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Abstract

‘Giant’ handaxes are a widely recognized but infrequently investigated phenomenon of the Acheulean period. The scale of their
distribution and the selective pressures underpinning their production are not well explored. Here, we report new data from a
large-scale experimental study that identifies the point at which handaxes become too large to use with a single hand, alongside a
review of known Acheulean assemblages displaying ‘giant’ handaxes. On the understanding that most ‘regularly sized’ Acheulean
handaxes were gripped in one hand, if handaxes require bimanual grips, alternative explanations for their production—beyond
unimanual butchery and woodworking tasks—should be sought. Our data identify clear mass, length and thickness thresholds for
bimanual gripping. It is revealed that spatially and temporally diverse archaeological sites display ‘giant’ artefacts that exceed
these thresholds. We suggest these atypically large handaxes would most plausibly have been utilitarian tools used for cutting, but
in alternative ways to more regularly sized bifaces. This includes when worked materials were secured by another individual or
structure, during digging activities, or when used as a stationary cutting ‘plane’ secured on the ground.

(Received 25 February 2025; revised 5 May 2025; accepted 4 June 2025)

Introduction

Acheulean handaxes are extremely well known—to such an
extent that in popular accounts the artefact becomes an icon,
as if all handaxes can be reduced to one single symbol. In fact,
form variability in handaxes, both within assemblages and
between assemblages, is a fundamental part of the Acheulean
pattern. Such variability is recurrently referred to in scaled
terms including ‘substantial’, ‘extreme’ and ‘large’ or, con-
versely, ‘diminutive’ (e.g. Chauhan 2009; Clark et al. 2024; Emery
2010; Muller et al. 2022; Wenban-Smith 2004) and plays a major
role in driving questions about the design, production and
use of these tools by early humans in the middle and late
Pleistocene. Explanation for shape variation in these bifacially
flaked core-tools most often includes cultural and biological
differences betweenpopulations, distinct ecological/functional
use contexts, variable reduction and resharpening behaviours
and rawmaterial factors (Clark et al. 2024; García-Medrano et al.
2023; Herzlinger et al. 2021; Key & Dunmore 2018; Lycett et al.
2016; McPherron 2000; Muller et al. 2022; Stout et al. 2014;

Vaughan 2001; White 1998; Wynn & Gowlett 2018). Tool size
variation within and between handaxe assemblages can be
linked to the same influences (Kempe et al. 2012; Key & Lycett
2017b). A combination of these factors likely came together in
variable quantities to inform themorphology of these artefacts
(Lycett & von Cramon-Taubadel 2015).

Many of these mechanisms would have worked to
produce variation around a central tendency, with extreme
forms beyond functional, context-dependent thresholds being
selected against (Gowlett 2005; Kempe et al. 2012; Lycett et al.
2016), but with variation in functional pressures still pushing
towards scale variations up to a factor of 10 in some variables
(e.g. mass). The underlying principle is that most handaxes
would have been produced to complete a given (or selection of)
task(s), and if their form was detrimental to task performance
and/or completion, then its likelihood of reproduction and
social transmission would have been reduced. In some
specific scenarios this could have resulted in highly specialised
forms (e.g. narrow and pointed forms for ‘winkling’ out a small
part from a larger whole: Gowlett 2013), but in the majority of
instances—particularly those where tools were produced
for multiple tasks—handaxes likely conformed to more
generalized ovate-to-pointed plan-view shapes (e.g. Clark
et al. 2024; García-Medrano et al. 2023; Herzlinger et al. 2021;
Iovita &McPherron 2011; Key 2019). In turn, extreme handaxe
forms are comparatively rare in the artefact record, with
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assemblage-level morphological data recurrently adhering to
a normal distribution, albeit at times with a long, low-
frequency, tailed distribution (Chauhan 2010; Dale et al. 2024;
Gowlett 2009; 2013; Muller et al. 2022; Vaughan 2001).

It is argued here that extreme handaxe morphologies are
not defined by the influences that select for central tendencies;
rather, they result from exceptional contextual pressures
infrequently observed at a population level. Functional, social
learning, reduction (resharpening) and raw material factors
could sometimes have driven the production of extreme forms.
For example, knapping errors leading to a mid-production
‘rough-out’ breaking in half, or raw material size limitations,
could have resulted in handaxes substantially smaller than
the ∼10 cm length threshold below which cutting perfor-
mance decreases significantly (Key & Lycett 2017a). Yet not all
extreme handaxe forms are proposed to result from these
mechanisms; social and aesthetic pressures have repeatedly
been put forward as alternative mechanisms.

Aesthetic explanations are plausible for some Acheulean
populations (Chase & Dibble 1987; Gowlett 2021; Wynn &
Berlant 2019). Most notably those in the mid-to-late Pleistocene
who represent the last common ancestor of both Homo sapiens
and H. neanderthalensis; species with evidence for the structured
production of non-utilitarian, and arguably aesthetically derived,
material culture (Bello 2021; McBrearty & Brooks 2000). Yet,
many handaxes that are suggested as being aesthetically derived
are assigned based on features with little-to-no impact on their
use as a cutting tool (e.g., colouration), or from features that
are not technologically exceptional (e.g., presence of a shell
inclusion), making alternative hypotheses for their pres-
ence difficult to test. Ultimately, aesthetic hypotheses are
often unfalsifiable (Chase and Dibble 1987; Flanders & Key
2023; Gowlett 2021).

