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Background 
The Median Voter Theorem (MVT) states that a political candidate has the highest probability 

to win when trying to cater to the preferences of the median voter. This well-known theorem relies on 

2 important assumptions: 

• Voters’ preferences are static, ie. voters do not change their opinions; 

• Voters’ preferences are single-peaked, meaning that voters will rank politicians based 

on the distance between the politician’s agenda and the voter’s preferred one. 

 

As a result, a voter will prefer the political candidate with the agenda that is the closest to the 

one preferred by the voter. 

 

Modelling objectives 
In constructing my model I relied on the analysis of Deffuant et al (2002) of the dynamic 

evolution of preferences. These authors develop an Agent-Based Simulation to explain how the 

interaction of agents in an economy can lead to the convergence of ideas over an issue and how 

extreme views can spread in a society. The mechanism proposed is one where agents have a specific 

idea and a degree of uncertainty. As they interact, agents with a higher degree of certainty will be 

more convincing of uncertain agents and will play a key role in determining the equilibrium 

consensus reached by the economy. Due to the reliance on Agent-Based Modelling, Deffuant et al 

(2002) make minimal assumptions on the preferences of agents. Consequently, the methodology of 

Deffuant et al (2002) appears to offer an opportunity to test the implications of the MVT, relaxing the 

assumptions of static and single-peaked preferences. This is exactly what my model tries to do. It uses 

Deffuant’s framework to perform 4 exercises:  

• Identify the drivers of successful political persuasion; 

• Test the validity of MVT with dynamic evolution of opinions; 

• Test the validity of MVT assuming that the population is biased towards one of the 

policy options that politicians can insert in their agenda (see further description 

below); 

• Identify possible strategies to gather consensus around unpopular but desirable 

policies. 
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Description of the model 
Drawing from Deffuant et al (2002), I define an opinion space: agents’ opinions are 

represented by real numbers going from 0 (the “left” opinion) to 100 (the “right” opinion). This could 

be thought of as the amount of money to be spent on healthcare. Each agent will have an opinion and 

a degree of uncertainty associated to this opinion (a positive real number). As in Deffuant et al (2002), 

an agent’s opinion segment is defined as the band centred on the agent’s opinion, spreading to the 

right and to the left proportionally to the agent’s value of uncertainty. Agents are distributed across 

the opinion space (0 to 100) and their colouring reflects their position in the opinion space (red for the 

left side of the opinion space, yellow for the right side). Light agents will be very uncertain, whereas 

dark agents will be more certain. 

 

In my model there are 2 types of agents: 

• Voters, who have a common degree of uncertainty (equal to 50 initially) and who are 

initially distributed randomly across the opinion space; 

• Politicians (political candidates), who have a low level or uncertainty (equal to 1) and 

whose distribution in the opinion space is determined ad hoc. Specifically, politicians 

can have either a “left” opinion or a “right” opinion. Because of the low level of 

uncertainty, this type of agents is very unlikely to move throughout the simulation. 

 

The simulations undertaken in this paper consist of 90 rounds of interactions among agents. In 

each round, agents influence each other’s opinion according to the rules described in Box 1. These 90 

rounds can be divided into two periods: 

• Political campaign (first 15 rounds): during the political campaign, politicians can 

adjust their political agenda (their opinion) to capture as many voters as possible. The 

strategies followed by politicians when adjusting their agenda vary depending on the 

simulation. In some simulations, politicians will start from opposite ends of the 

opinion space and remain there during the campaign. In other, they may adjust their 

position to track movements of the median voter or to maximise their influence on 

voters. 

• Voting period (remaining 75 rounds): during the voting period, politicians fix their 

political agenda and, depending on their ability to attract voters, they (figuratively) 

receive votes. 
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BOX 1—AGENTS’ INTERACTION 

When agents are paired, they interact as follows: 

• If their opinion segments overlap, one agent will influence the other (depending on the 

relative level of uncertainty). If the opinion segments do not overlap, agents are too 

different from each other and they do not influence each other. 

