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The 2.5D-game engine of DOOM imposes several limitations in map creation which are not
present in 3D-game engines. Within this thesis a case study will be conducted in which many
common structure types and map features will be constructed inside a DOOM map and a
3D-map. The purpose of recreating common structure types is to identify limitations
encountered while developing DOOM maps while highlighting options 3D-game engines
offer. In the case study, each map element will be discussed in their own sections while
highlighting the most significant limitations in their creation with the use of screenshots.

In general, results from the case study showed that map elements in DOOM needed to be
reduced to simplified versions of their real-world counterparts. The visual design and
function of most structure types were more limited compared to the ones built in the 3D-
map. All map elements could be fully modeled in the 3D-map with no identifiable limitations
which showed the options 3D-game engines opened. DOOM’s game engine showed to offer
enough options for developing cohesive single-player maps, but the limitations could affect
the creation of multiplayer maps. 3D-game engines better suited the creation of multiplayer
maps due to the additional map features provided.

This thesis was limited to only researching limitations of the original DOOM game engine
and updated ports of the game engine were not discussed. Additionally, not every type of
map element could be explored, so only the most relevant ones for DOOM and modern FPS-
maps were researched. Features shown from the Source-engine were only chosen from ones
that are commonly available in modern 3D-game engines.
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DOOMin 2.5D-pelimoottori aiheuttaa useita rajoitteita kenttien luomiselle, joita ei esity 3D-
pelimoottoreissa. Tédssd kandidaatinty0ssd tehdddn tapaustutkimus, jossa monia yleisid
rakennetyyppejé ja pelikenttien ominaisuuksia rakennetaan DOOM- ja 3D-kentéssd. 3D-
kenttd luodaan Valven kehittdiméssd Source-pelimoottorissa. Tarkoituksena eri
kenttdelementtien luomiselle on 10ytda yleisid rajoitteita, joihin DOOM-kenttien luonnissa
kohdataan.  Rajoitteiden nojalla tuodaan esille 3D-pelimoottoreiden avaamia
mahdollisuuksia kentidntuotannossa. Tapaustutkimuksessa jokaista kenttidelementtid
tutkitaan omassa osioissaan ja niiden merkittdvimpid rajoitteita esitetdéin kuvakaappausten
avulla.

Tapaustutkimuksen tulokset niyttiviat yleisesti, ettd kenttdelementit DOOM-kentissd
jouduttiin muuttamaan yksinkertaisiksi vastineiksi niiden todellisista versioista. Useiden
rakennusten visuaalinen muotoilu ja ominaisuudet olivat rajoitetumpia verrattuna 3D-
kenttien vastineisiin. 3D-kentdssd kaikki kenttidelementit pystyttiin rakentamaan ilman
huomattavia rajoitteita, mikd esitti 3D-pelimoottoreiden tarjoamia mahdollisuuksia
kentdntuotannossa. DOOMin pelimoottori tarjosi riittdvisti vaihtoehtoja yksinpelikenttien
luomiseen, mutta rajoitteet voisivat vaikuttaa moninpelikenttien luontia. 3D-pelimoottori
sopi paremmin moninpelikenttien luomiseen laajemman ominaisuusvalikoiman ansiosta.

Tama tutkielma rajoittui vain alkuperdisen DOOM-pelimoottorin rajoituksien tutkimiseen,
eikd pédivitettyjd versioita pelimoottorista tutkittu. Kaikkia mahdollisia kenttdelementtejd ei
pystytty tutkimaan, joten vain tdrkeimpid rakennetyyppejd ja ominaisuuksia DOOMin ja
modernien pelien kentistd tutkittiin. 3D-pelimoottorista Sourcesta esitettiin vain niitd
ominaisuuksia, jotka ovat yleisesti saatavilla moderneissa 3D-pelimoottoreissa.
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1 Introduction

Creating game modifications, commonly called modding, has been a great way for regular
players to get into game development by making alterations to existing games. Modding is
the practice of adding new content into games in the form of new maps, game mechanics, or
other changes to the game’s code (Pinchbeck, 2013, p. 119). The focus during this thesis will
be on the aspect of creating new game maps as it is the most accessible type of modding.
Modding has been prevalent especially in first-person shooter games (FPS-games for short)
as the video game DOOM developed by id Software has been touted as the first to amass a
big modding community (Sotamaa 2007). DOOM’s release in 1993 was a revolutionary step
in game modding as it was one of the first massively successful games to actively encourage
players to modify and create new maps for the game, which was not common at the time. It
had a big impact on the game development industry as many game developers got their start
by first creating game mods and new maps for DOOM (Sandlard, 2018, p. 11). After the
success of DOOM’s modding scene in the 1990s, many game developers started releasing
tools to modify their games and map editors were a common sight in FPS-games. In the
2000s several big game releases came with a map editor developed by the game developers
of which some popular examples included Half Life 2 and Unreal Tournament. The map
editors allowed any player to easily create new maps for these games which improved their
popularity (El-nasr & Smith, 2006, p. 3.). Map editors have since become a much rarer sight
in recent game releases in part due to their involved cost in development which will be
further explored in subchapter 2.3. The scarcity of map editors has meant that old FPS-games

continue to be used as platforms for new game maps.

