatkin 1994, 1996) based on a Monte Carlo simulation of the probability of obtaining a 

particular frequency distribution of alleles in a sample from a neutral population.  The 

simulation is in turn based on Ewens (1972) sampling formula, which requires only the 

number of allelic classes (k) and the number of individuals in the population (N).  The 

Ewens exact test yields a p-value for each sample based on the probability of each 

possible configuration of N and k.  This probability function enables a two-tailed test to 

identify instances of dominant alleles, and overly even distributions of halpotypes, which 

are both instances of reproductive skew. 

The Ewens exact test has recently been applied to cultural transmission studies, 

with the understanding that biased learning strategies can skew the distribution of cultural 

repertoires, and in turn, the diversity of artifact assemblages (Steele et al. 2010; Premo 

and Scholnick 2011).  In the case of material culture, overly kurtotic frequency 

distributions could occur when one trait was chosen preferentially due to some form of 

biased transmission.  Conversely, overly even trait distributions can result from an anti-

conformist bias, or the tendency to choose novel artifact styles.  Since the Exact Test 

compares an observed distribution with a set of randomly generated neutral distributions, 

it is a better inferential tool to diagnose biases in cultural transmission (Premo and 

Scholnick 2011). 

The benefits of Ewens Exact Test are several.  Following the Ewens distribution 

(Ewens 1972), assemblages are not just identified as skewed due to the proportion of the 
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most frequent motif, but also by the distribution of the less frequent motifs.  Even though 

the power of this test is not very good (Lansing et al. 2008), it allows us to systematically 

reject assemblages when they are skewed based on an alpha level.  It identifies both 

overly even distributions, and those skewed toward one or two dominant types.  Yet, 

there is some indication that artifact assemblages with too few singleton or doubleton 

traits are skewed as well (Premo and Scholnick 2011). Thus, this test detects the 

suppression of innovation and the dominance of a motif, which can both result from 

frequency-dependent bias in cultural transmission. 

 

The Gravestone Data  

Historic cemeteries in eastern Massachusetts are remarkably well preserved, as 

many of the seventeenth and eighteenth century slate markers documented by Deetz in 

the 1960’s are still legible.  The raw data from Deetz and Dethlefsen’s fieldwork were 

never published, so additional analyses of these data cannot be conducted.2  Therefore, 

this study is based on a survey of historic cemeteries in eastern Massachusetts that 

expands Deetz and Dethlefsen’s 1960’s database.  In addition to many of the original 

burial grounds, I documented other eighteenth century cemeteries in nearby townships to 

create a more uniform spatial coverage (Figure 1), stretching from Barnstable on Cape 

Cod to Gloucester. The western extent of this study was defined by graveyards in Groton, 

Harvard, Marlborough and Wrentham.  For this project, I recorded a regular set of 
                                                
2 I have examined Deetz’s slide collection. While it does capture much of the decorative variation in his 
dataset, it does not fully represent the comprehensive survey data Deetz and Dethlefsen collected to 
perform their quantitative analyses. Visits to cemeteries show that the slides were probably not intended to 
be comprehensive documentation, but rather documentation of specific examples from each cemetery they 
visited. 
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attributes for each gravestone with a pre-1800 death date.  These attributes include the 

name of the decedent, date of death, age at death, major decorative motif, and the 

measurements of each gravestone.  In addition, each stone was also digitally 

photographed to record decorative details.  

The birth of a new craft industry captures an interesting period in which a 

decorative tradition emerges.  As they had little precedent in New England, the first 

artisans used a diverse set of decorative techniques in producing gravestones.  The local 

carving industry was established in the late seventeenth century and expanded during the 

eighteenth century when new carvers in new markets entered the trade.  Some of these 

new carvers did not receive formal training from established carvers, which led to the 

introduction of novel decorative motifs.  In other cases, recent immigrants trained as 

carvers in Europe established new shops in the area (Forbes 1927).  During the eighteenth 

century, individuals typically entered occupations like stone cutting through an 

apprenticeship or indenture in a master craftsman’s workshop, although these workshops 

were not organized in guilds, as they were in Britain (Quimby 1984).  Few of these 

apprenticeships were codified by an indenture contract, since most were between family 

members.  As the population of Massachusetts grew and expanded into more rural areas, 

there was an increased demand for permanent grave markers.  In addition, this was a 

dynamic period of American material culture, as consumers bought large quantities of 

imported glass, ceramics, and other durable goods that were previously only available to 

the upper or middle classes (Carson 1994, 2003).  
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Gravestone Motifs and Carvers 

Early slate gravestones in New England were shaped like the headboard of a bed, 

with a carved field or tympanum in the arching portion over the inscription (Figure 2).  

