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Abstract
Technological skills associated with the Paleolithic culture have been explored extensively in recent years, with regard to 
the production of stone tools. Aspects of skill related to the use of these tools, however, have yet to be comprehensively 
explored. In this paper, we use a combined experimental-traceological approach to explore aspects of skill in the use of Lower 
Paleolithic (LP) shaped stone balls (SSBs) as percussion tools for marrow extraction. We examine the effect of skill, or lack 
thereof, on the accumulation of distinctive use wear traces upon these implements, while also considering handling, grip, 
and body posture of skilled versus unskilled participants in our experiment. In addition, we investigate possible indicative 
morphologies attesting to skill level on the processed bones. The results show that the observed differences in body posture, 
gestures, tool gripping and handling of skilled versus unskilled individuals influenced the intensity and dispersion of wear 
traces on the tools. Moreover, differences were also detected with regard to the processed bones. Thus, our study shows that 
while we tend to think that bone-breaking is intuitive, it in fact requires planning, knowledge of bone anatomy and tool use, 
as well as skill and experience. We hope that these experimental insights will offer a better grounding for understanding 
human skill and its visible expression on material culture.
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Introduction

Technological skills associated with the Paleolithic cul-
ture have been explored extensively in recent years, mostly 
with regard to the production of stone tools. Common 
methods are the application of techno-typological and/or 
morphometric analysis of archaeological artifacts com-
bined with experimental results (e.g. Finlay 2008; Ger-
ibàs et al. 2010; Nichols and Allstadt 1978; Nonaka et 
al. 2010; Shelley 1990; Sternke and Sørensen 2009; Tor-
res and Preysler 2020; Torres Navas 2022; Winton 2004) 
and ethnographic observations (e.g. Arthur 2010, 2018; 
Stout 2005). These studies examine the products of skilled 
versus unskilled knappers, and demonstrate that the prod-
ucts of less experienced knappers can be distinguished 
by recognizable differences in form, regularity, and met-
rics. Thus, aspects of technical skills, or lack thereof, can 
be reflected in prehistoric assemblages from the Lower 
Paleolithic (LP) period onwards (e.g., Assaf 2021a, 2021b; 
Bamforth and Finlay 2008; Herzlinger et al. 2017; Hög-
berg 2008; Langley 2020; Maloney 2019; Pelegrin 1990; 
Pigeot 1990; Shipton 2010; Takakura and Naoe 2019; Tor-
res and Preysler 2020). But what about aspects of skill 
associated with the use of these stone tools?

Ingold (2001) notes that using a tool involves the hands, 
eyes, and in fact the entire body. Taking into account the 
functional relationship between tool and tool-user (Mala-
fouris 2010), we can expect that an unskilled tool user has 
an “un-skilled body” and unskilled gestures, which in turn 
affect the functional traces and characteristics of the tool 
itself. Apprenticeship may lead to a visible expression on 
the tools and materials processed by them. Thus, when 
we look at a group of artifacts, variability might derive 
not only from the skill of the knapper, but also from the 
competence of the user (Bleed 2008). If so, we can expect 
to find evidence of different skill levels in the archaeologi-
cal record.

Traceological analysis, supported by experimental data, 
could be effective methods for identifying such evidence. 
However, use-wear analysis supported by experimental 
studies is usually applied to better understand stone tool 
function rather than to identify how well the user per-
formed a certain task. One exception is the study of Van 
Gijn (1990: 26), who reported that tools used by skilled 
individuals may exhibit different use-wear features than 
tools used by inexperienced ones for the same task. More-
over, the user's skill should be evident in the use-wear 
traces regardless of whether the tool was used briefly or 
at length. These insights were applied to the study of LP 
stone tools from Qesem Cave (420,000–200,000 ybp), 
Israel, where specific items—recycled flake products—
were shown to bear weak traces of use, which may indicate 

less-skilled butchers. These items were found in an area 
used to practice the basics of knapping, indicating that 
learning in the cave was a holistic process that integrated 
the production of prehistoric stone tools and their use 
(Assaf et al. 2023a).

Several studies indicate that cut marks upon bones may 
shed light on the skill of the butcher (Egeland et al. 2014). 
The direction of the cut marks and the fracture patterns of 
bones testify to the learning processes of defleshing, dis-
articulation, and skinning (Egeland et al. 2014; Willis and 
Boehm 2015). In Qesem Cave, randomly oriented cut marks 
were identified on several bones. These marks suggest that 
several individuals— skilled and unskilled—may have been 
involved in removing the meat from the bones (Stiner et 
al. 2009, 2011). Nonetheless, we lack experimental data that 
could ultimately support the identification of skill level in 
Paleolithic stone tool assemblages.

