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Abstract

Electoral districts are an important component of the electoral system, as they have a significant im-
pact on election results. Due to the uneven spatial distribution of electoral support political parties re-
ceive, district magnitude and the geography of electoral districts can have a decisive influence on the
electoral viability of individual parties and candidates. Districting and redistricting are not a simple bu-
reaucratic process but a politically very sensitive process with outcomes that can have far-reaching po-

litical consequences.

Geoinformation tools can have a very important role in electoral district planning. In this article we aim
to present the key advantages and disadvantages of their use. The presented results are derived from
practical experience gained over the course of developing a new system of electoral districts in Slove-

nia.
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Introduction

Electoral districts are one of the key elements of the
electoral system. Together with the electoral formula,
the structure of ballot papers and the electoral thresh-
old, they determine how the votes are translated into
parliamentary seats (Gallagher & Mitchell, 2005; Grad,
2004; Krasovec, 2007). District magnitude - the num-
ber of seats awarded within an electoral district — has
a particularly significant effect on election results. In
general, delimiting a territory into a larger number of
smaller districts increases the impact of each vote on
the election outcome. With reductions in magnitude,
the importance of the geography and spatial dimen-
sions of electoral districts increases. Due to the une-
ven spatial distribution of electoral support for political
parties, the geography of electoral districts can have a
decisive influence on the electoral prospects of individ-
ual parties and candidates. Districting and redistrict-

ing of electoral districts are therefore a very complex
and often highly politicized process in which various
actors want to assert their narrow political interests.

We roughly distinguish two ways to delimit elec-
toral districts (ACE Project, 2020). In the first case,
spatial dimensions of the electoral district are deter-
mined first, followed by a determination of its mag-
nitude. Spatial dimensions are usually determined on
the basis of existing administrative-territorial divi-
sions within a territory, and the magnitude on the ba-
sis of the number of inhabitants or voters using simple
mathematical formulas. This way of forming elector-
al districts is relatively simple and less susceptible to
manipulation.

In the second case, the magnitude of districts is de-
termined first, followed by a determination of their
spatial dimensions. Spatial dimensions are deter-
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mined on the basis of various, often conflicting cri-
teria. Due to the requirements to take into account
different criteria and their arbitrary nature, such an
approach of drawing districts is very complex and of-
ten subject to various manipulations. Drawing of elec-
toral districts to the advantage of a particular polit-
ical party or group is referred to as gerrymandering
(Morrill, 1981).

Very early on electoral district planners realized
the usefulness of geoinformation tools. These tools
allow them to incorporate into the design process a
broad spectrum of information, that can be used to
develop a larger number of proposals in a relative-
ly short timeframe. With the help of spatial and sta-
tistical analyses, they can more effectively and more
quickly assess the suitability of different proposals.
However, new tools increase the possibility of manip-
ulation. Thanks to the tools it is now easier, quicker,
and cheaper to design proposals that meet the specif-

ic political interests of individual actors (Eagles et al.,
2000; 1999).

In this article we aim to present the key advantages
and disadvantages of using geoinformation tools for
districting and redistricting electoral districts. Both
authors were members of an expert group that pre-
pared a proposal for a new system of electoral districts
in Slovenia. The presented results stem from practical
experience gained while working in the expert group
in the period from March 2019 to March 2020.

The article consists of four parts. The introducto-
ry part is followed by a brief presentation of some the-
oretical aspects of the use of geoinformation tools in
districting and redistricting. The third part presents
and critically evaluates the use of geoinformation
tools in the reorganisation of the system of electoral
districts in Slovenia. In the conclusion, an assessment
of the usefulness of geoinformation tools in the pro-
cess of districting and redistricting is provided.

Electoral district plans and geoinformation tools

Designing electoral district plans is a very complex
and labour-intensive process that requires the process-
ing of a myriad of spatial and statistical data. As man-
ual data processing is time consuming, electoral dis-
trict planners started using computers in their work
very early on. The first examples of the use of geoin-
formation tools can be traced back to the 1960s (Nagel,
1965; Weaver & Hess, 1963), however, for a long time
they were used in a limited way. This reflects that the
tools were inaccessible, had limited capacities and were
complicated to use, and above all, were extremely cost-
ly. The situation began to change in the 1990s, when
the first commercial GIS tools appeared on the market
(Altman & McDonald, 2019). These were more power-
ful and user-friendly. An important innovation was the
development of graphical user interfaces, which ena-
bled the visualization of spatial and statistical data. The
next turning point in their development was the expan-
sion of broadband internet, cloud services and open-
source programs and applications. In the last decade,
these changes have significantly reduced the cost and
increased the availability of geoinformation tools (Alt-
man & McDonald, 2019).