A popular platform to create new maps continues to be the original DOOM due to its legacy
among game modders and its easy-to-learn map technology. As stated by John Carmack,
one of the lead developers at id Software, the DOOM game engine was developed from the
ground up to be easily modifiable by the players which made it massively popular among
players wanting to develop game modifications (Sanglard, 2018, p. 11). In addition to the
easily modifiable source code, the developers released a map editor called DoomED which
made it easy to create new maps for the game. These factors allowed players with no prior
modding or game development experience to tinker with the game and learn many core skills

in game development.



The simplicity of the game engine is, however, one of the downsides of creating new content
for the game as its simplicity limits how complex new additions can be. The limitations are
especially noticeable in DOOM’s maps as maps are limited to 2D-technology while the game
engine mimics a 3D-view during gameplay. Maps being limited to 2D-technology limits the
creation of maps in numerous ways. Many common structures seen in 3D-maps cannot be
recreated due to DOOM’s simple map technology, and many map features standard in
modern game engines were not yet implemented. The same limitations are not seen in
modern game engines as they allow the development of fully 3D-environments which solves
most issues encountered in DOOM maps. These general limitations faced while developing
DOOM maps would be important to highlight for map creators, which is the purpose of this

thesis.

While DOOM has been the subject of many studies since its source code was made publicly
available in 1997, there is a lack of research done on the map creation aspect of the game.
Some studies have used the game as a base for different kinds of experiments thanks to the
easily modifiable game engine. One experiment conducted by Giacomello et al. (2018) uses
the DOOM game engine to generate maps using a deep learning algorithm which was an
interesting read but would not be widely useful knowledge for the average map creator.
There is little to no research done on the limitations of DOOM’s map technology and how it
affects map creation compared to 3D-game engines. DOOM is still a popular platform to
develop maps as can be seen on the ModDB-website where new DOOM maps and game
modifications are regularly published while receiving thousands of downloads
(ModDB.com, 2024.). This shows that even though many map creators have moved on to
developing maps in 3D-game engines, DOOM is still a relevant platform for map creation

and researching its limitations would be useful even now.

1.1 Goals and delimitations

The goal of this thesis is to find what limitations DOOM’s 2.5D-game engine creates while
developing maps. The limitations refer to the inability to fully recreate common structures
and map features in maps. DOOM’s maps being limited to 2D-technology limits what sort
of structures are possible in maps, and the game engine being developed in the 1990s means

that features common in modern game engines were not yet implemented. Both factors limit



how complex DOOM maps can be. Modern FPS-games have solved many of the limitations
faced in DOOM mapping since they have moved to fully 3D-rendered game engines which
allow any type of structure imaginable to be recreated. This thesis aims to explore how
impactful the limitations of DOOM are for map creation, demonstrate techniques whenever
possible to create simplified versions of basic structures, and showcase important features

of 3D-game engines that are useful in modern maps.

The delimitations for this thesis are that limitations and map features will only be discussed
from the perspective of FPS-games, and limitations will only be researched from the original
DOOM game engine. Map editors are most prevalent for FPS-games as maps are an integral
part of their gameplay which is why it is the most important genre to research. An endless
number of map features are available across various game genres, including puzzle games,
which are not relevant to highlight in the context of FPS-game maps. The delimitation to
only researching the original DOOM game engine is done because it is the most widely used
version of DOOM and it best highlights the differences between the 2.5D-game engine of
DOOM and the options available within newer 3D-game engines. Different versions of
DOOM have varying feature sets so the limitations identified during this thesis may not
apply to them.

1.2 Research questions

This thesis aims to highlight and document the limitations the DOOM game engine creates
for a map creator and the research questions are formed to summarize them generally.

Throughout this thesis the following research questions will be answered:

1. Which structures are difficult or impossible to create in DOOM maps?
2. Whenever possible, what are the methods to work around these limitations?

3. What map features common in 3D-game engines does DOOM lack?

These questions will help highlight the general limitations which most map creators will face
while creating maps in the DOOM game engine and showcase what sort of benefits and
options 3D-game engines provide. By answering these questions, it is possible to summarize

the most impactful limitations map creators need to be mindful of while constructing many



common structure types in DOOM maps and demonstrate what additional features 3D-

games provide.

1.3 Methods

To demonstrate the limitations of map creation in DOOM, a case study will be conducted in
which two maps will be created using a 2D-map editor for DOOM and a 3D-map editor for
a more modern 3D-game engine. Many common structure types will be created within both
maps, and they are chosen by looking at common examples seen in the official maps of
DOOM 1, DOOM 2, and others commonly seen in modern 3D-maps. The intention is not to
provide a comprehensive look into every map component possible, but only the most
common ones that map creators will have to recreate in most FPS-maps. Using both map
editors to recreate these common structures and map features will help outline the limitations

of DOOM generally.

