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Even so, the idea of different levels of Merge suggests a degree of continuity rather than an abrupt saltation restricted to humans. 190), and in 1798 Immanuel Kant wrote that “Thinking is speaking to ourselves” (quoted in translation by Butts, 1988, p. In many respects, then, language is an exclusionary and even destructive force. [PubMed] [Google
Scholar]Neuringer AJ. Temporal integration in duration and number discrimination. A., and Buckner, C. Dunbar (2004) suggests level 5 recursion underlies the mutual understanding of gods: “I suppose that you think that I believe there are gods who intend to influence our future because they understand our desires (p. Unfortunately, it was
published in the same year as Syntactic Structures by a young Noam Chomsky (1957), who was part of a new generation launching what came to be called the “cognitive revolution.” This was followed by Chomsky’s (1959) influential but damning review of Skinner’s book, which to many signaled the end of behaviorism as the dominant paradigm of
psychology. Google Scholar Suddendorf, T., and Corballis, M. xi).” This renders actual languages peripheral to the understanding of universal grammar itself. “Aspects of transmission of tool-use in wild chimpanzees,” in Tools, Language and Cognition in Human Evolution, eds K. In Chomsky’s view, Merge applies not directly to communicative
languages themselves, but rather to the abstract elements of I-language. doi: 10.1098/rstb.2019.0045 CrossRef Full Text | Google Scholar Friederici, A. Evans and Levinson (2009), for example, concluded that “the emperor of Universal Grammar has no clothes” (p. doi: 10.3389/fnhum.2019.00217 CrossRef Full Text | Google Scholar Darwin, C. G.,
Pizzo, M. Kinzey (Albany, NY: SUNY Press), 183–237. doi: 10.1007/s10071-019-01326-6 CrossRef Full Text | Google Scholar Hewes, G. The critical change that led to the development and vast expansion of communication options may have been the shift to obligate bipedalism. Superstition in the pigeon. [PubMed] [Google Scholar]Mischel W, Ebbesen
EB, Zeiss AR. A., and Pike, A. “Prospection as a cognitive precursor to symbolic communication,” in The Evolution of Human Language, eds R. For example, Japanese tits have more than 10 different notes, and combine them to produce different warning signals (Suzuki et al., 2018). At one level, at least, the combining of signals is an instance of
Merge, but Merge itself can be considered to have different levels of recursion. Conflict of Interest The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest. C., Schreiber, J., Singer, T., Steinbeis, N., and Friederici, A. Vision Res. M., Rajic,
G., and Crystal, J. Cognitive and attentional mechanisms in delay of gratification. Speaking Our Minds: Why Human Communication is Different, and How Language Evolved to Make It Special. C., Holyoak, K. Google Scholar Fernandez-Armesto, F. Hum. 32, 429–492. The harmonic and melodic structure of music are also hierarchical in structure, and
also seem to activate Broca’s area, along with its right-hemisphere homolog. Oxford: Oxford University Press. I. Cottingham, R. (1997). D., and Boesch, C. Koda et al. doi: 10.1177/0963721418812781 CrossRef Full Text | Google Scholar Locke, J. Know one species, and you know them all, at least as far as intellect was concerned. With the invention of
writing, storage of information could become more lasting and accurate, and shared even more widely. With one exception, vertebrates were assumed to conform to the same universal behavioral laws. Cambridge, MA: MIT Press. U.S.A. 116, 26072–26077. 192, 553–560. The Hague: Mouton. 31, 108–178. Briggs, L. doi: 10.1016/j.jml.2004.01.002
CrossRef Full Text | Google Scholar Watson, J. African Apes, eds B. Yamakido (Cambridge: Cambridge University Press), 45–62. The chimpanzee Panzee communicates with cards and keyboards, and in a typical study watched while researchers hid dozens of objects—fruits, toys, balloons, paper shapes—outside of his enclosure, and when later shown
the symbol for each could guide a keeper to where it was hidden. Annu. The gold standard for assessing theory of mind at the level of belief is what has been termed the Sally-Anne test, designed to assess whether an individual understands that another individual has a false belief. J., and Richardson, I. The Thinking Ape: Evolutionary Origins of
