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Abstract: Ongoing hominin encephalization 

during the Middle Pleistocene supported the 

emergence of controlled vocalizations, meaning-

ful mimetic progressions and exogrammatic 

skills. ‘Exograms’ are defined as memory traces 

stored outside the brain as consciously-se-

quenced information packages meant to stabi-

lize and transmit adaptively-advantageous per-

ceptions of reality. It is suggested that the ab-

stract rock art of the period documents a cultur-

ally orchestrated mnemonic convergence and 

the application of emergent cognitive abilities at 

a collective level. 
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Introduction 

     Rock art research is an endeavor pur-

sued by archaeologists and, indeed, most in-

quiries into the origin and significance of rock 

art are published in archaeological journals. 

Notches, engravings, geometrical patterns 

and figurative representations – engraved, or 

painted – are vestiges of the past and, as such, 

they are categorized as ‘artifacts.’ According 

to the Collins English Dictionary (2014), an ar-

tifact “is something made or given shape by 

humans, such as a tool or a work of art, espe-

cially an object of archaeological interest.” Un-

fortunately, the ‘simple-to-complex’ under-

standing of technological development has 

left its imprint on rock art research. Most ap-

proaches to the development of hominin sym-

bolling abilities adopt such a linear hierarchy 

according to which, abstract  petroglyphs  are  

classified as expressions of inferior cognitive 

faculties and iconographic illustrations as self-

evident signs of higher cognition. For exam-

ple, in the paleosemiotic interpretation pio-

neered by E.V. Culley (2016) notches, engrav-

ings and abstract geometrical patterns are la-

beled as ancestral and emergent symbolling 

abilities, while figurative paintings are catego-

rized as fully-mobilized expressions of cogni-

tive modernity. But, the transition from abstract 

to iconic cannot be dated, mostly because there 

are no clear-cut abstract or iconic ‘periods.’ 

The archaeological record documents both 

Lower and Middle Paleolithic examples of 

iconic understanding and Upper Paleolithic 

instances of abstract representation, which 

means that the relationship between the two is 

rather complementary than linear. For exam-

ple, the 250 thousand years (ka) old naturally 

shaped scoria pebble from Berekhat Yam in Is-

rael (Goren-Inbar 1986) or the 300 to 500 ka-

old Tan-Tan proto-sculpture from southern 

Morocco (Bednarik 2013) point to the exist-

ence of such an iconic sense already during the 

Acheulian. By the same token, the anthropo-

logical literature mentions cultures that favor 

abstract patterns over naturalistic illustrations 

(Sreenathan et al. 2008) to such an extent that, 

until recently, it was firmly believed that they 

did not develop iconographic understanding 

– a presumption that has implicitly presented 

them as cognitively not yet ‘modern.’  

     Cognitive archaeology adopts a multi-

disciplinary approach and, in addition to plac-

ing the artifact in an established chronological 

context – as orthodox archaeology does – it 

also addresses the mind behind the artifact. 

Malafouris (2013) goes a step further and, by 

abolishing the artificial separation between 

mind and artifact, he suggests that what is out-

side the head must not necessarily be outside 

the mind. He concludes (ibid.) that it is episte-

mological contingency, rather than metaphys-

ical necessity, that makes us see in the objects, 

marks and gestures of human prehistory 
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merely external products of the mind, rather 

than integral parts of it.  

     The Oxford Dictionary of English 

(2010) defines mind as “a set of cognitive facul-

ties including consciousness, perception, 

thinking, judgement, language and 

memory… [it] holds the power of imagina-

tion, recognition, and appreciation, and is re-

sponsible for processing feelings and emo-

tions, resulting in attitudes and actions.”  

      In the case of works of art, the entan-

glement between mind and artifact is self-evi-

dent. But, tools and other objects of archaeo-

logical interest are no exceptions. For example, 

Acheulian tools are complex and appear to 

have required advanced planning to create 

(Wynn and Coolidge 2016). The stress on sym-

metry and, to an extent, on the esthetic prop-

erties displayed by Acheulian bifaces, to-

gether with their makers’ ability to visualize 

the outcome of the labor invested implies the 

presence of basic transmission skills, beyond 

simple ‘aping.’ Indeed, it is believed that 

proto-linguistic abilities (Bickerton 2009, Be-

nozzo and Otte 2017), controlled vocalizations 

meant to convey meaning (Morley 2003) and 

illustrative – rather than imitative – mimetic 

progressions (Donald 1991) were already in 

the cognitive ‘toolkit’ of Homo erectus, with 

whom the Acheulian is associated. In such a 

context, bifaces may also be perceived as ‘cog-

nitive tools,’ or mnemonic devices – beholding a 

biface conditions the mind to the depiction of 

symmetry, temporal causality, and the recog-

nition of such properties in objects/phenom-

ena other than the specific tool. To stay with 

Malafouris (2013), the mind shapes the object, 

but the object also shapes the mind: our spe-

cies-specific consciousness emerges at the in-

terface between mind and artifact, very much 

like in the quantum-inspired ‘orchestrated re-

duction’ hypothesis proposed by Penrose and 

Hameroff (2011). Similarly, Coman et al. 

(2016) argue for a prehistoric ‘mnemonic con-

vergence,’ which they understand as a cul-

tural  memory  ‘update’  meant  to  boost  the  

emergent properties of cognition at a collec-

tive level. These ‘emergent properties of cog-

nition’ seem to have their common denomina-

tor in memory – for example, consciously con-

trolled vocal or mimetic sequences are collec-

tively-devised ‘memory trace’ configurations. 

‘Mnemonic convergence,’ in such a case, 

would be the culturally-prescribed ‘correct re-

membering’ of a specific sequence. Abstract 

rock art is an integral part of such a cognitive 

landscape and, in this paper, I will focus on its 

role as a mnemonic device meant to facilitate 

collective memory recall. 

Memory, Engrams and Exograms 

     Memory is of fundamental im-

portance in the question of what makes us 

human, and how we managed to experience 

the world in a conscious format. Memory is 

not necessarily something of the past. Mental 

time travel (Suddendorf and Corballis 1997), 

for example, is the capacity to mentally re-

construct events from the past as well as to 

imagine possible scenarios in the future. At a 

more complex scale, inductive reasoning re-

calls the memory of specific observations and 

detects patterns and regularities upon which 

causally consistent hypotheses can be elabo-

rated. Such mental constructs are heavily in-

fluenced by ‘the predictable-world bias,’ 

which revolves around the inclination to per-

ceive order where it has not been proved to 

exist, either at all or at a particular level of ab-

straction (Holland et al. 1989).  