The potential for extreme handaxe forms to have played
roles within Lower Palaeolithic social systems has arguably
received greater attention. High levels of plan-view and side-
view symmetry in some handaxes, for example, have been
suggested to have acted as a social signal within later Acheulean
groups (Hodgson 2015; 2017). Kohn and Mithen (1999, 524)
famously proposed high symmetry, along with other biface-
form ‘oddities’ and ‘additional features’, to have played a role in
hominin mating behaviours. However, the extent to which
highly symmetrical handaxes can be considered extreme or
rare is debated (McNabb & Cole 2015; McNabb et al. 2018) and it
does appear to have been under some formof selective pressure
(Lycett 2008). Pope et al. (2006) highlighted a potential role for
handaxes as visible markers within landscapes, with their
recurrent structured form acting as a clear signal of hominin
presence and related behaviours. In this context, extreme tool
formswould be highly recognizable as a departure from routine
signalling. It is impossible to test social hypotheses for species
long extinct, but the presence of ochre use and rock art in the
Middle StoneAge points to the feasibility of an earlier origin for
related behaviours (Kuhn 2014), while differing production
emphases between handaxes and cleavers hints at greater
social-signalling potential in the former (Herzlinger & Goren-
Inbar 2020). The possibility that a capacity for some form of
communicative signalling behaviours may be deeply rooted
within the hominin clade is also indicated by studies of the

genus Pan (e.g. Hobaiter & Byrne 2014), including behaviours
that involve use of material items (e.g. Badihi et al. 2023).

In recent years, the widespread but low-frequency
presence of so-called ‘giant’ handaxes in the Acheulean
archaeological record has received particular attention when
linking extreme handaxe forms to social signalling (Dale et al.
2024; Diez-Martín et al. 2019; Ingrey et al. 2023; Overmann &
Wynn 2019; Wynn 2021). At a fundamental level they are
defined as artefacts assumed too large to be applied to, or
produced solely for use within, utilitarian contexts (Fig. 1). The
reasoning is that if a handaxe cannot be used effectively or
efficiently to cut, scrape, pierce or otherwise modify an aspect
of the physical environment inwhich hominins lived, then it is
more likely that it had a role within their social environment
(Dale et al. 2024; Hodgson 2015; Kohn&Mithen 1999;McNabb&
Cole 2015). On the other hand, earlier hominins may have
displayed some of the greater-than-modern-human upper-
limb strength observed in other great apes, and for specific
tasks, atypically large tools may have been needed.

Substantial size ranges certainly exist in many Acheulean
biface assemblages. Length, for example, often varies by a
factor of five (Gowlett 2009), far beyond anything that could be
seen as ‘copying error’ or ‘poor standardization’. Variation in
mass is even more striking, with a factor of 10 being quite
normal inmultiple handaxe sets (Crompton& Gowlett 1993). In
African handaxes, the issue of size extremeswas raised byMary
Leakey’s work at Olduvai Gorge (Leakey 1971). In Bed II she
distinguished large, well-made handaxes of the Acheulean from
‘small and poorly made’ handaxes of her Developed Oldowan B.
AlthoughMary Leakey considered these as different industries,
perhaps made by separate hominin species, others considered
it more likely that palaeogeographic factors affecting access to
raw materials explained the different facie (Davis 1980;
Stiles 1979a,b). A Wishart’s Mode Analysis found probable
modes of large and small handaxes side by side within the
million-year-old datasets of Kilombe in Kenya (Gowlett 1988).
Other examples of both very large and very small handaxes
being found together in the same assemblage have been
recognized elsewhere on a number of occasions, including in
Africa, Europe and Asia (Dale et al. 2024; Emery 2010; Gowlett
et al. 2017; James & Petraglia 2005; Mussi et al. 2023; Wang
et al. 2014).

This size variation inevitably makes an enormous differ-
ence in the usability of tools and their capability to do work,
but the implications of large and small have only occasionally
been tested in functional terms (Key & Lycett 2017b). Key and
Lycett (2017a) demonstrated that there is no clear upper size
threshold beyond which handaxes become too large to
perform a generalized cutting task. Some of the largest
replica handaxes in their experiment, which ranged from
being very small up to 4.5 kg in mass and 296 mm in length,
were inefficient relative to other forms, but there was no
clear ‘drop off’ in performance (unlike the aforementioned
lower size-performance threshold) and some were effective
tools (Key & Lycett 2017a), demonstrating that even some of
the largest handaxes in the archaeological record had
potential to be applied to cutting tasks. More recently,
Khaksar and Modarres (2024) used large replica handaxes,
ranging between 224 and 392 mm in length, to demonstrate
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that while these tools can be applied within diverse functional
contexts, in most tasks they perform with reduced efficiency
relative to smaller, more regularly sized handaxes. This result
was replicated by Standley-Barrow (2024) during a laboratory
controlled cutting task. Zupancich and Proffitt (2014) demon-
strated that giant bifaces could serve as useful cutting tools
when stationary and secured in the ground, such that worked
objects move across the upper edge of these tools. Together,
past work demonstrates that giant handaxes can be used as
cutting tools, but their relative performance is context
dependent and at times reduced relative to smaller alter-
natives. Binary statements about their inability to cut and
modify materials are therefore unsupported (e.g. Hodgson

2015; Overmann &Wynn 2019) and more measured discussion
of both cutting and social function possibilities should be
preferred (e.g. Dale et al. 2024).

Whilewe cannot directly support or refute social hypotheses
concerning extinct hominins, we evidently can test alternative
hypotheses, including that giant bifaces are effective and
efficient cutting tools (including digging: cf. Atkins 2009). Yet to
date, this has not brought us closer to reliably identifying
whether any giant handaxe artefacts could have been made
solely for social signalling purposes. Here, we address this
question using binary records of tool-use ergonomics. Our study
is based on the recurrent observation that giant handaxes can
be difficult to manipulate and manoeuvre with a single hand

Figure 1. The three longest replica handaxes used in Key and Lycett’s (2017a) experiment (a=265mm, b=296mm, c=278mm) alongside a ‘regularly’ sized

(158 mm) British handaxe artefact from Kempston (d), the large (296 mm) Maritime Academy (UK) ficron (e) and a ‘giant’ (257 mm) biface from Issutugan

(Somalia) (f). Scale: 100 mm.
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(Khaksar & Modarres 2024; Key & Lycett 2017a; Standley-
Barrow 2024). Notably, these past experimental studies were
performed under controlled laboratory conditions with worked
materials secured to a frame or stable platform. However, this
would not have been the case with most activities (e.g.
butchery) undertaken during the Acheulean, meaning the tool
user’s non-dominant hand would typically have been required
to secure the worked material. It is, therefore, possible to
predict that gripping handaxe artefacts with two hands would
have been relatively rare. However, some circumstances, such
as digging or the chopping of heavier items, may have
permitted the use of two hands. In turn, tool forms that
required the use of two hands in these experiments may not
have been effective hand-held cutting tools when used by a
single individual, suggesting similar forms in the Acheulean
may potentially have been used for alternative utilitarian
purposes, produced for social signalling, or selected for through
alternative mechanisms.