In this paper, we use a combined experimental-traceolog-
ical approach to explore aspects of skill in the use of shaped 
stone balls as percussion tools for marrow extraction. We 
examine the effect of skill, or lack thereof, on the accumula-
tion of distinctive use wear traces upon these implements, 
while also considering handling, grip, and body posture of 
skilled versus unskilled participants in our experiment. In 
addition, we investigate possible indicative morphologies 
attesting to skill level on the processed bones.

Percussive artefacts form a significant component of 
Paleolithic lithic assemblages and appear alongside other 
technological trajectories. Scholars have studied early Paleo-
lithic percussive technologies to understand the origins of 
human cognition and address questions about paleo diet and 
subsistence (Arroyo and de la Torre, 2020; Bril et al., 2012; 
Carvalho et al., 2019). Experimental archaeology, functional 
analyses and techno-morphometric analyses show that these 
implements were passive and active, used as hammerstones 
for knapping, for the processing of vegetal materials (see 
Goren-Inbar et al. 2015), and – very commonly, for bone 
breaking.

This study focuses the percussive artefacts used to break 
bones and extract bone marrow – one of the most common 
activities in the Paleolithic period (Blasco et al. 2013, 2016; 
Blumenschine 1995; Bunn 1981; Ferraro et al. 2013; Pobiner 
et al. 2008), related to to the growing need for fat consump-
tion (Ben-Dor et al. 2021; Plummer et al. 2023).

Marrow can be obtained from the bones of mammals 
using various techniques, such as hitting, crushing and 
grinding (Outram 2001), or in other words by applying 
different types of loading to these bones, as defined by 
Gifford-Gonzalez (2018): Static loading (gradual increase 
in pressure until the bone undergoes structural failure), 
Dynamic loading (sudden impact loads the bone with stress 
that exceeds the failure point, either with cracks intersect-
ing one another or through catastrophic structural collapse), 
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and Torsional loading (twisting beyond the bone’s ability to 
resist stress produces a crack and break).

These different forms of bone processing were observed 
ethnographically in present-day hunter-gatherers (Blasco 
et al. 2013; Bonnichsen 1973), and were observed in the 
archaeological record as well: Dart (1959) and Sadek-
Kooros (1972) suggested “crack-and-twist” technique used 
by australopithecines. Percussion by batting, when the bone 
is hit directly against a stone object or an anvil was observed 
by Blasco et al. 2013 in Bolomor cave. In this case, human 
groups also combined the actions of their hands and teeth 
in order to fracture the small prey bones. Mostly, however, 
it seems that humans gained access to marrow by striking 
the diaphysis usually at right angles to the long axis of the 
bone in a dynamic loading, using a stone or other modified 
or unmodified percussors (see for example Domínguez-
Rodrigo and Barba 2006, Blasco et al. 2013; Blumenschine 
1995, Blumenschine et al., 2007, Blumenschine and Selvag-
gio 1988; Capaldo and Blumenschine 1994; Capaldo 1997).

Here, we focused on one common type of these percus-
sive implements—shaped stone balls (i.e., spheroids and 
polyhedrons, hereinafter SSBs). Geographically, SSBs 
appear to have originated in Oldowan and Early Acheulean 
toolkits in Africa. They are also documented in the Levant 
and Europe, and in southern and eastern Asia (Barkai and 
Gopher 2016; Bar-Yosef and Goren-Inbar 1993; Barsky 
et al. 2015; Bourguignon et al. 2016; Cabanès et al. 2022; 
Corvinus-Karve 1968; García-Vadillo et al. 2022; Geraads 
et al. 1986; Isaac and Isaac 1977; Kuman et al. 1997; Leakey 
1971; Le Tensorer et al. 2011; Li et al. 2017; Marder et al. 
2007; Paddayya 1977; Piperno et al. 2009; Raynal et al. 
2004; Robinson and Mason 1962; Sahnouni et al. 2002; Sah-
nouni et al. 2018; Sharon et al. 2010; Shemer et al. 2019; 
Willoughby 1985; Yang et al. 2014). SSBs were interpreted 
in various ways: as bolas or throwing stones for capturing 
animals (Clark 1982; Isaac 1987; Leakey 1931); as food-
pounding tools (Yustos et al. 2015); as exhausted cores (Sah-
nouni et al. 1997; Schick and Toth 1994); as hammerstones 
(Jones 1994; Roussel et al. 2011; Willoughby 1985); and as 
battering tools for processing vegetal material or tendering 
meat (Mora and de la Torre 2005). They are considered by 
some as end-products of a preconceived shaping process 
(Muller et al. 2023; Texier and Roche 1995; Titton et al. 
2020; De Weyer 2017), while others interpret them as by-
products of specific technological or functional trajectories 
(Jones 1994; Roussel et al. 2011; Sahnouni et al. 1997). 
Based on functional- experimental studies, we previously 
showed that SSBs were used for bone marrow extraction 
(Assaf et al. 2020, 2023b; Assaf 2024). Residue and use 
wear traces observed on SSBs from the LP site of Qesem 
Cave directly associate these items with marrow extraction 
(Assaf et al. 2020). Contextual analysis shows an associa-
tion of these items with medium-large sized herbivores in 

