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Bringing leaders of network
subgroups closer together does not
facilitate consensus

Matthew I. Jones':2:3™ & Nicholas A. Christakis2*

Consensus formation is a complex process, particularly in networked groups. When individuals are
incentivized to dig in and refuse to compromise, leaders may be essential to guiding the group to
consensus. Specifically, the relative geodesic position of leaders could be important for reaching
consensus. Separately, groups searching for consensus can be confounded by noisy signals in which
individuals are given false information about the actions of their fellow group members. We tested
the effects of the geodesic distance between leaders (geodesic distance ranging from 1 to 4) and of
noise (noise levels at 0%, 5%, and 10%) by recruiting participants (N = 3,456) for a set of experiments
(n=216 groups). We find that noise makes groups less likely to reach consensus, and the groups that
do reach consensus take longer to find it. We find that leadership changes the behavior of both leaders
and followers in important ways (for instance, being labeled a leader makes people more likely to

‘go with the flow’). However, we find no evidence that the geodesic distance between leaders is a
significant factor in the probability of reaching consensus. While other network properties of leaders
undoubtedly affect consensus formation, the distance between leaders in network subgroups appears
not to matter.

Consensus formation is a critical process in social systems. It requires sharing information about personal
preferences with members of the group, processing information received from others, and then perhaps updating
preferences or making concessions to align with the rest of the group. Consensus is thus complex, requiring
communication!?, trust®, suppression of bias*, and strong incentives’, and it appears in many aspects of society,
including domestic politics®, international treaties”®, and jury decisions’. Because of this ubiquity'®, consensus
has been studied theoretically!"'? and empirically>®. Diverse conditions', individual-level behaviors'®, and
group-level policies!® are important factors that can foster or suppress consensus.

While searching for consensus, the spread of information through a group frequently occurs on a
communication network which connects individuals. It has been well established that when group behavior
occurs on a network, the structure of that network has an impact on the behavior of the group!’-2!. Certain
networks are more conducive to information transfer than others, which can have an impact on the ability of
the group to reach consensus?’. For example, strong community structure can slow consensus formation in
experimental groups®.

Separately, leadership is also important to group performance. Good leaders can delegate tasks to followers
so the group functions as a single, cohesive unit?*. They can act as information clearinghouses, providing a
central hub for information to be collected and distributed in an organized manner?. They can wield authority
to bring unruly group members’ behavior in line with the rest of the group?®”. And they can speed up difficult
decisions by executive action, reducing the need for lengthy deliberation and discussion with decisive fiat?.

All these features of leadership suggest that when a group is searching for consensus, the actions of leaders
should be critical for success, particularly in a networked setting with locally contiguous information flow. To
test this hypothesis, we designed an experiment to study the intersection of consensus, networks, information
diffusion, and leadership. We first divide the group into two inter-connected factions with differing preferences
but with the common ultimate goal of reaching consensus. By providing each faction with a leader and asking
the entire group to reach consensus, we can determine the value of leaders, how they affect individual behavior,
and what effect, if any, they have on the success of the subgroup factions or the group as a whole, in a variety
of conditions. Furthermore, when considering the leaders of potentially opposing factions on a network, it is
natural to consider the geodesic distance between leaders, which can serve as a proxy for ease of communication

between the two competing factions®.
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Our experiment models two groups reaching consensus on a contentious issue. We recruited N=3,456
human participants (from the online labor market, Prolific) to take part in live online tasks. In each experiment,
16 participants were placed in a network and asked to reach consensus on one of two colors. However, the group
was divided into two teams of eight, each with a preference for one of the colors. Each team was also given a
leader (using a minimal leadership paradigm?®), and the relative positions of the leaders was manipulated to
experimentally study the effect of the geodesic separation of the leaders on group consensus.

We also varied the difficulty of the consensus problem by adding noise. In our experiment, with some
probability, participants could be given incorrect information about the color choice of one or more of their
neighbors. In certain tasks, noise is essentially misinformation, a distraction that makes a task more difficult®!,
while in other tasks, it has been shown empirically®? and theoretically?® that noise can actually help to break up
gridlock so as to reach optimal solutions.

