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Abstract 
The emergence of the human mind is a core problem in human evolutionary studies, 

and many attempts have been made to describe the pattern of emergence, to characterise 
how it is distinctive from other forms of cognition, and to determine how and why it evolved. 
It is now evident that the African Middle Stone Age (MSA) is the context in which many key 
elements developed or came together, for this is the period in which both anatomical and 
behavioural modernity can first be identified. And yet, there are many unsolved problems. 
While the MSA is the setting for the first modern human behaviours, many of those 
behaviours are shared with Eurasian and African archaic hominins, suggesting either 
convergence or a deep shared ancestry. The MSA is also a period of at least 300 Ky, with 
both long periods of continuity and the recurrent appearance of novel traits, and the pattern 
does not match particularly closely with the evidence for the origin of anatomical 
modernity. In this paper we review the evidence for cognitive and behavioural evolution in 
the context of the African MSA, and draw the conclusion that a more sophisticated way of 
measuring human cognition across this period is required. We introduce the variable 
cognitive state model as a means of achieving this, and consider how it might be applied to 
the archaeological evidence. 

 

Introduction 
The modern human mind reflects the cumulative evolution of mental abilities along 

one hominin lineage, and key traits can be traced deep into our past through to ancestral 
species. But at some point in that past people thought like us – the universal mind of hunters, 
fishers and gatherers, of families, of externalized group identities, of different languages. 
The material expression of that mind is in the African Middle Stone Age (MSA). The MSA 
is the prehistoric technology manufactured by the first modern humans in Africa (Fleagle et 
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al., 2008; Mirazón Lahr & Foley, 2016), and the technological background for the expansion 
of modern humans out of Africa (Foley & Mirazon Lahr, 1997; Mirazon Lahr & Foley, 2003; 
Rose et al., 2011; Groucutt et al., 2015; Clarkson et al., 2017). Yet, the MSA is not exclusively the 
material product of modern humans, which together with major uncertainties about the 
timing and structure of our lineage in Africa, makes attempts at mapping what must have 
been some of the most significant cognitive changes in the course of hominin evolution 
extremely challenging. This paper aims to discuss the conceptual and methodological 
challenges posed by the Middle Pleistocene African hominin and archaeological records, 
and explores how we can improve the visibility of cognitive evolution in recent hominin 
evolution. 

Exploring the complexity of evolving the human mind resonates with the 
contributions of Gowlett to the study of early hominin cognition, particularly in relation to 
the makers of the Acheulean technology (Gowlett, 1984, 2014, 2015; Crompton & Gowlett, 
1993; Gowlett & Crompton, 1995). One major link is that new data on the age of the genetic 
roots of the African sapiens lineage, of early MSA sites and potentially of a modern 
morphology have chronologically extended the ‘origins of modern humans’, and thus 
brought it closer to the Acheulean. Indeed, some might even argue that the late Acheulean 
is, in fact, the behavioural context where we should be seeking answers. The second is that 
the shift from archaic to modern humans clearly involves a cognitive change, and that the 
primary source of information that might signal any change – or multiple changes – would 
be the record of stone tools, and Gowlett has long been a pioneer in the principles and 
methods by which cognitive states can be inferred from technology (Gowlett, 1984, 2010; 
Dunbar et al., 2010; Gamble et al., 2011). Finally, Gowlett himself (Gowlett, 2009) identifies 
three revolutions in prehistory – one in the early phases of the evolution of the genus Homo 
(the basic human socio-cultural-economic package) (2.6 – 1.6 million years ago [Ma]), a 
second, silent one (large brains and language) between 1.5 and 0.5 Ma, and a third one 
(sapiens intensification) in the last 100 Ka. Here we examine the one on which he is himself 
silent – between 500,000 and 100,000 years ago (Ka).   

The African record between 500 and 100 Ka 
Advances in ancient genomics have extended the estimated age of the last common 

ancestor of modern humans and the Neanderthal-Denisovan clade to an African population 
at ~500-700 Ka (Meyer et al., 2012; Prüfer et al., 2014; Mendez et al., 2016; Posth et al., 2017). 
This age is consistent with recent simulations of the virtual ancestral morphology between 
the two clades (Mounier & Mirazón Lahr, 2016), but finds no clear reflection in the African 
Middle Pleistocene record. The latter suffers from a limited sample of hominin fossils and 
chronological uncertainty. Is the matter one of poor fossil preservation and chronological 
resolution? Available data suggest no. Major advances in the dating of key sites and fossils 
have taken place in the last two decades through the refined correlation between volcanic 
tephras and palaeoanthropological strata (Deino & McBrearty, 2002; Brown et al., 2012; Sahle 
et al., 2014), the increasing use of luminescence dating techniques (Duller et al., 2015; Dirks et 
al., 2017a; Richter et al., 2017), and the application of Uranium Series dating to fossil remains 
(Grün, 2006; Aubert et al., 2012; Richter et al., 2017). These new dates place the beginnings of 
the African MSA (Tryon et al., 2005; Sahle et al., 2014; Richter et al., 2017; Potts et al., 2018) and 
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fossils with a mosaic of modern and non-modern traits (Hublin et al., 2017) at ca. 300 Ka, 
while the earliest specimens formally assigned to H. sapiens – despite retaining some 
primitive traits – occur after 200 Ka  (McDougall et al., 2005; Fleagle et al., 2008). They also 
establish the contemporaneous presence of non-modern hominins, ranging from singularly 
distinct forms, such as Homo naledi (Berger et al., 2015; Dirks et al., 2015) to fossils that most 
probably represent populations along an evolving sapiens lineage, such as Florisbad (Grün, 
2006). Thus, the emerging picture is one in which two of the key features of modern human 
evolution – the manufacture of MSA artefacts and the evolution of a derived anatomy 
universal in living humans – post-date by hundreds of thousands of years the establishment 
of the ancestral sapiens African genetic lineage in the early Middle Pleistocene. This pattern 
is further challenged by recent genomic studies of recent and contemporaneous African 
populations, which suggest that the last common ancestor of all living humans also dates to 
ca. 300 Ka (Schlebusch et al., 2017), thus like the MSA, also pre-dating the age of the fossils 
that show unique human derived morphological features. Equally fascinating, and taking 
us beyond the end of the Middle Pleistocene, the persistence of the MSA (Scerri et al., 2017) 
and what are considered archaic anatomical features in the fossil of Iwo Ileru (Harvati et al., 
2011) in West Africa into the Pleistocene-Holocene transition, together with evidence for 
archaic genomic introgression into some West African populations (Hammer et al., 2011; 
Lachance et al., 2012; Skoglund et al., 2017)  pose questions about population history and 
structure within the continent, as well as the definition of ‘modernity’.  

