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This awareness triggered the development and ubiquitous
establishment of lithic technological studies in both Old and
New World archaeologies (e.g., Golson 1977; Tixier, Inizan,
and Roche 1980; Honea 1983; Boëda 1988, 1994, 1995; Boëda,
Geneste, and Meignen 1990; Pelegrin 1990, 1995; Schlanger
1990, 1991; Pigeot 1991; Sellet 1993; Dibble and Bar-Yosef
1995 and references therein; Andrefsky 1998; Bleed 2001;
Shott 2003a; Soressi and Dibble 2003; Gamble and Porr 2005;
Schurmans and De Bie 2007). Researchers felt that the nature
of variability in tool morphology frequencies could not be
properly understood when separated from the underlying dy-
namic processes of lithic production. This criticism motivated
the practical and theoretical shift to the study of lithic tech-
nological variability in a different way, one more in line with
the anthropology of technology (e.g., Lemonnier 1992; Pfaf-
fenberger 1992; Dobres 2000).

Historically, the anthropological interest in technology
emerged almost a century ago. It was studied as a component
of human society and its way of living (e.g., Sollas 1915;
MacCurdy 1926; Oakley 1961). Its archaeological develop-
ment owes an intellectual debt to A. Leroi-Gourhan (Cresswell
1990; Schlanger 1990). Basically, technological studies in pre-
historic research aimed at an understanding of how material
items were produced. They have been concerned with both
conceptual knowledge (technology sensu lato) and the prac-
tical skill (technique) involved in the transformation of raw
material into tools (Pelegrin 1990; but see Ingold 1990; Le-
monnier 2002). The process of recording and understanding
the choice and selection of raw materials, the various methods
of knapping hard rocks, the specific shape modification de-
signed to obtain a set of products, and the spatial organization
of lithic economy at a regional scale was considered a much
more advantageous line of research for bringing us closer to
understanding prehistoric artisans.

Some argued that the variability patterns laid out by this
approach might reveal a “deeper” level of cultural choices
apart from the functional constraints operating on typological
patterning (e.g., Crew 1975). Also, in comparison with formal
typological categories, technological data seemed to be less
prone of being burdened with alleged emic meaning. To refit
a flake onto a core or to determine the origin of a particular
raw material is to provide concrete factual evidence about the
past for anyone to observe and evaluate. With technological
data, it became possible to reconstruct actual sequences of
gestures and events. The acquisition of such data necessitated
the analysis of all the components of a lithic assemblage in a
much more systematic way than had been the case with the
Bordesian system (Sackett 1986). Furthermore, individual
sites or assemblages could not remain isolated from their
regional context. They were to be considered as components
within a dynamic spatial system through which raw materials
and/or products arrived on site and eventually were left be-
hind and/or removed from it.

While in recent years bone and antler raw materials are
treated similarly (e.g., Camps-Fabrer 1988), it is the study of

lithic technologies that has become standard procedure in
contemporary Paleolithic archaeology. Most parsimoniously,
lithic technology as a system finds its place at the beginning
of an overall economic chaı̂ne opératoire of a Paleolithic group,
destined to play a role in subsistence activities or in the pro-
duction of nonlithic items. However, it cannot be overlooked
that stone items were endowed with symbolic meanings and
played a part in ritual activities. This is a poorly studied topic
that is often raised when discussing modern humans of the
Upper Paleolithic and later ages (e.g., Caneva et al. 2001). A
considerable amount of methodological and epistemological
impetus has come from the research of Middle Paleolithic
sites and industries. Clearly, this was motivated by the prob-
lems of classification and of the attribution of meaning to
typological variability encountered here. Also, the presence of
two human morphotypes in Mousterian contexts—namely,
Neanderthals and early modern humans (such as the Skhul-
Qafzeh group)—raised issues of the relationship between bi-
ology and toolmaking. Furthermore, it seems that by com-
parison with the earlier Acheulean (or “core-and-flake”)
industries, the technological paradigm provoked the most
profound changes in both the nature of lithic analysis and
behavioral interpretations. Accordingly, the Middle Paleolithic
will be the main topic of our paper.

In the following pages, we will discuss a few problematic
issues regarding the application of technological studies and
suggest some potential fields of inquiry that can be tackled
with technological data. For this purpose, we first describe
the nature of the technological paradigm sensu stricto, alter-
natively known as the chaı̂ne opératoire approach. We then
evaluate its theoretical rationale and its analytical method-
ology to show that it is essentially typological in nature and
that technological categories are in danger of becoming the
icons that tool types once were.

Chaı̂ne Opératoire

A Definition

Broadly defined as the study of how lithic items were pro-
duced, lithic technology can encompass a range of topics. For
example, it can be taken to mean a technical study of per-
cussion instruments, the analysis of “waste” elements and
other nonretouched items in an assemblage, or the identifi-
cation of stone-tool functions. Of that range, the description
of the spatial and procedural dynamics in the lithic production
process became equated with the chaı̂ne opératoire approach,
and as the term indicates, it has been often perceived as spe-
cifically a French school contribution to archaeology.