We can identify three roughly defined areas of ap-
plication for geoinformation tools in electoral district
planning processes:

- support for human planners,

- evaluation of district plans,

- automated districting and redistricting.

Geoinformation tools are of great help to electoral
district planners at all stages of their work. They play

an important role already in the preparation and pro-
cessing of data, as they enable linking of statistical
and spatial data. With the aid of the tools, planners
can quickly and easily define the spatial dimensions
of an electoral district, obtain basic statistical infor-
mation about it (number of inhabitants, area, perim-
eter, etc.) and check whether it meets the established
criteria. In the final phase, they enable the production
of accurate cartographic representations of proposed
solutions. Their use has greatly facilitated, accelerated
and reduced the cost of districting and redistricting,
and at the same time has reduced the number of var-
ious errors. The use of geoinformation tools was ini-
tially very limited, but with the advent of free open-
source web applications, the whole process has been
democratized. The drafting of electoral district plans
is no longer restricted to a narrow circle of experts
but is open to different actors (Altman & McDonald,
2019; Crampton, 2013). Today, an individual with ba-
sic computer skills and simple hardware can prepare
a plan of electoral districts drawing on publicly avail-
able spatial and statistical data and with the help of
open-source online applications.

Evaluating the suitability of proposed plans is an-
other area of application for geoinformation tools.
With their help, it is possible to quickly and eas-
ily check the extent to which an individual propos-
al meets set criteria. Furthermore, they can be used
to identify different forms of manipulation more eas-
ily and quickly. This is particularly important when
decision-makers and stakeholders need to consid-
er and evaluate a large number of proposals. In addi-
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tion to their many advantages, geoinformation tools
also bring certain risks and pitfalls. Above all they in-
crease the possibility of manipulation. The application
of geoinformation tools in electorate planning has in-
creased the incidence, efficiency, and sophistication of
gerrymandering. Thanks to the tools, it is possible to
design plans that satisfy the narrow interests of indi-
vidual political actors much faster and more efficient-
ly (Altman et al., 2005). Through spatial analysis of
data on the socio-economic and demographic char-
acteristics of the population and their electoral pref-
erences, political actors can design electoral district
maps that meet the prescribed legal criteria, while at
the same time maximizing their own political inter-
ests. This problem was particularly acute in the past,
when geoinformation tools were only accessible to
a relatively narrow circle of users due to their high
cost. The proliferation of free open-source web appli-
cations has not eliminated the gerrymandering prob-
lem, but has empowered civil society actors engaged
in and monitoring (re)districting (Altman & McDon-
ald, 2019; Crampton, 2013).

The third area of application of geoinformation
tools is automated districting and redistricting. With
the development of geoinformation tools, ideas have
emerged to use them to automate electoral district
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planning (Altman et al., 2005). The idea is based on
the assumption that the planning of electoral districts
is fundamentally a mathematical problem (i.e. a par-
titioning problem) or a combinatorial optimization
problem, which can be solved most quickly and efhi-
ciently with the help of computers. Proponents of au-
tomation argue that computers and geoinformation
tools can be used to design optimal, transparent, and
politically neutral electoral district plans (Browdy,
1990; Gudgin & Taylor, 1979; Hess et al., 1965; Vick-
rey, 1961; Weaver & Hess, 1963).

In practice, complete automation of districting
and redistricting has proven to be much more diffi-
cult to implement than its proponents claim. The divi-
sion of territory into electoral districts is a very com-
plex mathematical problem that cannot be solved
even with the help of state-of-the-art computers (Alt-
man, 1998; 1997). What is more, automation has been
shown not to provide politically neutral solutions.
Altman (1997) notes that neutrality depends on three
factors: 1. the process chosen; 2. goals of the system; 3.
the outcomes from efforts to achieve these goals with-
in specific demographic and political circumstances.
Today, there is a growing belief that given a lack of
general consensus on what constitute objectively neu-
tral goals, no automation is neutral.