The side borders were also carved with intricate designs, particularly when imps, 

skeletons, or other macabre symbols were popular during the late seventeenth century.  

Following Deetz and Dethlefsen, this study focuses on the decorative variation of the 

major motif above the inscription, on the tympanum.  Although the stylistic trajectory in 

the major motif may be described broadly as death’s head (Figure 2), cherub (Figure 3), 

and urn and willow (Figure 4), there was greater variation in certain regions. Regional 

variants include the Roman motif (Figure 5) found northwest of Boston, which Deetz and 

Dethlefsen used to illustrate the Doppler effect (Deetz and Dethlefsen 1965).  A unique 

set of motifs was also invented by carvers in Plymouth County, which culminated with a 

Medusa (Figure 6) motif described by Deetz and Dethlefsen (1967, see also Benes 1977). 

By the early Federal period (1790 – 1810), urn and willow motifs appeared and spread 

throughout the study area. Slate was still in use through the 1830’s, as the urn and willow 

motif became the dominant funerary image.  In the early nineteenth century, the carving 

industry converged on this motif, and many of the motifs popular during the preceding 

decade were discontinued. A seriation diagram has the classic lenticular curves that 

describe this trajectory, but we also see a proliferation of styles through time (Figure 7). 

The gravestone carving industry began in the 1670’s in Boston and Charlestown, 

Massachusetts, with a small cadre of carvers (Figure 8).  The earliest stones have been 

attributed to an unnamed carver, who is referred to as “The Stone Cutter of Boston” in 
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the documentary record (Forbes 1927:21).  Evidence for this artisan is a Charlestown, 

Massachusetts town order to pay for a tomb to be constructed over the grave of the 

Reverend Zachariah Symmes in 1672.  Consensus is that this unidentified artisan may 

have worked between 1653 and 1684. This unnamed carver may have taken William 

Mumford and Joseph Lamson as apprentices, but this is conjecture based on early 

payments for gravestones recorded in late seventeenth-century probate records.  Lamson 

started a long-lasting workshop in Charlestown, where four generations of his family 

worked.  Lamson’s stones can be seen throughout the region, but are particularly 

prevalent in Charlestown, Cambridge and the rest of Middlesex County.  Mumford also 

began a long-lasting carving workshop in the North End of Boston, and he likely trained 

Nathaniel Emmes (Chase and Gabel 1990).  Emmes trained William Codner and his son, 

Henry, both of whom became prolific carvers serving the Boston market.  Codner in turn 

trained his son and another apprentice, named John Homer. While these carving lineages 

produced most of the stones in the Boston area, a number of self-taught carvers entered 

the gravestone market in Plymouth County and other rural areas.  

Initially, demand for gravestones in Plymouth and Cape Cod was met by 

importing stones from the Boston area.  These goods were either transported overland on 

the Post Road or were brought by ship to port towns.  However, in the early to mid-

eighteenth century a small group of carvers in different regions of the Colony began 

filling commissions (Figure 8).  With the exception of William Coye, who moved to 

Plymouth from Providence, after an apprenticeship with Stephen Hartshorne (Blachowicz 

2001), the first Plymouth County carvers were self-taught.  Nathaniel Fuller began 
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carving in Plympton sometime after about 1700 (Benes 1977).  Ebenezer Soule began 

carving a distinct “Medusa” motif in Plympton around 1753 (Benes 1977).  It is unclear 

where he learned to carve.  In nearby Middleboro, Seth Tinkham, who was influenced by 

Fuller’s quintessential skull with a heart-shaped mouth, began carving around 1725 

(Benes 1977).  Tinkham also was influenced by Fuller, and may have even received some 

training from him (Benes 1977:103).  Shortly before Tinkham’s death in 1751, William 

Cushman took up the carving business in Middleboro. Other workshops in Plymouth 

Colony included those of Jacob Vinal and his son, Jacob Vinal, Jr., who were active in 

Scituate between 1715 and 1780 (Benes 1977). And Nathan Hayward worked in 

Abington after about 1745. 