The chaı̂ne opératoire concept derives from the work of A.
Leroi-Gourhan (Audouze 1999, 2002) and studies by R. Cress-
well (1983, 1993) and others (e.g., Lemonnier 1992, 2002),
and it was adopted by French prehistorians for the purpose
of lithic analysis (e.g., Geneste 1985; Boëda 1988, 1995; Boëda,
Geneste, and Meignen 1990; Pelegrin 1990; Pigeot 1990, 1991;
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Schlanger 1996; Inizan et al. 1999). However, similar analytical
methods, although termed differently, were adopted around
the same time by others elsewhere in Europe, the Near East,
and in the United States (e.g., Crew 1975; Schiffer 1975; Mun-
day 1976, 1979; Fish 1979; Jelinek 1991; Bar-Yosef and Meig-
nen 1992; Meignen and Bar-Yosef 1992; Van Peer 1992, 1995;
Sellet 1993, 1995; Marks and Monigal 1995; Meignen 1995;
Hovers 1997; Meignen et al. 1998; Kerry and Henry 2000).
Some claim (Shott 2003a) that it was introduced into the
American archaeological methodology as early as the end of
the nineteenth century (Holmes 1894, 1897).

The term chaı̂ne opératoire is often used untranslated, al-
though the terms work chain (Cresswell 1990) or operational
sequence (Perlès 1992; Dibble and Bar-Yosef 1995; Chazan
2003) have been proposed. Here we will use the latter term,
abbreviated OS, and speak of the “OS approach.” The basic
principle on which the method relies was defined by Tixier,
Inizan, and Roche (1980, 8):

Technology is not typology. It takes into account the entire
lithic material without preferentially isolating what we
choose arbitrarily to call “tools.” It places each item in the
sequence of technical actions beginning (after its conception
and prior contemplation) with the raw material and ending
with the abandonment, the “death” of the tool assemblage.
Even when fragmented into thousands of microliths and
“debris,” a lithic assemblage always forms a coherent whole
bound together by a methodical scheme. [Our translation
from French]

This definition touches on two basic points regarding tech-
nology. First, technology is different in scope from typology,
and second, an assemblage of lithics is not a random but a
methodically interconnected association of artifacts. It is in-
structive to recall this original definition as it seems to have
been interpreted in different ways in subsequent descriptions
of the OS approach. Thus, at present there seems to be some
confusion concerning the epistemological meaning of the
term chaı̂ne opératoire. For some, it is mostly a theoretical
concept reverting to a basic underlying idea about technology
that “’the real existence of the tool is when it is in action,
when it is animated by gestures” (Schlanger 1990, 20). Others
conceive it as a concrete methodological procedure. For Ge-
neste (1989, 76–77), the chaı̂ne opératoire is a technological
classification system according to a general model elaborated

with support of technological observations and refitting of
the lithic material, both confronted with experimental re-
constructions. . . . The notion of chaı̂ne opératoire is there-
fore the means to chronologically organize the process of
the transformation of raw material obtained from the nat-
ural environment and introduced into the technological cy-
cle of production activities. [Our translation from French]

The other part of the original definition has sometimes
been inflated to imply that an assemblage is essentially char-

acterized by one overall strategic or methodical template of
lithic reduction (Delagnes 1995, 202, citing Pelegrin 1986):

The principle behind such a [chaı̂ne opératoire] analysis is
to study the entire assemblage, placing each piece in the
[our emphasis] reduction sequence. It is based on core re-
fitting or, when this is not possible, on mental reconstructing
of the [our emphasis] reduction sequence.

Below, we will discuss this assumption.
Within the general OS approach, a distinction has been

made between a technoeconomic and a technopsychological
study (Boëda, Geneste, and Meignen 1990, 43). The former
deals with the spatiotemporal dynamics of lithic reductions
at the regional geographic level (Geneste 1985, 1989; Jaubert
1993; Soressi and Hays 2003; Pope and Roberts 2005). The
latter is concerned with the identification of lithic production
systems as concepts of blank or tool production and the de-
scription of their variability (Boëda, Geneste, and Meignen
1990; Turq 1992; Boëda 1994, 1995; Jaubert and Farizy 1995;
Bourguignon 1998; Peresani 2003; Locht 2004; Delagnes,
Jaubert, and Meignen 2007). Obviously, the technoeconomic
approach works from a broader perspective than techno-
psychology, where only the transformation of a volume of
raw material into end products, regardless of where it took
place, is concerned.

It is felt by many today that technopsychology in particular
provides a pathway to the cognitive minds of prehistoric
knappers and that it is one of the most informative and mean-
ingful ways of conducting lithic analysis. However, the social
environments of these knappers and the way they may have
influenced their choices and decisions has generally not at-
tracted the attention of the practitioners of the OS approach.

The Analytical Method

The originality of the methodological development that lies
at the basis of the OS approach consists of the integration of
a number of existing approaches to lithic analysis into a gen-
eral framework (Inizan et al. 1999). The components of the
methodological procedure are replication of core reduction
sequences, refitting of the products of core reductions, analysis
of scar patterns and superpositions, and technological clas-
sification. Each of these procedures is discussed below.

