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The complexity of Neanderthal technology
John F. Hoffeckera,1

A fundamental irony of Paleolithic (or “Old Stone”
Age) archaeology is that it concerns a period of human
history when most artifacts probably were made from
wood. This is suggested by the heavy use of wood as
raw material among recent or ethnographic hunter-
gatherers (1) and supported by the repeated discovery
of microscopic traces of wood-working on the edges
of Paleolithic stone tools (2, 3). The technological sig-
nificance of wood is further amplified in the Lower and
Middle Paleolithic by limited use of bone, antler, and
ivory (relative to the Upper Paleolithic and recent hunter-
gatherers).

Aranguren et al. (4) report a set of wooden artifacts
from a 170,000-y-old Middle Paleolithic occupation in
central Italy. The artifacts, which were preserved in
calcareous mudstone deposited along a lake margin,
include roughly 40 pieces of modified boxwood
(Buxus sempervirens), interpreted as “digging sticks.”
They are associated with some unmodified pieces of
wood, about 200 stone artifacts, and the remains of
large mammals, primarily an extinct elephant. No hu-
man remains were found at the site (Poggetti Vecchi),
but it is confidently attributed to the Neanderthals
based on the dating (electron spin resonance and
U-series minimum dates).

Until the 1990s, wooden artifacts recovered from
Lower and Middle Paleolithic sites were so rare that
they existed more as curiosities than objects of study.
The most widely known examples were sharpened
pieces of Taxus or yew from Clacton-on-Sea in south-
east England and Lehringen in northern Germany,
both interpreted as spears (5, 6), and several objects,
including a possible digging stick, from Kalambo Falls
in Zambia (7). In 1992, traces or “pseudomorphs” of
wood fragments, including some possible modified
pieces, were reported from a late Middle Paleolithic
context at Abric Romani near Barcelona (8).

Three years later, several remarkably well-preserved
wooden spears were found at the Schöningen coal
mine (Germany) (9). A total of nine spears and three
other artifacts (all but one made from Picea or
spruce) eventually were recovered from anoxic lakeshore

sediments, now dated at roughly 300,000 y ago (10).
Once again, human remains are absent, but the site
may be attributed to an early Neanderthal based on
combined age and location (i.e., Europe). A detailed
operational sequence or chaîne opératoire was
reconstructed by Haidle (11), who identified multiple
necessary (or likely) steps in acquiring the raw mate-
rial and shaping the artifact, including the preproduc-
tion steps required to make the stone tools for
working the wood.

A similar operational sequence for making the
wooden artifacts from Poggetti Vecchi has been
reconstructed by Aranguren et al. (4), beginning with
nonrandom selection of the boxwood. The production
steps include cutting the selected branch from the
plant and shaping the “handle” with a heavy chipped
stone tool, stripping off smaller branches with sharp
stone flakes and planning the residual knots (also with
stone flakes), application of fire to facilitate removal of
bark, and sharpening of the pointed end (with an abra-
sive stone) and rounding of the opposite end or “han-
dle,” also with an abrasive stone.

While the Schöningen spears are confidently clas-
sified as such based on their size and shape, the
intended function of the Poggetti Vecchi artifacts is
somewhat ambiguous. Their interpretation as “dig-
ging sticks” is based on comparison with both ethno-
graphic data (1) and the classification of similar
wooden artifacts from more recent sites occupied by
modern humans (4). Because they are typically multi-
purpose implements (in an ethnographic context)
used, for example, for grinding plant materials and
hunting small game, as well as for digging roots and
tubers, digging sticks do not necessarily exhibit a con-
sistent pattern of surface wear (4).

Together, discovery and analysis of the wooden
artifacts from Schöningen and Poggetti Vecchi repre-
sent a major contribution to Neanderthal technology.
They establish two new classes of artifacts, previously
represented by isolated and often ambiguous speci-
mens. Although modest in comparison with stone
artifacts, the sample sizes for wooden spears and
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digging sticks open new avenues for research pertaining to the
formal attributes of these artifact types and the potential range of
variation within the defined attributes. They expand the set of raw
materials used by the Neanderthals and underscore the selective
use of high-quality wood, analogous to the selective use of high-
quality stone. They provide new operational sequences (or “tech-
nological algorithms”) for making artifacts. Both the Schöningen
spears and Poggetti Vecchi digging sticks required application of
several types of stone tools—applied at different points during the
sequence—to complete the production process (4, 11). Especially
important is the technological application of fire—previously sus-
pected (5, 6) and now seemingly confirmed—in a Neanderthal con-
text, as part of the algorithm for wooden digging sticks.

In terms of production steps, the reconstructed operational
sequence for the Poggetti Vecchi digging sticks is comparable to
that of the Schöningen spears, as reconstructed by Haidle (11). In
both cases, the number of components (n = 1), often employed as
a complexity measure for hunter-gatherer artifacts (1), masks the
complexity of the technology, as measured by the number and
variety of production steps. The operational sequence for the
digging sticks reinforces a conclusion reached by Haidle (11) con-
cerning the complexity of the underlying algorithm for the Schö-
ningen spear (“. . . a far more complicated process than previously
assumed”), with implications for the cognitive faculties of their
makers (12).