This rapidly changing landscape for the evolution of modern humans in Africa raises 
a number of major questions that impinge on any attempt at reconstructing the processes 
that led to cognitive change in our ancestry. Among these, the role of the MSA as the 
expression of modern human behaviour, and ultimately the human mind, is key. 

The African MSA 
The MSA is a long phase of contrasts – it persists in a recognizable form for over 300 

Ka, and yet displays enormous variation; it is technologically stable, and yet shows evidence 
of remarkable behavioural innovations; it occurs in every habitat in Africa and through 
multiple warm/wet and cold/dry phases; it is associated with both phenotypically non-
modern and modern hominin species; and much of it is shared with the technology of 
Neanderthals. Yet, it is a fascinating phase, and one that is thought to reflect a significant 
technological and cognitive change in human evolution (Clark, 1989; Foley & Mirazon Lahr, 
1997; Mirazon Lahr & Foley, 2001; Wynn, 2009; Barham, 2010). Here we focus on two 
questions – 1. Is the MSA a ‘definable’ entity with an identifiable beginning and end? and 2. 
What is the nature of the variation and diversity that occurs within these limits? 

 

Timing of the MSA 

In 1965, when Clark wrote his seminal paper on the Late Pleistocene cultures of Africa 
(Clark, 1965), he placed the earliest MSA at ~50 Ka. Now, ages of ca. 300 Ka are generally 
accepted - the earliest dated MSA sites are Kalambo Falls, Zambia (>300 Ka; (Duller et al., 
2015)), Jebel Irhoud, Morocco (~ 300 Ka; (Richter et al., 2017)) Gademotta, Ethiopia (~287 Ka;  
(Sahle et al., 2014)), Kapthurin, Kenya  (~280 Ka; Tryon et al., 2005), Twin Rivers, Zambia 
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(possibly 265 Ka; (Barham & Smart, 1996) and Benzu Cave, Morocco (~250 Ka; (Richter et al., 
2017)). The geographical distribution includes north-western, eastern, and southern Africa. 
However, to reach a consensus on the earliest occurrence of the MSA it is necessary to 
establish its diagnostic features.  

‘Middle Stone Age’ was the name given by Goodwin and Van Riet Lowe in 1929 to 
archaeological assemblages in South Africa that lacked both the typical tools of the Early 
Stone Age (ESA) and Later Stone Age (LSA), such as handaxes and microliths (Goodwin & 
Lowe C. van Riet, 1929). This early definition emphasises the fact that the MSA lacks 
ubiquitous diagnostic tools as found in the ESA or LSA. While this remains the case, and is 
indeed one of the most interesting aspects of the MSA, researchers recognise a few 
technological features that, even if not universal to the MSA, occur in such a majority of 
cases as to be considered typical of the industry. These are core preparation (Mode 3 
technology, or the pre-determination of the shape of the target flake (Clark, 1965)) and, as a 
proxy, flake platform faceting (Leakey, 1931; Cole, 1954) . This is not unproblematic because 
platform faceting can occur as an un-intentional by-product of reduction of unprepared 
cores (van Peer, 1992), because a form of core preparation can be found in the ESA, and 
because the variability in preparation techniques within the MSA is significant and 
interesting (Porat et al., 2002; Tryon, 2006).  

Core preparation has been shown to be part of the technological repertoire of the 
distinctive South African ESA industry known as the Victoria West (Backwell & d’Errico, 
2001; Kuman, 2001; Wilkins et al., 2010; Li et al., 2017). Analyses of Victoria West cores 
demonstrate that they were made using standardised core preparation reduction strategies 
that match Boëda’s definition of the Levallois volumetric concept (Boëda, 1995; Sharon & 
Beaumont, 2006; Li et al., 2017). However, they also show that they are distinct from MSA 
cores in form, predominance of a particular flake removal strategy, size and intended output 
(flakes for large cutting tools), and that they represent a relatively small percentage of the 
range of cores within Victoria West industries (Li et al., 2017). While there is no continuity 
between the South African Victoria West currently dated between 1.1-0.8 Ma and the MSA 
found across Africa at 300 Ka, what this shows is that aspects of one of the key characterising 
features of MSA industries – the preparation of a core to standardise flake production – were 
part of the technological repertoire of some elements of the ESA.  

This problem is in fact two problems. The Victoria West and other assemblages 
showing core preparation embedded in the Acheulean are a question of the deep roots of 
the MSA, and whether these are monophyletic. The mirror of this is the persistence of hand-
axes and cleavers into time periods when the MSA is well established – for example, the 
persistence of handaxes/cleavers in Ethiopia until ~212 Ka (De La Torre et al., 2014), some at 
Kibish ~195 Ka (Shea, 2008), some at Sai island between 223-150 Ka (Van Peer et al., 2003) and 
some at Herto (Clark et al., 2003). The question is whether these late occurrences represent 
an independent persistence of the Acheulean alongside the MSA, or some form of braided 
development of the two technologies over time.  