Replication

Experimental stone knapping has been an essential asset to
the study of prehistoric technology in various ways (e.g.,
Amick and Mauldin 1989; Pelegrin 1990). Among the best-
known flint knappers, one can enumerate F. Bordes, J. Tixier,
D. Crabtree, J. Whitaker, B. Bradley, and M. Newcomer as
well as many others (e.g., Crabtree and Butler 1964; Bordes
1967; Newcomer 1971; Newcomer and Sieveking 1980). In-
deed, experimental flint knapping has been practiced almost
since the inception of the prehistory discipline. It enabled
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more than one generation of archaeologists to learn about
the mechanics of obtaining a series of detached pieces from
a nodule, the role of various types of hammerstones, and the
properties of different raw materials.

Experimental work assisted by ethnoarchaeological obser-
vations (Roux 2007) is instrumental in the construction of
the middle-range theory required to bridge the gap between
anthropological questions and archaeological data. An ex-
perimentally derived standard distribution of technological
categories, for instance, has been used to infer the spatial
dynamics in the formation of archaeological lithic assemblages
(Geneste 1985, 1989). It can also provide knowledge about
how particular shapes of blanks and fully finished objects were
achieved, although it must be acknowledged that this more
often appears to rely on descriptive analogies than on any
theoretical understanding of the physical principles involved
in conchoidal fractures (see Bertouille 1989).

Replication served to demonstrate the variability of the
production process of morphologically similar Levallois end
products and accordingly helped to devise a technological
classification system (Boëda 1986, 16). There is, however,
room for much more experimental research. For example, the
time length of apprenticeship required for the production of
Levallois methods was not a subject dealt with by experimental
knappers. Current estimates indicate that a novice practicing
every day will need 6–12 months to acquire the skill of a flint
knapper who can produce thin, symmetrical Levallois points
similar to those uncovered in the Mousterian layers at Kebara
Cave (M. Eren, personal communication).

Refitting

Refitting is obviously a superior analytical tool because it
portrays the different and successive phases of the reduction
sequence (Schurmans 2007). Thus, the process of reduction
itself can now be observed and not merely (some of) its ma-
terial by-products. Unfortunately, the potential of many Pa-
leolithic assemblages for reconstruction through refitting is
very limited. The further we go back in time, the worse the
situation gets. In Middle Paleolithic sites, such as caves and
most rockshelters, the palimpsests of occupations generally
hamper the possibility of carrying out refitting that will not
be too costly (in terms of funding) or too lengthy in time to
perform (but see Bordes 2003).

Successful refitting efforts are known from a few Middle
Paleolithic sites and many more Upper Paleolithic contexts.
In certain cases, refitting was performed on Middle Paleolithic
open-air sites where the assemblages were buried within a
short time after abandonment, such as Beauvais (Locht 2004),
Wallertheim A (Adler, Prindiville, and Conard 2003), Tor Fa-
raj and Tor Sabiha (Henry 2003), and Fara II (Gilead 1988).

Assemblages from Upper Paleolithic open-air sites such as
Stranska Skala (Skrdla 2003), Pincevent (Ploux and Karlin
1993), Etiolles (Pigeot 1987; Olive 1988), Rekem (De Bie and
Caspar 2000), Boker Tachtit (Volkman 1983), and epi-Paleo-

lithic sites in the western Negev (Goring-Morris et al. 1998;
Davidzon and Goring-Morris 2003) provided a wealth of in-
formation concerning reconstructed production systems.

Under every circumstance, refitting is a very laborious pro-
cess, and often the percentage of the refitted elements within
the assemblage is low (Cziesla et al. 1990). For example, the
Magdalenian assemblages of U5 at Etiolles provided a mean
refitting of 18.6%, which is considered as a successful case
(Pigeot 1987). At the Middle Paleolithic site of Rheindalen
B1, the extraordinary figure of 45.6% was obtained, but this
involved a large number of broken elements that were put
together (Thieme 1990).

Certainly one reason for low success rates is that the in-
creasingly time-consuming effort is not justified by the
amount of new information gained (Pigeot 1987; Bodu 2007).
Also, the context of an assemblage at hand has a direct effect
on the results. For example, short-term knapping spots where
raw material volumes were locally reduced offer the best
chance to obtain high refit ratios. This was, for instance, the
case at the knapping scatter Q1/A at Boxgrove, where 65%
of the products were refitted into two major groups (Pope
and Roberts 2005). Another example comes from the site of
Taramsa 1 in upper Egypt (Vermeersch et al. 1997), and we
will treat this in more detail below.

