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Figure 1: Several computer generated settlements in a Minecraft world, taken from the three best scoring entries in the 2020
GDMC Settlement Generation Challenge.

ABSTRACT

There are a range of metrics that can be applied to the artifacts
produced by procedural content generation, and several of them
come with qualitative claims. In this paper, we adapt a range of
existing PCG metrics to generated Minecraft settlements, develop
a few new metrics inspired by PCG literature, and compare the
resulting measurements to existing human evaluations. The aim is
to analyze how those metrics capture human evaluation scores in
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different categories, how the metrics generalize to another game
domain, and how metrics deal with more complex artifacts. We
provide an exploratory look at a variety of metrics and provide
an information gain and several correlation analyses. We found
some relationships between human scores and metrics counting
specific elements, measuring the diversity of blocks and measuring
the presence of crafting materials for the present complex blocks.
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1 INTRODUCTION

Procedural content generation (PCG) is a part of Game Al that aims
to create game content algorithmically. In the past it has been used
to generate game levels, such as race tracks [34] or strategy maps
[37], game assets, such as trees [2], or even full sets of game rules
[7,9, 12,13, 38]. It can be used by itself, but also to critique, suggest
or refine game content. One recurring challenge in procedural
content generation (PCG) is evaluating the output [30]. The core
constraint is usually playability - aimed to ensure that a game can
actually be used as such. One common approach here is to use Al
gameplay [24] to test that a game can be won, or to determine basic
imbalances [22, 41]. Since generating content is usually fast and
cheap [25], the aim is usually to test content automatically - but
other approaches with a human in the loop exist. Beyond playability
there is also the aim to produce “good” content, which is usually
tied to evoking specific forms of human experience, such as fun
or engagement, or to just get a better, quantifiable understanding
of what is being produced [4]. To this end, several PCG metrics
have been developed over the years, particular to be used within a
generate-and-test or search based PCG framework [39]. When we
talk about metrics in this paper, we mean any kind of algorithm
that can be applied to generated content and produce a quantitative
result.

Initial approaches here were focused on the Expressive Range of
a generator [26], using metrics to quantify the diversity of a given
generator. A different output from the metric being proof that the
generated artifact was different. When it comes to evaluating the
qualitative experience evoked by an artifact, research tends to use
metrics that try to capture specific properties of a piece of content,
like its difficulty or its aesthetic. While most of these metrics have
been developed and used in different publications, they are heavily
defined by the context (most of the time a specific game genre) in
which they have be designed, and with a particular objective in
mind. In particular, there has been a great focus on level generation
for the game Super Mario and similar platformers [5, 23, 27, 42]. We
wonder if those metrics can be generalized and will still be relevant
in a different context.

For this paper we are interested to see if some of those metrics
can be applied to Minecraft settlements. This was prompted by
our interest in the GDMC Al settlement generation competition
[20] - an AI challenge were participants build algorithms that can
make “interesting” settlements adapted to unknown landscapes.
The GDMC challenge was specifically designed as a PCG competi-
tion, to foster interest in both adaptive and holistic PCG. The term
holistic here refers to the idea that a single artifacts has to fulfill
several criteria that cannot be easily separated. While a PCG level
and PCG music should be orchestrated [10] to fit with each other,
they can still be generated as separate artifacts. A settlement and
its buildings in contrast need to be functional, aesthetic, adaptive,
etc, all at the same time. A Minecraft map is overall also a rather
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large design space, so there is a concern that any metric is only
capturing a partial projection of the complex artifact - hindering a
clear divide and conquer approach to content evaluation. Currently
the GDMC uses exclusively human judges for its evaluation step.
We are interested to see if we can adapt some of the existing metrics,
or develop new ones, suitable for the Minecraft map domain.

