The coevolution of language and art in prehistoric cave sites
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This paper examines arguments for the coevolution of language and art through studies on
prehistoric cave sites and outlines an experimental semiotic model that recreates
communication under cave-like constraints. Drawing insights from archaeoacoustics,
which report correlations between prehistoric art and acoustic hotspots, cave art is read as
the externalization of symbolic thought and as evidence to the multimodality of language.
Cave art is not just embedded in musical and ritual performance, but it is also argued to be
communally produced, making caves media of communication and situated learning. The
study estimates chamber capacity from eight spaces in three caves (Lascaux, Chauvet,
Altamira), yielding an average capacity of 23.5-47.7 people. Building on these estimates,
we propose a virtual reality experimental semiotics model with 24 participants that
manipulates communication across rounds and evaluates the use of acoustic hotspots,
organization of imagery, and transmission. It is predicted that enriched vocal-gestural-
musical conditions will yield focus on acoustically salient areas, more structured
compositions, and higher copying accuracy, challenging the view that language leaves no
material trace.

1. Introduction

The complexity of language has long been recognized (Knight et al., 1995;
Kretzschmar, Jr, 2015; Bleahu, 2021; Picazo, 2021; Lund et al., 2022; Scerri &
Will, 2023). It is simultaneously physical, biological, cultural, socio-political, and
it is enacted in artistic behavior (Darwin, 1871; Saussure, 1916; Sapir, 1927,
White, 1940; Thom, 1972, 1980, 1988; Deacon, 1997; Tomasello et al., 2005;
Christiansen & Chater, 2009; Fitch, 2010; Arbib, 2018; Cuffari & Figueiredo,
2025). However, despite the broad agreement that a symbolic or cognitive
revolution arose between 100,000 and 50,000 years ago (Knight et al., 1995;
Harari, 2014; Scerri & Will, 2023; MacDonald et al., 2024; Zaidner et al., 2025),
these other complex properties remain insufficiently understood. In particular, the
co-emergence of language and art still lacks attention. To address this gap, the
researchers visited 15 prehistoric cave sites across Northern Spain and Southern



France, including exterior onsite observations at Altamira, Lascaux, and Chauvet.
Based on these field insights, this study aims to reveal how language and art
coevolved by using experimental semiotics to recreate communicative interaction
under similar constraints to prehistoric cave sites.

2. Clues from prehistoric art on the emergence and evolution of language

2.1. Cave sites provide the environmental condition for the co-emergence of
language and art

Archaeoacoustics has reported strong links between prehistoric art and cave
acoustics, including studies on Paleolithic and post-Paleolithic caves (Reznikoff,
1987, Waller, 1993, Dauvois, 1996, Till, 2014; Alvarez-Morales et al.,
2023a, 2023b, 2023c; Lopez-Mochales et al., 2023, Santos da Rosa et al., 2023).
The concentration of paintings in the innermost chambers of caves can therefore
be explained by the presence of acoustic hotspots (Blesser & Salter, 2009; Rainio
et al., 2014; Mattioli et al., 2017; Miyagawa et al., 2018). To quote Waller (1993),
“the images of horses, bulls, bison and deer are found in regions with high levels
of sound reflection” (p. 501). Even so, results vary by site, and some studies report
that links between art and acoustics are minimal or entirely absent (Fazenda et al.,
2017; Santos da Rosa et al., 2025). Nevertheless, correlations between art and
acoustics can be seen as clues to speech, since temperature and density, ground
surface, and obstacles within these hotspots alter signal properties (Gomes et al.,
2021; Pandit et al., 2022; Brandt et al., 2023). In this light, chambers with
prehistoric art may have guided choices of acoustic strategies by constraining
signal modulation.

2.2. Prehistoric art provides clues for the emergence of symbolic thought

Reports from archaeoacoustics align with the insight of Leroi-Gourhan (1964)
that prehistoric visual expression can be read as the externalization and material
symbolization of symbolic thought. Humans are often distinguished from other
creatures by a uniquely symbolic mode of cognition (Deacon, 1997, 2012;
Tattersall, 2017)—as Cassirer (1944) noted, we are not rational animals but
symbolic ones. If early human symbolic thought surfaced in prehistoric cave art,
we need a closer study of when and how such art emerged and how it correlates
with language development. Of course, symbolic reference cannot be exclusively
seen as the deciding factor in language evolution, since animal cognition research
suggests that symbolic richness may appear in animals as well (Zuberbiihler et
al., 1999; Hauser, 2001; Spelke, 2003; Carruthers, 2006; Hurford, 2007; Carey,
2009).



