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            Abstract
Why groups of individuals sometimes exhibit collective â€˜wisdomâ€™ and other times maladaptive â€˜herdingâ€™ is an enduring conundrum. Here we show that this apparent conflict is regulated by the social learning strategies deployed. We examined the patterns of human social learning through an interactive online experiment with 699 participants, varying both task uncertainty and group size, then used hierarchical Bayesian model fitting to identify the individual learning strategies exhibited by participants. Challenging tasks elicit greater conformity among individuals, with rates of copying increasing with group size, leading to high probabilities of herding among large groups confronted with uncertainty. Conversely, the reduced social learning of small groups, and the greater probability that social information would be accurate for less-challenging tasks, generated â€˜wisdom of the crowdâ€™ effects in other circumstances. Our model-based approach provides evidence that the likelihood of collective intelligence versus herding can be predicted, resolving a long-standing puzzle in the literature.
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                    Fig. 1: Findings of the individual-based model showing the effects of social information use on the average decision accuracy over replications.


Fig. 2: Results from the individual-based model simulations showing the distribution of each groupâ€™s mean accuracy before environmental change (tâ€‰â‰¤â€‰40).


Fig. 3: Time evolutions and distributions of decision performance for each condition.


Fig. 4: Model fitting for the three different taskâ€™s uncertain conditions (low-, moderate- and high-uncertainty) and the different group sizes.


Fig. 5: Change in fitted values (that is, the median of the Bayesian posterior distribution) of the social learning weight Ïƒi,t with time for each positive frequency-dependent individual for each level of task uncertainty.
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              The browser-based online task was built by Node.js (https://nodejs.org/en/) and socket.io (https://socket.io), and the codes are available from GitHub (https://github.com/WataruToyokawa/MultiPlayerThreeArmedBanditGame). Analyses were conducted in R (https://www.r-project.org) and simulations of individual-based models were conducted in Mathematica (https://www.wolfram.com), and the codes for both of these are available from GitHub (https://github.com/WataruToyokawa/ToyokawaWhalenLaland2018).
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