 

The Gravestone Carving Industry 

Funerary elaboration and investment in permanent grave markers in New England 

parallel the Consumer Revolution that is apparent in other commodities like ceramic 

vessels, domestic architecture, foodways and other material culture (Carson 1994, 2003). 

Carvers entered the profession to meet the growing demands of a population of 

consumers who were eager to buy gravestones to commemorate their decedents.  Early 

Puritan funerary practice was a modest affair, which avoided iconographic display on 

tombs or grave markers (Stannard 1977).  Seventeenth and eighteenth century funerals 

were increasingly intricate rituals, employing clothing like gloves and scarves given to 

friends and relatives, as well as mourning rings for close family and the minister 

(Stannard 1977).  Some prominent members of society, particularly clergy, accumulated 
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hundreds of funeral gloves and tankards full of mourning rings, which often bore death’s 

head motifs (Stannard 1977; Gabel 2008).  Probate records show that average 

expenditure for funerals in Plymouth Colony increased from 1.3 percent of the estate’s 

value during the late seventeenth century to 2.7 percent in the mid-eighteenth century 

(Benes 1977:36-37).  In Dorchester and Roxbury, near Boston, funeral expenses averaged 

5 to 6 percent of an estate’s value, dwarfing expenditures in Plymouth County.   

Consumption of gravestones was also fueled by population growth during the 

Colonial period.  Survey data show that the population of gravestones increased from 

1670 to the end of the eighteenth century.  This study recorded 69 gravestones that date 

to the 1670’s.  In comparison, there are nearly 1500 stones with death dates in the 1790’s 

in the sample (Figure 9; Table 1).  This growth reflects both population growth and 

increased consumption associated with the Consumer Revolution. However, determining 

the rate of consumption is beyond the scope of this study.  Regardless of the proportion 

of graves marked by a stone, gravestone production in New England increased rapidly 

throughout the eighteenth century. 

Demand for increasingly elaborate commemorative markers and rituals led to a 

greater number of carvers practicing in eastern Massachusetts (Figure 10; Table 1). As 

described above, historical records indicate that a small cadre of carvers began working 

in Boston in the late seventeenth century.  This community expanded as the initial 

workshops took on apprentices.  The Stone Cutter and the second generation of master 

carvers working in Boston, which included Joseph Lamson, James Foster, and William 

Mumford, did not initial their work.  However, probate documents attribute stones to 
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them in the late seventeenth and early eighteenth centuries. Initials suggest that 

approximately seven third-generation carvers began working in the early eighteenth 

century. Apprentice carvers initialed their early work for about five to ten years before 

payments to them are listed in probate documents (Chase and Gabel 1990).  After the 

initial rapid growth of this industry before about 1720, it expanded steadily with 

additional workshops outside of Boston and its adjacent towns.  However, during the last 

few decades of the eighteenth century, the number of carvers and workshops declined 

(Figure 10; Table 1), although the consumption of gravestones remained high (Figure 9; 

Table 1).  This suggests a consolidation in the industry, with shops increasing production 

and market share. 

 

Gravestone Diversity  

Earlier interpretations of gravestone imagery have focused on religious change in 

Colonial New England (e.g. Dethlefsen and Deetz 1966, Ludwig 1966).  With many 

regional variants (c.f. Benes 1977), decorative variation is more complicated than a 

unilinear trajectory from deaths head, to cherub, to urn and willow.  Broad consumption 

patterns may be shaped by religious preferences.  However, regional differences in 

decorative motifs in areas like Plymouth colony (e.g. Benes 1977) suggest that religious 

change (e.g. Watters 1981) may not be the best explanation for the decorative content of 

gravestone assemblages. 

Historical documents recording payments to carvers and workshops, in concert 

with the excellent preservation and decorative content of New England gravestones, 
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allow us to investigate neutral models and departures from neutrality.  Gravestone 

production grew to satisfy the consumer demand in the eighteenth century, when 

spending on funerary practice increased.  The growth of the carving industry has 

implications for the diversity of gravestone assemblages, if the neutral model fits.  

Documentary evidence and signed stones provide a unique opportunity to track the 

number of carvers active in each decade (Figure 10).  Increased diversity can be 

expected, as new carvers entered this profession.  We also expect that consumers have an 

active role in the adoption of alternative motifs, which is demonstrated by the 

spatiotemporal structure of diffusion (see Appendix B).  Growth in the consumption of 

gravestones, and the numbers of consumers making decisions about gravestones, may 

also predict increased diversity. 