Use of geoinformation tools in electoral redistricting in Slovenia

The electoral system used in the elections of deputies
to the National Assembly of the Republic of Slovenia
is characterized by a unique electoral districts mod-
el. The territory of the country is divided into eight
electoral districts and 88 constituencies for election
purposes. Within each electoral district 11 seats are
awarded, and accordingly, each district is subdivided
into 11 constituencies. The National Assembly Elec-
tion Act stipulates that electoral districts and constit-
uencies be formed in accordance with the principle
that each deputy is elected to represent approximate-
ly the same number of inhabitants. The law also stipu-
lates that the formation of electoral districts and con-
stituencies must take into account the geographical
integrity along with common cultural and other char-
acteristics.

In practice, these provisions are very difficult to har-
monize. Significant regional fragmentation and une-
ven population density in the country make it impos-
sible to create geographically consistent and equally
populous spatial units. In the past, the first provision
was the principal consideration in designing elector-
al districts (electoral districts have the same number
of inhabitants though are not geographically consist-
ent), while the second provision was taken into account
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when designing constituencies (the map of constituen-
cies largely reflects the 1992 administrative-territorial
division of the state into municipalities).

The system of electoral districts and constituencies
has not undergone major changes since its introduc-
tion in 1992, this is despite the fact that there have
since been significant changes in the spatial distribu-
tion of the population and the administrative system
of the state. In 2017, a procedure was initiated at the
Constitutional Court to review the constitutionality
of the current system of constituencies. The Consti-
tutional Court ruled that because of the large differ-
ences in the size of constituencies (in 2019 the most
populous constituency had 31,694 voters, whereas the
smallest had 7,945) and inconsistencies between con-
stituency borders and the new administrative division
of the state into municipalities, the existing system
of constituencies is unconstitutional. The Constitu-
tional Court therefore ordered the National Assembly
to correct the unconstitutional situation within two
years.

In April 2019, the Ministry of Public Administra-
tion established a working group tasked with prepar-
ing a proposal to amend the system of constituencies.
The working group which was led by the authors of
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this article prepared three proposals for a new system
of constituencies. The use of geoinformation tools in
the work of the working group is presented and crit-
ically evaluated below. Above all, we want to present
where and how we used them as well as what problems
we encountered.

The working group used geoinformation tools in all
three previously discussed areas of application. Most
of the work was completed using the desktop and on-
line versions of ArcGIS. In the first phase, we used
these tools to prepare the relevant spatial data con-
sisting of geoinformation layers on census tracks, set-
tlements, municipalities, administrative and statisti-
cal regions provided by the Surveying and Mapping
Authority of Slovenia (Register of spatial units, 2019).
Data on voters (these data are not publicly available)
by house numbers were extracted from the Nation-
al Population Register run by Ministry of the Interior
(Number of voters..., 2019) and aggregated at different
spatial levels (from census tracts as the smallest aggre-
gation units, local communities and urban and village
districts, settlements, to municipalities as the larg-
est aggregation units). Aggregated data on the num-

ber of voters formed the basis for planning individual
constituencies, as we wanted to create constituencies
that were as similar in population as possible. Vari-
ous spatial data layers (topographic maps in various
scales, road maps, and detailed city plans) played an
important role as we relied on them to create constitu-
encies that were as geographically consistent as possi-
ble. Geoinformation tools were also used to check for
possible inconsistencies in borders between neighbor-
ing constituencies or between the sums of voters in in-
dividual constituencies and the target number of vot-
ers in an electoral district. They were used to quickly
and easily check how well the borders of proposed
constituencies conformed with important natural ge-
ographical divides in regions and to existing admin-
istrative-territorial divisions of the state. In the final
phase, they were used to prepare cartographic rep-
resentations (Figure 1) and present the basic charac-
teristics (number of voters, list of spatial units) of the
proposed constituencies. We also used them to com-
pare proposals and existing arrangements.

Evaluation of the suitability of the proposed redis-
tricting was another area where geoinformation tools

Figure 1. Map of the proposed system of constituencies in one of the electoral districts
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(B

Figure 2. Web application for drafting proposals for new constituencies, that was made available to political parties in
action A) visually comparing different proposed systems of constituencies and B) preparing to export a new proposal of a
constituency, based on the materials and application carried out by external partners in the project
(Jelen et al., 2019; Versi¢ & Jelen, 2019) [click on figure to enlarge]

were employed. Redistricting is a politically very sen-
sitive issue, as it can have a significant impact on the
electoral prospects of individual candidates (Webster,
2004). To guard against accusations of a lack of trans-
parency and bias in the proposed solutions, the work-
ing group, in collaboration with external partners, de-
veloped a web application (Figure 2; Jelen et al., 2019)
using ArcGIS Online, which provided parliamentary
party representatives with a detailed overview of the
proposed solutions, while it also enabled them to pre-
pare alternative proposals.

