Almost universally, music uses scales consisting of a small number of notes. Could this increase the fitness of melodies for oral transmission? By reproducing the process online, a new study reveals how cognition, sound and culture may interact to shape music.

In most idioms that have arisen across the world [START_REF] Dowling | Music Cognition[END_REF][START_REF] Savage | Statistical universals reveal the structures and functions of human music[END_REF][START_REF] Brown | Universals in the world's musics[END_REF][START_REF] Mehr | Universality and diversity in human song[END_REF] , and quite possibly since prehistoric times [START_REF] Conard | New flutes document the earliest musical tradition in southwestern Germany[END_REF] , music uses tones moving up and down in pitch along scales that have a small number of permissible notes. This is in spite of pitch perception being remarkably accurate, with justnoticeable differences down to about 0.2% in trained listeners [START_REF] Micheyl | Influence of musical and psychoacoustical training on pitch discrimination[END_REF] . So, if adjacent note discriminability was the sole constraint, about 350 notes per octave would be available. Instead, most known cultures use between 5 and 12 notes per octave. Why? Imagine that cave painters had settled upon a small set of shapes to draw, and then everybody else followed suit to this day?

Although the comparison has many caveats, it highlights how puzzling the enduring existence of musical scales actually is. From the perspective of music cognition, such a peculiar arrangement has long been thought as deriving from universal constraints on pitch perception and memory 1,7- that discrete musical scales may arise through a delicate interplay between motor, perceptual, and cognitive biases at the individual level, which in turn interact with the shared biases of cultural transmission.

To study cultural transmission within a time period compatible with research grants, Anglada-Tort et al. [START_REF] Anglada-Tort | Large-scale iterated singing experiments reveal oral transmission mechanisms underlying music evolution[END_REF] used a clever technique called 'iterative learning'. In the last ten years or so, iterative learning has been used to study how oral transmission shapes language [START_REF] Kirby | Cumulative cultural evolution in the laboratory: An experimental approach to the origins of structure in human language[END_REF] , musical rhythm [START_REF] Jacoby | Integer Ratio Priors on Musical Rhythm Revealed Cross-culturally by Iterated Reproduction[END_REF] , or even melodies [START_REF] Lumaca | Cultural transmission and evolution of melodic structures in multi-generational signaling games[END_REF][START_REF] Verhoef | Melodic universals emerge or are sustained through cultural evolution[END_REF][START_REF] Popescu | Core principles of melodic organisation emerge from transmission chains with random melodies[END_REF] . What the new study [START_REF] Anglada-Tort | Large-scale iterated singing experiments reveal oral transmission mechanisms underlying music evolution[END_REF] offers, thanks to a truly impressive online tour de force, is a systematic investigation of the transmission process on an unprecedented, well, scale. The nature of the experiment allowed for the causal manipulation of important transmission parameters, such as the length of the seed melodies or the native culture of the participants, in ways that were simply not attainable for previous corpus analyses or in-lab studies.

Let us first sketch the basic assumptions underlying the iterative learning paradigm. For melodies, the experimental task is seemingly straightforward: you are being played a short tune and politely asked to sing it back, as accurately as possible. Unbeknownst to you, however, the tune is derived from a previous vocal production of another participant, all within a long 'transmission chain'. The small errors made when singing back are what matter: throughout a transmission chain, random errors should even out, but shared biases should accumulate (Figure 1). Arguably, the process should mimic the way that tunes have been carried over generations through oral transmission, resulting in the musical systems we ponder about now.

In the first experiment of Anglada-Tort et al. [START_REF] Anglada-Tort | Large-scale iterated singing experiments reveal oral transmission mechanisms underlying music evolution[END_REF] , three-tone seed melodies were used. This amounts to two successive frequency ratios or intervals between notes. Except for those with the mixed blessing of absolute pitch, intervals are what matter for melodies [START_REF] Dowling | Music Cognition[END_REF] . Initially, the seed melodies were randomly sampled from a uniform distribution of intervals. Thus, they were very different from our familiar melodies made out of scales, as the very point of a scale is to unevenly distribute intervals. Seed melodies were then passed through the transmission process, with chains of 10 iterations. The results were clear-cut: starting from a shapeless pitch soup, melodies morphed into orderly scales consisting of a limited number of intervals. This was reflected by the distribution of intervals at the end of the chain, and also by complexity measures, which decreased precipitously over iterations. As a result, the copying errors from one iteration to the next also decreased: melodies mapped to scales were much fitter for transmission.

Several variations on the theme extended the main findings. When the length of the seed melodies was increased, the complexity measures dropped even more quickly, presumably to keep copying error low as the seed melodies were more complex to start with. Adding distractor melodies between listening and singing, thus loading memory, also induced quicker drops in complexity. Having participants reproduce melodies with a slider, and not with their voice, led to more copying errors overall but still a reduction in complexity over time. When the main experiment was replicated with Indian participants instead of US participants, similar patterns were observed, although the intervals that emerged were different across the two populations.

