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ABSTRACT

Kid Knapping: Developmental and Individual Differences in How Children and Adults Learn to
Make Stone Tools

By: Megan E. Beney Kilgore

This dissertation investigates the cognitive, motor, and personality differences in how
children and adults learn how to make least effort, Oldowan-style technology in an experimental
stone toolmaking task. Child participants (N = 19, ages 8 — 13 years, mean = 9.3 years) were
recruited in collaboration with the Tellus Science Museum (Cartersville, GA) as a part of the
organization’s summer educational programming. In addition to their optional participation in the
dissertation study, children engaged in science education outreach activities that explored the
discipline of archaeology and took advantage of the museum’s curated galleries and classroom
resources. Adult participants (N = 30, ages 18 — 38 years, mean = 20.3 years) were recruited to
the Paleolithic Technology Laboratory at Emory University (Atlanta, GA). All participants,
regardless of age, were asked to complete five consecutive days of stone toolmaking training in
30-minute sessions, for a total of 2.5 hours of practice. Participant group sizes varied from one-
on-one to groups of up to five, depending on participant availability. All participants also took a
series of psychometric and motor testing related to grip strength ability, executive functioning,
motor control and coordination, and personality. Measurements taken on the cores and lithic
debitage yielded three PCA factors, interpreted as the knapper skill outcome variables Quantity,
Quality, and Flaking Inefficiency. Results indicate that adults routinely outperformed children
both in psychometric and motor performance and in knapper skill outcomes. However, adult
male participants distinguished themselves from all other participant subgroups (i.e. adult
females and male and female children) in that they produced lithics of the best Quality, a result
that may be tied to their superior grip strength. These findings contribute to the broader literature
on experimental archaeology and provide a unique developmental perspective on stone
toolmaking skill acquisition.
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CHAPTER 1: INTRODUCTION AND THEORY

INTRODUCTION

That children existed in and contributed to prehistory is undisputed; however, despite this
obvious claim, the task of identifying children’s presence in the archaeological record remains a
challenging one. Although the last few decades have seen an influx of interest in this topic
(Lillehammer 1989; Baxter 2008; Shea 2006; Finlay 1997) much of the existing literature
focuses on high level theory and/or attempts to identify children in archaecological assemblages,
with little effort directed toward actualistic work that could put both endeavors on a firmer
foundation. While this literature has been crucial in legitimizing the archaeology of childhood to
the general research community, the paucity of empirical studies has made it difficult to address
broader implications for hominin biological and cultural evolution. To achieve this, it is critical
to move beyond exclusive usage of intuitive criteria for identifying children in the archaeological
record into research that both establishes empirical standards for identifying ancient children’s
work and addresses the behavioral, cognitive, and social aspects of child material culture.

Despite its clear importance to human evolution, scholarly work on stone toolmaking in
children is scarce, with only one empirical study published on the subject, to date (Sternke and
Serensen 2005). The inclusion of a developmental perspective on social learning and stone
toolmaking is important for several reasons. First, from the basis of hominin life history, it is
almost certain that children would have been the targets of social transmission for stone
toolmaking skill acquisition. As with children in extant forager societies (Boyette 2013; Hewlett
and Roulette 2016; Boyette and Hewlett 2017; Crittenden 2016; Konner 2016), ancient hominin
children likely would have started learning skilled behaviors related to subsistence around the

time of middle childhood (i.e. ages 7 — 12 years old). A uniquely human life history stage, there



is evidence that a distinct childhood phase emerged in hominin development as early as Homo
habilis (Bogin 1997), or ~2.4 — 1.4 million years ago (mya). This time period coincides with the
known dates for the Oldowan Stone Industry (~2.6 — 1.2 mya ), so it is not only possible but
probable that ancient hominins would have learned to make stone tools as children.

Second, this question is fundamental to our understanding of stone toolmaking skill
acquisition given that individuals at varying stages of development have different cognitive and
motor abilities. Namely, because the motor and cognitive abilities of children differ from those of
adults, we might expect there to be differences in the amount and types of teaching necessary to
transmit the requisite skills for stone toolmaking. Furthermore, the reasons behind differences in
children’s and adults’ approaches to skilled behaviors, such as foraging, are not entirely
understood. Though it may be easy to dismiss these differences as evidence only of children’s
relative lack of development and inexperience, they may be significant in the sense that, in some
cases, being unskilled provides a paradoxical cognitive advantage to learners. In other words,
pre-existing knowledge and ability can sometimes disadvantage someone trying to learn a new
skill. The differences in how children and adults learn are well-documented (Kuhn and Pease
2006; Du et al. 2017), and if they are demonstrated in stone toolmaking, it will be important to
revisit the conclusions draw by previous literature on this subject, particularly those that discuss
the broader evolutionary context of social learning and language in stone toolmaking.

In terms of motor performance, there is some debate regarding whether children
underperform compared to adults on skill-based tasks because they are simply incapable of
matching adult outcomes due to a lack of gross and fine motor development (Gurven, Davison,
and Kraft 2020) or because their performance is optimized for their particular body size and

shape and therefore looks inherently different from adult performances (Bird and Bliege Bird



2000, 2002). The source of this difference is relevant to how both ancient hominin and modern
human children may approach the task of stone toolmaking and whether it is justifiable to
compare child and adult stone toolmaking on a one-to-one basis. If it is demonstrated that
children and adults have significantly different learning and motor approaches to stone
toolmaking, this will have implications for past conclusions on Paleolithic social learning

processes and on how research on this topic is conducted in the future.

HOMININ EVOLUTION AND THE ORIGINS OF THE MODERN MIND

The uniqueness of hominin cognition has long been a focus of anthropological research.
Increases in hominin brain size and the corresponding behavioral complexity demonstrated in the
archaeological record (i.e. via stone toolmaking (Ambrose 2001; Shea 2017), cultivation of fire
(Sandgathe 2017), and evidence of symbolic culture through art and artifacts (Dissanayake 2017;
Sterelny 2017) are often pointed to as hallmarks of our genus (Antén and Snodgrass 2012).
Despite these broadly agreed-upon milestones, methods for investigating the evolution of
hominin cognition remain diverse and, at times, in conflict with one another.

In the earliest days of studying ancient hominin cognition, researchers relied on methods
such as the use of endocasts of hominin crania — which provided basic information about a
brain’s general shape and, if lucky, the convolutions of its sulci and gyri — and a derived numeric
“cranial capacity” as a stand-in for brain size (Falk 2012). Proponents of the former argued that
endocasts are the only direct method of studying brain evolution, as they are made from imprints
of actual fossilized cranial specimens and are therefore researchers’ exclusive avenue into what
ancient brains may have looked like and how they were structured. Referred to as

“paleoneurology,” the use of an endocast was particularly influential in Raymond Dart’s (1925)



interpretation of the Taung child (a juvenile Australopithecus africanus) as an early, ape-like
ancestor of the genus Homo. This method, however, has been met with considerable criticism, as
the data provided by endocasts is relatively limited and at risk of overinterpretation, although
with the introduction of new technology, notably computerized tomography (CT) scans and
geometric morphometric techniques, some researchers have called for a re-examination of the
endocast’s usefulness in the study of ancient hominin cognition (Neubauer 2014).

The latter method, calculating a fossil specimen’s cranial capacity as a proxy for brain
size, has remained a somewhat more popular approach to the study of ancient hominin cognition.
Although this method also suffers from its share of inaccuracies (Holloway 1966), it has given
rise to a body of literature on the comparative cognition of humans and extant primate species
and uses fossilized ancient hominin crania, instead, as a reference point for arguments on
cognitive evolution, rather than deriving conclusions about ancient hominin behavior from
fossils, alone. This combination of techniques has resulted in a more robust research program,
from which have emerged theories on the roles of encephalization quotient (Jerison 1979;
Vancata 1996); brain size (Gonzalez-Forero and Gardner 2018; Navarrete, van Schaik, and Isler
2011; Shultz, Nelson, and Dunbar 2012), growth (Leigh 2004), and reorganization (Hecht et al.
2013; Holloway, Broadfield, and Yuan 2003; Smaers and Soligo 2013); and social (Dunbar
1998), behavioral (Burkart, Hrdy, and Van Schaik 2009; Byrne 2000; Sterelny 2011), and
ecological (Burkart, Schubiger, and van Schaik 2017) complexity on the evolution of hominin
cognition. These efforts have produced a mosaic-like picture of the processes that contributed to
and shaped hominin cognition, where many variables worked in tandem to create the modern

human mind.



Behavior, Grounded Cognition, and Language

Behavior as an Evolutionary Agent

Of these variables, the study of behavior’s role in evolutionary processes has experienced
a resurgence over recent decades. In 1896, following the frenzy of scientific thought inspired by
Darwin’s 1859 publication of On the Origin of Species, psychologist James Mark Baldwin
postulated that, under certain conditions, learned behaviors can impact the direction and thrust of
a species’ evolutionary trajectory through natural selection (Simpson 1953). More specifically, as
a learned behavior (e.g. tool use) proved itself to be adaptive, individuals who adopted this
behavior would experience increased survivability, and the traits associated with successful
application of the behavior (e.g. executive function) would undergo the process of natural
selection, should the behavioral practice persist over evolutionary time, and remain present, if
not more prominent, in those individuals’ descendants. This concept, aptly named the “Baldwin
effect,” fell out of favor in the early and mid-twentieth century because of its perceived
proximity to neo-Lamarckian positions on evolutionary theory and concerns surrounding the
difficulty of empirically proving its existence (Depew 2003).

Since then, the Baldwin effect, though not always mentioned explicitly, has found new
traction in research on hominin life history and the Extended Evolutionary Synthesis (EES).
Championed by Kevin Laland and John Odling-Smee, among others, the EES proposes a
framework that more formally integrates processes usually perceived as proximate to genetic
inheritance (i.e. developmental bias, developmental plasticity, inclusive inheritance, and niche
construction) into a view of evolution that emphasizes the constructive development of gene-
environment interactions and reciprocal causation between species, behavior, and environment

(Laland et al. 2015). At its core, the EES states that the synergistic effects of organism and



environment may function to bias selection, mediated by the plasticity of ontogenetic processes,
and in doing so, species’ behaviors, including those that are learned, can impact phenotypic

evolution and, ultimately, genetic inheritance.

Grounded Cognition, Affordances, and the Interconnectedness of Brain, Body, Behavior,
and Environment

This interconnectedness of brain, body, behavior, and environment is also emphasized in
the study of embodied cognition and affordances, related concepts that, while not directly tied to
evolutionary theory, can provide context for the mechanisms by which the inclusive inheritance
of the EES may occur. Namely, research on grounded, or “embodied,” cognition reframes the
traditionally held belief that the brain exists and functions as an information processor distinct
from its somatic housing. From this perspective, hominin cognition is deeply rooted in
sensorimotor processing — as opposed to resting solely in a separate semantic memory system —
and this processing, in turn, evolved in response to environmental input (Barsalou 2008; Wilson
2002). Furthermore, within a grounded cognition framework, minds can essentially outsource
some of their processing load to their bodies and environments by relying on systems such as
visual imagery, simulation, and affordances provided by physical objects and spaces (Clark
1999).

The latter of these, an affordance describes an agent’s potential interactions with its
environment, provided by the physical features of space and individual objects (e.g. the flatness
of solid ground) and by the agent’s ability to perceive these features (e.g. both in terms of
cognitive resources and the availability of visible light). A term coined by J.J. Gibson (1979), he

notes that affordances must be considered with respect to the individual in question, as



differences in anatomy (e.g. hand size in children versus adults) will affect how the individual is
able to engage with an object. In his initial publications on the subject, Gibson leaves his criteria
for what constitutes an affordance somewhat broad, ascribing the term to physical, cognitive, and
social phenomena. Although this generality encompasses Gibson’s assertion on the ubiquity of
affordances, it has resulted in a muddying of how an affordance should be defined and
operationalized, especially in the literature surrounding tool use (Osiurak, Rossetti, and Badets
2017).

Authors Osiurak, Rossetti, and Badets (2017) have since revisited the properties of
affordances and have highlighted the relationships between hand and tool (hand-tool) and tool
and object (tool-object) as especially relevant to this literature. They furthermore contextualize
these relationships in what they describe as the three action-system (3AS) model, wherein they
emphasize the role of specific cerebral systems involved in an agent’s perception of affordances
(i.e. dorso-dorsal), the comprehension of mechanical action (i.e. ventral-dorsal), and specifying
specific contextual relationships between tools and objects (i.e. ventral). Although the coupling
of specific affordance qualities to cognitive systems is not new (Norman 2002; Randerath et al.
2011), it does provide an empirically grounded basis for the relationship between brain, body,
behavior, and environment, one that emerges in infancy (Byrge, Sporns, and Smith 2014; Smith
and Gasser 2005) and is seen both in individual’s interactions with physical objects and symbolic

abstractions, such as mathematics (Gibson 1979) or language (Kaschak and Glenberg 2000).

Embodied Language and Sound Symbolism
Observed first in the broad sociolinguistic framework of the Sapir-Whorf hypothesis

(Boroditsky 2001; Kay and Kempton 1984; Whorf 1988) and later in the study of metaphor



usage (Lakoff and Johnson 1980), the role of language in grounded cognition is multifold. Not
only does it provide a shared frame of reference for interlocutors (Hasson et al. 2012), but it also
acts as an anchor for ‘thinking about thinking’ or a ‘cognitive super niche’ (Clark 2006). For
example, Dehaene (2011) suggests that in order to move beyond the basic, easily discernable
numerical categories of oneness, twoness, and threeness, language is not only useful but
necessary. More specifically, humans can, without effort, count objects in groupings of up to
three; however, once groups reach sizes larger than these, they fall into the category of ‘more-
than-that-ness.’ In order to talk, or perhaps even think, cohesively about larger numerical values
requires a lexicon that accommodates these efforts, hence, in the case of counting and numbers,
language facilitates an otherwise inaccessible cognitive process.

Historical definitions of language cite its arbitrariness as one of its hallmark
characteristics (Hockett 1960; de Sassure 2013), however, there is growing evidence for the non-
arbitrariness of word form-to-meaning mapping. This work on sound symbolism emphasizes the
roles of iconicity (e.g. onomatopoeia, ideophones) and semanticity (e.g. prosodic or phonological
cues, such as syllable length) in language structure (Dingemanse et al. 2015), both of which take
advantage of the brain’s perceptuomotor system. A famous example of this process is found in
the bouba-kiki effect (McCormick et al. 2015) or the maluma-takete effect (Sidhu et al. 2021),
which both demonstrate participants’ tendencies to associate rounded vowel sounds (e.g. /ou/ and
/a/ in “bouba” or /a/ and /u/ in “maluma”) with ameboid/blob-like shapes and sharp consonant
sounds (e.g. /k/ in "kiki” or /t/ and /k/ in “takete’) with pointed/angular shapes. Not only are such
associations found with the shape of objects, but they are also observed with object size
(Shinohara and Kawahara 2010; Tsur 2006) and distance (Rabaglia et al. 2016), in color

luminance and saturation (Johansson, Anikin, and Aseyev 2019), and across diverse language



families (Blasi et al. 2016). This “groundedness” of sound symbolism in language is also
apparent in studies of grasp affordances, wherein participants who are asked to simultaneously
produce the front-closed vowel /i/ while performing a precision grip and those who were asked
to produce the back-open vowel /a/ while performing a power grip responded more quickly than
when asked to perform the opposite pairing (Vainio et al. 2019). The interconnectedness of
language, brain, and body, well-established in the sound symbolism literature, acts as a

compelling primary example of grounded cognition at work in the hominin lineage.

Summary

Taken together, the role of behavior in evolutionary processes, the embodiment of the
mind, and the non-arbitrariness of sound symbolism in language work to create an image of
hominin cognitive evolution that is intimately interwoven with its context, where the human
brain could not exist as it is today without the behaviors, bodies, or environments of hominins
past. One specific such behavior, often cited as integral to hominin evolution, is the creation of

stone tools.

Stone Toolmaking and the Evolution of Cognition and Language

Early Stone Industries

As one of the oldest sources of evidence for early hominin material culture, stone tools
provide an avenue into the study of ancient cognition and behavior (Wynn and Coolidge 2016).
Several Lower Paleolithic (LP) stone industries have been identified and defined, the oldest
being the contested Lomekwian (~3.3 mya), followed by the Oldowan (~2.6 — 1.2 mya),

Acheulean (~1.7 — 0.2 mya), and finally, the Levallois (~0.3 mya), a production technique that
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begins in the LP but is most often associated with the Mousterian culture of the Middle
Paleolithic. Of these, the Oldowan and Acheulean have received the most attention in studies of
ancient hominin cognition, owing to their pervasiveness in the archeological record and their
cumulative ~2.4 million years of hominin life history.

Although, historically, Oldowan technology was described by a typology of core forms

99 ¢¢

(e.g. “choppers,” “scrapers,” and “discoids”) (Leakey 1971), more recently, the Oldowan has
been recognized as a core and flake industry (Toth 1985). It is produced when a stone knapper
uses one stone (the hammerstone) to strike another stone (the core) to create a sharp, knife-like
fragment (the flake). Where the knapper chooses to strike the core is of great importance, as
surfaces (platforms) with acute angles are more likely to result in flakes with sharper, more
viable cutting edges. The ability to make this choice relies on the toolmaker’s capacity to
recognize the angle affordances that the core provides, in addition to visuomotor skill and a basic
understanding of fracture mechanics (Stout and Chaminade 2007). A range of hominin species
are contemporaneous with Oldowan archaeological assemblages, dating back to Paranthropus
aetheopicus and Australopithecus garhi, but the most compelling associations between Oldowan
tools and toolmakers lie with Paranthropus boisei, Homo habilis, and Homo erectus (Toth and
Schick 2018). The cranial capacity of the former two hominin species is modest, at 500-550cm?
and 510-690cm?, respectively. Homo erectus, who was also alive to at the correct time to
manufacture Acheulean technology, boasted a cranial capacity of 800-1070cm?, the upper range
of which overlaps with the lower range of modern humans.

Acheulean technology is marked by several key features, called “imperatives” by Gowlett

(2006): the glob-butt (the rounded proximal end of the handaxe, serving as its center of gravity),

forward extension (counterbalancing the glob-butt), lateral extension (offering resistance to
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torque and providing support for long working edges), support for the working edges (in relation
to the glob-butt), and thickness adjustment (allowing for the general mass to be worked without
much loss to the rest of the piece). Unlike Oldowan flakes, which are typically produced
unifacially, Acheulean handaxes are created through the bifacial removal of flaked pieces along a
central, lateral axis to create a cutting edge. Knappers exploit existing flake scars to assist in the
shaping and thinning of the worked tool, following what appears to be a prescribed planning
sequence, which again differentiates Acheulean stone toolmakers from the Oldowan, who

showed no clear evidence of a mental template in their own reduction sequences (de la Torre

2016).

Methods for Studying Ancient Cognition in Toolmaking

Because the ancestral hominin mind is unknowable through modern psychological
methods, given that none of its agents are still alive, it is important to take a multidisciplinary
approach to the study of ancient cognition, both through a series of linked inferences (Coolidge
and Wynn 2016) and experimental work conducted with modern human participants. The latter
of these I will discuss in greater detail below; the former is achieved through a sequence of
bridging arguments between what is known about the past (i.e. through lithic artifacts) and
subsequent conclusions drawn from this knowledge (e.g. categories of technological industries,
methods of reducing stone cores into useable tools). These methods allow researchers to create
what is called a minimal-capacity inference, wherein they discern what sort of preconditions (e.g.
material, cognitive, motor) are necessary to create an object in question — in this case, stone tools
— and then infer these capacities to the object’s maker (Currie and Killin 2019). Although

researcher reliance on pure logic to address evolutionary questions is mitigated, in part, by the
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advent of new technologies (e.g. radio carbon dating), certain aspects of the evolutionary past,
such as stone toolmaker (knapper) intention and identity and ancient hominin cognitive ability,
remain obscured from testable, empirical methods and still require more orthogonal means of

inquiry, such as through archaeological analogy (Ascher 1961).

In the case of hominin cognitive evolution and its relationship to stone toolmaking, work
in cognitive archaeology has demonstrated that stone knappers make their tools through a series
of intentional, goal-oriented actions (Wynn 2002), beginning with material acquisition and
transportation (Braun et al. 2008) and culminating in planned reduction sequences (de la Torre
and Mora 2018; Toth and Schick 2018). In order to be successful at their task, the toolmakers
would need to employ certain cognitive resources, including various aspects of executive
functioning (e.g. working memory) and visuospatial reasoning, all of which can be observed in
modern human participants through well-established psychological methods. The degree to
which these cognitive traits played a role in stone toolmaking has been contested and likely
varies across stone industries, in correspondence with the abilities of the hominin species who
acted as the primary toolmakers. Namely, Oldowan flake and core technology has been cited as
less cognitively demanding than the Acheulean and Levallois industries that followed it, as the
latter require more advanced forms of planning to properly execute the desired end-form tool.
However, while some researchers contend that Oldowan stone toolmaking requires little more
than ape-like cognitive ability (Wynn et al. 2011), others promote a more medial position and
assert that ancient Oldowan toolmakers had already undergone some measure of humanlike
cognitive evolution (Toth and Schick 2018).