Qesem Cave (Equus ferus), and possibly in other African 
and Levantine sites (Assaf 2024). Experimental studies sup-
port this hypothesis, showing that this is in fact a very effec-
tive hand-held percussion implement due to its round mor-
phology and unique ergonomic features – the intersecting 
high ridges (Assaf and Baena 2022). Moreover, despite their 
differences in size, the modern human palm and SSB vary 
with the same pattern of proportions and display a similar 
range of width (Assaf et al. 2023b). It should be noted that 
these implements may have been used for additional percus-
sive activities, as mentioned above (Cabanès et al. 2024). 
But since the main purpose of this study is to investigate the 
skill needed when using percussion instruments to break 
bones, we chose to focus on this specific activity performed 
with these items.

We compare the procedure and traces associated with 
marrow extraction with SSBs in expert and non-expert tool-
users, under the null hypothesis of no differences, and the 
way different skill levels might be reflected on these items 
in terms of use wear accumulation as well as on the pro-
cessed material (i.e. animal bones). Finally, this research 
is a preliminary and descriptive survey, aimed at provid-
ing basic information to further develop this issue. We hope 
that these experimental insights will offer a better grounding 
for understanding human skill and its visible expression on 
material culture.

Materials and methods

The study integrates experimental analysis (stage 1) with 
traceological analysis (stage 2). The experimental protocol 
includes the manipulation and use of SSB replicas (pro-
duced by J.B.P.) for bone breaking and marrow extraction by 
skilled and unskilled participants. The traceological analysis 
includes (a) the study of use-wear traces accumulated upon 
the SSBs during the experiment and (b) taphonomic analysis 
of the processed materials, i.e. bones, to examine possible 
morphologies attesting to skill level.

Stage 1  The experiment focused on the comparison of 
skilled versus unskilled participants while addressing the 
following questions and parameters: planning, efficiency of 
marrow extraction (without contamination by bone splin-
ters), body gestures and postures, and the way the tool and 
the bones were handled and gripped. Six participants took 
part in the experiment, which was conducted in the Experi-
mental Archaeological Laboratory of UAM: two experi-
enced bone breakers (J.B.P., J. R.) and four unexperienced 
bone breakers, two men and two women. The skilled par-
ticipants have years of experience: J. Rosell is a zooarchae-
ologist who managed and actively participated in multiple 
experiments involving bone marrow extraction (see Assaf 
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et al. 2020; Blasco et al. 2013, 2014, 2019) and J.B Preysler 
conducted and participated in experiments involving bone 
processing as part of the management of the Experimental 
Archaeology Laboratory at UAM for decades. The unskilled 
participants are students in the Archaeology Department 
of UAM who have basic tool knapping skills. The hand 
palm (length and width) of all participants was measured 
(Table 1). Nine SSB replicas were used to break limb bones 
of cows and pigs (Table 2). The replicas (Table 1) were made 
of Miocene flint originating in the central area of the Iberian 
Peninsula.

All items were knapped following a similar technological 
procedure, with the aim of creating a spherical morphologi-
cal outline and 4–6 active edges (i.e. high ridges, see Table 2 
and Figs. 6–7) bearing 5–10% cortex. SSB n. 2 is the excep-
tion, bearing 40% cortical surface (Fig. 2). The tools were 
knapped in different sizes in order to examine whether the 
participants of the experiment choose tools of a certain size 
according to the size of their palm, or according to the size 
of the bone they are processing.

The participants first broke the bone to extract the marrow 
and finally crushed the epiphyses, which contain fat that can 
be obtained and consumed as well (Blasco et al. 2024). The 
skilled participants were the first to break the bones while 
the unskilled participants observed them, in order to get an 
impression of the technique used to extract bone marrow 
with the tool. Each participant processed different skeletal 
parts to examine the possible effect on the accumulation 
patterns of signs of wear developed on the tools and on the 
taphonomy of the bones.