Results

The consensus game

We recruited participants online to take part in experiments with the open-source Breadboard software
33(https://breadboard.yale.edu/), which we have used to create a coloring game somewhat similar to previous
experiments>>>*? that ask participants to solve a global optimization problem using only local information. Each
game required 16 participants to take part.

The goal of the game - to unanimously agree on either red or blue - is completed the moment all participants
have selected the same color. Participants can freely change their color between red and blue as the game
progresses with two buttons on their screen. Their current color choice is shown in real time to each participant’s
neighbors.

At the center of our experiment is the network we use for the consensus game, shown in Fig. 1. Strong
community structure divides the network into two factions, indicated by the square and circle shapes. Members
of the two factions are incentivized to prefer different colors (see below for a description of participant payofs).
Leaders for both factions are identified by a gold border, and the geodesic distance between leaders can take any
value between 1 and 4. We experimentally manipulated the square leader position by moving it to any vertex
with an indicated number in Fig. 1.

Fig. 1. The network used for our experiment. The two factions with different preferences are indicated by
shape and Type A vertices are located inside the grey rectangle (otherwise they are type B). The leaders are
indicated by gold borders, and the numbered red vertices are potential leader positions with different leader
geodesic distances. In this snapshot of the experiment, where the leaders are 4 edges apart, 9 vertices have
chosen red and 7 have chosen blue.
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This particular illustrative network topology was chosen for several methodological reasons. First and
foremost, the four potential square leader vertices are isomorphic; they occupy identical positions in the network
that are only distinguished by their distance from the blue leader. This is important because we did not want any
other topological properties of a leader to vary, except their distance from the other leader. In fact, all vertices in
the grey rectangle are isomorphic (Type A vertices), and all vertices not in the grey rectangle are also isomorphic
(Type B vertices). That is, geodesic distances between Type A vertices can vary from 1 to 4, allowing us to test the
effect of between-leader distance without placing leaders in qualitatively different locations. Second, every vertex
in this network has four neighbors, so each participant has equal influence over the experiment if leadership is
ignored. At the same time, this network has many triangles, a feature of networks that is critical in processes
like consensus formation. Finally, this network is relatively small, facilitating subject recruitment, while still
having all the desirable properties listed above. Different networks, perhaps with lower connectivity or with
large variation in degree, could potentially lead to different outcomes with respect to consensus and leadership.

When analyzing individual behavior, we are interested in three groups of vertices: the two leaders, the six
non-leaders who see their leader, and the four Type A non-leaders who do not see their leader. Therefore, the
four Type B non-leaders who do not see their leader do not appear in our individual-level analysis.

In Fig. 1, participants in the circle group are incentivized by earning a larger bonus payment if the final color
is (say) blue, while participants in the square group earn more if the final color is (say) red (the relationship
between shape and preferred color is randomized for each run; see Methods). Participants earn $1.25 if the
entire group agrees on their preferred color, while the other group earns $0.75. If the group cannot decide on
a color within five minutes, the game ends and the participants do not earn any bonus. An additional bonus of
$1 gradually decreases over the course of the game to encourage reaching a solution quickly; for example, if the
group finishes with half of the time remaining, each participant earns an additional $0.50.

Theleaders are randomly selected from the participant pool. They are leaders in name only; they have no more
information than the other participants; they have no additional abilities or responsibilities (except not being
directly exposed to noise); and they do not have uniquely central positions in the network. In fact, they have only
three in-group neighbors, while the Type B vertices in the group have four. All participants are informed about
the existence of leaders before the experiment begins, and continuously reminded of the existence of leaders
during the experiment, even if they cannot see either faction leader. In other words, the treatment here is to
simply label one node as the “leader;” to inform that person of this label (thereby possibly modifying their own
behavior), to show those to whom this leader is connected that one of their alters is a leader (perhaps modifying
their behavior), and to inform all participants that leaders exist in the groups. The experimental manipulation
here is to vary the geodesic distance between the leaders of the two factions.