While a better definition is needed, the roots of the MSA are clearly to be sought in 
the diversity of the late Acheulean. We would further argue that the ‘traits’ that may provide 
diachronic information on evolutionary patterns and cognition are not broad technical 
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categories, such as core preparation, but variance and innovation within its particulate parts 
– mode and direction of flake removal, intended product, etc. – in other words, the variable 
state of disaggregated aspects of technology.  

Notwithstanding the challenges in drawing a boundary between the late Acheulean 
and the early MSA, and thus in establishing its roots, few would dispute that the MSA is an 
entity in African prehistory that existed from at least ca. 300 Ka, one which includes North 
Africa (Scerri, 2017), and that is dominated by a particular form of prepared core techniques. 
The broad contemporaneity and wide spatial distribution of the earliest generally 
recognised MSA sites may reflect its independent origins in regional Acheulean traditions 
across northern, eastern and southern Africa, their relative synchrony resulting from a 
convergent functional response to resource pressure; alternatively, the MSA may have a 
single localised origin in a regional Acheulean tradition (of uncertain time-depth), and its 
synchronic appearance in the record after ca. 280 Ka be the signature of a pan-African 
dispersal during the warm Marine Isotope Stage (MIS) 9 interglacial. Further studies will 
clarify much of the present uncertainties, but whatever the resolution, the chronology of the 
MSA will remain significantly extended in relation to its original conceptualisation.  

At the other temporal end, the disappearance of the MSA is also complex. The 
transition between the MSA and Later Stone Age (LSA) was generally thought to have 
occurred <25 Ka (Klein, 2009), largely based on stratified cave sites from South Africa. 
However, recent excavations and dating programmes have established the presence of LSA 
industries between 44-41 Ka at the South African sites of Border Cave (Villa et al., 2012) and 
Rose Cottage Cave (Pienaar et al., 2008), with suggestions that the transition may have 
started as early as 56 Ka (Villa et al., 2012). These earlier dates are consistent with those from 
Enkapune Ya Muto in Kenya (Ambrose, 1998) and Goda Buticha in Ethiopia (Leplongeon, 
2014; Pleurdeau et al., 2014) although evidence from Mumba, Tanzania, suggests a much 
earlier technological shift in eastern Africa at 65 Ka (Gliganic et al., 2012). Other dates in 
equatorial Africa have wide margins of error, but there are good grounds for placing the 
earliest LSA before 30 Ka (Matupi Cave (Zaire), Shum Laka (Cameroon), Kisele II, Nasera, 
Olduvai (Tanzania), and Prospect Farm, Lukenya (Kenya)). Yet, dates for the youngest MSA 
in certain areas, such as at the sites of Affad, Sudan, and Ndiayène Pendao, Senegal, are as 
young as 15 Ka and 11 Ka (Osypiński & Osypińska, 2016; Scerri, 2017; Scerri et al., 2017) 
Together with evidence for multiple transitions (e.g. Mumba and Border Cave (Diez-Martin 
et al., 2009; Villa et al., 2012) and the persistence of MSA elements in local Holocene traditions 
(e.g., Goda Buticha (Pleurdeau et al., 2014))), the diversity of dates for the MSA/LSA transition 
across Africa indicates that there may be much greater demographic complexity underling 
the relationship between the two industries, with the technology changing intermittently, 
locally and adaptively. Thus, the raggedness of the end of the African MSA suggests that its 
disappearance is likely to be evolutionarily and cognitively irrelevant. 

 

How dynamic is the MSA? 

The preceding ESA/Acheulean tradition has been (possibly unfairly) characterised as 
showing little geographical or temporal variation, and the MSA in contrast has been seen as 
more dynamic. Two elements are important here. The first of these is that the MSA displays 



6 

 

significant and regular patterns of sub-continental spatial variation in lithic assemblages for 
the first time in prehistory, both typologically and technologically (Clark, 1992). This has 
been used to argue for the beginnings of regional and ultimately group identity, a significant 
element of later human social and cultural organisation. Some 50 taxonomic units have 
been named within the African MSA (Clark, 1965; Klein, 2009), mostly based on regional 
variation in technology and typology. More recent studies have suggested that there is 
evidence for population structure across the northern half of the continent during the MSA 
(Scerri et al., 2014). 

How much of that regional variation is also chronological is uncertain, but there is also 
strong evidence for considerable change during the course of the MSA. One aspect of this is 
that some MSA traditions are relatively short-lived, and so there is a pattern of rapid change 
(primarily observable in lithic technology). The best documented examples are the Stillbay 
and the Howieson’s Poort, two very distinctive South African MSA Upper Pleistocene 
variants, which have been shown to be short-lived episodes of ~5,000 years duration (Jacobs 
et al., 2008a; Jacobs & Roberts, 2017). Even if a longer chronology for these two industries is 
accepted (Tribolo et al., 2013; Feathers, 2015), it still depicts a dynamic process of change 
within the MSA, which is reflected not only in the lithic industries, but also in hunting 
technologies (Wadley, 2010b). In North Africa, the emerging temporal boundaries of the 
Aterian also suggest fluctuating demographies and adaptations (Barton et al., 2009; Scerri, 
2012). So rather than a static picture, the evidence suggests the MSA was dynamic and 
adaptable, encompassing longer-term trends and patterns, as well as punctuated localized 
traditions. These are identifiable by distinctive traits, many of which also suggest that some 
previously considered important innovations were instead ephemeral (Jacobs et al., 2008b; 
Jacobs & Roberts, 2017), making their dynamics or instability itself a focus of interest.  