The Analysis of Scar Patterns and
Superpositions

The “stratigraphic” analysis of dorsal scar patterns on lithic
artifacts, or lecture des schémas diacritiques (Boëda 1986, 16),
is sometimes considered a new methodological development.
However, its principle was already laid out by Crew (1975)
and Dauvois (1976), and an analogous procedure was used
by F. A. Hassan (1988) in a study of hand-ax symmetry. The
temporal sequence of the technical actions is read from the
scar patterns on both cores and blanks. Careful observation
usually allows us to infer the relative sequence of removals.
Hence, each product bears the physical evidence of a part of
the overall reduction sequence. Given the fortunate feature
of lithic production that each percussion act normally results
in a flake, it is hypothetically possible to reconstruct a general
model of the sequence of actions (Pigeot 1990) involved in
the reduction of raw material volumes without actually re-
fitting them. However, whether this approach can achieve an
adequate representation of the sequences that were actually
carried out is questionable (Volkman 1983; Dibble and Bar-
Yosef 1995), as we will try to show with an example below.
In any case, a sufficiently large sample of products must be
analyzed in order to find a systematic recurrence of discrete
scar-pattern groups (e.g., Meignen 1995; Meignen et al. 1998).
When metrical attributes and statistical testing are added to
this analysis, additional conclusions can be made (e.g., Tos-
tevin 2003a, 2003b).
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Technological Classification

The technological event made visible by the physical or mental
reconstructions discussed above is usually supplemented with
the typological identification of its physical remnants using
technologically relevant attributes. In turn, the combination
of these data serves a typology of reduction processes (De-
lagnes, Jaubert, and Meignen 2007).

The most widely used classification has been established
for the Levallois system. E. Boëda (1994, 25) has stressed the
paramount importance of core analysis, but usually Levallois
blanks are also classified according to the disposition and
order of predetermining and predetermined negatives on their
dorsal faces. The type frequencies are commonly used to de-
termine the relative importance of the various production
methods in a given assemblage. Similar technological classi-
fications have been devised for other reduction strategies, such
as the discoidal and Quina systems (Geneste 1990; Turq 1992;
Boëda 1994; Bourguignon 1998; Locht 2004).

Technological typologies (Dibble and Bar-Yosef 1995, xii;
Chazan 1997) were also adopted by American archaeologists
aiming at reaching a better understanding of the “life his-
tories” of tools, a task that requires the detailed study of core
reduction sequences and the definition of debitage categories
(Andrefsky 2001 and papers therein).

In the technoeconomic method (Geneste 1985, 1988; also
employed by Jelinek 1991), there are 26 original classification
categories organized in five reduction classes forming a tem-
poral sequence. For instance, cortical flakes will be classified
as stage I products, representing an early stage in the reduction
sequence, and so forth. On the basis of the proportional rep-
resentation of the stages, the spatial organization of lithic
reduction in an assemblage can be characterized by compar-
ison with an experimentally derived standard distribution, as
mentioned before. A similar system of technological classi-
fication had already been used for the analysis of intersite
variability in the Negev desert of the Near East, when pro-
portions of core and debitage categories and morphometric
data were employed to distinguish between functionally dif-
ferent sites and to describe the nature of lithic transfers be-
tween them (Munday 1976, 1979).

Clearly, the archaeological study of technology along the
methodological lines above has significantly expanded and
improved our understanding of Middle Paleolithic human
behavior. However, in order to realize its full analytical po-
tential, it seems to us that some problematic issues regarding
the epistemology of contemporary technological studies need
to be explicitly addressed. As a matter of fact, these problems
are similar in nature to those that were the reason for the
development of the technological paradigm in order to im-
prove on the traditional typological approach. Moreover, the
shortcomings may be worse, being disguised by this seemingly
superior methodological framework.

Methodological Problems

While the concept of chaı̂ne opératoire has the merit of so-
liciting a contextual and process-oriented perspective on lithic
technology, its analytical method must rely in an important
measure on the classification of individual items according to
prescribed theoretical categories (Shott 2003b). This is based
on the justified assumption that the morphologies of artifacts
can betray both their technical function within a reduction
sequence and the reduction method itself. For instance, a core
with intersecting negatives of predetermined flakes struck
from different sections on a Levallois core’s perimeter will be
considered as evidence for a centripetal-recurrent method of
exploitation. A technological typology is as valid as any other,
but it is imperative that the characteristic products resulting
from the application of the reduction methods we choose to
define can be clearly identified. The validity of any typological
system relies entirely on the clarity and objectivity of its clas-
sification criteria.

It can be seriously questioned whether this condition is
fulfilled in the OS approach. First, a significant share of mor-
phological equifinality must be expected in the range of mor-
phologies shown by production debris. For instance, it is hard
to believe that there could be predetermining products that
are characteristic of the centripetal-recurrent Levallois method
alone. Second, it is difficult to see how discrete criteria could
be established to identify dorsal scars as particular types, for
example, as negatives of predetermined Levallois blanks. This
is a fortiori problematic when the concept of predetermi-
nation is broadened to include any shape that seems to be
brought about by the conscious use of some pattern of pre-
existing ridges (Boëda 1994; see Dibble and Bar-Yosef 1995).
How could a scar, lacking attributes such as a striking platform
and a bulb of percussion, be reliably identified as a negative
of a Levallois blank? Yet such identifications are crucial in
order to infer the reduction method applied. For example,
the distal right scar in figure 1A would most certainly not be
classified as a negative of a predetermined blank. However,
when refitted to the blank in figure 1B, it appears to be part
of the central distal scar that is indeed a Levallois blank
negative.