Whether language played a role in the transmission of technical skill in these various

industries is also a matter of debate, with some researchers citing experimental evidence in favor
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of an early emergence and adoption of language in stone toolmaking knowledge transmission
(Morgan et al. 2015) and others in opposition of it (Putt et al. 2017). To draw these conclusions,
researchers have utilized social transmission chain and brain imaging methodologies, sometimes
separately and sometimes in combination. In studies of social transmission chains, novice
participants are typically presented with two or more learning conditions of stone toolmaking. At
minimum, the research design will include a dichotomy of an instructed and an uninstructed
condition, though these terms are variably defined. For example, sometimes “instructed” is
meant to convey direct-active teaching (Kline 2016) and other times it depicts verbal instruction,
only, without the use of accompanying hand gestures or other instructional modalities. Similarly,
“uninstructed” conditions can mean a variety of things, including a reverse engineering condition
where no instructor is present or gesture-only, nonverbal communication provided by an
experimenter. Some studies provide more elaborate learning conditions, such as Morgan et al.
(2015), who included reverse engineering, imitation/emulation, basic teaching, gestural teaching,
and verbal teaching in their study design.

For braining imaging studies, a diversity of imaging techniques, including positron
emission topography (PET) scans (Stout et al. 2000; Stout, Toth, and Schick 2006; Stout et al.
2008), functional near-infrared spectroscopy (fNIRS) (Putt et al. 2017; Putt, Wijeakumar, and
Spencer 2019), magnetic resonance imaging (MRI) (Hecht et al. 2015; Stout et al. 2015), and
functional magnetic resonance imaging (fMRI) (Stout et al. 2011) have been employed. These
studies typically investigate the differences in skill level between novice and expert knappers,
sometimes including a third, intermediate “trainee” category, and through these comparisons,
they have identified regions of the brain significant to stone toolmaking in different lithic

industries (i.e. the Oldowan and the Acheulean). Such regions of interest (ROIs) for Oldowan
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knapping include the rostral and dorsal intraparietal sulcus and ventral premotor cortex
(sensorimotor control and analysis of the three-dimensional shape and orientation of the core),
the medial premotor cortex (responsible for bimanual coordination), and the middle and inferior
occipital gyri (visual control of action and perception of objects) (Stout and Chaminade 2007).
Notably, initial brain imaging of novice Oldowan toolmaking did not reveal any significant
activation in the dorsolateral prefrontal cortex, which suggests that Oldowan flake production
does not require resources from executive functioning, such as working memory and inhibition
control. This result is supported in a later study of expert Oldowan knapping, where it is
suggested that the distinction between novice and expert Oldowan toolmakers is found, instead,
in the increased motor control and the enhanced “body + tool system” of the latter (Stout et al.
2008).

The cognitive demands for Acheulean knapping reflect the same ROIs as found in the
Oldowan, though to a more intense degree, in addition to areas including the right
inferior/ventrolateral prefrontal cortex (responsible for coordinating flexible, goal-oriented
behavior), indicating that the shift from Oldowan to Acheulean toolmaking relied on an increased
ability to engage in hierarchical planning sequences of flake removal. Notably, some of these
ROIs, namely the right ventral premotor cortex, which is shared with Oldowan toolmaking,
overlap with those used during language production and processing. This observation, in addition
to their shared emphasis on hierarchical patterning (i.e. of action, in stone knapping, and of
grammar, in language), has led researchers to propose an evolutionary connection between the

emergence of language and stone toolmaking in the hominin lineage.
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Technological Origins of Language Hypothesis and Cumulative Culture

These brain imaging data, in combination with the social transmission studies that
promote language’s early influence on the transfer of stone toolmaking knowledge, corroborate
what is known as the technological origins of language (TOoL) hypothesis. As the name implies,
this hypothesis on the evolutionary origin of language states that language may have co-evolved
with stone toolmaking as a means of achieving higher fidelity cultural transmission of skilled
knowledge. TOoL is one of many hypotheses on language evolution, where others have
suggested that language evolved to address any number of needs: to facilitate coordination in
hunting (Washburn and Lancaster 1968), as a form of social grooming (Dunbar 1998), to soothe
infants (Falk 2009) or to promote pair bonding (Deacon 1997), to name a few. However, while
language would have certainly helped to facilitate any one of these scenarios, the TOoL
hypothesis derives some of its strength from its shared roots in cumulative culture evolution and
social learning, processes that are acknowledged as foundational to the early shaping of hominin
behavior (Migliano and Vinicius 2022; Richerson and Boyd 2005).

Specifically, Laland (2017) asserts that language evolved to teach kin. The term
“teaching” is variably defined and what constitutes this behavior is a moving goalpost,
depending upon researcher goals and motivations. Broadly, teaching belongs to the greater
behavioral family of social learning, generously defined as any behavior that can be learned
through observing or imitating others. Instances of social learning are numerous and have been
demonstrated in species across a wide range of taxa. Some notable cases include tandem running
in ants (Leadbeater, Raine, and Chittka 2006), the waggle dance of the honeybee (Wenner 1962),
sponge tool use in dolphins (Mann et al. 2012), tool design and manufacture in New Caledonian

crows (Hunt and Gray 2003), and a host of behaviors in our closest living relative, the
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chimpanzee, such as termite fishing, nut cracking, and a characteristic grooming handclasp
(Moore 2013). However, as impressive as these behaviors may be, none of them fit the definition
of teaching, proper, as put forth by Caro and Hauser (1992): that, to qualify as teaching, a
behavior must (1) only take place in the presence of a naive observer, (2) come at a cost/provide
no immediate benefit to the demonstrator, and (3) allow the observer to acquire knowledge or
learn a skill more rapidly or effectively than it would otherwise, or that the observer would not
be able to recreate the behavior in their lifetime without the aid of the demonstrator.

This definition, sometimes criticized as being too restrictive (Byrne and Rapaport 2011),
is useful in that, in this last criterion, it touches on what is known as the “cultural ratchet” effect
(Tennie, Call, and Tomasello 2009). Like a mechanical ratchet, whose mechanisms consist of a
set of angled teeth such that, when a cog or tooth engages, motion is allowed in only one
direction, Tomasello and his colleagues have described human culture as an iterative and additive
process with minimal loss between generations. This is distinct from other species’ social
learning behaviors, even those defined as being markedly “cultural,” such as the famous example
of sweet potato washing in Japanese macaques (Kawai 1965), given that human cultural
phenomena tend to have a high rate of survivability, even past the death of the innovating
individual. Such robustness does not appear to be the case in nonhuman cultural systems, who
are at risk of the extinction of innovative behaviors, and one of the causes of this difference may
be attributable to the evolution of language in the hominin lineage.

The extent to which language — and by proxy, direct-active teaching — assists in the
acquisition of different types of skilled knowledge is up for debate, as learning conditions for
gross motor tasks, for example, may vary from fine motor tasks, which may vary from

memorization tasks of semantic knowledge, and so on. This difference is demonstrated in the
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conflicting conclusions regarding the usefulness of language in teaching Oldowan-style stone
knapping (e.g. Lombao, Guardiola, and Mosquera 2017 vs. Putt et al. 2017), whose mastery
relies more on motor control proficiency than advanced executive functioning, in contrast with
its clear benefit to instructing the more cognitively demanding, action-planning oriented
Acheulean-style stone toolmaking (Stout et al. 2008). Furthermore, the environments and
conditions in which naive individuals learn are also variable and have undergone substantial
revision within the past century. More specifically, Western-style classrooms, which emphasize
learning by lecture and often feature large student-to-teacher ratios, are now more ubiquitous
than ever, whereas historically, this kind of formal education was a luxury reserved for the
privileged few of the upper class. Even apprenticeship-style learning, which features an extended
one-on-one learning period between an expert “master” and novice “apprentice,” is an invention
of recent centuries and may not be representative of the learning conditions of the evolutionary
past. With these caveats in mind, and acknowledging, again, that modern human subjects are also
anatomically different than their ancient hominin counterparts, it is important to remember to
place the conclusions from experiments such as those described above within their appropriate
context. This is not to say that such efforts are futile — indeed, advances in neuroarchaeology,
experimental archaeology, and their related fields give researchers the best fighting chance
possible to glean information about processes, such as language origins and their relationship to

stone toolmaking, integral to hominin evolution.

Ethnography of Stone Toolmaking
One other methodological avenue available to researchers of this discipline is the use of

ethnography. This approach comes with its own set of fine print, namely that living human
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populations cannot, nor should be, viewed as a direct corollary of ancient hominin behaviors.
Additionally, the behavior in question, stone knapping, has almost entirely gone out of use
outside of small artisan groups that uphold the traditional practice, as other technologies and
materials have replaced it. Thus, most stone knapping today is performed by hobbyists and
academics (e.g. Whittaker 2004). However, one ethnography, put forth by Stout (2002) details
the manufacture of adzes by both skilled and unskilled craftsmen of the Langda village in
Indonesian Irian Jaya. Here, he describes the social and technological contexts for the creation of
the adzes, from raw material acquisition to tool production. Of particular note are the intricate
terminology used to depict the process of stone toolmaking (e.g. ya-winwin for a particular type
of hammerstone and temena, for the process of roughing-out stone blanks) and the collaborative
nature of training apprentices. These novices, who, according to Stout, would have traditionally
begun their training around the age of 12 or 13 years old, were typically young men in their early
twenties at the time of his writing. The length of an apprentice’s training would span years, and
the toolmaking activities and resources available to them were limited according to their level of
skill. However, because adze production was a highly social process, conducted in groups of
mixed expertise, novices were guided by the feedback of more experienced individuals and had
access to more advanced steps of manufacture by observing and discussing the procedure with
their mentors.

This form of scaffolded learning, which situates learners in what Vygotsky (1978) calls
the “zone of proximal development,” is an example of how skilled knowledge of stone knapping
is transmitted from expert to naive individuals. It is heavily dependent on the use of language
and direct-active teaching, as well as observational learning on the part of the novice. Whether

this type of learning scenario was characteristic of stone knappers of the evolutionary past is
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unknowable, but ethnographic work, such as that by Stout (2002), does have the potential to shed
light on how modern humans may approach the task of stone toolmaking. This method, in
combination with neuroarcheology, discussed above, and experimental archaeology, discussed
below, can allow researchers to triangulate upon the conserved cognitive and behavioral

components of stone toolmaking, so that the present may serve as a window into the past.

HISTORY OF EXPERIMENTAL STUDIES OF STONE TOOLMAKING

The study of stone toolmaking has a long history, dating back centuries, with the earliest
scholarship classifying stone tools within the general category of fossils (de la Torre 2011). It
was only at the end of the seventeenth century that researchers began to think of stone tools as
human products. After this initial shift, archaeological perceptions of stone tools — how they were
made, who made them, and the importance of concepts such as the cultural and temporal
contextualizing information of archaeological assemblages and knapper knowledge, intent, and
skill — all came into question, and, correspondingly, several key methodological and ideological
traditions arose from the research that followed.

In the mid-twentieth century, typological approaches to studying stone tools were
predominant, influenced by the work put forth by Bordes (1961), which included a detailed
classification system of Mousterian artifacts in France. From this method came two of the
seminal works on the early African stone industries: Leakey (1971), which described Beds I and
IT at Olduvai Gorge; and Isaac’s (1977) report on Olorgesailie. While this approach provided a
formalization of the Oldowan and Acheulean stone industries and emphasized inter-site
variability and the emergence of cultural traditions in stone toolmaking, it lacked in its ability to

place artifacts within the context of their specific site (e.g. through site formation processes) (de
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la Torre and Mora 2009). Reflecting on this shortcoming, Isaac revised his methodological
approach and proclaimed that stone artifacts should be studied both in their original contexts and
in the overarching framework of hominin behavior. With this declaration of purpose came the
processualist worldview of archaeological research, and within processualism, experimental
archaeological methods began to build traction.

In the decades that followed, much of the experimental archaeology of stone toolmaking
was guided by the intuitions of expert knappers, to the detriment of robust empirical methods
(Eren et al. 2016). More specifically, criteria for knapping skill and ‘good’ or desirable lithic
products were determined from researchers’ own experience with the craft, at the cost of
hypothesis testing, replicability, and method validation, all of which are crucial for building and
maintaining an experimental paradigm that can address with confidence questions that span
archaeological space and time. Efforts to fill this methodological gap have been numerous, and
our knowledge of phenomena such as the properties of stone fracture mechanics (e.g. Dibble and
Whittaker 1981, Odell 1981), reduction strategies and use of design space (e.g. Newcomer 1971,
Moore 2011), lithic tool function, use, and efficiency (e.g. Crabtree and Davis 1968, Tringham et
al. 1974), and knapping skill acquisition (e.g. Muller, Shipton, and Clarkson 2022) has grown
considerably from this scholarship. However, despite this progress, the field of experimental
archaeology still suffers from its share of blind spots, most notably in the number and types of

participants recruited and in experimental task training times.

Trends in Participant Recruitment and Demographics
It is no secret that the history of Western scholarship has a bias in favor of cis-gendered,

adult white men from middle to upper class backgrounds, both in terms of those performing the
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research and those participating in it. Treated as a model for all of humanity, studies conducted
on people belonging to this very specific demographic have served as the foundation for a
majority of modern scientific efforts. Although this trend has been acknowledged, challenged,
and serious revision efforts have been undertaken, the fact remains that many participants in
experimental studies are still WEIRD (Western Educated Industrialized Rich Democratic)
(Henrich, Heine, and Norenzayan 2010) adults, usually of university age. Within human subjects
research, children and non-WEIRD participants are typically recruited only when a research
question specifically necessitates it. The convenience of WEIRD adult sampling is undeniable;
however, relying too heavily on a single demographic creates the same sorts of gaps in current
literature previously caused by recruiting only men — researchers fall victim to the seductive
notion that their research model is generalizable beyond its reasonable bounds.

This error, while acknowledged in conference questions, personal communication, and
the occasional — and very important — publication (Shea 2006; Finlay 1997; Lillehammer 1989;
Hogberg 2008; Neubauer 2018), continues to befall the sampling practices of experimental
archaeological work. The vast majority of experimental work in stone toolmaking still utilizes an
adult-only sample, although the sex distribution of novice participants, in particular, has
somewhat equalized, or, in some cases (e.g. Cataldo, Migliano, and Vinicius 2018), has shifted
toward a female bias. Typically, members of an expert sample are majority male, though this
trend may be an artifact of the historically lower numbers of women academic archaeologists in
professorial positions with research labs. In some published papers, the actual age distribution of
participants is not disclosed, except to say that the participants are, indeed, adults, and little to
nothing is mentioned about other demographic information, such as gender identity,

socioeconomic status, race/ethnicity, academic performance/highest level of education
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completed, etc. Although not all of these identifiers may be relevant or even discernable in
archaeological lithic assemblages, and therefore may not be pertinent to evolutionary questions,
such details would be useful in better understanding how demographic circumstances affect
modern human knappers. The present study focuses on the developmental differences in stone
knapping skill acquisition and does not attempt to address all aspects of participant identity, as
listed above. With that said, while many researchers may privately acknowledge that the absence
of children in experimental archaeology is problematic, little has been done to rectify the issue.

To date, experimental lithic work conducted with modern children is still rare, and what
little has been done has been published as book chapters and in lesser-known scientific journals,
if it is written for publication, at all. This publishing trend emphasizes that although there is
general interest in the theoretical aspects of the archaeology of childhood, there is still much
work that needs to be done to elevate the profile of this important topic, and this may be
accomplished by establishing a firm empirical basis for the study of ancient children and their
role in material culture production and evolution. Researchers Sternke and Serensen (2005) lay
some of this foundation through what may be the first stone knapping experiment conducted with
child participants. In their study, the authors recruited a total of eight subjects, six of whom were
children (ages 6 — 11 years, mean age: 8.92 years) and two of whom were adults (both aged 25
years). The amount of knapping experience for these individuals ranged between 1h 45 mins and
2h 50 mins of practice time for the children and between 1 month and 2 years of practice for the
adults. Participants were asked to produce a range of Later Mesolithic (Ertebelle) tools and
received verbal instruction from the authors on how to do so. The authors mention, but do not
discuss, their observations regarding the individual differences in motor control, mental

capability, and hand-eye coordination between subjects of different ages. Although the novice
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knappers made mistakes typical of beginners (e.g. hinged flake terminations, lack of
standardization in final shape), all participants were able to produce simple flakes and scrapers,
though the children could not produce the more complicated form of the transverse arrowhead.
Sternke and Serensen conclude that a cognitive understanding of the steps involved in a
reduction sequence, more than any physical limitations imposed by knapping, are what may
drive the differences between child and adult stone knapping, but more importantly, they suggest
that such differences do exist, though conclusions are limited by a very small sample size.
Sternke and Serensen provide a promising beginning for work done with child knapping, but it is
clear that further research is needed to hone in on differences between child and adult knappers

and what motivates them.

Identifying Novice Knappers in Archaeological Assemblages

Identifying individuals in archaeological lithic assemblages is a notoriously difficult task,
if it is even possible with our current methods and technology (Eren, Bradley, and Sampson
2011). Because lithics are often found without direct contextualizing information about their
creators (e.g. fossilized remains), assemblages have historically been analyzed at the group level,
with the acknowledgement that a group of individual agents — unknowable in identity or number
— would have been responsible for their manufacture. Despite this difficulty, however, there has
been a recent call to action advocating the role of the individual in archaeological assemblages,
generally (Gamble and Porr 2005), and in the production of stone tools, specifically (Hopkinson
and White 2005; Gowlett 2005; Pope and Roberts 2005). Although it is true that evolution does
not act on the scale of the individual and that to address evolutionary questions, group level

analyses are necessary, identifying individual knappers in the lithic record remains an important
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point of inquiry to address questions such as those relating to the evolution of teaching. For
example, because of developmental differences in cognition and motor control, which would be
present in the ontogeny of all hominin species, expert knappers may approach the tutelage of
their novices differently based on whether the inexperienced knappers were children or adults.
Because of this, being able to determine the age of individual stone toolmakers in the
archaeological record may elucidate not just the identity of the novice knappers, but also how
skilled knowledge of stone toolmaking was passed between individuals within a knapping
community.

Novices, often defined in this literature in general terms as individuals who have not yet
gained expertise, are associated with suboptimal knapping techniques, such as premature
abandonment of cores (Castaneda 2018), improper flake removal (Dugstad 2010; Goldstein
2018; Karlin and Julien 2019), relative lack of complexity in reduction sequences (Maloney
2019), miniaturization (Knight 2017), and overall irregularity of shape in finished forms
(Johansen and Stapert 2012; Neubauer 2018). However, for the most part, criteria used to
identify novices reflect the intuitions of lithic analysts rather than empirically demonstrated
patterns. Additionally, it is important to note that the majority of work done on identifying
novices has involved assemblages found in European sites (Castafieda 2018; Dugstad 2010;
Hogberg 2008; Johansen and Stapert 2012; Karlin and Julien 2019), with some notable
exceptions (Goldstein 2018; Cunnar 2015; Knight 2017; Maloney 2019; Neubauer 2018), and in
relatively recent time periods. Although this research sets a foundational methodological
precedent, these efforts should be applied to a more diverse range of site locations, time periods,
and lithic industries in order to establish a more complete representation of novice knappers’

work across space and time.
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For decades (Lillehammer 2015), researchers have made efforts to address the opacity of
children’s influence in the archaeological record, with emphasis on identifying novice work at
lithic production sites. Despite the undoubtable overlap between novice knappers and child
knappers, it should also not be assumed that these groups are synonymous (Ferguson 2008;
Hogberg 2018). Although it is likely that ancient hominins would have begun the process of
learning stone knapping during childhood (Shea 2006), the extent to which children would have
engaged with raw materials and production is less certain, for reasons including the rarity and
quality of raw materials, safety precautions, and the physical and cognitive affordances of
knapping (Ferguson 2008; Kamp 2015). More probable is the scenario wherein knapping skills
are acquired through a gradual scaffolding process that begins with passive observation of
knapping activities and graduates into direct handling of raw materials and attempts to produce
lithic products. This process would have begun early in childhood and continued through
adolescence and into early adulthood (Nowell and French 2020; Riede et al. 2018), which brings
us back to the following question: how old were the novice knappers identified in lithic
assemblages? This inquiry necessitates a consideration of how childhood is defined, both across
evolutionary time and existing cultural contexts (Hogberg 2008; Kamp 2015), and highlights the
importance of a research program that investigates knapping skill acquisition across

development.