2.3. Prehistoric art provides clues for the multimodality of language

Another important aspect of prehistoric cave art is that it is linked to the spoken
language shared by members of the community. Given that these visual signs
were created by communities of artists rather than solitary figures, these small
groups likely used spoken language to coordinate their efforts. Such interaction is
consistent with collaborative task studies showing that people use spoken
descriptions to ensure a partner carries out the intended action (Clark & Wilkes-
Gibbs, 1986), and that verbal instruction improves coordination and group
performance in cooperative tasks (Xie et al., 2023; Yin et al., 2025). Miyagawa
et al. (2018) also define cave art as an example of cross-modal information
transfer in which auditory signals are converted into visual representations. Here,
cross-modal information transfer is defined as the process where external auditory
triggers—such as thunder, rock tapping, or music—are mentally transformed into
visual art. Building from this perspective, art can even be viewed as a form of
language (Ochoa & Garcia-Diez, 2018). Anati (2004) argues that Paleolithic rock
art forms a decipherable visual grammar, a cross-culturally recurrent system of
signs. Recent large-scale compilations of cave art also show placement rules.
Specific motifs recur with certain zones, indicating location-conditioned
combinatoriality (Intxaurbe et al., 2024). Even early prehistoric art in southern
Africa—engraved ochres and pierced shells at Blombos (Henshilwood et al.,
2018; d’Errico et al., 2023)—can function as a quasi-fossil record of human
language in the modern sense. Many scholars have further argued that rituals may
have taken place at cave art sites (Clottes, 1999, 2013; Barzilai et al., 2024). This
is supported by studies on commonalities between art and dance, one example of
which is the concept of the line. Considering the kinesthetic responses lines elicit
in the body (Ingold, 2015), contemporary artistic practice can discover similarities
with petroglyphs (Tilley & Bennett, 2008). It can therefore be suggested that cave
sites were not occupied solely by artists, but also by spectators and musical
performers. In this context, prehistoric art is best understood not as monosemiotic
but as polysemiotic, insofar as it combines distinct semiotic systems (Zlatev et al.,
2023).

2.4. Prehistoric art provides clues for the transmission of language and situated
learning

As previously mentioned, identifying artists shows cave imagery as the work of
communities, not solitary creators. Finger-fluting, in this view, shows prehistoric
art was communal. Research shows that children and adults, women and men,
fluted together at Rouffignac, Gargas, Las Chimeneas, and El Castillo. Many



Rouffignac mammoths point to apprenticeship within a community of practice
(Lave & Wenger, 1991; Lave, 1996; Handley et al., 2006). Cave imagery was
therefore a medium of communication—a tool for transmitting rules, relations,
and beliefs (Geertz, 1976; Jochim, 1982; Hewlett & Cavalli-Sforza, 1986;
Rowlands, 1992; Conkey, 2001; Garate et al., 2023; Garate, 2025; Wisher &
Palacio-Pérez, 2025). This aligns again with Leroi-Gourhan’s concept of the
mythogram, which ties memory to myth and ritual, accessed in ceremonial
contexts (Jones, 2007; Porr, 2010; Zubieta, 2022; Ramirez Galicia, 2024).
However, it is also important to note that, if these decorated caves held deep ritual
significance, the accessibility to these sites may have been restricted to specific
individuals or initiated groups (Guy, 2017; Spaey et al., 2024). Consequently, our
reference to communal activity should be understood as socially bounded
participation—a shared and transmitted practice, but one that may have occurred
within strictly regulated, ritualistic contexts.

