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Abstract   

The emergence of stone tools is a crucial moment in the human lineage (Shea, 2016). 

Palaeolithic stone tools not only offer an abundant record, they also provide us with 

information regarding technological changes and document the expression of new 

behavioural capabilities (Stout, 2011). With the advent of tool use, the human adaptive niche 

expanded and it started a trend of technological elaboration that has continued to the present 

day.  

The parallel trends of brain expansion and increased technological levels are crucial features 

of human evolution, even if their co-evolutionary relationships still lack information 

(Gibson, & Ingold 1993; Ambrose, 2001; Wynn, 2002; Stout, 2006). However, it is irrefutable 

that modern humans display advanced capacities in complex technological, symbolic and 

social actions, which stand out among other primates and among extant species. It remains 

unclear whether or not these peculiarities are due to a more advanced cultural transmission, 

or are due to the increase in greater cognitive capacity in our ancestors (Stout, 2011). In order 

to shed more light on the evolution of cognition, there is a branch of archaeology (namely, 

cognitive archaeology) which aims to study past minds.  

Although it is not possible to study the cognitive capabilities of extinct human species 

directly, some proxies can be used to solve this problem. For example, the morphological 

properties and technological characteristics of Palaeolithic stone tools are used to gain an 

insight into everything from the evolutionary trajectory of human cognition to changes in 

diet, social systems and landscape use. Yet, every stone tool ever produced was made by, and 

intended to be used by, the human (or early human) hand. One of the most important factors 

to consider when interpreting what Palaeolithic stone tool technologies can tell us about early 

humans is whether or not stone tools were designed following criteria determined by 

ergonomic principles.  

An ergonomic understanding of Palaeolithic stone tools does not mean they cannot 

also provide us with information about other important behavioural and evolutionary 

considerations. Instead, they can provide base-line information about their principal purpose 

– being used and applied by the hand – and this information can in turn be used to interpret 

the relevance and potential impact of other factors that may influence stone tool 
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morphologies (e.g., cognitive variation, functional context, cultural variation). Palaeolithic 

archaeologists have long recognised the vital importance of understanding how the human 

hand interacts with stone tools, and the impact this could have had on their design, and in 

turn, their morphological properties (Napier, 1956; Marzke and Shackley, 1986; Foley, 1987). 

Yet our understanding of Palaeolithic stone tool design and use from an ergonomic 

perspective is surprisingly sparse. It is therefore necessary to reconsider and implement 

knowledge on the hand-stone tool relationship, by providing experimental information on 

biomechanical and cognitive aspects. 

In this study, two ground-breaking experimental methodologies are used to provide 

information on the biomechanical and psychophysiological relationship between the hand 

and two types of Lower Palaeolithic stone tools, the above-mentioned Oldowan choppers 

and Acheulean handaxes.  
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1. Introduction 

 

Archaeologists work with small sample sizes from non-repeatable excavations. This 

means it is difficult to test any reliable archaeological hypothesis. For the past few centuries, 

people have used replicative archaeological experiments for a variety of reasons. Often 

researchers come across questions that cannot otherwise be answered. Or they are fascinated 

by primitive or ancient crafts and are seeking to challenge common conceptions of the past. 

Or simply they have an interest in the role of specific artefacts or processes. Regardless of 

the reason, for the most part, experiments in archaeology have been justifiably ignored 

because of their lack of a strong theoretical basis and their lack of applicability in testing the 

archaeological hypothesis. Even if archaeologists employ scientific technologies, the 

development of hypotheses lacks the ability in many aspects to be a replicative, controlled 

science.  

Over the past 10 years, this situation has changed. Experimental archaeology has started 

to follow rigorous scientific procedures in designing and executing experiments. The aim of 

experimental archaeology is still to understand how people created and used a variety of 

items in the past. However, descriptive methods have given way to more innovative 

techniques. The approach has become multidisciplinary, and it is now common to apply 

modern technologies to study prehistoric human behaviour.  

The aim of this research is to explore the ergonomics and the cognitive aspects of hand–

tool relationships during stone tool manipulation. The approach used here is experimental, 

and the thesis is based on two different experiments. The experiments were made possible 

thanks to the many volunteers that participated.  

Each experiment has a specific aim and methodology and is designed to provide information 

on the research topics. 
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1.1 Structure of the Dissertation 

The objectives of this PhD research are: 

a. Biomechanical analysis of the hand during Lower Palaeolithic stone tool grasping. 

b. Psychophysiological analysis during Lower Palaeolithic stone tool manipulation. 

The respective experiments are: 

a. Analysis of the pattern of finger flexion during the comfortable grasping of Lower 

Palaeolithic stone tools. 

b. Analysis of the individuals’ electrodermal activity (attention and emotion) during 

Lower Palaeolithic stone tool manipulation. 

This is an article-based thesis. A total of six articles, five published and one under review, are 

included in the dissertation. These articles represent the core of the research and thus the 

following sections are structured in accordance with the different methodologies used in the 

surveys. The following sections will include:  

i. A general overview of cognitive archaeology and the theories on visuospatial 

integration and extended mind. The biomechanical aspects of stone tool use and 

production and the general aspects of tool manipulation and haptic perception 

will be introduced. It will also briefly and simply include some general 

information on the evolution of the human hand. 

ii. The Materials and Methods section comprises all the methodologies used to 

assess the ergonomics and the cognitive aspects of the hand–tool relationship. In 

this section, all the techniques employed in research through the years are 

described. The techniques applied in each study can be found in the 

corresponding articles, including a complete description of the technique, 

established protocols and achieved results. This section is divided into three 

subsections regarding: morphometrics, biomechanics, and psychophysiology. 
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iii. The Results section is the core of the research and includes the four published 

articles and the one under review.  

iv. The Discussion section will interpret the results of the surveys and take the 

existing bibliography into consideration.  

v. The Conclusion section summarizes the most relevant outputs of this PhD 

research. 

vi. The Bibliography includes the reference list of the works cited through this 

manuscript. 
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1.2 Cognit ive archaeology  

1.2.1 Human cognitive evolution 

Humans are unusual animals and our cognitive skills are probably the most 

prominent uniqueness of our species. Over the past 25 years, research on the evolution of 

human cognition has been dominated by a type of evolutionary psychology where the human 

mind is seen as a large collection of computationally distinct ‘modules’. Each of these 

modules was presumed to be shaped by natural selection in order to solve a particular type 

of problem faced by extinct species. This hypothesis suggests that the brain is the only factor 

responsible for cognition, and the technological evolution is due to brain enlargement and 

development. On the other hand, in the 60s and 70s, archaeologists organized stone tool 

variability using labels, which were useful for description and communication purposes, but 

did not take the functional implications of the types into consideration. Most archaeologists 

followed a typological approach regarding material culture, in which case emphasis was 

placed on artifact classes rather than the human behaviours and cognition involved in their 

production (Putt, 2016). André Leroi-Gourhan Laid the foundations for understanding the 

evolution of hominin cognition and especially language from technical procedures (Leroi-

Gourhan, 1964). In 1969, paleoneurologist Ralph Holloway proposed stone tools as evidence 

for early human linguistic ability (Holloway, 1969). Albeit with initial difficulty, archaeologists 

started to consider stone tools as a proxy of prehistoric cognitive levels, and not only 

components of thinking (Pelegrin, 2009).  

Lately, theories on human cognition interpret the archaeological record as an integral 

part of the thinking process, and treats stone tools as active participants in mental life (Wynn 

et al., 2021). This second approach is at the basis of this thesis, and cognitive archaeology is 

the main component of the surveys presented here.  

Cognitive archaeology studies human cognitive evolution by applying cognitive-

science theories and concepts to archaeological remains of the prehistoric past. The material 

remains of past activities are used as traces to understand some feature of the prehistoric 

minds (Coolidge and Wynn, 2016). When studying the cognitive aspect of the technological 

evolution, the primary source of information is stone tools, which represent the best 

preserved remaining evidence of prehistoric behaviour and cognition (Stout et al., 2002). 

Stone tools provide evidence of individual technical skills and they indicate certain minimum 

required competences (Gowlett, 1996) for the production of some artifacts (Currie and 
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Killin, 2019). Moreover, lithic implements can be a source of information concerning 

prehistoric mental abilities (Toth and Schick, 1993; Schlanger, 1996; Stout et al., 2002; Nowell 

and Davidson, 2010; Baena and Dominguez-Rodrigo, 2012; Moore and Perston, 2016). In 

order produce solid inferences, cognitive archaeology needs to apply an interdisciplinary 

approach (Iliopoulos and Malafouris, 2014). In fact, in the last decade, anthropology, 

archaeology, neurobiology and cognitive science have shared information (Bruner et al., 

2018) and cognitive archaeology has started to use psychological models to interpret the 

archaeological record (Coolidge et al. 2015).  

Cognitive archaeology relies on a variety of theories, and most of them take a 

“Cartesian position” (see Nolan, 1997) on the ontological status of the mind itself. Namely, 

they consider minds to be distinct from bodies, and to consist of internal representations 

that structure action (Coolidge and Wynn, 2016). Cognitivist models have been used to 

interpret the existence of the artifacts, which were seen as a physical realization of 

representations existing within the mind of ancient humans. In fact, for cognitivism, the 

brain recreates the external world in the form of internal representations (Clark, 1997) and 

the separation between the mind and the body is clear (Malafouris, 2013). However, more 

recently, the neurocentric view of cognition has been progressively replaced with new 

theories where the body and the environment have a complementary role in cognition. The 

“extended mind theory” claims that the cognitive processes that make up our minds can reach 

beyond the boundaries of individual organisms to include aspects of the organism’s physical 

and socio-cultural environment (Kiverstein et al., 2013). Already in 1979, Gibson shows how 

visual perception is the result of a dynamic coupling of perceiver and environment in which 

the perceiver manipulates information found in its environment (Gibson, 1979). In recent 

years, some anthropological studies have attempted to draft the cognitive basis of the 

engagement of the mind with the artefactual world. In particular, the aim was to use the 

contributions from various disciplines (ranging from neurobiology, psychology, to 

archaeology and anthropology) in order to show that our minds have co-evolved in symbiotic 

partnership both with brain and culture (Donald, 2000).  
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1.2.2 Material culture  

Material culture refers to the physical objects, resources, and spaces, which could 

define a culture and could define aspects of the behaviours and perceptions of the members 

of that same culture. When studying material culture, the focus is not only on the objects and 

on their physical properties, but it is also on the ways in which these items are central to an 

understanding of a culture. In this sense, the study of material culture explores the tangled 

relationships between people and things.  

