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Information gerrymandering and undemocratic 
decisions
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People must integrate disparate sources of information when 
making decisions, especially in social contexts. But information does 
not always flow freely. It can be constrained by social networks1–3 
and distorted by zealots and automated bots4. Here we develop a 
voter game as a model system to study information flow in collective 
decisions. Players are assigned to competing groups (parties) and 
placed on an ‘influence network’ that determines whose voting 
intentions each player can observe. Players are incentivized to 
vote according to partisan interest, but also to coordinate their 
vote with the entire group. Our mathematical analysis uncovers 
a phenomenon that we call information gerrymandering: the 
structure of the influence network can sway the vote outcome 
towards one party, even when both parties have equal sizes and 
each player has the same influence. A small number of zealots, 
when strategically placed on the influence network, can also induce 
information gerrymandering and thereby bias vote outcomes. We 
confirm the predicted effects of information gerrymandering 
in social network experiments with n = 2,520 human subjects. 
Furthermore, we identify extensive information gerrymandering in 
real-world influence networks, including online political discussions 
leading up to the US federal elections, and in historical patterns of 
bill co-sponsorship in the US Congress and European legislatures. 
Our analysis provides an account of the vulnerabilities of collective 
decision-making to systematic distortion by restricted information 
flow. Our analysis also highlights a group-level social dilemma: 
information gerrymandering can enable one party to sway decisions 
in its favour, but when multiple parties engage in gerrymandering 
the group loses its ability to reach consensus and remains trapped 
in deadlock.

Distorted and false information threaten to disrupt public dis-
course and democratic decision-making5,6. Social media platforms 
are particularly vulnerable, because they allow users to shut out dis-
senting voices1–3, while providing adversarial actors with anonymity 
and opportunity to target messages for maximal effect7. The effect of 
information distortion is not limited to the online world, but filters 
out to traditional news media and voter behaviour8. Two distinct but 
intertwined threats have received considerable attention: information 
campaigns using fake news5,9 and automated bots4, and the growth of 
polarized political debate10,11. These issues pose a considerable social 
problem. Progress requires that we develop basic scientific methods 
to understand how networks that constrain the flow of information 
influence group decision-making.

Here we develop a voter game to study collective decisions under 
incomplete information. The game is simple enough to analyse math-
ematically and to use in controlled experiments with human subjects, 
yet it retains salient features of real-world collective decisions. Players 
are split into two parties of equal size and allowed to change their vot-
ing intention over time in response to continuously updated polling 
data. The aggregate polling information seen by a player is determined 
by their placement on a directed graph, called the influence network. 
Players are aware that polls represent a subset sampled from the entire 

population. At the end of the game, players receive the maximum payoff 
B if the final vote share for their assigned party exceeds a super-majority 
threshold V in which V > 0.5; they receive a lower payoff b < B if the 
vote share of the opposing party exceeds V; and they receive no payoff 
if both parties fail to reach the threshold V, which we call ‘deadlock’ 
(Fig. 1). The possibility of deadlock forces players to consider both 
their personal preferences and the voting intentions of others in their 
decision-making.

We initially assume the payoff to the losing team is positive, b > 0, 
which reflects a ‘compromise worldview’: it is preferable to reach some 
decision than to end in deadlock. This payoff scheme captures the com-
mon practical value of broad consensus in collective decisions, even as 
individuals pursue partisan preferences12,13. There is ample evidence 
that large majorities of Americans, for example, adopt a compromise 
worldview in their attitudes towards political decisions14. However, 
others adopt a ‘zero-sum worldview’ in which they prefer deadlock to 
their party losing, that is, b < 0. The behaviour of people with a zero-
sum worldview is simple: they act as zealots, meaning that they always 
vote for their preferred party regardless of the poll that they see. We 
begin by focusing on players with a compromise worldview, and then 
we study groups with a mixture of compromise and zero-sum players, 
including zero-sum bots.