In all experiments described so far, melodies had to survive the diversity of individual biases across listeners, presumably converging to shared biases. The authors also investigated what happened when the same participant performed all iterations within a chain. In this case, complexity decreased at a shallower rate, and the resulting distribution of intervals was more varied. So, self-transmitted melodies were more complex than socially transmitted ones.

Interestingly, copying errors were quite small in this case, suggesting that the melodies quickly adapted to the idiosyncratic biases of each listener.

In summary, the Anglada-Tort et al. [START_REF] Anglada-Tort | Large-scale iterated singing experiments reveal oral transmission mechanisms underlying music evolution[END_REF] 

study brings decisive experimental evidence

confirming what music theorists had conjectured all along: because of how human cognition works, information transmitted through a small number of categories (say, seven plus or minus two) is much more robust than information coded over 380 discriminable values [START_REF] Dowling | Music Cognition[END_REF] . In the context of cultural transmission, this amounts to having a powerful self-correcting code across generations.

Further aspects of the new results bring exciting new questions. First, the intervals to which participants eventually converged were different from the most common ones found in corpus analyses. World-wide, small intervals of zero, two, and three semitones, called the unison, second, and minor third, are by far the most prevalent [START_REF] Mehr | Universality and diversity in human song[END_REF] . Focusing on Western music, intervals around two semitones are the most common, with some variation depending on the historical period [START_REF] Zivic | Perceptual basis of evolving Western musical styles[END_REF] . However, using iterative learning, the most common intervals after transmission were comparatively larger, from five to seven semitones, encompassing musical fourths and fifths. Why such a difference? Both approaches could have revealed the same underlying structures, as corpus analysis seems like an ecological way to survey the musical forms that have survived transmission across generations.

Anglada-Tort et al. [START_REF] Anglada-Tort | Large-scale iterated singing experiments reveal oral transmission mechanisms underlying music evolution[END_REF] tested two plausible models to explain the interval distributions they observed after iterative learning. Maybe US participants favored intervals that are considered consonant in Western music, of which the fifth is a prime example? Even though this idea helped accounting for some of the differences between US and Indian listeners, it did not capture the full pattern of results. Maybe vocal production constraints played a part, as singing large intervals require more vocal effort? This was consistent with the general reduction in interval size observed throughout transmission chains, but again it failed to capture the full pattern of results.

An unexpected finding points towards yet another factor. Many of the end-products of transmission chains were archetypal, following what the authors termed an 'arched contour': a simple up-down melody mostly expressing the same intervals in ascending and descending forms. What made participants so depressingly predictable, when the random seed melodies could have opened up a wild range of possible tunes to settle on? One possibility is that they tried to establish a tonality or a mode while reproducing melodies. Tonalities and modes are hierarchies amongst the different notes of a scale: for music theory, even if all notes of a scale are permissible, not all are of equal structural importance. If participants had wanted to establish a tonality, an arched contour and the use of, for example, a fifth would have served them well.

But remember that this is not what was asked of them! They only had to sing back the melody as accurately as possible. Seeing the emergence of proto-tonalities or modes in a simple transmission experiment confirms that the concepts are firmly ingrained in the mind of even nonmusical listeners of various cultures [START_REF] Tillmann | Implicit learning of tonality: a selforganizing approach[END_REF] , and suggests that it further increases fitness for transmission by adding yet another error-correcting layer to the musical code.

To conclude, the large-scale investigation of iterative learning for melodies by Anglada-Tort et al. [START_REF] Anglada-Tort | Large-scale iterated singing experiments reveal oral transmission mechanisms underlying music evolution[END_REF] has revealed a sort of a 'snap to grid' process, transforming random pitch distributions into orderly scales even over short oral transmissions chains. The process is likely complex, involving a mix of perceptual, cognitive, motor, and cultural factors, with bootstrapping relationships among them that remain to be untangled. Ultimately, though, the resulting 'internalized scales' [START_REF] Shepard | Auditory illusions demonstrating that tones are assimilated to an internalized musical scale[END_REF] enable the daily wonder accomplished by each and every one of us when turning mere acoustic vibrations into music. A random seed melody is initially drawn from an almost-uniform distribution of possible pitch intervals. The first participant in the transmission chain listens to the seed, then attempts to sing it back as accurately as possible. However, the participant has a set perceptual, cognitive, and motor biaseslumped together as the distributions in white in the illustrationthese these biases introduce systematic errors in the way the melodies are heard, represented, and sung back.

As the transmission chain progresses, shared biases get reinforced. As a result, the final melody has a statistical distribution of pitch intervals that is not flat anymore: the distribution peaks are akin to degrees in a musical scale, reducing the complexity of the melody.

Figure 1 .

 1 Figure 1. Illustration of iterated learning for melodies.

. In a new study reported in this issue of Current Biology, Anglada-Tort et al.

further show
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