Intelligence. These considerations take the focus away from language as a communication system, and raises questions about the nature of thought itself and about the status of humans relative to other species. Google Scholar Sperber, D., and Wilson, D. doi: 10.1017/cbo9780511817755.003 CrossRef Full Text | Google Scholar Chomsky, N. More
Than Nature Needs: Language, Mind, and Evolution. doi: 10.1111/1467-280.00395 CrossRef Full Text | Google Scholar Grice, H. London: Faber & Faber. While recalling or imagining these events, the hippocampus was active—more anteriorly for future events than past ones. doi: 10.1017/S0140525X08003543 CrossRef Full Text | Google Scholar
Pilley, J. Some of the evidence is behavioral and comes from species as diverse as great apes (e.g., Martin-Ordas et al., 2010; Janmaat et al., 2014), birds (e.g., Clayton et al., 2003), rats (Wilson et al., 2013)., and even cuttlefish (Jozet-Alves et al., 2013). Biolinguistic explorations: design, development, evolution. Visual acuity development in infant
monkeys (Macaca nemestrina) having known gestational ages. Speaking Bonobo. Perception of sign language and its application to visual communication for deaf people. [PubMed] [Google Scholar]Lee CP, Boothe RG. Mental time travel and the evolution of the human mind. Does the autistic child have a theory of mind? Superstitious key pecking
after three peck-produced reinforcements. The essence of language seems to lie in generative thought rather than in any power of communication. C., Branch, C. doi: 10.1017/S0140525X0999094X CrossRef Full Text | Google Scholar Everett, D. (2003). References Arbib, M. Berlin: Mouton de Gruyter. In any event, speech itself is primarily gestural,
based on movements of the lips, tongue, and larynx, but largely invisible to the viewer, so that sound was added to make them accessible. Indeed the retreat of gestures into the mouth can be regarded as part of the conventionalization process, and an early example of miniaturization (Corballis, 2017), although manual gestures remains an integral
accompaniment to speech, even in the blind (Iverson and Goldin-Meadow, 1998). Large portions of our lives are spent in the imaginations of others. Biolinguistics 7, 35–74. “The reconstruction of hominid evolution through strategic modeling,” in The Evolution of Human Behavior: Primate Models, ed. Google Scholar Tooby, J., and DeVore, I. Mental
time travel and the shaping of language. Performance was accurate after 16 h (Menzel, 2005). This not only narrows the gap between humans and other species, but also broadens the concept of intelligence, which can now be taken to include theory of mind, imaginative thinking, and creativity. London: John Murray. And as suggested above, this
level of generativity is better regarded as a property of thought, rather than of language itself. (2015). 1, 515–526. Cache recovery and spatial memory in Clark’s Nutcrackers (Nucifraga columbiana). G., and Taylor, T. Out of Our Minds: What We Think and How We Came to Think It. London: Oneworld Publications. In evolutionary terms, gestures may
have developed into pantomime, with increasing sequential properties. Probing the mental representation of gesture: is handwaving spatial? M., and Chen, Y. doi: 10.1073/pnas.1910095116 CrossRef Full Text | Google Scholar Knott, A. 26, 210–218. What may have seemed a stark contrast between humans and all other species has blended into a
continuum, albeit one with added complexities and divergences. Sally puts a marble in her basket and leaves, and Anne then puts the marble in her box. 1327).” Lewis et al. Language and the Problem of Knowledge: The Managua Lectures. 1969 Jul;12(4):653–661. Lett. Melioration and self-experimentation. 1. J. doi: 10.1073/pnas.1105816108
CrossRef Full Text | Google Scholar Martin-Ordas, G., Haun, D., Colmenares, F., and Call, J. In 6- to 8-year old children, the gestures also showed evidence of grammatical structure. Macphail and Bolhuis carefully review such examples, and conclude that there are no convincing examples of differences in the processes of learning and memory
themselves, either within or between species. 4:397. They go on to note that learning is often adapted to specific contexts. Friederici (2019) raises the question of whether there is a single network in the brain underlying hierarchy processing and concludes, based on brain imaging, that there is not. L., Corballis, M. 1974 Dec;14(12):1433–1439. In his