SKILL ACQUISITION AND STONE TOOLMAKING
Studies of skill acquisition and the development of expertise, although relatively new in
the stone toolmaking literature, have a long history in the psychological sciences. Dating back

over a century (Bryan and Harter 1899), research on skilled behavior emphasizes the role of
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regular, deliberate practice in the acquisition of expertise (Ericsson, Krampe, and Tesch-Romer
1993) and has demonstrated a phenomenon known as the ‘power-law of practice’ (Newell and
Rosenbloom 1981), which describes an initial period of rapid increase in proficiency followed by
diminishing returns as an individual’s skill level flattens to a local optimum. This curve is further
characterized by more subtle alternating periods of improvement and plateau as learners engage
in cognitive ‘chunking’ of acquired information (Guida et al. 2012). Through chunking,
individuals reduce strain on their working memory capacity by storing summary chunks of
information in their long-term memory, which aids in quicker retrieval and, consequently, in
better task performance. The relationship between chunking and expertise is well-documented,
and studies of skill acquisition in stone toolmaking have also recently demonstrated this trend
(Geribas, Mosquera, and Verges 2010; Pargeter, Khreisheh, and Stout 2019).

For example, Geribas and colleages (2010) reported that novice knappers are more likely
to approach stone knapping as a sequence of disjointed events, whereas expert knappers
perceived knapping as clusters of related behaviors. This difference in perspective was evident in
the behavior sequences recorded for expert and novice knappers. Whereas the experts were likely
to repeat patterned clusters of behaviors, novices demonstrated no patterning in their behavioral
output. Similarly, expert knappers were more likely to use a broader range of the behaviors
observed by the study’s ethogram (e.g. clustered on factors such as shaping of the core,
frequency of rotating the core versus percussion, and knapping posture), and novice knappers
were more prone to be retricted in their stone knapping behavior. In fact, novices rarely used
rotation during their knapping, instead relying almost soley on percussion. Together, these
observations indicate that novice knappers adopted a strategy of using a small range of

behaviors, perhaps those that they felt most comfortable using or that they felt yeilded the most
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obvious results, repeatedly and without direction, while expert knappers were stragegic in their
approach to bifacial reduction.

In addition to chunking-related behaviors, expert performance across a variety of
activities, including in infants learning to use a baby bouncer (Goldfield, Kay, and Warren 1993)
and stone knappers regulating the velocity and trajectory length of their hammerstones according
to hammerstone weight (Bril et al. 2010), appears to minimize unnecessary movements and
inefficient energy expenditure, thus optimizing the relative effort required for optimum output.
This ability is acquired through flexible management of environmental constraints and adapting
to unfamiliar task parameters, such as in the case of stone bead knapping in India (Roux, Bril,
and Dietrich 1995). In their study of stone bead knappers, Roux, Bril, and Dietrich (1995) also
noted that craftsmen who underwent a longer apprenticeship period (seven to ten years) were
more adept at organizing what the authors refer to as the elementary movements (i.e. the most
basic unit of an action sequence) into sub-goals during a planned knapping reduction sequence
than were the craftsmen who received less training (two to three years). Most notably, the less
experienced craftsmen spent less time, or skipped entirely, calibrating their beads and reducing
the beads’ stone crests during shaping, whereas the more experienced craftsmen routinely
followed this procedure, and, as a result, produced more uniform bead shapes across participants.
Stone knapping, at its most basic, is a craft that applies the mechanics of conchoidal fracture to
produce the controlled removal of flakes from a core. Although the particular physical principles
of this type of fracture are not fully understood, stone knappers must develop an intuitive
understanding of conchoidal fracture in order to employ it effectively during stone toolmaking.

One of the primary limitations of experimental stone knapping studies is the difficulty in

recruiting participants for adequate training periods. Because expertise in stone toolmaking is
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acknowledged, through ethnographic accounts (Stout 2002, Roux, Bril, and Dietrich 1995), to
take years to acquire, the most ecologically valid studies of knapping skill acquisition would
require a longitudinal design; however, the demands of such a design, both in participant time
and expense of raw stone materials, makes this effort prohibitive. Relatively short training times
are ubiquitous in the experimental stone knapping literature, with some spanning only five
minutes (Morgan et al. 2015), but despite the substantial apprenticeship period required to gain
true mastery of stone toolmaking, participants have shown improvement in their knapping skills
and knowledge within the span of the comparatively much shorter experimental paradigm. For
example, Pargeter, Khreisheh, and Stout (2019) asked participants to commit upwards of 90
hours of knapping practice over the duration of the study, with assessments spaced at 10-hour
intervals. Knapping skill was initially recorded by the instructor at the end of each session using
a 10-point scale, which assigned participants scores that were used to track learning progress.
These scores were later compared with scores produced by a random forest regression model
developed from the measurement data of the experimental handaxes produced during the
assessments. The model employed many of the same criteria of stone knapping skill as the
subjective scoring (e.g. handaxe thinning and shaping, use of bifacial reduction strategy), but
instead looked at nine measurement variables taken from the assessment handaxes. From these
data emerged a distinct power-law curve of participant skill increase, with rapid improvement
taking place within the first 30 hours of practice. Individual participant success during this early
stage did correlate with high performance in psychometric tasks of planning and problem solving
(Tower of London) and ‘set shifting,” or the ability to demonstrate flexibility amid changing rules
(Wisconsin Card Sort). Past this initial stage, however, practice density was a greater predictor of

skill increase.
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Thus, in order to gain expertise in stone toolmaking, novice knappers must master the
following: the chunking of elementary actions into systematic sub-goals, optimization of energy
expenditure and minimization of unnecessary movements, the ability to adapt flexibly to the
knapping environment (e.g. raw material), an understanding of conchoidal fracture mechanics,
and an ability to identify salient aspects of knapping affordances (e.g. posture and core handling,
viable core morphology, appropriate hammerstone selection, and correct striking angle and
velocity). To acquire these skills, they need to engage in deliberate, individual practice, usually
over a lengthy period of upwards of ten years (Ericsson, Krampe, and Tesch-Romer 1993;
Ericsson 2008). Evidence of their acquired mastery is demonstrated in their lithic output, namely
in factors such as flake size (i.e. larger flakes are indicative of more skilled knapping) and utility

(i.e. flakes with more cutting edge are considered to be more ‘useful’).

CHILDHOOD: EVOLUTION AND DEVELOPMENT
Hominin Life History and the Evolution of Childhood

Hominin life history is marked by several notable differences from the life history traits
of other primate species, namely cooperative breeding (Hrdy 2009), shorter interbirth intervals
(Humphrey 2010; Nakahashi, Horiuchi, and Ihara 2018), longer lifespans (Neill 2014), and an
extended juvenile period (Konner 2010; Walker et al. 2006). Though hominin life history may
not be as unique as it is sometimes portrayed (Miller, Churchill, and Nunn 2019), an extended
juvenile period, or childhood, is a prominent human characteristic, one that is rare in other
species and never so exaggerated. The evolutionary origins of childhood as a distinct hominin
life stage are debated both in timing and cause. Although there is evidence to suggest that

childhood could have emerged as a distinct life history stage as early as Homo habilis (~2.4 — 1.4
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million years ago) (Bogin 1997; Bogin and Varea 2020), others contend, citing evidence of the
timing of the M1 molar eruption in ancient Homo erectus juvenile specimens, that this date is
much too early and place the emergence of childhood with archaic modern humans, Homo
antecessor and Homo heidelbergensis (Thompson and Nelson 2011). The reason behind the
expansion of the juvenile period is also under dispute, with some arguing that it is a byproduct of
cooperative breeding and earlier age of weaning (Bogin 1997) and others asserting its
adaptiveness as a time of learning social norms and skilled behaviors (Street et al. 2017). In
modern humans, it is apparent that childhood is a time of rapid development across domains,
such as cognitive ability and motor skill, which has been well-documented by decades of work in
developmental psychology. Though the stages of childhood have been described in various ways
by prominent figures in the field (Piaget 1952; Vygotsky 1978), childhood can be broadly
characterized in three main stages: early (birth to 6 years old), middle, (7 to 12 years old), and
adolescence (13 to 18 years old). Although each developmental period is host to its own array of
cognitive, motor, and psychosocial changes, this section will focus on those that take place
during middle childhood, as it is demonstrated to be the age during which skilled learning begins
in modern forager societies (Crittenden 2016; Boyette and Hewlett 2017), which serve as the

closest living analog to the ecological conditions of our hominin ancestors.

Motor Development

A unique feature of human life history (DelGiudice 2018), middle childhood is marked
by the rapid maturation of many of the motor, cognitive, and psychosocial processes and abilities
that are hypothesized to be important to stone toolmaking ability. The transition to middle

childhood is marked by an increase in aptitude for both gross and fine motor skills (DelGiudice,
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2018), for mental imagery tasks associated with motor control (Gabbard 2009; Spruijt, van der
Kamp, and Steenbergen 2015), and for motor coordination in joint attention tasks (Satta et al.
2017).

Much work in this first domain has been conducted on the development of children's gait
and posture, with and without the added difficulty of a dual constraint task (Al-Yahya et al. 2011;
Chauvel et al. 2017; Fabri et al. 2017; Gill, Yang, and Hung 2017; Saxena et al. 2017; Schaefer et
al. 2015). For example, Gill, Yang, and Hung (2017) performed a cross-sectional study of
children in three age groups - young (4 - 6 years old), middle (7 - 9 years old), and old (10 - 13
years old). The children in each group completed three tasks: 1) finger rotation, 2) obstacle
crossing, and 3) carrying a box while walking. In each of these tasks, the children in the young
group were more variable in their motor capabilities than those in either of the older groups. The
authors indicated these findings as evidence for continued motor maturation during early into
middle childhood, which is consistent with the general trend of developmental shifts in these
stages of childhood.

Additionally, children improve not just in their ability to perform motor tasks physically,
but also in their competence in tasks of motor imagery (Gabbard 2009; Spruijt, van der Kamp,
and Steenbergen 2015), which ask participants to imagine themselves engaging in different sorts
of activities. This research paradigm is based on the assertion that these motor imagery tasks will
provide a 'window' into the mental processes of motor actions. Gabbard (2009), in a review of
the motor imagery literature, mentions that the most prominent differences between adult and
child competence at motor imagery tasks were found in variables related to bodily awareness.
More specifically, children and adolescents appeared to have less developed internal models,

perhaps relating to the still-developing parts of their neural circuitry, such as that found in the
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parietal cortex. Interestingly, Gabbard also notes that children under the age of 7 do not seem to
possess the ability to form motor images of themselves and that this capacity emerges around age
7 year. Such data dovetail the robust body of evidence on the developmental changes that take
place during the 5 to 7 shift, both in cognitive and motor domains (Weisner 1996).

Finally, with the emergence of theory of mind, discussed below, children are able to
engage in tasks involving joint attention (Satta et al. 2017). Satta et al. (2017) investigated the
age at which this cognitive-motor function emerges with a sample of children, ages 6 to 9, and a
sample of adult participants. Their experiment consisted of one task, using an isometric joystick
to direct a visual cursor from a central to a peripheral target, across two conditions, one where
the participant acted in isolation and another where two participants coordinated on their task.
Satta et al. (2017) concluded that although children ages 6 and 7 were able to coordinate the
onset of their joint movement task, they were unable to achieve the level of synchrony to succeed
fully at the task, which was to act in unison from the beginning of the cursor movement to the
end. The 8-year-old participants seemed to be more apt at their solo performance, and the
researchers note that past this age, children were more likely to attend to their peer's performance
in an effort to achieve behavioral synchrony through joint attention. These results indicate that
the motor and cognitive skills required to be an active participant in advanced forms of social
learning, such direct-active teaching, undergo development during middle childhood, given that a

child's aptitude in these domains changes over the course of this developmental stage.

Cognitive Development and Theory of Mind
Cognitive development in middle childhood is dominated by the maturation of executive

functioning abilities and the stable emergence of theory of mind, a trait hypothesized to play a
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critical role in the social transmission of stone toolmaking (Stout 2011). Executive functioning is
often defined as an umbrella term for the network of processes involved in intentional, goal-
directed behavior (Anderson 2002). It specifically includes inhibition, or the ability to self-
regulate behavioral responses; cognitive flexibility, which is the ability to switch fluidly between
tasks and to quickly adapt to new or changing information; and working memory, which allows
an individual to retain and manipulate information for a short period of time (Cantin et al., 2016).
These individual cognitive capacities, respectively, enable an individual to delay immediate
gratification in favor of a more distant but more desirable outcome, to incorporate external
feedback into an internal mental schema, and to remember a sequence of events for a long
enough period of time to enact experience-based behavioral change, skills that are hypothesized
to be relevant to stone toolmaking acquisition (Stout and Khreisheh 2015; Pargeter, Khreisheh,
and Stout 2019).

Although not entirely absent in earlier developmental stages, during middle childhood,
children achieve proficiency in the above abilities. For example, in a cross-sectional study
involving 7- to 10-year-olds, Cantin et al. (2016) examined the effects of age on success in tasks
testing the components of executive functioning, which included a Digit Span subtest for
working memory, a Color Work Stroop task for inhibition, and a modified Dimensional Change
Card Sorting task for flexibility. Though Cantin and colleagues were interested in the degree to
which the relationship between age and executive functioning could predict academic outcomes,
such as reading comprehension and mathematics performance, and social understanding by way
of theory of mind, their study provides a clear example of age-related developmental changes in
executive function abilities. More specifically, these authors applied a model-based approach to

analyzing their data. Their initial model treated the components of executive function as parts of
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a unified whole, and therefore did not examine the individual tri-part relationships between each
category of variables (e.g. age, working memory, and reading comprehension; or age, inhibition,
and theory of mind). When this model did not reveal any significant results, the authors built a
model that analyzed working memory, inhibition, and flexibility separately, and with this change,
patterns emerged in the data to corroborate the relationship between age and aptitude at tests of
executive function.

The results of this study support two important trends in developmental literature. First,
that age does correlate with cognitive development. Second, that the components of executive
functioning operate, and likely develop, independently from one another. Cantin et al. (2016)
suggest that it is during middle childhood that working memory, inhibition, and cognitive
flexibility appear to integrate into what is known collectively as executive function. This account
of cognitive development is consistent with a modular conception of the brain and its systems,
given that several regions of the brain act together to perform a generalized task (Sporns and
Betzel 2016).

During middle childhood, children also grow in their capacity for theory of mind. This
cognitive trait, defined as an individual's ability to acknowledge that others experience inner
thought lives similar to but different than one's own, emerges in early childhood reliably around
the age of 4 years (Flavell 1999; Lagattuta et al. 2015). Some argue that infants as young as 14-
months-old are able to demonstrate false belief understanding, as measured through gaze time
during a false belief task (De Bruin and Newen 2012). A standard and well-established
measurement for detecting theory of mind, in children and adults alike, the false belief task
typically involves a narrative like the one following: Individual A hides an object in place A.

When Individual A leaves the area, and unknown Individual B enters, moves the hidden object to
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place B, and then leaves. Individual A returns, looks for the hidden object, and the narrative ends.
After watching a sequence like this, children participating in a false belief task will be asked
where Individual A will look for the hidden object - in place A, where they left it, or in place B.
Children pass the task if they are able to articulate to an experimenter that Individual A will look
for the hidden object in place A because they are not aware that Individual B moved the object to
place B. Children who have not yet developed theory of mind will answer that Individual A will
look for the object in place B, because they do not yet understand that Individual A has a
different set of knowledge than their own.

Piaget and Inhelder (1956) also document the developmental shift from what they call
egocentrism to the emergence of theory of mind in their Three Mountain Problem, which tests
children on whether they can imagine another person's point of view. Like the false belief task
described above, children in this experimental paradigm are asked to describe what a doll can see
from different vantage points on the mountain. Children are allowed to inspect the mountain
from all angles and therefore are familiar with all of its features. If they are able to articulate that
the doll 'sees' different aspects of the mountain when viewing it from a perspective different from
their own, children are said to have developed past the egocentric phase of early childhood, a
transition that occurs around age 7 year and corresponds with entry into middle childhood
(Piaget and Inhelder 1956).

Advancement in theory of mind capabilities does not cease with its initial emergence in
this transition from early to middle childhood. As a part of this developmental shift, a typically
developing child will also learn to make inferences about another's mental state, such as their
experience of specific emotions or the recognition of shared knowledge (e.g. a typical example

of second order intentionality: 'she knows that I know about her vacation to the beach') (Flavell
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1999). This more advanced version of theory of mind is critical for the development of empathy,
which itself is fundamental to an individual's ability to learn socially.

Wang et al. (2016) investigated the continued development of theory of mind in children
ages 8- and 10-years-old. They tested both for egocentrism, defined as an incorrect choice on a
perspective-taking task, and for the effects of language complexity on the resurfacing of
egocentric behavior in children who exhibited false belief understanding in the initial task. This
latter condition was designed to examine the role of language comprehension in developing
theory of mind. The authors found that, generally, the 8-year-old participants were more likely
than their 10-year-old counterparts to respond egocentrically to the baseline condition false belief
task. However, the performance in both age groups suffered in the condition where their
instructions for the second task were given to them in more complex language. Here, complexity
was operationalized as increasing degrees of specificity. For example, in the complex condition,
participants received instructions resembling the phrase, 'nudge the small ball up one slot,'
whereas those in the simple condition were just told to 'nudge the small ball.' Here, these authors
demonstrate a relationship between language development and an increase in aptitude for theory
of mind tasks. This connection should not be understated, as language and cognition inextricably
linked in human mental processes.

Taken together, the maturation of executive functioning and theory of mind during
middle childhood provides a cognitive scaffold that enables individuals to engage in more
complicated, skilled behaviors that may be transmitted through social learning. These
developmental changes coincide with a behavioral trend felt globally by individuals of this age,
namely that children between the ages of 7 and 12 years are expected to begin participating in

tasks that more closely resemble adults' work (Weisner 1984).
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STONE KNAPPING: COMPARING ADULTS AND CHILDREN, EXPECTED OUTCOMES

Given the differences of motor and cognitive ability between children and adults and with
evidence of differential performance in skill-based activities such as foraging, it stands to reason
that children and adults will also perform differently in a task of stone toolmaking. Though the
amount of force and finesse required to detach a flake varies depending upon the type of material
a knapper uses (Eren et al. 2014; Key, Proffitt, and de la Torre 2020; Li et al. 2022), certain
motor ability prerequisites still remain for an individual to be able to produce flakes of a usable
size. These include upper body strength, motor accuracy, and manual coordination. Hand grip
strength is often used as a proxy for overall upper body strength, and it is no surprise that
average grip strength varies dramatically across the lifespan and between males and females
(Bardo et al. 2021). Children up through age 10 years resemble each other in grip strength
output, regardless of sex, but upon entering the later stages of middle childhood and into
adolescence, males begin to outstrip their female peers (Héger-Ross and Rosblad 2002). By the
age of 18 years, an individual’s grip strength reaches its adult capacity, which peaks at 36 years
old, notwithstanding any deliberate weight training exercises that would modify these upper
limits, after which grip strength steadily declines with senescence (Nahhas et al. 2010). Because
stone toolmaking does require some measure of upper body strength, regardless of the material
used, one would expect there to be a lower limit of how strong an individual must be in order to
successfully detach stone flakes. It is likely that this lower limit is far below the average adult’s
grip strength and therefore has gone undetected as nearly all stone knapping experiments have

been conducted with adult participants. With children, however, it is possible that their relatively
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lower grip strengths will limit not just the size of flake they are able to detach, but also how
many flakes they are able to produce from a core.

As with grip strength and overall fitness, adults tend to outperform children in
psychometric tests of inhibition control (Leon-Carrion, Garcia-Orza, and Perez-Santamaria
2004), motor accuracy (Smits-Engelsman, Sugden, and Duysens 2006), and mental manipulation
of objects (Childs and Polich 1979). Although children experience rapid increases in these
abilities from early to middle childhood, their progress often slows, or even regresses, before
reaching adult levels (Best and Miller 2010). In a motor learning task, wherein adults and
children were asked to perform a discrete, coordinated arm movement, children required longer
periods of practice and more consistent feedback to gain proficiency (Sullivan, Kantak, and
Burtner 2008). The importance of practice density in learning motor tasks was also observed in a
Frisbee or ropeball throwing task, where both adults and children benefited from blocked
training periods over sporadic practice (Zipp and Gentile 2010). In all, although both adults and
children require practice to successfully acquire new motor skills, one would expect children to
take more time and need more practice and encouragement in order to gain proficiency. As this
applies to stone toolmaking, children with higher psychometric scores (i.e. those approaching
adult levels) may more quickly acquire and internalize the principles of knapping that employ
cognitive resources, such as being deliberate in selecting and striking core platforms (i.e.
inhibition control), identifying and remembering salient aspects of core morphology (i.e. mental
rotation), and striking the core with accuracy (i.e. motor accuracy).

Although children are generally disadvantaged, compared to adults, in the motor and
cognitive abilities hypothesized to contribute to stone toolmaking success, the difference in

performance between adults and children in a skill-based task may have less to do with their
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capacity to understand the task and more to do with the different trade-offs they face due to
bodily affordances. In the case of children’s coastal foraging among the Meriam of the Torres
Strait Islands, children as young as 5 or 6 years can reliably identify and collect appropriate prey,
with modest guidance from adults (Bird and Bliege Bird 2002). What limits their foraging output
is not their knowledge of which prey items are of high-value — instead, their prey selection is
more restricted than adults’ due to the strength required to process some prey items and their
relatively slower walking speeds.

