
Frankenmandering: The Confluence and Symbiosis of Opinion
Dynamics and Gerrymandering

Blue Sky Ideas Track

Sahil Agarwal
Carleton University
Ottawa, Canada

SahilAgarwal@cmail.carleton.ca

Svetlana Obraztsova
Carleton University
Ottawa, Canada

svetlana.obraztsova@carleton.ca

Zinovi Rabinovich
Carleton University
Ottawa, Canada

zinovi.rabinovich@carleton.ca

Alan Tsang
Carleton University
Ottawa, Canada

alan.tsang@carleton.ca

ABSTRACT
We present a novel model at the intersection of two prominent
sub-fields: Opinion Dynamics and Gerrymandering. While both
sub-fields are well studied separately, in the real world, gerryman-
dering and opinion dynamics combine and compound their effects.
Yet, their interaction has been unexplored in Computer Science,
including the AAMAS community. In this paper, we present our
Frankenmandering framework, which initiates the study of this
key gerrymandering-opinion-dynamics intersection. We show how
Frankenmandering can occur, its potential to capture significant –
both positive and negative – effects on society, and discuss the vast
volume of new research questions that arise from this framework.
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1 INTRODUCTION
Singapore, a tropical gem of sun and social engineering, manages
its public housing via the Housing and Development Board (HDB).
HDB allocates new housing units according to a lottery. When your
number is drawn you have a choice of several locations, so you can
match your particular life-style preferences. But there is a catch:
diversity constraints. Ethnic group quotas are imposed on every
housing block, calibrated to reflect the composition of the society at
large. Surprisingly, it does not dramatically impact social perceived
welfare [8]. In fact, this forced partitioning of the population,
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accompanied with an electoral process of representatives into
Residents’Networks, contributes to the overall country-wide social
cohesion. But why? Isn’t forced partitioning (a.k.a., redistricting)
in voting, especially with geographic constraints (a.k.a., gerryman-
dering), detrimental and leads to polarisation [3, 30, 37, 53]?

In this paper, we point to the interaction of redistricting and
the underlying social network of citizens as the unsung heroes
of Singaporean success. Partitioning is not judged on the basis of
a single election, but rather on its long-term effects on opinions
and perceived wellbeing. That is, the goal of the partitioning is
to reshape society itself. In fact, Frankenmandering, as we call
this confluence of two great subfields of research (gerrymandering
and opinion dynamics in networks), deserves a place of its own in
multi-agent research.

1.1 Gerrymandering
Gerrymandering is a purposeful construction of voting districts to
tilt an election’s outcome towards a particular party. Classically,
districts must obey geographical constraints (e.g., connectivity);
though the problem remains interesting even without these restric-
tions (e.g., in [11, 18, 51]) and with rather unpleasant consequences
of preference distortion [31] and misrepresentation [7]. These ge-
ographic constraints are commonly expressed as a graph, where
nodes represent voters (or voter groups) and edges connect nodes
that can be joined in the same district. Though generally such gerry-
mandering is difficult [22, 35, 48], recent works show that for planar
graphs, which describe most polities quite well, the bag of results
is mixed (polynomial time solvable for some graphs [27]). Beyond
defining "neighbours", geographical constraints can be applied to
the very process of drawing districts. For example, [13] discusses the
effects of imposing a compactness constraint on districts, while [32]
studies gerrymandering of polling station location, though the prob-
lem remains NP. Nonetheless, this does not prevent the creation of
reasonably well performing, practical solutions [47, 61].

Now, given that the original goal of gerrymandering was to
skew the election results, one may ask whether it would be ethical
to develop practical means of gerrymandering. The answer lies,
of course, on the flip side of this technology. Developing flexible,
practical partitioning methods is intimately related to the fair di-
vision of resources. E.g., creating equitable school districts [55].
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In fact, quite a few "fair" redistricting approaches have been pro-
posed (e.g. [12, 21, 42, 43, 60]). With proper research, it may even
be possible to turn gerrymandering from a shadowy political battle
into an open one, with socially beneficial outcomes [10]. These
positive aspects of partitioning spur research on generating feasible
redistricting plans [14, 16, 17, 39, 52, 56]. So that there is no lack
of means for identifying negative (gerrymandering) instances and
producing positive partitioning plans.

1.2 Opinion Dynamics in Networks
The earliest work in opinion dynamics is perhaps the model of
John French Jr. [33] where he introduced the idea that opinions can
be represented as numerical values that change over time based
on social network interactions. Morris DeGroot [24] subsequently
formalized the notion that an agent’s opinions can be updated as a
function (specifically, a convex combination) of the opinions of her
social network neighbours.