Here, we present new data from Key and Lycett’s (2017a)
experimental study into the functionality of Acheulean
handaxes. We identify the duration of time that one or two
hands were used to secure each of the 500 handaxes. If a tool
was used with two hands for the majority of time, then
potentially handaxe artefacts of a similar sizewere not used by
Acheulean individuals as generalized hand-held cutting tools.

Methods

Given that the new data we present were derived from Key
and Lycett’s (2017a) experimental study, we repeat major
methodological details here, alongside new information
concerning the collection of ergonomically relevant data: but
see Key and Lycett (2017a) for additional data and
considerations.

Replica handaxe assemblage

500 replica handaxes were knapped from British flint with
the intention of creating an assemblage of tools that could
ethically be used in an experimental context (Eren et al. 2016)
(Fig. 1). The tools were specifically produced to be highly
variable in form. Both ‘morphologically extreme and archaeo-
logically representative’ (Key & Lycett 2017a, 517) handaxes
were deliberately created on nodules and large flake spalls
using a combination of hard and soft hammer percussion as
required. Consideration was given to the necessity of the tools
being held in the hand and used in a cutting task, potentially
limiting the extreme upper end of the replica tool sizes. Here,
we use four univariant metrics that are regularly collected
from handaxe artefacts with the intention of defining
their size.

‘Length’ was defined as the maximum straight line
measurable on each handaxe when viewed from its
superior surface, with the latter being defined as the face
of each biface displaying the greatest number of flake scars
greater than 1 cm (Lycett et al. 2006). ‘Width’was defined as
the maximum straight-line distance on the superior
surface of each handaxe when perpendicular to the tool’s
line of maximum symmetry. ‘Thickness’ recorded the maxi-
mum dimension of each handaxe at any point perpendicular to

its longitudinal and lateral extension (Gowlett 2006). These
three variables were recorded in millimetres using digital
calipers (Table 1). ‘Mass’, recorded in grams (g) using digital
scales, was used as a record of each handaxe’s material
volume (i.e. size) as all tools were made from the same raw
material (Table 1). As all tools were produced from the same
raw material with only minor variation in density due to
variable cortical coverage and inclusions, mass can be used
adequately to describe differences in tool size. Note that the
upper size limits of the replica assemblage conform with
many of the largest handaxes observed in the archaeological
record (Fig. 2). In addition, we created a broad multivariate
record of tool size by entering length, width and thickness data
into a principal component analysis (PCA). The resulting
principal components (PCs) can be used to examine whether a
more generalized measure of handaxe size can differentiate
between tools gripped with one or two hands (Table 1).

To investigate further the impact of tool form on bimanual
gripping during handaxe use, we examined the role of tool
shape and the position of each tool’s centre ofmass. Shape was
recorded at a coarse scale through elongation and refinement
ratios, with the former describing the relative thinness of a
tool (width divided by length) and the latter representing the
thickness of a tool relative to its width (thickness divided by
width). Both of these variables appear to have been controlled
to varying degrees by Acheulean hominins (Crompton &
Gowlett 1993; Wynn& Gowlett 2018).We also investigated tool
shape using a dataset of 29 size-adjusted variables, using the
geometric meanmethod of size adjustment (Lycett et al. 2006).
These 29 variables were recorded using a system of Euclidean
distances distributed across the plan-forms and profiles of
each artefact, as widely outlined elsewhere (e.g. Courtenay
2023; Pargeter et al. 2019; Schillinger et al. 2014). The size-
adjusted data were subsequently processed through principal
component analysis, such that the first and second principal
components describe 57.2% and 17.35% of the total shape
variation, respectively.

Two proxy variables were used to represent each tool’s
centre of mass. The first recorded the position of maximum
width on each tool expressed as a percentage of the tool’s
overall length, where 0% equals the very tip of the tool and
100%equals its base.We also recorded the position ofmaximum
thickness on each tool, again expressed as a percentage of
maximum length. Centre of mass has been repeatedly linked to
handaxe ergonomics and the ease with which distal portions of
these tools can be applied to worked materials (Gowlett 2006).
Descriptive data for shape and centre of mass variables can be
found in Supplementary Table 1.

Participants

Five individuals were recruited to use 100 handaxes each,
with tools being randomly assigned to each individual. One-
way analysis of variance (ANOVA) confirmed that the masses
(F [4, 495] = 1.253, p= 0.288) of handaxe groups assigned to
each individual were broadly equal. The participants were
not aware of the theoretical underpinnings of the experi-
ment. Each was paid a nominal remuneration of GBP £50 for
their time. By limiting the number of participants to five, it
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placed greater emphasis on studying the impact of the
variability observed in the handaxe assemblage, which is the
focus of the present study.