The processed bones (n = 9) were in a fresh state. While 
studies show that in some cases in the Lower Paleolithic 

period bones underwent a process of drying, thus allowing 
for late consumption of the marrow (Blasco et al. 2019), 
the archaeological record of the early stages of the Paleo-
lithic period shows that the bones were mostly fresh when 
broken (Blasco et al. 2013, Bunn 1983, Villa and Mahieu 
1991). The bones were prepared by removing the periosteum 
using a flint flake. The experiment focused on hammerstone 
percussion, produced when the bone rests on an anvil and 
is hit with a stone ball, following patterns identified in the 
anthropological and archaeological record: Stone anvils 
were used in various Oldowan and Acheulian African sites 
(e.g. Olduvai Gorge, Melka Kunture, West Turkana, FLK 
Zinj: see Berthelet and Chavaillon 2004; Harmand 2009; 
Domínguez-Rodrigo and Barba 2006; Leakey 1971), as 
well as Levantine Acheulian sites (‘Ubeidiya and Latamne, 
Gesher Benot Yaacov, see Bar-Yosef and Goren-Inbar 1993; 
Clark 1967; Goren-Inbar et al. 2015). The application of 

Table 1   The skilled and 
unskilled participants in the 
experiment

Participant Skill level Gender Hand palm measure-
ments (cm)

SSB replica no Processed bone

1 JR High M Palm length: 11.4
Finger: 8.5
Width: 10.2

1, 9 Left cow femur
Right pig femur

2 JBP High M Palm length: 12
Finger: 8.8
Width: 10

4 Right cow femur

3 CT Low F Palm length: 10.4
Finger: 8.8
Width: 7.8

6, 8 Right cow radius
Left pig femur

4 ISA Low F Palm length: 10.5
Finger: 8.5
Width: 8

3 Right Cow tibia

5 SAU Low M Palm length: 11.2
Finger: 8.3
Width: 8.8

2, 7 Left cow tibia
Right pig femur

6 MAR Low M Palm length: 11
Finger: 7.5
Width: 9.3

5 Right cow radius

Table 2   Metric data of SSB replicas used for bone breaking

Replica no Weight (gr) No. of active 
edges (high 
ridges)

1 1436 6
2 1265 5
3 673 5
4 1039 6
5 983 4
6 988 5
7 576 4
8 955 6
9 911 6



Archaeological and Anthropological Sciences (2025) 17:30	 Page 5 of 17  30

anvils in bone breaking was also observed ethnographically 
(Marlowe 2010; Yellen 1977;).

In this experiment, an anvil of 388 cm length, 172 cm 
width, and 140 cm thickness was used to stabilize the bone 
before hitting. During the test, the macro-tools were mainly 
used for crushing fresh bone using a repeated gesture of 
thrusting percussion. The time it took to break each bone, 
the identifying number of the experimental tool, and the 
identity of the experimenter were systematically recorded; 
additional documentation related to each experimenter was 
obtained using photos and videos.

Stage 2: (a) Taphonomic analysis  The bones were ana-
lyzed by J.R. to identify possible indicative breakage pat-
terns that might attest to the participants' skill level. The ana-
lytical approaches used in this study follow the established 
criteria for identifying bone breakage caused by human 
activity. These include various indicators such as percussion 
pits or percussion marks, percussion notches or conchoidal 
scars, impact flakes, adhering flakes, and counterblows, as 
outlined in prior works (e.g., Blumenschine and Selvaggio 
1988; Capaldo and Blumenschine 1994; Pickering and Ege-
land 2006). Percussion notches are characterized by semicir-
cular indentations on fracture edges accompanied by corre-
sponding negative flake scars. Impact flakes are the resultant 
positive flakes from percussion notches and exhibit similar 
technical characteristics as stone flakes, typically featuring 
a ventral face with a point of detachment and bulb. Percus-
sion pits (or percussion marks) often coincide with areas of 
striae, indicating the sliding of stone against bone during 
impact. The location and extent of percussion modifications 
were documented in relation to anatomical area, portion, and 
surface. The Study was done ‘blind’, without knowing who 
had created the set of fragmented bones.

(b) Traceological analysis  Methods and criteria for identify-
ing, describing, and interpreting macro- and micro-wear on 
stone tools were based on well-known literature in the field 
of functional studies of material culture (Adams 1993; Bofill 
2012; Clemente Conte et al. 2015; DeBeaune 2004; Dubreuil 
et al 2015; Keeley 1980; Yustos et al. 2015). Use-wear traces 
preserved on the SSBs were analyzed at UAM by S. Perez. 
The SSB replicas were cleaned by immersion washing with 
deionized water and 10% TWEEN neutral soap for 20 min in 
an ultrasonic tank. In some cases, this was not sufficient, so 
a 20% solution of hydrogen peroxide (H2O2) and deionized 
water was applied for a variable time of 10–20 min in the 
ultrasonic tank to remove organic matter. After the clean-
ing process, the materials were observed using an Olympus 
DSX1000 high-resolution microscope with a 5 × objective.

Traces were described following the tribology-based vari-
ables proposed by Adams (1993), including the categories 

of fatigue (fracture, crack, pits) and abrasion (striation, lev-
eling, grain edge rounding).