In summary, based on the cognitive and motor differences between children and adults,
listed above, we would expect middle childhood aged children to produce fewer stone flakes that
are smaller and less refined than those produced by adolescents and adults up through middle
age. Which features factor most prominently in this difference remains a point of investigation,
as does the role of individual differences between knappers, irrespective of age. The following
study seeks to contribute to addressing the questions of developmental influences and individual

differences in stone toolmaking in an experimental setting with modern human participants.
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CHAPTER 2: METHODS AND RESULTS

METHODS

This study examines Oldowan-style, least effort stone toolmaking skill acquisition across
two developmental groups: children (ages 8 to 13 years) and adults (ages 18 years and older). All
participants, regardless of experimental condition, engaged in five consecutive days of stone
knapping training, with the thesis writer (MBK) acting as the instructor. Training consisted of
one 30-minute practice session per day (2.5 hours, total), which included both direct-active
instruction and time for the participants to practice independently and ask questions. For adults,
training took place at the Emory University Paleolithic Technology Laboratory. For children, the
study was held in conjunction with an archaeology-themed science summer education program.
Children who enrolled in the archaeology program (“Archaeology Adventure Week”) were not
required to also enroll in the study, as the study and the program were separate entities. All
activities, including those that were specific to the study (e.g. psychometrics), were completed by
all children who signed up for the summer program to ensure that anyone enrolling in the
summer program would not feel pressure to also engage in the study.

Data were collected between June and December 2021. For the child participants, data
were collected during two one-week sessions of the Tellus Museum’s Archaeology Adventure
Week summer program. The adults were recruited and sessions were held during the Emory

University Fall 2021 semester.

Participant Recruitment, Informed Consent, and Compensation
A total of 50 participants were recruited to participate in the study: 20 children (Male: n =

11; Female: n = 9; Median Age: 9 years) and 30 adults (Male: n = 8; Female: n = 21; Nonbinary:
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n = 1; Median Age: 19 years). Of the children, one participant was excluded from the sample due
to a motor disability that prevented them from being able to knap without the direct assistance of
an adult, reducing the number of child participants to 19 (Male: n = 11; Female: n = 8; Median
Age: 9 years). Both groups of participants were recruited from approved flyers, email
advertisements, and through word-of-mouth. Children were additionally recruited through the
Tellus Science Museum’s advertising department, via the museum’s website and membership
newsletter, as a part of the co-occurring archaeology-themed summer program.

At the beginning of their first training session, all participants were guided through the
informed consent process by MBK. Adult participants completed these forms independently,
whereas the children’s legal guardians provided consent in their place. Children participants went
through an additional assent process — those between the ages of 7 and 10 years indicated their
assent verbally, and those between the ages of 11 and 13 years provided their signature. All
participants were also asked to review and indicate their consent to having video data with their
likeness published on a data sharing website, Databrary.

Due to the study’s association with the archaeology-themed summer program, neither
child participants nor their legal guardians were compensated financially for the children’s
participation in the study. To incentivize retention, adult participants were awarded $10 per
practice session, with a $20 bonus for study completion, for a total of $70. Funds were dispersed

to participants using the Emory University ClinCard system.

Core Material, Preparation, and Selection
Prior to the experiment, unmodified basalt nodules were spalled into smaller cores using

an 8 Ib. sledgehammer and sorted into one of the following size categories: small (400 — 699g),
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medium (700 — 999¢) and large (1000 — 1300g). The material was sourced from neolithics.com
and was chosen due to its similarity to the stone materials used by ancient Oldowan knappers in
the Afar region of Gona, Ethiopia (Stout et al. 2005). Size categories were determined from the
instructor’s best estimate of children’s and adults’ ability to handle cores of different sizes, the
reasoning being that the small cores may be a comfortable fit for children’s hands but too small
to easily manipulate for the adults, that the large cores may be a comfortable fit for adults’ hands
but too large to easily manipulate for the children, and that the medium cores may be
comfortable for both groups. The estimated degree of comfort with various core sizes was based
on the instructor’s own experience with Oldowan-style stone toolmaking.

Because the use of a sledgehammer during spalling yields cores of unpredictable sizes
and shapes, cores were selected from the resulting fractured pieces not only along the criterion of
weight, but also of approximate shape. Cores that were determined to be too flat and thin (i.e.
like a tablet) or too round (i.e. like a ball) were excluded from the sample, the former because
such a shape may provide an unfair advantage to the participant who received it (e.g. the core
potentially would contain an unusually high number of viable platform angles, and the greater
surface area could result in larger, more expert-looking flakes without reflecting accurately the
skill of the knapper) and the latter because such a shape would be disadvantageous to the
participant who received it (e.g. the core would have a paucity of viable platform angles, and it
would be difficult for knappers, especially novices, to create opening flakes). Core shapes that
were selected for the experiment fell between these two extremes.

Upon selection, linear measurements (maximum length, width, and thickness) and
starting weight were recorded for each core, and all cores were numbered and spray-painted a

silver color to impose an artificial cortex, given that the stone’s natural cortex was removed
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during the spalling process. Silver was selected as the paint color so that debitage produced
during the experiment could be more easily photographed, while still somewhat resembling the
natural grey of the basalt.

All participants were randomly assigned a core from each size category for each day of
the experiment, such that every day, they had one small, one medium, and one large core, for a
total of three cores in their session set. A complete new set of cores was given to each participant
at the beginning of each practice session, regardless of whether they knapped all three of their
cores on the previous day. In the interest of raw material conservation, cores unused by one
participant were permitted to be reassigned to another participant on a subsequent day, but a
single participant did not encounter the same unused core more than once.

During the sessions, participants were instructed to knap the cores in the order of their
choosing and were advised that once they began working on a core, they would be required to
knap the core to “completion” before moving on to the next one. “Completion” criteria, defined
for this experiment, were met when one or both of the two following conditions were satisfied:
1) the participant reduced the core to a size they felt was no longer safe to knap (i.e. too small)
and/or 2) the participant eliminated all viable angles on the core and was no longer finding
success with flake removal. If a core broke into two roughly equal pieces during knapping (i.e. a
“core split”), participants were told to choose one half to continue knapping as the core and to
place the other half with the other detached pieces. Participants were not allowed to return to the
unused half of the core split after exhausting the chosen half. Once participants had finished with
a core, they were instructed to place all debitage in a provided bag and the core in a separate bag,

for later analysis.
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Hammerstone Material and Selection

Hammerstones used during the experiment were “Mexican beach pebbles,” a type of
basalt landscaping material sourced from a chain home improvement store, Home Depot. From
the purchased materials, stones that were roughly ovoid in shape and between 9 and 15 cm were
included in the hammerstone sample. During the training sessions, participants were instructed to
select a hammerstone about the size of their palm that felt comfortable in their dominant hand. If
participants were uncertain about which hammerstone to choose, the instructor would make a
recommendation. All participants in a session had access to the same selection of hammerstones.
If a hammerstone broke during knapping or developed wear patterns that made it unusable, it
was removed from the experiment. Participants had the option to switch hammerstones at any
time during the training sessions (e.g. if their hammerstone broke, they were having difficulty

removing flakes, or at the instructor’s suggestion).

Training Session Setup, Knapping Instructions, and Procedures

Upon recruitment, participants were advised to come to their sessions wearing closed-toe
shoes and long pants, to protect their feet and legs from sharp debitage. At the beginning of each
session, participants were given safety glasses and cut-resistant gloves. Adults were given the
option of also using a leather lap mat, should they choose to stabilize the core on their leg. For
children, the use of the lap mat was required.

At each training session, chairs equal to the number of participants plus the instructor
were arranged in a circle, with the instructor’s chair positioned to be visible to all participants.
Weather permitting, the sessions took place outside. On rainy days, adult participants knapped

inside the Paleolithic Technology Laboratory — bad weather was no obstacle for the child
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participants, as their sessions took place on a covered patio. All training sessions were video
recorded with a Sony — Handycam CX405. For groups of larger than three participants, two
cameras were used and positioned to capture footage of all participants in the session.

On Day 1, prior to knapping, participants were given a demonstration of least effort,
Oldowan-style stone toolmaking, along with a description of the goal of the study (i.e. that the
participants would learn to make stone flakes), and instructions on how to knap. Oldowan stone
toolmaking has been described as a ‘least effort” approach to knapping because the process likely
required ancient knappers to utilize the least amount of time and energy to produce a sharp edge
(Isaac and Harris 1997 in Braun 2011). Knapping was primarily performed unifacially, and the
desired product was most likely a stone flake that required little to no refinement once made.
This is in contrast with later stone tool technologies, such as the Acheulean, that were knapped
bifacially, exploited flake scars for successive percussions, and whose product was planned and
shaped (cite).

The instructor emphasized the importance of the following: (1) identifying and exploiting
acute platform angles, (2) proper posture during knapping (i.e. sitting upright with feet about
shoulder-width apart), and (3) correct hammerstone grip and usage (i.e. holding the hammerstone
“like a ball” and striking the core with follow-through). Participants were also told that there
were two ways to properly hold the core (i.e. freehand or supported on their leg), and that
depending upon the core’s size, they may want to favor one posture over the other. After
producing a whole flake during the demonstration, the instructor showed the flake to the
participants and identified the relevant features that classified it as a “good” or “useful” flake

(e.g. size, cutting edge, thickness).
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Following the demonstration, participants were instructed to select their first core. If
participants struggled with this decision, the instructor recommended that they look for a core
with characteristics like those described during the demonstration (e.g. a core with identifiable
acute angles). After selecting a core, participants were told to write the core number down on a
provided form and to set aside the bag with the corresponding number, for later use. Participants
were then instructed to try to make flakes for the next 30 minutes or until they had exhausted all
three of their provided cores.

During the training sessions, participants could ask questions of the instructor at any
time. Instruction was unlimited, in the form of direct-active teaching (Kline 2016) and could
address any subject related to knapping. If a participant appears to be having difficulty removing
flakes, the instructor would offer suggestions and remind the participant of the principles of
knapping introduced during the demonstration. Such suggestions included repositioning the
participant’s posture, remembering to knap with follow-through, and looking for acute angles on
the core. On occasion (e.g. if the participant asked for more direct guidance), the instructor
would take either the core or the hammerstone from the participant and pantomime the
recommended behavior or adjustments. The instructor also made comments about safety
protocols, such as adjusting a participant’s grip on the core so they avoided hitting their fingers,
and offered praise when participants displayed good knapping technique.

Days 2 — 5 followed the same procedure, without the extended demonstration period held
on Day 1. Participants selected a hammerstone, chose the order in which to knap their three
preselected cores, and attempted to remove flakes, with assistance and guidance from the

instructor.
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Participant group sizes varied across sessions due to scheduling availability and ranged
from 2 to 6 in children (mean = 5.15, median = 6, mode = 6) and 1 to 4 in adults (mean = 1.43,
median = 1, mode = 1). Additionally, given that some children who enrolled in the Tellus
Museum’s summer program chose not to participate in the study, children participants who were
placed in groups with non-participants were exposed to larger group sizes. Participating children
and non-participating children could not be divided into separate groups due to the organization
of the summer program and the staffing needs of the museum. Because of this, group sizes for
child participants are more accurately reported with the number of non-participating children
included (range: 4 to 7, mean = 6.25, median = 6.5, mode = 7).

If a session consisted of two or more participants, all participants were allowed to interact
with each other as naturalistically as possible. Although most interactions between participants
were social (i.e. unrelated to knapping), participants could ask each other questions about the
knapping task or make remarks about the study, in general (e.g. about the psychometric tasks or

study design).

Lithic Analysis

I recruited and trained a team of five undergraduate research assistants to aid with the
lithic analysis. All research assistants were trained in lithic analysis on test lithic assemblages
that I produced for the purposes of training. Although I did not conduct formal inter-rater
reliability testing for the lithic data collection, research assistants were not permitted to advance
to the participant data set until they identified all debitage types correctly and their test

assemblage measurements fell within Smm of my own. All assistants collected measurements on
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lithics produced by participants from both conditions, and together, we analyzed all lithic
debitage according to the following protocol.

First, all detached pieces produced from a single core were weighed, and any under 5g
were removed from the sample. The remaining pieces were then numbered and sorted into one of
four categories: (1) whole flake (i.e. point of percussion and platform were present and
identifiable and cutting edge was complete), (2) split (i.e. a whole flake broken vertically through
the point of percussion in two or more pieces), (3) snap (i.e. a whole flake broken horizontally
across the flake’s medial surface), and (4) detached piece (i.e. debitage that had no identifiable
point of percussion or platform). Maximum linear dimensions (length, width, and thickness)
were recorded for all detached pieces.

Whole flakes were further subjected to technological linear dimensions, measured with
respect to the point of percussion (e.g. technological length was measured from the point of
percussion to the distal cutting edge, at 90° from the platform). The exterior platform angle for
whole flakes was calculated using a measurement from a modified set of calipers, and platforms
were categorized into one of seven types: (1) plain flat (i.e. platform is a smooth, flat surface that
spans roughly the entire width of the flake), (2) dihedral (i.e. two facets joined by an angle), (3)
multifaceted (i.e. more than two facets joined by two or more angles), (4) focalized (i.e. platform
is central to the flake, with edges extending down from either side), (5) punctiform (i.e. a single
point surrounding the point of percussion), (6) linear (i.e. no measurable platform width), or (7)
shattered (i.e. the platform is crushed or incomplete). Platforms were also inspected for the
presence of cortex and measured for length (i.e. the maximum dimension on the platform) and

width (i.e. taken at 90° of the length).
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The reduced cores were measured for their ending maximum linear dimensions and
weight. These values were used to calculate cores’ reduction intensity (7able 2.1). Using the
cores’ starting dimensions, geometric means were calculated for beginning maximum length,
width, and thickness to create a scale-free measure. These values were then applied in a factor
analysis to determine whether the cores’ initial shapes could be sorted into discernable categories
(Stout et al, 2019). Two factors were identified, explaining 78.1% of core shape variance (Factor
1: 44.7%, Factor 2: 33.3%). Factor 1 was characterized by large positive loadings on core length
and width. Factor 2 largely captured variation in thickness. Because of this, cores with high
Factor 1 scores were characterized as having a “flatter” shape, and cores with a high Factor 2

score were characterized as being “rounder” (Table 2.1)

Table 2.1: PCA Loadings of Core Shape

Factor 1 Factor 2
Variance % 44.7 33.4
Interpretation Flatness Roundness
Scale-Free
Beginning 0.815 -0.107
Length
Scale-Free
Beginning 0.819 0.014
Width
Scale-Free
Beginning 0.076 0.995
Thickness




72

Using a modified version of the calculation described in Morgan et al. (2015)
supplemental materials, a utility score was calculated for all detached pieces. This score,
described by the authors as flake “quality,” took into account the amount of cutting edge present
on the detached pieces, relative to its mass, and the size and shape of the detached piece, such
that pieces with a high cutting edge length were rewarded and pieces were penalized for being
excessively small (7able 2.2). In addition to this score, further measures of utility were taken
with respect to a participant’s overall knapping performance (e.g. number of detached pieces and

whole flakes produced). (See Table 2.3 below for more details.)

Table 2.2: Defining and Calculating “Reduction Intensity” and “Utility”

Variable Terminology Definition Calculation
The total weight (g) removed
Reduction Intensity from the starting core,
represented as a percentage
A measure of a detached
piece's quality, taking into
account its length of cutting
Utility edge, size, and shape, with (
penalties for small size and
benefits for high cutting edge
length

Ending Weight
Starting Weight

x 100

Flake Cutting Edge Mass
Flake Mass/3

) x (1 - EXP(~031 x (0.1 x Flake Diameter — 0.81)) )

Psychometric and Motor Testing

To assess individual differences between participants, all subjects completed the
following series of tasks designed to evaluate their psychometric, physical, and motivation-
related abilities: (1) Because stone toolmaking is a vigorous physical activity, individuals with
greater upper body muscular strength may have an advantage in a stone toolmaking task over
those with less upper body strength. Grip strength, a common approximation of upper body

muscular strength (Wind et al. 2010), was measured in kilograms using an electric hand
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dynamometer (Camry EH101). (2) Additionally, skilled stone toolmaking requires precision, as
knappers must be able to hit a stone nodule at the desired platform with enough speed and force
to detach a flake. Thus, during stone toolmaking, stone toolmakers must have control over their
speed/accuracy tradeoff, a phenomenon known as “Fitts’ Law” (Fitts 1954). Participants’ motor
accuracy was measured using a computerized version of Fitts’ Law test (Source:
http://depts.washington.edu/acelab/proj/fittsstudy/index.html), which requires participants to use
a mouse to click as quickly as possible between two target ribbons of varying thickness and
spacing. (3) Working memory, selective attention, and cognitive flexibility, each facets of
cognitive executive function, have garnered interest as potentially important mental capacities
for successful stone toolmaking (Stout et al. 2015). Participants’ ability to rotate objects
mentally, a skill that would be useful in core manipulation and reduction strategy planning, was
measured using the classic Mental Rotation Task (MRT) (Vandenberg and Kuse 1978). (4)
Selective attention and cognitive flexibility was measured using the Stroop Color-Word Test
(Stroop 1935), a well-known paradigm that asks participants to inhibit cognitive interference
during the simultaneous processing of two conflicting stimuli (e.g. correctly reading aloud the
word “red,” which is written in blue ink). Age-appropriate versions of this test were administered
in pencil and paper format to participants in both groups. (5) Finally, participants completed the
Big Five Inventory (BFI), a cross-culturally validated (Benet-Martinez and John 1998)
personality inventory well-known for its persistence across an individual’s lifetime (Soto et al.
2011), appropriate to their developmental level (i.e. the original version for adults and version
46A for children). Of the five factors measured by the BFI (Openness, Conscientiousness,
Extroversion, Agreeableness, and Neuroticism), positive scores in conscientiousness and

openness have been demonstrated to be predictive of high academic achievement in children



74

(Caprara et al. 2011) and young adults (Busato et al. 1999). Therefore, these personality
characteristics may indicate more broadly an individual’s ability to engage in long-term learning
of a task that is cognitively and, in the case of stone toolmaking, physically demanding.

Completion of these tasks was divided across the first four days of a participant’s five-
day recruitment period. Because the archaeology-themed summer program was organized in
rotating stations, child participants may have completed the psychometrics either before or after
their knapping training session, depending on their rotation schedule that day. All adult

participants completed the day’s psychometrics prior to the knapping task.

RESULTS
Lithics
Knapping Skill Metrics: Quantity, Quality, and Flaking Inefficiency

Calculating and Defining Variables

From the flake and core measurements recorded, several metrics were identified as being
particularly relevant indicators of knapper skill: per core, (1) core reduction intensity, (2) total
number of detached pieces, (3) average utility of detached pieces, (4) total utility of detached
pieces, (5) total number of whole flakes, (6) average utility of whole flakes, (7) total utility of
whole flakes, (8) average weight of whole flakes, and (9) total weight of whole flakes. These
criteria were selected from the broader range of measurements taken because they are
representative of both the goals of the experimental task (i.e. to produce “good quality” whole
flakes and to completely reduce the starting core) and of what are assumed to be the goals of

ancient Oldowan knappers (i.e. to produce whole flakes with a viable cutting edge and to make
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conservative and efficient use of raw materials) (Delagnes and Roche 2005; Semaw et al. 1997).

For more details on variable definitions and inclusion criteria, please refer to Table 2.3.

Table 2.3: Knapping Skill Metric Variable Definitions and Inclusion Rationale

Variable Name

Definition

Inclusion Rationale

Reduction Intensity

The total weight (g) removed from the starting
core, represented as a percentage

Novice knappers are especially prone to crushing viable platform angles, leaving the
core "rounded-off." Once this rounding-off occurs, further flake extractions from the
core become increasingly difficult, and cores are more likely to be abandoned
prematurely (i.e. before they are completely reduced). Knappers of greater skill are
better able to maintain viable platform angles and are thus more likely to reduce their

cores to smaller sizes, as reflected in a higher percentage of reduction intensity.

Number of Detached Pieces -
Total

The total number of detached pieces of all types
(i.e. whole flakes, split flakes, snapped flakes, and
shatter) produced by a single participant from all

cores and practice sessions

This value is meant to account for instances of "core splits" (i.e. the core breaks roughly
in half during knapping) and the removal of large shatter, both of which may artificially
inflate the measure of a knapper's skill as estimated by Reduction Intensity. Although
large whole flake size is typically an indicator of higher degrees of knapper skill, this fact
must be counterbalanced by acknowledging that novices are also prone to producing
large detached pieces of low utility. Because of this, it is hypothesized that knappers
who extract more detached pieces of higher quality from a core are more likely to

demonstrate better control over knapping fracture mechanics than those who remove
a smaller number of larger pieces.

