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            Abstract
Humans prefer relatively equal distributions of resources1,2,3,4,5, yet societies have varying degrees of economic inequality6. To investigate some of the possible determinants and consequences of inequality, here we perform experiments involving a networked public goods game in which subjects interact and gain or lose wealth. Subjects (n = 1,462) were randomly assigned to have higher or lower initial endowments, and were embedded within social networks with three levels of economic inequality (Gini coefficient = 0.0, 0.2, and 0.4). In addition, we manipulated the visibility of the wealth of network neighbours. We show that wealth visibility facilitates the downstream consequences of initial inequalityâ€”in initially more unequal situations, wealth visibility leads to greater inequality than when wealth is invisible. This result reflects a heterogeneous response to visibility in richer versus poorer subjects. We also find that making wealth visible has adverse welfare consequences, yielding lower levels of overall cooperation, inter-connectedness, and wealth. High initial levels of economic inequality alone, however, have relatively few deleterious welfare effects.
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                    Figure 1: The level of initial economic inequality and the visibility of connecting neighboursâ€™ wealth information are experimentally manipulated in dynamic human social networks.[image: ]


Figure 2: Wealth visibility increases economic inequality (relative to invisibility) in the presence of initial inequality, but not in the presence of initial equality.[image: ]


Figure 3: Visibility of wealth undermines social welfare.[image: ]


Figure 4: Wealth visibility leads to exploitation under initial inequality, but fairness under initial equality.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Lorenz curve description of the four wealth distributions.
We prepared four different wealth conditions (Aâ€“D). For example, the shaded area for condition B divided by the area of the largest isosceles right triangle represents the Gini coefficient for condition B (that is, 0.2). Any points on the same dotted line achieve the same level of economic inequality in terms of the Gini coefficient. Condition A is equivalent to any other condition on the line from (0,0) to (1,1). Conditions B and C are analysed together since they did not yield different analytical results (see Supplementary Information).


Extended Data Figure 2 Rules in our experiments and the implied dynamics of the Gini coefficient and mean difference.
The Gini coefficient is a relative measure of inequality, while the mean difference is an absolute measure of inequality. When we focus on a tie between two subjects (a richer ego and a poorer alter), there are four combinations in the choices of cooperation behaviours in a single round. For example, when a richer ego = C and a poorer alter = C (that is, when a richer ego cooperates and a poorer alter also cooperates), both of them pay 50 units, and obtain 100 units, in which case the payoff is +50 for both. As both of them get the same payoff, the mean difference between them does not increase or decrease (â†’). On the other hand, the difference in wealth between them becomes less important in a relative manner, which leads to the reduction in the Gini coefficient between them (â†“). The behaviours of the mean difference and Gini coefficient vary for the four combinations. C represents cooperation, and D represents defection. GINI represents local Gini coefficient of the focal two individuals, and â€˜Mean diffâ€™ represents the mean difference in wealth of the two subjects. GINI or mean difference can show the following outcomes: does not change (â†’), increases (â†‘), increases to a greater degree (â†‘â†‘), decreases (â†“), or decreases to a greater degree (â†“â†“).


Extended Data Figure 3 A majority of initially rich individuals stay wealthier than a majority of initially poor individuals over the ten rounds regardless of the initial conditions.
a, b, The mean and standard error of mean (bar) of the average wealth of a group of initially rich individuals and of a group of initially poor individuals are calculated at each round for the visible condition (a) and for the invisible condition (b). Error bars, mean Â± s.e.m. câ€“f, For each round at each session, we standardized wealth of each individual (that is, (individual wealthâ€“mean)/s.d.), and calculated the minimum (min), 25th percentile (25th), median, 75th percentile (75th), and maximum (max) of the standardized wealth of a group of initially rich individuals and a group of initially poor individuals, separately. These figures show the trajectories of the mean of the five indicators (minimum, 25th, median, 75th, and maximum) among different sessions of the same initial condition (c for high-level initial inequality, visible; d for high-level initial inequality, invisible; e for low-level initial inequality, visible; and f for low-level initial inequality, invisible). Darker shades represent the mean of interquartile ranges (25th to 75th), lighter shades represent the mean of ranges (minimum to maximum), and the solid lines represent the mean of the median among the different sessions. Crossing of shades and medians between the two groups, if observed, implies the influence of the initial wealth difference on present wealth may be wiped out.


Extended Data Figure 4 Cumulative degree distributions at the final (tenth) round.
The proportion of subjects who have at least k social ties (degree) is calculated for each k (1 to 20) at each initial condition. Each distribution of the three initial inequality conditions in the invisible setting is significantly different from that in the visible setting (Kolmogorovâ€“Smirnov test, P < 0.01), and has fatter tails. The pairwise comparison in different initial inequality conditions at the same neighboursâ€™ wealth information setting (that is, none versus low, none versus high and low versus high) show those distributions are not significantly different (Kolmogorovâ€“Smirnov test, P > 0.12) except none versus high in the invisible condition (Kolmogorovâ€“Smirnov test, P = 0.030). The means of these distributions, by round, are shown in Fig. 3c.