This leads us to our first main research question for this pa-
per: How well do platformer metrics generalize to other domains -
specifically the domain of Minecraft settlements? To attempt to an-
swer this, we will report on our effort to implement existing metrics
in the Minecraft domain, porting mostly 2d-tile based algorithms
to 3d-block based implementations. We first surveyed the literature
in search of suitable candidates which we could directly apply to
the Minecraft settlements. But during this process we learned that
all metrics required some degree of adaptation, either to provide
some domain specific information, deal with the shift to 3d, or to
address some other problems that arise for this specific application.
Several design choices needed to be made, and while some were
more principled than others, we tried to document this process to
outline, as an example, what it would take to make this kind of
adaptation. In this process we also developed several new metrics
for the 3d block domain.

This leads us to the second main question - are those existing
or newly developed metrics related to human experience or judg-
ment? While several of the existing metrics for platformers have
acquired qualitative claims over time, a lot of those have been based
on common sense assumptions. There have been few works that
specifically tried to ground existing PCG metrics to human expe-
rience [14], and none so far for the Minecraft domain - a gap we
aim to close. Grounded metrics can then even be used to generate
specific levels geared towards certain experiences, or following the
preferences of individual players [42]. One of the reasons we chose
the GDMC settlement generation challenge as a test bed was the
fact that there are both generators and a published set of human
evaluation scores for each generator - which allows us to compare
the metrics for various submitted settlements generators with the
human assigned scores for them from the competition. As far as
we know, this is one of the most complex and messy PCG artifacts
to date to be analyzed with automatic metrics, so we were also
interested in how robust a metric based approach is to complex
content generation?

1.1 Overview

The paper is structured as follows. We first give some more back-
ground on the GDMC competition, with particular focus on the
human evaluation criteria and the process of human evaluation.
We also give some introduction to the terms and concepts of a
Minecraft settlement, to give context to the artifacts analyzed here.
We then discuss the metrics we used in this paper, giving a sketch
of their origin, purpose and implementation here. Following this
we provide a statistical analysis of the results. We discuss both the
results, and their wider implications.

2 BACKGROUND
2.1 Minecraft Settlement

Minecraft [17] is a voxel-based, open world game where the player
runs around in a 3d blockworld, interacting with the world by
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picking up blocks, placing new blocks, and making various items [2(. These generators work by adding and removing Minecraft
and new blocks. It has been overwhelmingly popular, and has been blocks. All the submitted generators are then tested on 3 maps
compared to LEGO on a computetq 33. The LEGO comparison with a xed size of 256x256, which are selected by the organiz-
is not just due to the block-based nature of Minecraft, but also a ers [19. All the generated settlements are then stored and sent to
reference to its open-endedness. While the game has traditional the jury. The jury is composed of a permanent board and guests.
game mechanics such as combat, death and winning the game This jury includes experts in various eld, such as Al, Game De-
by slaying a Dragon, many players ignore those aspects, or turn sign or Urbanism. However, due to various reasons, only a subset

them o, and enjoy Minecraft as a creative Sandbox. A Minecraft
Settlement is a series of structures arranged to look like a village
or town. There are both game-generated and player-generated
settlements 40. They do provide game-relevant functions and

return a complete evaluation. Each judge scores the settlements
between 0 to 10 points, in each of the following categoridsiapt-
ability, Functionality, Narrative, Aesthetisdaptability is how well

the settlement is adapted to its location - how well it adapts to

a ordances. This includes a protection from dangerous mobs, access the terrain, both on a large and small scakaunctionalityis about

to blocks needed to craft tools or grow food, and a place to store
items. While these functional elements mirror their functionality
of a real world settlement to some extent there is a great degree
of variety of how those settlements can look, and how far they
deviate from the classical fantasy village look of the settlements
generated by Minecraft itself. This is possible because many of the
constraints of regular settlements, such as physics or a need for
sanitation or warmth, are simply not present in the game world.
Nevertheless, many players still spend time and e ort to built up the
decorative aspects of settlemen&(] for their personal pleasure,

to tell a story, or for other reasons. A settlement can be inspired
by a speci ¢ place or time period, a speci c cultural reference, or

what a ordances the settlement provides, both to the Minecraft
player and the simulated villagers. It covers various aspects, such
as food, production, navigability, security, etdarrativere ects
how well the settlementtself tells an evocative story about its
own history, and about who its inhabitants are (There is a separate
bonus challenge about also adding a written PCG text that tells
the story of the settlemenf1]). Aesthetids a rating of the overall
look of the settlements. In the competition, the rating of each cate-
gory is computed for each generator by averaging (mean) across
all judge's scores. The rating works in the following way : a grade
of 5 means that the result looks human made, a 6-9 correspond
to what we would expect from an expert human, and nally a 10

even be designed from scratch. Settlements are a popular type of would be attributed to a superhuman performance . The judges

structure to build, and itis common among the players to showcase
their creations [40].