later writing, though, Macphail was well aware that the science of animal behavior had moved on from behaviorism. Two border collies appear to have receptive vocabularies in the hundreds (Kaminski et al., 2004; Pilley and Reid, 2011), but virtually no ability to articulate. Mental time travel: continuities and discontinuities. C., and Balda, R. Dogs
perceive and spontaneously normalize formant-related speaker and vowel differences in human speech sounds. Links to PubMed are also available for Selected References.These references are in PubMed. Language as Thought These objections have been partly finessed by Chomsky himself, who has insisted that universal grammar is part of what he
calls I-language, which is not fundamentally concerned with communicative language at all. Nevertheless, the operations of Merge might be manifest indirectly in spoken language, say, as successive merges of phonemes to form syllables, syllables to form words, words to form phrases, phrases to form sentences, and so on. Neuroscientist 17, 197–
208. The myth of language universals: Language diversity and its importance for cognitive science. “Twenty-seven years of project Koko and Michael,” in All Apes Great and Small: Vol 1. G. (1987). Google Scholar Evans, N. As suggested earlier, we may add mental time travel and even imagination as aspects of intelligence that may go far back in
evolution. 230).” What of Other Species? (2013). Biol. Preliterate communities told stories that were repeated down the generations, accompanies by song and dance. Watson, similarly equated thought with subvocal speech (Watson, 1928). Although the structure of I-language is not easily discerned in the thickets of languages themselves, Chomsky’s
views have become progressively simplified, culminating in The Minimalist Program (Chomsky, 1995, 2015b), which seemingly reduces the gap between humans and other species. The Production Problems These advantages, though, raise the question of why other intelligent species have not evolved a comparable capacity to share. This
compositional structure is made up of components such as actors, agents, patients, predication, and so on, and marking them with communicative signals. These components are merged in multiple ways to make up the real or imagined events, or episodes, of our lives. 23, 159–167. It is stories, whether in the form of fiction, soap operas, tales around
the campfire, or gossip, that prompted Niles (2010) to rename our species Homo narrans—the storytellers. Memory for recent actions in the bottlenosed dolphin (Tursiops truncatus): Repetition of arbitrary behaviors using an abstract rule. Event-based prospective memory in the rat. Google Scholar Hoffmann, D. [PMC free article] [PubMed] [Google
Scholar]Lattal KA, Gleeson S. Science 321, 1322–1327. Science 304, 1682–1683. [PMC free article] [PubMed] [Google Scholar]Garcia J, Hankins WG, Rusiniak KW. K. U-Th dating of carbonate crusts reveals Neandertal origin of Iberian cave art. A., and Buzsáki, G. (1959). S. Knott (2012) goes so far as to suggest that Chomsky’s Minimalist Program
and the concept of Merge can be applied recursively to simple sensorimotor actions, such as grasping an object and bringing it to the mouth, activities common to primates species and seemingly intentional. Attempts to teach great apes to talk have largely failed, but greater success has been achieved using simplified forms of sign language
(Patterson and Gordon, 2001) or keyboards containing arrays of word-like symbols (Savage-Rumbaugh et al., 1998). doi: 10.1086/431525 CrossRef Full Text | Google Scholar Fano, G. New York, NY: Sparknotes. doi: 10.1101/cshperspect.a021808 CrossRef Full Text | Google Scholar Muir, L. K., Pack, A. (1871). M., and Frith, U. doi:
10.1371/journal.pone.0096424 CrossRef Full Text | Google Scholar von Frisch, K. Leviathan: Part 1. Neandertal demise: An archaeological analysis of the modern human superiority complex. As Chomsky (2015b) put it: “It is a familiar fact (sic) that that the complexity and variety of language appears to be localized overwhelmingly—and perhaps