     The first manifestations of human-

specific memory can be inferred by relying on 

archaeologically preserved traces. From the 

many complementary cultural techniques 

devised to enhance collective memory recall, 

only the graphic expression was preserved, 

as rock art. But, given the culturally biased 

perception of the concept ‘art,’ a less contro-

versial term was proposed, namely: ‘ex-

ograms’ (Donald 1991, Bednarik 2014b). Ex-

ograms are concisely defined as ‘memory 

traces’ stored outside the brain. Thus, they are 
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functionally related to ‘engrams,’ which are 

theorized (not necessarily following Semon, 

who coined the term in 1921) to be biophysi-

cally or biochemically combined memory 

traces stored in the brain – and other neural 

tissue – that become consolidated in response 

to external stimuli.  

     The consensus view in neuroscience 

(Schacter 2002) is that the sorts of memory in-

volved in complex tasks are likely to be dis-

tributed among a variety of neural systems, 

yet certain types of knowledge may be pro-

cessed and contained in specific regions of 

the brain. Such brain parts as the cerebellum, 

striatum, cerebral cortex, hippocampus, and 

amygdala are thought to play an important 

role in memory. For example, the hippocam-

pus is believed to be involved in spatial and 

declarative learning, as well as consolidating 

short-term into long-term memory. Simplisti-

cally formulated, short-term memory units 

(i.e., ‘memory traces’) distributed in various 

cerebral areas become associated and consol-

idated in the hippocampus, where they be-

come long-term (stabilized) information pack-

ages (i.e., ‘engrams’) that can be recalled ei-

ther as an environmentally-determined reac-

tion, or voluntarily, without environmental 

cueing. 

     The question is whether engrams be-

come re-consolidated each time when spe-

cific external stimuli recur, or whether they 

exist as permanently consolidated infor-

mation packages that can be retrieved in an 

unaltered form – voluntarily, or in response 

to such stimuli? I would suggest (following 

Thum et al. 2007, De Jaeger 2014, Gabora 

2018) that they are perpetually re-con-

structed, with slight variations between suc-

cessive consolidations. In this case, memory 

is not reliable, it plays tricks on us, and it is 

dependent on emotional states that are pre-

sent at the time of reconstruction or on shifts 

in subjective values and attitudes that have 

developed during the time elapsed between 

the experience and its reconstruction.  

     Our sense organs register the physical 

settings of an experience. Specific images, 

sounds, tastes, textures and smells that were 

present at the time of the experience can trig-

ger out its recall. The sensory input associ-

ated with the event is anchored in space and 

time and stored as a short-term causal A-B-C-

D memory trace sequence in the hippocam-

pus. In order to free up neural storage and 

processing space, loosely linked memory 

traces – ‘tagged’ with a spatial, temporal and 

emotional extension – are broken up and dis-

tributed among various cerebral regions. 

Upon voluntary or environmentally-dictated 

recall, re-consolidation may be corrupted by 

subjective axiological shifts that have devel-

oped during the time elapsed between stor-

age and retrieval. Likewise, stresses present 

at the time of retrieval may also influence the 

outcome of the re-consolidation process. 

Thus, the sequence in which memory traces 

are ordered is highly probabilistic and it may 

assume various configurations (e.g. B-D-A-

C) that are not necessarily consistent with 

each other over time. A long-term consolida-

tion of an engram cannot occur as long as 

memory traces are in such a state of superpo-

sition (Gabora 2003) and as long as each re-

trieval results in slightly different and thus, 

unreliable configurations (Schacter 2002). 

The only way to add durability to specific con-

figurations is by embedding them according 

to an objective causality.  

     Engrams belong to what is known as 

subjective, i.e., autobiographical memory. En-

grams are not created to last, and their tex-

ture may vary from one re-consolidation to 

the next. Given the almost unlimited proba-

bilities in the re-sequencing of memory traces 

stored in various parts of the brain, it is not 

surprising that biology and psychology – the 

disciplines that study autobiographical 

memory – have not succeeded capturing en-

grams in time and locating them in space. The 

only solution to add detectable durability to 

specific  configurations  that  memory  traces  
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can assume is, as said above, adjusting them 

to an objective causality. Objectivity implies 

an external and agreed-upon rule of sequencing 

which would also render them accessible to 

other brains (sensu Block 1995). Such a ‘rule’ 

must be accessible itself – learned through 

copying, or by resorting to various cultural 

techniques. In other words, consciously-con-

structed information packages that follow a 

communally agreed-upon objective causality 

can be fixed and passed on, from one individ-

ual to the other and from one generation to 

the next. This is precisely the commonly-ac-

cepted definition of collective memory, which 

is adopted even by a popular online platform 

like Wikipedia.  

     Collective memory is already a cul-

tural category and, therefore, culturally con-

structed, stabilized and transmitted infor-

mation packages, unlike engrams, are stored 

externally, and they are devised to last. While 

subjective (individual) memory relies on 

short-lived engrams, objective (collective) 

memory can be passed on from one genera-

tion to the next with the help of exograms. Ex-

ograms can thus be described as memory 

traces stored outside the brain as consciously-

sequenced information packages meant to 

stabilize causal calibrations of reality. They 

belong to the field of cultural and social sci-

ences, with cognitive archaeology being the 

discipline dedicated to the study of their 

origin and meaning. 

     While engrams re-consolidate on 

spot, as short-lived subjective responses to 

environmental stimuli, exograms are perma-

nently consolidated information packages that 

can be retrieved voluntarily, as learned re-

sponses to cultural signals. Moreover, the cul-

turally agreed-upon (objective) causality of 

exogrammatic representation leaves its im-

print on the probable outcome of individual 

memory recall and thus, an apparent syn-

chronicity between the two becomes the hall-

mark of cultural evolution.  

Material and Non-Material Mnemonic 

Techniques 

     Memory and knowledge are intimately 

interwoven categories. Externally stored 

memory traces are information units that can 

be combined through associations deter-

mined by ‘exogrammatic rules’ which, in 

their turn, follow a communally agreed-upon 

causality. Exograms are the final product of 

such a cognitive process. Causally-sequenced 

and stored knowledge can be transmitted 

from one mind to the other. However, ex-

ogrammatic representation is not restricted 

to graphic abstractions. Memory traces are 

not strictly visual but, like those used in the 

consolidation of engrams, they are provided 

by all the senses. Graphically-externalized 

memory traces serve only as indexical refer-

ences to those who are in the possession of 

exogrammatic skills and are thus able to re-it-

erate and express a causal sequence meant to 

explain the essence of a specific natural – or 

other – phenomenon. The re-iteration, that is, 

the conscious causal sequencing of memory 

traces relies just as much on vocalizations 

and mimetics (sensu Bickerton 2009, Donald 

1991). Moreover, exogrammatic skills must 

also be learned – although the ability for the 

external storage of information is a biological 

development, the transmission of exogram-

matic meaning becomes culturally-condi-

tioned.  