Minecraft settlements are built by arranging blocks, the basic unit
of the Minecraft world. A block is a cube, with a simple texture, that
is located at a speci c, discrete 3d coordinate. Every 3d coordinate

provide for each generator, after looking at three maps, one score
for each of the four categories. The overall score of the generators
is then obtained by a mean average over the four categories. For
details, see the instructions given to the judges in the appendix B.
The number of judges that returned a verdict was 8 for 2018, 11 for

contains exactly one block, such as sand, a chest, or lava, which 2019 and 8 for 2020.

gives the game world a coarse-grained regularity. Many of the
blocks can be found in the open world as resources. They can
then be re ned, or combined in order to craft new types of blocks.
In many ways the blocks are the comparable unit to the tile in
platformers.
We will see that the generators we look at later will interact with

the game map, which contains the settlement just as well as the ter-
rain, as they are both just di erent arrangements of the basic blocks.

The generators can read blocks and place blocks (represented sim-,

ply by integers to denote their type) at discrete 3d coordinates. This

abstracts away some of the game elements of Minecraft, such as
mobs, i.e. mobile entities such as cows or lit dynamite. See Fig. 1 for

three examples of settlements generated by algorithms submitted
to the GDMC challenge.

While Minecraft has a range of interesting game mechanics, we
did not introduce them here in detail, as we limited our search for
metrics to those that could be applied to the block representation
without the need to simulate the actual agent-based gameplay.
Note that the evaluation done by humans, on the other hand, was
performed by human judges using the actual game to walk through
and interact with the settlements (in creative mode).

2.2 GDMC Settlement Generation Competition

The Generative Design in Minecraft Competition (GDMC) is a PCG
competition in which competitors submit a settlement generator

The human data we are working with is the average scores for
the generator, which we compute by averaging over the scores
given by all the judges in the year it was submitted. Therefore, for
each generator we have 5 scores: the overall score, and one for each
of the categories, adaptivity, functionality, narrative and aesthetics.

3 METRICS

In this section we will introduce and describe the metrics we used
in this paper. For each metric we outline the general idea, where
it came from, and how we adapted it so it could be applied to a
Minecraft map. For clarity weemphasizéhe actual term used for
the metric throughout the paper where we de ne it.

3.1 Metrics selection

In order to select our metrics, we rst went through a number of
publications about automated evaluation of PC& 6, 7, 12 14, 16,

25 27,29 31, 36 37, with a focus towards those metrics that had
existing implementations. The majority of them were focused on
platformers, such as Super Mario Brothers, which were useful for
us, at there was a high conceptual similarity between a tile-based
level and a block-based Minecraft map. The following metrics were
frequently used in the platformer context : Linearity, Lenienc3q

and Density 3. Many papers also focused on patterns and how
recurring certain elements are used in an artifact. There are several
concepts similar to Salience, as de ned by Canossa and S#jjth[
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that seemed relevant. They all capture how frequently a level object
is used, how predictable its occurrences are, and how it stands out
from the rest of the level. We also looked at publications aimed
at other game genres. Among the metrics we found useful in that
process were particularly those focused on level design, as it is
the closest in content to our artifact type. While we would have
appreciated using metrics developed for others purposes, we could
not nd a way to apply them to our artifacts. A good example
are metrics that are developed for narrative content, as they are
designed to evaluate content that is intrinsically narrative (such as
text or a narrative graph) 18 32 whereas the GDMC relies mostly
on environmental storytelling. Before running these computational
metrics, we would rst need to be able to convert the 3d block-based
settlement environment into pure narrative content, which falls
out of the scope of this paper. We removed metrics that were not
applicable to Minecraft, such as time to nish a level, and other
gameplay metrics. Among the remaining metrics, some of them are
just suggestions without any formal de nition or implementation.
Therefore, we also excluded them. Finally, we removed metrics that
would not work with our block based representation, such as sound
related metrics, or color extraction based on texture and the like.