There are two approaches to study “things”. From one point of view, the study can 

be “object-cantered”, where the focus is on the object itself and its specific physical attributes 

like the material the object is made of, its shape and weight, its design and the style or 

decorative status that it could have (Herman, 1992). The physical attributes of objects play a 

crucial role for archaeologists, which can be used to place objects into broader categories or 

groups such as the technological modes. From another point of view, the study can be “object-

driven”, where the emphasis is on how objects relate to the peoples and cultures that make 

and use them. Here, contextualization is a pivotal factor because the meaning of objects may 

change through time and space. From these perspective, objects are not merely passive tools; 

they have an active role, they transcend their material status, and create symbolic meaning 

rather than simply reflect it (Herman, 1992). Moreover, through niche construction, minds 

are “scaffolded” and cognition is intimately sculpted by the activities conducted in the 

cognitive niche (Sterelny 2010).  

Regarding human evolution, material culture is a component of the environment, 

and it acts like a selection factor, favouring some individuals and disadvantaging others. The 

first intentionally modified stone tools date back to 2.6 Myr ago, in the form of cores and 

flakes, which were probably used for cutting up carcasses to access high nutrient meat from 

animals (Semaw et al., 1997) (Figure 1). This early technology is referred to as the Oldowan 

Industry (Plummer and Finestone, 2018) and it was progressively substituted by Acheulean 

cutting tools, which include handaxes (large flakes, and retouched flakes made through a 

bifacial knapping process), where percussion extends over almost all or all the stone's surface 

(Lycett, 2011) (Figure 2). In the archaeological record, these kind of technological changes 

are considered significant indicators of human cultural evolution (Schick and Toth, 1994), 

and have been linked to the increase of human brain size (Semaw et al., 2009).  
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The interpretation of stone tool use and production is an intricate topic in the 

archaeological field. In the 50s, the main interpretation was mainly object-cantered and lithic 

tools were studied through their physical properties. The most influential approach to study 

the lithic industries was based on a “type list”, which labelled and organized Lower and 

Middle Palaeolithic stone tools (Bordes, 1950). Later, researchers started to give more 

importance to the underlying dynamic processes of lithic production and, the existence of 

neural similarities between toolmaking and language was proposed (Leroi-Gourhan 1964; 

Holloway, 1969). The switch from a typological description to the exploration of hidden 

properties makes it possible to interpretat the archaeological remains as evidence of human 

cognition. Apart from the physical aspects of material culture, there are also the ideas 

associated with these objects. Archaeologists started to take into consideration these non-

physical aspects of objects, considering the archaeological remains as traces of past activities 

and as data attesting to the cognition of extinct species (Malafouris, 2016).  

One theoretical attempt to bridge cognition and archaeology is the “Material 

Engagement Theory,” where artefacts are seen not as inert and passive instruments, but 

rather loaded with meanings (Malafouris, 2016). Namely, there is a synergy between 

cognition and material culture: a interlacing of brains, bodies and things (Renfrew and 

Malafouris, 2009). The objects are, therefore, rich in significance, and influence the 

relationships between humans and their environment (Malafouris, 2016). Even if Malafouris’ 

attempt was ground-breaking, these models remain theoretical, and his arguments are not 

supported by experimental studies. Clearly, testing cognitive hypotheses in extinct species is 

challenging, but it can be done through the integration of independent sources of 

information (Bruner et al., 2018). 

Experiments with living humans have provided insights into the cognitive and 

biomechanical aspects of lithic technology. Early stone tools provide direct evidence of 

human cognitive and behavioural evolution that is otherwise unavailable. A proper 

interpretation of these data requires a robust interpretive framework linking archaeological 

evidence to specific behavioural and cognitive actions. In order to interpret results of 

archaeological experiments from the perspective of extended cognition, it should necessary 

to firstly evaluate whether or not tools are real parts of the body-brain-tool system and their 

role in the cognitive structure (Bruner, 2021).  

In this sense, an innovative experimental approach in cognitive archaeology has been 

proposed by Dietrich Stout (2015). In the survey, the authors proved that the production of 
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Acheulean tools demands higher cognitive control when compared to Oldowan toolmaking 

(Stout et al., 2015). Oldowan flake production primarily concerns the evaluation of core 

morphology and object manipulation, and it that does not seem to be related with executive 

capacities for strategic planning (which are critical for the development of complex tool use 

and tool making abilities). Acheulean tool production is a complex visuospatial task, which 

requires higher cognitive demands and increased visuomotor coordination when compared 

with Oldowan production (Stout and Chaminade, 2007; Stout and Chaminade 2012). The 

differences in technological complexity between Oldowan and Acheulean tools could 

indicate a cognitive transition. Clearly, we cannot know if the cognitive processes of modern 

humans resemble those of early humans. However, we can assume that to complete the same 

task there are at least the same basic cognitive operations (Putt et al., 2017). Finally, this study 

is an attempt to infer the functional brain activity of earlier human species using modern 

humans (Putt et al., 2017).  

 

 

Figure 1: Oldowan chopper. 
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Figure 2: Acheulean handaxe. 
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1.3 Visuospatia l integration: The bra in, the body, the tools 

Current theories in extended mind suggest that cognition is the result of an 

integrative process involving brain, body, and environment (Bruner and Iriki, 2016). In 

primates (and most of all in humans), the relationships between inner and outer components 

strictly rely on the body (the functional interface). The outer environment is in contact with 

the nervous system mainly through the eyes and the hand. In this sense, the parietal areas are 

essential nodes of the processes of visuospatial integration, coordinating the eye-hand system 

and the outer and inner environments. The parietal elements primarily involved in 

visuospatial management are the intraparietal sulcus and precuneus, both of which lie hidden 

in the depths of the cerebral volume (Ebeling and Steinmetz 1995). Morphological 

differences in the parietal lobes are particularly interesting in human evolution, and it can be 

hypothesized that the visuospatial functions and the role of the body as an interface have 

experienced important evolutionary changes in our species. When compared with more 

archaic human species, both Neanderthals and modern humans display a similar cranial 

capacity (Bruner and Holloway, 2010), and an enlargement of the parietal cortex (albeit to a 

different pattern and degree) (Bruner, 2018). Neanderthals displayed a lateral bulging of the 

upper parietal surface, while modern humans displayed dilation of the upper parietal volume, 

both laterally and longitudinally (Bruner et al., 2003; Bruner, 2004) (Figure 3). Moreover, 

Neanderthals are the most encephalized non-modern taxon, with a relatively shorter parietal 

lobe.  

The morphological changes can be tentatively associated with changes in brain 

structure, but this remains speculation. However, changes in the brain morphology is not the 

only way to investigate cognition in extinct species. Behavioural aspects are pivotal in the 

identification of cognitive skills and the capacity to integrate the environment. A really good 

example has come from dental anthropology, which provides information about scratches 

on Neanderthals teeth, which led researchers to hypothesise that they were using the mouth 

as a “third hand” (Bermúdez de Castro et al., 1988, Lozano et al., 2008). This same behaviour 

can be seen in the modern population (Clement et al., 2012). However, most modern hunter-

gatherers do not use their teeth in handling and there are few scratches on the dental surface, 

and they are limited to a small percentage of individuals. This controversial behaviour found 

in Neanderthals could be due to an insufficiency in the eye-hand system in integrating the 

visuospatial processes required by complex culture (Bruner and Lozano, 2014). Therefore, 

additional body elements (the mouth) are needed to interact with the material culture.  
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Curiously, in the cortical somatosensory representation (the “homunculus”), the 

mouth is the next element in importance after the hand. This is an example of how we can 

evaluate possible functional changes in extinct human species by using visuospatial 

behaviours that are evident from human ecology and material culture (Bruner and Iriki, 

2016). Finally, visuospatial integration, within the perspective of extended cognition, may 

have had a major influence in establishing current human intellectual abilities and social 

patterns (Bruner et al., 2018). 

 

Figure 3: Neanderthals display a lateral bulging of the upper parietal surface. Modern human display a 

longitudinal bulging of the whole upper parietal profile. Image: Bruner and Iriki, 2016. 

 

 

  



16 

 

1.4 Handling tools  

1.4.1 Haptic perception  

The hands’ tactile properties regard the ability to perceive touch (passive tactile 

perception). However, when we use our hands to examine an object, we do so through 

exploratory movements of the fingers. This is called haptics (active tactile perception) and 

through haptic perception, we are able to recognize objects using our sense of touch. It 

involves both the somatosensory perception of patterns on the skin surface (e.g., edges, 

curvature, and texture) and the proprioception of hand position and conformation. Humans 

can accurately recognize three-dimensional objects through touch (Klatzky et al., 1985). The 

haptic exploratory procedures (e.g. moving the fingers over a surface or holding the entire 

object in the hand) is what we use for object recognition (Lederman and Klatzky, 1987). The 

haptic system puts together sensory information obtained from the receptors of the skin 

(mechanoreceptors and thermoreceptors) together with the receptors of the muscles, 

tendons, and joints (Lederman and Klatzky, 2009). Cutaneous receptors are located on the 

whole surface of the body. However, the mechanoreceptors and the thermoreceptors located 

in the glabrous skin of the human hand have been studied deeper that other parts of the 

body (Jones and Lederman, 2006) (Figure 4). Mechanoreceptors perceive extracellular stimuli 

(touch, pressure, stretching etc.) and translate them into intracellular signals (Iheanacho and 

Vellipuram, 2019). Thermoreceptors perceive changes in skin temperature and mediate the 

human experience of warmth and cold (Stevens and Choo, 1998). The kinesthetic inputs 

from mechanoreceptors in muscles, tendons and joints contribute to the human perception 

of limb position and limb movement in space (Gandevia, 1996; Taylor, 2009). Both 

cutaneous and kinaesthetic contributions are necessary in the haptic process. They are 

combined and weighted in different ways to serve various haptic functions. Human haptic 

experience is influenced by a variety of factors at multiple levels of processing. Accordingly, 

it is neither possible nor particularly fruitful to separate human haptic function into modular 

compartments as was once done (e.g., sensations, percepts, and cognitions) (Lederman and 

Klatzky, 2009).  
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Figure 4: Human haptic system. 

 

1.4.2 The evolution of the human hand 

Although the whole body represents the functional and structural interface between 

brain and environment, for primates, the eye and the hand are the main “ports” through 

which information is directed inward and outward (Bruner and Iriki, 2016). Primates 

importantly rely on their handling capacity (Iriki, 2006) and brachiation and suspensory 

behaviour represented a relevant locomotor pattern in hominoids (Gebo, 1996). Bipedalism, 

in turn, generates an enhanced integration between the visual system (brain areas and sensory 

system) and the distal extremities (hands and fingers) (Bruner and Iriki, 2016).  