The 2D-map editor chosen for developing DOOM maps is an application named Ultimate
Doom Builder (further abbreviated as UDB) which is a widely popular map editor for the
original DOOM engine as well as updated versions of the game engine. To demonstrate map
creation inside a 3D-game engine, the 3D-map editor Hammer was used. Developing a map
using the Hammer-editor makes it possible to compare how the researched structure types
can be created in 3D-maps and makes it possible to demonstrate features that 3D-game
engines commonly implement. These map editors were chosen because they are widely used

online, and both have plenty of documentation online with several video tutorials available.

1.4 Structure of the thesis

This thesis starts by explaining important definitions and concepts which will be used
through this thesis. Next, the impact of map creation within games is explored from different
perspectives highlighting its importance for games while exploring some reasons for the lack
of new map editors. Afterwards there will be a short introduction of the map editors used for
the case study after which the results gathered from the case study will be showcased. The
thesis ends with a discussion and conclusion in which the most relevant findings will be

highlighted while reflecting on what the results could mean for map creators.
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2 Overview of 2D- and 3D-mapping

In this section important definitions and concepts important for discussion throughout this
thesis will be explained. Afterwards the benefits of map creation and map editors within
games are discussed from the perspective of different stakeholders which will highlight why

the ability for players to create maps is important.

2.1 Definitions

In the context of video games, the terms ‘map’ and ‘level’ are generally interchangeable,
and both refer to playable areas the player traverses through within a game. Within the
context of FPS-games the term ‘map’ seems to be the most common terminology used but
in other game genres the term ‘level’ is more common. As the only games talked about
during this thesis will be of the FPS-genre, the term ‘map’ is more appropriate and will be
used throughout this thesis when referring to map editors, map design, and other relevant

terms.

Game modding is a broad term and refers to the creation of various types of alterations done
for a game, such as making changes to a game’s source code, adding new functionality, and
creating new assets (Pinchbeck, 2013, p. 119). Modding usually requires a mod creator to
be proficient in several advanced skills such as game programming to be able to make new
additions giving general modding a high barrier to entry (Dewalska-Opitek & Hofman-
Kohlmeyer, 2021, p. 83).

Map creation, commonly referred to as mapping, is the process of creating new maps into a
game. For players, pre-existing games are used as a platform to develop new maps which
requires the use of map creation software called map editors. Compared to traditional game
modding, mapping has a far lower barrier to entry as it does not require players to tinker

with the game’s code and can be done entirely using external applications.

Map editors are software developed for a specific game to model and create new maps. Map
editors are game engine specific meaning that a map editor developed for one game will

generally not work for another unless both games were built in the same game engine. Map
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editors being exclusive to a game engine requires a map editor to be developed for each

game either by game developers or by the game’s community members.

2.2 2D- and 3D-map technologies

Within this subchapter the map technologies of DOOM maps and 3D-maps are explained.
The differences are important to explain as it will help demonstrate where DOOM’s

limitations originate from.

2.2.1 2D-map technology of DOOM

The unique technology of DOOM’s game engine and its maps are explained in Fabian
Sanglard’s book ‘Game Engine Black Book: DOOM’ (2018). DOOM utilizes a 2.5D-game
engine in which 2D-maps are used to render a 3D-view during gameplay. For players DOOM
maps appear to be rendered in full 3D due to the unique way of drawing graphics, but behind
the scenes its maps are limited to only 2D-elements and 2D-sprites which don’t allow true
verticality. The layout of DOOM maps are comprised using 3 main elements, vertices, lines,
and sectors which are illustrated in Figure 1. DOOM includes a fourth type of element called
‘things’ which represents various interactive objects like enemies, weapons, and

ammo/health pickups.
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Vertex Line Sector

Figure 1: Illustration of the 3 main elements of DOOM maps

A vertex is a singular point in the 2D-grid represented by a X- and Y-coordinate, and they
are used to represent the starting and end points of a line. A line is formed by connecting
two vertices together which will create two types of objects. Lines will create a regular
impenetrable wall when only one side connects to a sector and the other side doesn’t, or they
will create an invisible “portal” to seamlessly move between sectors when both sides connect
to two different sectors. A sector is an area enclosed by multiple lines, which creates a
singular area the player can move within. Sectors have a floor and a ceiling, the height of
which can be adjusted. Lines functioning as portals join sectors together and make it
seamless to move between them (Sanglard, 2018, p. 130.). DOOM’s maps are comprised
using these basic elements and all the various structures in maps can be created by drawing
out differently shaped sectors and adjusting the height of their floors and ceiling based on
what is needed. This works well in most cases and many basic structures can be recreated in

maps, including rooms, stairs, hallways, elevators, and simple bridges.