Results

The results will be presented according to the three stages 
listed above. First, impressions from the experiment itself 
will be shared, including aspects of tool handling and grip-
ping as well as body postures and gestures of the participants 
(3.1). Then the results of the bone analysis will be presented 
(3.2a), followed by the traceological analysis of the SSB 
replicas (3.2b).

Skilled vs. unskilled use of SSBs for bone breaking

Skilled participants  These participants (Table 3) tended to 
choose heavier implements and applied different degrees of 
force throughout the bone breaking process, depending on 
the stage. They applied great force for the initial opening 
of the bone, but applied gentler force for the extraction of 
the marrow itself to avoid contamination by tiny bone frag-
ments. The skilled participants began the marrow extraction 
process by breaking the bone near its proximal end, in a 
thrusting percussion movement, rotating both the bone and 
the tool. They held the tool vertically at its proximal end and 
positioned it directly in the palm, with a gap between the 
thumb and the other fingers to ensure comfortable and stable 
positioning. They held the bone itself in the other hand with 
a gap between the thumb and the other fingers. The skilled 
participants sat with both legs folded, while leaning for-
ward (Fig. 1). One participant used a flint flake throughout 
the extraction process to detach the bone from the marrow, 
therefore preventing the bone from breaking into it. For the 
crushing of the epiphyses, they used the flat surface of the 
implement (rather than the high ridges).

Unskilled participants  These participants (Table 3) tended 
to sit with one leg folded back and one leg folded forward 
vertically, which made it difficult to control the intensity 
of the applied force and the accuracy of the blow (Fig. 2). 
One participant chose a tool that was too small for the task 
and thus uncomfortable to hold. The unskilled participants 
began by breaking the bone in the middle with a thrusting 
percussion movement. The unskilled participants held the 
tool while employing force with their fingertips to improve 
their grip, with a smaller gap between the thumb and the 
other fingers compared to the skilled participants (Fig. 2). 
They held the implement horizontally on its lateral side, and 
three participants occasionally held the tool with both hands. 
When they were unsuccessful in breaking the bone, they 
smashed the implement against it with both hands (Fig. 3), 
causing the bone to slip, and in some cases, they hurled the 
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Fig. 1   A skilled participant 
using SSB 1 to break the dia-
physis and epiphysis of a cow 
bone. Notice the body posture 
(folded legs, leaning forward) 
and the handling of both the 
implement and the bone (in the 
palm, with a gap between the 
thumb and other fingers)

Fig. 2   Unskilled participants 
using SSBs to break the dia-
physis and epiphysis of a bone. 
Notice the body posture (a, b), 
the hand holding the implement 
on its lateral side (a, b), and the 
small gap between the thumb 
and the other fingers holding the 
bone (b)

Fig. 3   Unskilled participants 
holding the implement with 
both hands and smashing it on 
the bone
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tool at the bone. While handling the bone, they tended to 
hold their wrists at a concave angle (Fig. 4). One participant 
hit the marrow itself while it was being exposed, resulting in 
tiny bone splinters penetrating within. The unskilled partici-
pants constantly tried to improve their grip. Similarly to the 
skilled participants, they used the flat surface of the imple-
ment (rather than the high ridges) to crush the epiphyses. 
Table 3 summarizes the main differences between skilled 
and unskilled participants.

The processed bones

Given that no specific instructions were given, all experi-
menters manipulated the bones intuitively, with individual-
specific variations (see Blasco et al. 2013). The bones were 
generally held by the narrowest metaphysis and supported on 
the anvil by the side that provided greater stability: femurs 
and radiuses by their cranial side and tibias by one of their 

lateral sides. Therefore, most of the marks were gener-
ated on the same sides and portions. Subsequent analyses 
revealed a certain diversity in the generated marks, which 
could be related to the experience of each researcher as well 
as other factors such as physical characteristics (strength, 
hand size, percussors, etc.) and the type of bone. This diver-
sity of marks, as well as the quantity, increased among less 
experienced experimenters. In some bones of the smaller 
animals (pig), the multiple overlapped notches with some 
adhering flakes and the generalized smashing of metaphysis 
showed an insistence on fracture processes. On the other 
hand, more experienced individuals barely left diagnostic 
signs of anthropogenic fracture. The bones were opened 
from longitudinal cracks, and only in one case a percussion 
pit was observed. Large bones (cow) left a greater number 
of notches, both consecutive and overlapping. Their num-
ber decreased as the level of experience of the individu-
als increased (between 4 and 5 among the less experienced 

Fig. 4   Unskilled participants holding the implement on its lateral side and applying force in the fingertips while holding the bone (middle and 
right). Notice the angle of the wrist of the hand holding the bone, compared to the skilled participant (left), holding the bone from below