The size and strength of an individual’s hand is known to
impact significantly the performance of handaxes during
cutting tasks (Key & Lycett 2019). As such, a series of manual
biometric traits were recorded from each individual to help
understand how any tool-size defined thresholds may be
applied within a biologically diverse population. Note both the
variety across participants and the relatively great manual
strength in some individuals (Table 2). Quite understandably,
we were limited to using Homo sapiens as participants, yet
Acheulean handaxeswere used by a variety of hominin species
(e.g. Gallotti & Mussi 2017). It is therefore important to
highlight that, although there is a dearth of manual fossil
evidence for these species, including H. erectus s.l., H. heidel-
bergensis s.l. and H. antecessor, what little we do have suggests
modern human-like manual anatomy and proportions to be
present in the hominin lineage from as early as 1.8 to 1.4
million years ago (Marzke 2013). This is broadly consistent
with timings for the emergence of the Acheulean, with the two
potentially being linked (Key & Lycett 2019).

Experimental cutting task and recording bimanual tool
use

Industrially producedmaterialswere used to provide an ethical,
replicable functional task that was identical for each handaxe,
helping to control for any influence exerted by variables
other than tool size (Eren et al. 2016). Specifically, corrugated
cardboard, neoprene rubber and polypropylene rope were
attached to awooden frame, whichwas subsequently placed on
the floor to simulatemore accurately Pleistocenewoodworking
or butchery activities, which were likely undertaken in a
kneeling position. The materials were organized on the frame
in such a way that diverse cutting motions were required (e.g.
slicing, piercing, sawing), helping to enact multiple ergonomic

demands at the hand-tool interface. Further, the materials
provided different levels of resistance and required varying
precision, further adding to variability in the task (see Key &
Lycett 2017a for further information). While such materials
were obviously not cut by prehistoric handaxes, cutting
through them does require behaviours that nonetheless mimic
similar cutting actions that were likely undertaken (e.g. Jones
1980; Machin et al. 2007), and therefore appropriately serve to
test how tool-size may limit the ability of handaxes to be used
with a single hand. Indeed, as with many tasks undertaken by
handaxes during the Pleistocene, the most effective way to
complete the experimental cutting task was to grip the tool in
the dominant hand and secure, create tension in, or otherwise
manipulate the cut material with the non-dominant hand.

The participants used their assigned 100 tools across 7–10
days, using 10–15 handaxes a day. Five minutes’ rest was
enforced between the use of each tool, and the next tool was
only used once participants felt comfortable doing so. Previous
linear regression confirmed there to be no links between tool-
use order and cutting performance (Key & Lycett 2017a),
supporting the inference that fatigue did not significantly
impact the use of tools used later each day. Fingerless gloves
were worn by each participant to help prevent cuts to the
palm yet facilitate direct interaction with the tool’s surface.

Table 1. Descriptive size data for the full handaxe assemblage (n= 500) along with mean data for the tools assigned to each participant (n= 100).

Length (mm) Width (mm) Thickness (mm) Mass (g) PC1 (Size) PC2 (Size)

Minimum (n= 500) 38.8 24.7 7.4 8 –122.71 –52.59

Maximum (n= 500) 296.3 200.3 106.3 4484 181.19 36.88

Mean (n= 500) 135.9 91.9 40.7 577 – –

Standard Deviation
(n= 500)

38.4 26.3 17.3 559 46.4 14.4

Participant One Mean
(n= 100)

129.5 88.6 37.5 532.0 –7.851123 –0.02339

Participant Two Mean
(n= 100)

139.4 96.0 43.2 603.9 5.652582 1.818537

Participant Three Mean
(n= 100)

129.9 87.5 39.5 520.1 –7.50161 0.124773

Participant Four Mean
(n= 100)

144.6 97.1 44.4 672.6 10.75503 0.08997

Participant Five Mean
(n= 100)

136.2 90.4 39.0 554.7 –1.05484 –2.00989

Table 2. Descriptive biometric data for the five participants who

undertook the experiment.

Participant One Two Three Four Five

Grip strength (kg) 70 48 55.5 51.5 58

Tip-to-tip pinch strength
(kg)

9.4 8.2 7.5 7 6

Pad-to-side pinch
strength (kg)

13.7 8.1 12.1 10 11.3

Hand length (mm) 187 193 209 187 194
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Figure 2. Jitter plots demonstrating

the size variability in the experimental

handaxe set relative to a series of ‘giant’

handaxes described in the published

literature. The jitter plots of mass,

length, width and thickness (a–d,

respectively) highlight thresholds above

which all replica tools were required to

be used with two hands for a period of

time.
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Instruction was given for the task to be completed ‘in as quick
a time as possible and that all cutting actions should be
undertaken in a controlled manner’ (Key & Lycett 2017a, 527).

As previously reported, the time taken to complete the
cutting task was the principal metric under investigation at
the point of experimentation (Key & Lycett 2017a). Here,
however, we are concerned with the size threshold at which
handaxes are required to be gripped with two hands. To
collect these new data, we revisited the videos of each
handaxe being used and recorded the number of hands
securing the tool. We were not concerned with the grips used
throughout the task, but instead, which handaxes can be
reliably defined as bimanual tools. In turn, we recorded the
length of time that either one or two hands were used to
secure each tool across all cutting actions (removing time
periods when a tool was readjusted or participants paused
cutting for any other reason). We then converted these data
into a percentage representing the amount of time each tool
was secured bimanually.

Statistical analyses

This study is principally concerned with identifying whether
size thresholds, beyond which handaxes become bimanual
tools, existed in the Acheulean. A series of other morpho-
metric variables are also investigated to determine whether
theymay play a role in the number of hands used to grip these
tools. Jitter plots were used to identify bimanual thresholds for
individual variables, with handaxes used with two hands
for (1) 1% to 24% of the time, (2) 25% to 49% of the time and
(3)≥50% (i.e. a majority) of the time highlighted separately
in each plot. To investigatewhether relationships exist between
the percentage of time that a tool was used bimanually and the
morphometric variables of interest, Spearman’s rank-order
correlations were undertaken (as percentage data are not
continuous) (n= 500). Finally, to identify whether significant
differences in form existed between tools used bimanually for
any length of time and those thatwere exclusively securedwith
a single hand, Mann-Whitney U tests were applied to these
two handaxe groupings for all morphometric variables. In
all instances α = 0.05.