We first considered how a player updates their intended vote over 
time as they integrate their partisan preference with noisy social infor-
mation and the desire to avoid deadlock. We developed a simple math-
ematical model of voter behaviour based on calibration experiments 
that varied the super-majority threshold V, the payoff ratio B/b, the 
game duration and the poll size. In our model, a player expresses the 
intention to vote for their assigned party according to a probability that 
depends on the poll that they currently see and the time remaining in 
the game. In particular, we consider a six-parameter strategy space in 
which the voting probability of a player is conditioned on the state of 
their current poll (whether it projects their preferred party to win, the 
opposing party to win or deadlock) and the phase of the game (early 
or late) (Fig. 1c).

The structure of the influence network has considerable, and surpris-
ing, effects on vote outcomes. In the simplest influence networks, every 
player has an equal number of players from each party represented in 
the polls that they see, so that the polls—although not identical—are 
representative samples of the entire group (Fig. 2a–c). The decision 
process on such a network is unbiased in the sense that the expected 
vote share for each party is equal to the frequency of its membership in 
the entire group. However, even when parties are equally matched in 
influence and representation, bias can arise when the parties differ in 
how their influence is assorted across the network (Fig. 2d). Even when 
all players have the same amount of influence—that is, they are seen 
by the same number of other players—the two parties can nonetheless 
distribute their influence in more- or less-effective ways.

A party is most effective when it influences the largest possible 
number of people just enough to flip their votes, without wasting 
influence on those who are already convinced. The phenomenon of 
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information gerrymandering arises when one party punches above 
its weight by distributing its influence on a network so as to flip a 
disproportionate number of persuadable voters. To understand how 
a party can gain such an advantage, we adapt the principles of elec-
toral gerrymandering—in which voting districts are drawn so that 
one party wins a disproportionate number of seats15—to construct 
influence networks in which one party has an advantage in persuad-
ing voters and the other party wastes much of its social influence 
(Fig. 2d, Supplementary Information section 4 and Supplementary 
Video 1).

To study information gerrymandering, we define the ‘influence 
assortment’ of an influence network. Positive influence assortment 
means that players are predominately exposed to the voting intentions 
of members from their own party; negative influence assortment means 
that players are predominately exposed to members of the opposing 
party. To be precise, the influence assortment of player i is defined as
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in which ∆i denotes the proportion of the players who comprise the 
poll visible to player i who are assigned to the same party as player i. 
Notably, the influence assortment of a player depends in a nonlinear 
way on the proportion of their influencers who share their party. This 
definition is appropriate assuming players are strongly pulled towards 
the majority view that they observe (Supplementary Information sec-
tion 3). The overall assortment of the influence network, denoted A I, 
is the average influence assortment of its nodes.

Information gerrymandering arises when parties have asymmetric 
influence assortment. We quantify information gerrymandering as the 
difference in assortment between a party P and its opposition, by defin-
ing the influence gap as
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in which P are the nodes assigned to party P, H are human nodes 
and N is the total number of nodes. Our model predicts that a party 
with a positive influence gap will benefit from information gerryman-
dering.

To test this prediction, we conducted experiments with human sub-
jects (n = 2,520) playing the voter game, in which we varied only the 
structure of the influence network (Fig. 3). All games involved two par-
ties of equal size (12 players each) with fixed payoffs (B = 2 and b = 0.5), 
super-majority threshold (V = 60%) and duration (240 seconds) (for 
full details of experiments and pre-registrations, see Supplementary 
Information sections 1–3). In the baseline condition, each player sees a 
poll that consists of three players from their own party and three players 
from the opposing party, but the influence network is otherwise drawn 
randomly. Under this condition of no influence assortment, each party 
achieved a winning consensus in roughly one-quarter of experimen-
tal replicates; deadlock occurred in the remaining half of replicates 
(Fig. 3a). The time-series data from this condition were used to infer the 
probabilistic voting parameters of our behavioural model by maximum 
likelihood (Supplementary Information section 2.2). The distribution 
of inferred strategies is consistent with a Nash equilibrium for the voter 
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Fig. 1 | Strategies and payoffs in the voter game. Players are assigned 
to either the purple or yellow party and allowed to change their voting 
intention over time in response to continuously updated polling 
information. a, The voting intentions recorded at the end of the game 
(after 240 s) determine the payoffs to players. Players are incentivized 
primarily to vote for their party (B > b), but also to coordinate with 
the larger group to avoid deadlock (b > 0; compromise worldview). 
b, Example time series of the overall vote share in three experiments, 
which illustrate the yellow party winning a consensus (final vote share 
exceeding V = 60%; top), neither party winning a consensus (deadlock; 