To add more interactivity to maps, DOOM’s game engine enables ‘actions’ to be attached
to lines which allows many types of interactions to be triggered by the player. An important
feature this enables is to create buttons which can be assigned to move elevators or doors
vertically when pressed. The movement of elevators and doors is achieved simply by
changing the height of the sector’s floor when the button is pressed. Another core feature of
the actions is assigning a line to teleport the player to another location when the player walks

over the assigned line (Sanglard, 2018, p. 272.). Lines assigned to function as teleporters can
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be used to create clearly identifiable teleporter platforms for basic traversal or to create
unexpected invisible teleports to surprise the player. Using actions in various ways
throughout the map allows the map creator to be as creative as they want and make traversal

through the map interesting.

While DOOM allows many types of structures and interactions to be created, there are three
main issues with its map technology limiting map creation. The first issue is that two sectors
cannot be placed on top of one another severely limiting the creation of any complex
structures that are found in maps, including buildings, bridges, and tunnels. The map creator
will have to find creative ways to recreate simplified versions of these structures. The second
issue in DOOM’s map technology is that the position of vertices cannot be moved during
gameplay which limits the creation of moving objects such as swinging doors or moving
platforms. The third noticeable issue with the game engine is that a sector can only have a
single uniform height, meaning floors and ceilings cannot be sloped. These three main issues
impact map creation in various ways, the effects of which will be explored within the case

study of this thesis.

222 Map creation in 3D-game engines

Compared to DOOM’s 2D-maps, maps in 3D-game engines allow for more flexibility and
freedom as they are comprised of individual objects which are placed within a 3D-space.
The added dimension makes it possible to move, rotate, and shape objects in an endless
number of ways which allows for more creativity in creating 3D-spaces, but creating 3D-
maps requires more complicated tools to do so. Adjusting the position and shape of objects
on a flat monitor is not always straightforward and there needs to be careful consideration in
the user interface of 3D-map editors to make them intuitive to use. The difficulty of using
3D-map editors has been highlighted in a paper written by Cowan and Kapralos where the
authors discuss the pain points of traditional 3D-map. The authors proclaim that many map
editors are overly complicated with too many tools, leading to a steep learning curve to use
effectively. The user interfaces differ in each map editor requiring users to learn all the tools
all over again when switch applications which intensifies the problem (Cowan & Kapralos,
2011, p. 1.). For these reason 3D-map editors are far less accessible for newcomers compared

to DOOM’s map editors but offer more possibilities in map creation.
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While the pain points highlighted in the above study are still valid, these factors have been
somewhat alleviated thanks to the prominence of video tutorials released online
demonstrating the use of most popular map editors. Video tutorials are a great way to learn
all the tools found in map editors, though map creators still need to use the map editors in
practice to learn their use thoroughly. Due to the complexity of traditional 3D-map editors,
many applications have implemented various features to make modeling 3D-spaces more
intuitive. Some map editors make modeling 3D-spaces easier by providing several views of
the game maps from different sides to make it possible to see and model objects from all
sides at the same time. An example of this approach can be seen in Valve’s Hammer-editor

shown below in Figure 2.
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Figure 2: User interface of 3D-map editor Hammer++, showing the different viewports
provided to the user

The Hammer map editor splits the user interface into 4 different views of the map, one
showing a real-time rendered 3D-view of the map, and 3 wireframe views of the map along
the X-, Y-, and Z-axes. Any of these views can be used to move and manipulate objects
which makes placing objects in 3D-space simple and straightforward. Making maps in the

Hammer-editor is still not as easy compared to DOOM, but the additional views provided
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makes creating 3D-spaces much easier compared to 3D-map editors which only include one

view of the map.

2.3 The impact of map creation for games

Within this subchapter the impact of map creation within games is explored using studies
exploring game modding and game monetization. The benefits and drawbacks of enabling
player mapping are explored from the perspective of players, map creators, and the game

developers.

2.3.1 Benefits of mapping for players

In a study conducted by Dewalska-Opitek and Hofman-Kohlmeyer the benefits of game
modding were highlighted from the perspective of mod users, creators, and game developers
which would apply to map creation within games as well. The study identifies the main
beneficiary of game modding to be regular players, as they can gain the benefits of mods
without having to develop mods themselves. Mods greatly improve the value of games as
they add new features and improvements to existing systems improving the gameplay
experience for players. The added diversity of content also extends the lifespan of games
noticeably, allowing players to continue playing the games they own for longer. These
identified benefits would also apply for map creation as the added variety in map selection
increases the amount of playable content for players. The addition of new maps into a
singleplayer- or a multiplayer game will give players a reason to come back to the game and

continue playing, increasing the game’s longevity for players.

232 Benefits of mapping for map creators

The study by Dewalska-Opitek and Hofman-Kohlmeyer additionally identifies the benefits
provided to mod creators, which is a big reason the ability to mod and create maps into pre-
existing games is important. A common benefit identified for the mod creators was that
creating mods allowed them to improve their creativity and skills in developing games.

Using tools developed by others was said to be a good way to learn basic skills in game
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development and will eventually allow mod creators to start making games from scratch.
Modding was also said to be an enjoyable hobby, and the interviewed mod creators
continued to develop mods just because it was fun. Sharing mods with others gave mod
creators a chance to get recognition and positive feedback online (Dewalska-Opitek &
Hofman-Kohlmeyer, 2021, p. 90.). These findings are supported by a thesis written by
Gamper (2020), which highlights positives that mod creators experience by engaging in
game modding. Modding was said to create a sense of community as mod creators gain
recognition from developing features that are commonly suggested by other users. Learning
new skills was said to be a motivating factor in and of itself and users were motivated to

continue improving their skills to be able to develop new features.