Table 3   A comparison between skilled vs. unskilled participants

High skill level Low skill level

Location of breakage of the bone Proximal end Middle of the bone
Force applied Modified throughout the process according to the 

stage
Mostly great force

Body posture Sitting with both legs folded, leaning forward One leg folded back and one leg folded forward verti-
cally

Tool gripping Entire palm
Gap between the thumb and other fingers

Entire palm, sometimes with a small gap between the 
palm and the implement

Smaller gap between the thumb and the other fingers
Tool handling One hand

From the top, vertically
Occasionally both hands (smashing or hurling)
Occasionally from the side, horizontally

Bone handling Entire palm
Convex wrist
Gap between the thumb and other fingers

Entire palm/ not handled
Concave wrist
Smaller gap between the thumb and the other fingers

Working areas of SSB Bone breaking for marrow extraction: high ridges
Epiphyses crushing: flat surface

Bone breaking for marrow extraction: high ridges
Epiphyses crushing: flat surface
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and between 2 and 3 among the most experienced). This 
greater number of notches among the less experienced was 
associated with other marks, such as areas with multiple 
percussion pits and smashing of the metaphysis (Table 4). 
Although, in this case, the available data may seem insuf-
ficient to achieve significant statistical results, they show 
similar trends to previous experiments conducted with this 
specific aim (see Blasco et al. 2013, 2014).

Traceological analysis of SSB replicas

A variety of macro-and micro-wear traces were observed on 
the SSB replicas, which are consistent with characteristics 
expected from hard contact between the tools and fresh bone 
in thrusting percussion activity. Overall, micro-flake detach-
ments and leveled areas were observed at 20x–50 × magni-
fication on 9 items: SSBs covered with limestone cortical 
surfaces show trapezoidal fractures, while the fractures of 
the flint SSBs that do not bear cortical surface are irregular. 
For the observation of the polish, a Leica DMRX metal-
lographic microscope with reflected light equipped with 
10 × eyepieces and 5x, 10x, 20 × and 40 × objectives, cou-
pled with a ZEISS Axiocam 208 colour camera with 4 K 
resolution and panoramic vision, was used. The prominent 
feature observed was the cracking of the surface in the form 
of cascade of step scars and the scarce presence of polish. 
Macro-striations were observed on 7 items. Macro-traces 
of splintering were localized on the prominent ridges of 
the tools, which appeared as rounded at 10 × magnification. 
The macro-detachments were produced by repeated and 
continuous contact with a hard material, but they did not 
lead to significant changes in the original SSB morphology. 
They characterize all replicas used by both the skilled and 
unskilled participants (Figs. 5, 6, 7 and 8).

However, two distinct patterns were observed that indi-
cate certain differences between skilled and unskilled par-
ticipants were observed – these concern the intensity of 
the percussion traces and their distribution. Tools used by 
skilled participants exhibited more intense traces that were 

concentrated in specific locations on the implement. In con-
trast, tools used by unskilled participants exhibited impact 
fractures that were weaker but more widely dispersed along 
the prominent ridges of the implement, as these participants 
tended to rotate the tool more often, constantly trying to 
improve their grip (Fig. 8).

The fact that different parts of the skeleton were worked 
by the participants did not affect the accumulation of signs 
of use in terms of variety and intensity.

Discussion

In this paper, we examined aspects of skill related to the 
use of shaped stone balls as percussion tools, through an 
experimental study. Tool use is not only influenced by plan-
ning and functions related to the final target of the action, 
but has an intrinsic and fundamental component associated 
with haptics and sensing (Kappers and Bergmann Tiest 
2013). Accordingly, action and perception are deeply inte-
grated, and must be intended as a single functional system 
(Ackerley and Kavounoudias 2015). It was assumed, in the 
past, that human thought takes place as an internal com-
putational process, and therefore the archaeological record 
is an external product or a behavioral trace of this process 
(Wynn et al. 2021). Current approachs to human cognition, 
such as The 4E approach, states that even during the LP, 
‘hominin thinking literally played out through their hands 
and tools’ (Wynn et al. 2021:99). Cognition is the interaction 
between the brain, body, and the world. Thus, the archaeo-
logical record is an integral part of the thinking process, as 
are stone tools: ‘Their cutting edge is in fact material exten-
sion of hominin action that restructured their mental engage-
ment with the material world’ (Wynn et al. 2021: 103)”. 
The resulting structural relationship between brain, body, 
and tool is, furthermore, extremely plastic, and manipula-
tive training can lead to neural adjustments in a few weeks, 
even in non-human primates (Quallo et al. 2009). Indeed, 
it has been hypothesized that the pronounced complexity 

Table 4   Summary of the main characteristics and variables taken into account during the bone breakage process in each experimental series

Exp Taxon Element Notches Relation Side Portion Flakes Count Pits Other Participants skill