In the absence of explicit classification criteria, it is not
surprising to find considerable discrepancies between different
analysts. This is most clearly exemplified in the distinction
between centripetal-recurrent Levallois and discoidal cores
(e.g., Pasty 1999). If this basic problem is not resolved, tech-
nological classification systems will not live up to their task
to provide formal descriptions of the technical procedures
represented by lithic products based on their observable
features.

It is clear that the technological classification of cores and
blanks will have an effect on the form that mental recon-
structions of the chaı̂ne opératoire represented in an assem-
blage will take. In itself, this virtual reconstruction poses an-
other methodological problem. The important role played by
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assemblage, both in terms of volumetric organizations and of
methods of surface exploitation.

Theoretical Problems

The main thrust of our methodological argument so far has
been that in many of its aspects, the OS approach is a ty-
pological procedure facing the same problems as other lithic
typological systems. However, being optimistic, we believe
that the amplitude of these methodological problems can be
significantly constrained and, therefore, that technological
analysis continues to be of paramount importance. Now, we
must turn to the more difficult matter of problematic theo-
retical cornerstones of this paradigm that affect the episte-
mology of the OS approach. They are related to the attribution
of meaning to technological categories.

Archaeological Classification

Every prehistorian knows that mentioning the term Mous-
terian carries the connotation of a certain set of artifacts, such
as side scrapers and points. Similar sets, created by generations
of archaeological studies and numerous publications, emerge
and are defined as Szeletian, Bohunician, Aurignacian, Na-
tufian, and many other industries. The social and historical
meanings of these classifications (variously described as “in-
dustries,” “paleocultures,” or “social entities”) remain to be
discussed by the interested parties (Clarke 1968). Such basic
classifications, incorporating stone-tool categories, often with
the addition of detailed attributes—even if not all objects are
strictly defined or their definitions are not accepted by all—
are imperative in order to bring a “grammar” to the archae-
ological record (Whittle 1996) and to facilitate reporting the
studied prehistoric assemblages (Clarke 1968; Dunnell 1971).
Original formal typologies created by the pioneers of prehis-
toric research were derived from direct analogies between the
stone artifacts and ethnographic examples (e.g., Sollas 1915;
MacCurdy 1926). In the second half of the twentieth century,
the theoretical interest in the role and nature of classification
in archaeology as an empirical science expanded exponentially
and gave way to different methods. For example, from the
1960s onward, an analysis based on attributes at various scales
of measurement was favored (Bisson 2000). This approach
aimed at finding objective, natural groups (Doran and Hod-
son 1975) and at explaining the meaning of variables and
structures they brought about. It is not our intention to review
here the immense literature on archaeological classification
of the last 50 years. We feel, however, that a few remarks are
in place in the context of our discussion of the OS
epistemology.

When individual facts or events are classified according to
a prescribed set of criteria, they turn into formal data. We
choose the criteria to establish categories based on prior
knowledge, experience, and also according to the expectations
in search of order and clarity (Shott 2003b). They are not

independent features of the external world because researchers
are actively involved in their construction and, as a result,
infuse them with meaning: classes are units of meaning (Dun-
nell 1971, 45). In order to serve anthropological inquiry, such
formal data are put through a process of analysis, an outcome
of which is that they may turn out to be behaviorally mean-
ingful. However, this does not imply that we have come any-
where near emic categories of meaning or any other emic
framework of meanings in which the facts had their place.
Not surprisingly, it is difficult to continuously maintain the
distinction between the formal and the emic. In the act of
formal classification, only a heuristic tool, we are almost
bound to think that we are restoring emic meaning to the
facts. However, what is really being done in such a case is to
impose an a priori interpretation, and subsequent interpre-
tations will only be accommodative statements.

Another aspect of the formalization process involved in the
construction of data is the decision on the unit of analysis.
This involves, on one hand, the choice of a unit of observation
and, on the other, the choice of a level of generalization at
which such observations will be grouped. The latter is par-
ticularly important because it imposes a threshold on varia-
tion. Below the threshold, it is assumed that there is only
random variation not worthy of explanatory efforts (Isaac
1977). At the same time, it is hoped that this random variation
is small enough not to prevent the emergence of patterns at
the chosen level of generalization.

The decision concerning the level of generalization pertains
first to the process of assemblage formation. In principle, the
most objective level would seem to be the material production
of one individual, at least until it can be demonstrated that
there is no patterned variation between two or more indi-
viduals. Usually, however, a lithic assemblage means a set of
artifacts from the well-defined spatial context of a strati-
graphic unit. Given the coarse resolution of the Paleolithic
record, we cannot ascertain that the assemblage we study
corresponds to a set of activities carried out in a short time
and constitutes an individual behavioral unit. It is implicitly
assumed, therefore, that individuals contributing to the
buildup of an assemblage conformed more or less to general
standards of lithic production that characterize the
assemblage.

This brief consideration is meant to indicate that data are
always constructed according to a number of decisions that
depend on assumptions about past behavior. In structuring
the data, we also set limits to their interpretation in the future,
and therefore, this is a crucial stage in an inferential procedure.
Let us consider the OS approach from this perspective.