We also introduce noise into the system. Noise can make a task easier or harder, depending on the specifics
of the task. Every 15 s, each directed edge that does not lead to or from a leader is treated as “noisy” with some
probability p. If an edge from vertex V to vertex U is noisy, then V will see the incorrect color for U. If U has
chosen red, then it will falsely appear to V that U is blue. We use three values for p. When p=0, there is no
noise, and all information is conveyed accurately; when p=0.05, we expect 2.4 directed edges to be noisy at any
given moment; and when p=0.1, there should be about 5 noisy edges. Participants are not told when an edge
is noisy, or even that it is possible for edges to transmit inaccurate information. All edges are updated for noise
simultaneously, but because the probability of noise is so low, it is rare that participants will see two or more of
their neighbors’ colors change at the exact same time.

Our experiment used a factorial design, with 4 values of leadership distance and 3 values of noise. For each
cell, we recruited 18 groups of 16 people to attempt to reach consensus. The trajectory for each of these groups
as the task takes place are in Fig. 2. The y-axis, showing the fraction of participants choosing red, represents
the level of consensus. Once a group reaches either 0 or 1, consensus is reached and the task ends. The average
trajectory of each cell is shown in red. We also report the number of groups that reached consensus in each cell
in Table 1.

Minimal leadership paradigm affects individual behavior

When searching for consensus, players would frequently switch between colors, even if nothing changed among
their neighbors. We take a probabilistic approach to individual behavior to study how the environment affects
behavior. For any individual, we can determine the probability that, at a random time during the task, they
are playing their non-preferred color. We refine our analysis by conditioning this probability on the number
of the ego’s neighbors that are playing the ego’s non-preferred color and the ego’s position in the network. Our
dataset looks at 2,592 different individuals (we ignore Type B vertices that do not see their leader) who may face
different conditions (e.g. a leader with two neighbors playing their non-preferred color or a non-leader with
three neighbors playing their non-preferred color, one of whom is the individual’s leader — see Fig. 3 for the 18
such conditions), for a total of n = 12,707 observations. To account for the fact that the same individual can
appear in more than one condition, we use individual-level random effects, and we also account for session-level
random effects (see Methods). As shown in Fig. 3, regardless of an individuals situation, they are more likely
to have their non-preferred color selected when more of their neighbors are already playing the non-preferred
color.

Next, to see how leadership affects behavior, we consider four different types of players. First, to see how
leaders affect those around them, we look at vertices who can see their leader and compare their behavior when
the leader is playing their preferred color to their behavior when the leader is playing their non-preferred color.
These probabilities are represented by the orange and green bars in Fig. 3. Of course, there is no green bar in
the leftmost column, because the leader would simultaneously be playing the preferred and non-preferred color,
and therefore there is no data. For the same reason, there is no orange bar in the rightmost column. In Fig. 3, we
see consistent evidence that a leader playing a non-preferred color makes it more likely that an ego plays their
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Noise = 0 Noise = 0.05 Noise = 0.1

Fig. 2. Trajectory curves for all 4*3¥18 =216 experiments. The columns represent different values of noise and
the rows are different distances between leaders. In each plot, 18 curves show the fraction of the population
that is choosing red at any time, and the average is shown in red. The x-axis is time in seconds.

Noise=0 | Noise =0.05 | Noise=0.1
Distance between leaders=1 | 7/18 2/18 0/18
Distance between leaders=2 | 4/18 5/18 2/18
Distance between leaders=3 | 6/18 6/18 5/18
Distance between leaders=4 | 7/18 5/18 2/18

Table 1. The probability that a group successfully reached consensus for each noise and leader distance
condition.

non-preferred color than if a non-leader plays the non-preferred color. When the number of neighbors playing
the non-preferred color is 1, 2, or 3, we can use a Wald test of the hypothesis that the difference of the coefficients
when the leader is playing the preferred vs. the non-preferred color is zero. Hence, we can conclude that a
leader who is willing compromise (play the non-preferred color) has a measurable impact on the willingness of
followers to compromise. When the number of neighbors is 1, for example, the coefficients for when the leader
is playing the preferred and non-preferred colors are 0.133 and 0.214, respectively. The test has a x 2 value
of 61.173 and a p value of 5.2e — 15, so we conclude that the coeflicients are significantly different. Similarly,
when the number of neighbors is 2, coefficients are 0.302 and 0.390 (x 2 =77.37, p < 2.2e — 16), and when
number of neighbors is 3, coefficients are 0.449 and 0.574 (x 2 =93.824, p < 2.2e — 16).