In the near century that followed, opinion dynamics has blos-
somed as a multi-discipline field of research (see [64] for a survey).
Of particular interest to us is a branch of models where influence
between agents is modulated by their similarity. Krause and Hegsel-
mann [36, 40] introduced the bounded confidence model where
agents ignored any opinions differed from its own by more than a
value determined by the agent’s confidence value. Since then, this
model has been variously modified to replace the sharp cut-off with
an exponential drop-off [23], and even within the multiagent space
by modelling trust values between agents [62].

As it intersects with elections, opinion dynamics has been stud-
ied from two main perspectives: forcing changes in network topol-
ogy [5, 41, 58], or placing "influencers" in the network [4, 50]. The
former can be deployed by social network management, while
the latter is an open market. Fortunately, neither is too easy [19],
though possible [6, 20, 59, 65].

1.3 Where Frankenmandering is borne
Returning to our HDB example, we recognize features of gerry-
mandering and opinion dynamics. In fact, we would be able to give
some common reasoning as to why it works to produce social cohe-
sion. Like in gerrymandering, HDB rules generate partitions that
are microcosms of the island nation. Thus, local in-neighbourhood
interests are aligned with the global, island-wide politics. There
is also the element of opinion dynamics there: neighbours within
the same block are far more likely to interact and influence each
other, than two cultural enclaves each living in a separate block.
This pressure, maintained year after year, slowly moulds a com-
mon citizenship culture. At least that would be a common sense
reasoning. But is there any actual science to it?

First, enforced deliberation within a voting group is beneficial for
social welfare and representation [54]. Moreover, that deliberation
can be critical for enacting change to a status quo [29]. So that
if neighbours in a block can resolve their differences at the local
level, it is likely to replicate to other blocks as well, and then to
the society at large. In other words, partitioning, while it was not
optimised for this purpose, had a side-effect of creating a localised
social network along which opinions flowed and converged.

Second, because HDB was first created to resettle people from
kampongs (village compounds), it was enacting inverse gerryman-
dering [46, 63], essentially relocating existing population opinions
into already established "districts". This is, again, similar (if not
equivalent) to applying opinion dynamics over a graph, where
nodes represent population centres (HDB blocks) and edges rep-
resent the original links between people that they have inherited
from their kampongs.

So, in principle, some science, in support of why and how HDB
succeeds, does exist. In other words, Frankenmandering, the inter-
section between gerrymandering and opinion dynamics, is real –
both in the sense of the "real world" and the "real science". However,
it was never studied as such. No explicit model attempts to for-
malise the interaction, no findings to speak of, no theory to ground
it. Let us, then, define the first formal Frankenmandering model.

2 BARE BONES OF FRANKENMANDERING
First, let’s give some formal notation to all the elements gerry-
mandering and opinion dynamics have. Then, we will put them
into a Frankenmandering interaction model; and, finally, give some
positive examples to show that it works.

2.1 Model of Interaction
Given a set of 𝑛 voters𝑉 , each characterised by an opinion 𝑐𝑣 ∈ R𝑚 .
We use bold-face c ∈ (R𝑚)𝑛 to denote the vector of all opinions
of all voters, and use the functional form 𝑐𝑣 (𝑙) to refer to the 𝑙 ’th
coordinate of the opinion vector 𝑐𝑣 of voter 𝑣 ∈ 𝑉 . In addition, for
a subset 𝐷 ⊂ 𝑉 , we will denote the sub-vector of opinions within
the subset by c|𝐷 = {𝑐𝑣}𝑣∈𝐷 ∈ (R𝑚) |𝐷 | .

Voters are organised into two graphs: undirected graph 𝐺𝑔𝑒𝑜 =

(𝑉 , 𝐸𝑔𝑒𝑜 ) of geographic constraints, and directed graph 𝐺𝑠𝑜𝑐 =

(𝑉 , 𝐸𝑠𝑜𝑐 ) of social influence links. Thus (𝑢, 𝑣) ∈ 𝐸𝑔𝑒𝑜 means two
voters 𝑢, 𝑣 ∈ 𝑉 can potentially belong to the same district, while
(𝑢, 𝑣) ∈ 𝐸𝑠𝑜𝑐 means that voter 𝑣 is influenced by voter𝑢 ∈ 𝑉 . In addi-
tion, let L[𝐺] : (R𝑚)𝑛 → (R𝑚)𝑛 be a graph-parameterised opinion
dynamics function that dictates how opinions change following the
influences encoded by the graph 𝐺 .