Comparison with archaeological examples

To contextualize any experimentally derived bimanual thresh-
olds against realized hominin behaviour (i.e. ‘giant’ handaxe
artefacts), artefact mass, length, width and thickness data from
Acheulean biface assemblages from across Africa and Eurasia
were collected. Siteswere drawn from the literature or existing
data held by the authors (Supplementary Table 2). Maximum
values from each site were used, up to a total of three artefacts.
Data were collected to investigatemaximumhandaxe values at
a large temporal and spatial breadth and are not representative
of an exhaustive review of the literature. Sites investigated
include Olduvai Gorge (Tanzania), Kilombe (Kenya), Isimila
(Tanzania), Amanzi Springs (South Africa), Issutugan (Somalia),
Sidi Abderrahman Cunette (Morocco), Wadi Dabsa (Saudi
Arabia), Porzuna (Spain), Furze Platt (UK), Maritime Academy
(UK), Bose Basin (China), Luonan (China), Narmada Valley

(India), Hunsgi (India) and Chuwoli (South Korea), among
others (Fig. 3).

Results

Out of the 500 replica handaxes, 53 were used bimanually for a
period of time. Of these, 18 were used with two hands for
1–24% of the time, 16 for 25–49% of the time, while 19 were
used bimanually for the majority of the time (i.e. ≥50% of the
time taken). Tool sizewas a clear determining factor, with both
extremely large and extremely small handaxes requiring two
hands (Fig. 2). Four handaxes at the extreme-diminutive end of
the size scale (<100g; n= 38) required two hands, as did 22 of
those over 1.5 kgs (n= 38). Correlation analyses returned
significant and strong positive correlations for the four size
variables, demonstrating that larger tools more often require
the use of two hands for greater lengths of time (Fig. 4;
Table 3). Conversely, the two size-related PC correlations were
not significant, suggesting relationships between handaxe size
and bimanual gripping to be more strongly traceable via
univariate scaling metrics (Table 3). Elongation, refinement,
PC1 (shape), PC2 (shape) and the positions ofmaximum length
and width did not return significant correlations (Table 3),
suggesting these attributes have little impact on determining
whether handaxes are used bimanually. In turn, tool size alone
appears to be driving this ergonomic relationship.

Mann-Whitney U tests confirmed the handaxes requiring
bimanual tool use (for any duration) to be significantly
greater in size relative to those used exclusively with one
hand for mass, length, width and thickness (Table 4). The size
principal components again differed in this regard, with no
significant differences being noted (Table 4), again suggesting
that handaxe length, width and thickness are better determi-
nants of bimanual gripping compared to multivariate records
of tool size. The other six variables of interest returned no
significant differences between these two groups (Table 4).
These data further support the inference that tool size alone is
impacting whether handaxes require one or two hands
during use.

Figure 2 highlights the size thresholds beyond which
handaxes were required to be used with two hands. Those
recruiting two hands for 1–24%, 25–49% and≥50% of the time
are highlighted separately as black, yellow and red ‘þ’markers.
For handaxe mass, length and width there appear to be clear
size thresholds beyond which tools can only be used if two
hands are utilized (Fig. 2). These thresholds occur at c. 2 kg
(mass), 230 mm (length) and 155 mm (width). Thickness does
not appear to display a clear threshold in our experiment, with
only two bimanually used tools being present a short distance
beyond unimanually gripped tools (Fig. 2). A plot of PC1 (size)
against PC2 (size) demonstrates a similar threshold, with
almost all tools outside of the 95% ellipses (i.e. the extreme
forms) being gripped bimanually (Fig. 5). Thus, despite
individual PC data not displaying a significant relationship
between bimanual gripping and tool size in the correlation and
Mann-Whitney U tests, when PC1 and PC2 are plotted a clear
size-dependent pattern emerges. This would suggest that the
clustering of the majority of handaxes around the centroid of
the plot weakens the visibility of the relationship between
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extreme artefact size and two-handed grip use at the level of
the entire assemblage in these other analyses.

Comparison with archaeological examples

For all artefact size attributes investigated, it is clear that
Acheulean hominins were widely (spatially and temporally)
producing handaxes above the bimanual size thresholds
identified here (Figs 2a–2d; Fig. 3). A large number of
archaeological examples were identified for length, thick-
ness and mass from across Africa, Asia and Europe. Fewer
artefacts above the width threshold were identified within
the literature. The greatmajority of tools withinmany ancient
series, such as Kilombe (Kenya) and Porzuna (Spain), fall
within the range that are generally used in a single hand, with
only a few ‘giant’ artefacts. Figure 5 shows that there is a large
central zone (grey) in which the experiments suggest use
would be single-handed.

Taking Kilombe as an exemplar site, it is typical of the
African Acheulean in the time range ∼1.5–0.5 Ma, but larger
mean values for length andweight appear in some assemblages
elsewhere. The Olorgesailie (Kenya) catwalk site offers a
noteworthy example (Isaac 1977). At Kilombe, Length does not
allow easy discrimination between localities, since the means
for all areas fall in the range 13–16 cm. Mass, however, shows
greater variation from area to area, with an indication that
there may be modes at c. 300 g, 600 g and >800 g. Such

(multivariate) modes cannot be disentangled with total
certainty because of the general mixing of bifaces in an
assemblage, but may be indicative of varying production
emphases through time and space. Wishart’s Mode analysis in
Kilombe EH isolated a mode with length 163±22 mm (N=80)
andoneof 108±12mm(Gowlett 1988). Unfortunately,Wishart’s
Mode was not incorporated in later versions of Clustan, and
data formass were not available when the original analysis was
done. But if all bifaceswithin the length limits above (at one sd)
are selected from the now much larger Kilombe dataset, mean
values for available mass data are 560 g (N=164) and 227 g
(N=62) respectively—both of these fall squarely within the
grey zone of Figure 5, but they could indicate preferences of
‘always single handed use’ and ‘sometimes double handed use’.
Some sites display no ‘giant’ specimens (e.g. Boxgrove, UK), and
others, such as Kariandusi (Kenya), employ different produc-
tion methods (e.g. rawmaterials—obsidian and lava) for larger
and smaller handaxes. The likelihood of an overlap zone, with
some specimens used single-handed or double-handed accord-
ing to context, is a confounding factor in determining bimanual
handaxes.