In humans, the hand may be one of the most fascinating and complex structures 

which provide us with an interface with the world. As remarked by many authors, humans 

display the best manual manipulative skills among the anthropoids (Napier, 1960, Napier et 

al., 1993) and possess a larger repertoire of manipulations (Parrish and Brosnan, 2012). The 

fact that the thumb is opposable to the other four fingers has been considered the most 
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special features of the human hand. The others primates also possess five digits. However, 

without the opposition of the thumb, they do not have the advance functioning capability 

that we humans possess as toolmakers (Marzke, 1997). It has been hypothesized that the 

fingers-to-thumb proportion in our genus probably evolved in relation with habitual 

bipedalism, before stone tools (Almécija et al., 2015; Richmond et al., 2016). Moreover, in 

humans, fingers do not display the elongated proportions found in living apes, and this 

absence can represent a plesiomorphic trait shared with quadrupedal primates, or a 

parallelism due to an absence of specialization for suspensory locomotion (Almécija et al., 

2015) (Figure 5).  

Over the course of human evolution, the hand was free from the constraint of 

locomotion, and evolved primarily for manipulation (Jones and Lederman, 2006; Marzke, 

1971). The selective forces associated with tool making and tool use had an influence on 

biological factors, such as hand anatomy and the musculature associated with effective tool 

manipulation (Young, 2003; Marzke, 2013; Williams-Hatala et al., 2018). Namely, among the 

variability of tool uses, hammerstone use during marrow acquisition and flake production 

could have had the greater influence on the anatomical and functional evolution of the 

human hand (Williams-Hatala et al., 2018).  

Apart from the physical changes suffered by the hand, the appearance of tools in the 

human behaviour could also have had an influence on the body schemes of early humans. 

The theories mentioned in chapter 1.1.1 and 1.1.2 suggest that the cognitive processes could 

be due to integration between brain, body (especially the hand and the eyes) and tools 

(Malafouris, 2010, Malafouris, 2013; Bruner and Iriki, 2016). In summary, the hand is not 

just a biomechanical structure, but it also functions as a sensory device associated with neural 

feedback mechanisms that enables it to perform as an active biological interface (Ingber, 

2008; Turvey and Carello, 2011). 
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Figure 5: Chimpanzee and human hands and brains compared. The image is modified after Napier, 

1993. As compared to other living hominoids, humans exhibit a long thumb relative to the digits, 

facilitating precision grasping. Imagine modified after Schultz, 1968. 
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1.5 Biomechanical aspects of stone tool use and production  

Besides the studies on cognitive and neurological aspects of stone tool production 

(e.g., Stout and Chaminade, 2007; Stout et al., 2008; Stout et al., 2015), archaeologists are also 

interested in the different types of grips used in making and using tools. The knowledge 

regarding the use and production of stone tools is achieved through comparative studies of 

manipulative behaviour in humans and non-human primates (Marzke and Marzke, 2000). 

The opposability of thumbs and fingers in primates produce two categories of grip: power grip 

and precision grip. In the power grip, objects are squeezed mainly by the fingers, and are actively 

stabilized in the palm. In the precision grips, objects are pinched between the flexor aspects 

of the fingers and the opposing thumb (Napier, 1956).  

More recent analyses of manipulative behaviour in primates found that when 

knappers replicate Oldowan tool types, they primarily use three types of precision grip based 

on the forceful opposition of the thumb to different aspects of the second and third fingers. 

These results suggest that forceful grips would have been important for early stone tool users. 

Probably, hand structure and function underwent relevant evolutionary specializations in the 

bones and muscles related with tool use and tool making (Almécija et al., 2015; Diogo et al., 

2012; Tocheri et al., 2008). Derived musculoskeletal features of the human hand could be 

adaptations to generate the required forceful grips (Marzke, 1997).  

Experimental analysis on human subjects confirm that individuals with longer digits 

require less muscle force to stabilize digital joints, and are exposed to relatively lower joint 

contact stresses during stone tool use (Rolian et al., 2011). A large-scale experimental study 

of grip diversity and frequency revealed that during stone tool use only four grip types are 

used, and that there is a forceful recruitment of the thumb and index finger. Accordingly, 

regularities in how stone tools are gripped during their use may have been present in early 

tool makers (Key et al., 2018b). Experimental analysis on human subjects also evidence that 

Lower Palaeolithic stone tool efficiency is related to hand strength and hand size. These 

results indicate that biometrics individuals’ traits have to be considered when studying Lower 

Palaeolithic stone tool use and production.  
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1.6 Integrating  the tools into the body-schem a 

Tools induce different cognitive and neural responses when positioned outside the 

range of the body (extra-personal space) or when positioned within the range of physical 

interaction (peri-personal space) (Serino, 2019) (Figure 6). More importantly, tools are 

incorporated into the body-schema when they are touched or handled (Maravita and Iriki, 

2004). When this happens, the brain interprets the handled object as an extension of the 

body. The classic example of this effect is the blind man’s stick, whose neural incorporation 

extends tactile perception to the tip (Malafouris, 2008). In this sense, objects function as 

“extra-neural” elements of the cognitive system, and, as mentioned in chapter 1.2, the parietal 

areas integrate internal neural processes with external environment features (Bruner et al., 

2018).  

Gibson defined the haptic system as "the sensibility of the individual to the world adjacent to 

his body, by the use of his body" (Gibson, 1966). This definition highlights the close bond between 

haptic perception and body movement. Neurons controlling finger movements during haptic 

perception react to a tool as if it was part of the hand, and the object is perceived by the 

brain as a prolongation of the hand (Maravita and Iriki, 2004). When we use a tool, the 

perceptual experience is transferred to the tool as if it were a prolongation of the body. 

Namely, tools extend the possibility for action and perception (Shaw et al., 1995; Smitsman, 

1997) and, from an ecological point of view, tools can be both detached objects of the 

environment (separated from the user’s body) and a functional extension of the environment 

(prolongation of the user’s body) (Gibson, 1986).  

In this latter case, we can talk about embodiment. When an object is embedded, it 

becomes part of the user’s cognitive processes, and the tool extends the user’s possibilities 

for action (Hirose, 2002). Tools are treated by the nervous system as sensory extensions of 

the body rather than as simple distal links between the hand and the environment (Miller et 

al., 2018). Some tools seem to be easier to “embody”, due to certain properties related with 

affordances (Hirose, 2002). Gibson coined the term affordances to define the possibilities 

for action offered by objects and their environment (Gibson, 1979). Affordances are the 

opportunities to produce a certain action given by an object (Turvey, 1992) and the same 

functional part of a tool can elicit different behaviours (Cini et al., 2019).  

Because the physical body and material environment might be part of human 

cognition, we can talk about extended cognition (Clark and Chalmers, 1998; Clark, 2008). 
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This latter definition is especially relevant to human cognitive evolution, considering the 

unparalleled relation between our species and material culture. It is worth noting that tool in 

this context has to be intended as a class of objects with intrinsic action and motor features, 

as even the passive observation of a tool engages the activation of the same brain areas that 

are typically involved in its use (Chao and Martin, 2000; Johnson-Frey, 2004; Króliczak and 

Frey, 2009).  

An object, to be a tool, must fulfil at least three crucial criteria (Bruner and Gleeson, 

2019). First, it must be integrated within the body schemes of the brain, as a real extension 

of its space and functions (Maravita and Iriki, 2004; Tunik et al., 2007; Heed et al., 2015). 

Second, it must be part of a productive chain, in which a propaedeutic sequence of tools is 

necessary to achieve a final target (Muller et al., 2017). Third, it must not simply assist the 

ecological and economical behavior of a species, but must be integrated-with, and necessary-

to, a cultural niche (Plummer, 2004). Humans accomplish the three conditions by integrating 

technology into cognitive processes (Kaplan, 2012). 

It is also worth noting that handling processes (e.g. grasping objects, manipulating 

tools, and recognizing characteristics like size, texture, and quantity) are functionally 

subserved by distinct neural and cognitive mechanisms (Goodale et al., 1994). Therefore, 

“producing a tool” may rely on different processes from “using a tool”, which in turn may 

only partially correspond to “sensing a tool” in terms of perception. 

Clearly, the study of the evolution of the human hand needs to integrate the 

knowledge regarding the neural components of the manipulative process, and the hand-tool 

relationship should be studied deeper, in order to evidence some of the underlying cognitive 

components of these processes. Moreover, the study of the human haptic system also 

requires an understanding of sensory features (motor control) even if the discussion on how 

the hand is controlled or coordinated by the brain is complex. In fact, to date, there is no 

general agreement on how motor control works.  
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Figure 6: Spaces around the body. The peripersonal space is the space that directly surrounds us and 

with which we can directly interact. The extrapersonal space is the space that is far away from the 

subject and that cannot be directly acted upon by the body. 
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2. A im s and scopes of the experim enta l studies 

Tool use requires integration among sensorial, biomechanical, and cognitive factors. 

During interaction between hand and tool, the body includes the tool in its schemes (Turvey 

and Carello, 2011), which becomes a body element that is integrated into the somatic 

schemes of the brain (Iriki and Taoka, 2012; Maravita and Iriki, 2004). Because of the 

importance of tool making and tool use in our species, grasping patterns and hand 

morphology are a major topic in evolutionary anthropology (Marzke, 1997; Marzke and 

Marzke, 2000; Susman, 1998). In this survey, we investigate Lower Palaeolithic stone tools 

ergonomic and physiological features related with their manipulation. The sample will 

include Oldowan choppers and Acheulean handaxes. In previous works it have already assed 

that there are cognitive-related differences between these two tool types (Stout et al., 2015), 

and that the biomechanical aspects of the hand influences the efficiency of tool use (Key and 

Lycett, 2011). Taking into account the hypotheses on extended cognition mentioned in the 

previous chapters, we hypothesized that both hand features and tool features might affect 

the ergonomic system and the psychophysiological system. To corroborate this hypothesis, 

we designed two experimental settings which employed the following methods: 

i. Hand Morphometrics 

Using traditional morphometrics, hand dimensions can be measured. Individuals’ 

variability in hand dimensions and proportions will be related with the 

ergonomics and psychophysiological feedback.  

ii. Tool morphometrics 

Using traditional morphometrics, tool dimensions can be measured. Tool shape 

and dimensions will be related with the ergonomics and psychophysiological 

feedback. 

iii. Finger flexion 

The pattern phalanx flexion of the fingers is used here to define the ergonomic 

aspects of the hand-tool interaction. The ergonomic features during the 

manipulation of Oldowan choppers and Acheulean handaxes will be analyzed.  

iv. Electrodermal activity 
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The individuals’ electrodermal activity is used here to identify changes at 

psychophysiological level. The psychophysiological feedback during the 

manipulation of Oldowan choppers and Acheulean handaxes will be analyzed. 
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3. Materia ls and Methods 

Given the fragmentary nature of the material record, archaeology is expanding its 

methodological toolbox to include interdisciplinary methodologies. These scientific methods 

are reliable way of writing a narrative on the past as they provide measurable, testable, and 

reproducible information. The objectives of the thesis will be addressed through 

experimental procedures that are novel to archaeological science, and I will utilize 

biomechanical techniques more commonly used in robotics, ergonomics and medical 

sciences. 