middle) and the purple party winning a consensus (bottom). c, A simple 
model of voter behaviour stipulates the probability a player will vote for 
their preferred party (yellow, in this example) at time t, given which of 
three possible outcomes is projected by the current polling information 
and whether the game is in the early (t < t*) or late (t > t*) phase. This 
six-parameter stochastic model of individual behaviour recapitulates the 
typical time series (Supplementary Fig. 4) and vote outcomes (Fig. 3) 
observed in experiments. b, c, Dashed lines indicate thresholds V = 60% 
and 1 − V = 40%.
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game (Supplementary Information section 5), which includes a portion 
of players who behave as zealots.

We used our behavioural model to predict the quantitative effects of 
influence assortment and information gerrymandering on voting out-
comes in four other experimental conditions. All treatments retained 
the constraint that players have fixed and equal indegrees and outde-
grees, and thus the same amount of influence. Our model predicts that 
information gerrymandering will skew the final vote towards the party 
with a positive influence gap >G( 0)I  and that this party will achieve 
a winning consensus more often than its opposition. Both of these pre-
dictions were validated experimentally (one-sided Wilcoxon signed-
rank test, P = 0.003 and one-sided binomial test, P = 0.02; Fig. 3b), 
demonstrating that a party does indeed gain a considerable advantage 
by information gerrymandering.

If one party benefits from information gerrymandering then, under-
standing this, the opposing party will naturally seek to do the same. 
The party that has a disadvantage <G( 0)I  can redress the imbalance 
only by increasing the influence assortment of its members (equa-
tion (2)). But when both parties have equally high levels of influence 
assortment ( >A 0I  and =G 0I ), neither party will have an advantage. 
In fact, our model predicts that both parties will suffer from their 
self-constructed echo chambers, resulting in deadlock more often than 
in the case of no influence assortment. This prediction was also vali-
dated experimentally (one-sided t-test, t =  2.5, P = 0.006; Fig. 3), 
demonstrating that increasing the influence assortment of your party—
although a rational response to information gerrymandering by your 
opponent—decreases the rate of consensus and therefore decreases 
payoffs for both parties.

Information gerrymandering by differential influence assortment 
requires a degree of coordination among party members that may be 
impractical in some settings. Another way to achieve the same advantage 

is to encourage players to adopt a zero-sum worldview and act as zealots. 
Or, in online interactions, bots can be deployed in place of actual human 
zealots. In the context of the voter game, zealot bots always project the 
intention to vote for their party regardless of the polls. Placed in strategic 
locations, zealot bots can increase the influence assortment of their party 
and decrease the influence assortment of the opposing party, generating 
a positive influence gap. When one party’s zealot bots are so deployed 

>G( 0)I , our model predicts that the vote will be skewed in its favour 
and the party will win a consensus more often than its opposition. The 
first of these predictions was validated experimentally (one-sided 
Wilcoxon sign-rank test, P = 0.002; Fig. 3) and the second was not sta-
tistically significant (one-sided binomial test, P = 0.2; Fig. 3). Thus a 
party receives some advantage from information gerrymandering by 
zealot bots. However, if both parties seek to use bots in the same way, 
then overall influence assortment increases, neither party receives an 
advantage and deadlock occurs in all experimental replicates (Fig. 3e).

Collective decisions often involve more individuals, with greater 
heterogeneity in influence, than used in our experiments. To study 
information gerrymandering on complex networks, we simulated our 
experimentally derived behavioural model on large influence networks 
with long-tailed degree distributions (Supplementary Information sec-
tion 6). Information gerrymandering arises easily in these networks, 
and the influence gap GI continues to be predictive of the resulting vote 
skew (Fig. 4a). Information gerrymandering induces vote skews that 
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Fig. 3 | Undemocratic outcomes and polarization in the voter game.  
We conducted experimental voter games on human subjects (n = 2,560), 
varying only the structure of the influence network. Each game involved 
24 players, including any bots. a, We inferred the parameters of our 
behavioural model (Fig. 1c) from experiments in a baseline condition: 
networks with no influence assortment and no influence gap ( =A 0I  and 