Utility of Detached Pieces -
Average

The mean utility score of detached pieces of all
types produced by a single participant from all
cores and practice sessions

Although it is widely assumed that ancient hominin Oldowan knappers would have
preferentially used and produced whole flakes, it is possible that, per the conservation
of raw material, they also would have made use of detached pieces of a variety of
types, so long as they still met the criteria of a useful tool (e.g. larger size and long,
viable cutting edge). With this in mind, a utility score was calculated for all detached
pieces, regardless of classified type. By averaging these scores for a single participant,
we can examine how reliably a participant can produce a useful stone tool, irrespective

of how many detached pieces they produced, in total.

Utility of Detached Pieces -
Total

The sum of the utility scores of detached pieces of
all types produced by a single participant from all
cores and practice sessions

As with Utility of Detached Pieces - Average , but taking into consideration the total
number of detached pieces a single participant produced.

Number of Whole Flakes -
Total

The total number of all whole flakes produced by
a single participant from all cores and practice
sessions

The production of whole flakes, as opposed to split flakes, snapped flakes, or shatter, is

indicative of a knapper's ability to: 1) identify and exploit viable platform angles, 2)

correctly employ the hammerstone (e.g. in terms of angle of approach, velocity, and

follow-through), and 3) properly support the core with the nondominant hand such that

force is evenly distributed and the flake does not break into two or more pieces. The

greater the number of whole flakes a participant produces, the more likely it is that
they have become gained skill in these knapping principles.

Utility of Whole Flakes -
Average

The mean utility score of all whole flakes
produced by a single participant from all cores
and practice sessions

The production of whole flakes of large size and long cutting edge length is assumed to
be the primary goal of Oldowan knapping. Averaging utility score of a single
participant's whole flakes allows us to examine how reliably participants were able to
achieve this goal, irrespective of how many whole flakes they produced, in total.

Utility of Whole Flakes - Total

The sum of the utility scores of all whole flakes
produced by a single participant from all cores
and practice sessions

As with Utility of Whole Flakes - Average , but taking into consideration the total
number of whole flakes a single participant produced.

Weight of Whole Flakes -
Average

The mean weight (g) of all whole flakes produced
by a single participant from all cores and practice
sessions

Larger whole flakes are typically considered to be of greater utility than smaller flakes,
as they are more likely to have a greater length of cutting edge. They are also more
difficult to produce than smaller flakes, given that they require a knapper to strike a

viable platform at the correct point on the core (i.e. near the platform edge, but not so

close that the platform crumbles and becomes unusable) with a discerning amount of
force (i.e. enough for the fracture to carry through to the other side of the core and

create a sharp cutting edge but not so much that it produces an "overshot"). In
combination, these factors are indicative of an experienced knapper who has gained at
least some mastery over fracture mechanics. Averaging the weight of a single

participant's whole flakes allows for an estimate of how reliably they were able to

produce whole flakes of larger size, irrespective of how many whole flakes they
produced, in total.

Weight of Whole Flakes - Total

The sum weight (g) of all whole flakes produced
by a single participant from all cores and practice

sessions

As with Weight of Whole Flakes - Average , but taking into consideration the total
number of whole flakes a single participant produced.
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These nine variables yielded three factors when entered into a principle components
analysis (PCA), which used a correlation matrix with no rotation: Factor 1, with an eigenvalue of
50.0, which had high positive loadings on core reduction intensity, the total number and utility of
detached pieces, and the total number, utility, and weight of whole flakes; Factor 2, with an
eigenvalue of 18.2, which had high positive loadings on the average utility of detached pieces
and the average weight and utility of whole flakes; and Factor 3, with an eigenvalue of 11.7,
which negatively loaded on reduction intensity and had modest or marginal loadings on all other
variables. Together, these factors account for 79.9% of variable variance. (See Table 2.4)
Although Factors 2 and 3 demonstrated much lower eigenvalues than Factor 1, and were
therefore more marginal measures of knapper skill, all three of the factors produced by the PCA
were included in the analysis because each seemed to account for different aspects of participant

lithic outcomes and knapper decision-making.
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Table 2.4: PCA Loadings of Knapping Skill Metrics

Factor 1 Factor 2 Factor 3
Variance % 50.0 18.2 11.7
Interpretation Quantit Qualit Flaking
P y y Inefficiency
Reduction Intensity 0.655 0.149 -0.608
Number of Detached Pieces -
0.859 -0.241 -0.312
Total
Utility of Detached Pieces -
0.291 0.650 0.288
Average
Utility of Detached Pieces -
0.895 -0.133 -0.218
Total
Number of Whole Flakes -
0.809 -0.414 0.342
Total
Utility of Whole Flakes -
0.520 0.601 0.357
Average
Utility of Whole Flakes -
0.851 -0.295 0.397
Total
Weight of Whole Flakes -
0.337 0.701 -0.232
Average
Weight of Whole Flakes -
0.828 0.092 0.067
Total

Specifically, because Factor 1 clustered on variables related to the total values of the
selected metrics and Factor 2 clustered on variables related to the metrics’ average values, these
components appear related to the Quantity and Quality, respectively, of lithics produced by
participants. Given that reduction intensity was the only variable loading that passed a threshold
of more than |0.4|, the established minimum for factor stability (Guadagnoli and Velicer 1988),
Factor 3 appears to represent an aspect of reduction intensity not captured by Factor 1. Because
Factor 3 did not load on variables related to the number or weight of whole flakes or detached
pieces, which should comprise the majority of core reduction, it would follow that Factor 3
accounts for the reduction of cores via shatter, or debitage that was too small (i.e. max dimension

< 20mm) to measure.
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To test this relationship, I calculated the percentage of mass removed from each core via

Total Mass Removed—Detached Piece Mass Removed
* 100. 1

shatter, using the following equation: ( Total Mass Removed

then correlated this new variable with the cores’ Factor 3 scores. The value of this correlation is
small (r = 0.245) but positive and reports at a high level of significance (p < 0.001). Due to
Factor 3’s negative loading, higher factor values indicate that a participant reduced their cores
less completely. In adults, Factor 3 highly correlated (p < 0.001) with the percentage of core
mass removed via shatter, such that participants with higher factor scores also produced more
shatter per core. This correlation is not sustained in child participants (p = 0.057), indicating that
although children produced less shatter per core, their generally higher Factor 3 scores suggest
they were not able to convert lower shatter generation into better core reduction and flake
production. As such, Factor 3 appears to be a measure of Flaking Inefficiency, with lower scores

indicating more efficient knapping and higher scores indicating less efficient knapping.
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Condition

@ Adult
4.00
“@ Child

Adut: R Linear = 0.038
o Child; R= Linear = 0.017

Flaking Inefficiency Score

0o 20.00 40.00 60.00 &0.00 100.00

Shatter Mass Removed (%)

Figure 2.1: Flaking (In)Efficiency Score by Shatter Mass Removed. Each individual data point

represents a participant core, and colors represent experimental condition.

Group-Level Differences of Knapper Skill

Using two-way ANOVAs, I sought to determine whether there were group-level
differences in knapper performance of the above measures of skill (Quantity, Quality, and
Flaking Inefficiency) at the developmental level (i.e. adults and children), between participants
of different sexes (i.e. male and female), and across participant subgroups of age and sex (i.e.
adult males, adult females, child males, and child females; hereafter interchangeable with “men,”
“women,” “boys,” and “girls,” respectively). Of the 49 study participants, one adult identified as

nonbinary and was excluded from all analyses based on participant sex.
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There was no interaction of participant sex and condition for lithic Quantity (F(1,44) =
2.459, p =0.124) (Figure 2.2) or Flaking Inefficiency (F(1,44) = 0.001, p=0.977) (Figure 2.4).
An interaction was present, however, for lithic Quality (F(1,44) =5.291, p = 0.026) (Figure 2.3),
such that adult male participants produced significantly higher Quality lithics than participants
from all other subgroups (p = 0.010). This result may be accounted for by a notable variation in
participant grip strength, discussed below in greater detail (§ Grip Strength), wherein adult men
demonstrated grip strength values that were, on average, much larger than all other participant
subgroups (i.e. adult women and children of both sexes), though adult women still demonstrated
grip strength scores that were statistically larger than those of children (p < 0.001). Given the
interaction between participant age (i.e. condition) and sex for lithic Quality, I removed adult
male participants from the sample and conducted an independent samples t-test comparing the
adult female participants’ Quality scores with those of children of both sexes. The result of this
test showed that there was no statistical difference between these groups (p =0.071).

Although there was no interaction between participant sex and condition for lithic
Quantity and Flaking Inefficiency, both of these knapper skill metrics demonstrated main effects
results along these participant categories. For condition, there were significant main effect group
level differences between adults and children of Quantity (p <0.001, Cohen’s d = 0.846) and
Flaking Inefficiency (p < 0.001, Cohen’s d = -1.094). Adults produced more lithics (Figure 2.2)
of higher quality (Figure 2.3). Children, on average, demonstrated a higher Flaking Inefficiency
scores than adults (Figure 2.4), which, due to the factor’s negative loading, indicates that
children removed less mass from their cores than adults and, overall, knapped their cores less

effectively (Figure 2.1).
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Figure 2.2: Mean Lithic Quantity by Participant Sex and Condition. On average, adults
produced a greater total Quantity of lithics than children, and female participants produced

more than male participants.
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Figure 2.3: Mean Lithic Quality by Participant Sex and Condition. On average, adults produced
lithics of better Quality than children. Adult male participants produced better Quality lithics
than all other participant subgroups. Adult female participants produced lithics of a Quality that

were statistically indistinguishable from those of children.
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Figure 2.4: Mean Flaking Inefficiency by Participant Sex and Condition. Children less intensely
reduced their cores than adults and were more likely to produce shatter, as opposed to useable
detached pieces. There is no significant difference in Flaking Inefficiency between male and
female participants.

Male and Female participants demonstrated group-level differences of Quantity (p =
0.005) (Figure 2.2) but not for Flaking Inefficiency (p = 0.075) (Figure 2.4), with female
participants producing slightly more lithics. The effect sizes of these findings are relatively small
(for Quantity, Cohen’s d = -0.228; for Quality, Cohen’s d = 0.176), indicating that participant
sex, by itself, may not be the most robust predictor of knapper outcomes. Within male
participants, lithic Quantity positively correlated with Quality (r(17) = 0.496, p =0.031) and
demonstrated a marginal negative correlation with Flaking Inefficiency (r(17) = -0.441, p —

0.059), and Quality and Flaking Inefficiency negatively correlated with each other (1(17) = -
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0.480, p = 0.038). Among female participants, Quality negatively correlated with Flaking
Inefficiency (1(27) =-0.497, p = 0.006).

The gulf between the lithic Quality of adult male and adult female participants
highlighted the necessity of interrogating the data for any further discrepancies between
participants of different sexes within conditions, thus creating four distinct participant subgroups:
adult males (n = 8, “men”), adult females (n = 21, “women”), child males (n = 11, “boys”), and
child females (n = 8, “girls”). Individually, these groups are small and their sizes uneven, so any
results reported here on these separate groups should be taken as preliminary.

Using independent samples t-testing, I identified a statistically significant difference (p <
0.001) of Quality between adult male and adult female participants, as alluded to above, with
male participants producing lithics of better Quality than female participants (Figure 2.3). This
difference was not maintained for lithic Quantity or Flaking Inefficiency. Among child
participants, male children were more likely to produce more lithics (Quantity: p = 0.010)
(Figure 2.2), with female children reducing their cores less intensely, overall (Flaking
Inefficiency: p = 0.015) (Figure 2.4). There was no statistical difference of lithic Quality among

child participants.

Learning Effects

To determine whether participants improved over the course of their five days of practice
in their lithic Quantity and Quality output or experienced changes in their ability to remove mass
from the core in the form of useable detached pieces, as opposed to shatter (Flaking
Inefficiency), I conducted a series of one-way ANOVA analyses with Day as the independent

variable and the respective participant group as the dependent variable. When all participants
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were tested together, a learning effect in Quantity was demonstrated (F = 8.834, p <0.001).
Tested separately, this learning effect in Quantity remained in children (F = 7.197, p <0.001),
adults (F =4.053, p =0.003), male participants (F = 5.253, p <0.001), and female participants (F
=4.068, p =0.003). Interestingly, when participants were tested by subgroup, the learning effect
for Quantity remained in all groups (Adult Females: F = 3.062, p = 0.017; Child Males: F =
4.323, p =0.003; Child Females: F =3.961, p = 0.006) except for adult males (F =1.536, p =
0.197). In each statistically significant case, the Quantity of lithics participants produced

increased from Day 1 to Day 5 (Figure 2.5).

100 Subgroup

=== Child Male
=== Child Female
w—Adult Male
= Adult Female
=0

0o

Mean Quantity

-50

-1.00

1 2 3 4 5
Day

Figure 2.5: Learning Effects of Quantity by Subgroup. All subgroups, except for Adult Males,

increased their lithic output over the course of the five days of knapping practice.
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No learning effects were demonstrated at any level of analysis for lithic Quality (Figure
2.6) or Flaking Inefficiency (Figure 2.7). However, despite the results not meeting the threshold
of statistical significance, it is worth noting that for all participant groupings, the Quality of lithic
materials appeared to decrease over the five days of knapping practice. Because the training time
was limited to five days, 30-minutes per day, for a total of 2.5 hours of practice, it is possible that
participants were entering into a new phase of their knapping knowledge at the end of the
experimental period — one where they were beginning to better understand the mechanics of the
task without also having acquired the requisite motor skills, gained through long hours of
deliberate practice, to achieve expert-level performance. Should the experiment have continued
at the same rate of practice over a longer period of time, one would expect participant
performance to follow the Power Law of Practice, similar to that demonstrated in Pargeter,

Khreisheh, and Stout (2019).
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Figure 2.6: Learning Effects of Quality by Subgroup. None of the subgroups reported significant

learning effects of lithic Quality.
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Figure 2.7: Learning Effects of Flaking Inefficiency by Subgroup. None of the subgroups

reported significant learning effects of Flaking Inefficiency.

To test for individual differences in learning, I calculated the average Quantity, Quality,
and Flaking Inefficiency scores for each participant on Days 1 and 5 of the experiment and
subtracted the former from the latter to create a delta value. These values were then correlated
with each participant’s psychometric and motor testing scores. When all subjects were tested
together, none of the skill metric and psychometric/motor pairings yielded significant results. In
adults, there were negative learning effect correlations of lithic AQuantity with Fitts” Law Test
response times (1(27) = -0.423, p = 0.022) (Figure 2.8) and lithic AQuality with MRT scores
(r(27) =-0.376, p = 0.045) (Figure 2.9). Children demonstrated positive learning effect

correlations of AQuantity with MRT score (r(17) = 0.552, p = 0.014) (Figure 2.10). and AQuality
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with the BFI: Agreeableness factor (r(17) = 0.575, p = 0.010) (Figure 2.11). When tested by
participant sex, male participants reported a positive relationship between AQuality and
Agreeableness (r(17) = 0.531, p=0.019) (Figure 2.12), whereas female participants showed a
negative correlation between AQuantity and Openness scores (1(26) = -0.432, p = 0.022) (Figure
2.13). Among participant subgroups, adult male participants demonstrated a negative correlation
of Conscientiousness and AFlaking Inefficiency (r(6) = -0.715, p = 0.046) (Figure 2.14), and
female children showed a positive correlation of Conscientiousness and AQuantity (r(6) = 0.716,
p =0.046) (Figure 2.15). Adult female participants reported negative correlations between
Openness and Quantity (r(18) = -0.499, p = 0.025) (Figure 2.16), Agreeableness and AQuality
(r(18) =-0.483, p=0.031) (Figure 2.17), and Fitts’ Law Test response time and AQuantity (r(18)
=-0.508, p =0.022) (Figure 2.18). Male children demonstrated positive a correlation between
Agreeableness and AQuality (r(9) = 0.778, p = 0.005) (Figure 2.19) and a marginal negative

correlation between MRT score and AQuality (r(9) =-0.587, p = 0.052) (Figure 2.20).
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Figure 2.8: Effect of Fitts’ Law Test Response Time on AQuantity in Adults. Adult participants
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with faster response times also saw improvements in their lithic Quantity over the course of the

training period.
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Figure 2.9: Effect of MRT Score on AQuality in Adults. Adult participants who performed better

in the MRT task experienced a regression in lithic Quality over the course of the training period.



AQuantity

3.00

200

1.00

.00

-1.00

92

Sex

@ Female
@ Male
- Fit line forTotal

R# Linear = 0.303

. . =
) ',,
. .._...-......—
(%] - ) :
. _..._..--.
5]
- : |
[ ]
oo 20.00 40.00 50,00 &0.00 100.00

MRT Score

Figure 2.10: Effect of MRT Score on AQuantity in Children. Child participants with better MRT

scores saw improvements in their lithic output.
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Figure 2.11: Effect of BFI: Agreeableness Score on AQuality in Children. Child participants who

were more Agreeable also saw improvements in the Quality of their lithics over the training

period.
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Figure 2.12: Effect of BFI: Agreeableness Score on AQuality in Male Participants. More

Agreeable male participants saw improvements in lithic Quality over the training period.
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Figure 2.13: Effect of BFI: Openness Score on AQuantity in Female Participants. Female
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participants with higher Openness scores demonstrated a reduction in their lithic output over the

training period.
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Figure 2.14 Effect of BFI: Conscientiousness Score on AFlaking Inefficiency in Adult Male
Participants. More Conscientious male participants saw improvements to their Flaking

Efficiency over the course of the training period.
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Figure 2.15 Effect of BFI: Conscientiousness Score on AQuantity in Child Female Participants.

More Conscientious female children were also more likely to see improvements in their lithic

output over the training period.
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Figure 2.16: Effect of BFI: Openness Score on AQuantity in Adult Female Participants. Adult
female participants with higher Openness scores saw a reduction in their lithic output over the

training period.
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Figure 2.17: Effect of BFI: Agreeableness Score on AQuality in Adult Female Participants. More

Agreeable adult female participants experienced a reduction in their lithic Quality over the

training period.
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Figure 2.18: Effect of Fitts’ Law Test Response Time on AQuantity in Adult Female Participants.
Adult female participants with faster FLT response times were also more likely to produce fewer

lithics at the end of the training period.



101

R Linear = 0.608

50
L]
®
@ L
00 °
o
R
£ .50 < 2
El
<} g e
<]
-1.00
g ®
®
150 g
200
2.00 250 3.00 350 400 450 500

BFI: Agreeableness Score

Figure 2.19: Effect of BFI: Agreeableness Score on AQuality in Child Male Participants. Male

children who were more Agreeable were also more likely to experience an increase in lithic

Quality over the training period.
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Figure 2.20: Effect of MRT Score on AQuality in Child Male Participants. Male children with
higher MRT scores saw a decrease in the Quality of their lithic products over the course of the

training period.

Core Size and Shape

Because core shape was not standardized, I wanted to examine whether the random
sampling of cores was unbiased across the two experimental conditions (i.e. adults and children).
An independent samples t-test of Factors 1 (“Flatness”) and 2 (“Roundness”) calculated from the
above mentioned PCA of core shape revealed no difference between adult’s and children’s cores
along Factor 1 (p = 0.082); however, there was a significant difference between them along
Factor 2 (p = 0.011). To further investigate which aspects of core shape may be contributing to
this difference, I ran an additional independent samples t-test on the cores’ scale-free linear

dimensions. Although there was no significant difference in length between the cores assigned to
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children and those assigned to adults (p = 0.808), there were differences in core width (p =

0.018) and thickness (p = 0.011). It should be noted, however, that there was no clear bimodal

distribution of core shapes, as demonstrated in Figure 2.21.
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Figure 2.21: Distribution of Core Shapes Across Experimental Conditions. Each data point

represents a core, and there is no apparent bimodal distribution of core shapes between

conditions.

Because these significant results were not apparent when graphed, I looked to Cohen’s d

to examine the effect size of these findings. According to Cohen (1962), a Cohen’s d value of

less than 0.25 is considered to be indicative of a small effect size. The values for core width and
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thickness were d = 0.197 and d = 0.212, respectively, and because of this, it is likely that the
impact of core shape on knapper output was minimal.

To examine the degree and nature of the influence of core shape on knapping outcome, I
ran linear regressions of each shape score (i.e. Factor 1: Flatness and Factor 2: Roundness)
against measures of knapper skill (i.e. Quantity, Quality, and Flaking Inefficiency). When all
participants were tested together, both core Flatness and Roundness appeared to impact the
Quantity (Flatness: p <0.001; Roundness: p < 0.001) of knapper output, but not the Quality
(Flatness: p = 0.418; Roundness: p = 0.175) of lithic products or Flaking Inefficiency of cores
(Flatness: p = 0.420; Roundness: p = 0.387). This trend remained in adult participants (Quantity:
Flatness: p <0.001 and Roundness: p < 0.001; Quality: Flatness: p = 0.673 and Roundness: p =
0.457; Flaking Inefficiency: Flatness: p = 0.095 and Roundness: p = 0.621). For children, core
Flatness (p < 0.001), but not Roundness (p = 0.075), impacted Quantity, a trend that was also
demonstrated with Flaking Inefficiency (Flatness: p = 0.007; Roundness: p = 0.225). Neither
shape factor impacted lithic Quality within child participants (Flatness: p = 0.806; Roundness: p
=0.622).