Finally, let there be a representative selection function F, so that
for any 𝑉 ⊆ 𝑉 , F

(
c|
𝑉

)
∈ 𝑉 .

Set c0 to be the initial opinion of all voters, and consider the
following process iterated for each time period 𝑡 :

(1) Districts, D𝑡 = {𝐷𝑡𝑗 ⊆ 𝑉 }𝐾𝑗=1, are selected, so that
𝐾⋃
𝑗=1
𝐷𝑡𝑖 =𝑉 ,

and ∀𝑖, 𝑗 𝐷𝑡𝑖 ∩ 𝐷𝑡𝑗 = ∅, and the subgraph (𝐷, 𝐸𝑔𝑒𝑜 |𝐷 ) ⊆ 𝐺𝑔𝑒𝑜
satisfies some constraints (e.g., connectivity);

(2) Local elections are run, producing district representatives
𝑟 𝑡𝑗 = F

(
ct |𝐷𝑡

𝑗

)
∈ 𝐷𝑡𝑗 , 𝑗 ∈ {1, ..., 𝐾};

(3) Representatives become local "influencers"; i.e., graphs, {𝐻 𝑡𝑗 =
(𝐷𝑡𝑗 , 𝐸𝑡𝑗 )}𝐾𝑗=1, are built so that (𝑟 𝑡𝑗 , 𝑣) ∈ 𝐸𝑡𝑗 for all 𝑣 ∈ 𝐷𝑡𝑗 ;

(4) Social influence is then exercised on all opinions by L𝑡 =

L[𝐺 ∪
𝐾⋃
𝑗=1
𝐻 𝑡𝑗 ], so that : c𝑡 = L𝑡 (c𝑡−1)

Now, define a goal function 𝐽 : c𝑡 ↦→ R+, that evaluates the
opinions (e.g., proximity to an "ideal" opinion). Then, a bare bones
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Frankenmandering can be defined as the following optimisation:

min
D1,...,D𝑇

𝑡=𝑇∑︁
𝑡=0

𝐽 (c𝑡 )

𝑠 .𝑡 .

∀𝑗 ∈ [1 : 𝐾] ∀𝑡 ∈ [1 : 𝑇 ]

𝑟 𝑡𝑗 = F
(
ct |𝐷𝑡

𝑗

)
𝐻 𝑡𝑗 = (𝐷𝑡𝑗 , 𝐸𝑡𝑗 ,𝑤𝑡𝑗 )

L𝑡 = L[𝐺 ∪
𝐾⋃
𝑗=1

𝐻 𝑡𝑗 ] c𝑡 = L𝑡 (c𝑡−1)

2.2 "Positive" Examples
Now, let us see what an instance of the above model can look like,
and what strategic choice over districts D𝑡 can do to voter opinions.

In both examples, we will use an opinion dynamic based on
discrepancy reponse functions (DRFs). These functions determine
how a voter changes its opinion relatively to the opinon of its
neighbour(s). E.g., if the opinions are close enough, the voter may
consider altering its opinions to be closer to those of its neighbour.
However, if the opinions are too far, then the voter may seek to
move away from the opinion of its neighbour (a "backfire" effect,
also used in [38, 44]). We will assume that opinions are single
dimensional and, thus, use the representative selection function
that returns the median (w.r.t. opinions in the district) voter.

Frankenmandering Inchworm. First, let’s show that by carefully
selecting the districts D𝑡 at each step, we can cause all opinions of
a population to indefinitely shift in the positive direction.

Our example uses the planar adjacency of voters, 𝐺𝑔𝑒𝑜 , as de-
picted in Figure 1. This corresponds to a realistic geography, where
districts are contiguous. At the same time, we assume an empty
social network graph 𝐺𝑠𝑜𝑐 ("a city of strangers").