3.2 Metric Development

In the following section we describe how we adapted or developed
speci ¢ metrics for this paper, often starting with the original inspi-
ration, and then discussing the decisions we needed to adapt that
metric to be applicable to a Minecraft map.

3.3 Frequency based Metrics

One of the earliest computational metrics for PCG in platformers
was leniency R€, a measure of how forgiving a level is. The original
implementation in Super Mario assigned certain elements, such
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gave scores to several metrics, namdlight, Defense, Functional
Metric, Aesthetic Metric and Fo&ee the appendix for list of each of
the blocks contained in those metrics. We evaluate all these metrics
in a similar way to leniency. For each metric, we counted the blocks
that match the category and then normalized the result by dividing
by the sum of added blocks. We ended up with 8 metrics. Some
of them, such as the Aesthetic Metric, were a departure from the
leniency idea, as they did not aim to capture a group of functional
blocks that might make the game easier for the player, but to capture
a di erent aspect of the game. In general, we wanted to see how
well frequency based metrics could predict the quality assessment
of humans in the di erent categories.

3.3.1 LightLight in Minecraft plays a major role in defense, as it
prevents mobs from spawning. This speci ¢ point is one example
to illustrate the functionality criteria to the GDMC judges in the
evaluation guide. In addition, lighting of a settlement can be used
for its aesthetics and visual narrative. MCEdIt] [does not let us
simulate the behavior of the light in Minecraft game's engine di-
rectly, so we cannot measure how well lit an area is. Instead, the
Light metric counts every block that emits light. Light was also an
aspect often raised by the human judges in the evaluation notes for
the rstyear.

3.3.2 Defens&Ve also count the number of blocks that could be
used for defensive purposes, either in terms of narrative or in terms
of gameplay. Théefensenetric includes blocks like doors, fences,
etc., that can't be crossed. Also in-game traps, such as trip-wire
or trapped chest. We excluded blocks that could be technically
used in that regards, like stone walls, since it is not their primary
function and our evaluation can't determined how they are used. We
however included water and lava blocks, as their game mechanics
make them useful in any defense scenario. They are the two only
blocks that can in ict damage, by burning or drowning, and restrict

as enemies, bullets, etc., a lenience score, and then counted thosemovements.

elements, summing up the score for the level. For platformers there
are other metrics, likely inspired by leniency, that simply count
enemies 14 30. This is not that easy in Minecraft, as the enemies
are entities and as such are not directly represented in the block
representation and are also free to roam around and change location.
l.e. you could not ensure that they meet the player at the same place,
or are even still there when the player gets there. In platformers
there are also other metrics that count the frequency of every tile or
block [14, 30, but given the very long list of blocks in Minecraft we
decided against this. However, given the high success of predicting
human evaluations with frequency based metrics, such as lenience
and enemy count]4, we wanted to include some form of frequency
metric.

The speci c list of tiles used in Super Mario (or similar games) is
obviously domain speci c, and needs to be translated to Minecraft.
Here we ran into a problem as it was di culty to track enemies, and
other blocks that are dangerous (such as lava) are usually not found,
nor generated in a settlement. On the other hand, we reasoned
that certain blocks might make the game easier for the player, by
providing light, or aiding the defense, or helping the player produce
food to fend of starvation. So we decided to adapt the frequency
based counting method to our Minecraft maps by de ning, based
on our domain knowledge of Minecraft, several sets of blocks which

3.3.3 Functional MetriSome blocks in Minecraft serve a clear
functional purpose, like beds, anvils, or chests. These are blocks
that can be interacted with in the world by right clicking and then

0 er a speci ¢ function. One GDMC evaluation criteria, Function-
ality, evaluates what a ordances and functionality the settlement
provides. Some of the more abstract notions, such as navigabil-
ity are hard to quantify, but we can count all blocks that provide
interactive functionality. Note that this metric just counts every
instance, so it does not check for a variety of functionality, i.e. how
well a settlement covers the various di erent functions. However,

it does indicate if the number of functional block match the size of
the settlement, via the normalization. Given that this metric aims
to capture the Functionality criteria we named Runctional Metric
addingMetricto distinguish it from the GDMC evaluation criteria

we compare it with.