Reduction Methods and Objectives as Mental Templates

As we have argued above, one of the reasons for the devel-
opment of technological studies was to reduce the impact of
a priori assumptions about emic meanings in the interpre-
tation of archaeological classifications. It seems, however, that
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the problem is present again and even in a stronger form. In
many OS studies, it is explicitly stated or at least implicitly
apparent that their technological descriptions reveal both the
intentions of and the technical choices made by the prehistoric
stone knappers. For example, having defined 13 types of pre-
determining Levallois products, Boëda (1994, 39) states

If we admit that the prehistoric artisan disposes of the entire
range of thirteen predetermining removals, he has the pos-
sibility of choice [our emphasis]. . . . Choice can be con-
strained by the future use of particular blanks that he knows
beforehand to be suited for a particular task. [Our trans-
lation from French]

The typical OS jargon, using terms such as as intent, choice,
preference, and so on, is so commonplace nowadays that such
interpretative terms are considered to belong to the realm of
neutral description. One gets the impression that the tech-
nological approach paves the way right into the minds of the
prehistoric artisans (Inizan et al. 1999, 103):

Analyzing the chaı̂nes opératoires in terms of psycho-motoric
processes allows one to go beyond the mere identification
of technical gestures and to bring to light, for every step of
the chaı̂ne opératoire, the choices, the limitations, the pref-
erences, and the reasons for success or failure; to see by
which procedure any project has been realized. [Our trans-
lation from French]

Technological classification is not considered anymore as
simply a heuristic device but as a system that reflects emic
cognitive standards. A common opinion among researchers
of Middle Paleolithic assemblages is that the prehistoric ar-
tisans had comprehensive knowledge of available methods
and techniques, incorporating the various Levallois and non-
Levallois methods. The underlying idea seems to be that an
artisan is in total control of and totally conscious about the
outcome of any act in the course of a reduction sequence.

The definition of Middle Paleolithic stone technology as
an assembly of discrete concepts and technical scenarios is
often supplemented with the idea that each reduction method
has a particular morphological finality: “The variability has a
technical logic of his own, being that the different options
are related to the objectives of production” (Delagnes 1995,
210). These are the desired blanks, revealing prehistoric in-
tentions for the production of which a particular method was
chosen. This is again an assumption, and it is flawed by cir-
cular reasoning. The definition of reduction methods, as dis-
cussed above, relies on the morphological analysis of “desired
products.” Hence, almost by definition, each particular shape
involves a particular method without any independent evi-
dence for its existence. Simple random variation is likely to
be confused with a meaningful pattern of discrete variability.

In this context of epistemological confusion, the use of a
term such as desired products is unfortunate. It bears an emic
connotation whereas it should only translate our perception
of the intended finality of the reduction methods, which

themselves are our own design as well. Using both experi-
mental and refitting data, as well as our (limited) understand-
ing of the physical principles involved in lithic reduction, it
is reasonable to argue that, for example, Levallois blanks are
the predictable conclusion of a preceding sequence of tech-
nical actions. In that sense, they can be called end products.
However, that does not automatically make them desired
products. In contrast to the former, the latter designation
contains a statement about how these items were perceived
in the past. It is within our framework of reference that the
predetermined product looks as if it must have been the de-
sired product, not within theirs. It is only possible for us to
identify artifacts that were somehow desired based on inde-
pendent evidence. Microwear or residue analysis, for instance,
can show that pieces were selected for use. Edges with sec-
ondary modification may indicate that the blank was chosen
for its particular morphological characteristics. These blanks
were selected according to decisions as to which forms were
appropriate for particular ends.

In sum, we believe that the OS approach makes a number
of unwarranted assumptions about lithic production in the
Middle Paleolithic, either by Neanderthals or early anatom-
ically modern Homo sapiens. It is also strange that assertions
about the context of meanings surrounding the exertion of
technical skills are made when the middle-range theory to
support them is underdeveloped. Experimental replication
alone does not seem a sufficient basis for such a process of
theory building. A question that actualistic studies might ad-
dress, for example, is, which physical mechanisms are engaged
in purposeful shape predetermination? Furthermore, an epis-
temological contradiction appears to follow from such an
assumption, as we will discuss below.

Discussion

Technological Choices

Certainly, Middle Paleolithic stone knappers made choices
about how to execute reduction sequences, if only in response
to raw material variation as well as to the availability and
reliability of these sources. These choices or decisions by the
prehistoric tool makers probably also took into account the
time spent on a site or on the move that would predict what
S. L. Kuhn (1992, 1995) referred to as technological provi-
sioning. The concept of provisioning replaces the terms of
curation and expediency introduced by Binford (1979). The
term provisioning refers to the planning depth in artifact pro-
duction, transport, and maintenance and the strategies by
which the needs of foragers are met (Kuhn 1995, 22). Modern
foragers, serving as the basis for the analogy, deal with an-
ticipated demands for tools in different ways. Kuhn identified
two principal modes of provisioning that ensure the avail-
ability of tools in advance. Provisioning individuals with their
personal gear (Binford 1979) means that people always have
at least a few needed tools at hand. Implements are manu-
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spondence of the lines in figure 6, which also includes the
line of a third reduction that belongs to this group. The group
structure has been interpreted as representing the personal
knapping habit of four individuals who discarded their pro-
duction debris in Concentration 28. Of course, this is only
an interpretation, but the exercise demonstrates at least that
under certain circumstances, empirical procedures can be set
up to derive high-resolution patterns from objective tech-
nological data and to reflect on their significance.