     Cultural manifestations in which 

graphic, lexical, rhythmic/musical abilities 

are applied simultaneously as means of 

transmission are known in anthropology as 

‘ritual.’ Ritual is characterized by its rigid and 

conservative nature, which is important for a 

high-fidelity transmission of knowledge and, 

implicitly, for reducing the risk of loss, which 

is inevitable when transmission relies on 

mere copying. By the same token, repetitive-

ness is instrumental in the embedding of the 

specific  causal  order  upon  which  ritual  is  
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constructed. Therefore, the first instances of 

‘fixing’ such a causality in stone or wood – in-

stead of simply ‘illustrating’ it in sand – 

should coincide with the emergence of hom-

inin ritual behavior. The systematic use 

(which is not necessarily the origin) of the 

cognitive abilities that are the prerequisites of 

ritual behavior – external storage of infor-

mation (Bednarik 2014b), proto-language 

(Bickerton 2009), mimetic skills (Donald 

1991), rhythmic and proto-musical abilities 

(ibid., Morley 2003) – can be confidently 

traced back to archaic hominins, at approxi-

mately 300 thousand years (ka) ago. At 300 

ka, Middle Paleolithic (Middle Stone Age) 

‘Mode 3’ industries dominated the cultural 

landscape, world-wide (Bednarik 2013). Un-

fortunately, the stories, songs and dances of 

our Mode 3 past are long-forgotten, and the 

paleoanthropologist must reconstruct a rich 

cognitive landscape by relying on a limited 

number of surviving scratches incised in du-

rable material.  

     Australian Aboriginal cultures have 

never abandoned Mode 3 industries. There-

fore, turning to them to understand the ori-

gins and meaning of exogrammatic storage is 

highly rewarding. Likewise, with ritual tak-

ing such a central place in Aboriginal life, we 

may gain useful insights into its role in cul-

tural transmission. Like Homo erectus before 

them, the ancestors of the Australians were 

explorers par excellence – that is, they had ven-

tured to new shores, to environments that 

were utterly different from those they were 

used and adapted to. Upon their arrival, the 

First Australians were equipped with all the 

cognitive abilities that paleoanthropologists 

define as ‘modern.’ Apparently, they made 

full use of these capacities: the land was 

‘named,’ and a causal order that was commu-

nally-devised in their minds was projected 

on the physical environment. The cultural ap-

proach was followed by a cognitive and be-

havioral adaptation to their own construct of 

reality. The specific causality of Dreamtime 

stories was augmented with songs and 

dances and, most importantly, with portable 

‘rock art,’ meant to ‘fix in stone’ the very 

causal order (blueprint) of Creation. 

Tjuringas, also known as ‘material mnemonic 

devices,’ are typical examples of external 

memory storage. They tell Dreamtime stories 

that can be easily ‘read’ by those initiated in 

exogrammatic skills. The ‘readings’ are ac-

companied by ‘non-material mnemonic tech-

niques,’ i.e., music, dance and song. Every 

such communal recapitulation of the causal 

order upon which the environment was men-

tally constructed re-consolidates the pre-

scribed sequencing of collective Dreamtime 

memory traces and transmits the information 

to those who participate in a coroboree, or – 

through meticulous initiation rites – to the 

next generation. Ritual rigidity and ‘The 

Law’ inhibit improvisation and the slightest 

‘innovation’ in the sequencing of memory 

traces is punishable. Reality is kept ‘alive’ 

thanks to ritual behavior – that is, ritual re-

constructs and re-consolidates the specific se-

quencing that makes Reality and the infor-

mation it pertains accessible to those whose 

minds are tuned to the same causal ‘wave-

length.’  

Environmental changes that took place after 

the first ‘calibration’ of Reality – from mete-

orite impacts to desertification and rise in sea 

level – became added to the initial stories and 

accommodated to their specific causality as 

‘geomythical sequels’ (Hamacher and Norris 

2014). Thus, the body of information that had 

to be transmitted increased additively (not to 

be confused with ‘cumulatively’) and, in or-

der to pass on such a vast amount of 

knowledge, ritual behavior became the cen-

tral component of Australian culture, unlike 

in other parts of the world, where cumulative 

(not ‘additive’) technological innovation be-

came the cultural preference adopted to ad-

dress environmental instability (Steiner 

2016). From such a perspective, the retention 

of Mode 3 industries – with every single tool 

and technique also embedded in ritual – is 
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rather an index of spiritual sophistication 

than of technological backwardness.  

     In such a context, Cameron’s (2015) 

question whether Australian ‘rock art’ 

should be perceived as ‘art or knowledge,’ 

becomes pertinent. Moreover, with the start-

ing point of this discussion being abstract 

(Mode 3) Lower and Middle Paleolithic ma-

terial – and non-material – mnemonic tech-

niques and, with the emphasis on ritual 

transmission, the Australian example might 

prove instrumental in understanding the role 

played by exograms in cultural contexts that 

can be reconstructed only by relying on ar-

chaeologically-preserved transmission tech-

niques, namely: rock ‘art.’  

Contextual Focus 

     The perception of the immediate envi-

ronment – as provided by our senses – to-

gether with memory traces that may be asso-

ciated with such a phenomenal ‘knowledge,’ 

become accessible to other minds only when 

they are systematically organized, according 

to communally-devised rules for a causal se-

quencing. Einstein’s (1954: 12) definition of 

science, as an “attempt to make the chaotic 

diversity of our sense-experience correspond 

to a logically uniform [unified] system of 

thought” describes precisely the mechanism 

by which phenomenal information becomes 

converted to accessible knowledge. Exograms 

play a major role in this process and, there-

fore, the first instances of exogrammatic rep-

resentation must be correlated with the emer-

gence of ‘scientific thought.’  

     Liane Gabora’s (2003: 434) ‘contextual 

focus hypothesis,’ namely, “the [mental] ca-

pacity to shift between associative – condu-

cive to forging new and random concept 

combinations – and analytic thought, which 

is conducive to manifesting them in an or-

dered, reciprocally understandable fashion” 

formulates in a succinct manner such a cog-

nitive process. According to Gabora, at the di-

vergent end of the continuum there is a 

defocused, intuitive and associative mode 

that finds remote or subtle connections be-

tween ‘concepts’ that are correlated but not 

necessarily causally related. At the other – 

convergent – end of the operational range of 

the contextual focus is a rule-based, analytic 

mode of thought that analyzes relationships 

of cause and effect. Insights and new ideas 

germinate in a defocused state in which one 

is receptive to the possible relevance of many 

dimensions of a situation. They are refined in 

a focused state, in which irrelevant dimen-

sions are filtered out and only the relevant 

ones are condensed.  