Discussion

‘Giant’ handaxes are rare in the Acheulean archaeological
record, meaning their production requires explanation beyond
adherence to population-level utilitarian and ergonomic

Figure 3. Location of Acheulean sites displaying ‘giant’ handaxes according to the thresholds identified in this study. Note that this is not an exhaustive list of

sites. It is used here to illustrate the diversity of locations where these tools are found. (Image: NASA Visible Earth Project.)
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selective pressures (Wynn & Gowlett 2018). This does not
mean their presence within past landscapes was unusual—a
wealth of sites across Africa, Europe and Asia demonstrate
their recurrent presence across broad temporal ranges
and taxonomic groupings—but even so, individuals infre-
quently produced such tools relative to smaller biface forms
(Fig. 6). Our data highlight two important points relevant to
understanding the production of giant handaxes by extinct
hominins.

1) There are size thresholds beyond which handaxes
become too large to use with a single hand, meaning tools
above this point may not have been used in the standard
butchery and woodworking settings that are most often
associated with Acheulean bifaces (i.e. held in the dominant

hand, while the non-dominant secures the worked material).
Alternative explanations for their production—be they
utilitarian, social or other—must, therefore, be sought.

2) Numerous and diverse Acheulean sites exhibit handaxe
artefacts above these thresholds. The alternative selective
pressures driving the production of ‘giant’ handaxes would,
therefore, have been present across a broad range of hominin
populations, species and ecologies.

Clarifying definition: What are ‘giant’ handaxes?

‘Giant’ seems as good a term as any for such artefacts, but
applying strictmorphological criteria to the definition of these
tools is difficult given a lack of anatomical and ergonomic

Figure 4. Correlation of the percentage of time that each replica handaxe (n= 500) was used bimanually against the size attributes of mass (g), length (mm),

width (mm) and thickness (mm). Results illustrate that the larger the handaxe, the more likely it is to have been gripped with two hands.
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knowledge concerning Acheulean groups. Indeed, vital to
these and other behavioural interpretations of Acheulean
bifaces is knowledge of the manual anatomy of the tool
producer/user (Fedato et al. 2024; Key & Dunmore 2018; Key &
Lycett 2023). The normal distributions observed in Acheulean
biface morphologies may even be underpinned by the normal
distribution observed in hominin anatomy. Our data may
broadly align with H. erectus and other hominin species with
similar hypothesized or demonstrated manual proportions,
strength and dexterity to H. sapiens (Marzke 2013), but more
diminutive species or those with less derived manual
anatomy could have displayed alternative, perhaps smaller,
thresholds.

We also acknowledge that someAcheulean individuals were
probably stronger than the participants in our study and,
therefore, may have been capable of using larger handaxes for
generalized cutting tasks with one hand. Indeed, alignment of
hand size and grip data with bimanual gripping percentages
(Supplementary Figure 1) tentatively suggest a stronger grip
results in higher bimanual gripping thresholds. However, it is
important to emphasize that individuals exhibiting relatively
high manipulative strength were deliberately recruited for the
experiment (Key & Lycett 2017a), suggesting our results
plausibly have validity for detecting population-level thresh-
olds. Moreover, it is important to note that the archaeological
‘giants’ identified here (i.e. artefacts above our experimentally
determined thresholds) regularly equalled or exceeded the two
strongest predictors of bimanual use, mass (2 kg) and length
(230 mm) respectively. Accordingly, our experiment identifies
generalized thresholds of mass and size by which hominins
might potentially have conceived of handaxes as ‘giants’. Mass
may over-proportionately determine the economic thresholds
identified here, given it significantly correlates with length,
width and thickness (Pearson r; p=<.0001 in all instances;

r = .6597–.8495) and creates the gravitational force
muscles must work against, but this simplified model
does not account for torque (Key & Lycett 2020) and mass
variation along the length or width of a tool.

‘Giant’ handaxes do not seem to represent distinct
metrical modes (nor do, similarly, small ones), rather being
the extreme tails of length, thickness and mass spectra that,
as noted above, approximate normal distributions. These
extreme forms do not represent a fundamental division into
single- and double-handed use. Instead, two hands may have
been used in varying proportions depending on the task
undertaken, the individual using the tool, or any fatiguing
accrued. While wider tools do more frequently recruit
bimanual grips, few artefacts were identified above our 155
mm threshold, suggesting a steep selective tail to handaxe
width. Given the correlations between increasing handaxe
size and grip choice (Fig. 4), if an artefact displays multiple
size variables approaching, at, or above our thresholds, it
suggests the likelihood of bimanual gripping to be magnified.
Alternatively, if a tool displays one extreme variable but
more regular proportions for other variables, bimanual tool
use may be less likely. Quite unexpectedly, our data also
reveal someof the smallest handaxes in the replica assemblage
to have required two hands during their use. This most likely
derives from the need to exert a degree of force while
maintaining a secure grip (Key et al. 2018; Marzke 1997).
Acheulean bifaces of this size (e.g. <6 cm in length) are rare
although well attested (Gowlett et al. 2017), but are again less
likely to have been used during ‘standard’ handaxe cutting
tasks where the non-dominant hand is required to secure the
worked material. Alternative explanations for their produc-
tionmay, therefore, be sought, although it is important to note
that no clear lower bimanual thresholds are revealed in
our data.