• If one agent does influence another agent, it is the degree of uncertainty that determines 

which agent will revise his views. As in Deffuant et al (2002), the movement of the agent 

will be large if the overlap is larger than non-overlap and small if it is not. The ultimate 

effect of interactions is that very uncertain agents influence other agents less than those that 

are certain. 

As an example, Figure 1 shows the interaction between two agents, i and j. Agent I has opinion 

xi and uncertainty ui and agent j has opinion xj and uncertainty uj. hij  is the overlap between i and 

j whereas 2ui - hij is the non-overlapping portion of the opinion segment of i (it can also be 

written as xi - hij). 

As in Deffuant et al (2002), the two agents interact as follows: 

• If hij < ui, nothing occurs. This happens in two situations: (a) divergent opinion, ie, when 

the two opinion segments are not overlapping; (b) insufficient agreement, ie, only the bands 

of uncertainty overlap, whereas the opinions are outside the overlapping area. Also, this 

condition ensures that only the relatively more uncertain agent moves. 

•  If hij > ui, then the relatively uncertain agent will move towards its counterpart according to 

the formula: 

xj’ = xj + µ * ((OVERLAPij - NON-OVERLAPi )/OPINION-SEGMENTI ) * (xi - xj) 

     = xj + µ * (hij / ui - 1) * (xi - xj) 

and its uncertainty will change according to the formula: 

uj = uj + µ * (hij / ui - 1) * (ui - uj) 

where µ is a parameter which controls the speed of the dynamics. 

 
The right panel of Figure 1 shows the position of the segment before the interaction (dotted 

lines) and after (plain lines). 

Figure 1 

          



4	  
	  

Four simulations are undertaken in this study: 

• Identifying the drivers of successful political persuasion (basic case). In this 

simulation, voters are initially distributed across the entire opinion space (uniformly). 

As for the politicians, I assume the existence of a left-wing party and of a right-wing 

party. The left-wing party has few politicians but great diversity in opinions (it is 

more dispersed in the opinion space). The right wing party has many politicians but 

they all have exactly the same opinion. Given that only overlapping agents can 

influence each other, the diversity in opinions should favour the left-wing party. Yet, 

the greater number of right-wing politicians will favour the right-wing party. A 

simulation can help us understand which factor will prevail (numerical superiority of 

candidates versus diversity of opinions). When running this simulation, I assume that 

politicians do not alter their agenda during the campaigning period. 

• Testing the validity of MVT with dynamic evolution of opinions: In this simulation, 

voters are initially distributed across the entire opinion space (uniformly). As for the 

politicians, a left party is still on the left side of the opinion space, but a right party is 

placed on the “median position”. The right party is allowed to track the evolving 

position of the median voter during the campaigning period. During the voting 

period, however, all politicians will stop moving. 

• Testing the validity of MVT assuming that the population is biased towards one of 

the policy options. The same experiment as in bullet point 2 is repeated, but this time 

it is assumed that the left side corresponds to a “popular” policy choice (eg. 

preservation of the status quo), meaning that individuals will move faster towards the 

left than towards the right (by differentiating the values of the parameter µ). In 

practice, the setup is identical to that of the previous simulation, but the user is given 

a possibility of specifying different values of the parameter µ for movements towards 

the right and movements towards the left. 

• Identifying possible strategies to gather consensus around unpopular but desirable 

policies. This simulation consists in checking whether the population can be dragged 

from a “popular” policy option (eg. preservation of the status quo) to an unpopular 

one (eg. adoption of long-term policy with great immediate costs) by positioning 

politicians strategically during the campaign period. I assume that voters all start with 

an opinion of 0 (they are no longer distributed uniformly). This position is assumed to 

correspond to a “popular” policy option: just like in the previous simulation, the 

popularity of this option is obtained by introducing different values of the parameter 

µ for movements towards the right and movements towards the left. Consequently, 

individuals will move faster towards the left than towards the right. Then, I assume 
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that all politicians (only one party) start their campaign from a point s and gradually 

move towards the unpopular policy option (during the campaign) by increments of z. 