     In the case of the human brain, the in-

discriminate associative combination of con-

cepts may lead to a combinatorial explosion 

of possibilities; in other words, to a state of 

undecided superposition. Such a complex state 

is difficult to maintain and a potential down-

fall of processing in an associative mode may 

occur. When – in the divergent mental state – 

concepts appear in the context of each other, 

their meanings change in ways that are non-

compositional, i.e., they behave in ways that 

violate the rules of classical logic (Gabora and 

Kitto 2013). Despite its potential impact, this 

challenge is not as insurmountable as it might 

at first seem, as there is one mathematical for-

malism which was invented precisely to de-

scribe such contextuality: quantum theory 

(ibid.).  

     Substituting Gabora’s ‘concepts’ with 

‘memory traces,’ I would suggest that their 

rule-based causal associations can be de-

picted in the abstract motifs of early rock art, 

which illustrate a collapsed state of super-

posed memory traces. External memory stor-

age (sensu Donald 1991) becomes the tech-

nique that overcomes the risk of a potential 

downfall of processing which would be the 

inevitable outcome of trying to compute the 

ever-increasing amount of memory traces 

that were stored in the neural recesses of our 

big-brained ancestors. Exogrammatic rules 

lead to a reliable and adaptively-advanta-

geous stabilization of the indiscriminate 
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associative possibilities in the combination of 

memory traces and convert them to causal 

and, therefore, reciprocally-understandable in-

formation packages.   

     Miyagawa et al. (2018: 1) hypothesize 

a similar cognitive process according to 

which, “symbolic thinking led to a funda-

mentally different way to compute data, one 

that extracts only the essence required for ab-

stract representation instead of computing 

the entire set of incoming raw information.” 

Such a ‘collapsed state’ is maintained with 

the help of ritual behavior, which lends to a 

causal calibration of reality the durability that 

is necessary for its perception, representation 

and transmission.  

The Art and Science of Tracking 

     Without knowing it, Louis 

Liebenberg (2013a, 2013b) supplied an im-

pressive amount of empirical evidence that 

strengthens and illustrates Gabora’s (2003) 

contextual focus hypothesis. Liebenberg sug-

gests that there is a link between the develop-

ment of the ‘science of tracking’ and the 

origin of cognitive modernity. He differenti-

ates between two ‘scientific’ types of track-

ing: (a) systematic tracking is restricted to a 

step-by-step following of signs, which can be 

complemented with (b) speculative tracking 

which, in its turn, relies on the meticulous 

gathering and combination of  information  

from signs,  until  it provides a causally-cor-

rect indication of what the animal was doing 

and where it was going. Speculative tracking 

involves the creation of a working hypothesis 

based on a causal association of memory 

traces related to animal behavior, topogra-

phy and other tangential phenomena. The 

emphasis is primarily on identifying, men-

tally-sequencing and verbally-debating empiri-

cal evidence in the form of tracks and other 

signs. In other words, with a knowledge of 

animal behavior in mind, trackers ‘zoom-in’ 

to look for signs where they expect to find 

them. They can decide to follow them 

systematically, or to interpret the signs, simu-

late a causally-correct mental model and let 

the hypothesis guide them to the animal. The 

ability to predict – relying on inductive rea-

soning – animal behavior based on minimal 

indexical referencing is achieved in a conver-

gent (analytical) mental state. Conversely, 

and complementing ‘scientific tracking,’ fol-

lowing the identification of signs, the hunters 

do not waste time to follow them one-by-one, 

or to debate their meaning at length. They 

process the minimal information in a diver-

gent (associative) mental state, in which 

causal order is not necessarily observed and 

they proceed with running the prey down, 

based on their ‘intuition.’ During the run, 

they maintain such a defocused mental state 

and enter a trance-like condition in which 

they become the chased animal and assume 

its behavior. For example, in the last episode 

of David Attenborough’s BBC documentary 

The Life of Mammals (2002) such a ‘persistence 

hunt’ is followed. At its beginning, the hunt-

ers focus on finding tracks and signs neces-

sary for a causal prediction of the prey’s 

movement. During the run, and likely be-

cause of the physical strain involved, the 

hunters become defocused and fall into a 

trance-like state in which they access the 

mind of their quarry and intuitively follow 

the route taken by the fleeing animal. This is 

not a sign of paranormal abilities achieved in 

an altered state of consciousness, but the re-

sult of the simultaneous, non-analytical pro-

cessing of memory traces related to animal 

behavior, which enables the hunter to ‘be-

come’ the animal – that is, assume its feelings, 

instincts and behavior.  

 Liebenberg uses interchangeably the terms 

‘science’ and ‘art’ of tracking. This is not inci-

dental: systematic, i.e., convergent tracking 

may be designated as a scientific endeavour, 

while tracking in a trance-like – that is, in a 

divergent – mental state is what Liebenberg 

calls ‘creative science.’ The specific causal 

outcome (‘collapse’) of a defocused memory 
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trace combination achieved in a trance-like 

condition during the hunt can become part of 

a reciprocally-understandable repertoire 

which, in its turn, can be stored externally 

(‘stabilized’) and transmitted as ‘knowledge.’ 

The experience of the trance is recalled in the 

ritual dance that recapitulates the hunt and 

the insights acquired in a divergent mental 

state are shared with the community. The mi-

metic re-iteration may be accompanied by 

graphic illustration (not necessarily painted 

on rock) which, in this case, could be a figura-

tive depiction of the hunt, or of a therian-

thrope.  

The First Artist/Scientist 

     This takes us back to the question 

whether exograms are ‘art,’ or ‘knowledge?’ 

Are abstract engravings on stone/wooden 

tjuringas, or figurative illustrations of hunted 

animals and therianthropes witnesses to con-

vergent and, respectively, divergent mental 

processes? Does abstract rock art sketch causal 

constructs of reality and do figurative art-like 

productions illustrate subjective phenomenal 

experiences? Meanwhile, let us suffice with 

the observation that both exogrammatic mo-

dalities are meant to transmit/share 

knowledge acquired in antithetical mental 

states. The ability for both abstract and fig-

urative representation must have evolved in 

parallel with the capacity to shift the contex-

tual focus between associative and analytical 

perceptions of reality and with the emer-

gence of the practice to alternate between sys-

tematic and trance tracking.  

     However, the preference for abstract 

or figurative exogrammatic representation 

depends on the importance of the specific 

type of knowledge that must be transmitted: 

a conscious formatting of reality became a ne-

cessity when, due to increased neural capac-

ity, an indiscriminate associative combina-

tion of memory traces could have easily re-

sulted in a combinatorial explosion of possi-

bilities which, in its turn, could have had 

maladaptive consequences. With which hu-

man ancestor did the neural storage capacity 

become large and complex enough to accom-

modate an amount of memory traces that 

could have resulted in a breakdown of asso-

ciative processing? Answering this question 

will implicitly determine the date when con-

vergent thought and an analytical/causal per-

ception of reality became the most important 

cognitive signature of our ancestors. 