Table 3. Spearman’s rank-order correlations (α= 0.05) between the ten

morphometric variables of interest and the percentage of time that

handaxes were used bimanually (n= 500). Significant results are highlighted

in bold.

r r2 p

Mass 0.6582 0.4332 <0.0001

Length 0.4723 0.2231 <0.0001

Width 0.4609 0.2124 <0.0001

Thickness 0.4071 0.1658 <0.0001

Position of Max. Width 0.0179 0.0003 0.6920

Position of Max. Thickness –0.0009 <0.0001 0.9838

Elongation 0.0002 0.0002 0.7336

Refinement –0.0153 0.0116 0.1617

PC1 (Size) –0.0308 0.0009 0.4911

PC2 (Size) –0.0760 0.0058 0.8945

PC1 (Shape) –0.0310 0.0010 0.4889

PC2 (Shape) –0.0877 0.0077 0.4993

Table 4. Mann-Whitney U significance values (α= 0.05) between

handaxes that required bimanual tool use (n= 53) and those that were

exclusively used with one hand (n= 447) across the ten morphometric

variables of interest. Significant results are highlighted in bold.

p

Mass <0.0001

Length <0.0001

Width <0.0001

Thickness <0.0001

Position of Max. Width 0.5507

Position of Max. Thickness 0.5202

Elongation 0.6348

Refinement 0.0122

PC1 (Size) 0.5076

PC2 (Size) 0.1053

PC1 (Shape) 0.5096

PC2 (Shape) 0.1046
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Why were ‘giant’ handaxes produced?

It is our proposition that the production of handaxes above
these bimanual thresholds was due to infrequently observed
functional and/or social requirements within hominin groups.
This does not preclude smaller bifaces also having had these
roles, but our data attest to an increased likelihoodof unusually
large handaxes being produced for such purposes. In turn,
these artefacts may represent distinct modes in terms of the
effort required for their manufacture and/or use. We consider
a likely role for ‘giant’ handaxes to have been cutting tools
appliedwithin diverse utilitarian contexts, a conclusion not too
dissimilar to interpretations of smaller Acheulean bifaces
(Key & Lycett 2017b; Kuhn 2020; Shea 2007). The difference
lies in how these bifaces could have been used.

First, large bifaces could have been used as digging tools,
with two hands securing them on each side and thrusting
them into soil, sand, or other sediment (Khaksar &Modarres
2024; Phillipson 1997; Posnansky 1959). Tubers, burrowing
animals, eusocial insects and other underground resources
are present across broad ecological and spatial ranges,
possibly explaining why ‘giant’ handaxes are a widely observed
phenomenon. Their low frequencies within assemblages would
in turn, however, suggest digging activities to be rare if it was
exclusively undertaken with large handaxes, and digging sticks
could plausibly bemore effective; albeit the latter point requires
experimental testing. Additionally, however, and drawing on
observations by Zupancich and Proffitt (2014), these artefacts
mayhave been used as stationary cutting tools or ‘planes’where

Figure 5. A scatter plot of PC1 (size) against PC2 (size) demonstrates that many of the bimanually used tools (crosses) lay outside the size range exhibited for

tools used exclusively with one hand (dots). The circular line highlights the 95% ellipse. PC1 and PC2 explain 87% and 8%of the total variation, respectively. PC1

is most highly loaded by length (0.807), followed by width (0.517) and thickness (0.285). PC2 is loaded towards width (0.628), length (–0.584) and thickness

(0.515).
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the handaxe was secured into/onto the ground and one sharp
edge was positioned superiorly and parallel to the ground, with
workedmaterials (of any type) secured in two hands and drawn
across this edge (Foulds et al. 2017; Kleindienst & Keller 1976).

Such technologies allow for excellent cutting precision with
rapid, repetitive movements, given the ability to manoeuvre
workedmaterials easily and apply themwith force to an edge. If
one edge of a ‘giant’ biface were secured into the ground and

Figure 6. Length (mm) data for handaxes from Kilombe, Kenya (n= 615) (Gowlett et al. 2023) and Porzuna, Spain (n= 133) (Arroyo et al. 2019).
Highlighted in red are artefacts above the size threshold potentially indicating a shift in functional role (e.g., digging, stationary plane) or social signalling. Note

that both the performance and bimanual thresholds are task and individual dependent (including age) (see Supplementary Figure 1).
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between the knees, substantial force could have been applied
onto its working edge; potentially more than could be achieved
through unimanual handaxe use. The bifacial edges on these
tools, which are potentially more durable than unmodified
stone edges, may have promoted their use in this way over very
large flakes. Further, core-axes, such as those described by J.D.
Clark at Kalambo Falls), sometimes lack a sharp edge down
the sides, suggesting that they were used in heavy pounding.
Finally, for cutting tasks requiring reduced precision, such as
modifying large portions of wood (e.g. Barham et al. 2023), a
very large sharp-edged tool secured with two hands could
effectively be used as a chopping or slicing tool, so long as the
worked material was secured by another individual or in
another way, as previously demonstrated (Eren et al. 2024;
Gingerich & Stanford 2018; Jones 1980; Key & Lycett 2017a).
Indeed, it is noteworthy that in African handaxes the average
point of maximum breadth shifts forward in larger specimens,
perhaps suggesting forward support by a second hand
(Crompton & Gowlett 1993; Gowlett 2006). Handaxes pre-
viously assumed to be too large to use (Diez-Martín et al. 2019;
Hodgson 2017; Overmann & Wynn 2019) may, in fact, have
been recurrently, if infrequently, used as cutting tools.

From the viewpoint of parsimony, given that there are
multiple, plausible utilitarian task-related explanations for
why Acheulean hominins might have been motivated to
produce giant handaxes, we might be tempted to favour these
over alternative explanations. Given that ‘giant’ handaxes
were produced across broad swathes of time and space, social
explanations would also imply shared or similar mechanisms
operating across disparate hominin populations and even
different species, further complicating this scenario. This
alone does not automatically preclude social roles for ‘giant’
handaxes, either alongside utilitarian functions (e.g. wood-
working, digging, butchery) or as the primary factor driving
their production, but it does mean this possibility is less
parsimonious than utilitarian explanations. Indeed, these
artefacts likely do not have a single explanation. It is also
worth restating that while social hypotheses for Acheulean
bifaces cannot be falsified, data support that Late Acheulean
populations displayed complex social behaviours (Gowlett
2021; Overmann & Wynn 2019), and our data highlight that
these tools were likely not produced for the routine tasks
determining the distributions typically seen in large handaxe
assemblages (Fig. 6).

