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    Chapter 2   
 Intended Function: Inferring Manufacturing 
Performance         

 Early studies of ceramic function tended to dwell in this realm 
(intended function), and were based on fast and loose reasoning 
drawn from intuitive expectations …. (Rice  1996a , p. 140) 

 In the last two decades “fast and loose” reasoning, as Rice notes above, have given 
way to stronger inferences based on principles derived from materials science, eth-
noarchaeology and experimentation. This chapter reviews this growing body of 
research, which has gradually transformed pottery analysis in archaeology from 
poorly supported reasoning to much stronger inferences regarding intended vessel 
functions. Although the focus of this book is actual pottery function, a complete 
pottery analysis should consider both sides of the functional equation. 

 An analysis of intended function starts with this simple premise—all pots are 
designed to be used. That is, the potter made technical choices related to perfor-
mance in manufacture and use in accord with the vessel’s intended function(s), 
whether techno-, socio-, ideo- or emotive-functions. Although all aspects of func-
tion can be important in the design of a vessel, the overwhelming primary function 
of ceramic vessels, both prehistorically and ethnographically, is in processing, stor-
ing, and transporting food and liquids (Rice  1987 , pp. 207–208). When Braun 
 (  1983  )  famously stated that we should consider “pots as tools” he was referring to 
the fact that ceramic vessels, like their chipped stone counterparts, have uses. We 
now take this perspective for granted, but it is worth noting that the focus for ceramic 
analysis was once primarily on stylistic factors through time and across space. 
Although chipped stone analysis also focused on stylistic variability, no one ques-
tioned that lithics were tools used to cut, scrape, drill, pierce, etc. Below I review the 
relationship between technical choices at the disposal of the potter and the relevant 
performance characteristics keyed to the vessel’s intended function. 

 Potters can control the formal dimension of ceramic variability, which includes 
the metric properties of form (morphology), paste characteristics,  fi ring conditions, 
and surface treatments (Bronitsky  1986 ; DeBoer  1984 ; Reid  1990 ; Steponaitis  1983, 
  1984 ; Tite  2008 ; van As  1984  ) . Inferring intended function of vessels is a two step 
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process. The  fi rst step is to understand technological variability. For example, one 
must  fi rst determine the temper type, size, and surface treatments, etc. as these are 
the technical choices made by the potter. An entire suite of analytical procedures 
that range from simple observation to molecular chemistry are at the disposal of 
archaeologists wanting to understand the technological variability of their sherds 
and vessels. The second step is to link the potter’s technical choices, like a resin 
interior coating or large ori fi ce diameter, to intended performance. These two steps 
are discussed below for each of the major technical choices related to pottery manu-
facture and use: shape, size, and form (morphology); temper type, size, quantity, 
clay chemistry and mineralogy (paste composition);  fi ring temperature, atmosphere, 
and conditions ( fi ring); and interior and exterior surface additions such as slips or 
resins, or modi fi cations, as in texturing or corrugation (surface treatments). This 
review is followed by a discussion of how these technical choices and performance 
characteristics can be used to infer intended vessel function. Several types of pots in 
three of the major techno-functional categories, cooking, storage, and transport, are 
used as examples to demonstrate these points. Finally, using examples from around 
the globe, this chapter closes with a discussion of how archaeologists can use sherd 
collections to make inferences of intended function. 

   Understanding Technical Choices and Performance 

 As Rice  (  1987 , pp. 208–210) notes, the techno-function of domestic pottery takes 
place in three realms: storage, processing (or transformation), and transfer (or trans-
port) (see also Buko  2003 ; Smith  1988  ) . Potters make design choices in form, tem-
per type, surface treatments, etc., to create vessels to perform these roles. Thus, 
a liquid storage pot might be large with a restricted ori fi ce on which a cover can be 
af fi xed, and a cooking (processing) pot might have a round base, for strength, and 
an open ori fi ce to permit easy access. Because of its fragility, pottery is often not the 
 fi rst choice for transfer of goods, but sometimes a vessel’s other performance char-
acteristics outweigh its tendency to suffer breakage. This is especially true in the 
transfer of liquids like wine or olive oil, which moved about in pottery vessels for 
millennia with the help of ships or wheeled transport. But within each basic cate-
gory, vessels can be designed speci fi cally to store, transport, or process speci fi c 
foods or liquids—thus, the shape, temper type, surface treatments, etc. could re fl ect 
whether a vessel’s contents were hot or cold, wet or dry, transferred a short or long 
distance, among other features of speci fi c activities (see Rice  1987 , p. 208). There 
are myriad activities or characteristics of an activity along the behavioral chain of a 
vessel that can affect its form. 

   Morphology 

 Anna Shepard was one of the  fi rst to note the importance of recording shape-related 
metrical properties. She states that the “study of vessel shape can be approached 
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from the standpoint of function” and that “the purposes of the vessels tell something 
of the activities and customs of the people who used them” (Shepard  1956 , p. 224). 
Although Shepard notes the importance of linking form to function, her emphasis 
was really on documenting shape for classi fi cation and taxonomy, which dominated 
all artifact analysis at the time. It is in this context that Linton published the impor-
tant article “North American Cooking Pots.” He states that “there is a tendency to 
underrate the importance of simple utilitarian artifacts [like cooking pots] of types 
which are widely distributed in time and space” (Linton  1944 , p. 369). Although 
most ceramic archaeologists were concerned with time-space systematics and not 
vessel use, he clearly points the way for more sophisticated functional inferences 
(Reid  1990  ) . Linton goes on to note that an “effective cooking pot must have a 
mouth large enough to prevent explosive boiling over and to permit of stirring its 
contents, but at the same time small enough, relative to the pot’s capacity and heating 
surface, to prevent it from boiling dry every few minutes” (Linton  1944 , p. 370). He 
clearly was on the right track in linking what I would call technical choices to per-
formance characteristics important for cooking vessels. Despite this effort by Linton 
to draw pottery analysts to a more functional approach, his article seems to have had 
little impact at the time. Even Shepard  (  1956 , p. 224), who was sympathetic to func-
tional analysis, noted that linking form to function was complicated and there were 
still too many unknowns in this line of research. Nonetheless, it was these early 
attempts at documenting shape and form for the purposes of classi fi cation that set 
the stage for stronger functional inferences about pottery (Ericson et al.  1972  ) . 

 Rice  (  1987 , p. 207) notes that “morphological characteristics—their attributes of 
shape and technology—are closely related to their suitability for a particular activ-
ity.” There are plenty of good resources at the disposal of the ceramic analyst for 
linking form and function (e.g., Buko  2008 ; Orton et al.  1993 ; Rice  1987 ; Riemer 
 1997 ; Smith  1985,   1988 ; van As  1984  ) . Sometimes these correlations are regionally 
speci fi c, but there are also many cross-cultural correlations that are important (Roux 
 2007  ) . The methods to illustrate, record, quantify, and classify vessel form are well 
illustrated by Rice  (  1987  ) , whose examples are primarily from the American conti-
nent, and Orton et al.  (  1993  )  whose focus is mainly European. Their work is quite 
thorough and I cannot do more than summarize their  fi ndings. 

   Recording Morphological Variability 

 Orton et al.  (  1993 , pp. 152–165) divide classi fi cation systems for vessel shapes into 
three categories: type series, measurement-based systems, and manufacturing 
stages. The type series is the system of classi fi cations found in every part of the 
world and was devised primarily in the late nineteenth and early twentieth centuries. 
In North America, each regional sequence of types has a long history, usually tied 
to a few in fl uential archaeologists who were  fi rst to work in an area and were most 
responsible for de fi ning the culture history, which was based, in many cases, on 
pottery types that they too de fi ned (e.g., Colton  1939 ; Ford  1938 ; Gladwin and 
Gladwin  1930 ; Kidder  1924 ; McKern  1939 ; for a review of this period see Lyman 
and O’Brien  2003 ; Lyman et al.  1997 ; O’Brien and Lyman  1998,   2003 ; O’Brien 
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et al.  2005  ) . Most pottery classi fi cation in North America can be traced to these 
early scholars who created the types, for the most part, to recognize prehistoric 
cultures that they could trace through time and across space. 

 Although, most archaeologists today do not believe that a collection of traits, 
including pottery types, equals a prehistoric culture, we are still left with the legacy 
of these types. An archaeologist must be able to identify Snow fl ake Black-on-White 
in the American Southwest, Laurel Incised in the Upper Great Lakes, Deptford 
Stamped in the Southeast, Plumbate from the Maya Lowlands, and Beaker Ware in 
England. What these types “mean” is open to debate, but that does not keep us from 
training each new generation of archaeologists to have at least a passing knowledge 
of these types. This is helpful because the types are not only minimally tied to 
speci fi c times and places but anyone attempting to learn the archaeology of a region 
must be able to master the local jargon including the major pottery types. However, 
when I teach ceramic analysis or the archaeology of the Midwest, the classes are not 
devoted to memorizing pottery types and sequences, as might have been the case in 
James Grif fi n’s classes at the University of Michigan in the 1960s. Today’s archae-
ologist, nonetheless, still must have a familiarity with the major ceramic types, par-
ticularly those that have been linked to well-dated contexts. At a local professional 
archaeology meeting such as the Midwest Archaeological Conference, pottery types 
like Heinz Creek, Black Duck Banded, or Ramey Incised roll off the tongues of the 
speakers and all in attendance can visualize the design, shape, and other formal 
properties of these vessels. Speakers at the Pecos Conference in the American 
Southwest would hear pottery types like Tanque Verde Red-on-Brown or Salado 
Polychrome and those in attendance would know exactly what they are referring to. 
In modern archaeology, such classi fi cations are not an end in themselves as these 
categories have little relevance in a performance-based investigation that seeks to 
infer the range of vessel functions. These “blunderbuss categories,” as we have 
referred to “style” and “function” previously (Schiffer and Skibo  1997 , p. 43), even 
when given new names like “technological style,” can get in the way of understand-
ing the performance of the vessels. Nonetheless, students still need to have a work-
ing familiarity with the pottery types and sequences in their areas of interest as long 
as there is an awareness of the limitations that these categories bring. 