We begin with the following opinion profile for 𝑛 = 10 voters:
{0, 0, 0, 1, 2, 3, 4, 5, 5, 5}. In each iteration, we create a single district
𝑑𝑡 of size 3, and size-1 districts for all other voters. The representa-
tive (elected median voter) then exerts influence on the two other
voters in 𝑑𝑡 according to the following update rule (opinion dynam-
ics function, L), depicted for a single voter-influencer pair (𝑢, 𝑣)
with opinions 𝑐𝑣, 𝑐𝑢 :

𝑐𝑡+1𝑣 =

{
𝑐𝑡𝑣 + sign(𝑐𝑡𝑢 − 𝑐𝑡𝑣) ∥𝑐𝑣 − 𝑐𝑢 ∥ < 3
𝑐𝑡𝑣 − sign(𝑐𝑡𝑢 − 𝑐𝑡𝑣) ∥𝑐𝑣 − 𝑐𝑢 ∥ ≥ 3

Frankenmandering then seeks to select a sequence of districts
𝑑𝑡 such that we shift the entire opinion profile by exactly +1; i.e.
we produce the target opinion profile {1, 1, 1, 2, 3, 4, 5, 6, 6, 6}. The
intuition behind the re-districting solution proceeds in 2 phases:
The first phase uses the backfire effect to “push” the most positive
voters away from the main body while using the median voter still
to anchor the main body. The second phase selects increasingly
higher opinion median voters to “pull” voters toward increasingly
positive values. While this shift occurs, it is important to keep a
“ladder” of voters with intermediate opinion values that can be used
as median voters. The movement of voters is reminiscent of the
locomotion of the inchworm.

Figure 2 illustrates a sequence of arrow diagrams that depicts the
selection of districts that causes all opinions to shift exactly +1. In

Figure 1: "Geography" Graph of Voters in Fig 2

each arrow diagram, each voter is positioned (vertically) according
to her opinion. The sequence of arrow diagrams proceeds from
left to right. In each iteration 𝑡 , the 3 voters shaded in orange are
selected to form the district 𝐷𝑡 . The median voter becomes the
representative, whose opinion remains uninfluenced. The voters’
opinions may shift, and these shifts are depicted as a small arrow:
green arrows denote an attractive effect toward the representative,
and red arrows denote the backfire effect pushing the voter away
from the representative. These shifts are then reflected at the next
arrow diagram at 𝑡 + 1. The final (𝑡 = 8) diagram reproduces the
initial (𝑡 = 0) opinion profile, with all opinions shifted +1. The
same pattern can then be repeated to shift the entire population’s
opinions indefinitely.

Figure 2: Gerrymandering Sequence to Shift All Voters

Social Network Effect Example. In this second example, we show
that we can achieve the same effect of shifting the opinions of the
entire population with a single, persistent districting of voters, if
the social influence between the voters can be leveraged.

Let us define an initial opinion profile on𝑛 = 6 voters of {0, 1, 2, 3, 4, 6},
and a target opinion profile of {1, 2, 3, 4, 5, 7}. We will fix a district
𝑑∗ to include exactly the first 2 voters and the last voter. The social
network will be a line graph, with each voter connected to (up to)
two nearest peers. Finally, the opinion dynamics are guided by the
following update rule:

𝑐𝑡+1𝑣 =


𝑐𝑡𝑣 + sign(𝑐𝑡𝑢 − 𝑐𝑡𝑣) ∥𝑐𝑣 − 𝑐𝑢 ∥ < 4
𝑐𝑡𝑣 − sign(𝑐𝑡𝑢 − 𝑐𝑡𝑣) ∥𝑐𝑣 − 𝑐𝑢 ∥ < 6
𝑐𝑡𝑣 ∥𝑐𝑣 − 𝑐𝑢 ∥ ≥ 6 or ∥𝑐𝑣 − 𝑐𝑢 ∥ < 2

Note that this opinion dynamics has "indifference" and "irrele-
vance" plateaus, where the opinions are too similar (indifference)
or too far (irrelevance) to cause any change.

Figure 3: A Fixed Gerrymandered District to Shift All Voters
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The sequence of arrow diagrams in Figure 3 shows how this is
accomplished. As in Figure 2, the vertical positions in each arrow
diagram denote the opinions of the voters. The social network
among the voters is depicted as a gray line graph. Only voters 0, 1,
and 5 form the fixed district 𝑑∗. As before, we use small arrows to
depict the influence from the representative and social influence
between voters; these happen to be exactly the red and green arrows,
respectively. By 𝑡 = 8, the same opinion profile is regenerated, with
all opinions shifted+1 from 𝑡 = 0.With no further intervention, this
system will shift opinions of all voters indefinitely in the positive
direction.

3 DISCUSSION AND FUTUREWORKS
Thus far, we have presented the reader with a simple, "bare bones"
model of Frankenmandering and demonstrated that it can be far
more insidious than gerrymandering or opinion dynamics manipu-
lation alone. The combined power of the two elements is great. But
do our examples explain the motivational example of HDB’s suc-
cess? Is Frankenmandering good for anything else? The answer to
these questions is the very reason why Frankenmandering should
become a popular research topic in the coming years.