The appearance of new decorative motifs is not constant throughout pre-1800 

gravestone assemblages.  Some studies make a distinction between novel motifs and 

those that are adopted in a subsequent time step or by another artisan (van der Leeuw 

1989; Hegmon and Kulow 2005).  Following population genetic models, where a 

mutation at a single point in a genome creates a novel allele, this study treats each novel 

motif as a new trait, regardless of whether or not it is carved subsequently.  A motif is 

also considered a discrete trait, as with other studies of cultural transmission that examine 

discrete traits like dog breeds, baby names, computer viruses, and the decorative motifs 

on prehistoric pottery (Bentley et al. 2004, 2007; Bentley and Shennan 2003; Hahn and 

Bentley 2003; Kohler et al. 2004; Mesoudi and Lycett 2009).  This level of analysis 

parallels a neutral model of biodiversity in which diversity estimates are based on the 
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number of plant species, for instance, in a study unit (Hubbell 2001). 

Novel motifs may be introduced through in situ innovation, migration of a carver, 

copying a foreign design, or importing a stone from outside of the study area.  The most 

likely origin of novel motifs is through in situ innovation. However, some stones in the 

dataset were imported from workshops in neighboring towns outside the study area, like 

Newport, Rhode Island (Luti 2002), and Haverhill, Massachusetts (Slater and Tucker 

1978).  A few carvers also moved into the area, such as William Coye, who trained in 

Newport before he opened a workshop in Plymouth (Blachowicz 2001).  In other cases, 

carvers may have developed new carving styles during their career (see Appendix 2).  

Not all carvers created an innovative motif.  In the survey data, the number of carvers 

increases through time, but the number of new motifs in each decade fluctuated between 

1 and 10 (Figure 11).   

We can calculate diversity estimates based on counts of gravestone motifs using 

tF  (Equation 2), a heterogeneity measure, or tE (Equation 3), a maximum likelihood 

estimate.  This analysis uses tF because the samples of each burial ground are large 

relative to the population, and the cumulative sample from the study area is a large 

proportion of the total gravestone population.  Theta can be estimated for the whole study 

area by decade, or alternatively, for each village.  With the study area sample, diversity 

estimates can be evaluated based on the numbers of carvers known to be active during 

each decade in the area.  However, the relationship between carver population and 

individual villages is variable (see Appendix B).   

Both estimates of diversity increase through the study period (Figure 12), but tE 
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appears to overestimate diversity around 1700, when the death’s head dominated the 

region.  These estimates also indicate a slight decline in diversity between 1760 and 

1780, when the carving industry consolidated into fewer workshops (Figure 10).  In 

addition, the cherub motif was gaining popularity throughout the region, replacing the 

regional variants that arose in the preceding decades (see Appendix 2).  As might be 

expected, the number of carvers active during each decade is strongly correlated with 

these fluctuating levels of diversity. This relationship applies to both tE (R2= 0.72229, p < 

0.0002), and tF (R2=0.63196, p < 0.0012) (Figure 13).  Furthermore, the number of motifs 

is correlated with the number of active workshops (Figure 14; R2 = 0.8156, p < 0.0001), 

and carvers (R2 = 0.8071, p < 0.0001) in each decade. The gravestone sample size is also 

correlated with tE (R2 = 0.747301, p < 0.0001) and tF (R2 = 0.708247, p < 0.0003).  This 

suggests that the consumer population also has input into the diversity of gravestone 

assemblages.   

Multiple regression analysis provides a means of measuring the relationship of 

these variables with the estimated diversity in order to examine the relative input of 

carvers, workshops and consumers.  Because the sample size and the workshop and 

carver counts differ in orders of magnitude, log transformed values of these variables 

were regressed against tE.  The number of workshops and carvers are autocorrelated, so 

these two variables should not be included in the same model.  In fact, the number of 

carvers and workshops are also highly correlated (R2 = .87, p <.0001), since the demand 

for grave markers determines the size of the carver population.  This also warns us that 

multicollinearity may be a problem in the analysis.  When the model of tF and log-
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transformed sample size and carver counts (R2 = .56, p<.05), the number of carvers is not 

significant (p = .204), while the sample size is significant (p<.05).  When the model of tF 

and log-transformed sample size and workshop counts is considered the fit improves 

slightly (R2 = .59, p<.05).  The number of workshops, however, does not account for a 

significant proportion of the variance.  The constrained model without carvers is more 

parsimonious than the unconstrained model that includes both sample size and carver 

variables (F-ratio = 5.5462, p<.05).  Thus, the consumer population is a better predictor 

of the diversity of a gravestone assemblage than the number of carvers who likely carved 

it.  If this is correct, it suggests that consumers, rather than carvers, had more input into 

the diversity of the study area’s gravestone motifs by decade. 