Prudently assuming that reductions 28/14 and 28/27 were
indeed carried out by the same individual, it is instructive to
reconsider the technological evidence from the formal ty-
pological perspective as it was presented earlier. The refitted
sequences in particular have told us that this individual used
a unipolar-recurrent method of exploitation proceeding from
one preferential striking platform. Moreover, all the other
reductions in the three other groups show essentially the same
pattern of exploitation: recurrent series of elongated blanks
struck from the same platform that was usually reshaped be-
fore the production of a new series. Only occasionally is the
opposed platform used to produce blanks, whereto it also
received specific preparation. We might be inclined to inter-
pret this as an indication of a shared standard template in
order to produce generally similar, useful blanks. This evi-
dence might also be taken to lend support to the validity of
the concept of a “model reduction sequence,” however dif-
ficult it may be to mentally reconstruct it, as we have tried
to show.

There is, however, some other evidence to consider. It was
already mentioned that in their volumetric conception, a
number of these reduction sequences show quite divergent
features from the Levallois concept. They relate, among oth-
ers, to the degree of convexity of the exploitation volume or,
in other words, the proportions of the functionally different
parts of the core and to the production of blanks in planes
tangential to the main core intersection. If we are consistent
with the principles of formal classification explicated above,
these reductions cannot be classified as Levallois, and in fact,
the name of Taramsa reduction strategy was proposed for
them (Van Peer, Vermeersch, and Paulissen 2009). Reasoning
in formal terms again, this leaves us with a situation where
the same unipolar-recurrent method of exploitation is main-
tained across different, though related, production systems.

Interestingly, when the distribution of these reduction types
across the four individuals is looked at, it appears that each
of them produced reductions according to the entire range
of formal strategies: from normal Levallois concept reductions
to Taramsa strategy sequences in which all of the transformed
concept features are attested together. From a behavioral point
of view, where we see reductions actually being carried out
in the context of an overall technoeconomic chaı̂ne opératoire,
it seems that our formal categories have little significance. At
least, that is what this pattern of concordance might be taken
to suggest. A similar array of technological attributes is rep-
resented in the assemblage from late Middle Stone Age sector

91/03 at Taramsa 1. Here, the spatial distribution of refitted
reduction sequences seems to indicate the positions of again
four individual artisans. When these subassemblages are an-
alyzed in terms of the frequencies of the “transitional” tech-
nological attributes mentioned above, it appears that they are
significantly more represented in the production of one of
the knapping zones (Van Peer, Vermeersch, and Paulissen
2009). Perhaps a particularly innovative individual was at
work here. At the same time, this is an instructive case as to
the influence of an individual artisan on the overall assem-
blage constellation.

It is appropriate in this context to raise the possibility that
before cores became fully exhausted, they may have been used
in practice sessions, where one knapper learned from another.
This could have been a passive process carried out through
watching, but it could have involved oral explanations as well,
particularly while younger members of the group were watch-
ing and imitating the adults. Additionally, children imitating
while playing could have picked up discarded cores or thick
flakes that the adult knappers would consider to be unusable
and practice without supervision. This little reflection should
leave us with two conclusions: (a) we ignored the role of
children in fabricating Paleolithic stone tools or blanks (Ro-
nen 1974; Shea 2007), and (b) the classification of the cores
in their final, exhausted phase may very much bias our con-
clusions concerning the reduction method that was operated
by the adult knappers (Bar-Yosef 1998; Shea 2007).

In realizing its capacity to describe technological dynamics
at high levels of resolution, the OS approach can possibly
make a contribution to, for example, our understanding of
cultural transmission in the past (Shennan 2002). It is not at
all unreasonable to consider that these populations, who mas-
tered the linguistic flexibility since the last 200,000 years or
perhaps since the appearance of Homo erectus (e.g, Enard et
al. 2002; Lieberman 2002), employed language in toolmaking,
as observed for more recent examples (Roux 2007). The latter
indicate that learning by watching and imitation alone are
insufficient and that oral explanations are a necessity partic-
ularly in manufacturing, for example, Levallois products.