Automated districting was the third area where the
working group used geoinformation tools. The work-
ing group got external partners to develop a test ver-
sion of an application for automated constituency
redistricting. The first results of the application high-
lighted some problems that were impossible to solve
within the set time frame and with limited resourc-
es (more on this below). While the idea of automation
has not been fully realized, preliminary attempts have
yielded some encouraging results.

The above highlights the versatile applicability
of geoinformation tools using the example of redis-
tricting of constituencies in Slovenia. In this regard,
it is worth noting the irreplaceable assistance these
tools provide to human planners. Without exaggera-
tion, we can say that without their help it would have
been impossible to prepare three proposals for a new
constituency system in such a short time (the dead-
line for submitting the first proposal was two months,
the same time frame applied for the preparation of
amended proposals) (Rogelj et al., 2019a, 2019b). Their
role in checking for and detecting possible errors is
also very important. Thanks to the tools, we were able
to quickly and easily check whether the proposed so-
lution met the set criteria (in terms of the number of
voters, harmonization of borders with the borders of
different spatial units, etc.) and whether we made a
mistake in determining the boundaries. The biggest
shortcoming turned out to be the vague definition
of a constituency (using terms such as geographical
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or cultural homogeneity used as defining principles,
missing criteria for equal size of the constituencies)
which meant that no relevant demographic, econom-
ic or data related to cultural characteristics were used.
As a result, not all the possibilities offered by modern
geoinformation tools were taken advantage of. For ex-
ample, in planning constituencies, we could not take
into account demographic trends (net changes in the
number of voters by different territorial units would
be especially helpful) and some aspects of functional
connections present between settlements/municipali-
ties (e.g. the number of daily migrants, access to dif-
ferent services).

Use of the web application for providing detailed
insights into proposed solutions and for preparing al-
ternative proposals turned out to be a very interest-
ing experience. Despite training potential users of the
application and urging parliamentary parties to make
use of it to submit their proposals, uptake was very
limited (Krevs et al., 2020). There were two reasons
for this. The first was the great complexity of the task.
Deputies had many ideas on how to transform indi-
vidual constituencies, but when it came to finding a
comprehensive solution at the level of the electoral
district or the state, their proposals often proved to be
deficient and inappropriate. In conversations, many
admitted that the task - despite its apparent simplicity
- was more difficult to accomplish than they had envis-
aged. The design of the application is another reason
for the modest response. Given the short time frame
available to us for its development, the application was
not the most user-friendly. To use key functions users
required some practice and a certain amount of geo-
graphical and computer skills and knowledge. While
most users unfamiliar with geoinformation tools gave
up very quickly, a few political parties took advantage
of the application in coming up with some of their
own proposals. The members of the working group
and the developers of the application believe that with
different (longer) time frames and sufficient financial
support, it would be possible to create a more user-
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friendly application that would be useful both for rep-
resentatives of political parties and the general public.
This would significantly increase the transparency of
the whole process.

Most of the open questions that remain concern the
use of geoinformation tools for automated districting.
We mentioned that the idea of automation has not been
fully realized. The first attempts yielded some encour-
aging results, while at the same time highlighted some
key issues. Among them, it is worth mentioning the se-
lection of appropriate criteria and determination of the
hierarchy of selected criteria or measures.

We previously noted that the law very loosely sets
out the criteria for districting constituencies. Constit-
uencies are supposed to be the same size (by popula-
tion) and geographically consistent, but nowhere is it
specified what size deviations are allowed and what
criteria should be taken into account when assessing
the geographical consistency of constituencies. Defin-
ing more precise criteria was therefore the first task
of the working group. After careful consideration, we
identified seven basic criteria (Table 1). In practice,
it turned out that the criteria were too ill-defined in
certain situations, and they were not able to be used
to come up with suitable solutions. In such cases, we
used additional criteria such as transport connectiv-
ity, degree of urbanization, socio-economic charac-
teristics of the population, location of important nat-
ural geographical divides, geographical consistency,
etc. These are criteria that are to some extent already
incorporated into the basic criteria, as they form the
basis for regional administrative divisions of the state
(see the sixth criterion in Table 1). With their help, we
managed to create similarly sized and geographically
more consistent constituencies.