3. Experimental semiotic approach to the coevolution of language and art
3.1. Why experimental semiotics?

In the following section, we intend to propose an experiment which tests how
acoustic conditions shape (i) the preferential use of the acoustic hotspot, (ii) the
internal organization of the imagery, and (iii) transmission from producers to
spectators. To structure this investigation, we draw upon experimental semiotics,
which studies how people create new communication systems, focusing on
interaction without pre-established conventions—rather than studying mature
languages (Galantucci & Garrod, 2011; Galantucci et al., 2012; Inoue & Morita,
2021; Delliponti et al., 2023; Okumura et al., 2023). For example, silent-gesture
experiments have been used to explore the origins of grammatical structures
(Goldin-Meadow et al., 2008; Schouwstra & de Swart, 2014; Culbertson et al.,
2020; Ortega et al., 2020). Sign language has drawn particular attention because
natural sign languages exhibit evolutionary stages similar to those seen in gesture
systems that were made in the laboratory (Senghas et al., 2004; Fusellier-Souza,
2006; Motamedi et al., 2019; Moita et al., 2023; Flaherty & Schouwstra, 2025).
Additionally, iterative learning research allows us to observe how the system
evolves over time (Kirby et al., 2014). However, experimental semiotics is often
faulted for low ecological validity because tasks are highly abstract or artificial
(Tamariz 2017; Nolle & Peeters, 2025). It has been proposed that the use of virtual
reality can balance this trade-off by combining experimental control with
ecological plausibility, grounding tasks in realistic, multimodal settings
(Galantucci et al. 2012; Nolle & Galantucci 2022; Nolle & Peeters, 2025).



3.2. Chamber capacity and number of participants

To determine a valid group size for testing the co-evolution of cave art and
language, we estimated the occupancy of eight decorated chambers across
Lascaux, Chauvet, and Altamira. Usable floor space was calculated by
discounting plan areas for physical constraints, then divided by posture-dependent
allowances ranging from 1.3 to 4.5 m? per person, yielding an average capacity
estimate of approximately 23.5 to 47.7 people. However, as this analysis
represents a speculative and preliminary estimate of prehistoric cave capacities,
the selection of 24 participants serves merely as an illustrative example for our
proposed experimental design.

3.3. Proposed task

If we assume that roughly 24 people participated in the production process of cave
paintings, a key remaining question is how their roles would have been allocated.
The classification of participants’ roles and the setting of participant numbers
draw on archaeologist Garate’s cost-calculation model, which estimates the
minimum human labor cost invested in producing cave art (Garate, 2025). First,
the acoustic conditions of the cave and its interior chambers constrain and guide
how utterances and sounds are used, and within these constraints (a) a suitable
location is selected through reconnaissance of cave positions. At that location,
spoken language is visualized and conversely, prehistoric art can also be
verbalized. Therefore, visual language requires (b) a provider of directives
indicating what to draw, where, and how; (c) an evaluator who checks the
progress of production and makes corrections; and (d) performers of music and
hoofbeat sounds. As for the technical skills required for visual art, tasks such as
(e) mural production, (f) assistance with lighting, and (g) pigment preparation
would be differentiated and carried out separately. This entire process constitutes
a single act of communication, and if we consider that children also participated
in cave-painting production processes such as finger fluting, it will be assumed
that, of the 24 participants, 12 learned the techniques as viewers. (Figure 1.)

We propose a virtual reality experiment, since virtual reality allows the 24
participants to act in interactive, multimodal 3D worlds while researchers
manipulate one variable at a time. A desktop cave scene renders irregular
paintable walls and spatialized audio with a pre-registered hotspot where sound
is louder and more reverberant, while non-hotspot areas are muffled. Participants
are not told about this difference. They enter the virtual cave with keyboard and
mouse, after listening to a soundscape of hoof impacts, bird songs, and
environmental noise. Communication is manipulated across three rounds: (A)



muted microphone only allowing gesture; (B) restricted speech plus gesture; and
(C) unrestricted speech plus gesture, hoofbeat imitation, and simple music. Each
round has a producer group and a spectator group. A producer group first creates
visual panels on irregular wall surfaces; a spectator group later attempts to create
similar panels under the same communicative constraints.
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Figure 1. Coevolution model for round (C).

We predict that the enriched vocal-gestural-musical condition (C) will yield
tighter spatial focus on acoustically salient areas, more structured panel
compositions, and higher copying accuracy than (B), with the most constrained
condition (A) producing the weakest spatial targeting, least organized panels, and
lowest transmission fidelity.

4. Conclusion

Prehistoric art, long treated as a separate domain, should be re-evaluated as a
critical quasi-fossil record of language evolution. The assumption that language
leaves no trace is challenged by reports that show Paleolithic art was in fact a
dynamic, multimodal, and environmentally situated communicative practice. The
strong correlation between cave art and acoustic hotspots points to a system of
externalized symbolic thought, linked with spoken and musical forms of
expression. To test these arguments, we propose a novel experimental semiotics
model that demonstrates this coevolution of language and art within a controlled,
cave-like environment enabled by virtual reality technology.
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