We are also interested in how the mantle of leadership (as minimal as it is in this experiment) affects behavior.
In Fig. 3, we can compare leaders (cyan bars) to non-leaders in Type A vertices who do not see their leader
(purple bars). These two types of players occupy identical positions in the network and have identical types of
neighbors, but we see that they can behave differently. When only a few neighbors are playing the nonpreferred
color, leaders and non-leaders are indistinguishable. However, when three or four neighbors are playing the
non-preferred color, the leaders are more likely than non-leaders to play their non-preferred color. When
three neighbors are playing the non-preferred color, the coefficients are 0.567 for leaders and 0.474 for non-
leaders; a Wald test confirms that the difference of these coefficients is not zero ( x 2 = 26.084, p = 3.3e — 07).
Likewise, the coeflicient for four neighbors is significantly larger for leaders ( 0.772) than for non-leaders ( 0.614
) (x 2 =46.954, p=7.3e — 12). In short, being a leader makes one more likely to “go with the flow” and
follow the will of the majority. The leaders in this task seem to provide stability, reinforcing to their subordinates
that the non-preferred color is the better option, rather than trying to drive change and coerce their followers
into compromising on color choice.

Finally, Fig. 3 allows us to compare the behavior of followers who can see their leader compared to those
who cannot. While the behavior of followers who see their leader is highly dependent on the color choice of the
leader, we can also observe that individuals who do not see their leader are less likely, on average, to be playing
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Fig. 3. The probability that individuals in different conditions have selected their non-preferred color at any
given time. The cyan and purple columns show leaders and non-leaders in Type A vertices that do not see
their leader. By comparing these, we see significant differences when 3 or 4 neighbors are playing the ego’s
non-preferred color. The orange and green columns show non-leaders who see their leader, and compare the
probability of selecting the non-preferred color when their leader is playing the preferred or non-preferred
color. Here, we see that the leader playing the non-preferred color has a larger effect than a non-leader on the
ego’s color choice.

their non-preferred color. This could suggest that mere proximity to a leader makes people more willing to
engage in pro-social behavior like compromise.

Adding noise makes consensus difficult

The introduction of noise can counterintuitively help solve optimization problems by encouraging non-optimal
moves that escape local optima and ultimately lead to the global optimal solution. At first glance, the present
task seems like it could also benefit from noise. Since all individuals begin with their preferred color and the
biased payoffs reward hardliners who refuse to play their non-preferred color, it is plausible that noise could
trick participants into compromising and ultimately reaching consensus. However, we see from Fig. 3 that many
participants already understand the necessity of compromise, playing their non-preferred color over 10% of the
time when only one neighbor is playing the non-preferred color.

When it is indeed not needed to break up gridlock, noise can function more to distract and mislead, which
is what we see here. The noisy edges that spread false information about neighbors’ color selections prevent
participants from choosing the color that would ultimately lead to consensus. When we estimate a regression
model (see Methods) regarding the frequency of consensus (the values in Table 1), we find a statistically
significant negative effect of noise on consensus formation ( 8 , = —2.083, p = 0.003).

In fact, not only does noise reduce the chances of successfully reaching consensus, it also makes the groups
that do reach consensus take longer to do so. Using Cox proportional hazard models*, we analyzed the effect
of noise (and leadership position) on the time it takes to reach consensus, and find a significant negative effect
(hazard ratio = 2.670e — 05, p = 0.0034). In the presence of noise, consensus is less likely and it also takes
longer to reach.

Leader position does not affect group-level consensus

Despite the established effects of leadership on the behavior of leaders and followers, we find no evidence in
the regression model that the relative position of leaders has an effect on the probability of a group as a whole
reaching consensus ( 3 ; = 0.03889, p = 0.13). We also find no effect on time to consensus in the proportional
hazard model (hazard ratio = 1.212, p = 0.13). And including an interaction term also reveals no significant
interaction between noise and inter-leader distance (see Methods). However, perhaps surprisingly, although
not statistically significant, the coeflicients for distance on both consensus frequency and time to consensus are
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positive. This indicates that groups may be more likely to reach consensus and reach consensus faster if leaders
are farther apart, each separately affecting their own fiefdoms rather than being close together in constant
communication.