1 Cow Femur left 2 conseq caudal prox.-medial 2 1 High
1 Pig Femur right Long. Crack High
2 Cow Femur right 3 overlapped caudal prox.-medial 1 High
3 Pig Femur right 1 isol Long. Crack Low
3 Cow Radius right 2 overlapped caudal medial 1 area Smashed prox. metaph Low
4 Cow Tibia right 2 conseq medial medial 1 1 1 area Low
5 Cow Tibia left 4 overlapped medial medial 3 Smashed prox. metaph Low
5 Pig Femur left 1 isol caudal medial 1 Long. Crack Low
6 Cow Radius right 5 overlapped caudal prox.-medial 3 2 areas Smashed prox. metaph Low
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of the human parietal cortex might have been associated 
with an increasing capacity in integrating tools into the body 
schemes, enhancing the interplay between sensing and cog-
nition (Bruner 2021; Bruner et al. 2018). Tool sensing and 
tool use, as opposed to skill in stone making, has yet to be 
comprehensively explored.

Ethnographic observations of contemporary indige-
nous societies indicate that gaining skill and accumulating 
knowledge related to tools is a complex, holistic process; it 
includes knowledge of the shaping process and knowledge of 
how to use the tool. These aspects are inseparable. Learning 
how to use a tool sometimes precedes and even contributes 
to the successful learning of its shaping process. Among 
the Baka of southeastern Cameroon, through peer group 
participation, children learn to use increasingly complex 
tools (Gallois et al. 2015). Sonoda (2016) describes collec-
tive hunting, gathering, and other cultural activities such as 
butchering animals, in which adults and adolescents are fre-
quently helped by children. For example, game is butchered 

primarily by male adolescents, who are often observed and 
helped by younger children as part of the learning process, 
which allows children to establish their autonomy (Lew-
Levy et al. 2018). BaYaka children learn tool use activities 
first by imitating and observing older children and adults, 
and later mostly by practicing. By middle childhood, BaY-
aka girls are already digging yams and using machetes effi-
ciently (Salali et al. 2019). Among the South African San, 
children have access to a vast number of tools from which 
they can choose to practice and play with. They are shown 
how to make tools and are capable of producing and using 
them (Nielsen et al. 2014). Similar patterns were observed 
in south Ethiopian agricultural communities that are based 
upon a craft specialization system, which includes both pro-
duction and use of tools (Arthur 2010, 2018; Brandt and 
Weedman 1997; Gallagher 1974). These learning processes 
leave their visible marks on both the tool and the processed 
material (Egeland et al. 2014; Ingold 2001). However, we 
lack experimental data that could contribute to our reading 

Fig. 5   SSB N. 1. used by a skilled participant. High, intersecting ridges were used to break the bone diaphysis, producing step-shaped longitudi-
nal crushing along the active edges and the rounding of these areas
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of the archaeological record and the identification of these 
learning processes in the Paleolithic culture.

Here, we focused on percussive artefacts used for bone 
breaking – one of the most common activities of the LP 
– with the goal of better understanding aspects of skill 
related to LP tool use through experimental- tracecological 
approach.

The distinction between wear traces that developed under 
different circumstances—as a result of different activities, 
functions, or skill levels– is a complicated task. That being 
said, studies focusing on these issues in recent years show 
that a techno-traceological approach greatly advances our 
understanding of the accumulation of different types of wear 
traces and the circumstances leading to their formation (see, 
for example Julien et al. 2014; Karlin et al. 1990; Karlin 
1991; Karlin and Julien 2019; Leroi-Gourhan and Brezillon 
1966; Torres Navas 2022).

Previous archaeological and experimental studies have 
shown that percussion activities and specifically bone break-
ing leaves characteristic marks, compared to plant pounding 
and meat-tenderizing (see Mora and de la Torre 2005; De la 
Torre et al 2013; Yustos et al. 2015 for further discussion). 
Multi percussive elements were shown to develop extreme 
wear traces in terms of incidence, distribution, density, use 

intensity and interaction intensity (Yustos et al. 2015). How-
ever, the analysis of use traces developed on percussive arte-
facts following skill patterns has hardly been documented. 
This was our main goal.

The results of this study give rise to several interesting 
insights. First, while we tend to think that bone-breaking 
is intuitive, it requires planning, knowledge of bone anat-
omy and tool use, as well as skill and experience. When 
we compared how skilled versus unskilled users extracted 
marrow from the bone, we saw differences in how the bone 
and the tools were gripped and in the intensity of the force 
applied throughout the process. These differences stem from 
the knowledge, or lack thereof, of the anatomy of the bone 
itself and its fracture patterns. Additionally, the user must 
also know how to choose the right tool for the task. The cho-
sen tool should fit comfortably in the user's hand, affording 
precise grip and handling, as if the tool were an extension 
of the body, which must also be positioned precisely when 
applying force to the bone. As was recently shown, hand size 
has no straightforward importance, and accordingly, there is 
an intrinsic variability in the patterns of grasping, depending 
on individual factors (Fedato et al. 2024).