These studies have demonstrated the benefits mod creators gain from games that enable
game modding and many of these benefits also apply to map creators within games that
provide map editors for players. Games that include a map editor provide great value for
map creators as it gives an easy platform to learn skills in map development which would be
difficult to learn without available map editors. As playtesting and improving through
iteration is an important part in the process of developing maps, map editors built into pre-
existing games provide an easy way to playtest maps using the gameplay already present in
games. Using the base game, it is easy to play the map yourself or with friends to see what
parts of the map work and what parts do not. Without an already built game to build maps
into, map creators would need to develop an entirely new game on top to do playtesting,
which is not accessible for the regular user. While map creation tools differ from game to
game, good map design concepts are generally transferrable between games, meaning that
developing maps in any FPS-game is a good way to learn basic map design principles to

improve skills in map development.

233 Benefits of mapping for developers

The study conducted by Dewalska-Opitek and Hofman-Kohlmeyer is helpful in
demonstrating the benefits user created maps can provide for game developers. A big benefit
of game modding was the improved lifespan and quality of games due to the added variety
in content. User-created maps will add more varied and better content to games in the same

way and they will improve the amount of time players will keep playing. Great maps will
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increase the quality of games as players will want to keep playing on fun maps. If a game’s
maps are of poor quality, it will discourage players from playing. The improved quality and
prolonged lifespan of games are valuable benefits for game developers as they will lead to

more game sales over time increasing the profitability of games.

Another great benefit for game companies was that modding could be used to decrease costs
in maintaining games by leveraging the unpaid work done by mod and map creators. By
encouraging players to continue creating new and better content for the game, the player
base could be kept engaged with the game by introducing new content into which was
developed by other players. Since the game developers didn’t need to create new content
themselves, the cost in maintaining old games could be reduced (Dewalska-Opitek &
Hofman-Kohlmeyer, 2021, p. 91). This approach of encouraging player created content has
been seen in a few games which has kept their communities active in generating new content

and keeping the player base active for years after the game’s release.

One successful example of a game encouraging player created additions is the game Team
Fortress 2 developed by the Valve Corporation which has continued to have a consistent
player count upwards of 50 thousand concurrent players since its release in 2007. Valve has
succeeded in keeping players engaged with the game thanks to the game’s high skill ceiling,
a wide variety in content, and adding new content during seasonal events. Valve has actively
encouraged the game’s map creators to continue developing new maps by officially adding
popular and high-quality maps to the official map pool during seasonal game updates (Team
Fortress 2 Official Wiki). This has given map creators in Team Fortress 2 an incentive to
make the best maps possible to get their work played by a ton of players. Even though Valve
has stopped developing new content into the game themselves, Valve has leveraged the
community’s enthusiasm to continue developing new maps and cosmetics which has helped

keep the game populated with new and returning players.

234 Cost of enabling player created maps

Even though enabling players to create new maps with map editors has been said to provide
several benefits for the players and the game developers, the costs associated with
developing map editing tools in most cases will not be worth it from a financial perspective.

The decrease in map editors within new game releases can be largely linked to the increased
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cost of developing games, the demand for games to create a profit, and the inability to
effectively monetize community created maps. Numerous studies done on game
monetization have emphasized the high risk involved in developing games, which requires
game companies to implement various monetization techniques to minimize the risk of game
development as much as possible (Markopoulus et al., 2020, p. 2). The move from physical
one-time purchases to digital game sales has allowed games to find different ways of
implementing monetization to maximize profits which has influenced how games are
developed. Gaming companies have started to mainly focus on features which help improve
the profitability of the game at the cost of the player experience (Lehtiméki, 2021, p. 19.).
The increased need to improve the profitability of games has meant that some features
players want, like map editors, are not included because they do not improve the profitability

of the game well enough.

These studies show us that games are a very risky investment and require a ton of resources
to complete, which means that the resources need to be used effectively in only the parts that
are necessary for completing the game, leaving no space for extra features. Different
monetization techniques are necessary to make games profitable and features that do not
generate extra revenue, like map editors, will not be developed due to the time and money
investment they require. Trying to find ways to monetize map editors is also not an option
as it would be a difficult task to find ways to implement monetization techniques into map
editors that players would be willing to buy. Since there are many free map editors available
for a ton of older games, it will be hard to justify spending money on a map editor even if its
features are superior. These factors explain why map editors have become a rarity in recent
game releases. The benefit of map editors largely comes in the form of player enjoyment
and time spent playing, but their impact on the game’s profitability is small in comparison

to the development costs.
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3 Research Method

The research for this thesis will be done by conducting a case study using map editors to
develop maps for both DOOM and a 3D-game engine, the 3D-game engine in question being
the Source-engine. By developing maps in both game engines, it is possible to compare what
types of structures and map features are possible to create within the DOOM game engine
and showcase what additional possibilities 3D-game engines open for map creators. A case
study fits this purpose well as it allows the collection of in-depth knowledge on map creation
using real examples and allows the collection of qualitative data in the form of screenshots
which are taken from the developed maps. The map editors used for the case study will be

briefly explored in chapters 3.1 and 3.2.