This section will contain a presentation of the experimental materials, the equipment 

used in each experiment, the protocol, the methods used to measure the results and the 

methods used for data analysis. As previous stated, the objectives of this dissertation are 

related to the hand-tool system. The surveys presented here aim to explore the biomechanical 

and psychophysiological aspects of the manipulation of stone tools.  

The first part of the research involves the analysis of the metric properties of both the 

hands and the tools involved in the experiments. In this part, there will be an explanation 

regarding how the tools and the hands have been measured.  

The second part will present the analysis of the biomechanical and psychophysiological 

aspects of hand-tool interaction. The functioning of the data glove that we used to record 

the flexion of the fingers during the comfortable handling of stone tools will be explained. 

There will also be an explanation of the principles of electrodermal activity and the 

functioning of Sociograph© technology, the device that we used to record the emotion and 

attention during the comfortable handling of stone tools. 
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3.1 Morphometrics 

3.1.1 Hand morphometrics 

Morphometrics is the quantitative analysis of a form. Traditional morphometrics 

analyzes lengths, widths, masses, angles, ratios and areas. In general, traditional 

morphometric data are measurements of size. Hand outlines have been utilized in biometric 

studies for purposes of individuation and sex estimation in a forensic setting. In particular, 

shape variation in the hand has been classified using the length and width of the fingers, their 

curvatures, the relative location of these features, or the relative placement of the palm in 

relation to the digits. Most methods require the capture and analysis of a significant number 

of chord distances or morphological features. 

Hand anthropometric parameters are categorized into anatomical measurement 

variables such as the length, width, and circumference and functional measurement variables 

such as the handgrip span and flexion of the fingers (Garrett, 1971; Greiner, 1991). Hand 

anthropometry can be directly measured using digital calipers, circumference tapes, and 

finger circumference gauges and can also be measured from photographs (Ghosh and 

Poirier, 1987) and scans (McQueen et al., 1998).  

The human hand presents a strong sexual dimorphism. Anthropometric 

measurements of hand dimensions can actually estimate the sex of an individual with high 

accuracy. The proportion of the human hand is known to differ between males and females. 

For example, it is historically well known that males tend to have relatively shorter second 

but longer fourth digits than females (Peters et al., 2002; Robertson et al., 2008), possibly due 

to the prenatal hormonal environment (Putz et al., 2004; Hönekopp et al., 2007; Zheng and 

Cohn, 2011; Klimek et al., 2016). The length of hand bones can be used for sex determination 

(Case and Ross, 2007) and males have, on average, larger hands compared to females (Barut 

et al., 2014; Kanchan & Rastogi, 2009).  

In humans and also in other animal species, precision tool use normally involves the 

use of the dominant hand. For humans, the right hand is the preferred one in the majority 

of the cases, and right handedness has been predominant even in early species of genus Homo 

(Steele and Uomini, 2005). In the studies presented here, participated only right hand 

individuals. 
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In order to acquire hand dimensions, we scanned the hand of the participants using 

a 2D scanner. Images were imported in ImageJ (version 1.46r, Rueden et al., 2017) in order 

to take the measures. Flexion creases of the hand were used as references (Hall et al., 2006; 

Kanchan & Krishan, 2011; Barut et al., 2014) to measure:  

Thumb finger (F1) The straight distance between the tip of the first finger to the proximal 
digital creases of the first finger 

Index finger (F2) The straight distance between the tip of the second finger to the proximal 
digital creases of the second finger 

Middle finger (F3) The straight distance between the tip of the third finger to the proximal 
digital creases of the third finger 

Ring finger (F4) The straight distance between the tip of the fourth finger to the proximal 
digital creases of the fourth finger 

Little finger (F5) The straight distance between the tip of the fifth finger to the proximal 
digital creases of the fifth finger 

Palm length (PL) The chords between the midpoint of wrist crease and the highest point on 
the head of the third metacarpal. 

Hand breadth (HB) Distance between the radial side of metacarpal D2 (index finger) and ulnar 
side of metacarpal D5 (small finger) 

Wrist width (F1) Distance between the ulnar side and the radial side of the wrist at the distal 
wrist crease 

Hand length (HL) The distance from the base of the hand to the top of the middle finger 
measured along the long axis of the hand (M3+PL) 
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Figure 7: Hand measures. 

 

We also calculated the following ratios: 

Hand index (HI) Determines the basic hand proportions (Hand width × 100/Hand 
length) 

Digit index (PL) Determines the fingers-to-hand proportions (third digit length × 100/ 
hand length) 

PL/width ratio (PW) Determines the palmar proportions (PL/palmar width) 
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3.1.2 Tool morphometrics 

Most metric analyses in archaeology and experimental archaeology deal with tool 

measures. Morphometrics applied to stone tools has been traditionally used to analyze the 

morphological variation of different tool types, in order to produce categories and investigate 

tools’ morphological aspects (e.g., Serwatka and Riede, 2016; Cardillo, 2010). Particular 

measurements vary among different time periods and with differences in research questions. 

In our experiments, we use two types of Lower Palaeolithic stone tools: Oldowan choppers 

and Acheulean handaxes.  

Although there is evidence of earlier tools (Harmand et al., 2015), the first technology 

for which we have a robust and consistent archaeological record is called Mode 1 or Oldowan 

technology (Clark, 1969) and appeared around 2.6 million years ago (Braun et al., 2019; 

Semaw et al., 2003; Stout et al., 2010). It includes worked or shaped pebbles, chopper-cores, 

polyhedrons, spheroids, etc. One of the most iconic elements of Mode 1 is the worked 

pebble. This tool is characterized by being knapped in one (chopper) or two faces (chopping 

tool) with few extractions to generate a short, convex, abrupt or semi-abrupt and usually 

sinuous edge. They are usually made from round and thick pebbles through direct percussion 

with a hard hammer (Clark, 1969). Choppers have been long debated because there is no 

agreement as to whether or not they can be considered tools. However, several studies have 

shown use-wear evidence on these worked pebbles and, at present, they can be interpreted 

as both cores to produce flakes or pebble tools (Shea, 2020; Venditti et al., 2021).  

Handaxes were the most representative tool of Mode 2 or Acheulean technology, 

and their earliest record dates to around 1.7 million years ago (Beyene et al., 2013; Diez-

Martín et al., 2015; Lepre et al., 2011).These stone tools are large, symmetrical, and tear-drop 

shaped with a more qualified selection of raw materials (Harmand, 2009; McHenry & de la 

Torre, 2018; Roche, 2005; Shipton et al., 2018; Wynn, 2002).  

Tool geometry is relevant in terms of functions (Chacón et al., 2016) and 

technological procedures (Eren & Lycett, 2012; Herzlinger et al., 2017; Magnani et al., 2014). 

The most common measurements for this kind of tool are the object’s longest dimension 

(length), the longest dimension perpendicular to length (width) and the longest dimension 

perpendicular to the plane defined by the intersection of length and width (Thickness) (Shea, 

2013). More recently, metric approaches have been also used to deal with technological and 

functional issues (Chacón et al., 2016).  
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The tools that we used in our experiments were prepared according to experimental 

procedures. An expert on tool making prepared all the samples. To have tools with 

homogeneous texture, the same Paleozoic material (quartzite) was used , which were 

knapped from large irregular pebbles with an average length of 10 cm. The grain was thin 

and the structure homogeneous with no major fissures or fractures (Terradillos-Bernal & 

Rodríguez-Alvarez, 2014).  

For each tool, we measured:  

Maximum length (ML) 

Maximum width (MW) 

Maximum thickness (Mth) 

Width at 25% of the max. length (W25) 

Width at 50% of the max. length (W50) 

Width at 75% of the max. length (W75) 

Thickness at 25% of the max. length (Th25) 

Thickness at 50% of the max. length (Th50) 

Thickness at 75% of the max. length (Th75) 

Elongation (Maximum Length/Maximum Width) 

Weight 
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Figure 8: Tool measures (see Silva Gago et al., 2021). 
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3.2 F inger flexion 

3.2.1 Hand biomechanics 

The hand consists of the wrist, palm and fingers. Movements of the hand are controlled 

by muscles in the forearm (extrinsic muscles) as well as muscles within the hand itself 

(intrinsic muscles). The extrinsic muscles control the hand, are located near the elbow and 

are responsible for powerful grip ability (Brorsson, 2008). Hand function requires the 

interaction of muscles, tendons, bones, joints and nerves. The fingers contain 19 bones of 

distal phalanges, middle phalanges, proximal phalanges and metacarpal bones. Joints are 

formed wherever two or more of these bones meet. Each of the fingers has three joints: 

 Metacarpophalangeal joint (MCP) – the joint at the base of the finger 

 Proximal interphalangeal joint (PIP) –  the joint in the middle of the finger 

 Distal interphalangeal joint (DIP) – the joint closest to the fingertip. 

 

 

Figure 9: Hand joints. 

 

The MCP joint permits front/back movements, circular movement, as well as side-

to-side movements of the fingers. The PIP and DIP only allow front/back movements. The 
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unique construction of the hand provides a wide range of important functions such as 

manipulation, sense of touch, communication and grip strength (Schieber and Santello 2004). 

Many researchers in the ergonomics field have been trying to understand how humans use 

their hands and which factors affect the hand-function capacity. In this survey, we recorded 

the values of phalanx flexion in order to define the grasping pattern during ergonomic stone 

tool manipulation. In this context, the pattern of finger flexion can be used to detect 

ergonomic differences between the manipulations of different tools (in this case, stone tools).  

To obtain this information, we chose to use a cyberglove, a technological instrument which, 

among other things, can be used to measure finger flexion.  