 Formal and measurement-based classi fi cation (Orton et al.  1993  )  came about as a 
means to create more universal systems to describe and classify pottery assemblages. 
Smith  (  1988  ) , in a cross-cultural analysis of whole vessels, found three metrical prop-
erties that are particularly relevant when correlating form to function: (1) the relative 
openness of the vessels pro fi le, which is the ratio of the circumference of the lip to the 
total external surface area; (2) diameter of the vessel rim; and (3) the total volume. 
Using a series of statistical measures he found these properties to be particularly use-
ful for determining if a pot was used for processing, storage, or transfer. Using a 
Southwestern United States ethnographic and archaeological collection, Smith  (  1985 , 
p. 305) also came up with  fi ve “morphological correlates of use.” They include:

    1.    Ori fi ce size is proportional to the amount the contents are changed.  
    2.    Serving of liquids or solids correlates with rim forms that do not curve inward.  
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    3.    Ori fi ce size is inversely proportional to the duration of storage time.  
    4.    Vessels that require access to the contents during use will have an ori fi ce big 

enough for hand access.  
    5.    Vessels used to transport liquids have a small ori fi ce diameter.     

 These types of correlates can serve as a baseline for making more speci fi c infer-
ences about function from form. 

 The  fi nal classi fi cation category noted by Orton et al.  (  1993 , pp. 163–165) is that 
of manufacturing stages. By this they mean classifying pottery based on manufactur-
ing methods, such as the fast wheel, mold making, or hand modeling (Balfet  1984  ) . 
Using traces on the vessels themselves, they infer the manufacturing life history, or 
 chaîne opératoire . The Laboratory for Ceramic Studies at the University of Leiden 
has been especially active in increasing our understanding, through experimentation, 
ethnoarchaeological research, and the analysis of archaeological materials, manu-
facturing processes and stages, and how they may be inferred from traces on the 
vessels themselves (van As et al.  2008 ; see also Stilborg  1997  ) . The focus is “on the 
translation of the phenomena observed on a pot or fragments of a pot, into the recon-
struction of aspects of the potter’s craft” (van As  1984 , p. 131). I do not see this as a 
classi fi cation system so much as a critical component of any pottery analysis. Such 
holistic ceramic research has been going on in Leiden, mostly focusing on pottery 
from the Near East, for several decades with great success (e.g., Annis  1985 ; Franken 
 1975 ; London  1991 ; van As and Jacobs  1995  ) , and much of the relevant research is 
published in the  Leiden Journal of Pottery Studies . Students of ceramic research 
would be well served to become acquainted with their holistic system of analysis.  

   Performance Characteristics and Morphology 

 Morphology can be described and classi fi ed in many ways, and so the analyst needs 
to choose a strategy appropriate for the assemblage under investigation. When one’s 
goal is to infer intended techno-function, these technical choices related to vessel 
morphology are grouped in relation to the performance characteristics they affect. 
Rice  (  1987 , pp. 224–226) identi fi ed four performance characteristics related to ves-
sel morphology, but she referred to them as “use-related properties.” They are 
capacity, stability, accessibility, and transportability. Although other technical 
choices may affect these performance characteristics, they are impacted most 
directly by morphological characteristics. When the discussion is moved to perfor-
mance characteristics, or the attributes the vessels must have to perform its func-
tions, the analyst is in a much better position to infer intended function. A pro fi table 
way to access these performance characteristics is through a performance matrix, as 
illustrated in Table  2.1 .  

  Capacity  is the one performance characteristic related to morphology that can be 
easily assessed quantitatively as in liters or gallons. One must be aware, however, 
that vessels will have a maximum capacity and an actual capacity. In many use-
contexts a vessel is not  fi lled to its maximum capacity (but see Kooiman  2012  ) ; 
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cooking pots are often just  fi lled to half or three-quarters overall capacity. Differences 
between maximum capacity and actual capacity can be determined by other use-
alteration traces such as internal carbonization (see Chap.   3    ). 

  Stability  is the ability of the vessel to stand upright. Shepard  (  1956 , p. 237) notes 
that stability is determined by a vessels “shape, the distribution of its weight, and 
the breath of its base.” Some vessels are  fl at bottomed or have legs and thus have 
high stability. Some round bottom pots have moderate stability in that they will stay 
in the upright position while on a  fl at surface but they will rock easily when nudged. 
Kalinga cooking pots are in this category, as are many Southwestern and Midwestern 
United States cooking pots that have round bottoms. A curved base increases 
strength but decreases stability, which is mitigated by having a tripod-like hearth 
design so that vessels rest securely on three points, sometimes referred to as 
“ fi redogs.” When not on the  fi re, unstable pots could be placed on pot rests or con-
cavities in the hearth or  fl oor, as is done by the Kalinga. Some vessels have zero 
stability and cannot stand upright on their own. The Gamo of Ethiopia create cook-
ing vessels that need support to stand upright (Arthur  2006  ) , and many of the pot-
tery types from the Eastern United States have conical bases as do Middle Eastern 
amphorae. In cases when pots have zero stability they must depend on other tech-
nologies to hold them upright. 

  Accessibility  is a performance characteristic that relates to how easily the con-
tents of the vessel can be accessed. The ori fi ce diameter and the attributes of the 
vessel’s neck have the greatest impact on accessibility. Many storage jars have a 
restricted ori fi ce diameter and limited accessibility, so that neither hand nor an 
implement ever enters the vessel. In these cases, as is in liquid or seed storage, the 
contents are designed to be removed by pouring. The other extreme is complete 
accessibility, which is seen in many cooking pots whose contents have to be stirred 
and then removed by hand or with a utensil. Kalinga cooking pots provide a clear 
example of slight differences in accessibility: vegetable/meat cooking requires fre-
quent stirring and a higher overall accessibility, but rice cooking pots are only 
accessed once when the rice is removed. Rice cooking pots thus have a narrower 
ori fi ce diameter to limit accessibility (and also increase heating effectiveness). 

  Transportability  relates to how easily the vessels can be moved short or long 
distances. Ceramic vessels in general are not known for great transportability as 
vessels are fragile and heavy, relative to other containers. But ceramic vessels are 

   Table 2.1    Performance matrix for Kalinga pottery vessels   

   Vessel type 

 Performance Characteristics   Rice    Vegetable/meat    Water  

 Accessibility  Low/medium  High  Low 
 Stability  Medium  Medium  Low 
 Transportability  Medium  Medium  Low 
 Capacity  Variable  Variable  Variable 
 Heating effectiveness  High  Medium  N/A 
 Thermal shock  High  High  N/A 

http://dx.doi.org/10.1007/978-1-4614-4199-1_3
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well suited to holding liquids, and if the fragility issue can be countered by other 
technical choices to increase strength and with other technologies to avoid impacts 
(supports, wheeled carts, etc.), then such vessels will have increased transportabil-
ity. Most vessels, however, have relatively low transportability and are designed to 
move relatively short distances, if at all. Kalinga water vessels have very low trans-
portability when full, as they are heavy and awkward to carry. Consequently, many 
pots spend their entire life history on a shelf where they are re fi lled with water trans-
ported in other vessels. Most cooking pots have some limited transportability as 
they must travel on and off the  fi re. Such movement puts a limit on capacity because 
it becomes very dif fi cult for one person to move a large vessel on and off a  fi re. 
Short-distance transport can be aided by implements, which can be used to grasp 
pots, an especially important consideration if they are removed hot. 

 Let’s examine an ethnoarchaeological example from the Kalinga to illustrate the 
relationship between morphology and performance. The Kalinga have a water ves-
sel ( immosso ) and, as noted earlier, two basic cooking pot forms; one to cook rice 
( ittoyom ) and the other to cook vegetables and meat ( oppaya ) (Fig.  2.1 ). Each of the 
cooking vessels is made the same way in terms of paste, surface treatment, and 
design. The only design difference relates to accessibility and heating effectiveness; 
the latter is the ability of the vessel to heat its contents. Heating effectiveness, like 
most performance characteristics, is in fl uenced by a variety of technical choices like 
thickness, temper type, and especially surface treatment. In this case, heating effec-
tiveness is a secondary performance characteristic related to morphology (a more 
complete discussion of cooking pot performance involving all relevant technical 
choices is presented below).  

 An archaeologist who discovered Kalinga pottery in archaeological context would 
be able to correctly discriminate these two types of cooking vessels based upon mea-
surements of the ori fi ce diameters and the height-to-width ratio (except in the cases 
of the intermediate forms discussed in Chap.   1    ). The vegetable meat pots have a 
more open ori fi ce diameter and are more squat in pro fi le while the rice cooking pots 

  Fig. 2.1    Kalinga vessel types. From left to right,  immosso  (water vessel),  ittoyom  (rice cooking 
vessel) and  oppaya  (vegetable/meat cooking vessel) (From Skibo  (  1992  ) , p. 60)       
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34 2 Intended Function: Inferring Manufacturing Performance

have a narrower mouth and are taller in pro fi le. The metrics speak clearly to acces-
sibility. Rice cooking pots are accessed only when the rice is added to the pot and 
then again when it is removed with a spatula-like wooden tool. Rice pots are put on 
the  fi re until the water boils, then the vessel is removed and placed next to the  fi re. 
Rice cooking pots stay on the  fi re for 20 min or so and are not accessed during this 
time (Fig.  2.2 ). Vegetable meat pots, on the other hand, can stay on the  fi re for over 
an hour (in the case of boiling beans) and are accessed many times to stir, add other 
ingredients, and then to ladle out the contents for serving. Accessibility, a primary 
performance characteristic, is clearly re fl ected in vessel morphology.  

 Transportability of the cooking vessels is rated as “medium” because both are 
carried when full and empty. Hot pots are taken off the  fi re with the help of a rattan 
tool that looks much like a belt, which is slid over the top of the rim and  fi ts nicely 
around the neck (Fig.  2.3 ). Hot pots can then be moved off the  fi re without touching 
the hot ceramic surface. Kalinga vessels are also made so that they can be nested 
and stacked. Potters transport the vessels in this way, as do women returning from 
the water source, where the vessels are washed and then  fi lled with water (Fig.  2.4 ). 
Two or three nested cooking pots  fi lled with water are carried back to the house on 
a woman’s head, and the water from these vessels then  fi lls the water pots.   