The dynamism of the MSA is expressed in the appearance of novel behaviours, often 
associated with the emergence of ‘modern human behaviour’, cumulative culture, and 
symbolism. Some of these behaviours include: 200 Ka+: presence of ochre (Barham, 1998), 
microliths (Barham, 2002); 160 Ka: a polished child’s skull (White et al., 2003)39, indicating 
preservation and prolonged carrying; 130-80 Ka (including the Levant): perforated shell beads 
(Henshilwood, 2004; Vanhaeren et al., 2006; Bouzouggar et al., 2007; d’Errico et al., 2008); 75-
60 Ka: delicate pressure flaking (Mourre et al., 2010); incised objects (ochre, ostrich eggshell) 
(D’Errico et al., 2001; Texier et al., 2010). In some cases, the function of particular innovations 
may be unclear – for example, whether the use of ochre was for mastic in hafting (Lombard, 
2007), or for pigmented decoration (Watts, 2002); in others, the novelty is thought to have 
led to increased or more demonstrable use – hafting of points being a classic example 
(Wilkins et al., 2012) and the production of compound adhesives that gave stability to the 
hafted products (Wadley, 2010a); while others have very significant implications – for 
example, the evidence that microliths were used in composite tools that are most likely to 
indicate the early (70 Ka) presence of bows (D’Errico et al., 2012a). It has also been argued 
that the MSA shows evidence of more complex hunting practices (Clark & Plug, 2008), and 
the first systematic use of aquatic resources (Marean et al., 2007), the latter representing a 
shift towards defendable, dense and predictable resources that led to greater territoriality, 
inter-group conflict and hyper-social behaviours (Marean, 2016). These innovations often 
cannot be interpreted in a simple linear manner – for example, microliths may appear >250 
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Ka, but they do not occur again until about 75 Ka – so that while there may be directional 
change during the MSA, there may equally be stasis interrupted by periods of rapid change, 
as well as multiple trajectories of change. Thus, although individual data may be sparse, the 
overall signal is strong – hominins and humans were changing their behaviour and 
expressing those changes in the MSA record.  

 

The 300 Ka threshold 

The brief discussion of the African MSA above highlights the tension between the 
evidence for an extended process that establishes behaviourally and anatomically modern 
humans in Africa and beyond (Mirazón Lahr, 2016; Stringer, 2016), and the potential 
existence of one or more thresholds during that process indicative of major changes in 
biological and behavioural organisation. On the one hand, ~300 Ka is a major temporal 
threshold, from which time direct genetic ancestors of living humans are found in Africa 
and MSA industries become the technological context for behavioural change; on the other, 
the evidence suggests that substantial morphological, behavioural, and cognitive change 
occurs in the subsequent 300,000 years, with periods when these changes are diffused 
geographically through population expansion and dispersals, and others when the 
innovations are localised, and often short-lived (Table 1).  

The process covers too great a temporal range to be treated as an archaic to modern 
cognitive threshold, as it is also too complex to be treated as a simple or single transition. 
This complexity raises questions of convergence and independent trajectories, unknown 
ancestral conditions, and mosaic evolution over long periods of time, all of which make 
attempts at understanding the evolution of the human mind even more challenging. 

 

Table 1 here 

 

Cognitive evolution, the MSA and modern humans 
The brief discussion above highlights the fact that a number of the foundational 

elements of humanity came into place in Africa after 300 Ka, during the African MSA. While 
the spatial and temporal dimensions of this process require empirical progress, it is also 
necessary to have a more complex set of models of hominin cognitive evolution, ones that 
should make it easier to read the signals of the archaeological and fossil records.  

The ‘out of Africa’ model had the positive impact of focusing attention on the 
evolution of the human mind as a critical part of the process of becoming human (Davidson 
& Noble, 1991; Klein, 1992; Mithen, 1997). It is generally agreed that the material record, 
including the innovations associated with the MSA discussed above, reflects behaviours 
generated by unique cognitive capacities operating in a cultural and environmental context. 
New cognition generates new behaviours, and indeed new ways of generating behaviour 
(cumulative culture) - an individual ‘does something’ (e.g. makes a flake), which involves a 
cognitive mechanism that generates the behavioural outcome. That mechanism will 
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comprise both innate biological cognitive traits and learning potentials derived from the 
demographic, social and cultural environment. The motivation for the behaviour will derive 
from a particular want or need, and so is shaped by environmental (including the social and 
cultural environment) or ecological circumstances. The flake, in this case, is therefore a 
product of the interaction of internal cognitive processes and external factors. 

Although the application of theories of cognitive evolution to the problem of modern 
human behaviour opened interesting new avenues of research (Vanhaeren & d’Errico, 2006; 
Krause et al., 2007; Wadley, 2013; d’Errico & Backwell, 2016), it also tended to throw into sharp 
contrast the differences between modern humans and archaic hominins (epitomized by the 
debate over the Middle to Upper Palaeolithic transition in Europe) (Mellars, 1991, 2005; 
d’Errico et al., 1998; Zilhao, 2006). This paradigm of ‘archaic vs modern’ has shaped the 
nature of the cognitive, cultural and behavioural models proposed, most of which 
emphasise a sharp change between the old and the new. As stressed in the previous section, 
the complex pattern and extended process of the evolution of humans and its African MSA 
context must imply that such a binary view of hominin cognition is inappropriate. How, 
though, can one avoid the trap of dividing the cognitive world into the ancient and modern? 

 

Models of cognitive evolution 

Current models of human cognitive evolution have focused on a number of aspects, 
of which five are relatively well-established in the literature. These are fluid, cross-domain 
cognition (Mithen, 1996), cumulative culture (Tomasello, 1999), symbolic thought 
(Henshilwood, 2002), language (Davidson & Noble, 1991) and enhanced working memory 
(Coolidge et al., 2013). Each of these has been identified as a key element of the modern mind. 
For example, ‘symbolic thought’ has often been seen as a trait of modern humans (with 
debate as to whether other hominins may have been capable of symbolic thought), and 
inferred from such things as the decorative use of ochre (Henshilwood et al., 2009). In the 
past, ‘culture’ was also seen as an attribute of being human, but with the growth of evidence 
for culture in other animals, emphasis is now on ‘cumulative culture’, the capacity to build 
cumulatively on existing socially-learnt behaviours (sometimes referred to as the ratchet 
effect) (Tomasello, 1999). Cumulative culture is described as a distinguishing, if not unique, 
feature of modern humans (Boyd & Richerson, 1996). Perhaps the most widely used of all 
cognitive aspects is language,  often seen as the fundamental basis for many other features 
– learning, social co-operation, planning and organisation – and certainly as a pre-requisite 
of modern human behaviour.  

