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                arising from H. Whitehouse et al. Nature https://doi.org/10.1038/s41586-019-1043-4 (2019)
Whitehouse, et al.1 used the Seshat archaeo-historical databank2 to argue that beliefs in moralizing gods appear in world history only after the formation of complex â€˜megasocietiesâ€™ of around one million people. However, inspection of the data they used shows that 61% of the data points on moralizing gods in the Seshat databank are missing values, mostly from smaller populations of less than one million people. In their analysis, the authors re-coded these data points to signify the absence of belief in moralizing gods. When we confine the analysis to only the extant data, or instead use various standard imputation methods, the reported finding is reversed: moralizing gods precede increases in social complexity. Our reanalyses suggest that the reported â€˜megasociety thresholdâ€™ for the emergence of moralizing gods is an artefact of the decision to re-code all missing data as known absences of moralizing gods.
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                    Fig. 1: Moralizing gods across 12 key regions.[image: ]


Fig. 2: Comparison of the original logistic regression model and a reanalysis removing unknown outcomes.[image: ]



                


                
                    
                        
                    
                
            

            
                Data availability

              
              Supplementary data are available at https://github.com/babeheim/moralizing-gods-reanalysis. All software is freely available under Creative Commons License CC BY-NC-SA 4.0. Source materials are available at http://seshatdatabank.info.

            

Code availability

              
              Re-analysis code is available at https://github.com/babeheim/moralizing-gods-reanalysis. All software is freely available under Creative Commons License CC BY-NC-SA 4.0.
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Extended data figures and tables

Extended Data Fig. 1 The first appearance of writing and moralizing gods across NGAs.
The solid line indicates when writing and moralizing gods (MGs) are first recorded in the same century, and the dashed lines show when writing appeared 100 years before moralizing gods and when moralizing gods appeared 100 years before writing. NGAs are coloured by whether social complexity data are available both before and after the appearance of moralizing gods or not. Only natural geographic areas with social complexity data available both before and after the appearance of moralizing gods were included in the analysis (and only these natural geographic areas are shown in Fig. 1). It must be noted that while writing first appears at 2500 bc in the Kachi Plain, it is absent for the subsequent two polities in the dataset, and does not reappear until 300 bc â€”the same time as the first appearance of moralizing gods.


Extended Data Fig. 2 Distribution of social complexity score by â€˜moralizing godsâ€™ outcome status.
Before statistical analyses were performed in Whitehouse, et al.1, all â€˜unknownâ€™ or â€˜suspected unknownâ€™ (NA) cases were treated as moralizing gods â€˜absentâ€™ (0) without explicit description in the manuscript. In box plots centre line shows median, box limits indicate upper and lower quartiles and whiskers span 1.5Ã—Â interquartile range). NÂ =Â 801 observations.


Extended Data Fig. 3 Social complexity before and after the appearance of moralizing gods.
Dots represent mean social complexity as calculated by Whitehouse, et al.1 (a combination of population and territory size, infrastructure, hierarchy, and other factors, standardized between 0 and 1) collapsed across natural geographical area. Data are meanÂ Â±Â s.e.m. The shading of lines connecting the dots in a reflects the weight that the difference (d1,..., d7; on d1 and d2 are shown) between the social complexity at time point n and time point 0 in the t-test analysis performed by Whitehouse, et al.1 (that is, differences in social complexity are highest around time 0, hence driving the forward bias). Note that the increase in social complexity from time point âˆ’100 to 0 is coded as pre-moralizing gods, while the complexity often arrives via conquest or mission together with moralizing gods. a, The â€˜first appearanceâ€™ of moralizing gods (MGs) in the archaeo-historical records follows a sharp increase (39%) in social complexity in the 12 geographical areas. b, The sharp increase in social complexity just before the appearance of moralizing gods is partially caused by ascribing properties of conquerors to the conquered regions in the Deccan, Kachi Plain and Sogdiana regions. c, Similarly, regions receiving moralizing gods via mission (Kansai, Niger Inland Delta and Orkhon Valley) experience a sharp increase in social complexity. d, The remaining six natural geographical areas where moralizing gods were not first recorded through conquest by a larger empire or through mission show a steady rise in social complexity.
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Supplementary Methods
This file provides additional ethnographic justification and statistical details for the re-analyses of Whitehouse, et al. (2019), including Supplemental Figures 1-5, Supplementary Tables 1-4 and Supplementary References.
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