Extended Data Figure 5 Changes in mean difference in wealth and in excess transitivity in the experimental conditions.
a, The dynamics of mean difference in each of six settings is shown. Inset, the differences between mean difference at the first to tenth rounds in the visible compared to the invisible condition are shown separately for three different conditions of initial inequality (none, blue; low, grey; high, orange). Positive bars indicate that making neighboursâ€™ wealth visible increases mean difference in wealth. b, The dynamics of excess transitivity (transitivity adjusted for network degree at each session) in each of the six settings is shown. (See Fig. 3d for the dynamics of transitivity unadjusted for degree.) As a larger degree naturally results in a larger transitivity, we calculate the expected value of transitivity given a certain network degree and a certain size in a random graph in simulations (10,000 iterations), and report the deviation of the observed transitivity from the expected transitivity (that is, observed transitivity minus expected transitivity). Inset, the differences between excess transitivity at the first to tenth rounds in the visible compared to the invisible condition are shown separately for three different conditions of initial inequality (none, blue; low, grey; high, orange). Negative bars indicate that making neighboursâ€™ wealth visible decreases excess transitivity. Error bars, mean Â± s.e.m. NS for P â‰¥ 0.05, *P < 0.05.


Extended Data Figure 6 Additional results regarding behavioural mechanisms.
a, b, Stratified results of Fig. 4 according to the prior move (cooperation or defection). Bars represent standard errors. câ€“f, Cooperation rate in the different conditions with respect to the variable of social comparison (ego (a focal individual) is richer or alters (given as the average of an ego's connecting neighbours) are richer) for each setting. For example, e shows that richer subjects are more likely to cooperate (82.9%) when the initial economic inequality is set to none in the visible condition. Panel f shows that richer subjects are less likely to cooperate (17.3%) when the initial economic inequality is set to high in the visible condition. Error bars, mean Â± s.e.m. NS for P â‰¥ 0.05, **P < 0.01, ***P < 0.001.


Extended Data Figure 7 Relationship between population-level cooperation rates at first round and outcomes at final rounds.
aâ€“d, Scatter plots of the first-round cooperation rate and the tenth-round Gini coefficient (a); average wealth (b); cooperation rate (c); and degree (d). Loess smoothed fitted curves are shown. The proportion of innately cooperative subjects in each session was not experimentally manipulated here (or in agent-based simulations).


Extended Data Figure 8 Agent-based simulations reproduced the results that were observed in the online experiments with human subjects.
aâ€“e, Results of agent-based simulations for Gini coefficient, mean difference, average wealth, proportion of cooperation, and degree (interconnectedness) are shown, respectively. The medians (solid and dashed lines) and 90% confidence regions (shaded area, 5th percentile to 95th percentile) are presented.


Extended Data Figure 9 Results of agent-based simulations with session up to 20 rounds show that the effect of visibility in Gini dynamics is robustly observed.
aâ€“e, The medians and 90% confidence regions (shaded area, 5th percentile to 95th percentile) are presented.


Extended Data Table 1 Parameters for experimental settingsFull size table
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Visibility of neighbours' wealth reduces cooperation, interconnectedness, and wealth (bottom two), and visibility leads to greater inequality especially in initially more highly unequal setting (bottom right).
The states from round 0 (before interactions start) to round 10 (after they end) in 4 out of 80 sessions are shown. The bold frame of a node indicates the â€œvisibleâ€� condition and otherwise the â€œinvisibleâ€� condition Node size (area) indicates wealth. The letter in the node denotes the initial wealth to which subjects were randomly assigned: N is a non-poor/non-rich subject, P is an initially poor subject, and R is an initially rich subject. Gini represents the Gini coefficient. Node colours represent the last move (blue: cooperate, red: defect, grey: no history). (MP4 3761 kb)





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Source data
Source data to Fig. 1

Source data to Fig. 2




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Nishi, A., Shirado, H., Rand, D. et al. Inequality and visibility of wealth in experimental social networks.
                    Nature 526, 426â€“429 (2015). https://doi.org/10.1038/nature15392
Download citation
	Received: 24 March 2015

	Accepted: 21 August 2015

	Published: 09 September 2015

	Issue Date: 15 October 2015

	DOI: https://doi.org/10.1038/nature15392


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Partner choice and cooperation in social dilemmas can increase resource inequality
                                    
                                

                            
                                
                                    	Mirre Stallen
	Luuk L. Snijder
	Carsten K. W. De Dreu


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        Reputations for treatment of outgroup members can prevent the emergence of political segregation in cooperative networks
                                    
                                

                            
                                
                                    	Brent Simpson
	Bradley Montgomery
	David Melamed


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        The role of status invisibility in mental health and happiness
                                    
                                

                            
                                
                                Nature Mental Health (2023)

                            
	
                            
                                
                                    
                                        Data repurposing from digital home cage monitoring enlightens new perspectives on mouse motor behaviour and reduction principle
                                    
                                

                            
                                
                                    	Sara Fuochi
	Mara Rigamonti
	Livia Dâ€™Angelo


                                
                                Scientific Reports (2023)

                            
	
                            
                                
                                    
                                        Status invisibility alleviates the economic gradient in happiness in social network experiments
                                    
                                

                            
                                
                                    	Akihiro Nishi
	Christopher A. German
	Nicholas A. Christakis


                                
                                Nature Mental Health (2023)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Conspicuous wealth undermines cooperation
Wealth inequality and wealth visibility can both potentially affect levels of cooperation in a society and overall levels of economic success. Akihiro Nishi et al. use an online game to test how the two factors interact. Surprisingly, wealth inequality by itself did not damage cooperation or overall wealth as long as players do not know about the wealth of others. But when players' wealth was visible to others, inequality had a detrimental effect.

show all

    

    
    
        
            
                Associated content

                
                    
                        
                            
                                Collection

                                
                                    Economics at Nature Research
                                

                            
                        

                    
                    
                        
                            
    
        
            
                
                    Visible inequality breeds more inequality
                

                
	Simon GÃ¤chter



                
    
        
            Nature
        
        News & Views
        
        
            14 Oct 2015
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	protocols.io
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