What these elements of ‘modernity’ share is that they are complex, made up of many 
components; however, they are usually bundled together conceptually. Culture, for 
example, is in many formulations, a set of traits (teaching, social learning, material culture, 
imitation, innovation, etc.), and the concept is ultimately a shorthand for those traits coming 
together. However, as a compound concept, it is also difficult to operationalize – seeing 
culture in a stone tool is virtually impossible. Furthermore, the component attributes that 
constitute the compound concept may, in the past and in other hominins and populations, 
have been bundled together in different ways, or with only a partial set of the components. 
There is no reason why such compound concepts cannot be disaggregated and made more 
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operationable (Foley, 1991), and indeed studies that disaggregate the manufacturing 
components of an artefact provide major insights as to the underlying behaviours and 
cognitive capacities (e.g. (Wadley, 2010a). 

There is an advantage in doing this, as it means that we can avoid the binary, 
presence/absence form in which these compound concepts are often used , and so avoids 
the ‘archaic versus modern’ framework that has dominated the field since the out of Africa 
model became the dominant explanation.  Research into cognitive traits in cognate 
disciplines suggests that a presence-absence dichotomy is a major over-simplification. For 
example, Hauser has shown that abstract thought and use of icons are quite distinct (Hauser, 
2008), and so terms such as symbolic thought or symbolic behaviour are already too 
complex. Language is a modular entity with different components (sound, phonemes, 
meaning, syntax, recursion, pragmatics, etc.) that can have independent histories (Corballis, 
2011). So, while the sharp contrast models were suitable when the African rather than 
multiregional evolution of H. sapiens was being established, they are not the right conceptual 
framework for exploring the spatio-temporal complexities in the African MSA which  point 
to continuity and temporal overlap between forms of actions and types of artefacts from 
which archaic or modern behaviours are inferred, suggesting the changes took place over a 
prolonged period of time in a gradual or stepwise manner. This mismatch between existing 
models and current evidence for how ‘modernity’ came to dominate the behavioural 
repertoire of African hominins in the late Quaternary is a pressing problem. 

 

Disaggregated models of cognitive evolution 

Our central proposal is that human cognition is not unitary. A brief comparison with 
the visual system is helpful at this point. We experience the visual world as a unitary 
phenomenon, in real time. Cognitively, however, visual information is processed in four 
major systems (motion, colour, position and shape), which together create the perception 
we actually ‘see’. This way of looking at vision can be applied to other aspects of human 
cognition. Instead of thinking in terms of broad concepts, such as cumulative culture or 
symbolic thought, we can consider more elemental capacities, which can be developed, 
combined and bound  in different ways across the evolution of archaic hominins into 
modern humans. This would also be more consistent with developments in cognitive 
science, where viewing cognitive processing as a series of interacting systems has proved to 
be a useful approach (Barnard & Teasdale, 1991; Barnard et al., 2007). A number of models 
have attempted to disaggregate the components of culture and cognition. Wynn and 
Coolidge’s enhanced working memory model (Wynn & Coolidge, 2006) is an example; 
another is Hauser’s four key cognitive components - recursion, promiscuous domain 
interfaces, mental symbols, and abstraction (Hauser, 2008); (Nowell & White, 2010) and 
Barham (Barham, 2010) distinguish between innovation (variants on an existing theme) and 
invention (novel steps), which in effect discriminate between two forms of generating 
novelty. Language should also be included, but in turn be divided into a number of linguistic 
elements - nature of phonology, syntax, morphology, and semantics and pragmatics, with 
different roles to play in the evolution of human cognition (Berwick et al., 2013). The number 
of planned steps in an action, central to some of Binford’s ideas (Binford, 1981), might also 
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be included in this list, although in practice it is probably a specific outcome of enhanced 
executive function. Underlying much of this would be types of social learning, which forms 
the mechanism by which information is transmitted (imitation, teaching, etc.). 

 

Variable cognitive state model 

Breaking complex concepts down into constituent units represents a major research 
tool in any field; in this particular case, it permits us to consider prehistoric humans as 
having variable combinations of different traits, it encourages us to look at cognitive and 
behavioural evolution using a more continuous model (equivalent to dosage effects in 
genetics), and it offers the possibility to consider what might be the particular observable 
predictions in the archaeological record of each component.  

We propose a variable cognitive state model, in which evolving hominin cognition is 
viewed as a series of variable states across different traits. In principle, there are a very large 
number of potential traits that might be disaggregated and used, at all levels from that of 
‘outputs’ through to their neurobiological basis. There must be, however, a trade-off 
between comprehensiveness and reductionism, and utility, particularly in terms of 
testability in the record.   

In determining these we can start by considering a simple model, where an output 
behaviour is the product of an ‘output’ cognition, which in turn is the product of specific 
cognitive processes and their interaction with each other; these in turn are based on 
neurobiological architecture and processes (Figure 1). For the purposes of this model, it does 
not matter whether the priming of these is ‘cultural’, as argued, for example, by Heyes 
(Heyes, 2012) or genetic, or more likely, a combination of the two. In this basic model, for 
example, the use of ochre as an ethnic signal might be the behavioural outcome, occurring 
as a result of mental properties, such as language or symbolic thought. These, however, 
might rest on the inputs and interactions of a large number of cognitive processes. The 
variable cognitive state model (VCS Model) focuses on breaking down these cognitive 
processes in more detail. 