 The water vessel ( immosso ), with low accessibility, stability, and transportability 
is clearly a vessel designed for liquid storage. Stability is the only performance 
characteristics that could be higher in these types of vessels, but the Kalinga com-
pensate for low stability by placing the vessels on rattan rings (Fig.  2.5 ). Once in 
place on the shelf, the water vessels are rarely moved.  

  Fig. 2.2    Kalinga vessels in use. Rice cooking pots (L) is in the simmer position while the vegeta-
ble/meat pot is on the  fi re (From Skibo  (  1992  ) , p. 137)       
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  Fig. 2.3    A pot being placed on the  fi re with the use of a rattan pot carrier (From Skibo ( 1992 ), 
p. 66)       

  Fig. 2.4    Carrying nested pots,  fi lled with water, back from the water source (From Skibo  (  1992  ) , p. 77)       
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 Heating effectiveness is a secondary performance characteristic but is still impor-
tant to the overall performance of these two cooking vessels. The objective in rice 
cooking is to bring the contents to a boil as fast as possible, and heating effective-
ness of the rice cooking pots is increased by the smaller ori fi ce. Rice cooking pots 
are also covered while on the  fi re, which also increases heating effectiveness. 
Because heating effectiveness is such an important performance characteristic for 
rice-cooking vessels, it is no surprise that aluminum pots had almost completely 
replaced their ceramic counterparts (Skibo  1994  ) . Vegetable meat pots, in contrast, 
with their wider mouth have poorer heating effectiveness and are also left uncov-
ered while on the  fi re. The goal for vegetable meat cooking is to bring the contents 
to a simmering temperature but without boiling and boil over. Consequently, poorer 
heating effectiveness is preferred because it permits the pot to stay on the  fi re for a 
long period without boil-over, which leads to the inconvenience of a doused  fi re.   

   Paste Composition: Temper (Type, Size, Shape, Quantity) 
and Clay (Type, Chemistry) 

 Owen Rye is a potter who, much like some of the early  fl intknappers like Don 
Crabtree pointed the way for functionally based lithic analysis, contributed 
signi fi cantly to the functional study of pottery and our ability to link technical 
choices to performance (Rye  1976,   1977,   1981 ; Rye and Evans  1976  ) . His 1976 

  Fig. 2.5    Pots in use resting on rattan rings (From Skibo  (  1992  ) , p. 66)       
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article, “Keeping your temper under control,” is not only one of my favorite titles 
but also important for understanding the clay-temper dynamic in traditional pottery. 
Rye spent a great deal of time replicating various types of ceramics and, much like 
Crabtree, believed that replication is an important means to understand a traditional 
technology. The importance of the early  fl intknappers, like Crabtree and Bordes, is 
that they played a big role in understanding a technology that was no longer in 
use—a dead technology. Ceramic technology, of course, never died, and one can 
visit a local pottery studio where people might be performing tasks similar to those 
of early Neolithic potters of Europe or Woodland potters of the Eastern United 
States. Because pottery technology never “died,” there is a tendency to take it for 
granted. After all, most of us made functional vessels in grade school and coerced 
our mothers to display these works of “art.” But just because a 10-year-old child can 
make a pot does not mean that it is a simple technology. Pottery technology is much 
like playing a harmonica, where anyone can play a recognizable tune with just a 
little instruction, but it takes years of practice to bend notes and master the Blues’ 
riffs of James Cotton or Howlin’ Wolf. It is researchers like Rye, and Shepard  (  1956  )  
before him, who paved the way for archaeologists to better understand the com-
plexities of making pottery. One of the wonderful legacies of the earliest  fl intknappers 
is that there is the unwritten rule that anyone who studies lithics should be able to 
perform at least rudimentary  fl intknapping so that they can learn  fi rsthand the skill 
involved in this craft. Unfortunately, a parallel does not exist among many ceramic 
analysts (with some notable exceptions such as the Lieden or Scandinavian Schools 
discussed above). I would think that Owen Rye would agree with the statement that 
anyone who studies ceramics should also have experience with making and or rep-
licating pottery. Although there are many books on pottery, as there are now many 
books on  fl intknapping, the knowledge and appreciation for the craft that one 
acquires with hands-on experience is invaluable. I said at the outset that ethnoar-
chaeology changed forever the way I view pottery and its relationship to people. 
The same can be said about replicative experiments with clay. It is one thing to read 
about how, for example, temper affects workability,  fi ring temperature impacts ther-
mal shock, or how a smudge is applied, but it is another thing to feel the workability 
of wet clay change as organic temper is added or to feel the heat of a kiln as a red 
hot vessel is removed for smudging. 

 The relationship between morphology and techno-function has a long history 
because, in part, it is much easier to perceive the relationship between a vessel’s 
ori fi ce diameter or shape and likely use. The relationship between temper and 
techno-function took a bit more convincing and is still a work in progress. As 
Bronitsky and Hamer  (  1986 , pp. 89–90) note, temper type has long been considered 
an attribute most tied to cultural factors instead of techno-function. Although tem-
per selection in some instances may be related to socio-, ideo, or emotive function, 
archaeologists have started to explore how the choice of a particular temper might 
have an impact on how the vessel performs during manufacture and use (Braun 
 1978,   1983 ; Bronitsky  1986 ; DeBoer  1984 ; Reid  1984 ; Steponaitis  1983,   1984  ) . 

 In the mid-1980s while I was still a graduate student at the University of Arizona, 
I walked into the newly formed Laboratory of Traditional Technology and saw 
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Gordon Bronitsky kneading a lump of clay on top of a wooden crate. Michael 
Schiffer created the lab and acquired space in the Haury Building with a mix of 
creativity and bravado (see Schiffer  1995 , pp. 22–24). I was the  fi rst graduate assis-
tant and was given the honorary title of Assistant Director of the laboratory, which 
had no space. But Schiffer and I acquired several truck loads of donated scienti fi c 
equipment, some of them packed in wooden crates. We stacked the wooden crates 
and odd assortments of equipment in the hallway of the building until some of the 
department’s faculty started to complain about the mess and congestion. The 
Department Chair asked us to move the equipment into a recently vacated room on 
the  fi rst  fl oor of the building. We were instructed that this was only a temporary 
move, as the Department had other plans for the space. But we moved in, quickly 
put a sign on the door, and a quarter century later and counting the Laboratory of 
Traditional Technology still resides in that same room. The equipment, however, 
was donated to surplus property at the University, who sold it at auction, with the 
Lab getting a portion of the proceeds. A good mentor like Mike Schiffer teaches 
many important lessons, but none was more practical than how to acquire space and 
funds in a university system. 

 It was in the midst of this move that Gordon Bronitsky appeared, fresh from a 
Fulbright in Holland at the University of Leiden’s Laboratory of Ceramic Studies. 
There he studied with van As and others who had a long-standing interest in the 
relationship between ceramic technology and use. Bronitsky advocated a materials 
science approach to archaeological ceramics (Bronitsky  1986 ; Bronitsky and Hamer 
 1986  ) . Schiffer was, and still is, a studio potter, but Bronitsky introduced a new way 
to look at ceramics. I had a long-standing interest in prehistoric ceramics and also a 
growing interest in experimentation and ethnoarchaeology. In 1987 I took a sojourn 
from the lab to join Longacre in the Philippines to conduct the research that would 
become  Pottery Function  (1992). Thus, the initial direction of the Laboratory of 
Traditional Technology was created by this convergence of people and ideas. There 
was a  fl urry of replicative experiments in the next several years that contributed 
greatly to our understanding of the relationships between temper,  fi ring tempera-
ture, and surface treatment and ceramic performance in manufacture and use. 

 The  fi rst of the experiments had to do with the effect of temper on vessel perfor-
mance. I participated in an American Anthropological Association symposium, 
organized by Bronitsky, where I met Kenneth Reid, who had excavated the site of 
Nebo Hill in Kansas. Through careful recovery methods he found small sherds 
(crumbs) of Late Archaic  fi ber-tempered pottery. This was one of the northernmost 
locations for Late Archaic pottery, which led Reid  (  1984  )  to suggest that perhaps the 
distribution of the pottery type, which was con fi ned primarily to the southeastern 
United States, was created in part by noncultural formation processes—freeze thaw 
cycles. In fact he found a correlation in the distribution of pottery and the number 
of below freezing days. Though just a second year graduate student, I approached 
Ken Reid after the session and stated that we could test this hypothesis in the newly 
formed Laboratory of Traditional Technology. When I told Mike Schiffer of the 
plan he got to work and somehow acquired a heavily used but still functional freeze-
thaw chamber. That led to a series of experiments that looked at the relationship 
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between temper-type and  fi ring temperature and vulnerability to breakdown in 
freeze thaw cycles (Skibo et al.  1989  ) . Reid was right: low- fi red  fi ber-tempered pot-
tery was indeed very vulnerable to breakdown. But we also used this opportunity to 
look at the performance advantages that  fi ber-tempered pottery might have. The 
results of these tests are discussed below. 

   Recording Paste (Clay and Temper) Variability 

 Chemical and mineralogical characterization of pottery has a long history in archaeology, 
for we are interested in learning where pottery was made (e.g., Abbott  2000 ; Carter 
et al.  2011 ; Neff  1992 ; Neff and Bishop  1988 ; Stoltman  1989,   1991,   2011 ; see Rice 
 1987,   1996b ; Velde and Druc  1998 ; for a review of the various techniques). This 
area of study is, of course, of critical importance as it provides basic information on 
which to build inferences about the organization of production, exchange systems, 
and political economy. There have been many studies throughout the pottery making 
world that have used a variety of characterization techniques to speak to these 
important issues (Abbott  2000 ; Rice  1996b ; Bishop et al.  1982 ; Fargher  2007 ; 
Middleton and Freestone  1991 ; Neff  1992 ; Stoltman  1989,   1991  ) . Sourcing clay and 
temper will always be the primary concern in this type of analysis, but these same 
characterization techniques can also be applied to understanding intended function. 
The underlying assumption is that potters select clay and temper usually within a 
short distance from the point of manufacture. There are a lot of ethoarchaeological 
data to support this generalization (Arnold  1985 ; Arthur  2006 , p. 31; Longacre  1985 ; 
Neupert  2000  ) . Clay and temper are dif fi cult to transport, so there is a strong correla-
tion between clay and temper sources and the location of manufacture. Arnold 
 (  1985 , pp. 31–57) has done the most extensive examination of this relationship and 
has found that most clay and temper are found within 7 km of the potters workshop. 
Although potters choose nearby clay and temper, they still do have choices among 
the nearby sources. It is these choices that are of interest here (see Neupert  2000  ) .  