3.3.4 Aesthetic Metri&ome Minecraft blocks serve no particular
purpose, but do have a special look, like glass blocks or colored
wool blocks. Other blocks that have a diegetic function, but are not
that useful in terms of game mechanics (e.g : Hay Bale), fall in that
category. TheAesthetic Metricaptures how many of those block
there are. The category contains both arti cial blocks that are hard
to produce, yet provide no additional function besides their looks,
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Figure 2: Example of the same scene at both day (left) and night (right) time. Scene includes several light emitting block,
namely torches, lava and glowstone. Note how the light at night changes the mood of the settlement.

and natural occurring blocks that don't have function purposes
(like food), but are often used to decorate settlements.

3.3.5 FoodSettlements are supposed to provide foods to their

inhabitants. Food can be harvested from animals or plants. Our
framework does not allow us to gather data on animals. Therefore,
we gather the amount of edible plant blocks available in the set-

tlement. For the=oodmetric we count all blocks that are edible or
involved in making edible food.

3.3.6 Block Type Counfariety is a concern addressed by several
publications and numerous metrics and methods are de ned in
order to capture it B, 26, 3(J. We decided to base our own vari-

ety measurement on the number of di erent types of elements a
settlement uses, since this is a very straightforward metrics for

the resources required for crafting such a block. If not, the score
is not increased. If it can be crafted, the score is increased by the
number of blocks that are required to be crafted, from raw materials
to the actual block. (e.g. Chest blocks require Plank blocks that
are crafted from Wood blocks, so the presence of Chests would
increase the score by 2). This intermediate step allows us to capture
how advanced a settlement is and if it has a large control of its
environment, rather than using only raw materials. We voluntary
exclude material obtained through mining from this evaluation, as
they are quite common while not being visible from a settlement
perspective. A judge or player visiting a settlement can't clearly
determine if the underground of a settlement contains metal or not,
but a visitor with little experience in Minecraft could know that all
these materials are easily obtainable. This measure should re ect

grid-based game, such as Minecraft. This method has been usedthe complexity of the material used - if they were not simply placed

both for gameplay and aesthetic evaluatiad(. In platformers this
computation is done simply by going through the whole grid level

by an editor. It should be high for those settlements that use di cult
to produce crafting material but also showcase the intermediate

and for each non empty cell checking the type of object present and steps to make them. It should also be high for those settlements

counting the number of unique objects. Minecraft has a signi cant
amount of di erent blocks. For our study we counted 252 of them,

that use intermediate materials that can be made directly from
the resources present. This metric was de ned to capture another

based on the version of Minecraft the competition used (1.12.2). 9uideline given to the GDMC judges in the evaluation guide, namely

As a metric, we count how many di erent block types are present

to see how well a settlement is adapted to the material provided by

in a given settlement. A greater value means that the settlement h€ environment.

uses a larger variety of blocks, which means a wider diversity of

materials and objects. It could be linked to the perceived creativity
or competence of the generator, as it demonstrate the ability to
use, i.e. place, a larger variety of blocks, and also re ect a diversity

of o ered functionalities, but having a larger range of di erent
functional blocks.