 

Figure 1 here 

 

A number of such processes can be proposed (Table 2). A starting point is Hauser’s 
components which contribute to both human thought and language – recursive operations, 
combinatorial operations, mental symbols, promiscuous interfaces and abstract thought (Hauser, 
2008). These more fundamental processes would apply both to mentalising thought (inner 
language), and language itself. To these can be added Wynn and Coolidge’s working memory 
(Wynn & Coolidge, 2011), and the cognition associated with causal reasoning,  the cognitive 
capacity to make models of causative relationships that go beyond simple correlations as an 
essential building block of the human mind (Buchsbaum et al., 2012). An extension of causal 
theorizing is what can be referred to as contingent decision making. This is, in essence, a form 
of mental simulation of potential actions and outcomes (‘what if’ scenarios), and plays a key 
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role in planning (Buchsbaum et al., 2012). Planning itself might be another element, although 
this parameter highlights an important issue, namely that planning is not an either/or, but 
might be considered to grade in relation to something like the number of steps involved, or 
the length of time over which the proposed behaviour might be executed. 

 

Table 2 here 

 

Some other elements of cognitive processes fall into slightly different categories but 
are none the less either important or have been discussed in relation to human cognitive 
uniqueness. These would include: cultural transmission or social learning – that is, the 
acquisition of information or the capacity to carry out behaviours from conspecifics 
(Richerson & Boyd, 2005). For the most part this is based on an ability to imitate or copy 
(Byrne, 2002), this can be elevated in some cases when teaching is involved – in other words, 
the active and purposeful dissemination of information (D’Errico & Banks, 2015; Morgan et 
al., 2015). Equally important is theory of mind, the ability to rationalise or intuit the thoughts 
of others; although this is actually another composite concept, it summarises an important 
element of the social and interactive nature of cognition (Whiten, 1991). Finally, the concept 
of metacognition should be included in any set of the major components of human cognition; 
metacognition is the monitoring and controlling by conscious thoughts of actions and their 
underlying non-conscious cognition – for example, error correction. Frith distinguishes 
between explicit metacognition, and implicit metacognition – the former a relatively slow and 
active process, the latter fast and largely unconscious (Frith, 2012). The concept of 
metacognition provides access to what can broadly be conceived as consciousness or self-
consciousness, but tied into particular cognitive processes. 

These add complexity to models of symbolic thought and language, or indeed mental 
templates, but are themselves simplifications. For example, any of these may involve either 
temporal or spatial aspects, which may differ; planning may be well developed spatially, less 
so temporally, or vice-versa. Furthermore, these can all be considered to be executive 
function elements of cognition, but we know that these can be integrated with and 
influenced by emotions; experiments have shown that, under exactly the same rational 
conditions (i.e. rewards and costs), individuals make different decisions in relation to 
varying framing or emotional conditions – becoming more or less risk-averse (Palframan et 
al., 2006). However, these additional level considerations are not taken into account here for 
the sake of clarity and simplicity. 

The VCS model can be visualized as a series of slider switches, ranging from less to 
most developed as a slide switch on a radio may go from low to high. Living humans, it can 
be assumed, have each of these set to full, not least because that is the only way to set a 
benchmark for them. The hypothesis underlying the model is that different hominin taxa 
would exhibit different settings. It might be, for example, that early Homo would have had a 
high setting for the level of social learning, but not for metacognition or abstract thought. 
Our closest living relative is also likely to vary in the extent to which these attributes 
approximate human cognition - theory of mind among chimpanzees, for example, is 
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thought to be limited, but social learning and copying more well developed (Whiten & 
Schaik, 2007). Furthermore, theory of mind is not an either/or category, and it has been 
suggested that different levels of intentionality can be ascribed to successive enhancements 
of theory of mind, with some hominins exhibiting more than others (McNabb & Cole, 2015). 
In other words, the VCS model allows hominin cognition to be measured as a series of 
partially independent parameters, and thus for different hominin taxa to vary cognitively in 
ways that are not based on the presence or absence of traits, nor simply linear developments 
towards the human cognition. 

The advantage of the VCS model is that it moves away from binary comparisons 
between either humans and chimpanzees, or between modern humans and archaic 
hominins; it also allows avoids focusing on complex or compound traits such as language or 
symbolic thought that are less easily inferred and so difficult to test. It furthermore provides 
a means by which the cognition of different hominins is not necessarily a matter of lineal 
ranking, but that they may have more derived settings for some element, and less for others. 
Finally, it might also be considered to address some of the criticisms about the absence of 
suitable bridging arguments in inferring language and cognition that have been made by 
Botha (Botha, 2000).  

 

Variable cognitive states and the behaviour of MSA hominins 

The archaeological challenge is to determine these ‘settings’ for different human and 
hominin populations on the basis of the MSA record. In practice, this can only be done 
through the application of experimental approaches that determine the extent to which 
different outputs are conditional upon specific cognitive inputs. An example of one such 
experiment would be that carried out by Morgan and colleagues, which looked at the effect 
of teaching by using language or gestures (as opposed to just imitation) on learners of Mode 
1 and Mode 2 technologies, suggesting that language would have been necessary for 
improving performance in the production of Mode 2 technologies (Morgan et al., 2015).  

However, many aspects of our prehistoric mind are not amenable to experimental 
testing. Yet, some preliminary predictions can be made. Mental symbols, for example (see 
Table 2), the product of the human ability to convert sensory experiences into externalized 
symbols (for example words) might be inferred if there was evidence for speech, or, more 
probably, images or symbols made on objects in the natural world (cave walls), or 
manufactured items (e.g. bone, shell, etc.). This capacity has been claimed controversially 
for hominins in South East Asia at 500 Ka (Joordens et al., 2015), for Neanderthals at 
Gorham’s Cave, Gibraltar (Hoffmann et al., 2018.; Rodríguez-Vidal et al., 2014), and more 
convincingly for modern humans by 120 Ka (D’Errico et al., 2001; d’Errico et al., 2008). 
However, viewing this as a continuous trait (it is unlikely that the human capacity for mental 
symbols emerged in one single step), the record suggests that persistent and frequent 
evidence for mental symbols does not occur until well into the Upper Pleistocene.  