=G 0I ). The model recapitulates the observed, bimodal distribution of 
voting outcomes. b–e, We used the model to predict the distribution of 
voting outcomes in 4 additional conditions each with ≥20 replicates 
(model predictions are shown in grey and experimental results are overlaid 
in light blue). b, Information gerrymandering = .G( 0 5)I  produced vote 
shares as large as 67% for the more assorted party, which received a mean 
vote share of 57% across experimental replicates, consistent with the model 
prediction (Table 1). c, Asymmetric placement of 6 zealot bots also 
favoured the party with a positive influence gap, resulting in vote shares as 
large as 63% and a mean vote share of 53%. d, Symmetric influence 
assortment gave neither party an advantage, and the frequency of a 
consensus (15%) was markedly reduced compared to networks without 
assortment (55%). e, Symmetrically placed bots gave neither party an 
advantage and resulted in deadlock for all replicates. Dashed lines indicate 
thresholds V = 60% and 1 − V = 40%. The party favoured by information 
gerrymandering is depicted as yellow in the example graphs, but was in 
fact assigned to yellow and purple evenly across experimental replicates.
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Fig. 2 | Influence assortment and information gerrymandering. 
a–d, The polling information available to a player in the voter game is 
determined by their placement on a directed graph, called the influence 
network. All of the example graphs here have nodes with identical 
indegree and outdegree equal to three; and background colours indicate 
the party with the majority of influence on each node (grey indicates no 
majority). Each individual may be influenced predominantly by their own 
party (positive influence assortment), predominately by the opposition 
party (negative influence assortment) or evenly split between parties (no 
influence assortment). a–c, When both parties have the same distribution 
of influence assortment across their members, assortment is symmetric 
and the decision outcome will be unbiased. d, An asymmetric distribution 
of assortment can distort the flow of information so that, even when 
all players have the same amount of influence, a majority of players are 
influenced primarily by one party’s members—a phenomenon that we call 
information gerrymandering.
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are as large as 40% when two parties have equal size. Gerrymandering 
can also reverse a 2:1 difference in party size, allowing the minority 
party to win a majority of votes under our model (Fig. 4a).

To study groups with heterogeneous incentives, we simulated the 
voter game on complex networks in which 20% of randomly placed 
players hold a zero-sum worldview, resulting in 20% more zealots in 
each game. Information gerrymandering continues to arise in this 
setting, and the influence gap continues to predict vote outcomes 
(Supplementary Figs. 12–14). Across diverse networks—in which party 
representation ranged from 50:50 to 80:20—the influence gap accounts 
for at least 40% of the variance in vote share under our behavioural 
model (Supplementary Table 2).

Our results on the voter game raise the question of whether real-
world collective decisions bear the hallmarks of information gerry-
mandering. To investigate this, we constructed networks from a variety 
of empirical influence relationships, in which assortment may either 
arise by strategic design or emerge spontaneously by self-assembly. We 
measured influence relationships among lawmakers, using data on bill 
co-sponsorship and among participants in online political discussions 
(Supplementary Information section 7). We found significant differ-
ences (P < 0.01, t-test) in influence assortment between the govern-
ing and non-governing parties in six out of eight European legislative 
bodies; and between Democrats and Republicans in online political 
discussions preceding US federal elections (Fig. 4c). The influence gaps 
observed in these diverse forms of political discourse are compara-
ble in magnitude to those that induce large (>10%) vote skews in our 
model and experiments. Influence gaps also occur in the networks of 
bill co-sponsorship of the US Congress (Fig. 4b), which show a pattern 

of increasing influence assortment over time, consistent with previous 
accounts of increasing polarization in Congress based on established 
metrics of political ideology16 (Supplementary Fig. 17).

Political polarization and echo chambers are the focus of intense 
research and public discussion1–3,10. Unravelling the psychologi-
cal mechanisms at play when people interact with different identity 
groups17,18, opposing viewpoints19, hot-button topics such as climate 
change20, fake or misleading news9, trusted versus distrusted sources21 
and bots4,22 is vital for understanding decision making in real-world 
settings. Furthermore, affective polarization10—negative attitudes to 
members of the other party, rather than to specific policies—is of great 
importance as it may cause people to adopt a zero-sum worldview. 
Nevertheless, our study on the voter game highlights how sensitive 
collective decisions are to information gerrymandering on an influence 
network, how easily gerrymandering can arise in realistic networks 
and how widespread it is in real-world networks of political discourse 
and legislative process. Our analysis provides a new perspective and a 
quantitative measure to study public discourse and collective decisions 
across diverse contexts.