The case study will be conducted by creating two basic maps in 2D- and 3D-map editors and
attempting to recreate many common structures and features within both maps. The structure
types researched will be chosen by looking at recurring structures seen in the official DOOM
maps which would also be relevant in a 3D-map. This will not encompass every single
structure imaginable, but only the most relevant that will be seen in most DOOM maps. The
purpose of creating these specific structures is to document what difficulties are faced while
creating many of the common structures in the DOOM game engine and comparing whether
they can better be built in a 3D-map. While creating structures in the DOOM map, any
limitations faced will be noted and in cases where a structure is impossible to create,
simplified versions will be created instead. Each structure type will be discussed in its own
section by first showing how they are created in the DOOM map and then showing how they
are built in 3D-maps. Screenshots taken from both maps will be used to help visualize the
limitations and showcase other notable information. In the upcoming chapters the map
editors and game engines used for the case study will be briefly explored by giving some
background of their development and explaining briefly how maps are comprised in both

map editors.
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3.1 2D-map editor: Ultimate DOOM Builder

To create maps within DOOM, the map editor Ultimate DOOM Builder (abbreviated as
UDB) will be used due to it being widely used and having several video tutorials online
making it accessible for new users. UDB is a fork of an earlier map editor named
GZDoomBuilder, updating it with several quality-of-life and performance improvements to
better support modern hardware. The application is entirely community made, originating
from the 2003 application Doom Builder having been forked several times by various
developers updating the core features of the map editor (zdoom.org, 2019). UDB is currently
developed and maintained by the ZDOOM forum user ZZYZX, and it continues to receive
updates on GitHub.
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Figure 3: UDB in map editing view (left) and in 3D-visual mode (right)

The user interface of UDB is shown in Figure 3 with the map editing view shown on the left
side of the image. The top-down view is used to design the general layout of the map by
placing down vertices and lines, the main components of DOOM maps, into the 2D-grid.
The buttons on the left side change which type of objects will be placed and moved. Each

type of basic object has its own mode, and some additional modes are provided to automate
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the creation of certain common structures, such as stairs and interactable doors. The right
side image of Figure 3 demonstrates the visual mode of UDB which provides a 3D-view of
the map which can be used to freely move around. The main use of the visual mode is to
adjust the height of sectors and the textures of surfaces which are difficult to adjust only
based on the top-down view alone. Utilizing both modes makes it easy to first sketch out a

general layout of a map and then adjusting the map’s visuals using the visual mode.

3.2 3D-map editor: Hammer++

The map editor chosen to develop 3D-maps is the Hammer++-map editor which is a good
example of a user-friendly and feature rich map editor that was designed to be used by
regular players. The original Hammer-editor was developed by the Valve Corporation, and
it is rather outdated by modern standards since it stopped receiving updates in 2014 (Valve
Developer Community, 2024f). For this reason, community members started developing an
update to the application called Hammer++ which aimed to improve the user experience and
its features to put it more in-line with modern map editors. The Hammer++-map editor can
be used for any game made in the Source-game engine which means skills learned from
developing maps for one game can be transferred to another. Being able to use the Hammer-
editor across multiple games makes learning the interface a less daunting task. This is helpful
for map creators as they can work with multiple games without having to learn an entirely

new application, which is the case with most map editors.
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Figure 4: Hammer++ interface demonstrating how blocks can be shaped using the various
viewports

To briefly explain how maps are constructed in most 3D-game engines, maps consist of
mainly two types of objects. In the Source-engine these are called blocks and entities. Blocks
form the main structure of the 3D-environment and many tools in the Hammer-editor serve
to modify the shape, texture, and function of blocks as they are the most important part of
creating the map. In the Source-engine, special textures can be applied to blocks which give
them specific properties, such as becoming destructible, invisible, or triggering an action
when touched. Figure 4 shows the Hammer-editor in use with a window block being selected
with its shape and size being easily modifiable by dragging its sides in any of the interface’s
wireframe views. Any block on the map can be manipulated in the same way. The second
types of objects are called entities which serve some special function based on the type of
entity. Entities are usually placed after the layout is built and they are less customizable
compared to blocks as they only serve a specific function which cannot be modified in most
cases. There is a large list of entities available in the Source-engine which represent special
objects that are helpful to place into maps, including the player character, NPCs, ready-made
props, and lighting. Customization is possible in some entities, for example lights, which

allow the color and intensity of lights to be adjusted. In short, mapping in 3D-game engines
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is done by first designing the general layout of the map using blocks and then populating the

map with different types of entities to add visuals, unique props, and interactions to the map.
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4 Exploring the limitations

Within this chapter the limitations discovered while creating maps in DOOM will be
explained divided by structure type. Each structure will be examined in its own chapter

utilizing screenshots to help visualize the limitations.