It is interesting to note that similar patterns were observed 
with regards to knapping; it has been experimentally 

Fig. 6   SSB N.2. The presence of cortex in this SSB reduced the percussive areas but favored the creation of a prehensile area. The limestone 
parts provided comfortable gripping because they were not as sharp. Rounding and splintering of the active area were detected
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demonstrated that expert knappers use lower force to 
increase their precision of striking (Dapena, et al. 2006; 
Nonaka et al. 2010; Rein et al. 2013), which could be an 
indicator of greater accuracy and the need for fewer rotations 
of the piece. The significant role of the thumb in the grip was 
further emphasized by Key and Dunmore (2015), showing it 
was recruited significantly more frequently and experienced 
significantly greater manipulative forces during core repo-
sitioning events and the securing of the core during flake 
detachments. Our study further supports these observations, 
showing that (1) unskilled breakers constantly rotated the 
tool whereas skilled participants had a more stable grip. The 
thumb, and the gap between it to the other fingers, played a 
significant role in this aspect. (2) skilled participants had to 
hit the bone fewer times to break it. Although they applied 
greater force in the preliminary stage, they later applied gen-
tler force for the extraction of the marrow itself to avoid con-
tamination by tiny bone fragments, indicating more accurate 
use of the implement (a pattern similarly observed by De la 
Torre et al 2013).

These observed differences in body posture, gestures, tool 
gripping, and handling of skilled versus unskilled partici-
pants influenced the intensity and dispersion of wear traces 
on the tools. Tools used by unskilled participants developed 
weaker and more widespread traces, while tools used by 
skilled participants developed stronger but concentrated 
traces. These results are in accordance with Ingold's claim 
that an unskilled user has an unskilled body (2001). Thus, 
when examining use-wear traces on the archeological tools, 
skill should also be taken into account.

Moreover, differences were also detected with regard to 
the processed bones: the diversity of marks, as well as the 
quantity, increased among less experienced experimenters. 
This diversity could be related to a less controlled breaking 
of the bone and less accurate use of the tool, while smashing 
the bone rather than breaking it accurately.

Both skilled and unskilled participants intuitively used 
the high intersecting ridges of the implement to break the 
bone for marrow extraction and the flat surfaces to crush the 
epiphyses, in order to extract the fat. This tool was shown 

Fig. 7   SSB N. 6. used by an unskilled participant. The small concentric circles (marked with a black squares) signify impact with a hard material 
due to the contact of the spheroid with the hard surface that supports the bone
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Fig. 8   SSB N. 4 and 6. Replica used by skilled participant (up), showing stronger yet fewer traces, compared to unskilled participant (down), 
showing weaker but more widespread traces
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to be efficient for both purposes. Archaeological SSBs bear 
functional traces on the high ridges as well as on the flat 
surfaces (Assaf et al. 2020; Blasco et al. 2024), which might 
attest to their use for both purposes in the LP.

It should be noted that in this study we chose to exam-
ine two skill levels degrees—skilled versus unskilled—in 
order to identify clear differences between experienced and 
inexperienced individuals using the tools. The archaeologi-
cal record likely reflects different levels of skill, including 
intermediate levels, as unskilled individuals were probably 
exposed to marrow extraction activities on a daily basis 
and therefore acquired their knowledge and skill gradually. 
Therefore, more complex patterns are expected to be discov-
ered when analyzing archaeological contexts.

Moreover, apart from the skill of the user, efficient break-
ing of the bone is also a function of the morphology and 
other characteristics of the tool itself – the number of active 
edges, the percentage of cortex present on the surface, sym-
metry, and so on (see Key and Lycett 2017; Lycett et al. 
2016; Machin et al. 2007 with regards to handaxes). The 
quality and characteristics of the stone may also have a 
potential effect, although our previous experiments showed 
that flint, dolomite and limestone SSBs were all efficient for 
bone breaking (Assaf and Baena 2022).

Conclusions

In their study from 2018, Key et al. demonstrated how grip 
is a matter of choice; it varies according to the type and form 
of the stone tool used and tool-use contexts. This study is 
aimed at exploring the influence of experience and skill on 
this choice when using percussion tools. Stable and precise 
handling and grip, which have been observed in skilled indi-
viduals, may lead to efficient use of the tool, and therefore to 
efficient processing of the material. Ultimately, these aspects 
have a visible expression on material culture, as skill can 
determine a traceological distribution on artifacts. Hope-
fully, these insights can form a basis for further experimental 
studies, and eventually contribute to a better understanding 
of the Lower Paleolithic record.
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