To assess whether this “flexible” strategy can ever be successful, I use the software 

BehaviourSearch to maximize the closeness of voters to the unpopular policy option, 

searching through the possible combinations of parameter values (s,z). 

 

Description of the code 
As shown in figure 1, the simulation involves three types of 

agents: voters (represented by circles), left-wing politicians 

(represented by squares) and right-wing politicians (represented by 

triangles). 

Throughout the simulation, agents move across an opinion 

space (figure 2), whose y axis represents agents’ uncertainty and 

whose x axis represents agents’ opinion. The coloring of agents 

changes based on their position. As they move from top to bottom, 

the coloring becomes darker and eventually black. As they move from left to right, their coloring goes 

from red to yellow (figure 2). 

 
	  	  	  	  	  	  	  	  	  Figure 2 – Opinion space and evolution of agents’ coloring 

Interface 

As the application is launched, a user interface appears (figure 3). 

	  

Figure 1 – A voter, a left-wing 
politician and a right wing 

politician 
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         Figure 3 – User interface 

This interface contains a number of controls, which allow the user to alter the parameters of 

the simulation: 

• Population size: number of voters in the simulation. 

• Number of left politicians: number of left-wing politicians in the simulation. 

• Number of right politicians: number of right-wing politicians in the simulation. 

• Speed to right: speed at which agents move from left to right. 

• Speed to left: speed at which agents move from right to left. 

• Total ticks: total number of ticks in the simulation. 

• Campaign ticks:  number of ticks during which politicians are allowed to move to 

attract more voters. 

• Pendown: option to track the movement of voters, by leaving a trail behind them. 

• Position left politicians: position of the leftmost square (left-wing politician). 

• Dispersion left politicians: distance between leftmost and rightmost square (left-

wing politician). 

• Position right politicians: position of the leftmost triangle (right-wing politician). 

• Dispersion right politicians: distance between leftmost and rightmost triangle (right-

wing politician). 

• Initial uncertainty: uncertainty of voters at tick zero. 

• Voter distribution: initial distribution of voters across the opinion space. The two 

options are “distributed”, whereby all voters are initially uniformly distributed across 

the opinion space, and “allonleft”, whereby all voters are initially placed on the left 

side, with an opinion equal to 1. 

• Politicians camp behaviour: strategy followed by politicians during the 

campaigning period. Options are “fixedpoliticians”, whereby politicians do not 

move, “medianmovement”, whereby right-wing politicians track the position of the 
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median voter and left-wing politicians do not move, and “convincing movement”, 

whereby politicians move towards the right by increments specified in the input 

“displacement”. 

• Displacement: increments by which politicians move (to the right) when the 

“convincingmovement” option is selected in the “politicians camp behaviour” switch. 

On the right side of the interface, two plots summarize the results of the simulation: 

• Exit polls:  a histogram specifying the final distribution of voters. 

• Dynamic evolution of opinions and uncertainty:  a plot displaying the movement 

of each voter in the opinion space over time (each line corresponds to a single voter). 

The color of the lines goes from green to black as the agent’s uncertainty decreases. 

Setup procedures 

When the button “Setup” is clicked, the procedure below is executed. 

 
“Changebackground” sets the background color to white, “createvoters” and 

“createpoliticians” generates the desired number of instances of politicians and voters. Finally, 

“agentscolor” sets the initial color of turtles, by creating an imaginary grid on the opinion space and 

by assigning different colors to turtles in different rectangles of the grid. The associated code is shown 

below. 

 
Go procedures 

The “Go” button initiates the procedure below, which is repeated for every tick of the 

simulation. 
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The initial “if” statement ensures that agents only interact for a number of ticks equal to “total 

ticks”. Interaction occurs according to the “agentinteract” procedure, which replicates the formulas of 

Deffuant et al (2002), discussed in Box 1. The code that allows updating of the position and 

uncertainty of an agent is shown below. 

 
The nested “if” statement ensures that politicians can adjust their position during the 

campaigning period, provided that the option “fixedpoliticians” has not been selected. The 

movements of politicians are governed by the procedure below. 