3.3.7 Relation to EnvironmeRbllowing on the idea oBlock Type
Countand variety, we de ned another metric that works similarly,
but tuned for Minecraft. Minecraft revolves a lot around the fact
that you can combine blocks to create new ones. Di erent crafted
blocks required di erent input blocks, forming a complex web of
crafting relationships §] that a human player would take hours
to fully explore. We compute the relation to environment as a
score that we computed the following way. For each block type
present in the settlement, we check if the current level provides

3.4 Con guration based Metrics

3.4.1 DensityDensityin platformers measures how many plat-
forms are stacked on top of each other - or on average, how many
platforms there are in a level of xed lengthZ3. To adapt this to
Minecraftwe rst have to de ne what we would consider a platform,
i.e. a position to stand on : lets call thissairface blockWe de ne

this based on our domain knowledge of Minecraft's game mechan-
ics. Basically any solid block that has two empty block spaces above
itis a surface block. To compute the density we count all surface
blocks. This includes blocks added by the generator and the surface
blocks already existing in the environment as well. This result is
then normalized by the level size that we use for our experiment, i.e.
the number of possible blocks in the whole environment. To get a
high value here, a generator needs to build multi-story houses with



FDG'21, August 3 6, 2021, Montreal, QC, Canada

several low ceiling oors, which ts nicely with the term density

as used in urbanism. This value should be higher for generators
that create structure with several surface blocks stacked above each
other, such as the many oors of the highrises or skyscrapers seen
in Fig. 2. This is closely related to other metrid$that capture how
many of those surface blocks are actually reachable. But we did not
implement a reachability metric due to reachability calculations
involving simulating gameplay.

3.4.2 Filling RatioThe Densitymetric, as computed in the plat-
former genre, can also be interpreted as a measure of how lled
the level is with platform tiles. We made another interpretation
of this metric trying to capture this aspect in Minecraft. Filling
ratio is a simple computation of how much of the allocated space
is actually used, i.e. how many of the blocks are not empty. For
a similar environment, a generator that creates fewer or smaller
structures will end up with a smaller lling ratio than a generator
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resulting in the average size of each platforms. TRigtform Size
value should be large for those generators that atten out large
sections of the map, removing the natural elevation changes in the
terrain, or create buildings with large oors.

3.4.5 EntropyThere are several existing metrics that relate to
how predictable, regular or surprising a level is. Di erent forms
of saliency B7 measure the existence of a few, rare and hard to
predict patterns. Analyzing the distribution of feature27 and
patterns [] of an artifact have also been used to measure this. A lot
of these metrics are related, as they all measure how easy it would
be to predict more of the level if some of the level was known. As
a proxy, we implemented a form dEntropymetric that is closely
related to the Markov chain approach of level generation [27].

For each block type, we look up all the block types that follow
it in one dimension, and based on theses observation we compute
the probability distributions of block types following each block

that would generate as many blocks as possible. This is measured type [27]. So, as an example, if we are going in the x-direction, we

on the overall level, so the generator might not a ect the overall
percentage too much, but a di erence should be visible if di erent
generators are applied to the same starting map. The one large out-
lier here was the generator by David Mason, who created a massive
quarry inside each settlement, removing a large amount of blocks
to generate a large feature.

3.4.3 LinearityLinearity is another early metric for PCG in plat-
formers, and basically measures how well the height of the plat-
formsin alevel tsto a straight line P§. As described by Smith and
Whitehead, Linearity is computed by applying a linear regression
to all platform's height. All platforms' height are then compared
to the line, and the di erences are summed up. Therefore, a low
value means that most platforms are aligned and the level has a
strong linearity. As opposed to the previous, count based metric it
is sensitive to how things are arranged spatially, but we can re-use
our de nition of surface blockrom the density metric, producing

a list of 3d coordinates of surface blocks. To treat this as a 2d lin-
earity problem, we projected all the surface blocks onto the two
vertical planes, X and Z, matching Minecraft's ground axes. We
compute both linearities based on these 2d projections, calculating
the average squared distance from the regression line of best t
(least square error).