A second example might be causal reasoning - structured, generative, causal 
representations of the world (causal models), that are more than associative processes and 
conditioning (Table 2). To some extent, the development of lithic technology might be used 
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as a measure of this capacity, as fracturing rocks in predictable ways indicates an 
understanding of causal mechanisms. A measure of technological complexity might thus 
stand evidence for various levels of causal reasoning. Another context for such an inference 
might be the control of fire. Gowlett has proposed a gradual process of pyrotechnology 
(Gowlett, 2016), seeing it as a process rather than an event, moving from opportunistic use 
of natural fires, through conservation and control of natural fires, to the full initiation and 
control of them. The development through these stages can each be seen as extensions of 
causal reasoning. 

 

Figure 2 here 

 

Figure 2 provides a speculative model for the possible character states for several of 
the cognitive processes shown in Table 2. Cognitive states are hypothesized for three 
hominin populations – makers of pre-Mode 3 technologies; makers of early Mode 3/ early 
MSA; and makers of MSA technologies in MIS5 and early MIS6 (in other words, the later 
MSA in Africa, normally associated with AMH). The primary evidence for these 
assessments is, in the first instance, lithic technology as this provides a thread of continuity, 
but also non-lithic technologies, such as portable images and adornment, and the control of 
fire. It is likely that mobility, settlement patterns, and subsistence-associated behaviours can 
be recruited to provide further evidence. It should be stressed that these are indeed 
hypotheses to illustrate the approach, rather than firm conclusions, which would require 
more detailed analysis. Figure 2 would suggest that some of the cognitive states were already 
well developed towards the human cognition among the makers of Acheulean assemblages 
(imitation, innovation, cultural transmission), while others saw a sharp increase with the 
early MSA (promiscuous interfaces, causal reasoning), and some only with MIS5/4 
hominins (recursive and combinatorial representations, metacognition). In the model 
shown in Figure 2, it is also posited that in some cases, even by MIS5/early 4, states 
equivalent to living humans may not have been achieved, underlining the possibility for 
further cognitive evolution based on either ratchet effects (Tomasello, 1999) or cultural 
processes (Heyes, 2012), interacting with biological ones. Regardless of the accuracy of these 
particular hypotheses, the point to emphasise is that finding independent metrics for 
cognition allows for different rates of cognitive evolution (Foley, 1996), which may be 
independent, or may interact with each other to lead to an accelerated rate of cognitive 
evolution 

Conclusion 
This paper has addressed the intersection between a number of major issues in 

current human evolutionary studies;  first, the central importance of the MSA in the process 
by which later hominin diversity evolved and modern humans appeared as a lineage; 
second, the increasing recognition of the role of changing cognition – and the cultural and 
social capacities that are thus made possible – in this phase.  The conclusion is that better 
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models are required to allow us to link the MSA archaeological observations to cognitive 
inferences, and thus to evolutionary reconstructions. 

The central aim of this contribution has been to argue that to tackle the complexity of 
the MSA and its role in the evolution of the human mind we need to develop more subtle 
and reductionist models of behaviour and cognition. Large compound concepts such as 
‘symbolic thought’ or ‘language’ may be fine for discriminating between creatures as 
different as humans and chimpanzees, or even humans and australopithecines, but they are 
too crude to help unravel what is clearly a complex and mosaic form of transformation that 
occurs from the end of the Acheulean and the full establishment of global humans.    

John Gowlett wrote that “that a first human revolution had been achieved by about 1.6 
million years, that a second revolution, largely silent archaeologically, had occurred by 
about 500,000; a third revolution, of modernity, occurred thereafter” (Gowlett, 2009). 
Numerous models to describe the human cognitive niche have been developed, and 
palaeobiological and archaeological evidence employed to identify its existence in different 
hominin populations and taxa. Were human cognitive evolution to indeed consist of a 
succession of stepwise and directional revolutions, such models would be what is required. 
However, as Gowlett states in the same paper, these revolutions are episodes within a longer 
and continuous evolutionary process; to this can be added the observation that this 
evolutionary process is a mixture of private trajectories in lineages, convergence between 
them, shifting combinations of traits and their cognitive bases, and the acquisition and loss 
of behavioural outcomes. The challenge is not to make the case for the distinctiveness of 
human cognition, nor even what its character is, but to find ways of measuring its variable 
expression across hominin taxa and through millions of years of evolution. The variable 
cognitive state model is an initial attempt at this. 
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Table 1. Synthesis of a timeline for the evolution of modern humans in Africa. References: (1)  (Meyer et al., 2016); (2) (Mounier & Mirazón Lahr, 
2016); (3) (Tryon et al., 2005); (4) (Sahle et al., 2014); (5) (Duller et al., 2015); (6) (Richter et al., 2017); (7) (Hublin et al., 2017); (8) (Grün, 2006); (9) (Posth 
et al., 2017); (10) (Schlebusch et al., 2017); (11)  (Clark et al., 2003);(12) (Van Peer et al., 2003); (13) (Shea, 2008); (14) (De La Torre et al., 2014); (15) 
(Barham, 1998) (16) (Barham, 2002) ; (17) (Roebroeks et al., 2012); (18) (Rodríguez-Vidal et al., 2014); (19) (Berger et al., 2015)(20) (Dirks et al., 2017b)(21) 
(McDougall et al., 2005)(22) (Fleagle et al., 2008)(23) (Marean et al., 2007)(24) (Marean, 2016)(25) (White et al., 2003)(26) (Mirazón Lahr, 2016) and 
references therein; (27) (Henshilwood, 2004);  (28) (Vanhaeren et al., 2006); (29) (Bouzouggar et al., 2007); (30) (d’Errico et al., 2008) (31) (D’Errico 
et al., 2012b); (32) (Mourre et al., 2010); (33) (Texier et al., 2010); (34) (Wadley, 2013); (35) (Gliganic et al., 2012); (36) (Malaspinas et al., 2016);  (37) 
(Mallick et al., 2016); (38) (Pagani et al., 2016);: (40) (Ambrose, 1998); (41) (Villa et al., 2012);  (42) (Leplongeon, 2014); (43) (Pleurdeau et al., 2014); (44) 
(Osypiński & Osypińska, 2016); (45) (Scerri et al., 2017). 
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Period Empirical observation Biogeographic implications 

750-500 Ka Genetic and morphological evidence for the last common ancestor (LCA) of 
modern humans and the Neanderthal/Denisovan clade1,2. 