   Performance Characteristics and Paste Composition 

 Paste composition (clay and temper) affect performance both in manufacture and 
use. Manufacturing performance characteristics include workability, and ease of 
manufacture. 

  Workability  is a potter’s assessment of the clay in relation to speci fi c forming 
techniques (for present purposes, hand-building) .  As Bronitsky  (  1986 , pp. 212–218) 
notes, three clay properties are of interest to the potter: controllability, formability, 
and plasticity. Potters usually collapse these properties by feel into a general cate-
gory of workability (Rice  1987 , pp. 60–63; Rye  1981 , p. 21). Potters assess work-
ability by testing the clay’s ability to bend, as in a coil, without cracking, and to hold 
the form under pressure. Clay can be “soft,” which means the paste deforms easily 
but does not hold up under pressure, to “stiff,” in which the clay is hard to form yet 
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holds up well under pressure. Workability is based on the relationship between clay 
mineralogy, water content, presence of organics, and temper. For example, gener-
ally speaking clay because less workable—more stiff—as more mineral temper is 
added. Some large vessels, however, may require a stiffer paste, and adding more 
temper would create that effect. Dry organic temper, such as chopped grass, can 
make a very soft, plastic, sticky clay workable because it absorbs some of the mois-
ture (Skibo et al.  1989  ) . 

  Ease of Manufacture  is a component of workability in that it is an assessment 
of how much time and effort is necessary in the construction of a vessel. Some pots 
are manufactured in stages sometimes over several days and require various tools 
and skills to produce, while other pots are made in one sitting and a potter can go 
from wet clay to  fi nished  fi red vessel in one day. Temper and paste properties play 
a signi fi cant role in ease of manufacture. For example, a pot with 40% mineral tem-
per, which is common in cooking pots, can be very dif fi cult to manufacture. The 
clay is excessively stiff, prone to cracking when bent, and the surfaces are not easily 
smoothed. Less temper, let’s say 20%, would increase the ease of manufacture but 
reduce its effectiveness as a cooking pot. We demonstrated (Skibo et al.  1989  )  that 
ease of manufacture was a primary performance characteristic for Late Archaic 
 fi ber-tempered pots in the eastern United States. If potters were interested in making 
a vessel in one sitting, they could collect surface clay, which is often excessively 
plastic and too sticky to be workable, but add organic temper to absorb the moisture 
and increase workability. Such a vessel would then be dried next to the  fi re and then 
placed into the  fi re where the clay could sinter, making a serviceable cooking pot. 
Expediency is important in these contexts. 

 Some of the performance characteristics important in use include thermal shock 
resistance, cooling effectiveness, portability, impact resistance, and abrasion resistance. 

  Thermal shock resistance  is the ability of a vessel to withstand repeated expo-
sure to heat without cracking. If a pot is used for boiling, then the interior would not 
exceed 100 °C, while the exterior could be 500 °C to 600 °C. The outer surface 
expands, creating tensile stresses that form micro cracks. Unless impeded, these 
micro cracks will pass through the entire vessel and result in catastrophic failure. 
A vessel with low or no thermal shock resistance would break with the  fi rst expo-
sure to heat. Anything that interrupts these micro cracks, like temper or pore spaces, 
increases thermal shock resistance. It is no coincidence, therefore, that cooking 
 vessels around the world often have a heavily tempered paste. 

  Cooling effectiveness  refers speci fi cally to water storage vessels. Pots having 
some permeability will permit the passage of water to the exterior surface where it 
evaporates, removing heat and thus cooling the vessel’s contents (Schiffer  1988  ) . 
Although permeability is in fl uenced also by  fi ring temperature and surface treat-
ments, paste characteristics can also alter cooling effectiveness. Thus pots with 
much more mineral temper have greater permeability. 

  Portability  simply refers to how easy it is to transport the vessel over short 
or long distances. Certainly size, shape, strength, and the availability of other 
 technologies affect portability considerably, but so can paste. For example, organic 



41Understanding Technical Choices and Performance

tempered pottery can be up to 30% lighter than similar sand tempered pottery, which 
could be a factor in vessel portability (Skibo et al.  1989  )  

  Impact resistance  is the ability of a pot to resist impacts, which is the most 
common way vessels ultimately break. Pottery, compared to other containers such 
as baskets or skin bags, has very low impact resistance, but because of other impor-
tant performance characteristics ceramics are used regardless of the high probability 
that they will break one day from an impact. It has been shown that there is a 
signi fi cant relationship between temper type, amount and size and impact resistance 
(Bronitsky and Hamer  1986 ; Mabry et al.  1988 ; Neupert  1994  ) . 

 Finally,  abrasion resistance  is the ability of the vessel to resist the loss of surface 
material through various types of cultural or noncultural processes such as tram-
pling or  fl uvial transport. Temper type and amount can alter the abrasion resistance 
of pottery signi fi cantly (Skibo and Schiffer  1987 ; Vaz Pinto et al.  1987  ) . For exam-
ple, organic tempered pottery is more prone to abrasion under a variety of condi-
tions than similarly made mineral tempered pottery. 

 To illustrate the relationship between paste composition and performance, let’s 
turn to a series of experiments focused on understanding the use of organic temper 
in the Late Archaic of the Southeastern United States. This case study illustrates 
how temper and clay selection affect workability and ease of manufacture, portabil-
ity, heating effectiveness, thermal shock resistance, and abrasion resistance.  

   Case Study: Late Archaic Pottery 

 The Early Woodland in the Eastern United States was initially de fi ned by the appear-
ance of pottery but better dated sites and more careful excavation revealed that Late 
Archaic hunter-gatherers were actually the  fi rst potters in North America (Reid 
 1984  ) . This is a story that is repeated in many parts of the world as no longer can 
archaeologists simply equate the appearance of pottery with the “Neolithic 
Revolution” and the transition to more settled life and plant cultivation. Pre-
agricultural hunter-gatherers are often the  fi rst potters in a region (Harry and Frink 
 2009 ; Harry et al.  2009 ; Frink and Harry  2008 ; Jordan and Zvelebil  2009 ; Sassaman 
 1993 ; Skibo et al.  2009  ) . Many of these hunter-gatherer potters tempered their ves-
sels with organic matter of some sort, usually a kind of dried grass. 

 Prior to our work the choice of organic temper was often given some form of 
“cultural” explanation, such as the people were making a transition from baskets to 
pottery and grass temper was a bridge between these two technologies. Such expla-
nations did not consider how a temper selection might in fl uence the performance of 
the vessel in manufacture or use (see also Sassaman  1993  ) . Our experiments consid-
ered two general questions; Why did Late Archaic potters use organic temper, and 
why do all potters across the Eastern United States switch to sand temper during the 
Early Woodland? 

 The results of the experiments can be summarized in a performance matrix 
(Table  2.2 ).  
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 Based on this series of experiments, organic tempered pottery scores better than 
comparable sand tempered pottery in two important performance characteristics—
ease of manufacture and portability. In terms of portability, I noted above that 
organic tempered pottery is lighter than sand tempered pottery of equivalent form. 
Although overall weight is not the only issue in portability it could certainly play a 
signi fi cant role under some conditions. We concluded, however, that ease of manu-
facture was the most important and thus primary performance characteristic for the 
Late Archaic potters of the Southeastern United States. 

 Recall that ease of manufacture is a suite of performance characteristics that 
includes plasticity, green strength, and drying rate, among others. The aspect of ease 
of manufacture that we think explains the presence of organic temper in this 2,000 
 B.C.  pottery relates to expediency of manufacture. If one wants to make a pot 
quickly, perhaps even in one sitting, the fastest way to do that would be to collect 
wet clay, which is abundant in the Southeast United States. Such alluvial clay, how-
ever, is excessively plastic, sticking to the potter’s hands and to surfaces to such an 
extent that forming a vessel is virtually impossible. Our experiments have shown 
that adding mineral temper does not ameliorate this excessive plasticity, but that 
adding chopped dry organic matter, as in Late Archaic pottery, dries the paste and 
increases workability to the point where a vessel can be formed. Simple open forms, 
as was common in this technology, can be made using the slab technique. Such a 
vessel could then be dried quickly next to the  fi re and then placed directly in the  fi re. 
Late Archaic pottery was  fi red to a very low temperature that could be reached in a 
simple open  fi re. 

 In order to better visualize the appearance of pottery in the Southeast and then 
the transition to mineral tempered pottery, imagine that you are part of a band of 
hunter-gatherers in what is today Georgia arriving at a Fall campsite. Your group 
has been coming to this same campsite for generations to harvest shell fi sh and to 
collect the local nuts and other autumn resources. At this campsite there is a need 
for cooking vessels to process food (The story is a little blank here because it is still 
unknown what was processed in these pots—an analysis of absorbed residues is 
needed on these collections). Your group arrived at the campsite by mid-morning, 
dug up some wet clay, added chopped dry grass, and made simple vessels very 
quickly. In the early evening the vessels were placed in the  fi re and then pulled out 
the next morning. After just a few hours of work the small group had a serviceable 
cooking pot that could have been placed directly over the  fi re. 