 

3.2.2 Ergonomics and Data Glove 

In the field of robotics, anthropomorphism (namely, to imitate human gestures) has 

always been a great challenge. The aim is to achieve high dexterity in imitating human hand’s 

kinesthetic and sensory abilities (Powell, 2016). A data glove (or cyberglove) is an interactive 

device that resembles a glove worn on the hand. It facilitates tactile sensing and fine-motion 

control in robotics and virtual reality. Data gloves are widely used in many applications, 

including virtual reality applications, robotics, and biomechanics (Tarchanidis and Lygouras, 

2003). Moreover, data gloves are one of several types of electromechanical devices used in 

haptics applications. Tactile sensing involves simulation of the sense of human touch and 

includes the ability to perceive pressure, linear force, torque, temperature, and surface 

texture. Fine-motion control involves the use of sensors to detect the movements of the 

user's hand and fingers, and the translation of these motions into signals that can be used by 

a virtual hand (for example, in gaming) or a robotic hand (for example, in remote-control 

surgery). A data glove allows normal interaction with objects, and the individual is able to 

feel the object as if it were in the hand (Tran et al., 2009).  

 

3.2.3 VMG30 data glove  

In the experiments, we use a VMG30 (Virtual Motion Labs®) (Figure 10). The 

VMG30 is a multi-sensor haptic glove that records hand and joint positions through its 

different sensors. As specified by the producers of the glove, the measuring sensor is 

located at the metacarpophalangeal joint, at the proximal interphalangeal joint, and at the 
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distal interphalangeal joint. In total, the glove provides 14 joint-angle measurements. It uses 

resistive bend sensing technology to accurately transform finger and hand motion into real-

time data. Values are expressed as degree of flexion. 

Figure 10: A VMG30 (Virtual Motion Labs®) and its software interface. 

 

3.2.4 Samples and experimental procedure 

In the experiment, a VMG30 (Virtual Motion Labs®) cyberglove is used to measure 

the finger flexion of the 82 participants during tool manipulation. In the experiment, there 

were 52 female and 30 male participants with ages ranging from 23 to 67 years of age. All of 

them were right-handed. They had no previous knowledge of archaeology and they did not 

know the purposes of the experiment. Each of them had a scheduled appointment. Before 

starting the session, we provided them with information regarding the experiential 

procedures and they signed an informed consent. They were asked to wear a glove, and to 

manipulate some objects in order to find the most comfortable position to handle them. We 

specified that they should not think about any specific action, and that they should just look 

for an ergonomic position to grasp the tool. Before starting each session, the glove was 
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calibrated. Calibration processes are fundamental to obtain reliable gains for the sensors that 

record each flexion. The automatic calibration procedure comes with the software (the glove 

calibration interface). During the calibration, the subjects were asked to mimic the actions 

shown in short videos on the screen of the laptop with their right hand. All the subjects were 

asked to concentrate on mimicking the movements rather than on exerting high forces. The 

calibration lasts one minute.  

The experimenter placed the first tool in front of the subject. The subjects could pick 

up and manipulate the tool with both hands, but the final (comfortable) position had to 

involve the right hand only. Once the position was found, the participants were asked to stay 

still for 5 seconds to let the device precisely record the position. After that, participants put 

the tool in front of them and the experimenter replaced that tool with the following one. 

This procedure was repeated for the 40 tools. The tool sample consisted of an experimental 

reproduction of 20 choppers and 20 handaxes.  

We obtained the values of finger flexion of each individual during his/her session. 

Flexion values are recoded at the metacarpophalangeal joint, at the proximal interphalangeal 

joint, and at the distal interphalangeal joint of the index, the middle, the ring and the little 

finger, and ofr the thumb at the metacarpophalangeal and the interphalangeal joints. 

 

 

  



42 

 

3.3 Electrodermal activ ity  

3.3.1 Physiology of the skin and principles of electrodermal activity  

When we touch an object, we generate vibrations in the skin of the fingertips. In the 

hand, there are large numbers of sensory receptors (mechanoreceptors), which respond to 

pressure, vibrations or stretching. Tactile stimulation of the sensory receptors of the fingers 

generates electric signals in large myelinated nerve fibers of the hand, which reach the 

somatosensory cortex. Thus, the sensory stimuli occur in the fingertips, but the perception 

and sensory experiences occur in the brain (Lundborg, 2014) (Figure 11).  

 

Figure 11: Superficial skin segment from the pulp of a finger with the ridges of the fingerprint visible at 

the top. Mechanoreceptors in the skin of the hand and fingers detect pressure (Merkel end organs), 

vibration (Meissner and Pacini end organs) and tension and stretching (Ruffini end organs) (Modified 

after Lundborg, 2014). 
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Apart from perception, another pivotal role of the skin is the regulation of 

perspiration (sweating). Namely, the production of fluids secreted by the sweat glands in the 

skin of mammals. The human body has about three million sweat glands, the greatest density 

being found on the palms, soles, and forehead (Kuno, 1956). The innervation of sweat glands 

at the palmar and plantar sites is peculiar and differs from the sweat gland innervation in the 

rest of the body because it seems to be more related with emotional rather than 

thermoregulatory sweat gland activity (Kerassidis, 1994).  

The principles of electrodermal activity dates back to 1880, when psychological 

factors related to electrodermal phenomena were observed for the first time. Since that 

moment, those properties of the skin have become one of the most frequently used 

biosignals in psychophysiology. In 1966, the term electrodermal activity (EDA) was used for 

the first time to refer to all electrical phenomena related to the skin (both active and passive 

electrical properties) (Johnson and Lubin, 1966). EDA is a generic term used for defining 

autonomic changes in the electrical properties of the skin (Braithwaite et al., 2013). It is based 

on the fact that the body reacts physiologically to an external stimulus revealing affective 

fluctuations, cognitive changes, or other variations in mental state (Critchley et al., 2013). 

The physiological system responsible for EDA consists of the eccrine sweat glands, the 

sympathetic innervation from the autonomic nervous network, and the limbic-cortical 

control circuitry (Boucsein, 2012). It is one of the most sensitive indicators of responses to 

stimulus novelty (the orienting response) (Edelberg, 1993). When eccrine gland activity 

increases on the surface of the skin, the path between the energized terminal and the ground 

terminal of the EDA apparatus becomes more conductive (exhibits less electrical impedance 

to the electrical current transmitted between the energized and the ground terminals). The 

physiological changes in perspiration level result in fluctuations in electrical current that can 

be measured and quantified as EDA (Dawson et al., 2007). The eccrine gland activity, 

therefore, is a response to arousal, the generalized term describing the physiological activation 

of the sympathetic nervous system as well as its associated behaviours such as increased 

attention and readiness-to-act (Zhu & Thagard, 2002). Arousal is a process that enhances 

attention to potentially important environmental affordances and threats. While arousal can 

improve the performance of an important task, it can also represent a more general physical 

state of action-readiness, and both are identified through autonomic outputs such as changes 

in electrodermal activity (Critchley et al., 2013). Arousal can be formally separated into two 

components: tonic and phasic arousal. The former is a state of vigilance (attention) that is 

relatively constant and less responsive to a stimulus when compared with the latter. Phasic 
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arousal occurs in short durations and is more dependent upon stimulus conditions (in the 

case of haptic manipulation, the perceived arousal associated with interest in the manipulated 

object).  

Once continuities between central mechanisms and the peripheral autonomic 

responses were assessed, its fluctuations became markers of affect, attention, decision 

making, motor preparation, and other aspects of cognitive activity (Theodoros, 2014). The 

application of EDA measures to a wide variety of fields — including psychological 

assessments, police investigations, and neuromarketing — is due in large part to its relative 

ease of measurement and quantification, combined with its sensitivity to psychological states 

and individual reactions (Critchley et al., 2013). EDA has both individual and group specific 

signatures. 

 

 

Figure 12: During the late nineteenth century, autonomic responses were measured using a 

“psychometer”. Original scheme of the Electropsychometer, or bioelectronic instrument (US Patent 

2684670 by Volney G. Mathison). The earliest polygraph machine was invented by the cardiologist James 

Mackenzie in 1902 (right). This machines were aimed at detecting physical fluctuations in blood pressure 

and jugular pulse, as to determine when a person is stressed, which is supposed to be an indication of 

lying. Mackenzie's polygraph also measured the galvanic responses of the skin, and was first used in a 

criminal investigation in 1911 by the Berkeley California police department (images available under 

Creative Commons Attribution).  
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For example, it seems to differ between infants and children compared to adults (Sohn et al., 

2001). Studies have also reported a decrease in tonic level and phasic response in older 

participants, suggesting age-related physiological and psychological changes (Venables & 

Mitchell, 1996). Concerning sex differences, females in general display higher tonic levels, 

while males tend to show higher electrodermal response. These differences can be due to 

biological or cultural factors (Boucsein, 2012). 

In this survey, we studied the variation of the electrodermal activity during the 

manipulation of stone tools. The analysis of electrodermal activity is a proxy to detect 

differences in the psychophysiological responses to different tool types.  

 

3.3.2 Electrodermal device 

To record the individuals electrodermal activity variation, we used Sociograph© 

technology. It is a technical innovation that comes from electronic engineering, and originally 

arises to measure collective reactions) thanks to an electronic instrument that records the 

electrodermal activity of an individual (Figure 13) (Martínez et al., 2016). 

 
Figure 13: The electrodermal remote device (Sociograph® Technology) is wrapped around the left 

forearm, connecting two diodes at the 2nd and 3rd fingertips, and recording both tonic and phasic 

activity.  
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The device delivers a constant current and records the level of cortical activation and 

emotional responses while the individual performs an activity or is exposed to a stimulus 

(Aiger et al., 2013). The device consists of a wireless bracelet with two sensors placed on the 

index and middle fingers and a central unit that measures, records and processes the 

resistance of the skin of subjects with a frequency of 32 measurements per second. The series 

of resistors obtained is decomposed into two signals: 

 EDL (electrodermal level), which measures the tonic activity associated with 

attention or arousal. 

 EDR (electrodermal response), which captures rapid changes in resistivity and 

measures phasic activity related to emotion. 

 

3.3.3 Sample and experimental procedure 

In the first experiment, a Sociograph© device is used to record the electrodermal 

activity of the subjects of the study. There were 46 adult participants, with ages between 21 

and 65 years (mean age: 43 ± 11 years). The sample included 22 female individuals and 24 

male individuals. All of them were right handed.  

Each participant had a scheduled appointment, and participants entered the room 

one by one. At the beginning of each session, we explained the procedure and provided an 

informed consent. The task consisted in an active tactile exploration in order to perceive the 

form of some objects, and to look for a comfortable way to grasp them. We tried not to give 

unnecessary information, and participant could not see the objects, which were hidden under 

a cloth. Because the aim of the experiment was related with haptic perception, we also 

decided to blindfold the participants to avoid the visual stimulus. Before starting the session, 

the operator placed the Sociograph© device on the index and middle fingers of each 

participant. The device recorded the changes in the EDA during the whole duration of the 

session. The sample of objects consisted of 13 replicas of stone tools (7 Oldowan choppers 

and 6 Acheulean handaxes). Once a comfortable position was reached with the first tool, the 

participant informed the operator in order to move on the next object. In order to allow 

participants to become accustomed to the task, we used 4 further tools (2 Oldowan choppers 

and 2 Acheulean handaxes) at the beginning of the session. The EDA values recorded during 

the manipulation of those further 4 tools were later removed from the study.  
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We obtained the EDA values of attention (EDL) and emotion (EDR) of the 

participants during the tool manipulation. The device measures the parameters with a 

frequency of 32 inputs per second. In order to simplify the analysis, we computed the average 

value per second. 

