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Commentary/Bentley et al.: Mapping collective behavior adaptive landscape is logically independent to how well that payoff structure can be perceived by agents (i.e., the vertical transparency-opaqueness dimension). I would argue that one cannot understand the consequences of transparent versus opaque feedback error without also considering the actual shape of the underlying adaptive landscape. Opaque feedback in a ﬂat (neutral) landscape will be unproblematic, because all options are equivalent and feedback error is unimportant. However, opaque feedback in a rugged landscape will be very problematic, given the need to ﬁnd one of a small number of ﬁtness peaks. Conversely, perfectly transparent feedback may be problematic in a rugged landscape because it may lead learners to locally optimal but globally sub-optimal peaks/ decisions, whereas the error intrinsic in slightly opaque feedback might lead learners, by chance, off their sub-optimal peak and onto a higher peak elsewhere in the landscape. Experiments and models show that the shape of the adaptive landscape can signiﬁcantly affect both people’s choices and the aggregate outcome of those choices, quite independently of feedback error (Mesoudi 2008; Mesoudi & O’Brien 2008a; 2008b). Yet Bentley et al. appear to conﬂate these two distinct dimensions. For example, the neutral models discussed in section 2.3.1 (and analysed in Bentley et al. 2004) surely concern the case where the actual payoffs of all possible choices are equivalent, rather than where payoffs are opaque. Naturally, all heuristic schemes such as the one presented by Bentley et al. are simpliﬁcations, and their value lies in that simplicity, as researchers grapple with the enormous datasets generated in the modern age. At the same time, oversimpliﬁcation can sometimes lead to the wrong answer. I suspect that distinguishing between different social learning biases, and considering payoff structure as well as feedback error, might be crucial in avoiding those wrong answers.



Using big data to predict collective behavior in the real world1 doi:10.1017/S0140525X13001817 Helen Susannah Moat,a,b Tobias Preis,b Christopher Y. Olivola,c Chengwei Liu,b and Nick Chaterb a Department of Civil, Environmental and Geomatic Engineering, University College London (UCL), London, WC1E 6BT, United Kingdom; bBehavioural Science Group, Warwick Business School, The University of Warwick, Coventry, CV4 7AL, United Kingdom; cTepper School of Business, Carnegie Mellon University, Pittsburgh, PA 15213. [email protected] [email protected] [email protected] [email protected] [email protected] http://www.wbs.ac.uk/about/person/suzy-moat/ http://www.wbs.ac.uk/about/person/tobias-preis/ https://sites.google.com/site/chrisolivola/ http://www.wbs.ac.uk/about/person/chengwei-liu/ http://www.wbs.ac.uk/about/person/nick-chater/



Abstract: Recent studies provide convincing evidence that data on online information gathering, alongside massive real-world datasets, can give new insights into real-world collective decision making and can even anticipate future actions. We argue that Bentley et al.’s timely account should consider the full breadth, and, above all, the predictive power of big data.