An understanding of such cultural processes active at the
fine-grained resolution of daily behavior is instrumental for
the informed investigation of large-scale spatial and chro-
nological patterns resulting from population histories and
evolutionary processes. The uniform distribution of basic
technical methods within a particular geographic distribution,
for example, may indicate the use of oral teaching tradition
and the imposition of a rigid framework of “know-how.” The
long-term perspective that is usually implied at the Pleistocene
timescale has often confronted us with the sustained stability
in material productions throughout the Middle Paleolithic.
In the thick depositional units exposed in Levantine cave sites
such as Tabun, Kebara, Qafzeh, and Hayonim, long time-
depths are represented by stratigraphic units, and the clustered
assemblages demonstrate long-term tendencies in the use of
one—rarely two—particular reduction methods. For exam-
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kind, analytical tools capable of dealing with variation and
transformation (O’Brien and Lyman 2000)? When Bleed calls
our attention to the theoretical context of the Americanist
“reduction sequence,” and Shott speaks of the processual per-
spective that chaı̂ne opératoire espouses, we suspect that this
is partly what they are hinting at. The challenge is there if,
as Conard states, the formulation of testable hypotheses
grounded in social and evolutionary theory is required to
move beyond mere description.

It is almost superfluous to say that such OS studies will
have paramount significance for research themes, such as the
cognitive abilities of Neanderthals and modern humans, as
mentioned by Davidson. As a matter of fact, this is also a
reason why we chose to focus on the Middle Paleolithic and,
in particular, on the issue of blank-production systems and
their significance. Both de Beaune and Davidson touch on
the issue of language and, in particular, on whether it is a
precondition for the transmission of technological knowledge
we tend to associate with Middle Paleolithic blank production.
Together with Davidson, we acknowledge the long history of
the relationships sought between the rules of material pro-
duction and syntax as well as the intricately linked evolution
of technology and language (Lieberman and McCarthy 2007).
However, from the archaeologist’s position, it seems unavoid-
able to admit that this issue is beyond our analytical capacities
and must be relegated, at best, to the domain of informed
interpretation. Several authorities argue that the suite of meth-
ods for sequential core reduction can be simply learned by
watching and imitating: others see the necessity for linguistic
explanations.

In either case, however, the physical proximity between the
skilled knapper and the other person is needed. In this con-
text, Pope brings the role of long-neglected individual agents
to the foreground. They can be the source of patterned ar-
chaeological variation in local high-resolution conditions and
forces of cultural change. We strongly support this view and
second his plea to give them appropriate attention. OS studies
aiming at detecting variation in long, continuous sequences
of data are capable precisely of this. Over the longer term,
the transmission of practical and conceptual knowledge takes
place among groups of people related to each other, and in
a world of foragers, kin relationship provides the strongest
tie. Through accidental or intentional encounters, it may fur-
ther spread among other groups. Provided that enough viable
biological units can be involved, a cultural phenomenon may
ultimately breach the threshold of general archaeological vis-
ibility (Leroi-Gourhan 1964). If some credence is given to
this mechanism of ensuing transmissions, it may mean that
at least the basic principles of, for example, the Levallois pro-
duction system emerged in a core area. Alternatively, con-
vergence may be the rule in such technologies with relatively
narrow windows of opportunity for variation, especially when
time depth is sufficient for multiple reinventions. Developing
both an analytical system of the kind suggested above and an
appropriate middle-range theory to distinguish among the

archaeological manifestations of such mechanisms is a first
step toward answers to questions of this kind (O’Brien, Dar-
went, and Lyman 2001).

Finally, we would like to comment in a more general order
on the dilemma perceived by Davidson. We concur that if
Paleolithic archaeology’s raison d’être were the recording of
narratives about the simple facts of prehistoric life, never
demonstrating any greater insight than that tools were made
and used to cut animal materials or scrape wood, it might
just as well be abandoned. Nobody would disagree with this
simplistic assertion, but let us make no mistake about the
epistemological consequences it can have, reaching as far as
redebating archaeology’s anthropological or historical per-
spective and method. We think that its first role is to elucidate
human evolution by synthesizing the scattered local remnants
of prehistoric behavior to historical scenarios. Yet however
sophisticated, a full description of historically contingent pro-
cesses does not equal explanation of cause and effect and,
hence, true understanding and predictive force. We believe
that using its unique long-term perspective, Paleolithic ar-
chaeology can and must contribute to evolutionary theory.
To us, contextual and processual orientations are not as par-
adigmatically opposed as is often perceived. They are rather
enchained in different scales of analysis and generalization.
The concept of OS has the potential to provide analytical
tools at a level with a mature scientific enterprise. We hope
that this paper and the comments that it has solicited have
contributed to this.

—Ofer Bar-Yosef and Philip Van Peer
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versité de Paris X.

———. 1990. Prehistoric lithic technology: Some aspects of
research. Archaeological Review from Cambridge 9:116–125.

———. 1995. Technologie lithique: Le Châtelperronien de Roc-
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context. In Stránská skála: Origins of the Upper Paleolithic
in the Brno Basin, ed. J. Svoboda and O. Bar-Yosef, 77–118.
American School of Prehistoric Research Bulletin 47. Cam-
bridge, MA: Peabody Museum Press, Harvard University.
[GM]

———. 2003b. A quest for antecedents: A comparison of the
terminal Middle Palaeolithic and Early Upper Palaeolithic
of the Levant. In More than meets the eye: Studies on Upper
Palaeolithic diversity in the Near East, ed. A. N. Goring-
Morris and A. Belfer-Cohen, 54–67. Oxford: Oxbow Books.

———, ed. Forthcoming. Reduction sequence, chaı̂ne opéra-
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