     I have tentatively compared the func-

tionality of Australian material mnemonic 

techniques to that of archaeologically-pre-

served Mode 3 rock engravings. My compar-

ison was justified by the similarity between 

the motifs depicted and the technological set-

ting within which they were conceived and 

produced. I have theorized that the ancestors 

of Australian Aborigines, very much like 

Homo erectus before them, had ventured to 

new environments at a developmental stage 

when all the cognitive abilities that paleoan-

thropologists define as ‘modern’ were in 

place. I argue that biological fitness acquired 

through cognitive flexibility enabled Homo 

erectus to venture out of Africa and granted 

their survival and success in novel environ-

ments. Very much like the First Australians, 

they have presumably ‘created’ causally-or-

dered mental landscapes to which they be-

came adapted and in which they thrived.  

     According to Liebenberg, the ability 

to shift between the mental states that are em-

ployed in persistence hunt can be attributed 

to Homo erectus. Indeed, the paleoanthropo-

logical record seems to support Liebenberg’s 

suggestion (Carrier 1984, McCall 2014). 

     Following Donald (1991), let us con-

sider his suggestion according to which, with 

the enlarged cranial capacity of Homo erectus, 

the human mind became radically different 

from its ancestral, pre-human condition. This 

change was characterized by a shift from an 

episodic to a mimetic mode of cognitive func-

tioning, made possible by the onset of the ca-

pacity for voluntary retrieval and fluid se-

quencing of stored memories, independent of 
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environmental cues. If not environmental, 

then the cues would be, arguably, cultural. 

Therefore, memory storage techniques 

should also be cultural, i.e., external and recip-

rocally-understandable. Cultural transmission 

with H. erectus must have been beyond sim-

ple copying, which would already imply 

complex and lengthy vocalizations in a cul-

turally agreed-upon order.  

     Ian Morley, in his seminal thesis on 

the archaeology of music (2003), concludes 

that by approximately 600,000 years ago, 

with Homo erectus, the vocal and neurological 

apparatus for voluntary control over the 

structure and complexity of vocal utterances 

was already fully-developed. This enabled 

extended and planned sequences of such utter-

ances. Morley attributes a communicative di-

mension to consciously-controlled pitch, con-

tour and intensity. As control increased, the 

length and complexity of sequences would 

also increase. Subsequently, ‘‘the order in 

which the expressive vocalizations occurred 

could assume meaning’’ (ibid.: 196). Here, 

Morley describes a typical convergent cogni-

tive process and, because his focus is on mu-

sic – which we immediately identify as an ‘ar-

tistic’ expression – the thin red line that sepa-

rates art and knowledge becomes blurred.  

     To sum up, the origin of the cognitive 

abilities which are the prerequisites of ritual 

behavior – external storage of information 

(Bednarik 2014b), proto-language (Bickerton 

2009), mimetic skills (Donald 1991), rhythmic 

and proto-musical abilities (ibid., Morley 

2003) – can be confidently traced back to 

Homo erectus.  

From Random Use to Systematic 

Application 

     Based on isolated finds, like grooves 

incised on a bovid bone from the Bulgarian 

Kozarnika Cave (the age of which was esti-

mated by Bednarik [2014a] to be >1 million 

years old), I would suggest that the antiquity 

of ritual behavior may be pushed back in time 

to an even earlier age. Let us not forget that 

the Kozarnika bone is likely only the graphic 

aspect of a behavior that, as seen above, can-

not be separated from its vocal, rhythmic and 

mimetic extensions. Spirals, parallel lines or 

zig-zags traced on materials other than rock 

would have not survived the test of time, due 

to taphonomic processes. Isolated finds may 

however hint to behaviors that were prac-

ticed in contexts in which stone, bone or 

wood became the preferred material used for 

exogrammatic representation. For example, 

although the ability to draw has a docu-

mented 73 ka antiquity (Henshilwood et al. 

2018), the persistence of engraving tech-

niques at the same location (Blombos Cave), 

3 millennia later (d’Errico et al. 2001), points 

to the intention to stabilize in time and secure 

the meaning behind the abstract hashtags de-

picted in both the perishable drawing and the 

incisions in durable bone and ocher. I would 

theorize that the practice – and the causal un-

derstanding of reality that lies behind it – did 

not appear suddenly, but it gained in im-

portance and assumed increased meaning at 

around 300 ka ago, which would also explain 

the number of finds dated to that period. This 

might also point to the possibility that it was 

approximately at this time when the first in-

dividual cognitive trials of a causal under-

standing of reality through inductive reason-

ing became a well-established collective and 

trans-generational cultural practice. 

     Donald (1991) identifies three 

uniquely human systems of memory repre-

sentation, namely: (i) mimetic (starting with 

H. erectus, at c. 1.5 million years ago); (ii) lexi-

cal (archaic H. sapiens, 300,000 years ago) and 

(iii) external (attributed exclusively to ‘ana-

tomically modern’ humans, at 40,000 years 

ago). Contrary to the three-tiered model, I 

would suggest that the cognitive abilities 

listed above have developed in synchronic-

ity, as complementary parts of a complex rit-

ual behavior. Therefore, a single transition is 

more likely than three hierarchically-distrib-

uted cognitive punctuations. Especially so, 
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because the cognitive expressions of the first 

and second stages – as theorized by Donald – 

already include the mental abilities at-

tributed to the third stage. Mimetic, lexical 

and graphic external memory representations 

are not only complementary to each other 

but, because they are the products of the 

same cognitive process, they do not make any 

sense when ordered hierarchically.  

     In conclusion, symbolling abilities 

seem to have been present in a latent/emer-

gent form already with Homo erectus. How-

ever, the faculty – or its random use – does 

not imply its immediate and wide-scale ap-

plication. The well-documented systematic 

application of these ancestral abilities – the 

entire set of which I have labeled ‘ritual be-

havior’ – may be attributed to archaic Homo 

sapiens who, presumably, were also in the 

possession of latent iconographic abilities 

that would become fully-mobilized only 

when acquiring meaning and importance in 

a strictly cultural environment (for a discus-

sion, see Steiner 2017). 