Modern everyday life is threaded with countless interactions with massive technological systems that support our communication, our transport, our retail activities, and much more. Through these interactions, we are generating increasing volumes of “big data,” documenting our collective behavior at an unprecedented scale. Bentley et al. provide a timely account of the role of big data in the study of collective behavior. They offer a comprehensive
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analysis of what our interactions on the Internet, in particular using social network sites such as Facebook and Twitter, can tell us about how information ﬂows throughout the large and complex network of human society. While we agree that this insight into the structure of social connections is important, we emphasize that big data do not only come from online social networks. We note a number of recent studies providing evidence that big data can tell us much more about real-world collective decision making than has been acknowledged in Bentley et al.’s account, and can even allow us to better anticipate collective actions taken in the real world. For example, human decision making often involves gathering information to determine the consequences of possible actions (Simon 1955). Increasingly, we turn to the Internet, and search engines such as Google in particular, to provide information to support our everyday decisions. Can massive records of our search engine usage therefore offer insight into the previously hidden information-gathering processes which precede realworld decisions taken around the globe? Recent results suggest that they can. A series of studies have shown that search engine query data “predict the present,” providing a measurement of real-world behavior often before ofﬁcial data are released (Choi & Varian 2012). Correlations between search engine query data and real-world actions have been demonstrated across a range of areas such as motor vehicle sales, incoming tourist numbers, unemployment rates, reports of ﬂu and other diseases, and trading volumes in the U.S. stock markets (Askitas & Zimmerman 2009; Brownstein et al. 2009; Choi & Varian 2012; Ettredge et al. 2005; Ginsberg et al. 2009; Preis et al. 2010). Further studies have illustrated that data on online information gathering can also anticipate future collective behavior. Goel et al. (2010) demonstrated that search query volume predicts the opening weekend box-ofﬁce revenue for ﬁlms, ﬁrst-month sales of video games, and chart rankings of songs. Our own investigations have suggested that changes in the number of searches for ﬁnancially related terms on Google (Preis et al. 2013) and views of ﬁnancially related pages on Wikipedia (Moat et al. 2013) may have contained early warning signs of stock market moves. In a recent study, we exploited the global breadth of Google data to compare information-gathering behavior around the world. Our analysis uncovered evidence that Internet users from countries with a higher per capita gross domestic product (GDP) tend to search for more information about the future rather than the past (Preis et al. 2012). For 45 countries in 2010, we calculated the ratio of the volume of Google searches for the upcoming year (“2011”) to the volume of searches for the previous year (“2009”), a quantity we called the “future orientation index.” We found that this index was strongly correlated with per capita GDP. In ongoing work, we seek to better understand whether these results reﬂect international differences in decision-making processes. Perhaps, for example, a focus on the future supports economic success. Aside from search data, other research has provided evidence that the massive datasets generated by our everyday actions in the real world can also support better forecasting of future behavior (King 2011; Lazer et al. 2009; Mitchell 2009; Vespignani 2009). Large-scale datasets allow us to look for patterns in collective behavior which might recur in the future, similar to the way in which we as individuals rely on the statistical structure we have observed in the world when trying to forecast consequences of decisions (Giguère & Love 2013; Olivola & Sagara 2009; Stewart 2009; Stewart et al. 2006). For example, analysis of data collected through daily police activities has shown that the occurrence of a burglary results in a short-term increase in the probability that another burglary will occur on the same street, with implications for behavioral models of how these crimes are committed (Bowers et al. 2004; Johnson & Bowers 2004; Mohler et al. 2011). Such insights have been captured in predictive policing systems which aim to deploy police to areas before an offence



Commentary/Bentley et al.: Mapping collective behavior occurs, with initial evaluations demonstrating a reduction in levels of crime (Johnson et al. 2007). Similarly, large-scale data on both long-distance travel by air and local commuting can improve predictions of human travel behavior and therefore the spread of epidemics, with clear consequences for the distribution of health resources such as vaccines (Balcan et al. 2009; Tizzoni et al. 2012). When considered at greater breadth, we argue that, in contrast to Bentley et al.’s conjecture, big-data studies do far more than “allow us to see better how known behavioral patterns apply in novel contexts” (target article, sect. 4, para. 13). Online search data, for example, offer us insight into early information gathering stages of real-world decision-making processes that could not previously be observed, while large-scale records of real-world activity enable us to better forecast future actions by allowing us to identify new patterns in our collective behavior. Such predictive power is not only of theoretical importance for behavioral science, but also of great practical consequence, as it opens up possibilities to reallocate resources to better support the well-being of society. Our ability to extract maximum value from these datasets is, however, highly dependent on our ability to ask the right questions: a task for which experts in more “traditional behavioral science” (sect. 4, para. 13) are ideally placed. ACKNOWLEDGMENTS Helen Susannah Moat, Tobias Preis, and Nick Chater acknowledge the support of the Research Councils U.K. Grant EP/K039830/1, and Moat further acknowledges support from EPSRC grant EP/J004197/1. In addition, Moat and Preis were supported by the Intelligence Advance Research Projects Activity (IARPA) via Department of Interior National Business Center (DoI/NBC) contract number D12PC00285. NOTE 1. Disclaimer: The views and conclusions contained herein are those of the authors and should not be interpreted as necessarily representing the ofﬁcial policies or endorsements, either expressed or implied, of IARPA, DoI/NBC, or the U.S. Government.
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Abstract: While a timely conceptual innovation for the digital age, the “map” proposed by Bentley et al. would beneﬁt from strengthening through the inclusion of a non–clock-time perspective. In this way, there could be new hypotheses developed which could be applied and tested relevant to more diverse societies, cultures, and individuals.