   Table 2.2    A performance matrix for late Archaic and Woodland pottery technology (Adapted 
from Schiffer and Skibo  1987 , p. 607)   

 Performance characteristic  Late archaic  Woodland 

 Ease of manufacture (expediency of manufacture)  +  − 
 Portability  +  − 
 Heating effectiveness  −  + 
 Impact resistance  −  + 
 Thermal shock resistance  −  + 
 Abrasion resistance  −  + 
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 The transition to mineral tempered pottery that occurred in the Eastern Woodlands 
and in many other parts of the world can also be explored by examining the perfor-
mance matrix. Mineral tempered pottery score higher on all other performance char-
acteristics related to cooking pots and vessel durability: thermal shock resistance, 
heating effectiveness, impact resistance, and abrasion resistance. Once the Woodland 
potters became more committed to ceramic technology, they made choices better 
suited to their lifeway and cooking vessels. If expediency was no longer a concern, 
potters likely collected dry clay, ground it up, added temper and water, and perhaps 
let the clay sit for a time (aging it) before making vessels. Such a process would take 
several days instead of just 12 h or so for the Late Archaic vessels. 

 Some have suggested that the poor heating effectiveness of organic tempered 
vessels might be because the containers were used for indirect heating with hot 
rocks instead of placing them directly over a  fi re (Reid  1989 ; Sassaman  1993  ) . If 
such were the case, then you would actually want a vessel with poor heating effec-
tiveness to retain the heat instead of conducting it through the wall (Reid  1984  ) . In 
the case of the Late Archaic vessels, however, Beck et al.  (  2002  )  found evidence of 
exterior soot on a signi fi cant number of sherds from a sample. Sassaman  (  1993  )  also 
found evidence of sooting on the collection he analyzed, thus it is certain that a good 
portion of the early pottery was used over a  fi re. In many cooking and hearth situa-
tions, exterior sooting may be absent on the base and the upper half of the vessel. 
Such a vessel, when broken into sherds, would have evidence of sooting on less than 
half (and likely closer to a third) of the sherds even though the vessel was used 
exclusively over a  fi re. Sassaman  (  1993  ) , however, found that sites on the coast had 
sherds with more evidence of sooting than those on the interior. Consequently, he 
suggests that  fi ber-tempered pottery in the Savannah River Basin was more likely 
used in indirect heating. This is an interesting case study that involves the social 
performance of both soapstone objects (used in indirect heating) and ceramic ves-
sels and I revisit it in Chap.   3    . I cannot rule out hot-rock boiling in ceramic contain-
ers, as thick, open-mouthed  fi ber-tempered vessels could serve that role nicely, but 
it does not surprise me that there is also signi fi cant evidence that many of these ves-
sels were used over a  fi re. Indeed, the primary performance advantage of ceramic 
vessels over wood, bark, or skin containers is that they can be placed over a  fi re.  

   Case Study: Shell Tempered Pottery 

 In North American archaeology perhaps the most infamous temper is shell, which 
was added to pottery throughout much of Eastern North America during the Late 
Woodland/Early Mississippian Period ( AD  700–1100) (Boszhardt  2008 ; Dunnel 
and Feathers  1991 ; Feathers  2006,   2009 ; Feathers and Peacock  2008 ; Lafferty and 
Roberts  2008 ; Pauketat and Emerson  1991 ; Rafferty and Peacock  2008 ; Roper et al. 
 2010 ; Sabo and Hilliard  2008  ) . It has generated so much interest because its appear-
ance coincides with the introduction of maize and then its subsequent dominance in 
the diets of many groups during this period. Shell tempered pottery also appears 
during the rise of Cahokia, one of North America’s greatest prehistoric cities with 
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perhaps as many as 15,000 residents but whose in fl uence is seen over tens of thou-
sands of square miles (see Pauketat  2004  ) . 

 Did the shell tempered cooking pot play a role in this most interesting political 
and economic transition? Vincent Steponaitis  (  1983,   1984  )  was one of the  fi rst to 
suggest that it might. Based on an analysis of pottery from the site of Moundville, 
in Alabama, he concluded that shell temper was added to the pots to enhance techno-
functional performance. He noted that the non-cooking vessels were tempered with 
 fi nely ground shell whereas the cooking vessels had coarse shell. He conducted tests 
on the pottery itself and concluded that the coarsely tempered cooking ware would 
have greater resistance to thermal shock and mechanical stress. Although these 
results were preliminary, in part because the tests were performed on pottery recov-
ered from archaeological context, and thus had reduced strength  (  1984 , p. 114), 
Steponaitis transformed the way that archaeologists look at shell-tempered pottery. 
“If there is a general lesson to be learned from the results obtained so far, it is that 
archaeologists should be much more circumspect about regarding all the variability 
they see in ceramics as being purely stylistic” (Steponaitis  1984 , p. 115). 

 Bronitsky and Hamer  (  1986  )  did a series of replicative experiments that tested 
the performance of various tempers, including shell, under conditions of impact and 
thermal shock. Instead of using archaeological specimens, as was done by 
Steponaitis, they produced ceramic test briquettes and found that burned shell tem-
per produced samples that were considerably more durable. The most thorough 
examination of shell temper in the Eastern United States, however, has been con-
ducted by James Feathers (Dunnel and Feathers  1991 ; Feathers  1989,   1990,   2006, 
  2009 ; Feathers and Peacock  2008 ; Feathers and Scott  1989  ) . Focusing on pottery 
produced in southeastern Missouri, Feathers concluded that shell tempered pottery 
had signi fi cantly higher strength (toughness and thermal shock resistance) than 
comparable sand tempered pottery, which is in basic agreement with the results  fi rst 
reported by Steponaitis  (  1984  ) . He argues that potters made the transition to shell 
temper in southeastern Missouri because of this improved techno-functional perfor-
mance. But Feathers  (  2006 , p. 116) goes on to note that we cannot simply use this 
explanation for the “pan-Eastern spatial and temporal distribution” of shell-tem-
pered pottery. In fact the timing of the spread of shell-tempered pottery, its relation-
ship to the appearance of corn, changes in the socio-political landscape and other 
historical factors must be considered and Feathers argues, and I agree, that it is 
unlikely that this simple functional explanation can account for the appearance and 
spread of shell-tempered pottery throughout this vast region. 

 We have noted elsewhere that “technologies are context dependent, their form 
and prevalence contingent upon local, historically constituted conditions” (Skibo 
and Schiffer  2008 , p. 67; Schiffer  2005,   2011  ) . In terms of the adoption and use of 
shell temper across the Eastern United States, the devil is certainly in the details as 
it is up to the archaeologist to construct empirically grounded narratives for this 
change that take into account the techno-functional advantages of shell temper but 
also relevant contextual factors. As a technology, such as shell tempered pottery, gets 
transferred from community to community, the vessels get redesigned as new sources 
of clay and shell are used, and potters make changes to the recipe that are in line with 



45Understanding Technical Choices and Performance

their own technological traditions. Moreover, new performance characteristics might 
be important in these new communities that account for changes to the pottery. These 
types of textured historical narratives can be built upon a behavioral foundation for 
the adoption, use, and transfer of technology from one community to the next 
(Schiffer  2002,   2005,   2011 ; Schiffer and Skibo  1987,   1997 ; Skibo and Schiffer  2001, 
  2008  ) . 

 Another fundamental issue in explaining the invention, and widespread adoption 
of shell-tempered pottery (using experimental data) is that of behavioral signi fi cance 
(Schiffer and Skibo  1987  ) . Feathers  (  2006  )  also notes the importance of behavioral 
signi fi cance but uses different terminology. Behavioral signi fi cance means that just 
because shell temper increases thermal shock resistance, it does not necessarily fol-
low that prehistoric potters were aware of this strength difference and, even if they 
were aware of it, that they assigned it important in the adoption of shell temper. We 
maintain that behavioral signi fi cance differs from statistical signi fi cance. When we 
conduct strength tests we are apt to  fi nd that a change in temper creates a change in 
strength that is statistically signi fi cant. But statistical signi fi cance does not correlate 
necessarily with behavioral signi fi cance, which is the ability of the potter or pot user 
to actually notice and assign importance to the difference in strength. It is up to the 
archaeologist to argue for behavioral signi fi cance of a particular performance char-
acteristic on the basis of other lines of evidence (what the vessel was used for, how 
was it made, societal factors, etc.). This is the reason for constructing the perfor-
mance matrix, which helps the researcher to discern patterns in the performance 
characteristics of each technology.   

   Firing Temperature 

 Pottery is human-made stone, and what creates this transformation from clay to 
ceramic is heat. Traditional handmade earthenware pottery is  fi red either in an open-
 fi re, usually for a short period of time, or in closed kilns of various types, which 
usually involves longer  fi ring times and higher temperatures (see Rice  1987 , 
pp. 153–163 for a review). Gosselain  (  1992  )  has shown that  fi ring temperatures in 
open and kiln  fi res are extremely variable and, in fact,  fi ring temperatures overlap 
considerably in the two regimes. Thus, potters have little control of the temperature 
within the kiln once the  fi re is lit. What potters can control, however, is the  fi ring 
time. Open- fi res usually reach temperature quickly, and overall  fi ring times are usu-
ally between 20 and 30 min. Kiln  fi res, however, reach a maximum temperature 
slowly and hold that temperature considerably longer (Gosselain  1992  ) . Because 
actual  fi ring temperature is a function of time, temperature, and atmosphere, potters 
do have some control over this important technical property through choosing fuels, 
method of stacking, etc. (Rice  1987 ; Tite  1995  ) . Tite  (  1995,   1999  )   fi nds that open 
 fi ring temperatures are between 500°C and 900°C but most are between 600°C and 
800°C. Temperatures in kilns range from 600°C to 1,000°C but most are between 
750°C and 950°C. Actual  fi ring temperature of pottery, which is based on changes in the 
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mineralogy or microstructure, are estimates of total heat input (time, temperature, 
atmosphere). Tite  (  1999 , p. 189) suggests that actual  fi ring temperature of open  fi res 
is between 550°C and 750°C and 750°C to 950°C for kiln  fi res. 

   How Firing Temperature Is Estimated 

 “Mineralogical changes dependent on  fi ring temperature include the breakdown of 
clay minerals, the decomposition of calcite, and the formation of high temperature 
phases such as spinel, gehlenite, wollastonite and mullite” (Tite  1995 , p. 37). 
A variety of techniques from the simple to the complex have been used to estimate 
 fi ring temperature. These range from hardness tests and color comparison to exami-
nation of the extent of vitri fi cation of the clay minerals using a scanning electron 
microscope (Orton et al.  1993 , pp. 133–135; Rice  1987 , pp. 426–435). 