3.4.4 Platform Siz&Vhile our rstimplementation is very close to
the de nition of Linearity [ 26, there is the concern that the overall
linearity of the Minecraft maps is dominated by the input terrain.
We aimed to design another metric that captures the basic idea of
Linearity, but would be more suitable for the Minecraft map. The
ability to compare the two resulting metrics potentially allowing us
to determine which translation of Linearity makes more sense in
context. We again reuse the de nition afurface blockn Minecraft
blocks that are adjacent and of the same height are walkable (with-
out jumping), and so adjacent surface blocks of identical height
form platforms. We then compute the size of those platforms as
follows: We take every surface block (even those that are below
other blocks, as long as you can still stand on them), and use a
ood Il algorithm to compute which of those are connected to a
single platform, i.e. are adjacent and all of the same height. The sum
of all platforms' sizes is then divided by the number of platforms,

might look at the coordinates 1,1,1 and see that the block type there
is dirt. We then try to compute what the distribution of blocks

for the coordinate 2,1,1 is based on that. This creates a conditional
probability distribution where the two variables are the types of
two adjacent blocks. We then compute the average entropy for all
those conditional probabilities. Because the majority of blocks are
actually empty blocks, we ignore them in order to avoid numerical
instability. In contrast to platformer level generation, we have 3
instead of 2 dimensions. Based on the probability distributions
obtained from the blocks in one particular map, i.e. settlement, we
compute the entropy for each of the three cardinal directions. We
initially measured them separately, but since they have a correlation
greater than 0.99, we decided to average them and report them as
one value. We do measure two types of entropyevel Entropyvith

the whole settlement and its environment, argkttlement Entropy
with only the blocks added or modi ed by the generator.

We assume that entropy should be lower for settlements that
are made of large number of repeated, templated buildings, and
those that restructure the environment by paving the ground with
blocks.

4 DATA COLLECTION

We gathered our data by using entries from the GDMC through
the years 2018 to 2020. To date there are 18 submissions, of which
2 have a null score and 6 are implemented in a way that doesn't
match our experimental framework, i.e. they were produced with
methods other than the MCEditl] based framework. That left us
with 10 settlement generators that we can analyze, see the appendix
for a complete list.

Each entry is a piece of code the can generate a Minecraft set-
tlement. The entries we used were all written to work with the
MCEdit framework [L], which is a freely available map editor for
Minecraft. It has a functionality called a Iter, which allows the
user to apply a piece of python code to a selected area of the map.
The lter in turn needs to have a given function that gets the map
and a 3d bounding box in input parameters. The lIter can then read
and write block information for any 3d coordinate, among other
things. We produce an additional framework that allowed us to
automatically apply the di erent lters to speci ¢ areas. We also
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Figure 3: Raincloud plot [3] of the distribution per generator, for the metrics Level Entropy, Se lement Entropy, Block Type Count
and Density. Plots are based on the ca. 20 samples per generator, which are displayed as drops, clouds are estimated probability
density models, and box plots show the quartile ranges, with outliers being marked with circles around the dots. Comparing
Block Type Count with Density we see how the high information gain metric has a good separation with lower comparative
variance, while Density, the metric with the lowest information gain, has considerable overlap between all generators. Level

vs. Settlement Entropy also shows how Settlement Entropy has much more distinct distributions.

implemented the metrics discussed, so they could be automatically to x them. We used the averages derived from this limited data

applied as well. We did log which blocks where changed, as some nonetheless.

metrics were only applied to the changed area, not the overall map After each generation, we ran our metric evaluations on the

- which makes it not possible to apply those metrics if only a nal, newly created settlement, and then reverted it. For each generator

resulting Minecraft map was given. we then computed the average evaluations of all the 20 settlements.
All our simulations are achieved on the same Minecraft map This gives us one sample point per generator, with a total data

that we generated beforehand with the standard Minecraft terrain  set of 10 samples, with metrics averaged over 20 settlements and

generator. For each entry, we generate 20 settlements at the same,human evaluation scores averaged between the number of judges

20 random locations. These locations are picked using a hard coded for that year. The full set of gathered metric results is available as

seed, so every generators ran on the exact same 20 terrain loca-supplementary materiél

tions. Two of the generators we used were crashing after a certain

number of runs (respectively 12 and 6), despite several attempt

https : / / docs . google . com / spreadsheets / d / 1IJNuqOfTDtDf - wnNoB -
VFRsbcC7mO19e4ECK-LZ4Z4dE
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