Central to Bentley et al.’s vision is a “map” that captures the essence of human decision-making around collective behaviour in the digital age. Key to their argument is the expectation that decision-making is shifting towards imitation or herding driven by popularity and without grounding in the knowledge of the beneﬁts of the behaviour. To explain this phenomenon, Bentley et al. focus on economies replete with online communication



where people inhabit an information ecology characterised by data overload in terms of both the number of sources of intelligence and the number of choices on offer. We argue that the authors’ characterisation of decision-making occurring under conditions of time constraint biases the map towards a “clock time” culture. We suggest that adopting the “map” as an empirical framework appropriate for hypothesis testing may be premature unless the signature of the behavioural pattern also takes into account temporal perspectives anchored by alternative established societal and/or individual relationships with time. Speciﬁcally, the alternatives that we consider include a focus on “event time” together with a broadening of orientation towards future time. The distinction between clock time and event time has been made socio-historically, particularly in relation to the rise of clock-time culture associated with mass timetabling consequent on introduction of the ﬁrst passenger train in England in the 1820s (Zerubavel 1982) and the subsequent industrial revolution in Western Europe. More-recent distinctions between clock and event cultures focus on different behaviour patterns associated with each tendency. For instance, in clock time, activities are typically completed one at a time in sequence. In contrast, in event time, the inclination is to shift to and fro across tasks without any clock-determined schedules. One notion is that each society displays an overriding “average” set of behavioural markers towards either clock time or event time, whilst individuals within the society/culture will also display their own tendencies (e.g., Hall 1959) which correspond with these societal norms to a lesser or greater degree. In this respect, whilst the United States and Western Europe are considered to focus on clock time, South or Central America, the Middle East, and South Europe are more event focused (Lindquist & Kaufman-Scarborough 2007). Although there is a risk of oversimpliﬁcation in adopting any conceptual dichotomy, the narrative around differentiation between the notions of clock time and event time (Levine 1997) has been theorized around the concepts of “monochronicity” and “polychronicity” (Hall 1959), particularly in relation to workplace behaviour. Monochronicity refers to the tendency to colonize time with one activity at a time whilst polychronicity revolves around doing more than one activity simultaneously. Treatment of time as an economic resource is a hallmark of clock time where decision-making takes place under time constraints. However, in the big-data era, clock time is not necessarily exclusively dominant in economies replete with online communication. For instance, consider Japan. With a pervasive online economy and around 80% of the population accessing the Internet (MMG [Miniwatts Marketing Group] 2013), the culture yet functions on a combination of clock and event time (Tsuji 2006). In addition, in rural India, there is a growing reliance on the mobile Internet, against a backdrop where the predominant mode is event time. Further, recent evidence suggests that there are discernible differences in the way humans self-regulate (Avnet & Sellier 2011). People with a “self-regulation” couched in an approach known as “prevention” engage in activity which reduces the number of errors until no further risks are discernible. In this way, they are internally guided, thereby aligning with an event time rather than an external temporal cue. In contrast, individuals characterised with a self-regulation approach known as “promotion” rely less on internal resources to determine when a job is done and instead prioritise external, temporal cues to ensure a timely completion of tasks. Evidence from across social science converges to suggest that alternatives to clock time exist. Within the digital age, this has implications for decision-making processes. In terms of trends which may guard against a shift to the southeast (cf. target article, sect. 3.1, para. 4) or provide an alternative conceptualisation of this shift, studies of cultural differences in decision making reveal a number of ﬁndings which suggest that the tendency towards herd-like outcomes may be less likely once we take a temporal cultural perspective. BEHAVIORAL AND BRAIN SCIENCES (2014) 37:1
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