The analysis of Neanderthal wood artifacts complements the
two other existing areas of Middle Paleolithic technology, which
are lithic technology and hafted or composite artifacts. Preserva-
tion and recovery of even the smallest pieces—and traces of
surface treatment and percussion—allows complete or nearly
complete reconstruction of stone core and tool reduction with
reference to experimental lithic technology. Since the early 20th
century, it has been understood that the Neanderthals, as well as
some of their relatives, were creating stone blanks of specific size
and shape through a multistage process of core preparation and
flake or blade production known as Levallois (13). Many of the
blanks were then subject to edge retouching in accordance with
additional production steps.

The discovery that some blanks were attached to wooden
handles or shafts with a binding agent to render hafted or
composite artifacts (as early as ∼500,000 y ago) is a more recent
development (2, 14). In this case, none of the wooden compo-
nents has been identified (let alone complete composite artifacts)
but their production is reliably inferred from traces of hafting wear

and adhesives on the stone blanks. Neanderthals made both
stone-tipped wooden spears and hafted cutting or scraping tools,
and they employed a variety of adhesives (15), which fleshes out
the complexity of Neanderthal technology by documenting the
presence of at least two additional classes of artifacts, each com-
prising at least three components. By this measure of complexity,
the Neanderthals were making food-getting artifacts more com-
plex than those of some recent hunter-gatherers (1).

A general measure of Neanderthal technological complexity
may be obtained by application of formal models in computa-
tional theory. Originally proposed in the 1950s by Chomsky (16)
for grammar/language, the models have been incorporated in-
to Automata theory and general computational theory (17, 18).
In each field, they address the question: can a given “string”
(such as a specific phrase or sentence) be generated or ac-
cepted by a given “grammar” or computational model? For
example, can the English sentence “the woman who is carrying
the basket walked to the river” be generated by the simplest
grammar (i.e., “finite-state grammar”)? The answer is no; the
sentence is hierarchically structured and a finite-state grammar
cannot process hierarchically organized strings. A more com-
plex grammar (i.e., context-free or phrase-structure) is required
to generate such a sentence (16–18). Each grammar generates
or accepts a subset of the strings generated by more complex
models and the complexity scale is known as the “Chomsky
Hierarchy” (Table 1).

Computational models can be applied to Paleolithic technol-
ogy by conceptualizing artifacts as “strings” produced by specific
algorithms, such as the wooden digging sticks from Poggetti Vec-
chi or a hafted scraping tool. The question to be addressed is:
What level of computational complexity or grammar is required to
produce all of the known artifact types of the Lower and Middle
Paleolithic? For the Lower Paleolithic (or until ∼500,000 y ago), the
types include stone core tools, choppers, large bifaces, and a
variety of retouched flake tools, and at least some single-
component wooden implements (19). All of the known types fall
within the set of strings or artifacts that may be generated by a
finite-state grammar or technology. Each artifact is based on an
operational sequence comprising a linear Markov chain of pro-
duction steps, each of which constrains the step that follows, and
none of which requires a working memory (16–18).

For the Middle Paleolithic, which is broadly correlated with the
technology of the Neanderthals (13), a finite-state grammar may
suffice for the known stone and wooden artifact types, but not for

Table 1. Computational technic of the Paleolithic

Grammar type Grammar/language Automata class Archaeology Human fossils

Type 0 Unrestricted or
recursively enumerable

Turing Machine Later Middle Stone Age (<75 ka)/Upper
Paleolithic: artifact design exhibits properties
of natural language

Homo sapiens

Type 1 Context sensitive Linear-bounded
nondeterministic
Turing Machine

? ?

Type 2 Phrase structure or “context free” Pushdown automaton or
finite-state machine
with memory storage

Later Lower Paleolithic (<500 ka)/Middle
Paleolithic: composite artifacts (hierarchically
organized strings)

Neanderthals
Denisovans
Homo heidelbergensis

Type 3 Finite state or “regular” Finite-state machine Lower Paleolithic (>500 ka): core tools,
flake tools, handaxes, single-component
wooden artifacts

Homo erectus
Homo ergaster
early Homo

Application of the Chomsky Hierarchy of formal models of grammar/language (16–18) to the Paleolithic archaeological record suggests that generation of the full
range of Neanderthal artifacts requires the equivalent of a type 2 grammar/language.
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the composite artifacts, which require the processing of hierarchi-
cally organized strings. Each component of the composite artifact
is generated by a separate operational sequence or technological
algorithm that nests within the overall design. Because all three
component parts cannot be produced simultaneously, the artifact
maker must store information about the other strings in the brain
during production (i.e., working memory) (12, 18). As already
noted, the latter demands—at a minimum—a context-free or
phrase-structure grammar. One of the insights offered by compu-
tational theory is that, while nondeterminism (i.e., random varia-
tions introduced by the individual artifact maker) does not affect

the set of strings that may be generated by a finite-state grammar,
it expands the potential set of strings generated by a context-free
grammar (17, 18).

For the later African Middle (and Later) Stone Age and the
Upper Paleolithic, the computations underlying the artifacts are of
comparable complexity to those of recent hunter-gatherers (1,
20). The artifacts, which include mechanical instruments and facil-
ities, such as spear-throwers and even self-acting mechanical fa-
cilities or automata (e.g., snares/traps), require the computational
complexity (and working memory capacity) of an unrestricted
grammar or natural language (12, 18, 20).
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