 These techniques all work to varying degrees of accuracy and one’s choice of 
technique depends on how accurate a measurement of  fi ring temperature is needed. 
Anyone can do simple re fi ring tests or scratch tests to get an impression of relative 
hardness and, presumably,  fi ring temperature, but not everyone has the skills and 
funds for scanning electron microscopy. But because  fi ring temperature is very 
important for understanding vessel performance in use (see below) and can be used 
to infer the type of  fi ring regime, many analysts  fi nd it necessary to get highly accu-
rate estimates. One of my favorite and relatively underutilized methods is thermal 
expansion measurement, which can be determined with a relatively simple device 
referred to as a “dilatometer.” 

 One reason I have such a warm feeling for this device is because Michael Schiffer 
got an ancient dilatometer donated to the Laboratory of Traditional Technology 
shortly after it was founded. Steven Falconer was the  fi rst to use this device, which 
looked like it came directly from Dr. Frankenstein’s laboratory. Steve got the 
machine going and used it to estimate  fi ring temperatures for his research on ceram-
ics from the Jordon Valley (Falconer  1987,   1995  ) . Estimating  fi ring temperature 
through thermal expansion analysis is based on the simple idea that reheated ceram-
ics expand up to the point at which they were originally  fi red, after which the 
ceramic resumes sintering and begins to shrink. A dilatometer has a furnace that 
heats the ceramic, and a push rod measures the linear expansion of the sample, 
which is plotted against temperature. Because rate of heating and other factors can 
affect  fi ring temperature estimates, analysts usually employ a method of reheating 
the sample and applying a correction formula  fi rst proposed by Tite  (  1969  ) .  

   Performance Characteristics and Firing Temperature 

 The performance characteristics in fl uenced by  fi ring temperature include, strength 
(e.g., impact and abrasion resistance), thermal shock resistance, and permeability. 
These performance characteristics were described earlier but let me review how 
 fi ring temperature can affect them. Mabry et al.  (  1988  )  demonstrate that there is an 
incremental increase in  strength , measured in impact resistance, as  fi ring temperature 
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increases. Strength can be measured in other ways such as a using a ball-on-three-ball 
technique (Neupert  1994  )  or by assessing abrasion resistance (Schiffer and Skibo 
 1989  ) . As Shepard  (  1956 , p. 130) notes, ceramic strength would be an effective way 
to classify pottery if it could be “measured satisfactorily.” To that end, a good deal 
of effort has been put into designing behaviorally relevant measures of pottery 
strength including impact resistance (Mabry et al.  1988  )  and biaxial  fl exure (Neupert 
 1994 ; see Pierce  2005  for a comparison of various techniques). The advantage of 
the impact tester is that it measures a behaviorally relevant performance character-
istic as impacts are one of the most common reasons for ceramic breakage. The 
disadvantage of the impact tester is that it is best suited to assess impact resistance 
on  fl at, experimentally made samples. This type of testing is only relevant when 
attempting to determine the effect of a particular technical choice (such as temper 
type, surface treatment, or  fi ring temperature) in a very controlled environment. 
Neupert’s  (  1994  )  method of testing tensile strength with the ball-on-three-ball 
device has the advantage of being able to test strength on curved specimens that can 
include archaeological samples. For example, Beck  (  2002  )  demonstrates that 
Hohokam Red-on-buff pottery from southwestern Arizona increase in strength over 
time, which she suggests might have resulted from higher  fi ring temperatures. 

  Thermal Shock Resistance  generally decreases as  fi ring temperature goes up as 
sintering reduces pore space, which impedes micro crack propagation. Low  fi red pot-
tery has more pore space and thus higher thermal shock resistance (see Harry et al. 
 2009  ) . Similarly, as  fi ring temperature increases pore space and water  permeability  
goes down. Completely vitri fi ed pottery, such as porcelains, are impermeable.   

   Surface Treatments 

 Archaeologists have a long tradition of recording various surface treatments as they 
are essential for creating and describing various stylistic traditions (see Shepard 
 1956 , pp. 65–72). For example, in the American Southwest vessels that are polished 
would be distinguished typologically from a vessel that was slipped and then pol-
ished. Likewise, the direction of cord-markings on the exterior of pottery from the 
Midwestern United States is enough to distinguish one type from another. Painting, 
in some ways the most infamous of the surface treatments because of its ability to 
inform on socio-functions as well as serve important chronological and special 
markers, has long been recorded in minute detail. Experiments have shown that, 
like temper, and  fi ring temperature, surface treatments play an important role in ves-
sel performance from reducing permeability to increase heating effectiveness, to 
evoking powerful religious emotions. 

   How are Surface Treatments are Recorded 

 Archaeologists have become quite adept at recording surface treatments, as many 
can be properly identi fi ed with the naked eye or with low power magni fi cation (see 
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Rice  1987  ) . In archaeological laboratories across the globe analysts record surface 
treatments, from  fi nger-smoothed and textured to slipped and glazed. 

 Pottery surface treatments are unique in that some are applied before and others 
after  fi ring. Pre- fi ring surface treatments applied while the clay is still workable 
include:  fi nger-smoothed, tool smoothed, textured, and corrugated. Pre- fi ring treat-
ments applied when the clay is bone-dry include but are not limited to, slipped, 
polished, and painted. Post- fi ring surface treatments include smudging, painting, 
and various forms of organic surface treatments such as resins or fats. The latter 
surface treatment is likely one that is routinely missed by analysts as they often do 
not survive in the post-depositional environment (Skibo et al.  1997  ) . For example, 
the Kalinga apply a pine resin to their vessels, but sherds in the local midden show 
no evidence of it. Indeed, ethnographically post- fi ring organic surface treatments 
are routinely applied as a means to reduce permeability of low- fi red wares. One can 
infer that similarly low- fi red pottery recovered from archaeological context would 
also have been excessively permeable when in use and that prehistoric potters likely 
applied some form of post- fi ring organic surface treatment that is no longer visible 
on the surface of excavated sherds. 

 Glazes, which are glasses, can be applied to bone dry vessels in a one-stage pro-
cess, as in some traditional Japanese potteries. Often, however, glazes are applied 
after the  fi rst (“bisque”)  fi ring and then re fi ring at a higher temperature (requiring a 
kiln) to achieve complete sintering (Rice  1987 , pp. 98–102). Glazing, especially on 
a vessel’s interior, also has the effect of making a vessel largely impermeable to 
water.  

   Performance Characteristics and Surface Treatments 

 Surface treatments in fl uence a number of techno-functional performance character-
istics including thermal shock resistance, permeability, abrasion resistance, and 
heating effectiveness. Surface treatments such as painting also may perform 
socio-, ideo-, and emotive functions. For example, Ramos Polychrome, or Salado 
Polychrome in the American Southwest, or Ramey Incised in the Midwest per-
formed functions related to ritual and religious/political identity. These types of 
inferences, however, are context dependent, and thus I will leave that aside for now 
and discuss how various surface treatments can affect techno-functional perfor-
mance regardless of time or space. 

 A series of experiments, combined with ethnographic and archaeological obser-
vations as well as materials science principles, have laid a strong foundation for 
understanding the relationship between various surface treatments and vessel perfor-
mance during manufacture and use. One of the most important performance charac-
teristics for cooking vessels is thermal shock resistance, which is in fl uenced by a 
number of surface treatments. Schiffer et al.  (  1994  )  demonstrate that interior and 
exterior surface treatments signi fi cantly in fl uence a pottery vessel’s resistance to 
both thermal shock cracking and thermal spalling. Interior surface treatments that 
have some permeability increased a vessel’s thermal shock resistance. That is because 
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water in vessel’s wall reduces the temperature differences between the interior and 
exterior of the vessels, and so lowers thermal stress. Thus, impermeable vessels tend 
to be more susceptible to thermal shock. However, highly permeable vessels were 
prone to thermal spalling, as water turned to steam as it exited the exterior surface 
and caused spalling. Any type of exterior textured surface (e.g., simulated cord-
marked, corrugated, and stuccoed), however, improved a vessel’s thermal shock 
resistance. Texturing of many varieties is found on cooking pots around the globe, 
suggesting that thermal shock resistance is a primary performance characteristic that 
was improved in many cases by having a roughened exterior surface. 

 Focusing just on corrugation, common on ancient Puebloan vessels of the 
American Southwest, Pierce  (  2005  )  evaluated the cost and performance character-
istics of corrugation found on the base, upper body, and neck of the vessel. He found 
that simulated Puebloan vessels with corrugated exteriors improved the thermal 
shock resistance and thus extended vessel use-life. Interestingly, creating Puebloan-
style vessels with exposed coils increases production time considerably (see also 
Young and Stone  1990  ) . It takes far longer to make corrugated vessels with narrow, 
even, overlapping coils than it does to make a vessel with a smooth surface. Although 
the potter must take time to smooth the exterior of a uncorrugated vessel, a great 
deal of time is saved if a potter can add large coils and be less concerned with keep-
ing the coil overlaps even. As Pierce’s study shows, ancient Puebloan potters chose 
a surface treatment that was more time-consuming to make but greatly increased the 
vessel’s thermal shock resistance and thus use-life. But given the many interactions 
among technical choices and performance characteristics, one cannot merely claim 
that exterior surfaces were always corrugated to improve thermal shock resistance. 

 Heating effectiveness and evaporative cooling effectiveness are also in fl uenced 
considerably by surface treatments (Harry et al.  2009 ; Schiffer  1988,   1990  ) . Young 
and Stone  (  1990  )  tested how corrugation might in fl uence heating effectiveness. One 
of the long held functional explanations for corrugation is that it increases the exte-
rior surface area of the vessel thus exposing a greater area to heat and, presumably, 
increasing heating effectiveness. This is an intuitively satisfying correlation because 
one can easily imagine that it would be important in many cooking situations to 
increase heating effectiveness especially if  fi re wood was scarce. Young and Stone 
 (  1990  )  made replicas of Southwestern plainware and corrugated pottery and per-
formed some experimental cooking. They found that the corrugated vessels did not 
heat up the contents of the vessel faster than the plainware vessels. Nor did they  fi nd 
that the corrugated vessels cooled faster than the plainware vessels. But as the 
experiments described above demonstrate (Pierce  2005 ; Schiffer et al.  1994  ) , cor-
rugation does enhance thermal shock resistance. The Young and Stone  (  1990  )  study 
provides an important lesson in archaeological inference—assumptions about the 
techno-functional performance of any technology need to be tested, even those that 
seem to have strong intuitive backing. 