 
If the option “medianmovement” has been selected, right-wing politicians will track the 

movements of the median voter. Instead, if the “convincingmovement” option has been selected, 

politicians will move rightwards gradually, to try and attract the voter population to the right-side of 

the opinion space. Politicians will shift by increments equal to “displacement”. In the simulation, this 

variable will be selected by “BehaviourSearch” in a way that maximises the position of the leftmost 

voter (this position is recorded in the final lines of the “go” procedure, where a variable called 

“minvoterpos” is created). 

 

Results of experiments 
As discussed in the section “description of the model”, four types of experiments are 

performed.  
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A. Drivers of successful political persuasion 

It is observed that both the number of politicians and their positioning affect the influence that 

they have on voters. This first experiment therefore attempts to understand which of the two aspects 

(numerosity or positioning) is most important for influencing voters’ opinions. With this objective in 

mind, I run the simulation by assuming that: 

• Voters are initially uniformly distributed across the entire opinion space. 

• The left-wing party has few politicians but great diversity in opinions (it is more 

dispersed in the opinion space). 

• The right wing party has many politicians but they all have exactly the same opinion. 

• Politicians do not alter their agenda (they do not move) during the campaigning 

period. 

 

Given that only overlapping agents can influence each other, the diversity in opinions should 

favour the left-wing party. Yet, the greater number of right-wing politicians will favour the right-wing 

party. A simulation can help us understand which factor will prevail (numerical superiority of 

candidates versus diversity of opinions). The layout of the simulation is shown in figure 4. 

 
	  	  	  	  	  	  	  	  	  Figure 4 – View of opinion space during first experiment 

By counting the final positioning of voters, it is possible to establish whether numerosity or 

diversity prevails as main influencing factor for a politician. To perform this assessment, I made the 

simulation on different combinations of parameters. For each combination of parameters, I run the 

simulation ten times and record the (average) number of voters on the left half and on the right half of 

the opinion space. Tables 1, 2 and 3 show the results of these simulations, as well as the set of 

parameters used. 
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Fixed	  parameters	   	  	  
Number	  of	  voters	   100	  
Position	  of	  left	  politicians	   0	  
Position	  of	  right	  politicians	   100	  
Dispersion	  of	  right	  politicians	   0	  
Speed	  to	  left	   0,2	  
Speed	  to	  right	   0,2	  
Campaign	  ticks	   15	  
Total	  ticks	   90	  
Voter	  distribution	   distributed	  
Politician	  camp	  behaviour	   fixedpoliticians	  
Displacement	   n.a.	  
Table 1 – Parameters kept fixed during first experiment 

Varying	  parameters	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Voters	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Initial	  uncertainty	   25	   25	   25	   25	   25	   25	   25	   25	  
Left-‐wing	  politicians	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Number	   5	   5	   5	   5	   10	   10	   10	   10	  
Dispersion	   10	   10	   20	   20	   10	   10	   20	   20	  
Right-‐wing	  politicians	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Number	   15	   20	   15	   20	   15	   20	   15	   20	  
Simulation	  results	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Voters	  with	  opinion	  >	  50	  
(average)	   52,6	   54,2	   58,4	   60,0	   61,7	   63,8	   50,9	   54,6	  
Voters	  with	  opinion	  <=	  50	  
(average)	   47,4	   45,8	   41,6	   40,0	   38,3	   36,2	   49,1	   45,4	  
Average	  difference	   5,2	   8,4	   16,8	   20,0	   23,4	   27,6	   1,8	   9,2	  

	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Voters	  within	  5	  of	  right	  
politicians	  (average)	   26,7	   25,2	   26,8	   29,7	   26,0	   25,1	   25,4	   27,9	  
Voters	  within	  5	  of	  left	  
politicians	  (average)	   31,7	   38,1	   36,7	   37,8	   38,2	   31,6	   38,9	   40,4	  
Average	  difference	   -‐5,0	   -‐12,9	   -‐9,9	   -‐8,1	   -‐12,2	   -‐6,5	   -‐13,5	   -‐12,5	  