Species-Specific Consciousness 

     So far, I have repeatedly referred to a 

‘consciously-sequenced’ perception of real-

ity. I have also floated the idea that Lower 

and Middle Paleolithic abstract representa-

tions should be perceived as the tangible 

signs of an emergent species-specific con-

sciousness. At this point, I must address the 

elusive concept of ‘consciousness.’ Given the 

various perceptions and explanations – 

which range from the spiritual to the neuro-

psychological and quantum-mechanical – 

there is no clear-cut consensus definition of 

consciousness. From the perspective of what 

was said up to this point, the best fitting ap-

proach would be that offered by Ned Block 

(1995). Block differentiates between phenome-

nal (P-) and access (A-) types of conscious per-

ception: 1) P-consciousness is raw experience 

of movement, colors, forms, sounds, sensa-

tions, emotions and feelings, with our bodies 

and responses at the center (This is, practi-

cally, Einstein’s ‘‘chaotic diversity of our 

sense organs,’’ as described in a previous sec-

tion. It can also be likened to Gabora’s diver-

gent, unfocused mental state, the phenome-

nal awareness of superposed and non-com-

positionally related memory traces.) and 2) 

A-consciousness, which is information stored 

in our minds and made accessible for verbal 

report, reasoning, and the control of behavior 

(Einstein’s ‘‘logically unified system of 

thought’’ and Gabora’s convergent mental 

state – in which loosely related memory 

traces assume a ‘‘causally-ordered and recip-

rocally understandable form’’ – would be the 

best parallels.). I argue that the ability to shift 

between Block’s P- and A- aspects of con-

sciousness and between the divergent and 

convergent ends of the operational range of 

Gabora’s contextual focus are closely related 

and contemporaneous cognitive aptitudes.  

The abstract rock art corpus that has sur-

vived from the very period when such abili-

ties emerged are the material remains of a 

cultural behavior that must have included 

additional, non-material cognitive mecha-

nisms of converting individual phenomenal per-

ception to collectively accessible knowledge. As 

Block stresses, A-consciousness implies verbal 

report (i.e., [proto-]linguistic skills), reasoning 

(that is, a causal interpretation and percep-

tion of not necessarily causally-ordered infor-

mation and the ability to predict in the future, 

based on analytically-devised rules) and con-

trolled behavior (which is determined by and 

adapted to the causally-ordered construct of 

an already predominantly cultural environ-

ment).   

A Cultural Exaptation? 

     Francesco d’Errico and colleagues ap-

proximate a comparable cognitive transition 

in a recent (2017) paper suggestively titled 

From Number Sense to Number Symbols. In the 

article, they suggest that a 44 ka-old incised 

baboon fibula from Border Cave (South 
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Africa) and a similarly notched 72 ka-old hy-

ena femur from Les Pradelles Cave (France) 

may be interpreted as ‘exosomatic devices’ 

meant to store numerical information. Judg-

ing by the dates of the artifacts and by similar 

finds in other parts of the world, the authors 

conclude that such exosomatic devices were 

in use with archaic humans during the Afri-

can Middle Stone Age and the European 

Middle Paleolithic. They interpret the cogni-

tive background of these devices as ‘cultural 

exaptations’ which, simplistically formu-

lated, means the application of a biologically-

developed cognitive potential in a cultural 

environment, where the biological ability – or 

pre-adaptation, as the term ‘exaptation’ was 

previously known – becomes adaptively use-

ful and thus, perpetuated in a novel form.  

     However, the ages of these artifacts 

are much later than those attributed to the al-

ready mentioned and similarly notched/en-

graved finds from Kozarnika, Wonderwerk 

or Bilzingsleben and dated by Bednarik 

(2014a) to > 1 my, 300 ka and > 325 ka. Appar-

ently, we can identify two distinct periods in 

which abstract notches and engravings had 

special meaning and importance: (i) the ex-

ogrammatic representations of archaic hom-

inins from the first period (up to c. 300 ka) 

may be perceived as the indices of an emer-

gent consciousness and ritual behavior, while 

(ii) notches and engravings dated to c. 70 ka 

and continuing well into the Upper Paleo-

lithic may, indeed, be perceived as expres-

sions of cultural exaptations rooted in earlier, 

but only randomly applied symbolling abili-

ties.  

Language and Time 

     The subtitle of Derek Bickerton’s 

(2009) book Adam’s Tongue – How Man Made 

Language and How Language Made Man – is just 

as suggestive as that of the abovementioned 

paper. Block’s A-consciousness implies verbal 

report and reasoning. While musical and mi-

metic abilities would have had a role in the 

reiteration and trained perception of caus-

ally-sequenced constructs of reality, the de-

scriptive character of language would have 

been instrumental in the consolidation and 

transmission of such a conceptually-con-

structed cultural environment. Not inci-

dentally, Bickerton stresses on the close rela-

tionship between niche construction and the 

development of language. Very suggestively, 

the ‘how man made language’ part of the 

subtitle refers to the process of constructing 

the cultural niche, while the ‘how language 

made man’ is a fitting description of how 

man adapted to his/her own cultural con-

struct. 

     Language and time are closely related 

categories. Bernie Taylor (2017) offers an ex-

cellent model for the origin of our linear per-

ception of cyclical time. Without being aware 

of it, his approach is complementary to Bick-

erton’s proposal regarding the origins of lan-

guage. Taylor introduces the concept of ‘bio-

logical time,’ that is, the meticulous observa-

tion of animal behavior, the specifics of 

which – calving, rutting, mating, gestation 

periods – are correlated with seasons, floods, 

lunar phases and other repetitive natural 

phenomena. Lunations become thus indexi-

cal references for, say, the availability of food 

resources. Animal behavior may vary from 

season to season and tracking the animal may 

ask for different strategies during different 

lunar phases. Similarly, the meat of certain 

animals may be rich in fat and nutritious, de-

pending on the heliacal or nocturnal ris-

ing/setting of specific constellations, with the 

hunt being planned accordingly. Observing 

and remembering biological time results in an 

impressive amount of knowledge the trans-

mission of which, according to Taylor, relies 

not only on language, but is complemented 

by rock art. For example, the famous stag 

from the Axial Gallery of Lacaux was painted 

above a row of abstract dots and a rectangle. 

The latter, in Taylor’s interpretation, points to 

a specific time of the year when the stag’s ant-

lers are at their fully developed stage and, 
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therefore, the animal possesses the maximum 

amount of ‘potency’ during its biological 

time (see Lewis-Williams 1988, Steiner 2017 

regarding the importance of ‘tapping’ power-

animal potency). Of special interest here is 

that, although the Axial Gallery was painted 

during the Upper Paleolithic, the iconic de-

piction of the stag is accompanied by abstract 

representations. Therefore, the functionality 

of the latter cannot be directly related to the 

conversion of phenomenal perception to ac-

cessible knowledge but rather interpreted as 

a subsequent phase of cultural adaptation to 

an already established construct of reality, an 

adaptation of subsistence, social and ritual 

activities to the biological time of the stag de-

picted in this specific mural. Therefore, Tay-

lor’s ‘biological time’ may just as well be 

called cultural time.  

     According to Eliade (1957), the full ac-

ceptance of cultural time is one of the reasons 

for modern man’s anxieties. Man’s desire to 

escape the causal confines of his own con-

struct of reality – modelled on language and 

cemented with time – can already be depicted 

in the ‘creative explosion’ of the Upper Paleo-

lithic when, as a consequence of tens of mil-

lennia of cultural conditioning, the ability to 

shift the contextual focus to its associative 

end (sensu Gabora 2003) became severely 

eroded and restricted to children and, even-

tually, to ‘ritual specialists’ (for a discussion 

see Bednarik 2007, Snow 2013, Steiner 2016). 