 Potters often use surface treatments to control permeability, which affects heat-
ing effectiveness and evaporative cooling effectiveness. In several experiments Mike 
Schiffer explored these effects. Mike had a serious hip injury and surgery in the late 
1980s that signi fi cantly reduced his mobility. During his long recovery he hobbled 
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down to the Laboratory of Traditional Technology and made test vessels with various 
surface treatments, put them through a battery of heating and cooling experiments 
and obtained important results (Schiffer  1988,   1990  ) . In low- fi red, earthenware 
cooking pots potters must contend with a serious issue—such pots are excessively 
water permeable. Not only can the liquid contents simply seep out of a permeable 
vessel, but even small amounts of water on the exterior of the pot signi fi cantly 
reduce heating effectiveness. As mentioned earlier, the evaporating water on the 
exterior actually removes heat from the surface and can keep water in a vessel from 
ever boiling. The deleterious impact of water permeability is illustrated by Kalinga 
cooking vessels, which are removed hot from the  fi ring and a pine resin is melted 
onto the interior surface. During use and washing the pine  resin gradually wears 
wears off and after about 3 months Kalinga women will no longer use them for 
cooking because water in the pots will not boil. This is especially a problem for rice 
cooking pots, which the cooks try to bring to a boil as quickly as possible. This 
ethnoarchaeological observation is backed up by Schiffer’s  (  1990  )  experiments 
where he found that the greater the water loss the longer it took to heat water in the 
vessel. Testing surface treatments such as slip and polish, smudged,  fi nger smoothed, 
and resin coated, he found that the vessels with the least permeable interior surfaces 
had the greatest heating effectiveness. 

 In a related series of experiments he examined the relationship between various 
surface treatments and evaporative cooling effectiveness (Schiffer  1988  ) . This test 
was initiated by the observation that people living in arid lands often prefer ceramic 
water storage containers because the water stays cooler. It is based on the principle 
that evaporating water on the exterior of vessels takes away heat and thus keeps the 
vessel and its contents noticeably cooler. His experiments showed that in low- fi red 
vessels evaporative cooling effectiveness for low- fi red vessels is indeed controlled 
by the permeability of surface treatments. 

 Surface treatments can also in fl uence a vessel’s overall strength, which has been 
assessed through  fl exural strength or tensile strength (Harry et al.  2009  )  and abra-
sion resistance (Schiffer and Skibo  1989  ) . Experiments have shown that surface 
treatments greatly affect abrasion resistance (Skibo et al.  1997  ) . Smudging and resin 
coatings provided the greatest abrasion resistance, whereas slipped and polished and 
textured performed worst. Understanding abrasion resistance of surface treatments 
has implications for use-alteration analysis (Chap.   4    ), vessel performance in use and 
maintenance, as well as in responses of pottery to noncultural formation processes.  

   Case Study: Thule Pottery 

 A fascinating ceramic technology is found among Arctic potters of the Thule Culture 
from about  AD  500 to the nineteenth century. Using archaeological, ethnographic, 
and experimental data, Karen Harry and Liam Frink have explored how these hunter-
gatherer vessels were manufactured and used in a unique social and environmental 
context (Frink and Harry  2008 ; Harry and Frink  2009 ; Harry et al.  2009  ) . To call 
these vessels “ceramics” may be a stretch as they were extremely low- fi red—often 
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little more than  fi red hardened because little sintering has taken place. Nonetheless, 
the investigators argue that these vessels were used directly over a  fi re to parboil 
meat. However, such low- fi red pottery, being extremely permeable, has poor heat-
ing effectiveness. To compensate for the low-strength and high permeability of their 
low- fi red ceramics, Thule potters coated the interior surfaces with seal blood and 
seal oil. The experiments of Harry et al.  (  2009  )  demonstrated that low- fi red ceram-
ics coated with seal blood were much stronger than similar vessels lacking a surface 
treatment. Experimentally created vessels coated with seal blood and oil were also 
able to bring water to a boil about 10 min faster than untreated vessels, if they survived 
at all, as untreated vessels tended to disintegrate. Although the performance matrix 
(Table  2.3 ) is over simpli fi ed, it illustrates the stark contrasts in performance of the 
replicated Thule pottery. Heating effectiveness is a primary performance character-
istic in this case, the investigators argue, because of the lack of  fi rewood in Arctic 
regions.  

 Karen Harry and Liam Frink demonstrated that by combining archaeological evi-
dence, ethnography, ethnohistoric reports, and experiments they could put these 
puzzling, under- fi red, Artic ceramics into proper context. Such a multifaceted 
approach helps to tease out the factors involved in the manufacture and use of this or 
any pottery. Their studies provide important new insights not only into Thule pottery 
but also into hunter-gatherer pottery studies in general (e.g., Eerkens  2003,   2004 ; 
Eerkens et al.  2002 ; Reid  1989,   1990 ; Sassaman  1995 ; Simms and Bright  1997  ) .    

   Inferring Intended Function: Primary and Secondary 
Performance Characteristics, and Derivative Choices 

 Understanding the performance of any pottery requires that we understand primary 
and secondary performance characteristics as well as the derivative technical choices 
that go into a design (Frink and Harry  2008 ; Harry et al.  2009  ) . A primary perfor-
mance characteristic is one that is weighted highly in the performance matrix, 
whereas a secondary performance characteristic is important but not the driving 
force behind the potter’s technical choices. If a technical choice deleteriously affects 
another performance characteristic, a derivative choice is often made as compensa-
tion. Let us return to the humble cooking pot, one of my favorite technologies, 
which is often the most common type of vessel made and used in a region, and about 
whose design I have discussed on many occasions (Skibo  1994,   2009 ; Skibo and 
Schiffer  1987 ,  1995 ; Skibo et al.  1989  ) . The cooking pot provides an instructive 

   Table 2.3    A performance matrix for Thule pottery (Adapted from Harry et al.  (  2009  ) )   

 Performance characteristic  No surface treatment  Seal blood and oil 

 Heating effectiveness  −  + 
 Tensile strength  −  + 
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example of the complexities involved in the making even the most mundane of 
technologies and the derivative technical choices that may be required. 

 A primary performance characteristic of pottery is thermal shock resistance. It is 
relatively easy to make a vessel but it is much more dif fi cult to make one that can 
survive the repeated thermal stresses of a cooking  fi re for more than a few heating-
cooling cycles. As discussed earlier, several technical choices enhance thermal 
shock resistance, including keeping the  fi ring temperature low, adding large amounts 
of temper, texturing or corrugating the exterior surface, and creating a vessel with a 
globular shape. These are choices routinely seen in cooking vessels around the 
world (Skibo and Schiffer 1995). The assumption has long been that these heavily 
tempered, low- fi red, rough textured (“crudware”) vessels are made this way because 
potters care little about appearance of this everyday cookware (Frink and Harry 
 2008  ) . I have long contended, however, that this characterization is inappropriate. 
Cooking pots are often “ugly,” as Frink and Harry  (  2008  )  refer to them, because of 
the imperative to increase thermal shock resistance—not because the potters do not 
care. In fact cooking pots often require more skill and time to construct than vessels 
that are more aesthetically pleasing. Our experiments have shown that creating a 
vessel with up to 40% temper (which is common in cooking vessels) is somewhat 
dif fi cult and texturing or corrugation can add considerably to construction time 
(Pierce  2005  ) . So instead of thinking of these vessels as simple constructions thrown 
together without care, we need to consider them as signi fi cant technological achieve-
ments (Harry et al.  2009 , p. 35). 

 Technical choices that improve thermal shock resistance, however, can adversely 
affect other performance characteristics, thus the need for derivative choices to 
“correct” for these problems. As the Harry and Frink  (  2009  )  experiments demon-
strated, a low  fi ring temperature also creates a vessel with high water permeability. 
If the vessel is used for moist cooking (i.e., boiling), then this permeability will 
signi fi cantly decrease heating effectiveness to the point where the vessel’s contents 
never reach a boil. But derivative choices, particularly an interior surface treatment, 
can reduce or eliminate water permeability. Thus it is no surprise that cooking pots 
around the globe often have an interior surface treatment, which can reduce perme-
ability but also in some cases increase impact or tensile strength of the vessel. Low 
 fi ring temperatures also create vessels with reduced strength, which can also be 
improved by selecting certain surface treatments (such as resin) that both reduces 
permeability but also increases strength. 

 Cooking pots made at the household level are also an important technology 
because it is most often made and used by women (Skibo and Schiffer 1995). Many 
technologies studied by archaeologists are presumed to have been male-related. 
Thus studying pottery gives us the opportunity to understand how women solved 
functional problems in the design of a life-sustaining technology. Although men 
may be involved in various steps of household pottery manufacture (such as collect-
ing  fi rewood, digging and transporting clay, or carrying  fi nished vessels), the ethno-
graphic record clearly demonstrates that this technology is dominated by women 
throughout its behavioral chain. Thus, when we point out that potters at the house-
hold level made technical choices to increase thermal shock resistance or reduce 
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permeability we are talking about women making these choices. This is signi fi cant 
because all early pottery manufacture was done at the household level, and in many 
parts of the world (such as much of North America) it is presumed that all vessels 
in prehistory were made at the household level and thus by women. 

   Is It Just About Techno-function? 