That shape should influence the Quantity of lithic products made from a core is not
surprising, given that, especially in novices who are less adept at flexibly adapting to core
morphological affordances, the availability of viable platform angles on the starting core will
impact the success of both initial and successive flake removals. This being said, “flatter” cores,
which typically have a greater number of starting viable platform angles due to their
comparatively longer lengths and widths and shorter thicknesses, should yield higher Quantity
values than their more difficult to knap “rounder” counterparts. When all participants were tested

together in an independent samples t-test, there was a significant difference in Quantity between
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“flatter” and “rounder” cores (p = 0.007). This trend persisted in adults (p = 0.009) but
disappeared in children (p = 0.072), thus indicating that core shape was a factor in knapper
output for adults but not for children. Interestingly, however, adults, on average, received cores
that were wider (Scale-Free Mean Width: a. for Adults: 1.03; b. for Children: 0.99) and thicker
(Scale-Free Mean Thickness: a. for Adults: 1.05; b. for Children 0.99) than those children
received, which should have placed them at a disadvantage for their Quantity scores. Converse to
this prediction, adults greatly outperformed children in Quantity (p < 0.001) at a large effect size
(Cohen’s d = 0.846), which suggests both that starting core shape did not hinder adult knapping
performance and that the effect of condition on Quantity may be even greater than reported here

had core shape been standardized between adult and child participants.

Psychometric and Motor Testing

Due to developmental differences of motor and cognitive ability, we predicted that adults’
and children’s respective performance on a series of psychometric and motor testing related to
upper body strength, personality, and executive functioning may be predictive of knapping
outcomes. All analyses conducted to determine these relationships were performed as linear
regressions, with the given psychometric test (i.e. grip strength, MRT, Fitts’ Law Test, Stroop
Raw Color-Word Test, or BFI) acting as the independent variable and the knapping skill measure
(i.e. Quantity, Quality, or Flaking Inefficiency) acting as the dependent variable, within each

testing group. Group-based differences were determined using one-way ANOVAs.
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Grip Strength

Group-Based Differences

As one may expect, adults, on average, demonstrated higher grip strength scores than
children (p <0.001). There was no statistically significant difference in grip strength between
male and female participants, which may be attributable to the fact that children do not develop
sex-based differences in upper body strength until adolescence (Neu et al. 2002; Wind et al.
2010). Within subgroups (Figure 2.22), adult male participants outperformed all other subgroups
at a significance level of p < 0.001. Adult female participants were, on average, stronger than
children of both sexes, at p = 0.007, when compared with female children, and at p = 0.009,
when compared with male children. Consistent with the literature, male and female children did
not share demonstrate a difference in grip strength; however, within child participants, grip
strength did significantly increase with age (p = 0.001) (Figure 2.23). As expected, this trend

continued across developmental groups (p = 0.003) (Figure 2.24).
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Figure 2.22: Mean Grip Strength Across Experimental Subgroups. Adult male participants
significantly outperformed all other subgroups (p < 0.001), and adult female participants
demonstrated greater grip strength values than children of both sexes (p = 0.007 and p = 0.009
when compared with female children and male children, respectively. Children did not show

significant sex-based differences of grip strength.
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Figure 2.23: Effect of Age on Grip Strength in Children. Although children did not demonstrate

sex-based differences of grip strength, they did show a positive relationship of grip strength with

age.
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Figure 2.24: Effect of Age on Grip Strength in All Participants. Grip strength, generally,

increases with age across experimental conditions.

Correlation with Knapper Skill

When all participants were tested together, grip strength was positively predictive of
lithic Quantity (r(44) = 0.405, p = 0.005) (Figure 2.125) and Quality (r(44) = 0.487, p <0.001)
(Figure 2.26) and negatively predictive of Flaking Inefficiency (1(44) =-0.392, p = 0.007)
(Figure 2.27). Tested by condition, a significant positive correlation remained in child
participants for lithic Quality (r(15) = 0.561, p = 0.019), but not Quantity or Flaking Inefficiency,
and all correlations disappeared entirely from adult participants. Tested by participant sex, male
participants demonstrated positive correlations of grip strength with lithic Quality (r(17) = 0.725,

p <0.001) and marginally of Quantity (r(17) = 0.453, p = 0.052) and a negative correlation with
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Flaking Inefficiency (r(17) = -0.551, p = 0.015). In female participants, grip strength was
positively predictive of lithic Quantity (r(24) = 0.478, p = 0.014) but showed no statistically
significant trend with Quality or Flaking Inefficiency.

Surprisingly, grip strength was not predictive of any knapper outcomes in adult males and
female participants from both developmental conditions. In child males, grip strength was
negatively predictive of Flaking Inefficiency (r(9) =-0.761, p = 0.007) but had no correlation

with Quantity or Quality.
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Figure 2.25: Effect of Grip Strength on Lithic Quantity. When all participants were tested
together, grip strength positively correlated with lithic Quantity, a trend that was maintained in
female participants and marginally in male participants. This trend disappeared within

developmental conditions and from individual participant subgroups.
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Figure 2.26: Effect of Grip Strength on Lithic Quality. When all participants were tested

together, grip strength positively correlated with lithic Quantity, a trend that was maintained in

male participants and in children. This trend disappeared within female participants, adults, and

from individual participant subgroups.



112

Subgroup

20,00 ®-Boy
“@- Girl

@ Man
@ “@- Woman
Boy: R” Linear = 0.578
Girl: R‘q Linear = 0.144
Man: R< Linear = 0.075
Woman: R? Linear = 0.039

10.00

.00

Shatter Reduction (Total)

-10.00

-20.00

10.00 20.00 30.00 40.00 50.00 60.00

Grip Strength (kg)

Figure 2.27: Effect of Grip Strength on Flaking Inefficiency. When all participants were tested
together, grip strength negatively correlated with lithic Quantity, a trend that was maintained in

male participants, generally, and in male children, specifically.

Mental Rotation Task (MRT)

Group-Based Differences

Adult participants’ scores on the Mental Rotation Task (MRT) were generally much
higher than those of children, at statistical significance (p < 0.001) (Figure 2.30), and as with
grip strength, MRT score increased among child participants with age, at marginal significance
(p =0.061) (Figure 2.29). Across conditions, there were no differences of MRT performance
based on participant sex, nor were there sex-based differences between adult male and female

participants and between child male and female participants. These trends were maintained
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within subgroups (Figure 2.28), such that adult male and female participants each outperformed

child participants of both sexes.
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Figure 2.28: Mean MRT Score Across Experimental Subgroups. Adults of both sexes
outperformed children of both sexes, but there were no sex-based differences of MRT score

within developmental conditions.
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Figure 2.29: Effect of Age on MRT Score in Children. Children'’s MRT score increased with age,

at marginal significance.
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Figure 2.30: Effect of Age on MRT Score in All Participants. MRT score demonstrated a positive

relationship with age across developmental conditions.

Correlation with Knapper Skill

When all participants were tested together, performance on the MRT was positively
predictive of knapper skill across for lithic Quantity (r(47) = 0.642, p < 0.001) (Figure 2.31) and
Quality (r(47) = 0.308, p = 0.031) (Figure 2.32) and negatively predictive of Flaking Inefficiency
(r(47) =-0.592, p <0.001) (Figure 2.33). When children and adults were tested separately, the
relationship between MRT score and knapper skill did not yield significant results. However,
when male participants were tested independently, MRT scores significantly correlated with all
measures of knapper skill, positively, for Quantity (r(17) = 0.722, p <0.001) and Quality (r(17) =

0.727, p <0.001), and negatively, for Flaking Inefficiency (r(17) = -0.626, p = 0.004). For female
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participants, these trends were maintained for Quantity (r(27) = 0.570, p < 0.001) and Flaking
Inefficiency (r(27) = -0.543, p = 0.002), but there was no statistical correlation for Quality.
All statistical significance fell away when each subgroup was tested, with the exception

of a positive correlation of Quantity and MRT score in child males (r(9) = 0.602, p = 0.050).
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Figure 2.31: Effect of MRT Score on Lithic Quantity. MRT score and lithic Quantity demonstrate
a positive relationship, such that with higher MRT scores, participants are more likely to

generate a greater quantity of lithic products.
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Figure 2.32: Effect of MRT Score on Lithic Quality. Although a somewhat weaker relationship

than with lithic Quantity, MRT score and lithic Quality also demonstrated a positive relationship.
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Figure 2.33: Effect of MRT Score on Flaking Inefficiency. MRT score negatively correlated with

Flaking Inefficiency, such that participants with higher MRT scores demonstrated more complete

core reduction with the production of less shatter.

Fitts’ Law Test (FLT)

Group-Based Differences

Adult participants were more likely to complete the Fitts” Law Test (FLT) more quickly
(p <0.001) (Figure 2.34) and with greater accuracy (p < 0.001) (Figure 2.35) than child
participants. Across conditions, male participants had marginally faster response times than
female participants (p = 0.052). Within developmental conditions, there were no sex-based
differences in response time or accuracy. Although FLT response times and accuracy scores did
not vary statistically within children based on age, participant age did demonstrate a positive

relationship with FLT performance across both children and adults (Figures 2.36 and 2.37).
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Figure 2.34: Mean Fitts’ Law Response Time Across Experimental Subgroups. Adults of both
sexes had faster FLT response times than children of both sexes. There was no sex-based

difference in performance within developmental conditions.
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Figure 2.35: Mean Fitts’ Law Accuracy Score Across Experimental Subgroups. Adults of both
sexes completed the FLT with greater accuracy than children of both sexes. There was no sex-

based difference in performance within developmental conditions.
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Figure 2.36: Effect of Age on Fitts’ Law Response Time in All Participants. Participant FLT

response times decreased with age, indicating a better performance.
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Figure 2.37: Effect of Age on Fitts’ Law Accuracy Score in All Participants. The number of

errors participants made during the FLT decreased with age.

Correlation with Knapper Skill

With all participants tested together, FLT response times were negatively predictive of
lithic Quantity (r(46) =-0.594, p < 0.001) (Figure 2.38) and Quality (r(46) = -0.352, p =0.014)
(Figure 2.39) and positively predictive of Flaking Inefficiency (r(46) = 0.476, p < 0.001) (Figure
2.40). These trends persisted with participants’ FLT accuracy scores for Quantity (r(46) = -0.506,
p <0.001) (Figure 2.41) and Flaking Inefficiency (1(46) = 0.397, p = 0.005) (Figure 2.42), but
there was no statistically significant correlation for Quality (p = 0.087). Although knapper skill

metrics were not correlated with Fitts” accuracy scores or response time in adult participants,
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response time was negatively predictive of lithic Quantity in children (r(16) =-0.495, p = 0.037).
As with the MRT scores, significant correlations appeared when male participants were tested
separately, both for response time and accuracy. Specifically, response time was negatively
correlated with Quantity (r(17) =-0.831, p <0.001) and Quality (r(17) =-0.578, p=0.010) and
positively correlated with Flaking Inefficiency (r(17) = 0.542, p = 0.016). These trends persisted
with FLT accuracy for Quality (r(17) = -0.534, p = 0.019) and Flaking Inefficiency (r(17) =
0.492, p =0.032), but there was no significant correlation with Quantity in male participants. In
female participants, FLT response time negatively correlated with lithic Quantity (r(26) = 0.382,
p = 0.045) and positively with knapper Trade-Off (r(26) = 0.377, p = 0.048) but had no statistical
relationship to lithic Quality. FLT accuracy was negatively associated with Quantity (r(26) = -
0.612, p <0.001) but had no correlation with Quantity or Flaking Inefficiency.

Also similar to the MRT results, all significant correlations disappeared when each
subgroup was tested separately, with the exception of male children, whose FLT response times

negatively corresponded with lithic Quantity (r(9) =-0.795, p = 0.003).
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Figure 2.38: Effect of Fitts’ Law Response Time on Lithic Quantity. Participants with quicker

FLT response times were more likely to produce a greater Quantity of lithics.
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Figure 2.39: Effect of Fitts’ Law Response Time on Lithic Quality. Participants with quicker FLT

response times were more likely to produce lithics of a greater Quality.
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Figure 2.40: Effect of Fitts’ Law Response Time on Flaking Inefficiency. Participants with

quicker FLT response times were more likely to more completely reduce their cores and less

likely to produce shatter.
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Figure 2.41: Effect of Fitts’ Law Accuracy Score on Lithic Quantity. Participants with fewer FLT

errors were more likely to produce a greater Quantity of lithics.
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Figure 2.42: Effect of Fitts’ Law Response Time on Flaking Inefficiency. Participants with fewer

FLT errors were more likely to more completely reduce their cores and to produce less shatter.

Stroop Raw Color-Word Test

Group-Based Differences

Adults and children demonstrated no statistically significant difference in their Stroop
Raw Color-Word Test scores, nor did male and female participants. Within conditions, adult male
and female participants also showed no difference in their Stroop scores, and among children,

girls marginally outperformed boys (p = 0.065).

Correlation with Knapper Skill

When all participants were tested together, Stroop scores were not predictive of any

knapping skill metrics. Children and male participants maintained this trend when tested
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separately, and adults showed a marginal positive correlation with lithic Quantity (r(28) = 0.347,
p = 0.06). Female participants demonstrated a positive relationship between Stroop scores and
core Flaking Inefficiency (r(27) = 0.442, p = 0.019) (Figure 2.43). When examined separately,

none of the four experimental subgroups revealed significant relationships between Stroop scores

and knapper skill.
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Figure 2.43: Effect of Stroop Color-Word Score on Flaking Inefficiency in Female Participants.

Female participants with higher Stroop scores were more likely to reduce their cores less

completely and to produce a greater amount of shatter.
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Big Five Inventory (BFI)

Group-Based Differences

The Big Five Inventory (BFI) is designed to evaluate individuals on five personality
characteristics that are demonstrated to remain stable across a person’s lifetime: Openness,
Conscientiousness, Extroversion, Agreeableness, and Neuroticism. Adult and child participants
displayed no differences in their scoring for any of the BFI’s measured traits; however, male and
female participants showed differences in Openness (p = 0.02) (Figure 2.44) and Neuroticism (p
=0.046) (Figure 2.45), with males, on average, having higher Openness scores and females
having higher scores in Neuroticism. Within conditions, adults showed no sex-based differences,
and among children, the trend for Openness in males persisted, with boys scoring higher than

girls (p = 0.002).
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Figure 2.44: Mean BFI: Openness Score Across Experimental Subgroups. On average, male

participants reported higher Openness scores than female participants.
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Figure 2.45: Mean BFI: Neuroticism Score Across Experimental Subgroups. On average, female

participants reported higher Neuroticism scores than male participants.

Correlation with Knapper Skill

When all participants were tested together, none of the BFI traits were predictive of
knapper outcomes. In children, higher Agreeableness scores negatively corresponded with
greater lithic Quantity (r(17) =-0.539, p =0.017) (Figure 2.46). In adults, higher scores in
Agreeableness were negatively predictive of Flaking Inefficiency (r(28) = -0.367, p = 0.046)
(Figure 2.47). In male participants, Openness scores negatively correlated with Quantity (r(17) =
-0.540, p = 0.017) (Figure 2.48) and positively with Flaking Inefficiency (r(17) =0.571,p =
0.011) (Figure 2.49). Among female participants, BFI scores were not predictive of Quantity,

Quality, or Flaking Inefficiency.
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For adult males, Conscientiousness positively correlated with lithic Quantity (r(6) =
0.881, p =0.004) (Figure 2.50), and Agreeableness negatively corresponded to Flaking
Inefficiency (1(6) =-0.867, p = 0.005) (Figure 2.51). None of the BFI traits were predictive of
knapper skill in adult females, and in child females, only Neuroticism was positively predictive
of lithic Quantity (r(6) = 0.773, p = 0.039) (Figure 2.52). In child males, Openness (1(9) = -
0.690, p =0.019) (Figure 2.53), Conscientiousness (r(9) = -0.635, p = 0.036) (Figure 2.54), and

Agreeableness (r(11) =-0.705, p = 0.015) (Figure 2.55) were all negatively correlated with

Quantity.
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Figure 2.46: Effect of BFI: Agreeableness Score on Lithic Quantity in Children. Child
participants who scored higher on the BFI: Agreeableness factor were more likely to produce

fewer lithics.
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Figure 2.47: Effect of BFI: Agreeableness Score on Flaking Inefficiency in Adults. Adult

participants who scored higher on the BFI: Agreeableness factor were more likely to more

completely reduce their cores and to produce less shatter.



10.00

5.00

.00

Quantity (Total)

-5.00

-10.00

-15.00

135

Condition

@ Adult
“@ Child

Adut: R Linear = 0.002
Chile: R= Linear = 0.478

L ]
-]
-]
o
L
]
8
]
[ ]
250 3.00 350 4.00 450 5.00

BFIl: Openness Score

Figure 2.48: Effect of BFI: Openness Score on Lithic Quantity in Male Participants. Male

participants who scored higher on the BFI: Openness factor were more likely to produce fewer

lithics.
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Figure 2.49: Effect of BFI: Openness Score on Flaking Inefficiency in Male Participants. Male

participants who scored higher on the BFI: Openness factor were more likely to less intensely

reduce their cores and to produce more shatter.
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Figure 2.50: Effect of BFI: Conscientiousness Score on Lithic Quantity in Adult Male

Participants. More conscientious adult male participants were more likely to produce a greater

number of lithics.
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Figure 2.51: Effect of BFI: Agreeableness Score on Flaking Inefficiency in Adult Male

Participants. More agreeable adult male participants were more likely to more intensely reduce

their cores and to produce less shatter.
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Figure 2.52: Effect of BFI: Neuroticism Score on Lithic Quantity in Child Female Participants.

More neurotic child female participants were more likely to produce a greater quantity of lithics.
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Figure 2.53: Effect of BFI: Openness Score on Lithic Quantity in Child Male Participants. More

open child male participants produced fewer lithics.
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Figure 2.54: Effect of BFI: Conscientiousness Score on Lithic Quantity in Child Male

Participants. More conscientious child male participants produced fewer lithics.
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Figure 2.55: Effect of BFI: Agreeableness Score on Lithic Quantity in Child Male Participants.

More agreeable child male participants produced fewer lithics.

Stepwise Regressions

The above analyses have highlighted the importance of the following variables to
knapper outcomes: participant age, grip strength, MRT score, and FLT response times. To
examine whether they act independently of each other to influence knapper skill, I ran stepwise
multiple regressions of these variables against Quantity, Quality, and Flaking Inefficiency. The
models yielded from this analysis, when all participants were included, all performed at the level
of significance (Quantity: p < 0.001; Quality: p = 0.003; Flaking Inefficiency: p <0.001).
However, the psychometric and motor coefficients included in the model largely failed to
contribute to their respective models at the level of significance. Namely, for Quantity,

participant MRT score came the closest to a significant value at p = 0.078. For Quality, the model
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also was significant at p = 0.003, with grip strength (p = 0.058) and age (p = 0.052) acting as the
most salient coefficients. The Flaking Inefficiency model (p < 0.001) was the only model to
include a statistically significant coefficient: age, at p = 0.006. As such, participant age, grip
strength, MRT score, and FLT response times demonstrated a high degree of multicollinearity,
thus making it difficult to identify how each coefficient contributed to the models. This result is a

logical one given the highly significant level of correlation between these variables (7able 2.5).

Table 2.5: Pearson Correlations Between Age, Grip Strength, MRT Score, and Fitts’ Law Test

Response Time in All Participants

Fitts' Law Test

Grip Strength Response

Age (ko) MRET Score Time (ms)
Age Pearson Correlation 1 5327 720 -572"
Sig. (2-tailed) <.001 <.001 <.001
N 49 46 49 48
Grip Strength (kg) Pearson Correlation 5327 1 533 491"
Sig. (2-tailed) <.001 <.001 <.001
N 46 46 46 45
MRT Score Pearson Correlation 7207 5337 1 -633°
Sig. (2-tailed) <.001 <.001 <.001
N 49 46 49 48
Fitts' Law Test Response  Pearson Correlation 572" -4917 -6337 1

Time (ms) Sig. (2-tailed) <.001 <.001 <.001

N 48 45 48 48

** Correlation is significant atthe 0.01 level (2-tailed).

Tested separately, none of the four participant subgroups yielded significant models, nor
did those run with only adult participants or only children. Regarding participant sex, male
participants, both adults and children, demonstrated particularly strong relationships between

knapper outcomes and the above psychometric and motor variables. When these same stepwise
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multiple regression analyses were conducted with only male participants, the lithic Quantity
model yielded a significant result (p = 0.001), with FLT response time as a significant coefficient
(p =0.011). The Quality model was significant at p = 0.001, and as with the previous model that
included all participants, age (p = 0.071) and grip strength (p = 0.094) contributed the most to the
model outcomes, though not at the level of significance. Finally, the Flaking Inefficiency modal
was significant at p = 0.022, with age contributing to the model at p = 0.079. Stepwise regression
models generated for female participants reveled significant values for lithic Quantity (p = 0.004)
and Flaking Inefficiency (p = 0.049). For both Quantity and Flaking Inefficiency, participant age
was the only coefficient that contributed to its respective model with significance, such that for
Quantity, p = 0.040; and for Flaking Inefficiency, p = 0.036.