	  	  	  	  	  	  	  	  	  Table 2 – Varying parameters and results of first simulation (initial uncertainty = 25) 
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Varying	  parameters	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Voters	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Initial	  uncertainty	   50	   50	   50	   50	   50	   50	   50	   50	  
Left-‐wing	  politicians	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Number	   5	   5	   5	   5	   10	   10	   10	   10	  
Dispersion	   10	   10	   20	   20	   10	   10	   20	   20	  
Right-‐wing	  politicians	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Number	   15	   20	   15	   20	   15	   20	   15	   20	  
Simulation	  results	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Voters	  with	  opinion	  >	  50	  
(average)	   50,6	   52,7	   51,0	   47,0	   49,7	   49,2	   45,1	   47,2	  
Voters	  with	  opinion	  <=	  50	  
(average)	   49,4	   47,3	   49,0	   53,0	   50,3	   50,8	   54,9	   52,8	  
Average	  difference	   1,2	   5,4	   2,0	   -‐6,0	   -‐0,6	   -‐1,6	   -‐9,8	   -‐5,6	  

	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Voters	  within	  5	  of	  right	  
politicians	  (average)	   50,6	   52,6	   51,0	   46,8	   49,6	   49,2	   44,9	   47,1	  
Voters	  within	  5	  of	  left	  
politicians	  (average)	   49,4	   47,3	   49,0	   53,0	   50,3	   50,8	   54,9	   52,8	  
Average	  difference	   1,2	   5,3	   2,0	   -‐6,2	   -‐0,7	   -‐1,6	   -‐10,0	   -‐5,7	  

	  	  	  	  	  	  	  	  	  Table 3 – Varying parameters and results of first simulation (initial uncertainty = 50)	  

As shown in Tables 2 and 3, right-wing politicians appear to attract more users on the right 

half of the opinion space than left-wing politicians. It should be noted, though, that often a number of 

voters does not collapse onto either group of politicians and remains suspended in the centre of the 

opinion space (figure 5). These undecided voters generate a bias in our statistics, as the number of 

voters in either half of the opinion space will include these undecided voters. If this group of users is 

excluded from the results (last three lines of the tables), the conclusions are reversed: left-wing 

politicians appear to attract more voters to their position. 

 
	  	  	  	  	  	  	  	  	  Figure 5 – Undecided voters	  

To conclude, this first experiment suggests that diversity within a group increases the 

“influencing potential” of such group. 
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B. MVT with dynamic evolution of opinions 

The second experiment I conduct aims at understanding whether the median voter theorem 

holds (approximately) in a dynamic preferences setting. To understand this, I let left-wing and right-

wing politicians have the same numerosity and internal diversity. This time, though, I allow right-

wing politicians to track the position of the median voter during the campaigning period (by selecting 

the “medianmovement” option). Figure 6 displays the initial value of all parameters for this 

simulation. 

 
	  	  	  	  	  	  	  	  	  Figure 6 – Initial outlook of the interface for second simulation	  

The simulation is run 50 times and the number of voters within 5 units of each political party 

is counted. As shown in Table 4, an overwhelming majority of voters is attracted to right-wing 

politicians, who obtain a result close to 80% by tracking the median voter. This is a sensible 

improvement compared to the first experiment, where election results were always much closer. 

Simulation	  
results	   	  	  	  	  	  	  	  	  	  	  	  Average	  of	  50	  simulations	   	  	  	  	  	  Standard	  deviation	  
Voters	  within	  5	  of	  
right	  politicians	  
(average	  of	  50	  
simulations)	   79,5	   7,7	  
Voters	  within	  5	  of	  
left	  politicians	  
(average	  of	  50	  
simulations)	   25,0	   7,4	  
Average	  
difference	   59,2	   15,1	  

	  	  	  	  	  	  	  	  	  Table 4 – Results of second simulation 

To conclude, tracking the position of the median voter gives politicians an edge even in this 

setting of dynamic preferences. 
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C. MVT with dynamic evolution of opinions and speed bias 

The third experiment differs from the second experiment insofar it introduces a difference 

between the two extremes of the opinion space. Specifically, the third experiment assumes that the left 

side of the opinion space (opinion = 0) represents a “popular” policy option, i.e. an opinion voters will 

embrace unless some strong moral suasion is exerted on them. For instance, the left extreme could be 

thought of as a short-termist policy, like cutting taxes and increasing spending. Voters will be more 

inclined to move to this end of the opinion space, as opposed to some other painful “long-termist” 

policy (such as raising taxes). 