completely—in externalization (p. Friederici concludes “Broca’s area in the left hemisphere is crucial for the processing of hierarchy in language, but not for hierarchy processing in other higher-order cognitive domains, and can thus not be viewed as domain-general (p. Cambridge, MA: The MIT Press. Cultural constraints on grammar and cognition in
Pirahâ. (2016) tested three species of great apes (chimpanzees, bonobos and orangutans) on a version of the Sally-Anne test. 1985 Oct;11(4):591–597. Can. For Chomsky, though, thought is primary, and words merely provide the means for articulating those thoughts, in agreement with the 17th century philosopher John Locke (1690/2017): We should
have a great many fewer disputes in the world if words were taken for what they are, the signs of our ideas only, and not for the things themselves (p. Production of these movements recruits areas homologous to Broca’s area in humans. Place cells, grid cells, and memory. (1651). C., Romanowski, C. C., Schacter, D. Towards a new taxonomy of
primate vocal production learning. Nat. The Dialogues of Plato, Vol. Along the same lines, Dor (2015) describes language as “the instruction of imagination.” Zuberbühler (2019) suggests that grammar itself derives from the perceived structure of events and evolved before communicative language itself. doi: 10.1038/ncomms10506 CrossRef Full Text
| Google Scholar Bulley, A., Redshaw, J., and Suddendorf, T. (2008) argued that the failure to recognize the mental discontinuity between animals and humans was “Darwin’s mistake,” while Call and Tomasello (2008) concluded that chimpanzees do have an understanding of the goals, intentions, perceptions, and knowledge of others, but no
understanding of others’ beliefs or desires. These observations appear to have the hallmarks of mental time travel, as though mentally “replaying” the past or imagining the future (Corballis, 2013; Moser et al., 2015). Mind Lang. 20, 755–769. The 7,000 languages of the world are also testimony to the use of language as a moat, enabling sharing
within groups but acting as a barrier between them—language seems to operate as much to prevent communication as to enable it. L. L., Standish, C. The Origins and Nature of Language. In contrast to their poor voluntary control of vocalization, non-human primates are well adapted for intentional manual activity, whether in climbing, picking
berries, grooming, or play. Twitter evolution: converging mechanisms in birdsong and human speech. doi: 10.1038/nrn1180 CrossRef Full Text | Google Scholar Corballis, M. W., Cartmill, E., Genty, E., Hobaiter, C., and Tanner, J. Krupenye et al. Open Sci. 1981;21(6):805–809. Functional networks for social communication in the macaque monkey. To
him, the communicative aspect is relatively trivial and uninteresting: “… externalization (hence a fortiori communication) is an ancillary aspect of language, peripheral to its core nature” (Chomsky, 2015a, p. Evidence of episodic-like memory in cuttlefish. He writes: “Communication relies on largely shared cognoscitive powers, and succeeds insofar as
similar mental constructs, background, concerns, and presuppositions allow for similar perspectives to be reached” (p. 361). “Progress in the study of chimpanzee recall and episodic memory,” in The Missing Link in Cognition: Origins of Self-Reflective Consciousness, eds H. F., Stokoe, W. Sally then comes back and the child is then asked where she
will look for the marble. 85, 95–111. Smithsonian Magazine. Google Scholar Pastalkova, E., Itskov, V. “The outcome,” they write, “supports a general process as opposed to an ecological account of cognition” (p. Google Scholar Fischer, J., and Hammerschmidt, K. That is, they behaved as though understanding that the person had a false belief. 50,
395–407. The actor then moved behind a barrier that was either translucent or opaque, and the object was shifted to the other box. 16:e2006532. These developments blur the distinctions proposed by Macphail. Keeping track of time: evidence for episodic-like memory in great apes. In spite of the fact that some 7,000 different languages exist in the
world, each incomprehensible to nearly all of the others, language was taken to depend on an innate endowment, and differing from animal communication in that it was based on computational rules applying universally but exclusively to humans. Generation times in wild chimpanzees and gorillas suggest earlier divergence times in great ape and