From Biological Cognition to Cultural 

Behavior 

     In the sections above, I have followed 

the simultaneous emergence of conscious-

ness and the first instances of exogrammatic 

expression by drawing parallels between 

Ned Block’s theory and cognitive phenom-

ena that seem to support the view that the ab-

stract patterns of Lower and Middle Paleo-

lithic rock art reflect our ancestors’ preoccu-

pation with adapting reality to a culturally-

devised conscious format. One of the main 

points in the argument was Gabora’s contex-

tual focus hypothesis, which was expanded by 

Gabora and Kitto (2013) in order to accom-

modate a quantum approach to conscious-

ness. When – in the associative mental state – 

memory traces appear in the context of each 

other, their meanings change in non-compo-

sitional ways that violate the rules of classical 

logic. Gabora and Kitto adopt the classical 

Copenhagen interpretation according to 

which, conscious observation results in quantum 

state reduction. That is, memory traces in an 

undecided state of superposition become 

manifested in an ordered and reciprocally-

understandable format, according to a com-

munally-devised ‘causal stencil.’ The quan-

tum collapse is the result of convergent 

thought that extracts only the essence re-

quired for abstract representation instead of 

processing the entire set of memory traces 

that are open to infinite associative possibili-

ties in a defocused mental state. The causal 

stencil is a cultural product which, as I argue, 

is the general motif of the oldest abstract rep-

resentations.  

     Contrary to the popular Copenhagen 

tradition, Penrose and Hameroff (2011) argue 

that quantum state reduction is not the result 

of conscious observation but, quite the oppo-

site, consciousness is the result of quantum state 

reduction. In other words, a specific outcome 

of the combinatorial probabilities of super-

posed memory traces occurs in synchronicity 

with – and as a function of – an objective 

quantum state reduction (OR).  

     I am inclined toward the classical 

model, because of its compatibility with my 

understanding of the role played by the old-

est (> 300 ka) abstract representations, as de-

tailed in the previous sections. However, the 

Penrose-Hameroff hypothesis may explain 

the cognitive background of abstract notches 

and engravings that I have tentatively as-

cribed to a later (< 70 ka – 12 ka) period that 

precedes and then overlaps with the Upper 

Paleolithic iconic explosion. I would there-

fore suggest that the objective causal order to 
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which our conscious perception of reality ad-

justs itself – like in the Penrose-Hameroff 

model – is the very construct of reality de-

vised by our Lower/Middle Paleolithic ances-

tors and stabilized during tens of millennia of 

ritual behavior. While their abstract notches 

and geometrical patterns reflect a conscious 

modelling and calibration of reality, abstract 

representations from the second period may 

be explained as indices of the conscious con-

ditioning of our behavior, as an adaptation 

and adjustment to an already externalized – 

and therefore objective – cultural construct of 

reality. Art-as-we-know-it would emerge as a 

next step, as a technique (sensu Ellul 1964) de-

vised to buffer between biologically-devel-

oped cognition and culturally-acquired be-

havior. 

Symbol, number, language, time and art, accord-

ing to anarcho-primitivist philosopher John 

Zerzan (1999), are the very cultural con-

structs that alienate the ‘noble savage’ from 

his natural environment and which restrict 

the full realization of his biological potentials. 

However, Zerzan’s reification, i.e., the ten-

dency to take the conceptual as the perceived 

and to treat concepts as tangible realities, is a 

cognitive exaptation of both ‘savage’ and 

‘civilized.’  The only difference between the 

two is in how their commonly-shared cogni-

tive aptitudes were applied and how the in-

herent risks of cultural evolution were man-

aged (cf. Steiner, 2017). 

Conclusions 

     Steady cranial growth during the 

Lower and Middle Paleolithic (L/MP) led, 

starting with Homo erectus, to a surge in neu-

ral storage capacity and thus, to the necessity 

to process ever-increasing amounts of infor-

mation. The transition was also characterized 

by the onset of the ability to shift between as-

sociative – conducive to forging memory 

trace combinations that are contextually, but 

not necessarily causally related – and a rule-

based, analytic mode of thought, conducive 

to manifesting them in an ordered, recipro-

cally-understandable fashion that analyzes 

relationships of cause and effect. The indis-

criminate associative combination of 

memory traces stored in the neural recesses 

of our big-brained ancestors could have eas-

ily resulted in a state of undecided superpo-

sition. Such a complex state would have been 

difficult to maintain and a potential downfall 

of processing in an associative mode became 

an imminent risk – when memory traces ap-

pear in the context of each other, their mean-

ings change in ways that are non-composi-

tional, i.e., they defy the rules of classical 

logic. External memory storage became the 

technique meant to overcome the risk of such 

a potential downfall. It was suggested that 

the abstract motifs of early rock art would 

represent a ‘collapsed’ – and hence, transmit-

table – state of superposed memory traces. 

Exogrammatic rules allow for a specific – and 

adaptively-advantageous – stabilization of 

the infinite combinatorial possibilities of 

memory traces and convert them to commu-

nally-accessible information packages. The 

mimetic, rhythmic, lexical and graphic repre-

sentation techniques of consciously-se-

quenced memory traces have developed in 

synchronicity, as the complementary parts of 

a complex ritual behavior employed in the al-

ready cultural transmission of externally-

stored ‘objective’ knowledge.   

References 

Bednarik, R. G. 2007. Antiquity and authorship of the 

Chauvet rock art. Rock Art Research 24(1): 21- 34.  

Bednarik, R. G. 2013. Pleistocene paleoart of Africa. Arts 

2: 6-34.  

Bednarik, R. G. 2014a. Pleistocene paleoart of Europe. 

Arts 3: 245-278.  

Bednarik, R. G. 2014b. Exograms. Rock Art Research 

31(1): 47-62.   

Benozzo, F. and M. Otte 2017. Speaking Australopithecus: 

A new theory on the origins of human language. 

Edizioni dell’Orso, Alessandria, Italy. 

Bickerton, D. 2009. Adam's tongue: How man made lan-

guage and language made man. Hill and Wang, 

New York.  



G. F. STEINER  

80                                                                                                                                                    inqpress
 

No 22   

Block, N. 1995. How many concepts of consciousness? 

Behavioral and Brain Sciences 18: 200-219.  

Cameron, E. 2015.  Is it art or knowledge? Deconstruct-

ing Australian Aboriginal creative making. Arts 

4:  68-74. 

Carrier, D. R. 1984. The energetic paradox of human 

running and hominid evolution. Current Anthro-

pology  25(4): 483-495. 

Coman, A., I. Momennejad, R. D. Drach et al. 2016. 

Mnemonic convergence in social networks: The 

emergent properties of cognition at a collective 

level, PNAS 113(29): 8171-8176. 