In practice, this simulation is undertaken by assuming that voters move to the left more easily 

than they move to the right, i.e. that the parameter µ (see Box 1) is greater for leftwards movements 

than for rightwards movements. All other parameters are maintained identical to those of experiment 

no. 2. 

It is interesting to observe that, in this setting, right-wing politicians (who track the median 

voter position) will still be able to gain a majority of voters, but many times they will end up 

collapsing onto the position of left-wing politicians. In other words, the two parties will frequently 

end up merging together. This is shown in figure 7. 

 
	  	  	  	  	  	  	  	  	  Figure 7 – Convergence to “popular” policy option by politicians	  

 

To conclude, when a popular policy option is introduced, it appears that voters attract 

politicians, as opposed to politicians attracting voters. 

 

D. Consensus around unpopular policies 

The last simulation tries to assess whether it is possible for politicians to “drag” voters away 

from a popular option towards a less popular one (e.g. convince the population that higher taxes 

should be introduced). 
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Specifically, I assume that only one party exists (left-wing politicians), that all 100 voters are 

initially concentrated on the left side (opinion = 0) and that rightwards movements are faster than 

leftwards movements (µ is 0.2 towards the right and 0.3 towards the left). I then try to understand 

whether politicians can slowly move to the right at a speed that manages to drag the population to the 

“unpopular” opinion on the right. In particular, I am interested in knowing whether the left-wing party 

can design its size, dispersion, initial positioning and campaigning movement in a way that can drag 

the population away from the popular policy option. As shown in figure 8, both voters and politicians 

start on the left side of the screen. Politicians gradually move left during the campaigning period to try 

and drag voters towards the unpopular policy option. Varying the number of politicians, their initial 

positioning, their dispersion and the increments by which they move right (“displacement”), it may be 

possible to attract voters away from the left extreme of the opinion space. 

 
	  	  	  	  	  	  	  	  	  Figure 8 – Politicians drag population away from popular policy option	  

To do this, I use the software BehaviourSearch. BehaviourSearch is a Netlogo extension that 

uses genetic algorithms to conduct efficient searches in the parameter space of a model. 

To run the optimization in BehaviourSearch, I specify the parameter ranges below: 
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Figure 9 – Parameters specified for BehaviourSearch 

Importantly, the search occurs for the optimal combination of five parameters: “number 

of_left politicians”, “initial_uncertainty”, “position_left_politicians”, “dispersion_left” and 

“displacement”. Figure 10 displays the setting used for the search. The target variable “minvoterpos” 

corresponds to the position of the leftmost voter. BehaviourSearch explores different combinations of 

parameters to maximize this variable. 

 
	  	  	  	  	  	  	  	  	  Figure 10 – BehaviourSearch settings used for optimization	  

The search yields the outputs displayed in figure 11. 
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         Figure 11 – BehaviourSearch optimization results 

Interestingly, no combination of parameters allows politicians to drag the population to the 

right side of the opinion space. Yet, a fairly large group of politicians (24) with moderate internal 

diversity of opinions (dispersion of 7) can manage to drag a group of uncertain voters (initial 

uncertainty of 39) one quarter of the way to the unpopular policy option. Indeed, Behavioursearch 

finds an optimum value for “minvoterpos” at 26.7. This is a remarkable result given the strong 

“leftward” tendencies assumed. This can be achieved if the politicians start at a position of 25 and 

slowly move to the right by increments of 0.25. 

To conclude, it will be difficult for politicians to drag the voters away from their favoured 

policy option but a cleverly designed campaign can still yield a significant shift in the general 

consensus. 