3.1 What is it good for?
Let us start from the bad. In our examples, Frankenmandering was
used to drive opinions in a specific direction. From a gerryman-
dering point of view this is ingenious – not only will a particular
party win the parliament once, but eventually, will do so in per-
petuity. But the redistricting itself was not optimised for winning
an election, so state-of-the-art gerrymandering detection utilities
are unlikely to detect any wrongdoing. Furthermore, there is no
guarantee that current districting laws will not inadvertently create
just such a tragic shift in society. This makes Frankenmandering
research critical for modern democracies employing district based
elections, while their citizens are addicted to social media.

On the positive side, teachers often "aim" for the median students,
which can induce a drift of test scores toward the median as well. So
what if we create school districts based on the Frankenmandering
(rather than gerrymandering) principle? As our examples show, it
promises to continually raise everyone’s test scores over time.

Of course, we will not leave this discussion of good and bad with-
out an "ugly". Targeted advertising artificially partitions networked
groups of people or, rather, exploits it. For example, signing up to a
group about race cars inevitably exposes one to the group’s "median
culture", which is often not about cars. This is Frankenmandering in
thewild. Identifying it, would give advertising companies a different
kind of "targeting" capability. Injecting adverts in a Frankenman-
der’ed fashion, does not just "find" a relevant audience, but can
"create" a relevant audience as well.

3.2 What’s missing outright?
There is a tremendous range of possible extensions to the "bare
bones" Frankenmandering model we have presented. For example,
even though it is extremely generic, our current model does not
allow representatives to form a secondary social network. Think
of any parliament and it becomes rather obvious that connections
between politicians develop differently from the rest of the society.

We also have not modelled transient sub-populations. E.g., ed-
ucation programs for K-12 commonly group students by age, but
this grouping unifies different people every year. If we are to apply
Frankenmandering to fair school districting, we must extend the
model to take this into account.

There are also additional influence network elements that are
missing, like the significance/weight of the social link between
voters. Non-opinion voter features (like geo-location, or party affili-
ation) would also be an extension of the bare bones Frankenmander-
ing. For one, there are strong links between the local environment
(geo-locale) and the needs and desires (hence, opinions) of voters.
Thus, spatial opinion distribution modelling, combined with social
graphs, is a stronger ground to strategic districting.

Finally, bare bones Frankenmandering does not include a com-
bined redistricting and direct voter influence, like in, e.g., [25, 26].

3.3 What do our examples not show?
Our examples are but a limited first look at Frankenmandering. An
amuse-bouche. Further work is need to produce a reliable Franken-
mandering toolkit.

For one, we based our examples on the median-voter represen-
tative. But, as a framework, Frankenmandering does not require
that particular choice. Instead, for example, we can ask community
volunteers to step forward and people would vote for them. Or, if
voters have party affiliation features, primaries are run and then
candidates step forward and are being elected via your favourite
voting rule. Even more interesting, what if the voting process itself
follows a social structure, like in liquid democracy? Unlike the con-
trols that directly impact voters (e.g., [1, 2, 9]), Frankenmandering
would indirectly control the delegation process.

Second, our examples presume the Frankenmandering goal to
be a shift in opinions. But can also be about opinion distribution.
E.g., we may desire to ensure that the society does not polarise,
so Frankenmandering is applied to ensure opinion diversity is pre-
served. More generally, our examples did not give insight into how
the convergence rate of opinions under the social dynamic limits
Frankenmandering scope, and vice versa. Furthermore, we know
that opinion dynamics can natively produce structural changes in
population opinions (e.g., [15, 49, 57]). Whether Frankenmandering
can enhance or subdue these native abilities is an open question.

Our examples also presume that opinion dynamics update rate
and redistricting rate are constant and equal. Which is unlikely
in the real world, and thus forms another research direction to
investigate.

Most obviously, of course, these were just examples. Engineered
to awe. But do general Frankenmandering solutions exist? What is
their complexity? Can we at least do something that would work
"in practice"? Our research group toys with Markov chains, graph
neural networks, and reinforcement learning to create Franken-
mandering solvers. Reviewers of this paper have also suggested
comparing Frankenmandering to "Majority Illusion" [28, 34, 45] for
potential solution method transfer or, at least, a range of additional
analytical questions to be investigated.

Frankenmandering has generated new ideas even during the
review stage, and we call on the community to join us in its vigorous
pursuit.
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