Discussion

The geodesic distance between two vertices in a network can serve as a proxy for the ability of these vertices
to communicate and coordinate. Leaders have disproportionate influence in the coordination game, but their
ability to reinforce coordination seems to be irrelevant to the success of the group in these experiments. Rather,
they appear to provide a stabilizing effect on their neighbors, keeping them from randomly changing colors and
hence from interfering with consensus. This hints at why leaders being farther apart might actually improve
group performance. When the leaders are adjacent, they have no influence over the other side of the whole
network, which prevents the entire group from reaching consensus.

However, these results should not suggest that other aspects of leadership are irrelevant to group consensus.
Network properties of leaders other than their geodesic separation may still play a large role in the success
of the group. Recall that leader degree and centrality was fixed even as leader distance changed in these
experiments; increasing these properties for leaders will certainly expand their influence in the group in ways
that our experiment did not and may lead to other consensus results that depend on social contagion®. Further
investigation into leaders’ network properties during consensus experiments may shed light on the specific
network statistics that are important for leadership to influence consensus formation.

It is also important to recognize that these results are limited by the design of the experiment. Several key
factors prevent us from drawing stronger conclusions about the irrelevance of leader distance in consensus.
This experiment is highly stylized. Participants are not able to communicate in any way other than selecting
a color which is shown to their neighbors. They are not able to persuade or bargain with each other. Similarly,
real leaders may use charisma and likeability to convince others to follow them, but our leaders had only the
minimal label of leader, represented by a gold border, and no other credentials to persuade others. They were also
chosen randomly from the group, instead of selecting those with personalities that lend themselves to leadership.
Despite these drawbacks, we still see strong evidence of the effect of leadership on individual behavior. Critically,
we confirm previous research® claiming that good leaders follow.

As one illustration of the potential relevance of our findings, consider the example of how the U.S. Congress is
broken up into domain-specific committees such as Agriculture, Budget, and Homeland Security. Folk wisdom
is that one of the key factors in the health of a committee (measured by the amount of legislation passed, the
number of hearings held, and so on) is the relationship between the Committee Chair and the Ranking Minority
Member®’-3. These two individuals function in similar ways to the leaders in our experiment, each heading
up a team with opposing preferences but ostensibly trying to find compromise and common ground. Our
findings indicate that the relationship between these two leaders may not be as important as the anecdotes
suggest. Instead, we suspect that other network properties or behaviors of the leaders (which could of course
be correlated with leader geodesic distance) may be more important for facilitating consensus. This observation
may also apply to other consensus problems in organizations with hierarchies, from competing department
heads in a large corporation to rival academic department chairs trying to agree on the best course of action
for a university initiative. In all these scenarios, clear communication may be more relevant than the direct
relationship between leaders.

Unlike in anti-coordination activities like graph coloring®, gridlock is less of a problem in consensus
coordination problems, and we observed that noise is detrimental to the success of the group. Perhaps humans
have evolved or learned to be “naturally noisy” in coordination problems but not in anti-coordination problems,
or perhaps anti-coordination problems are naturally more difficult due to the network structures on which they
are solved. Future work could examine this relationship in more detail.

Additional future work could examine the interaction between leadership and noise more directly. In our
experiment, leaders did not experience noise, even in the very noisy experimental treatments. This decision
was made to maximize leader influence; noisy signals from leaders could dampen their effect and weaken any
statistical signal. However, a related question could examine the role of noise in leader-follower communication.
Perhaps if leader communication is noisy, the distance between leaders plays a larger role. This is an open
question that cannot be answered definitively by our data.

Leaders behave differently and have special influence in their own subgroups, but, despite this, the relationship
among leaders of competing groups - in the sense of their geodesic separation at least — may not be a factor in
reaching overall agreement. Reaching a broad consensus in groups is not easy.

Methods

This study was approved by the Yale University Committee on the Use of Human Subjects and all experiments
were performed in accordance with all relevant guidelines and regulations. All subjects gave their informed
consent in accordance with the Yale University IRB before participating in the study.

This study was preregistered at https://osf.io/n3qa2/. The main effects of noise and the distance between
leaders on consensus frequency and speed were preregistered. All individual-level analyses were exploratory.
The order of data collection was randomized to avoid order effects.