Comparing motif frequencies with neutral distributions using Slatkin’s (1994, 

1996) version of the Ewens’ exact test helps to evaluate neutrality of these assemblages.  

In fact, the exact test rejects the null hypothesis of neutrality (α = .05 for a two-tailed test, 

in skewed assemblages p > .975) during several periods during the seventeenth and 

eighteenth centuries.  Between 1690 and 1719, the exact test and the tF estimate suggest 

carvers and consumers preferentially chose the death’s head (Table 1).  This is a period 

when the number of carvers increased, perhaps to meet increased consumer demand at 

the beginning of the Consumer Revolution.  Their combined output also increased.  In the 

late seventeenth and early eighteenth centuries, the death’s head was carved on ten times 

more stones than the next most common variant.  The gravestones dated from 1790 to 

1799 are again identified as skewed because the cherub motif becomes the single most 

common motif, dominating the whole study area.   
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The exact test shows that very few of the decades are similar to a neutral 

distribution.  Almost all of the decades are somewhat non-neutral (p > .9), suggesting that 

all of these samples are skewed.  In addition, both theta estimates are very low, 

supporting the results of the exact test.  These diversity estimates show that these 

gravestone assemblages have very few dominant motifs.  The diversity of gravestones is 

related to the size of the consumer community, as shown by the correlation between the 

sample size and estimated diversity (tF).  In this case, the number of gravestones in the 

survey sample of the region is not a product of sampling error, but reflects the increasing 

level of gravestone consumption during the seventeenth and eighteenth centuries.  But as 

the population expanded and new rural settlements were established, we must ask how 

the social structure of the carvers and communities shaped decorative diversity. 

 

Migration Matrix Model of Gravestone Diversity 

The neutral model can also be used to draw expectations for the relationship 

between diversity, effective population size and µ (Equation 1).  The components of µ are 

in situ innovation and intergroup transmission, which both introduce novel variants into 

the population.  This model allows us to ask how people in one community learned about 

those in other communities, and to assess what we learned from the discussion of 

diversity estimates using complimentary information.  The individual village burial 

grounds in this survey can be used to compare the gravestone consumption decisions 

made within communities (diversity estimates), while incorporating knowledge about the 

gravestone variants other communities had chosen (interassemblage distance).  
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Intergroup transmission also reflects social learning between carvers who were also 

aware of the work of other carvers.  Intergroup transmission can be measured using a 

migration matrix model, which measures the differences between the motif frequencies in 

each pair of burial grounds. 

The neutral model predicts that with low cultural transmission between 

populations, drift will stochastically cause them to diverge from each other (Neiman 

1995).  Conversely, interassemblage distances decrease when groups acquire new 

variants from each other through higher rates of intergroup transmission.  This migration 

matrix approach relies on a finer level of analysis of the communities that make up a 

population.  For each assemblage, the average squared Euclidean distance with other sites 

serves as a proxy for the level of information (or material) exchange.  Squared Euclidean 

distances were calculated using relative frequencies of each gravestone motif, since 

sample sizes vary by orders of magnitude both within and between decades.  

Interassemblage distances show that while there is convergence between 1690 and 1719 

(indicated by low average distance), subsequent decades diverge, as indicated by greater 

average assemblage distances until the 1750's (Appendix 2; Figure 15).  Mean 

interassemblage distances decrease as the cherub emerges as the dominant decorative 

motif in the region (Figure 7).  In addition, the minor variants with local distributions 

common during the mid-eighteenth century were abandoned (Figure 7; see Appendix B). 

 

Discussion  

This dataset is a unique window into the birth of a material culture tradition with 
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the excellent temporal and spatial data associated with gravestones.  To summarize, this 

analysis of gravestone assemblage content based on the neutral model allows us to make 

inferences about the forces that structured stylistic change in gravestone motifs.  