Central to this perspective is the understanding that influence assort-
ment presents a group-level social dilemma23. Symmetric influence 
assortment allows for democratic outcomes, in which the expected vote 
share of a party is equal to its representation among voters; and low 
influence assortment allows decisions to be reached with broad con-
sensus despite different partisan goals. A party that increases its own 
influence assortment relative to that of the other party by coordination, 
strategic use of bots or encouraging a zero-sum worldview benefits 
from information gerrymandering and wins a disproportionate share 
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Fig. 4 | Information gerrymandering on simulated influence networks 
and empirical networks of political discourse. a, We simulated our 
behavioural model of the voter game on 105 networks with power-law 
degree distributions that reflect broad variation in individual influence. 
The influence gap GI between two parties assigned randomly to nodes 
correlates strongly with voting outcomes on these networks. Information 
gerrymandering >G( 0)I  induces large vote skews (top; equal-sized 
parties), allowing even a minority party to win a majority of votes  
(bottom; one party is twice as large). b, We constructed networks of 
influence among lawmakers in the US Congress based on records of  
bill co-sponsorship25 (Supplementary Information section 7). The 
Democrats (blue) in the House and Senate exhibit consistent positive 
influence assortment; whereas the Republicans (red) have historically been 

less assorted, suffering from a negative influence gap. Starting in 1994, 
Republican influence assortment increased considerably and has since 
remained nearly as high as among Democrats, consistent with increased 
polarization16 in Congress since the mid-1990s. c, We analysed bill  
co-sponsorship in the upper (UC; light green) and lower (LC; dark green) 
chambers of the Czech, French, Italian and Romanian legislatures during 
their most recent sessions26. We observe significant influence gaps in all 
except the Czech and French upper chambers (Supplementary Table 5). 
We analysed datasets of online political discussion27–29 (black) during the 
2004, 2010 and 2016 US elections. We observe a significant Republican-
leaning influence gap in the 2004 blog network and in the 2010 Twitter-
mention network and a significant Democratic-leaning influence gap in 
the 2016 news intake network (Supplementary Information section 7).

Table 1 | Vote share and consensus
Vote share model Vote share experiment Consensus model Consensus experiment

No assortment 0.50 (0.41–0.59) 0.48 (0.42–0.54) 0.63 (0.35–0.85) 0.55 (0.25–0.70)

Asymmetric assortment 0.60 (0.56–0.63) 0.57 (0.53–0.60) 0.47 (0.20–0.70) 0.45 (0.20–0.65)

Asymmetric bots 0.56 (0.54–0.59) 0.53 (0.51–0.55) 0.19 (0.05–0.33) 0.18 (0.03–0.28)

Symmetric assortment 0.50 (0.46–0.55) 0.51 (0.47–0.55) 0.18 (0–0.35) 0.15 (0–0.30)

Symmetric bots 0.50 (0.49–0.51) 0.50 (0.49–0.51) 0.01 (0–0.05) 0 (0)

Mean vote share and frequency of a winning consensus observed in experiments and predicted by the behavioural model, for the five experimental conditions shown in Fig. 3. Parentheses show 95% 
confidence intervals derived by Efron bootstrap (experiments) or by Monte Carlo simulations (model).
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of the vote—that is, an undemocratic outcome. However, other parties 
are then incentivized to increase their own influence assortment, which 
leaves everyone trapped in deadlock.

This dilemma is reminiscent of the two-player Prisoner’s Dilemma. 
Although mutual defection is the only Nash equilibrium for two indi-
viduals, a large literature has established mechanisms to avoid defection 
in the Prisoner’s Dilemma, such as reciprocity, punishment and repu-
tation24. Future research must seek to resolve the group-level dilemma 
that arises from the presence of information gerrymandering in col-
lective decisions.

Reporting summary
Further information on research design is available in the Nature 
Research Reporting Summary linked to this article.
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