At a minimum, their infrequent production and large size
would have signalled a departure from more regular tool
production. In a functional context, this could have signalled a
specific type ofmaterial processing taskwas being undertaken.
For example, if ‘giant’ handaxes were linked to processing
seasonally available plants, the availability of these resources
would have been evident as a by-product of the tool’s presence.
Other social signalling hypotheses outlined above and else-
where do, therefore, require careful consideration in light of
our data. For example, only six handaxes out of 615 from
Kilombe, Kenya (Gowlett et al. 2023; Key & Gowlett 2022),
are above our bimanual threshold for length (Fig. 6), high-
lighting their scarcity in these past landscapes and the ease
with which they would have stood out to other individuals

(with a non-biodegradable permanency), increasing their
semiotic potential (Pope et al. 2006). Indeed, increased size
automatically increases the visibility of an artefact on a
relative basis (Carr 1995) and there are ethnographic examples
where artefact visibility is a trait deliberately exploited and co-
opted for communicative purposes, even where the primary
function is a utilitarian one (e.g. Lycett 2015; Wobst 1977).

Although the very small and very large handaxes may
not stand out as distinct statistical modes, the experimental
findings highlight that these specimens require ‘special
attention’. The small examples require a strong focus of
concentration for their manufacture; the large ones require
obtaining a suitable size of blank—sometimes needing to be
deliberately struck—and their trimming feasibly requires
more work and judgement. These aspects draw attention
to the possible symbolic component in the manufacture of
extremes-of-the-range handaxes. The semiotic ideas mentioned
above imply that ‘something’ is to be signalled. Sexuality, or
importance of the individual (power) are two linked possibilities.
Interestingly, in the ‘sexyhandaxe’hypothesis, Kohn andMithen
(1999) do not specify in exact terms what makes an exceptional
handaxe, whether a specific size or level of symmetry or finish.
Exceptional finish, or selection of material, could sometimes
outweigh size as the main vehicle of signalling. Yet the special
attention just mentioned can itself be seen as a form of
symbolism (possibly as in the preparation of clipped leaves by
chimpanzees: Badihi et al. 2023). The detailed preparationmay be
done for a purpose that need not relate to effective physical
function, although exceptional tasks remain a possibility. It is
possible that the special needs of accommodating exceptional
tasks were a driver in the emergence of symbolism focused on
artefacts.

An under-discussed issue when considering the phenome-
non of giant handaxes is a potential for ‘cultural lock-in’
whereby culturally instilled and practised, habitual routines of
knapping may have been applied even when dealing with
atypically large (for handaxes) nodules or boulders for the
production of flakes. Hence, evenwhen dealingwith a relatively
large raw material source, the reliance on deeply instilled
know-how and ingrained habits may have caused large ‘cores’
occasionally to resemble ‘handaxes’ only incidentally. This
possibility may have greater relevance in earlier or cruder
Acheulean biface forms, since more heavily shaped tools, such
as the Maritime Academy ficron (Fig. 1), reveal increased
intention on the part of the tool producer (Clark et al. 2024;
Flanders & Key 2023; García-Medrano et al. 2018). A potential
role for such cultural lock-in mechanisms is highlighted in
experimental studies involving non-human primates, where
they will stick to learned behavioural rules they knowwill solve
a problem presented in a food-reward task, even when that
problem is removed from the task (Seed & Byrne 2010, 1034).
Anecdotally, we might even recognize instances in our own
lives whereby we rely on a habit that—through familiarity—
will permit us to ‘get the job done’ even though it may not be
the optimal solution, whether we consciously reflect on this or
not. Gould (1980), for example, highlighted how behavioural
inertia has prevented abandonment of the QWERTY keyboard
that appears on contemporary computers and smartphones,
despite the fact that this arrangement of keys is a vestigial relict
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of mechanical typewriters, not one designed for optimal speed
or ease of typing. In some circumstances, such suboptimal
solutions can actually be adaptive if they are less costly than
switching to unfamiliar alternatives. As we have noted, this is
not to say that cultural lock-in can explain (away) all giant
handaxes, but it might explain the existence of some. Again, we
may be dealing with a phenomenon that does not have a
universally applicable explanation.

Conclusion

Our experiment identifies the size and mass threshold beyond
which bifaces become too large to use with a single hand; most
clearly, tools above c. 2 kg in mass and 230 mm in length
(although these thresholds would have been dependent on the
individual). We also reveal Acheulean hominins recurrently to
have produced bifaces above these size thresholds across large
swathes of time and space, meaning the selective pressures
guiding the production of such large tools influenced the
decisions of multiple hominin species in diverse ecologies and
climates.

Alternative functional roles and cultural lock-in notwith-
standing, it is handaxes above the size thresholds identified
here that are most likely to have displayed the greatest
potential for social signalling roles within past Acheulean
populations. Social roles are, however, hypothesized and
although they have possible support in the fine finish of some
specimens, it is entirely plausible that most large handaxes
were never intentionally used to convey signals to other
hominins, or they only did so as a byproduct of their production
for other purposes. There is no doubt, however, that handaxes
were regularly used as cutting tools (Key & Lycett 2017b; Shea
2007;Wynn&Gowlett 2018). It is completely feasible that ‘giant’
handaxes were routinely used to cut, split, dig or otherwise
modify aspects of a hominin’s physical environment.

Supplementary material. To view supplementary material for this
article, please visit https://doi.org/10.1017/S0959774325100127
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