It should be specified that the Sociograph© technology records the electrical 

resistance values, which are, in the case of EDL, inversely proportional to the values of 

attention. In this sense, lower levels of resistance will be associated with a higher degree of 

attention and therefore better predisposition to receive, analyze and respond to information. 

On the contrary, increases in resistance levels correspond to moments of lack of attention. 

In the case of EDR, the higher the mean, the greater the emotional response. 

 

 

Figure 14: Summary of the methods   
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5.1 Structure of the discussion  

In this section, the results of the surveys are discussed in the light of current 

bibliography. Firstly, the results will be quickly summarised (Figure 15). Then, the 

contribution of these results to the existing knowledge of the evolution of the human hand 

will be taken into consideration. Similarly, the results regarding choppers and handaxes will 

be discussed. Our studies will be compared with the other research and there will be analysis 

of the contribution of these results to the knowledge about stone tools. Then, human 

cognitive evolution will be considered. 

There are two principal approaches in the archaeological field that aim to shed light 

on the hand-stone tool relationship. The first relies on reconstructing the biomechanical 

capabilities and comparative tool-use abilities of fossil humans. The second examines the 

morphology of stone tools recovered from the archaeological record and interprets how 

efficiently or effectively they could have been used during cutting tasks. Both approaches 

rely on experimental analysis, using modern human subjects. The first approach relies on 

rich literature, and our results will be contextualized in section 5.3. Regarding the second 

approach, to date, studies have focused on stone tool use and production, without taking 

into account the hand tool relationship in a comfortable still position. Moreover, experiments 

aimed at recording finger flexion during lower Palaeolithic stone tool use are almost 

inexistent. It is therefore difficult to directly compare our results with previous ones. 

However, some experimental studies can give some cues to discuss our results and they will 

be presented in section 5.4.  
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Figure 15: Summaty of the results 
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5.2 The hand  

Since Darwin, it has been accepted that the hand has played a key role in primate and 

human evolution. Compared to most other mammals, primates’ hands present greater 

prehension, dexterity, and control and, among primates, humans have particularly 

pronounced manipulative capabilities (McGinn, 2015). Despite the remarkable capacity of 

the human hand, our extraordinary dexterity is not a structurally unique. In fact, years of 

research have proved that primates have relatively “simple” hands with roughly equal finger 

lengths and fewer hand muscles compared to many non-primate mammals. Already Napier 

(1956) pointed out that, in many ways, the modern human resembles primitive forms, and 

that its uniqueness is linked to evolving functions that the hand is capable of performing. 

Even if it is true that the modern human hand retains an overall primitive form in many 

respects, it has also undergone functionally significant changes that, in combination with 

associated neural and cognitive developments, enable us to perform a myriad of tasks that 

would be far beyond our ancestors and closest living relatives. Moreover, some important 

hand features have evolved in response to the habitual stresses of the hand related to 

Palaeolithic stone tool manufacture and use throughout our evolutionary history (Marzke, 

1997; Marzke and Marzke, 2000). Thanks to the new methodologies used in experimental 

archaeology, in the last ten years, researchers have been able to quantify the biomechanics of 

stone tool behaviours, and test hypotheses about modern human hand anatomy and stone 

tool behaviours. Experimental data have demonstrated that an individual’s biomechanical 

capabilities and biometric traits can impact the efficiency and effectiveness of stone tool use. 

Key and Lycett (2018) have demonstrated how the strength and dimensions of a tool user’s 

hands are correlated with the cutting performance of flake tools and handaxes, with different 

biometric traits contributing to tool efficiency in variable ways depending on the type of tool 

used. Williams-Hatala et al. (2018) further emphasizes the high muscular recruitment and 

loading required by the thumb and index finger during effective flake and handaxe use.  

Different modern methodologies have been used to study the biomechanics aspect 

of tool use and production. Technologies such as high-speed motion capture devices, in vivo 

computer-based imaging and modelling, and real time pressure sensing systems generate 

high-resolution biomechanical and functional data that document the rapid motions 

associated with stone tool behaviours. The approach we used to assess the comfortable 

grasping of Lower Palaeolithic stone tools (Cyberglove) was similar to those methods, and 

thanks to that we have been able to compare our results with previous similar studies. When 
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comparing other studies to ours, the first interesting similarity that was found is that, despite 

the complexity of the motions involved in stone tool behaviours (and the technology used 

to record them), it appears that the majority of grips are variants of the power and the 

precision grips (Napier 1956). Power grips include those in which an object is secured 

between the flexed fingers and the palm of the hand. Here the thumb acts as a buttress, 

further securing the object in the hand, though it is not necessarily the primary stabilizing 

component of the grip (Napier 1962, 1993). Other precision grips include those in which an 

object is pinched between the palmar aspects of the fingers and the pollical distal phalanx. 

In this grip the thumb plays the main supportive role (Napier 1956, 1993). These two 

typologies have been widely used to identify the majority of grips. Some years later, Marzke 

(1997) arranged the range of precision behaviours used when interacting with stone tools to 

better describe their use and production (Marzke and Shackley, 1986). According to her 

description, the palm in a precision grip is not a requirement. She also subdivided the grips 

into precision finger pinch grips in which objects are manipulated within a single hand, and  palm 

pinch grips (which involve greater contact between the object and the hand) (Marzke, 1997). 

Interestingly, humans are the only species able to apply large forces with just one 

hand during precision grips (Marzke 1997, 2009; Marzke et al. 1992). This skill is related to 

our thumb anatomy, which is responsible for a thumb-to-finger length ratio that facilitates 

full palmar contact between the digits, well-developed intrinsic and extrinsic pollical muscles 

that provide grip strength, and a large range of motion at the first carpometacarpal and 

metacarpophalangeal joints (Kuczynski, 1974; Napier, 1962; Marzke, 1992, 1997; Marzke et 

al., 1998; Tocheri et al., 2008). Because of all these factor, humans are able to guarantee a 

forceful application of precision grips (Tocheri et al. 2008). In fact, studies on experienced 

stone tool knappers showed that they tend to use the precision pinch grip during tool making 

processes (Marzke and Shackley 1986; Williams et al. 2012) and during Lower Palaeolithic 

stone tool use individuals used only the same limited number (≤4) of grips. These results are 

consistent with previous research (Marzke and Shackley, 1986, Marzke, 1997), and suggest 

that there are deep-rooted regularities in the grips used by modern humans when 

manipulating and using Lower Palaeolithic stone cutting tools. It is therefore possible that 

extinct human species with similar hand morphology to that of modern humans used similar 

types of grips of the one found in experimental studies with modern humans (Key et al., 

2018b).  
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The main difference between our studies and previous similar studies is that we do 

not study tool use or tool making. Instead, we recorded only the comfortable grasping. In 

simple terms, a comfortable grip implies a secure handling, preventing the object from 

slipping. Before going any further, it is important to indicate that different tasks may require 

completely different grasps for the same object (Murali et al., 2020), and the majority of 

stable grasps assume an end goal. When we grasp an object, we do so with a particular 

purpose in mind. For example, when we grasp a cup, we use the handle to drink from it 

though several other stable grasps exist. In our study, we asked people to grasp the stone 

tool in the most comfortable way, without thinking about its purpose. The final grasping 

would be therefore the result of the simple interaction between the individual’s hand 

morphology and the structural properties of the tool.  

Although humans perform grasping tasks naturally, studies on biomechanical 

functioning suggest that there is a limited number of joint postures for the successful 

grasping of an object. Moreover, humans spontaneously adopt the posture that guarantees 

the highest grip force compared with other possible positions (Caumes et al., 2019). During 

the comfortable handling of a stone tool, we would expect participants to adopt the grasping 

that allows the highest grip force. Grip force is higher in males than females and it is strongly 

associated with gender, age, height, and habits (Beasley, 1973). 

In our study, during the comfortable manipulation of Lower Palaeolithic stone tools, 

males and females show different patterns of phalanx flexion. In fact, males are able to obtain 

higher phalanx flexion compared to females. Intuitively, the tool-hand proportion could be 

responsible for this matter. However, hand dimension is related to the patterns of phalanx 

flexion only when the sample is pooled but when males and females are considered 

separately, the correlation no longer stands. We suppose that cultural or biological factors 

could be therefore responsible for these results. For example, the differences in grip force (a 

biological factor) between males and females could be responsible for different grasping 

strategies. As already mentioned, males have greater handgrip strength compared to females 

(Asadi, 2018). Handgrip strength is positively related with bone mineral density (Kritz-

Silverstein and Barrett-Connor, 1994; Sinaki et al., 1989; Schwarz et al., 2014), and muscle 

mass (Kallman, et al., 1990). Handgrip strength also varies as a function of developmental 

factors including nutrition, exercise, and health (Geliebter et al., 1997; Hunt et al., 1985) and 

it is strongly influenced by genetic factors (Arden and Spector, 1997; Fredericksen et al., 

2002; Reed et al., 1991). A number of studies have shown that handgrip strength is a highly 
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sexually dimorphic trait (Kamarul et al., 2006) and it is likely due to higher levels of 

androgenic hormones in males (Page et al., 2005). Therefore, we are inclined to suggest that 

handgrip strength, instead of hand dimensions, could be responsible for the different pattern 

in males and females. Key and Lycett (2011) studied the influence of biometric variation in 

the efficiency of simple cutting tools. They found that grip strength and hand size have a 

statistically significant influence on efficiency variation. In our experimental setting, the 

subjects did not perform any task, and this could be the reason why we are not able to find 

a clear influence of the hand dimensions in the grasping pattern. Despite the many degrees 

of freedom present in whole-hand grasping, in a still position, the subjects simplify the 

control of the grasping by creating fixed relationships between the forces distributed at each 

digit (Reilmann et al., 2001). Therefore, we would expect that the hand during still grasping 

undergoes a stress related with the tool weight, and that the fingers are positioned to 

maximize their contribution during the static phase.  

Regarding the individuals’ psychophysiological response during stone tool 

manipulation, females show a higher level of attention and emotion compared to males. 

Concerning the other study, male and female hand diameters do not correlate with the degree 

of electrodermal level and response and therefore sex differences in electrodermal reaction 

during stone tool handling are apparently not due to the effect of hand size or proportions. 