4.1 Buildings

Buildings are a common sight in nearly all modern maps, but realistically modeled buildings
are rarely seen in official DOOM maps. Buildings are difficult to create in DOOM due to
the 2.5D-game engine severely limiting the creation of realistically modeled buildings which
explains why they are only seen in a few maps. The inability to place multiple sectors on top
of each other limits the creation of many common building elements such as multiple floors,
roofs, balconies, and elevated walkways. Another noticeable limitation impacting the design
of buildings is that floors and ceilings need to be perfectly flat which makes any building
element with curved surfaces impossible. For these reasons, DOOM maps rarely implement
realistically modeled buildings. Buildings in DOOM maps usually consist of large areas
which are connected by hallways, stairs, and elevators as the 2D-map technology suits this

type of design better.

A good example of the options available and the limitations of buildings in DOOM are seen
in the DOOM 2 map “Downtown’ shown in Figure 5. As seen in the figure, buildings on the
map are designed by creating a big rectangular sector to form the building’s exterior with
the interior being carved out with sectors to create hallways, small rooms, and ledges (Doom
Wiki, 2024b.). A noticeable limitation with this approach of comprising buildings is that the
interior needs to be very intricately designed so that no two rooms overlap. Roofs also cannot
be added to buildings since the interior takes up slots for both the floor and ceiling which is
evident when seen from above. This method can be expanded in the case study to design

buildings more closely to ones seen in 3D-maps.
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Figure 5: Building design in the official DOOM 2 map Downtown

Pictured in Figure 6 is a simple building designed to mimic a realistically modeled apartment
which utilizes the technique from DOOM’s Downtown map. As seen in the figure, realistic
buildings can be formed by creating one large sector to create the general layout of the
building and then dividing its interior into multiple smaller parts to form various building
elements like walls, stairs, windows, and doors. The different building elements are achieved
by adjusting the height of their floors and ceilings appropriately and rooms at different
elevations are possible, but creating multiple floors is still not possible. This method works
well for the design of simple buildings, but anything more complex will be difficult to create

which highlights the benefit of 3D-game engines as these limitations will be entirely fixed.

Figure 6: Traditionally designed building in DOOM shown from a top-down view (left)
and in the 3D visual mode (right)
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4.2 Multi-story buildings

While DOOM does not allow multiple stories to be placed on top of each other, by utilizing
invisible teleporters it is possible to mimic the perception of multi-story buildings by moving
the player between identical hallways or identical stairs. This method is shown in Figure 7
with two rooms connected by an invisible teleporter placed in the middle of two identical
staircases which will seamlessly teleport the player between the set of stairs. From the
player’s perspective it will seem like they moved from a lower floor to an upper floor in the
same vertical space even though it is impossible in the game engine. This method can be
used in many creative and elaborate ways to make tall buildings with seemingly multiple

floors and to create other seemingly impossible structures.

Figure 7: Multiple floor workaround in DOOM shown in map editing view (left) and in
3D-visual mode (right)

3D-game engines have largely fixed the limitations present in DOOM with no limitations of
stacking objects or structures on top of each other. The ability to stack objects allows vastly
more building designs to be possible in 3D-maps which would be impossible to create within
DOOM. The more variety gives map creators a lot more room to use their creativity in
designing interesting interior and exterior designs for buildings within game maps. The
design of buildings in 3D-games are mainly limited by the creativity of the map creator while

in DOOM designs are also limited by the 2D-map technology. Figure 8 shows an example
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of a basic two-story building designed in the Source-game engine with one wall removed to
showcase the interior. The building depicted has only two floors, but much taller buildings
with several floors are possible. Each floor in the building can be connected by an elevator

or a staircase as shown in Figure 8.

Figure 8: Simple multi-story building designed in the Source-engine

4.3 Bridges

Bridges are a common sight in maps and simplified versions of them can be built in DOOM.
DOOM maps use bridges mainly to separate elevated platforms or rooms from each other,
and the use of DOOM’s actions allow bridges to function as a roadblock to progress before
the bridge is raised for example with the press of a button hidden elsewhere. An example of
a bridge built in DOOM is shown on the left side of Figure 9 and the 2D-map technology
requires the design of bridges to be rather simple with a single elevated sector connecting
two sectors together with railings on the sides to keep the player from falling off to the floor
below. Tunnels or underpasses cannot be built to move under the bridge which makes them
clunky to place inside rooms as they will obstruct movement from one part of a room to

another. To work around this limitation, teleporters can be placed on both sides of the bridge
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to allow the player to move from one side to the other. Placing bridges in DOOM maps needs
careful planning when placed inside a room because they take up a lot of space and the room

needs to be designed around them to not block movement at the bottom of the bridge.