 From the discussion above one might get the impression that I give great favor to 
techno-functional performance. From a theoretical perspective, this is not the case 
as the model used here includes socio-, ideo, and emotive performance in the design 
and use of technology. In a number of case studies we have argued that various non 
techno-functional performance characteristics are of primary importance (Schiffer 
 2011 ; Skibo  1994 ; Skibo and Schiffer  2008 ; Skibo and Walker  2002 ; Walker and 
Schiffer  2006  ) . Although some scholars emphasize what we would call socio-function 
over techno-function (e.g., Gosselain  1998 ; Lemonnier  1986,   1992  ) , I would argue 
that this approach is an incomplete examination of the manufacture and use of a 
technology. Our focus on pottery, and in particular utilitarian wares, was a purpose-
ful investigation of technical choices, like temper type and surface treatment, which 
had previously been given various cultural and social explanations. Our goal was 
to  fi ll this lacuna, not suggest that techno-functional performance explains all 
aspects of all technologies. But in terms of cooking pots, which has been our focus 
in experiments, we do argue that techno-functional performance characteristics like 
thermal shock resistance are primary. However, there are many ceramic types, like 
Salado and Ramos Polychrome in the American Southwest, and Ramey Incised in 
the Midwest, whose socio- and ideo-functional performance characteristics are pri-
mary. Crown  (  1994  ) , for example, argues that ideo-functional performance best 
explains why Salado Polychrome appears across a wide area. Although these ves-
sels were made locally with different clays, the potters took great care in replicating 
the distinctive Salado designs, so much so that without chemical sourcing tech-
niques one might easily conclude that the pots were made in a central location and 
then distributed. This cult-like emulation speaks to important ideo-functional 
performance. 

   Case Study: Metal Pots and Symbolic Performance 

 During the Kalinga ethnoarchaeological research, I discovered that nearly all Guina-
ang households had enough metal pots for everyday cooking, yet ceramic vessels 
were still being made and used. That is because Guina-ang cooks used metal pots 
only for rice cooking (91% of the recorded cases) but ceramic vessels were still 
used for 98% of the vegetable and meat cooking. This differential replacement of 
pottery vessels by metal pots can be easily explained by considering the perfor-
mance advantages of each vessel (Skibo  1994  ) . As noted above, the objective of rice 
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cooking is to bring water to boil as quickly as possible, and so the Guina-ang cooks 
preferred metal pots because of their much greater heating effectiveness. Vegetable-
meat cooking, however, often required long-term simmering, thus ceramic vessels, 
with their lower heating effectiveness, were better suited for this task. In fact, ves-
sels with a higher heating effectiveness that come rapidly to a boil are avoided for 
such cooking because boil-over is not only a time-consuming nuisance but may also 
douse the  fi re. Ceramic pots, with their lower heating effectiveness, can sit on the 
 fi re at simmering temperatures without much tending and fear of boil-over. 

 The use of metal pots by the women of Guina-ang in the late 1980s also involved 
an important symbolic performance characteristic. The women insisted on scrub-
bing metal pots with sand after each use to restore their original shine. The time 
spent washing metal pots was signi fi cantly greater than that devoted to ceramic 
pots. Because soot impregnates the exterior surface of the vessels, Kalinga women 
exert a great deal of effort, by hand or foot and a rag and sand slurry, to make them 
shiny again. Such behavior has no techno-functional advantage and, in fact, it short-
ens the metal vessel’s use-life because the vigorous scrubbing thins the vessel wall 
and eventually renders them easy to puncture. So what explains this extreme clean-
ing behavior? The answer is that the metal vessel’s socio- and ideo-functions are 
enhanced by their visual appearance—shininess—when being stored in the home. 

 Everyday Kalinga ceramic pots are usually stored and stacked on shelves that 
line the wall or are placed directly on the  fl oor near the wall. Larger pots used for 
gatherings such as funerals or weddings are placed in the rafters out of sight. Metal 
pots, however, whether large or small are all hung above the hearth from the rafters 
for all to see. In fact, these shiny vessels are one of the  fi rst things that catch one’s 
eye when entering a home and indicate a household’s wealth or modernity for all to 
see. Kalinga women could hang sooted metal pots but they would not have the same 
visual performance. Clearly, symbolic performance, even in everyday cooking pots, 
can play a signi fi cant role during use.    

   From Sherds to Intended Function 

 When I was a graduate student in the mid-1980s I looked forward to getting each 
issue of  American Antiquity , opening the package with great enthusiasm (online 
accessibility of journals has taken away this simple pleasure). Cracking open the 
April, 1986 issue I immediately spotted in the table of contents David Hally’s arti-
cle, “The Identi fi cation of Vessel Function: A Case Study from Northwest Georgia.” 
His analysis of sixteenth century pottery was a practical application of the approach 
that we were advocating primarily from an experimental and ethnoarchaeological 
point of view. I was so impressed with Hally’s work that I contacted him immedi-
ately and invited him to be an outside reader of my dissertation, and he accepted. 
I reread the article in preparation for this book and I am still impressed (see also Box 
in Chap.   3    ). If one seeks a good model to follow for a ceramic analysis, this timeless 
paper should be consulted. Kenneth Sassaman’s  (  1993,   1995,   2002  )  work in the 
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Southeastern United States also provides an excellent example of how to integrate 
social performance of vessels with utilitarian performance to elucidate the com-
plexities of technological change. He notes that “a social perspective on technologi-
cal innovation does not preclude the need for detailed technofunctional analyses” 
(Sassaman  1993 , p. 4). 

 In the 1990s I became aware of the work of Eric Blinman and Dean Wilson 
(Wilson and Blinman  1993,   1995 ; Wilson et al.  1996  )  that focused on ceramics 
from northern New Mexico, and the work of Michael Whalen  (  1994  )  on Jornada 
Mogollon pottery in the southern part of that state. These works in the American 
Southwest provide sound examples of bringing sherd data to bear on behavioral 
inference. More recent examples of forward-looking functional analysis are pro-
vided by Karen Harry and Liam Frink (Frink and Harry  2008 ; Harry and Frink 
 2009 ; Harry et al.  2009  )  in their work from the extreme northern part of the American 
continent. Izumi Shimada’s (Shimada  2007 ; Shimada and Wagner  2007  )  holistic 
approach to pottery production and other technologies from Peru is also noteworthy 
for its integration of many lines of evidence, including experimentation and archeo-
metric analyses. Other examples of innovative ceramic studies include Margaret 
Beck’s (Beck  2006,   2009 ) analysis from the American Southwest and Valentine 
Roux’s  (  2003,   2010  )  work in the southern Levant. Roux’s work is especially impor-
tant because she too combines technical analyses, with ethnoarchaeology and 
experimentation to infer how vessels were made and used. 

 The above examples are just a fraction of the  fi ne functional studies going on 
now (see also Arthur  2001 ; Falconer  1995 ; Feathers  2006 ; López Varela et al.  2002 ; 
K. Nelson  2010 ; Silva  2008 ; Sullivan  1989  ) , many of which are done in cultural 
resource management contexts (e.g., Hays-Gilpin and van Hartesveld  1998 ; Heidke 
 1999 ; Stark and Heidke  1998  ) . My examples are also biased toward North America 
(for European examples, see van As 2004; Buko and Pela  1997 ; Pavlů  1996 ; Roux 
 2003 ; Stilborg  1997 ; Vieugué et al.  2008  ) . But these are the types of analysis that I 
aspire to, and from which I borrowed heavily in the discussion that follows. 

 These analyses are able to use sherd data, which dominates the archaeological 
record, and make inferences about vessel function because they share some or all of 
following analytical steps. First, think in terms of whole vessels. Archaeologists  fi nd 
sherds, but to make inferences about function we must use whole vessels as our unit 
of analysis. One way to accomplish this is to implement an intensive re fi tting or at 
least a vessel grouping program that estimates the minimum number of vessels that 
could have created the sherd assemblage. As Sullivan  (  2008 ; Sullivan et al.  1991  )  
notes, studies that conduct intensive re fi tting and conjoining obtain important clues 
about cultural and noncultural formation processes and lead to stronger inferences 
about vessel use-life and site function (see also Chapman and Gaydarska  2007  ) . 

 Second, employ appropriate ethnographic information. Hally  (  1986  )  and Frink 
and Harry  (  2008 ; See also Harry and Frink  2009 ; Harry et al.  2009 ; Sassaman  1993  )  
integrated ethnographic observations on pottery manufacture and use into their 
analyses. There are, of course, important things to consider when using ethnographic 
data, but these researchers demonstrate how such data can be used pro fi tably in the 
study of ceramic assemblages. 
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 Third, record the physical properties but think in terms of technical choices and 
relevant performance characteristics. Whalen  (  1994  ) , in an analysis of a large 
ceramic assemblage from the southwestern United States, demonstrates how a 
researcher can move from a discussion of technical choices such as surface treat-
ments,  fi ring temperature, and morphology to inferences about intended functions 
(see also Falconer  1995 ; Harry et al.  2009 ; Sassaman  1993 ; Skibo et al.  2009  ) . 

 Fourth, infer the relationship between technical choices and intended functions 
in the assemblage’s social and environmental context. Ideally, correlations between 
technical choices and performance should be made initially in a controlled experi-
mental setting (e.g., Bronitsky and Hamer  1986  ) ; this is then followed by more 
 fi eld-based experiments that take into account local contextual factors. Pierce  (  2005  )  
and Harry et al.  (  2009  )  employ generalized knowledge about the relationship 
between technical choices and performance characteristics and then perform more 
specialized experiments that take into consideration the local contexts. Others, such 
as Shimada and Wagner  (  2007  ) , Shimada  (  2007  ) , see also Sassman  (  1993  ) , may not 
focus on conducting their own experiments (though they have done some) but their 
analyses use principles derived through experimentation, ethnoarchaeology, and 
materials science, which are integrated with a detailed understanding of the ceramic 
technology and other important contextual information. This enables them to con-
duct with great success what they call a “holistic” approach to pottery production. 

 Fifth and  fi nally, augment inferences about intended function with an analysis of 
use-alteration traces (residue, abrasion, and carbonization). As I illustrated in Chaps. 
  3    ,   4    , and   5    , a number of researchers now routinely incorporate use-alteration traces 
into their ceramic analyses, which help them to better understand the overall func-
tion of their ceramics. 

 The rest of this book is dedicated to describing how these use-alterations form, 
how they can be recorded, and how then can inform on the actual functions of 
vessels.      
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