When it came to automated districting of constit-
uencies, given the time constraints, unavailability of

relevant data and the fact that some criteria are very
difficult to quantify and define, we did not take into
consideration additional criteria. It is therefore not sur-
prising that the proposed solutions conformed to a less-
er degree to the principle of geographical consistency.

Another problem concerned the determination of
weighting or ranking of selected criteria. Some cri-
teria are mutually incompatible. Most problemat-
ic was harmonizing the requirement that constituen-
cies be comparable in size (have the same number of
voters) and be geographically consistent. This prob-
lem was solved “manually” by looking for solutions
within the previously determined size limits, which
preserved the integrity of spatial units (municipali-
ties, settlements, town wards, and local communities).
In practice, this meant that the geographical consist-
ency (integrity of spatial units) was subject to given
size constraints. Size restrictions were violated only in
cases where strict adherence to them grossly violated
the principle of geographical consistency for a large
number of constituencies. In such cases, solutions de-
viating from the size limits were proposed. This un-
derscores that during “manually” districting constit-
uencies, the hierarchy of criteria was adapted to the
specific situation, and in exceptional cases, minor de-
viations from the set criteria were permitted.

When employing automated districting of constit-
uencies, such flexibility is not possible. The comput-
er algorithm used is based on fixed rules and a clear-
ly defined hierarchy of criteria. Having constituencies
with approximately the same number of voters was
defined as the most important criterion. In practice,
it turned out that rigidly striving for the most compa-
rable constituencies in terms of population size often
leads to geographically consistent areas being broken
up and the formation of geographically inconsistent
constituencies.

Table 1. Key criteria used to develop proposals for a new system of constituencies in Slovenia (Rogelj et al., 2019a, 2019b)

inhabitants;

1. size of constituencies (in terms of population) is determined based on the number of voters not on the number of

number of voters divided by total number of seats (88)).

2. deviation in size of constituencies is determined in relation to the average size of a constituency at the national level (total

a) in the first proposal, the maximum tolerance was +/— 15%.
b) in the second proposal, the maximum tolerance was +/— 25%, exceptionally up to +/- 30%.
c) in the third proposal, the maximum tolerance was +/— 25%, exceptionally up to +/- 45%.

municipalities and settlements is avoided;

3. municipalities and settlements serve as the foundational unit for districting constituencies; where possible, division of

4. in the case of division of municipalities, the boundaries of settlements are taken into account;

tracts are used for the districting of constituencies;

only those settlements that are larger than the maximum permitted size for a constituency shall be divided; in the case of
division of settlements, the boundaries of local, district or village communities are taken into account; exceptionally, census

6. when merging spatial units, the boundaries of regional administrative divisions of the state are taken into account
(boundaries of administrative units, statistical region, etc.);

7. the objective is to determine the best comprehensive solutions at the electoral district level.
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Based on the test cases, it is difficult to predict what
solutions would be reached if more time, resourc-
es, and relevant data were available. We would prob-
ably get better solutions, but it is unlikely that these
would be comparable or even superior to those pre-
pared by the working group. The extraordinary com-

Conclusions
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plexity of the task, the experience gained through the
work of the working group and examples from abroad
show that districting of constituencies requires a cer-
tain degree of flexibility, which is difficult to incorpo-
rate into computer algorithms.

How useful are geoinformation tools in districting
and redistricting of electoral districts? Based on our
experience, we can say that they have become an in-
dispensable part of the process. With their help, we
can simplify and speed up the whole process and
greatly reduce the possibility of various errors.

That said, modern geoinformation tools, despite
the many possibilities they offer, are not omnipotent.
Their usefulness is often limited by various external
factors. The first major limitation is input data. The
preparation of appropriate electoral district plans is
possible only if relevant data are available. Without
this, even the most state-of-the-art and sophisticated
tools are completely useless.

The second limitation is related to rules and criteria.
Geoinformation tools can be best used when the rules
and criteria are clearly defined. Ambiguity in the
rules and criteria has a negative effect on the trans-
parency of the entire process, as it prevents an objec-
tive and impartial assessment of individual proposals.
In our case, most problems were caused by the unclear
definitions of two key criteria (equally populous and
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