Although the carver population grew during the eighteenth century, the increased 

consumption of gravestones provides the best explanation of the stylistic diversity we 

observe.  Historical records about the carvers who worked during the seventeenth and 

eighteenth centuries allow us to estimate the carver population through time.  The 

estimated carver population size serves as one means of evaluating estimated diversity, 

allowing us to access both the producers and consumers of these artifacts.  However, this 

analysis suggests that the expanding carver population was not the primary reason for 

increased decorative diversity.  In fact, the increasing consumption of gravestones, 

associated with population growth and the Consumer Revolution, appears to be the most 

parsimonious explanation for the upward trend in decorative diversity. Even though 

diversity increases during the eighteenth century, skewed assemblages that have very few 

rare types characterize the sequence even during the decades when local styles emerge. 

The neutral model also examines the way that intergroup transmission increases 

decorative diversity.  The neutral model predicts an inverse relationship between 

assemblage distance and diversity.  Gravestone assemblages were both very similar and 

had low decorative diversity during the early eighteenth century.  This similarity suggests 

reduced effective population size through a combination of social learning by local 

consumers, as well as carvers copying the successful motifs that others carved.  During 

the mid-eighteenth century, as gravestone consumption continued to increase (Figure 9), 
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the carver population followed (Figure 10).  These trends of increased effective 

population size and diversity (Figure 16) equate with concomitant increases in mean 

interassemblage distances. But the interassemblage distances and diversity diverged again 

during the late eighteenth century when the cherub motif became a popular motif 

throughout the area (see Appendix 2). 

The patterns we see in the decorative diversity and intergroup transmission here 

and elsewhere (Appendix B) suggest that local styles emerged during a period of growth 

in the industry.  This period of greater neutrality in the mid-eighteenth century is a 

transitional state, between two episodes of low diversity and low intergroup transmission.  

These two periods of low diversity suggest some sort of artificial suppression of the 

effective population size either through cultural selection or biased transmission.  The 

intergroup transmission, as inferred by assemblage distance, reveals several intriguing 

trends, suggesting that neutrality is a fleeting state of this system of producer and 

consumer choice, between two periods of conformity.  Regional variants like the Roman 

motif and a series of others, including the hearth-mouth and Medusa motifs, in Plymouth 

County.  These local forms proliferated during the mid-eighteenth century when the 

number of carvers increased dramatically.  And the spatial isolation of these carvers in 

heretofore-underserved consumer markets causes these areas to diverge from others in 

the study area (Figure 15; see also Appendix 2).  But with few carvers producing 

gravestones and introducing variants, local consumer preferences emerge, lowering the 

diversity of burial grounds near these carving centers, and increasing interassemblage 

distances.  
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Conclusion 

The compelling conclusion of Deetz and Dethlefsen’s (1967; Dethlefsen and 

Deetz 1966) study is that the shift towards cherub motifs during the eighteenth century 

reflects the decline of orthodox Puritanism and the spread of new attitudes about death 

associated with the Great Awakening.  This was a dynamic period of reform, with 

religious revival movements led by fiery preachers, like Jonathan Edwards.  Although 

these religious changes may be represented in other aspects of funerary art, the 

gravestone motifs suggest a different interpretation.  Gravestone diversity and 

assemblage distance suggest that the increased consumption of gravestones associated 

with increased population and consumer culture is the most parsimonious explanation of 

the stylistic content of these artifacts.  In addition, the increased interaction between 

carvers in the late eighteenth century leads to the widespread distribution of the cherub.  

While these carvers may be responding to consumer attitudes towards death, this study 

and others (see Appendix A and Appendix B) suggest that decorative imagery is shaped 

by consumers learning about motifs by observing what their neighbors’ choices, and 

carvers adopt the motifs of their neighbors when they successfully serve the local market. 

These findings demonstrate the value of the neutral model to study the historic 

processes that shapes material culture traditions.  Drift and intergroup transmission are 

important explanatory variables for the stylistic diversity archaeologists observe in 

material culture.  To evaluate theta estimates, particularly in a context of changing 

population size and spatial extent, interassemblage distance as a proxy for cultural 
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transmission between groups proves to be a crucial metric.  Just as Neiman (1995) used 

both intergroup transmission and diversity estimates to evaluate the neutrality of Illinois 

Woodland ceramics, this study returns to these two aspects of the neutral model in order 

to interpret trends in gravestone assemblages.  Evaluating the neutral model with these 

two aspects of decorative variation leads to a revised understanding of decorative 

variation in gravestones during the seventeenth and eighteenth centuries.  More 

importantly, it also highlights the utility of using both of these aspects of the neutral 

model in order understand the causes of artifact variability in past. 
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Table 1. Parameters and diversity estimates of gravestone sample are listed for each 
decade between 1670 and 1799. *Significance of the 2-tailed exact test (p>.975).  
 