Previous studies have already found similar sex differences in electrodermal responses 

(Kopacz and Smith, 1971) but, at present, there is no study that could be directly compared 

with ours. The interpretation of these results is therefore difficult. Interestingly, in both 

experiments, we found sex differences, but the different hand dimensions in males and 

females are not responsible for them.  

It is possible that the same factors that are responsible for the differences in grasping 

strategies could also play a role in the electrodermal responses. For example, if the handgrip 

strength were responsible for the grasping pattern, individuals with stronger hands would 

experience less stress while individuals with weaker hand would experience a negative 

sensation related with a non-ergonomic grasping. Thus, individuals with weaker hands could 

feel uncomfortable related to tool weight (“too heavy”) and dimensions (“too big for a 

comfortable grasping”). In fact, previous studies have demonstrated that unpleasant 

emotions are associated with an increase in EDL (Frade et al., 2017). It is possible that the 

wider range of EDL responses in females (and their higher attention levels) are related to 
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uncomfortable grasping. In the next section, we will focus on the tool properties and we will 

discuss this possibility in more detail.  
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5.3 The tools  

5.3.1 Research on grasping  

Tools should be designed to minimize muscular effort and maximize grip 

effectiveness in order to increase efficiency (Pheasant and O’Neill, 1975), reduce fatigue 

(Rohmert, 1973) and prevent mechanical trauma injuries (Tichauer and Gage, 1977; 

Silverstein et al., 1986). Static hand posture has already been used as a proxy to assess comfort 

during gripping (Kong et al., 2007; Kuijt-Evers et al., 2007; Vigouroux et al., 2011; De 

Monsabert et al., 2012; Rossi et al., 2015). Among the factors that could influence the 

grasping effectiveness include handgrip strength, the contact area between the object and the 

hand and the object properties (shape size and weight). 

From an ergonomic point of view, the correct distribution of grip forces during tool 

use is a pivotal factor in order to prevent hand injuries. The strength of the hand is greatly 

influenced by the size of the object grasped (Hertzberg, 1955; Ayoub and LoPresti, 1971). 

The relationship between the handle size and the hand dimensions has a great effect on hand 

posture and grip strength, so the larger the hand length, hand width, and palm length, the 

stronger total grip strength (Kong and Lowe, 2005).  

The contact pressure between the hand and the object can be used as a predictor of 

gripping comfort (Fransson-Hall and Kilbom, 1993; Johansson et al., 1999; Kuijt-Evers et 

al., 2007). The contact area between the object and the hand influences the muscular stress 

of the hand. A grasping where the contact area is maximized provokes less stress than a 

grasping where the contact is minor (Pheasant and O’Neill, 1975).  

Very different contact forces may be exerted with the hand in the same posture, 

depending on the object that is being grasped. In fact, the dimensions of the object grasped 

are predominant factors that influence grasping. A small, lightweight object is typically 

grasped only with the index finger and thumb. An increase in object size and weight demands 

the use of more digits and a greater palmar surface area (Castiello et al., 1993). The necessary 

force to pick up an object increases linearly with object weight (Kinoshita et al., 1996).  

Regarding the dimensional properties, the object width seems to have a strong 

influence on joint postures (Chao et al., 1989; Cooney & Chao, 1977; Harding et al., 1993). 

The grip force varies according to object width and many ergonomic studies have focused 
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on the determination of the optimal object width that maximizes the grip force (Blackwell et 

al., 1999; Dempsey & Ayoub, 1996; Fathallah et al., 1991; Fransson & Winkel, 1991). The 

optimal grip width has been found to vary around 4-5 cm, depending on the posture adopted, 

the number of fingers involved, and the shape of the object (Blackwell et al., 1999; Dempsey 

& Ayoub, 1996; Fathallah et al., 1991; Fransson & Winkel, 1991). Concerning shape, elliptical 

objects require a relatively equal contact-pressure distribution on all fingers, whereas 

rectangular objects have demonstrated a contact-pressure concentration in the proximal 

region of the thumb, the tip of the index finger, and the proximal region on the palm. With 

elliptical objects, the hand can uniformly grip the object and evenly contact its entire surface 

(Rossi et al., 2015). In contrast, rectangular objects cause partial contact between the hand 

and the corners of the object and generate gaps in several places. This condition was 

considered to cause a pressure concentration on the three areas, which affects gripping 

comfort. 

 

5.3.2 Grasping stone tools 

Archaeologists often aim to assess how efficiently lithic artefacts could have been 

used by the different human species (Key and Lycett, 2017a; Marzke, 2013; Shea, 2007). 

Experimental research over the past 40 years has, for example, demonstrated that the 

characteristics and functionality of stone tools are influenced by their size, edge morphology 

and sharpness (Key and Lycett, 2014, 2015; Key et al., 2018a; Prasciunas, 2007; Walker, 

1978). It has been shown that edge curvature and regularity influence the performance of 

scraping tools (Clarkson et al., 2015; Collins, 2008), while size, edge angle and symmetry can 

influence the functional capabilities of Acheulean bifaces (Key et al., 2016; Key and Lycett, 

2017b; Machin et al., 2007). Moreover, the cutting edges of stone tools have an impact on 

how forces are distributed along this edge (Ackerly, 1978; Atkins, 2009; Key, 2016). Overall 

tool-size and shape attributes affect the ergonomic nature of the tool, how precisely it may 

be applied during cutting and how much force is required to stabilize the tool in the hand, 

as well as the length of utilizable cutting edge (Rossi et al., 2014; Seo and Armstrong, 2008; 

Toth and Schick, 2009; Wynn and Gowlett, 2018). In other words, it has been clearly 

demonstrated that some tool-form attributes can have a strong and statistically significant 

impact on a stone tool’s performance during its use and this could have had a direct impact 

on the tool users’ survival (Key and Lycett, 2017a; Shea, 2007).  
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It is important to note that in our studies, we have not investigated all Lower 

Palaeolithic stone tool variability. We have only focused on typical Oldowan choppers and 

Acheulean handaxes with standardized measurements. The tools we chose to use would 

normally be handled with the whole hand (due to their dimensions and weight). This 

arrangement was chosen to minimize the variability of the grips. Basically, we wanted to 

exclude two or three-fingers grips and only focus on whole-hand grasping. By doing this, we 

could better analyse the subtle differences between more similar grasping types.  

We chose to focus on choppers and handaxes because particular interest has been 

addressed to the reason why one type or form of stone was replaced with another (Ashton 

and McNabb, 1994; Bar-Yosef, 1998; Ambrose, 2001; Foley and Lahr, 2003; Gowlett, 2009; 

Ollé et al., 2013; Shea, 2017).  Some attempts to answer this question investigated hominin 

cognitive and anatomical capabilities (Wynn and Coolidge, 2004; Stout et al., 2008; Faisal et 

al., 2010; Pargeter et al.; 2019), the effect of ecological context for tool-use characteristics 

(Shea, 2007; Key and Lycett, 2017a), raw material economic strategies (Muller and Clarkson, 

2016), and cultural transmission mechanisms (Clark, 1987; Lycett, 2010). Moreover, it has 

been proposed that Lower Palaeolithic technological transitions are related to improvements 

in the ergonomic design of stone tools (Wynn and Gowlett, 2018). The hypotheses 

concerning ergonomics has not been directly tested yet, but the main idea is that new stone 

technologies may have come to dominate over previous alternatives because of their 

increased ease of use when held by the hand (Key et al., 2020). Even if this concept is intuitive 

and reasonable, for what regards their use, the large, bifacially flaked core tools were found 

to be a more complex and demanding technology compared with simple Oldowan flakes 

(Stout et al., 2015; Key et al., 2020). In fact, Key et al. (2021) evidenced that handaxe use is 

more muscularly demanding compared to smaller flake tools so relatively small ‘Oldowan-

like’ flake tools would have been easier to use during cutting tasks. Therefore, the occurrence 

and prolonged production of handaxes requires an alternative explanation. Functional 

advantages are still likely a primary cause underpinning the production of handaxes. In fact, 

handaxes are known to be more effective and rapid compared with flakes during heavy-duty 

cutting tasks (Toth and Schick, 2009, Galán and Domínguez-Rodrigo, 2014, Key and Lycett, 

2017b). Finally, we should also consider the potential influence of other factors (among them 

cognitive factors) in promoting handaxe production (Diez-Martin et al., 2015, de la Torre, 

2016, Key and Lycett, 2017b, Semaw et al., 2018, Wynn and Gowlett, 2018, García-Medrano 

et al., 2019, Herzlinger and Goren-Inbar, 2020). 
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In our survey, we found that choppers and handaxes have different patterns of 

phalanx flexion, with the former requiring less flexion than the latter. In the middle, ring, 

and little fingers, this difference is more evident than in the index finger. Among choppers, 

the variability of the pattern of phalanx flexion is mainly related with the flexion of the middle 

finger. Among handaxes, the variability of the pattern of phalanx flexion is mainly related 

with the little and ring fingers. The maximum dimensions of the tools are responsible for the 

grasping patterns. For choppers, only maximum length is a suitable predictor, while for 

handaxes also the maximum thickness and width can predict the pattern of flexion. In the 

sample that we used, handaxes are longer and thinner compared to choppers. Clearly, 

handaxes require more phalanx flexion because they are normally thinner than the choppers 

and with a more elongated shape and an approximate bilateral symmetry around the long 

axis (Gowlett, 2013). From a technological point of view, cutting objects such as handaxes 

benefit from their elongated shape because this means a longer working edge and application 

of work at a greater distance from the body (Gowlett, 2013). But this explanation alone is 

insufficient.  

In an experiment with cylindrical objects with diameters varying from 3 to 6 

centimetres, it was found that finger flexion at the metacarpophalangeal and proximal 

interphalangeal joints gradually increase as cylinder diameter decreases. Moreover, total 

finger force increases as cylinder size decreases (Lee and Rim, 1991). It is plausible, therefore, 

that the thinner shape of handaxes guarantees stronger handgrip compared to the thicker 

shape of the choppers. Moreover, in our sample, the difference in the thickness at the base 

(where tools are normally grasped) between choppers and handaxes is evident (chopper 

average thickness at the base= 4.33 cm; handaxe average thickness at the base=3.43 cm) and 

becomes even more evident in the upper parts.  