• Afro-Eurasian dispersal 

≥ 300 Ka MSA3-6  
300-280 Ka • Morphological evidence for hominins with mosaic derived and primitive 

traits (e.g., Jebel Irhoud, Florisbad)7-8 
• Genetic evidence for sapiens introgression into Eurasian Neanderthals9 
• Genetic evidence for the LCA of modern humans in Africa10 

• Pan-African dispersals and establishment 
of regional populations of the sapiens 

lineage, one of which is  ancestral to living 
humans 

• Afro-Eurasian dispersals 
280-200 Ka • Archaeological evidence for the persistence of Acheulean tools in Africa11-14   

• Archaeological evidence for novel behaviours in Africa15-16, some shared with 
Eurasian hominins (e.g., ochre and engravings17-18) 

• Fossil evidence for the co-existence of multiple African hominin lineages 
(e.g. Homo naledi)19-20 

• Localised population change 

≥ 200 Ka • Morphological evidence for derived universal H. sapiens traits21-22  
200-130 Ka • Archaeological evidence for increased foraging breadth23-24 and complex 

funerary practices25 
• Localised population change 

130-60 Ka • Morphological evidence for H. sapiens throughout Africa (and the Levant)26  
• Archaeological evidence for multiple novel behaviours in different African 

(and Levantine) modern populations27-34 
• Archaeological evidence for localised MSA-LSA transition in East Africa35 
• Genetic evidence for last common ancestor of living African and non-African 

humans36-39 

• Pan-African and Afro-Eurasian dispersals 
 

60-11 Ka • Archaeological evidence for expansion of LSA technology40-43, and eventual 
disappearance of MSA44-45 

• Localised population change 
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Table 2.  Components of hominin cognition. The variable cognitive state model 

attempts to break larger cognitive concepts of process down to more fine grained one, as 

these may evolve independently and be variable expressed in different hominin taxa and 

populations. Discussion and sources for the categories are in the main text.  

Cognitive process Description 

Recursive and 
combinatorial operations  

Recursion and combination is an iterative operation that allows the creation 
of new forms (phrases, tunes, technologies), either through bringing together 
separate elements, or repeating combinations.   

Mental symbols Humans convert sensory experiences and abstract thoughts into externalized 
symbols (words, images, objects).  

Promiscuous interfaces  Combinations of representations across domains (e.g. technology and social 
interactions)  

Abstract thought Abstract thoughts or representations that have no direct physical association 
(good, evil, fairness)  

Working memory Working memory is the mind's ability to hold in attention, and process, task-
relevant information in the face of interference. It consists of two 
subsystems, the visuospatial sketchpad and the phonological loop, operated 
through an episodic buffer  

Causal reasoning Humans have structured, generative, causal representations of the world 
(causal models), that are more than associative processes and conditioning.  

Contingent decision 
making  

An extension of causal reasoning is decision making based on modelling 
cognitively possible outcomes of actions, and making decisions on the basis 
of simulated ‘what-if’ scenarios. 

Spatio-temporal 
displacement 

The ability to think or communicate about phenomena that are distant in 
time or space; in practice this will be continuously graded, as the temporal or 
spatial horizon is extended. 
http://www.oxfordscholarship.com/view/10.1093/acprof:oso/97801953778
04.001.0001/acprof-9780195377804-chapter-9 

Planning Behaviours and actions may be immediately motivated and carried out, but 
humans in particular have a noted capacity to plan actions either distant in 
time or across a number of sequential steps (planning depth).  

Cultural transmission  Cultural transmission is information capable of affecting individuals’ 
behaviour that they acquire from other members of their species through 
social interaction 

Teaching  Teaching is the active effort to transmit information to conspecifics through 
social interactions 

Imitation/copying Copying or imitating behaviours and actions is an important means of social 
transmission, and so for the emergence of traditions or cultural properties. 
Byrne 

Invention Most novelties are basically variants on existing forms or behaviours, 
cumulatively adding to performance; invention therefore refers to the ability 
to change current forms, rather than depart radically from them (Arthur) 

Innovation In contrast to an invention, an innovation is the development of an entirely 
new form of behaviour, or a radical departure from existing forms. 
Cognitively it can be associated with some more substantial level of 
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creativity. Arthur  

Implicit metacognition The cognitive capacity to think about thinking, the conscious monitoring or 
controlling, insofar as it is possible, cognitive processes. Implicit 
metacognition is automatic, and humans are largely unconscious of this. Frith 

Explicit metacognition Explicit metacognition is “concerned with generating reportable knowledge 
about the processes underlying our behaviour”; in other words, it is a form of 
cognition that is firmly part of conscious thought processes. 
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Figure captions 

 

Figure 1 General model of the relationship between neurobiological processes, 

cognition and observed behaviour. Cognition can be measured or inferred at each of these 

levels, to which there may be both genetic and environmental input 

 

Figure 2 A selection of the component cognitive processes proposed for the variable 

cognitive state model (see Table 1) (column 1), and some proposed sources of evidence for 

these (column 2). Some hypothesised states for these for pre-Mode 3 (Acheulean) 

populations, early Mode 3 or MSA populations, and early Upper Pleistocene African AMH 

populations. Estimated states are relative to modern humans (to the right of the bars).  
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