Participants were recruited using Prolific (https://www.prolific.com/), an online recruitment service.
Upon joining the study, participants are redirected to our Breadboard server, where they must first consent to
participating in our study and then read through a short tutorial and pass a comprehension quiz. Per Prolific
policy, participants are given two attempts to pass the 2-question, multiple choice quiz. Also, immediately before
the experiment begins, participants must pass an additional attention check within 30 s to ensure that they are
prepared to participate in the live task. Participants that complete the attention check earn a base pay of $4.50
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and are eligible to participate in the rest of the experiment. Participants are given 5-10 min to read through the
tutorial and pass the quiz before the experiment begins.

To ensure that we recruit enough participants to run the experiment, we typically recruited more than the
necessary 16 participants. Excess participants were randomly chosen and dismissed from the experiment with
the base pay, and the remaining 16 participants began playing the consensus game.

During the consensus game, participants must select a color within every minute to avoid being dropped
for inactivity. At 30 s after their last color choice, a 30 s timer appears warning them that they are about to
be dropped from the experiment. Players can select the same color to avoid being dropped without having to
change their color. This inactivity timer, a recaptcha verification step (https://www.google.com/recaptcha/abou
t/), the tutorial comprehension quiz, and the pre-experiment attention check serve to filter out bots and other
inattentive participants.

During the game, participants were reminded regarding: the remaining time left in the game, their team and
preferred color, their payoff incentives, the identification of leaders, and how to change their color. An example
of their screen during the game is shown in Fig. 4.

Participants that are dropped from the coloring game for inactivity could disrupt the behavior of the other
participants. Therefore, if a replicate had two non-leaders or one leader drop out before the game ends, that
experiment was discarded and the replicate repeated with new participants; in total, 17 replicates needed to be
repeated because of dropped participants.

Edges in the network are undirected, but the presence of noise was directed. That is, player A may be getting
incorrect information about player B’s color, but player B may still get correct information about player A’s
color. Every 15 s, each directed edge that is not connected to a leader is treated as “noisy” with the desired
probability. Participants are not told when an edge is noisy, or even that it is possible for edges to transmit
inaccurate information.

Group-level statistical analysis
We examined the effect of leader distance and noise on the probability of the group reaching consensus. We
estimated the following regression model

pi=Bo+B1*¥Di+ByxN;i+e

where p; is the probability of group 4 reaching consensus, D; is the distance between leaders in group 4, N; is
the level of noise in group 4, and e is the error to be minimized.

Specifying the following model which includes an interaction term between leader distance and noise did not
reveal any additional results.

pz:/BQ“F/Bl*D1+52*Nz+63*Dz*N1+6

Consensus has not been reached...

Your team is

O O

O

Your preferred color is 5
If consensus is reached, your bonus payoff will be
, $0.75 for red
- If the group does not reach consensus, you will not earn a bonus from this part of the
assignment.

Remember that each team has one leader indicated by a gold border.

. Change your color with the two buttons below:

If you don't press one of these buttons every minute, you will be dropped from the game and not
earn the base pay or any bonus.

RED BLUE

Fig. 4. Players screens during the game. The colors of their neighbors were updated in real time as color
changes were made.
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We also examined the effect of distance and noise on the time it takes to reach consensus. A hazard model
approximates the risk of an event (in this case, reaching consensus) occurring in a short span of time, denoted
by X.In our model, a group’s hazard is dependent on both leader distance and noise according to

A (X)) =Xo(t)exp (B 4% Di + B 5% Ny)
The hazard ratio of a factor is then exp (,6’ j).

Individual-level statistical analysis

For our analysis of individual behavior, we use a mixed-effects model with random effects accounting for both
individual id and session id and fixed effects for the individual’s condition. There are four types of individuals we
look at: is a leader, cannot see leader (but is Type A vertex), sees their leader when leader is playing the preferred
color, and sees their leader when leader is playing the non-preferred color. Specifically, for an individual 4 in
session j of type T, the probability of playing their non-preferred color is

Pigr=7;+7;+Br

This model allows us to estimate the effect of neighbors’ behavior on individual behavior (the 8 coefficients
which are plotted in Fig. 3) while also accounting for individual variation.
Statistical analyses were done in R v4.4.1%C.

Data availability
The data used in this study is available from the corresponding author on reasonable request.
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