Decade  Sample Carvers Workshops Motifs Innovations tF tE p- value 
1670-79  69 1 1 3 1 0.79593 0.4737 0.583 
1680-89  136 3 3 6 3 0.77029 1.1332 0.907 
1690-99  180 6 6 9 5 0.25903 1.8423 1.000* 
1700-09  220 11 10 8 4 0.24173 1.4892 0.997* 
1710-19  531 15 11 16 8 0.20607 2.9832 1.000* 
1720-29  658 14 12 11 4 0.4557 1.7650 0.959 
1730-39  816 17 12 15 5 0.87362 2.4984 0.953 
1740-49  908 18 14 21 9 1.98724 3.9428 0.960 
1750-59  1058 22 15 20 6 2.30011 3.3893 0.981* 
1760-69  1042 32 20 22 7 2.76416 3.8289 0.993* 
1770-79  1407 28 19 20 6 2.4815 3.1985 0.926 
1780-89  1057 22 16 17 1 1.51849 2.7696 0.816 
1790-99  1421 23 16 25 10 2.66906 4.4093 0.988* 



Figure 1. The study area includes 46 cemeteries in eastern Massachusetts.
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Figure 2. An example of a death’s head motif on the 1691 marker of Deacon John Stone 
(Wakefield, Massachusetts, Photo 1343), with images of imps holding mortality symbols 
carved on the side panels.
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Figure 3.  The cherub motif can be found on seventeenth century stones, but does not 
reach widespread popularity until the late eighteenth century (Sarah Rice; Photo 0108).
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Figure 4. The urn and willow motif became popular during the late eighteenth century 
(Moses Tafts, 1799, Sudbury, MA, Photo 0095).  Related variants can have either an urn 
or willow motif alone.
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Figure 5. The Roman motif is simple face bracketed by stars, spirals or both elements 
(Concord, MA; Benjamin Barret, 1738; Photo 3822).
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Figure 6. This example of the Medusa motif from Plympton, Massachusetts (Lusa Bryant, 
1764; Photo 6638) has the characteristic circular eyes, hourglass-shaped nose and 
upturned curly hair, for which it is named.
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Figure 8. Major stone carvers and their apprentices who were active before 1800 in 
Middlesex, Norfolk, Plymouth and Suffolk counties have been documented through 
probate records and signed stones in the secondary literature (Benes 1977; Blachowicz 
2000, 2001, 2006; Chase and Gable 1990; Forbes 1927; Luti 2002; Tucker 1993, 1997).
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Figure 9. This sample of mapped burial grounds suggests that the population of 
gravestones in eastern Massachusetts increases from the late-seventeenth century to the 
end of the eighteenth century.
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Figure 10.  Probate payments, as well as initialed and signed stones show that the carving 
industry experienced rapid growth until the late eighteenth century, when number of 
carvers and workshops decreased.
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Figure 11. The number of innovations increases throughout the study period.
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Figure 12.  The two θ estimates increase through time and show general agreement with 
each other except during the early eighteenth century, when t(F) is much lower than t(E).
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Figure 13. Much of the variance in t(E) and t(F) can be accounted for by number of 
carvers working during each decade.
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Figure 14. The number of motifs per sample is positively correlated with the number of 
active carvers.
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Figure 15.  Squared mean Euclidean distance between each site (n > 9) reveals a dramatic 
period of divergence beginning in 1720 and continuing through 1759. 
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Figure 16.  Theta estimates [t(F)] based on individual burial ground assemblages (n > 9)
shows an increasingly diverse set of gravestones in the study area.  Importantly, the 
burial grounds (n = 38) with only one motif (k = 1) are excluded because t(F) cannot be 
estimated with only one motif.
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Figure 17.  Theta estimates [t(E)] based on individual burial ground assemblages (n > 9) 
shows an increasingly diverse set of gravestones in the study area.  Importantly, the burial 
grounds (n = 38) with only one motif (k = 1) are excluded because t(E) cannot be estimated 
with only one motif.
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