human evolution. (1967). B., Milton, J. Claims of human uniqueness seem to progressively dwindle in the face of growing evidence for constructive thinking in non-human animals. Replay of episodic memories in the rat. Curr. The Minimalist Program. Given the advances in behavioral techniques and neurophysiological investigation, the challenge is to
map out the mental capacities of different species, with perhaps less of an imperative to consider that humans are different. Macphail and Bolthuis do concede that they have omitted discussion of whether apes possess theory of mind, which Byrne (1995) had earlier suggested to be critical to the evolution of intelligence. doi: 10.3758/bf03199213
CrossRef Full Text | Google Scholar Moser, M.-B., Rowland, D. A. Behavioral regulation of the milieu interne in man and rat. A person hid an object and left, and the object was then moved. Some languages, such as those of the Pirahä of Brazil (Everett, 2005) or the Iatmul of New Guinea (Evans, 2009), do not seem to display the recursive structure of
universal grammar. Rats remember items in context using episodic memory. Google Scholar Tello-Ramos, M. C., and Wilcox, S. Language, memory, and mental time travel: an evolutionary perspective. doi: 10.1016/j.neuron.2018.06.027 CrossRef Full Text | Google Scholar Simonyan, K., and Horwitz, B. As Scott-Phillips puts it, language is
underdetermined. The picture seems complicated by suggestions of interactions between different capacities, as in the idea of a tradeoff between memory capacity and creativity. Bloomington, IN: Indiana University Press. C., and Moser, E. Homo Narrans: The Poetics and Anthropology of Oral Literature. Mental time travel: a case for evolutionary
continuity. (1993). Imaginative thinking, whether directed to past or future events, or simply to the invention of scenarios, is no doubt adaptive to the individual, and may be common to many other species. (1995). Gesture, speech and lexical access: the role of lexical movements in speech production. Even Chomsky (2011) seems to agree. The
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apes, at least, do have some understanding of what others believe. doi: 10.1016/j.tics.2013.01.011 CrossRef Full Text | Google Scholar Suddendorf, T., and Corballis, M. M. 190). S., Bussey, T. The evolution of honey bee dance communication: a mechanistic perspective. Hierarchy processing in human neurobiology: How specific is it? Cognition 95,
201–236. Of man. 1) and the safer conclusion is that there are interspecies difference in the deployment of imagination. The founder of behaviorism, John B. Psychol. In one study, rats remembered many different episodes over intervals of up to 45 min without any evidence of decline in performance (Panoz-Brown et al., 2016). Wild chimpanzees plan
their breakfast time, type, and location. 2, eds J. We all live in a spatiotemporal world, inhabited by things, people and artifacts of our own making. Skinner (1957) had been aware of the challenge posed by language, and made a monumental effort to account for language in behavioral terms in his book Verbal Behavior. 1967 Apr;20(2):459–468. There
is perhaps still some doubt as to whether putative examples of mental time travel in non-human animals have the recursive structure of human imagination. 1984 Nov;42(3):397–406. “The future directed functions of the imagination: From prediction to metaforesight,” in The Cambridge Handbook of the Imagination, ed. The evolution of foresight:
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domestic dog: Evidence for “fast mapping”. It is perhaps difficult to think of comparable changes with such dramatic consequences, but one possible example might be flight: One small step for bird, one giant leap for birdkind. [PubMed] [Google Scholar]Cohen L, Neuringer A, Rhodes D. Even ravens may show an understanding of what unseen birds
can see Bugnyar et al. The giant tortoise may not be a creative animal, but seems to have explicit memories lasting up to 9 years (Gutnik et al., 2019). It may still be the case that theory of mind in apes is not at the level required for human language. Kanzi is now said to understand some 3,000 spoken words (Raffaele, 2006), but has virtually no ability
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