Culley, E. V. 2016. (PhD thesis) A semiotic approach to the 

evolution of symbolling capacities during the Late 

Pleistocene  with implications for claims of ‘moder-

nity’ in early human groups. Arizona State Univer-

sity.  

De Jaeger, X., J. Courtey, M. Brus et al. 2014. Character-

ization of spatial memory reconsolidation. 

Learning and Memory 21(6): 316–324.  

Donald, M. 1991. Origins of the modern mind. Harvard 

University Press, Cambridge, MA  

d’Errico, F., C. Henshilwood and P. Nilssen 2001. An 

engraved bone fragment from c. 70,000 year-old 

Middle Stone Age levels at Blombos Cave, South 

Africa: Implications for the origin of symbolism 

and language. Antiquity 75(288): 309-318. 

d’Errico F., L. Doyon, I. Colagé et al. 2017. From number 

sense to number symbols: An archaeological 

perspective. Phil. Transactions of the Royal Society 

B 373: 20160518.  doi.org/10.1098/rstb.2016.0518  

Einstein, A. 1954. Ideas and Opinions. Bonanza Books, 

New York. 

Eliade, M. 1957. The sacred and the profane: The nature of 

religion. Harvest/HBJ Publishers, Eugene, OR 

Ellul, J. 1964. The technological society. Random House, 

New York. 

Gabora, L. 2003. Contextual focus: A cognitive explana-

tion for the cultural transition of the Middle/ 

Upper Paleolithic. In R. Alterman and D. Hirsch 

(Eds.), Proceedings of the 25th Annual Meeting of the 

Cognitive Science Society, pp. 432-437.  

Gabora, L. 2018. Creativity: Linchpin in the quest for a 

viable theory of cultural evolution. Current 

Opinion in Behavioral Sciences 27: 77-83. 

Gabora, L. and K. Kitto 2013. Concept combination and 

the origins of complex cognition. In E. Swan 

(Ed.), Origins of mind, pp. 361-382. Springer, Ber-

lin.  

Goren-Inbar, N. 1986. A figurine from the Acheulian 

site of Berekhat Yam. M’tkufat Ha’even 19: 7-12. 

Hamacher, D. W. and R. P. Norris 2014. Australian Ab-

original geomythology: Eyewitness accounts of 

cosmic impacts?  Archaeoastronomy - The Journal 

of Astronomy in Culture 1:1-51.  

 

Henshilwood, C., F. d’Errico, L. Pollarolo et al. 2018. An 

abstract drawing from the 73,000 year-old levels 

at Blombos Cave, South Africa. Nature 562: 115-

118. 

Holland, J. H., K. J. Holyoak and R. E. Nisbett 1989. In-

duction: Processes of inference, learning and discov-

ery. MIT Press, Cambridge, MA 

Lewis-Williams, J. D. 1988. Reality and non-reality in 

San rock art. In N. J. Pines (Ed.), Twenty-fifth Ray-

mond Dart Lecture at The Institute for the Study of 

Man in Africa, pp. 1-25. Witwatersrand Univer-

sity Press, Johannesburg.  

Liebenberg, L. 2013a. Tracking science: The origins of 

scientific thinking in our Paleolithic ancestors. 

Skeptic Magazine 18(3): 18-23.  

Liebenberg, L. 2013b. The origin of science. CyberTracker, 

Cape Town. 

Malafouris, L. 2013. How things shape the mind. MIT 

Press, Cambridge, MA 

McCall, G. S. 2014. Before modern humans: New perspec-

tives on the African Stone Age. Routledge, New 

York. 

Miyagawa S., C. Lesure and V. A. Nóbrega 2018. Cross-

Modality Information Transfer: A hypothesis 

about the relationship among prehistoric cave 

paintings, symbolic thinking, and the emer-

gence of language. Frontiers in Psychology 9: 1-9.  

Morley, I. 2003. (PhD thesis) The evolutionary origins and 

archaeology of music: An investigation into the pre-

history of human musical capacities and behaviours, 

using archaeological, anthropological, cognitive and 

behavioural evidence. Cambridge: Cambridge 

University, Darwin College.  

Penrose R. and S. Hameroff 2011. Consciousness in the 

Universe: Neuroscience, quantum space-time 

geometry and orchestrated reduction (OR) the-

ory. Journal of Cosmology 14: 41-92.  

Schacter, D. L. 2002. The seven sins of memory: How the 

mind forgets and remembers. Houghton Mifflin, 

Boston. 

Semon, R. 1921. The mneme. George Allen & Unwin, 

London. 

Snow, D. R. 2013. Sexual dimorphism in European Up-

per Paleolithic cave art. American Antiquity 78(4): 

746-761. 

Sreenathan M., V. R. Rao and R. G. Bednarik 2008. 

Paleolithic cognitive inheritance in aesthetic be-

haviour of the Jarawas of the Andaman Islands. 

Anthropos 103: 367-392.  

Steiner, G. F. 2016. Collective dissociation: The origins 

of civilized madness. In R. G. Bednarik (Ed.), 

Understanding human behavior: Theories, patterns 

and developments, pp: 129-174. Nova Biomedical, 

New York.  

 



STONE AGE MNEMONICS                                                                                                                                                                                                                    

DECEMBER 2018 | Memory and Culture                                                                                                                                                                  81 

Steiner, G. F. 2017. Neanderthals in Plato’s Cave: A relativ-

istic approach to cultural evolution. Nova Science 

Publishers, New York.  

Suddendorf, T. and M. C. Corballis 1997. Mental time 

travel and the evolution of the human mind. Ge-

netic, Social and General Psychology Monographs 

123(2): 133-167. 

Taylor, B. 2017. Hunting the moon: At the intersection 

of earth and heaven. IFIRAR Quarterly 13: 13-22. 

Thum, A. S., A. Jenett, K. Ito et al. 2007. Multiple 

memory traces for olfactory reward learning in 

drosophila. The Journal of Neuroscience 

27(41):11132–11138. 

Wynn, T. and F. L. Coolidge 2016. Archaeological in-

sights into hominin cognitive evolution. Evolu-

tionary Anthropology 25(4): 200-213. 

 

 

 

 

 

 

 

Zerzan, J. 1999. Elements of refusal. Columbia Alterna-

tive Press. Columbia, MO 

––– 2010. Oxford Dictionary of English (3rd edition) Ox-

ford University Press, UK. 

––– 2014. Collins English Dictionary (12th edition) Harper 

Collins, Glasgow. 

Internet resources: 

Human mammal, human hunter. Excerpt from D.  

       Attenborough’s (2002) The life of mammals, BBC doc-

umentary. https://youtu.be/826HMLoiE_o (ac-

cessed 01.08.2018) 

Memory.  https://en.wikipe-

dia.org/wiki/Memory?wprov=sfla1 (accessed 

01.08.2018) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