Because the male and female participant groups contain both adults and children, who
have already demonstrated differences in grip strength, MRT score, and Fitts’ Law Test response
times, it is likely that the significant values returned by the models conducted on the basis of
participant sex are driven by the effects of age, and, consequently, of maturation, on knapper

ability.
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CHAPTER 3: DISCUSSION AND CONCLUSION

DISCUSSION

Questions of whether — and, more recently, of how — children contributed to the material
culture of prehistory have existed in the archaeological literature for decades (Lillehammer
1989). Although great strides have been taken to address this question regarding children from
relatively more recent time periods (Baxter 2022; Derevensk 2000; Nowell 2021), it is still
largely unknown how and to what extent Paleolithic children engaged in one of the earliest
markers of hominin material culture: stone toolmaking. Much remains unclear, from the process
of identifying novice knappers in the archaeological record (Gamble and Porr 2005) to
understanding who these novice knappers were (Ferguson 2008; Hogberg 2018) — were they
children, and if so, at what age did they start acquiring stone toolmaking skills? Or were they
adults, as in the case of modern examples of stone knapping apprentices (Roux, Bril, and
Dietrich 1995; Stout 2002)?

Within the answer to this question lies a greater understanding of what sort of social
learning processes would have been advantageous, or even necessary, for the transmission of
skilled stone toolmaking knowledge, given that individuals at different developmental stages
may require different methods of teaching to become successful at their task. In other words,
children may learn differently than adults, and because of this, the selection pressures related to
stone toolmaking skill acquisition may be different for children than from what experiments with
modern adult participants conclude. For example, in research on language learning across the
lifespan, the concept of a ‘critical period’ is often cited as a distinct feature of learning in infancy
through early childhood (Snow and Hoefnagel-Hohle 1978). This particular aspect of cognitive

flexibility is said to wane as individuals age, though this claim is contested (Scovel 2003), thus
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making second language learning purportedly more difficult during adulthood. A similar ‘golden
period’ has been described for motor learning, ranging from 6 — 12 years old (Hirtz and Starosta
2002), though, as with language acquisition, the presence and influence of such a learning period
is unconfirmed (Solum, Loras, and Pedersen 2020).

If there is an equivalent ‘critical period’ for skill acquisition, the learning needs of
children in a skills-based task such as stone toolmaking may not resemble those of adult
participants in modern experimental settings. However, even if the performance differences
between adults and children are a result of their differing cognitive and motor maturation, as
some researchers suggest (Lukacs and Kemeny 2015), and not due to a form of ‘implicit
learning’ that promotes child learning and may give them a paradoxical advantage over novice
adults (Reber 1989), this developmental gulf would still yield a learning landscape where
multiple forms of instruction emerge to the benefit of learners of different ages. With this in
mind, the outstanding question is not whether adults and children learn differently, but rather
how their learning is different and whether children find ways to compensate for their relative
lack of cognitive and motor affordances to achieve similar outcomes to those of adults in a skills-
based task.

The effect of other unknowns, such as the total amount of training time and the degree of
practice density required to gain proficiency, may also play a role in the outcomes of novice
knappers of different ages. Although the present study cannot and does not attempt to address all
these questions, it is important to establish a baseline for future lines of inquiry on this topic:
namely, are there measurable differences in the lithic products produced by child and adult
knappers instructed under the same conditions? The results of this research indicate that there

arc.
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Knapper Outcomes: The Effects of Motor and Cognitive Ability and Personality on Quantity,
Quality, and Flaking Inefficiency
Motor Ability

Perhaps the most surprising result of this study is the distinct performance of the adult
male participants. Although adult participants of both sexes outperformed children both in terms
of their knapper skill metrics and psychometric and motor testing, the Quality of lithics produced
by adult male participants far surpassed that of any other experimental subgroup. When
comparing adult male and adult female participants’ psychometric and motor performances, the
only measure that yielded a significant difference between these groups was grip strength, where
males were, on average, stronger than females. Grip strength positively correlated with lithic
Quality in children and in male participants across conditions and negatively correlated with
Flaking Inefficiency in both males, generally, and specifically in child males, indicating that
male participants with higher grip strength were more likely to efficiently remove mass from
their cores. Both trends indicate a relationship between grip strength and lithic Quality.

Although grip strength was the most reliable predictor of Quality, it had few correlations
with Quantity, somewhat in contrast to previous findings that note the connection between
knapper productivity and grip strength (Pargeter et al. 2023). Female participants did
demonstrate a relationship between grip strength and Quantity, a statistic likely driven by the
adult women, who produced more lithics than any other experimental subgroup, and given that
boys produced more than girls among children. However, because adult female and adult male
participants did not statically differ in lithic Quantity, it is unlikely that grip strength is strongly

correlated with Quantity in this sample.
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Motor accuracy was assessed in this study using a digital version of a Fitts’ Law
reciprocal tapping task, which examines the trade-off in human movement between speed and
accuracy (Fitts 1954). The mastery of this trade-off has been hypothesized to be relevant to
knapping skill acquisition (Pargeter et al. 2023; Stout 2002) as it helps knappers manage the
accurate application of force during stone toolmaking. In this study, lower values for Fitts’ Law
Test (FLT) response times negatively correlated with lithic Quantity and Quality, meaning that
participants who responded more quickly to the FLT task generated more lithic products of better
quality. Specifically, speed negatively correlated with Quantity in children, male participants,
female participants, and child males. Speed also negatively correlated with Quality in male
participants, and it positively correlated with Flaking Inefficiency in both male and female
participants, such that participants with slower response times were also more likely to
ineffectively remove mass from their cores.

FLT accuracy scores produced few correlations with knapper outcomes: in female
participants, accuracy scores negatively correlated with Quantity, and in male participants, they
negatively correlated with Quality and positively with Flaking Inefficiency. Because the FLT
accuracy score is calculated as a percent error, lower accuracy scores are indicative of better
performance at the task, and as such, the negative correlations with Quantity and Quality indicate
that participants who responded more accurately to the task were also more likely to produce
more and better lithics, whereas the positive correlation with Flaking Inefficiency demonstrates
that participants who were less accurate were also less efficient at removing stone mass from

their cores.

Given that both measures of participant motor ability were predictive of favorable

outcomes with knapper skill performance, I wanted to explore the possibility that grip strength
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and FLT scores correlate with each other among participants. If a positive correlation were to
exist, this may be indicative of an overall effect of participant fitness, or ‘athleticism,’ on
knapper ability. To do this, I first examined the relationship between the two FLT metrics and
found that, when all participants were tested together, FLT response times and accuracy scores
demonstrated a weak, but significant positive correlation (r(45) = 0.335, p = 0.021). When adults
were tested separately, this positive correlation became negative, though not at significance
(r(28) =-0.310, p = 0.096), which indicates, marginally, that adults who committed fewer errors
during the FLT task also had slower response times and thus demonstrated a classic Fitts’ Law
speed-accuracy trade-off (Figure 3.1). Children showed no relationship between speed and
accuracy (r(16) = 0.080, p = 0.753). This difference between developmental groups is consistent

with adults’ better performance at the FLT task.
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Figure 3.56: Adult Participant Performance in Fitts’ Law Test. Adult participants with higher
FLT accuracy scores also performed the task more slowly, thus demonstrating a classic Fitts’
Law speed-accuracy trade-off-

To examine the relationship between FLT performance and grip strength, I created an
interaction term for FLT response times and accuracy scores to represent overall aptitude at the
FLT task. Across all participants, FLT aptitude negatively correlated with grip strength (r(43) = -
0.324, p = 0.030) at significance. Because lower FLT aptitude scores are indicative of better
performance, given that shorter response times and fewer errors generate smaller values, this
negative correlation suggests that participants who demonstrated higher grip strengths were also
more likely to achieve better FLT scores. When tested separately, this correlation disappeared
both in adults (r(27) = 0.038, p = 0.843) and in children (r(14) =-0.176, p = 0.515). When tested

by participant sex, there was no significant correlation between FLT aptitude and grip strength in
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male participants, as a whole (r(17) = -0.352, p = 0.139) and when tested by developmental

group (Adults: 1(6) = 0.493, p = 0.214; Children: r(9) =-0.160, p = 0.637). However, there was a

significant negative correlation within female participants (r(23) =-0.441, p = 0.027) (Figure

3.2). To test whether this significant relationship was a byproduct of differences in participant

ages, | examined female adults and children separately and found that within developmental

groups, a correlation between grip strength and FLT aptitude also fell away (Adults: r(18) =

0.001, p =0.998; Children: r(3) =-0.516, p = 0.373).
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Figure 3.57: Correlation of Grip Strength with Fitts’ Law Test Aptitude in Female Participants.

Female participants, generally, experienced a relationship between grip strength and FLT

aptitude, such that stronger women and girls were also more proficient at the FLT task.
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The significant relationship between FLT aptitude and grip strength demonstrated across
all participants suggests that, in general, greater participant athleticism is predictive of knapper
success. However, given that this trend disappears within participant subgroups, it is likely that it
is a byproduct of participant age and maturational differences between developmental conditions.
In other words, just as grip strength and FLT aptitude increased with age, so did the influence of

motor ability on knapper performance.

Cognition

While each of the psychometrics used in the study were validated for both developmental
groups, adults routinely outperformed children in the majority of psychometric tasks, with the
exception of the Stroop Color-Word Test and the BFI, where they showed no difference. This is
likely due to one of several factors. First, and most probable, the adults demonstrated better
psychometric performances because they were more developmentally mature in the tested
domains (Kail, Pellegrino, and Carter 1980; Kerr 1975; Luna et al. 2004). Second, it is possible
that the adults outperformed the children because they already had some familiarity with the
format of the psychometrics, themselves (Cherney and Neff 2004), either through previous
coursework (e.g. an introductory psychology class) or due to the popularity of psychometric-like
online test-taking (e.g. online quizzes designed to ‘test your intelligence’ through media such as
Buzzfeed). Finally, some of the children expressed dismay when asked to complete the
psychometric tasks, as this defied their expectations of what should constitute a summer program
setting (i.e. it was ‘too much like school”). While most children appeared sincere in their efforts
to complete the tasks, some may have been distracted and therefore would not have performed at

their best.
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Each of the psychometrics selected for this study were chosen because they measured an
aspect of cognition hypothesized to promote successful stone toolmaking. The MRT, aptly
named to examine individuals’ ability to mentally manipulate objects (Vandenberg and Kuse
1978), was used in this study to evaluate participants’ spatial cognition, which aids knappers in
their ability to keep track of relevant core morphological features, such as viable platform angles
(Stout et al. 2000; Wynn 2002; Wynn and Coolidge 2016). Sex-based performance differences in
this task have long been reported, favoring males (Parsons et al. 2004), though there is evidence
to suggest this effect may be mediated by the gendered nature of spatial activities children are
exposed to as they age (Nazareth, Herrera, and Pruden 2013), the confidence of the individual
performing the task (Estes and Felker 2012), and educational experience (Richardson 1994).
Although this study reported no sex-based differences in MRT performance, male participants’
MRT scores did correlate more frequently with knapper outcomes than did those of female
participants.

To review, the MRT positively correlated with both Quantity and Quality and negatively
with Flaking Inefficiency in male participants across conditions. It also positively correlated with
Quantity and negatively with Flaking Inefficiency in female participants. When tested within
developmental groups, these trends fell away for female participants but persisted in Quantity for
male children. These data do suggest that the novice knappers with higher MRT scores saw some
benefits to the Quantity of lithics they produced, an effect that may become more pronounced as
individuals gain expertise and begin approaching the knapping task in cognitive chunks, as
opposed to individual action sequences (Leone et al. 2014; Moore 2020). The negative
correlation with Flaking Inefficiency indicates that participants who performed better at the MRT

task were also more capable of effectively reducing their cores. This result is logical, given that a
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novice knapper who is proficient in mentally tracking core morphology would also be more
proficient in exploiting it, thereby producing larger and more useful debitage, as opposed to
shatter.

The Stroop Raw Color-Word Test, designed to evaluate selective attention and processing
speed (Stroop 1935), was used in this study to examine participants’ inhibition control, a feature
of executive functioning hypothesized to promote successful stone toolmaking (Putt,
Wijeakumar, and Spencer 2019; Hecht et al. 2023). Participant Stroop scores yielded very few
correlations with knapper outcomes. In adults, there was a marginal (p = 0.06) positive
correlation between Stroop score and Quantity, and in female participants, scores positively
correlated with Flaking Inefficiency. The effect sizes of both these correlations were weak-to-
moderate, at 1(28) = 0.347 and r(27) = 0.442, respectively. The Stroop Test was also the only
psychometric that demonstrated no statistically significant differences between any of the
experimental groups. With this shortage of significant results, it seems clear that inhibition
control did little to influence knapper outcomes in this study.

This result, while unexpected, especially within child participants, whose inhibition
control continues to increase into young adulthood (Williams et al. 1999), is consistent with the
literature. Previous studies of stone toolmaking that emphasize the importance of executive
functioning often relate it to Acheulean technology, which requires more sophisticated use of
action planning (Stout et al. 2008). While the degree to which advanced cognitive ability plays a
role in Oldowan-style knapping remains an open question (Wynn et al. 2011), its influence
should not be discounted, completely, given the following: By the advent of stone tool
technology in the archaeological record, ancient hominin knappers had already diverged from the

last common ancestor with extant nonhuman apes and had, therefore, already undergone some
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measure of modern-humanlike cognitive evolution (Toth and Schick 2018). Given the correlation
in this study between MRT performance, which is an indicator of working memory capacity, and
knapper success, it is evident that cognition does play some role in the production of Oldowan-

style stone tools, even if its influence is not as prominent as in Acheulean-style technology.

Personality

The influence of personality in stone toolmaking success has not been widely studied. In
this dissertation, it was hypothesized that participants with higher Openness and
Conscientiousness scores, as measured by the Big Five Inventory (BFI) would perform better at
the stone toolmaking task than their peers with lower scores in these domains, given that both
have been demonstrated to correlate with intrinsic motivation and academic success in children
(Caprara et al. 2011) and young adults (Busato et al. 1999; Komarraju, Karau, and Schmeck
2009). The BFI offers one of the most validated measures of personality across an individual’s
stages of development, and self-reports on the Big Five dimensions significantly self-correlate
starting as early as 5-years-old (Measelle et al. 2005). Although individuals do experience
changes in personality across their lifetimes (Srivastava et al. 2003), these changes are typically
predictable and in accordance with age-appropriate trends (Soto et al. 2011). Namely, Openness,
Conscientiousness, and Agreeableness are all expected to increase as individuals age, whereas
Neuroticism declines, and Extroversion levels remain approximately the same.

Participants in this study showed no difference in personality across developmental
groups, although differences did emerge between male and female participants, with the former
reporting higher Openness scores and the latter displaying higher scores in Neuroticism. In

adults, generally, and adult males, specifically, higher scores in Agreeableness negatively
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correlated with Flaking Inefficiency, indicating that those who were more Agreeable were also
more likely to effectively reduce their cores while minimizing shatter. In male children,
Openness, Conscientiousness, and Agreeableness all negatively correlated with lithic Quantity,
while in female children, high Neuroticism scores positively correlated with Quantity. None of
the BFT traits correlated with knapper outcomes in adult females, whereas in adult males,
Conscientiousness positively correlated with Quantity, and Agreeableness negatively correlated
with Flaking Inefficiency.

Within each of the BFI domains are what have been described in the literature as
particular facets of that trait (Costa Jr. and McCrae 1995). Namely, Openness is often subdivided
into Openness to Ideas and Openness to Aesthetics, Conscientiousness into Self-Discipline and
Order, Extroversion into Activity and Assertiveness, Agreeableness into Altruism and
Compliance, and Neuroticism into Anxiety and Depression. Although this study did not employ a
version of the BFI that examined facets of the primary domains, I will briefly consider them here
as a means of interpreting the correlations of personality and Quantity in children.

The following are anecdotal and based on observations I made while working with the
child participants. Specifically, I observed that the boys who repeatedly struck their cores in
rapid succession and with little regard to where or how they were percussing were more likely to
successfully detach lithic pieces compared to their more deliberate, fastidious peers. This sort of
‘wild abandonment’ approach to knapping (one congruent with lower scores in Openness:
Openness to Ideas, Conscientiousness: Self-Discipline and Order, and Agreeableness:
Compliance) may have ultimately increased their Quantity output because, regardless of
technique, they may have introduced enough incipit fractures into the core that pieces eventually

came off. Conversely, the girls generally approached knapping more timidly, often citing
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concerns about hitting their fingers with the hammerstone. Their higher Neuroticism scores may
have resulted in a more methodical approach to knapping, one that caused them to more carefully
consider and make use of the demonstrated knapping techniques, which may have resulted in an
increase in their lithic Quantity.

Converse to male children, adult males saw a positive correlation between
Conscientiousness and lithic Quantity, a trend that is in line with the increase in
Conscientiousness across an individual’s lifetime (Soto et al. 2011). This change indicates that as
male participants age, they may shift their knapping approach from one that is bombastic to one
that is more systematic and intentional. The negative correlation in adult male participants
between Agreeableness and Flaking Inefficiency suggests that adult males who were more
Agreeable, and by extension more Compliant, may be those who followed the advice given to
them during instruction and subsequent demonstrations, therefore increasing their chances of
successful flake detachments and more efficiency core reduction.

The impact of personality on knapper outcomes is still poorly understood, and future
studies on this subject would benefit not only from a longitudinal design, but also from the
inclusion of behavioral data. Such data were collected during this dissertation, in the form of
videos, and to statistically ground the speculations made in the above paragraphs, it will be
important to code and analyze those data, a project that will be embarked upon in future

endeavors.

Summary
In all, metrics of motor ability and proficiency in the MRT were the strongest predictors

of knapping success in this study. Given that children performed more poorly than adults in each
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of these key tasks (i.e. grip strength, FLT aptitude, and MRT scores), it follows that the values of
their knapper skill metrics were correspondingly less favorable. These results imply a certain
baseline muscle strength and coordination, in addition to a basic understanding of how to keep
track of and manipulate core morphology, is required to produce useful Oldowan-style stone
tools. The correlation between grip strength and lithic Quality is especially evident in this
sample, given that adult male participants possessed both the highest grip strength scores and
produced the best Quality lithics. Because adult female participants’ MRT and Fitts’ Law Test
scores were equivalent to those of their adult male counterparts, the latter subgroup’s greater grip
strength provides the best explanation for why adult male participants produced lithics of much
better Quality than adult females. Consequently, because adult female participants produced the
greatest Quantity of lithics, it would seem that even if individuals are capable of exploiting a
core’s fracture mechanics to successfully create lithic products, irrespective of utility, if a
minimum grip strength prerequisite is not met, cognitive ability appears to not be enough to
compensate for what a knapper lacks in overall fitness, at the novice level. In other words,
possessing a higher grip strength may allow novice knappers to create useful lithic products
earlier in their skill acquisition process than their weaker counterparts, given that grip strength
has been demonstrated to be relevant to control and support of the hammerstone (Williams-
Hatala et al. 2018) and the core (Faisal et al. 2010; Key and Dunmore 2015) and aids in
generating kinetic energy for flake removal (Nonaka, Bril, and Rein 2010).

As knappers become more expert, they exert less pressure overall on their hammerstone,
and the localization of non-thumb digit pressure shifts from digits III to V (the middle, ring, and
pinky fingers) to digit II (the forefinger), with both novice and expert knappers making regular

use of digit I (the thumb) (Williams-Hatala et al. 2021). Such findings provide evidence that
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knappers revise their hammerstone use technique as they become more skilled and that grip
strength may play less of a role in successful flake removals, as a consequence, given that
experts exert less pressure on their hammerstones than novices. If this is the case, one may
expect to see novice knappers with lower grip strengths ‘catch up’ to their stronger peers in terms
of lithic Quality as both groups refine their knapping knowledge and technique. Should such an
equalization take place, differential performance on psychometric tasks and personality testing

may become more predictive of knapper outcomes in participants at later stages of learning.