Interestingly, as already mentioned, the optimal grip width which maximizes the 

handgrip strength has been found to vary around 4-5 cm in diameter (Blackwell et al., 1999; 

Dempsey & Ayoub, 1996; Fathallah et al., 1991; Fransson & Winkel, 1991). Even if the 

variability of lower Palaeolithic stone tool size and shape is huge, in this survey, we used 

artifacts with “standardized dimensions” (Emery, 2010). Therefore, at least in our sample, 

the stone tools have dimensions that should allow optimal grip strength and a comfortable 

grip. Obviously, handaxes and choppers are not cylinders and the previous sentence has to 

be taken with caution. We can presume that choppers or handaxes with the same average 

maximum length and width as ours, but with a thickness that is greater than 6-7 centimetres 
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and less than 3-4 centimetres should be less comfortable than tools belonging to the optimal 

range. However, this consideration is mere supposition which would a need specific 

experiment to be proved.  

Kong and Lowe (2005) studied the grip force on cylinders with a diameter between 

2.5 and 5.0 centimetres and the relationship between perceived comfort, finger and phalange 

force distribution, and electromyography efficiency of finger flexor and extensor muscle 

activity. The total finger force, which is defined as the sum of all phalangeal segments, 

showed a significant inverse relationship with handle diameter as the fingers were more 

extended to grasp larger handles. The forces imposed by the middle finger and distal 

phalanges were always significantly higher than those imposed by the other fingers and 

phalanges, respectively. In addition, the contributions of the middle finger and distal 

phalange to the total finger force were increased as the handle diameter increased. Curiously, 

we found that the variability between choppers and handaxes is particularly influenced by 

the flexion of the middle fingers and that, among choppers, the proximal phalange is 

responsible for almost the whole variation of the grasping pattern. Nevertheless, we did not 

find any direct correlation between the way choppers are grasped and any measure besides 

chopper length. It is possible that the importance of the middle finger during chopper 

manipulation is related to the required force to produce optimal grasping. However, different 

studies (e.g. electromyography) would be necessary to prove this hypotheses.  

Regarding handaxes, in our study, the variability of the grasping pattern is mainly due 

to the amount of flexion of the last three fingers, and it is related with object width. When 

handling wider handaxes, finger flexion is minor compared to the narrower.  This pattern is 

pretty intuitive but curiously it is not present in choppers.  

While, we found, handaxe morphological changes are related to an adjustment of 

finger flexion in order to maximize the contact between the object and the hand, regarding 

choppers, there are morphological constraints that do not permit this adjustment. Clearly, 

this preliminary observation requires more future research to establish the specific restrains 

that do not allow this adjustment.  

The above-mentioned results could also shed light on the psychophysiological 

responses experienced by the subjects. When compared with choppers, handaxe tools require 

longer manipulation time. Handaxe morphology (in particular their width) allow a finger 

adjustment to obtain optimal grasping. This is not also the case for choppers. Therefore, it 
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is possible that the tools that allow an adjustment could require more time to find a 

comfortable position compared to tools that do not permit morphologically-related 

adjustments. Handaxes need more time to be comfortably grasped because of their 

morphology which requires longer haptic exploration.  

Concerning emotion and attention, compared to neutral or positive stimuli, a 

negative stimulus or unpleasant sensation exerts significantly higher averages of both 

responses. Among the tool variables that we correlated with the psychophysiological 

responses, weight is the only one that strongly influences both attention and emotion. In 

other words, the heavier the object the higher the attention and the emotion. The two 

technological groups that we used in our experiment do not differ in average weight (both 

handaxes and choppers have an average weight of 0.5 kg). Therefore the correlation is not 

biased by tool type. Therefore, there is a real correlation between tool weight and 

psychophysiological responses.  

Also tool length, width and thickness correlate with one or the other responses. 

However, due to the collinearity between these factors with tool weight, we are inclined to 

think that weight is the main factor responsible for the changes in electrodermal activity. If 

this were correct, we could suppose that heavier tools are less comfortable during stone tool 

handling and therefore less ergonomic. Jones (1980) carried out a series of butchery 

experiments using various stone tools. He assessed that handaxes are more efficient than 

small plain flakes for most butchery tasks due to their weight, their long cutting edges, and 

the ease with which such tools can be held in the hand. Merrit and Peters (2018) also 

confirmed that bigger and heavier flakes were better for processing meat. Terradillos-Bernal 

and Rodríguez (2012) highlighted the importance of weight and cutting edge in cutting tasks, 

and proposed a model to determine the relationship between these factors and tool 

efficiency.  
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5.4 F ina l considerations and lim itation of the study 

 

The surveys presented here are attempts to shed light on the hand-stone tool 

relationship. Many studies have already investigated the biomechanical aspects of tool 

making and tool use. However, to date, the ergonomic aspects have not been considered. 

We used an experimental approach, to study finger flexion and the psychophysiological 

responses during stone tool comfortable handling. We found interesting differences between 

both, males and females and choppers and handaxes.  

Regarding sexual differences, we expected that hand metrics would be responsible 

for the variability of grasping. In other words, we expected that regardless of the individuals’ 

sex, individuals with similar hand dimensions would display similar flexion patterns. Our 

results reject this hypothesis and future studies should focus on the reason behind these 

differences. In fact, it would be interesting to prove if hand strength is responsible for the 

pattern of finger flexion.  

The data glove has been shown to be a useful instrument to study the biomechanics 

of the hand during stone tool manipulation. The difference between the grasping of choppers 

and handaxes were expected. The two tool types differ in many dimensional factors that have 

an impact on finger flexion during comfortable handling. Future studies will consider other 

Lower Palaeolithic tool types with more diverse shape and dimensions. Tool use and tool 

production are different tasks compared to the simple handling of a tool. The grasping 

pattern during these activities should be evaluated. 

Mental activity  is  structured  by  dynamic  interactions  between  the  brain,  body,  

and  environment  (in both  a  physical  and  social  sense). Humans find support in the 

external world through tools that become part of our cognitive and bodily capacities. There 

are several ways in which we can determine whether an artefact can form part of an extended 

mind process (Newen et al., 2018).   

The electrodermal survey confirmed that the metric aspects of a stone tool influence 

the psychophysiological response.  According to Material Engagement Theory (Malafouris, 

2013 – section 1.1.2), structural changes or discontinuities in the archaeological record can 

reveal underlying evolutionary changes or discontinuities in the cognitive relationships 

between humans and material culture. Following the material engagement approach, stone 
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tools are not a mere output of cognitive processes but they constitute (or participate in) at 

least some of the cognitive processes involved in the process of tool use. The changes in 

emotion and attention related with stone tool metrics show how humans perceive object 

properties, and we could infer that Lower Palaeolithic  stone tool users underwent similar 

alterations related to tool shape, weight and metrics. 

The main limitation of this study regards the use of modern humans to make 

inferences on Lower Palaeolithic stone tool users. At biomechanical level, the main problem 

is related to hand musculature. The muscle structure of the hand is a pivotal factor for tool 

grasping and use, and we lack information for fossil species. At psychophysiological level, 

the main problem is due to the fact that modern humans live in a hyper technological 

environment that profoundly changed our cognition and the way we interact with an object. 

This is the main reason why we chose not to study stone tool use or production, but we just 

limited the surveys to the ergonomic aspect of handling. 
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5.5 Future studies 

Despite the increasing interest in ergonomic topics, it is clear that basic 

biomechanical information about the ergonomics of stone tools is still lacking. Before going 

any further with the application of new technology to the study of stone tools, a better 

understanding is needed regarding the ergonomics and functional relationship between the 

hand and stone tools. Therefore, in the future, it is important to assess which grasping 

strategies are most effective during stone tool use and production. Grasping strategies are 

related to the stress suffered by the hand, and the most effective, stress-reducing manual 

behaviours need to be highlighted because of their impact on the tool users’ survival. It is 

important to evaluate the contribution of hand strength and experience to stone tool use and 

production. The influence of individuals’ variability on the success of a task has pivotal 

evolutionary significance and needs to be evaluated. Differences between novice and expert 

toolmakers have already been assessed (Geribàs et al., 2010; Baena et al., 2019), 

demonstrating that we can deduce the presence of particular models of social production 

and learning processes during the Lower and Middle Palaeolithic (Torres and Baena, 2020). 

It is also important to look into which grasping types are the most used during stone 

tool use and production. Besides the lack of information on the grasping strategies during 

stone tool use, there is also a general confusion concerning how this information is presented. 

In fact, a reorganization of the variability of stone tool grasping behaviour would be very 

useful. 

Finally, individuals’ psychophysiological aspects should be considered. An ongoing 

work is measuring three psychometrics traits: haptic abilities, spatial ability to mentally rotate 

solid figures and spatial visualization. The individuals’ abilities will be related to grasping 

patterns in order to highlight a correlation between cognitive aspects and manipulative 

aspects. 
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6. Conclusion 

 There is no patent evidence which suggests that hand size can determine tool 

grasping in the two sexes. Differences in the degree of finger flexion between males 

and females are therefore also due to aspects other than hand size. We suggest that 

handgrip strength could be responsible for the differences given that it is strongly 

related to sex and grasping strategies. 

 Choppers and handaxes show differences in finger flexion and in the single 

finger contribution to comfortable grasping. Handaxes allow flexion adjustment 

according to their shape, while choppers do not. Therefore, we suggest that choppers 

are less ergonomic tools than handaxes. We also propose that (due to their general 

dimensions) Mode 1 large unretouched flakes are more comfortable than choppers.  

 Handaxe morphology allows the adjustment of finger flexion and therefore it is 

maximizes the contact between the object and the hand. In choppers, there are 

morphological constraints that do not permit maximization. Therefore, we suggest 

that the use of choppers is less ergonomic and could produce more hand stress when 

compared to handaxes.  

 Emotional engagement and haptic cognition are part of a specialized prosthetic 

technological capacity of modern humans and can provide indirect evidence of 

cognitive discontinuities in the archaeological record. There are subtle but detectable 

perceptual differences when handling Oldowan and Acheulean stone tools. Tools are 

intimately tied to human cognitive processes. The properties of stone tools (like 

weight and dimensions) might have had an impact on initial development of the 

cognitive machinery of the prehistoric stone tool makers.  
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 Differences in electrodermal reaction during stone tool handling between males 

and females are probably due to biological or cultural influences. Hand size does not 

influence the degree of arousal or attention during tool exploration, suggesting that 

other factors trigger individual reactions. These results add to a general cognitive 

approach on hand-tool evolution and tool sensing.  

 Variations associated with hand-tool interaction provide information on haptic 

and prosthetic capacities associated with our specialized technological resources. 

Perceptual changes in the archaeological record can reveal evolutionary changes in 

the corresponding body-tool cognitive mechanisms. The features that trigger an 

electrodermal reaction are the general tool size (a spatial issue), the tool weight (a 

gravitational issue), and the morphology of the tool base (a grasping issue). Such 

electrophysiological responses are supposed to be associated with cognitive brain-

body feedback, and possibly with those sensing capacities that support a good 

prosthetic ability. 
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