Learning Effects

Of the three knapper outcome variables, only Quantity demonstrated a learning effect
over participants’ five days of training. There are several, likely overlapping, explanations that
could account for this trend. First, participants may have gradually become more comfortable
with applying the force necessary to detached pieces from the core, as they became more familiar
with how to use the hammerstone effectively and how to position their fingers around the core so
that they were not at risk of injury. Second, participants may have started to recognize the salient
aspects of core morphology, per the effects of experience and expertise on pattern recognition
and chunking (Guida et al. 2012; Pargeter, Khreisheh, and Stout 2019; Geribas, Mosquera, and
Verges 2010; Dreyfus 2016), and may have begun to exploit them, resulting in more successful
detachments, regardless of lithic product Quality. Finally, by the end of five days of practice,
participants may have additionally started to internalize knapping advice related to body
kinematics and manual gestures, specifically involving upper-body posture and hammerstone
trajectory, velocity, angle, and grip (Bril et al. 2010; Li et al. 2022; Vernooij, Mouton, and

Bongers 2012; Williams-Hatala et al. 2021). To test these interpretations, future studies of this
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nature should include entry and exit surveys that assess: 1) participants’ level of comfort and
familiarity with knapping procedures (e.g. how safe they perceive stone toolmaking to be and
their knowledge of aspects of knapping such as where to position their fingers around the
hammerstone and core), 2) participants’ understanding of and ability to describe the task goals
(e.g. how to identify a ‘useful’ whole flake, the steps necessary to detach flakes from the core,
and how to recognize a good place to strike the core), and 3) a self-assessment on how their own
knapping skills and knowledge have changed over the course of training.

Interestingly, adult male participants were the only subgroup that, when tested
individually, did not maintain a statistically significant increase in lithic output (Quantity) over
the training period, once again making them the odd-group-out. As with the trends displayed in
effects of motor ability and psychometric scores on knapper outcomes, this is likely due to their
greater grip strength giving them an initial advantage as novice-stage stone toolmakers. In
addition to giving them an early edge in lithic Quality, adult males’ higher grip strength scores
may have caused them to begin producing more lithic products sooner in their training than other
participants, which would have made their rate of improvement more subtle and under the
threshold of statistical significance.

The lack of learning effects in Quality and Flaking Inefficiency are likely attributable to
the study’s short training times, discussed in greater detail in §Limitations. Although 2.5 hours of
knapping practice was enough to see an improvement in the Quantity of participants’ lithic
output, it was not long enough for participants to improve the Quality of their flakes. In fact, the
Quality of participants’ lithics actually declined over their five days of practice, which may be
indicative of a threshold in their learning process whereby they were starting to grasp the

conaissance (i.e. cognitive understanding) of stone toolmaking without also having developed its
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savoir-faire (i.e. motor ability and know-how) (Bamforth and Finlay 2008). The former can be
explained in an afternoon, and with regular practice and consistent reminders about proper
knapping principles from a more knowledgeable individual, novices seem to pick up on the
basics of fracture mechanics and whole flake production rather quickly. The latter, however,
takes much longer to acquire, as the embodiment of knowledge requires the gradual process of
enskilment (Ingold 2001). Differences in lithic quality between knappers of varying levels of
expertise can be felt even after years of apprenticeship (Roux, Bril, and Dietrich 1995), and
although it is unlikely that mastery of an Oldowan-style stone toolmaking task requires as much
time and practice as later stone industries (e.g. Acheulean, Levallois), it is clear that the amount
of training provided in this study was not adequate for participants to even improve the Quality
of their flakes, let alone obtain toolmaking proficiency.

The influence of individual differences in psychometric and motor ability on participant
learning were most visible at the level of participant subgroups. In adults, generally, and
particularly in adult female participants, those with faster FLT response times demonstrated
larger learning effects for lithic Quantity (i.e. AQuantity), meaning that better FLT performance
was tied to an improvement in lithic output over the duration of the experiment. Although the
relationship between speed and AQuantity was present in all adult participants (p = 0.045), it was
especially prominent in adult women (p = 0.022), who produced the most lithics of any
participant subgroup. Just as grip strength was predictive of lithic Quality in adult men, it may be
that FLT response times are responsible for the greater Quantity of lithics produced by adult
women. If this is the case, adult female participants may have compensated for their relative lack
of upper body strength, as compared to the adult males, with a strategy similar to that of the male

children; namely, that they struck their cores more rapidly and with higher frequency in an
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attempt to remove a flake from a particular platform. In other words, they may have ‘bashed’
their cores because they either did not possess or did not properly employ adequate grip strength
to remove the flake in a single strike. This resulted in the production of many, poor quality
detached pieces, likely due to the introduction of incipit fractures in the core through repeated,
unsuccessful strikes to the same platform and the consequent ‘rounding’ of the platform in
question.

Interestingly, MRT scores negatively correlated with AQuality in adults; however, this
trend is consistent with the overall decline of lithic Quality during the training period. MRT
scores positively correlated with Quantity and negatively with Flaking Inefficiency across
participant subgroups; however, MRT performance did not demonstrate any significant
correlations with Quality. It is possible that the ability to mentally track objects has a greater
influence on a knapper’s potential to remove mass from a core, broadly and irrespective of the
quality of lithics produced, given that this cognitive capacity is especially relevant to identifying
viable striking platforms. In other words, even if a participant is capable of knowing where to
strike a core to generate a lithic product, this may not be enough to guarantee that the resulting
product will be useful. With that said, it is also possible that this negative result is related to the
experiment’s relatively short training times and that MRT scores may be positively predictive of
knapper success as participants see increases in the overall Quality of their lithics. Among
children, MRT scores were positively correlated with increases in lithic Quantity. The absence of
this same correlation in adults indicates that children, who have less developed motor abilities, as
evidenced by their lower grip strength and FLT aptitude values, may have relied on their

cognitive engagement with the task to compensate for their relative lack of fitness.
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Any correlation between personality and learning effects of knapper outcomes, as with all
inferences on the relationship between personality and knapping ability that this study offers,
should be taken as exploratory, as future behavioral work on the topic is necessary to provide an
empirical backing for the following observations. More Agreeable children, male participants,
and, particularly, male children, were both more likely to see increases in their lithic Quality
during the training period, which may be attributable to their willingness to receive assistance
with the task and to follow the instructions provided during the task demonstration.

Conversely, Agreeableness was negatively correlated with improvements in Quality
among adult female participants, such that the more Agreeable women produced less useful
lithics by the end of their training period. Because low Agreeableness scores are typically
associated with critical attitudes, skepticism, and a general disregard for maintaining positive
relationships with other people (Costa Jr. and McCrae 1995), the negative correlation between
Agreeableness and improvements in lithic Quality indicates that the adult female participants
who tend to be less socially invested were more likely to produce useful stone tools. Adult
female participants also demonstrated a negative correlation between Openness and AQuantity,
which, in combination with the negative association between Agreeableness and AQuality, paints
a rather unflattering picture of successful female knappers. It seems premature and potentially
harmful to conclude that less pleasant personalities in women are predictive of more effective
knapping skill acquisition. Instead, it is possible that these results are capturing the phenomena
that women, who typically score higher in Agreeableness than men (Gensowski, Gortz, and
Schurer 2021; Schmitt et al. 2008), are thus more likely to be ‘people-pleasers,” which may,

paradoxically, make them less inclined to ask for assistance when it is needed. If such was the
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case in this study’s sample, women who were more Agreeable may not have solicited the help
required to see improvements in their lithic Quality over the experiment’s training period.

The negative correlation between Openness and AQuantity in adult female participants is
somewhat more difficult to explain. Given that all participants were naive to stone toolmaking,
knapping would constitute a new experience for participants, and higher Openness scores should
indicate individuals’ willingness to try new things. Low Openness scores imply that an individual
is resistant to new experiences and other people’s ideas, which, in the context of the experiment,
may manifest as a reluctance to follow task instructions. As with Agreeableness, adult female
participants with higher Openness scores may have been paradoxically disadvantaged in the task,
as they may have tried to adhere to the instructor’s prescribed knapping technique at the
detriment of their lithic productivity. In other words, these participants may have been so intent
on knapping ‘correctly’ that they hindered their own progress, within the timeframe of the
experiment. This interpretation is corroborated by female participants’ higher Neuroticism
scores. Those with lower Openness scores were also the individuals who reported faster FLT
response times, at marginal significance (r(19) = 0.427, p = 0.053) (Figure 3.3), which supports
the previously discussed finding that adult female participants who produced larger quantities of
lithics likely did so through a bombastic style of knapping: one that emphasized quick, repetitive
strikes, counter to the methods advised by the instructor (e.g. deliberate, planned strikes on

viable platforms).
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Figure 58.3: Correlation of BFI: Openness Score with Fitts’ Law Test Response Time in Adult
Female Participants. Adult female participants with lower Openness scores were also more

likely to respond more quickly to the FLT task.

Adult male participants who reported higher Conscientiousness scores were more likely
to experience a negative correlation with AFlaking Inefficiency, such that more conscientious
men saw improvements in efficient removal of mass from their cores. This relationship is a
logical one, as Conscientiousness encompasses the domains of Order and Self-Discipline.
Successful knapping requires the careful application of striking precision and velocity, and when
executed in a disciplined manner, it is more likely that a knapper will produce useful lithics and,
by extension, more efficiently reduce their cores. Among female children, Conscientiousness was

positively correlated with AQuantity, likely for similar reasons. Namely, a more deliberate
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application of knapping techniques should result in a greater number of lithic products,
regardless of their overall Quality, and more Conscientious individuals should demonstrate the
grit required to make improvements in their output as their knapping skills increased with

practice.

Broader Implications

Colloquially, childhood is described as a time when individuals experience ‘critical
periods’ of skill-based learning, whether these skills are related to language learning (Snow and
Hoefnagel-Hohle 1978), motor ability (Hirtz and Starosta 2002), or other domains of knowledge.
However, this ‘critical period” model of learning has been contested (Scovel 2003; Lukacs and
Kemeny 2015; Solum, Loras, and Pedersen 2020), and the results of this study indicate that this
challenge to common knowledge perspectives of childhood skill acquisition is warranted.
Namely, child participants, who all fell within the middle childhood or early adolescence age
brackets (8- to 13-years-old) did not achieve comparable knapping outcomes with their adult
counterparts. Instead, their performance was poorer across knapper skill metrics (Quantity,
Quality, and Flaking Inefficiency) and within psychometric, motor, and personality testing,
except in the cases where no statistical differences were present (i.e. Stroop Color-Word Test).

Despite the binary treatment of children and adults in this study, it was evident that the
effects of age on task performance were more linear in nature, with younger children
demonstrating the least developed abilities and older children approaching adult aptitudes. This
was the case with grip strength, MRT scores, and FLT performance, all of which were strongly
predictive of knapper skill. These results indicate that improvements in stone knapping ability

are likely tied to the maturation of cognition and motor function and that children’s attempts at
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stone toolmaking will not match adult performance until these developmental milestones have
been met. That being said, this study provides a snapshot of the stone toolmaking learning
process, one that favors direct-active teaching as its primary mode of skill transmission. It is
likely that in communities where individuals made and used stone tools routinely to complete
everyday tasks, children would have been exposed to stone knapping activities from an early age.
Such opportunities for observational learning would almost certainly have impacted their
knowledge of the mechanics of stone toolmaking, which could have accelerated their ability to
produce useful stone tools once they engaged actively in the toolmaking process, themselves.
Because of this difference in learning environments, and due to other factors including the
disparate motivational context in which the stone tools are being made and the types and
frequency with which individuals engage in gross motor activity, it is important to keep in
perspective that the knapping performance of modern human children should not be considered
equivalent to that of ancient hominin children of a similar age and stage of development.

It is likely, however, that ancient hominin children would have also needed to mature to a
particular threshold of cognitive and motor ability to become successful stone toolmakers, as the
physics of stone fracture mechanics have not changed in the interim millennia. The age at which
this threshold would have been reached may differ from that of modern humans, given
differences in the early toolmakers’ hand morphology and cognitive capacity.

Although these data cannot definitively address the question of novice stone toolmaker
identity in the archaeological record, ethnographic evidence of the acquisition of skilled behavior
among extant knapping communities and forager societies suggests that children may be
orthogonally involved in skilled activities, as their bodily affordances and cultural norms allow.

For example, Bird and Bliege Bird (2000; 2002) describe the involvement of children as young
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as 5-year-old in coastal foraging among the Meriam of the Torres Straight Islands. At this age,
children’s contribution to the foraging efforts is minimal, as they primarily tag along with older
children and adults, who help them identify prey items and differentiate between species of
varying value. The older children who engage in foraging are limited in their efficacy, due to
their shorter stride length, which limits the quantity of prey items they can acquire in the same
time as adult foragers, and grip strength, which impacts their ability to process harder to open
shellfish. However, even though children are less capable of achieving the same foraging yield as
adults, Bird and Bliege Bird mention that the children possess the requisite knowledge to
successfully forage high value prey items but lack the bodily affordances to perform at the level
of adult competence.

The ethnographic literature on living stone knapping communities of practice is quite
sparse, as the regular practice of stone knapping has almost entirely been replaced by more
recent technological innovations. The studies that do exist on this topic all describe novice or
apprentice knappers as adolescents (Weedman Arthur 2010) or adults (Stout 2002; Roux, Bril,
and Dietrich 1995), who undergo a training period of at least five years before they are
considered competent enough to work with good quality raw materials. However, although
active training in stone knapping is delayed until these older ages, two of these ethnographies
describe the peripheral involvement of children in stone toolmaking activities.

In the case of the adze makers of Langda village in Indonesian Irian Jaya, adult male
knappers of varying skill levels would travel together to acquire raw stone materials from the
nearby Ey River Valley (Stout 2002). Children of both sexes were permitted to accompany the
men on these trips, although the boys were given opportunity to assist with the work when extra

help was needed to process especially large boulder cores. Weedman Arthur (2010) goes into



172

even greater detail about the scaffolded learning process among the Konso women hide-workers
of southern Ethiopia. Within this community of practice, girls begin learning the craft of hide-
working around the ages of 6 to 8 years old. At this stage, the girls do not work with the stone
materials, themselves, but instead are taught other aspects of the craft, such as identifying which
leaves are used for softening the hides and how to locate them, with lower value materials that
are used to process the hides, including scraps of the lithic debitage. Around the ages of 8 to 12
years old, the girls are given more responsibility and are allowed to engage in activities such as
heat treating the stone used for tool production. It is not until they have reached the ages of 14 to
16 years old that they may begin the process of learning how to make stone tools.

These examples demonstrate how the production of stone tool technology has been
treated as a community practice, one that scaffolds the skill acquisition process across many
years from early ages. The active learning of the craft does not begin until novices have
minimally reached adolescence, when capacities of motor and cognitive ability begin to resemble
those of adults. Once this developmental threshold has been met and direct-active teaching has
commenced, novice learners continue to hone their craft over at least five years of training, with
expert levels of proficiency requiring an even more extensive training period of around a decade
(Roux, Bril, and Dietrich 1995). Although experimental studies of stone knapping with modern
human participants cannot replicate the processes of ancient hominin learning, these
ethnographic case studies suggest that the task of learning to make stone tools was a long one,
beginning in childhood with involvement in adjacent-to-knapping subtasks and continuing into
adulthood when individuals possessed the anatomical and cognitive affordances to successfully

make useful stone tools.
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Limitations

As with much of the experimental work conducted on novice stone toolmakers, this study
suffers from its relatively short training times and small sample size. An obvious solution to the
short training times concern is to conduct an experiment with a longitudinal design, one that
tracks cohorts of both children and adults to compare their paths to knapping proficiency.
However, given the existing challenges of subject recruitment and retention and raw material
costs, one would expect these issues to be magnified in a study design lasting over a period of
years (Cotter et al. 2005). It is likely that the resulting sample sizes would be small, and thus, the
statistical power of the data would be regrettably weak. These obstacles are what have prevented
this sort of work from being done in the past, and to date, the best solutions involve extrapolation
of learning trajectories from early-stage novices (Pargeter et al. 2023) and the exploration of
substituting comparable, alternative materials (Clarkson 2017; Eren et al. 2022; Khreisheh,
Davies, and Bradley 2013; Schillinger, Mesoudi, and Lycett 2014). The ecological validity of
such workarounds is tenuous, although one could argue that striving for stringent standards of
ecological validity in experimental studies of stone toolmaking is already a moot point, given
that this research necessarily uses modern human subjects as surrogates for ancient hominin
knappers.

The recruitment and retention of child participants is particularly difficult (Cotter et al.
2002; Prinz et al. 2001), given that a parent or guardian must provide transportation to the
experiment site and must either be present at the time of data collection or consent to a drop-off
scenario. During the academic year, children enrolled in traditional schooling would be
unavailable to engage in research activities during the school day, limiting data collection times

to evenings and weekends, which are likely already occupied by extracurricular activities and
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homework. This restricted availability and its impact on the ability to control knapping practice
density is one of the leading factors that motivated this dissertation’s summer program design.
However, limiting data collection to a single season, while standard practice in archaeological
fieldwork, does hinder the rate at which experimental studies, such as this one, can progress.
Although solutions to issues of subject recruitment and retention have been suggested in
fields such as developmental psychology (Hurwitz, Schmitt, and Olsen 2017), they may be
difficult to implement in experimental archaeological studies due to the public’s perceived
relative importance of the research questions. In other words, a parent may be more inclined to
honor study commitments if they feel that the research benefits either the public, generally, or
their child, specifically, as in the case of clinical work. If studies of stone toolmaking in children
are viewed as extracurricular, it may be difficult to convince parents and children, alike, that their
continued participation is important and a valuable use of their time. To combat this — admittedly
cynical — concern, it will be critical provide participants with as much flexibility in scheduling as
possible, keeping in mind the importance of practice density in early-stage learning (Pargeter,
Khreisheh, and Stout 2019), and to make the experience of learning stone knapping engaging and
enjoyable so that children are excited to return for each practice session. To this end, partnerships
with organizations that routinely schedule science education outreach programming, such as the
Tellus Science Museum, may be one of the most reliable paths forward for experimental studies

of stone toolmaking with children.

CONCLUSION
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On Collaborations and Science Education Outreach

One of the most enriching components of my dissertation research was my collaboration
with the Tellus Science Museum, in Cartersville, GA. It was no easy task to find a collaborator
who would support me in collecting data on how children learned to make stone tools. In my
early searching, I was often turned away due to concerns regarding the safety of the task and the
liability issues that might follow it. This, in combination with competing priorities of
accommodating the needs of my experimental design and maintaining the structure of potential
collaborators’ existing programming, made finding a compatible collaborator quite difficult,
indeed. With the additional challenges of the global pandemic, I feel very fortunate that the
Tellus education department staff not only offered the use of their facilities, but they also
emphasized from the outset that we were in partnership with one another and made available to
me both their material resources (e.g. classroom materials, collections) and their time and
expertise. Together, we created a curriculum for what would become Archaeology Adventure
Week, and through this experience, I learned how to articulate scientific concepts to audiences of
diverse ages.

Not all dissertation projects lend themselves to science education outreach quite as
readily as mine does, nor would all dissertation writers be as enthusiastic at the opportunity
incorporate elements of public-facing engagement into their work. However, I think there is
incredible value not just in establishing ties to the community through collaborations with its
educational institutions, but also in challenging oneself to find ways to make the subject of one’s
research relatable and engaging to general audiences. Through such a symbiosis, it may be
possible to create a lasting reciprocal relationship that would essentially become a field site for

future studies of stone toolmaking with child participants.
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Future Directions

That children performed more poorly than adults at the stone toolmaking task should not
be taken as an indication that future studies with developmental populations should be avoided.
If anything, it highlights the importance of diverse study designs, especially those that include
longer training times or, ideally, a longitudinal timeframe. Because participants in either
condition of this experiment did not improve their lithic Quality across the five days of data
collection — and, in fact, experienced a reduction in Quality — it is clear that 2.5 hours of training
were insufficient for them to move past the novice stage of knapping. It is possible that, given
more time, the initial influence of grip strength on lithic Quality would have been mediated by
cognitive ability and individuals with higher psychometric scores would have reached local
optima similar to that of their stronger counterparts.

Future work on this subject should additionally begin to explore the effects of learning
conditions on child knapper outcomes. This study omitted such a design in favor of a proof of
concept — it was my priority to demonstrate that children could, in fact, produce stone tools
reliably enough to compare to an adult sample. It was my fear that introducing learning
environments with variable levels of instruction would discourage the children from engaging in
the task, altogether, if they, for example, became frustrated by an instructor’s lack of
responsiveness during a ‘no verbal instruction, observation only’ condition. Now that it has been
shown that children can learn to knap in an experimental setting, it is time to increase the
complexity of the experimental design (e.g. modeling Morgan et al. 2015) so that future research

can more directly address questions relating to the TOoL hypothesis of language origins.
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Final Remarks

Experimental archaeology has grown immensely as a field over recent decades. Like any
science, research design and implementation comes with methodological challenges, and in the
case of archaeology, these often relate to the deep, evolutionary timescale of the questions asked.
Great strides have been made to address these obstacles, but much work still remains to be done.
In the case of children’s visibility in the archaeological record, it will be critical to refine
techniques on identifying individual knappers within lithic assemblages. This is a tall order, and
not one I am equipped to engage with here. However, if such a hurtle can be overcome, the
possibilities for learning more about not only who made stone tools but also how and when
individuals started learning the craft would be immense. This information is vital to gaining a
better understanding of how teaching — and, perhaps, by extension — language evolved within our

species.
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