Figure 9: Simple bridges built in DOOM (left) and in the Source-engine (right)

The move to 3D-game engines has fixed these limitations and realistic bridges can be fully
modeled which makes them more versatile to use in maps. Small, large, sloped, or curved
bridges can be built, and they can be fit into maps easily without obstructing movement from
underneath the bridge as is the case with DOOM’s game engine. As shown on the right side
of Figure 9, 3D-game engines allow roofs, support beams, and underside passages to be
added to bridges which makes them truer to life. The different sections of bridges can
accommodate characters of varying mobility with high mobility characters being able to use
the roof of bridges and normal characters being limited to the regular bridge crossing.
Realistically modeled bridges can thus make better use of the game’s mechanics, and the

verticality offered by 3D-games allows more engaging implementation of bridges into maps.
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4.4 Stairs

Stairs in DOOM maps can be easily constructed with the use of sectors. Stairs are constructed
by creating several sectors with each step of the stairs represented by its own sector.
Incrementally increasing the height of each sector until the stairs span the entire height
difference of the two platforms. Several types of stairs can be built in DOOM of which an
example is shown in Figure 10 where a curved set of stairs is created between two platforms.
This approach to constructing stairs works perfectly fine from a map creator’s perspective

but there is one feature that DOOM lacks which affects gameplay.

The limitation with the DOOM game engine is that there is no way to smooth out movement
between sharp edges between different height sectors, which is apparent especially in stairs.
An issue sharp edges cause in stairs is making the player’s movement inconsistent when
traversing down a set of stairs due to not touching the ground for a split second in between
each step. The player loses all control of the character while not touching the ground, which
makes traversing curved stairs especially unpleasant as the player needs to change direction
throughout the stairs but is unable to while they are not touching the ground between steps.
This is not a big issue in the case of straight stairs as the player only needs to move in one
direction. Another small issue sharp edges cause for gameplay is that the sudden elevation
change causes the player’s view to shift quickly while traversing stairs which can look
disorienting. This is also an issue in modern games which forget to smooth out some parts
of the map. The quick camera movements in DOOM are not as noticeable as there appears
to be natural smoothing implemented to make transition smoother between different height
sectors. Learning to be mindful of sharp edges in maps and starting to smooth them out is
however a good skill to learn to create better maps as it is a common feature used in modern

games and maps.



30

Figure 10: Curved stairs built in DOOM (left), and a straight staircase built utilizing a clip
brush in the Source-engine (right)

The Source-game engine and most 3D-game engines provide a way to smooth out sharp
edges in terrain with the use of invisible textures that only interact with the player and do
not affect projectiles, bullets, or objects. In the Source-engine these are called clip textures,
commonly referred to as clip brushes, which can be placed on top of sharp objects and terrain
to smooth out movement through the map (Valve Developer Community, 2024a). An
example of their use is shown on the right side of Figure 10 with a flight of stairs covered
by a clip brush. The clip brush eliminates sudden camera movements and provides a smooth
transition throughout the entire flight of stairs. The issue of losing control of the player
character while falling in between steps is also fixed since the player is constantly in contact
with the sloped clip brushes. Player clipping to smooth out navigation through certain parts
of the map is an important feature especially in competitive FPS-games where precision is

important and disorienting camera movements are undesirable.
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4.5 Windows

Windows in DOOM maps are limited to simple openings in walls that can be used to see and
shoot through from one room to another. A method to create simple windows is to connect
two rooms together with a sector that has a slightly raised floor and a lowered ceiling which
is shown in Figure 11 (Sanglard, 2018, p. 214). Figure 11 shows this method used to create
a functional window which the player can use to see and shoot through. A cosmetic window
texture visible in the picture can be added by creating a line to the middle of the window
sector and adding a texture to the line. Simple window openings are used commonly in
official DOOM maps to put enemies into inaccessible areas and to show the location of
important items within rooms that are only accessible later. A limitation seen in creating
windows in maps is that destructible windows cannot be created which limits their use. In
modern games windows can be jumped through once they are broken but DOOM offers no
such ability. DOOM’s windows cannot be traversed through as it would defeat their purpose,

which reduces the places in which they can be used.

Figure 11: Windows constructed in DOOM (left) and in the Source-game engine(right)
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Destructible windows are a common feature in modern maps where they serve as an
interactive gameplay mechanic to alert nearby enemies when they are broken by emitting a
loud sound. A simple implementation of windows in modern games is found in the Source-
game engine shown in Figure 11. The picture shows multiple types of glass which can be
created in the Source-engine ranging from unbreakable, breakable, and shatterable glass
which have their own use-cases. Unbreakable glass can be used to show information to the
player while not allowing them to pass to the other side of the window. Destructible and
shatterable glass can be used in maps to block off entry through important entrances that
need to be destroyed before passing through, which will be audible to other players.
Destructible windows are not a necessary feature in single-player games like DOOM where
their use of alerting nearby enemies and blocking off areas is not necessary since doors serve
the same function. Destructible windows can be important in multiplayer games since they
add more interactivity to maps and make the gameplay more interesting by forcing players

to be mindful of their gameplay decisions.

4.6 Ladders

Ladders are a common inclusion in both single- and multiplayer games and their main
purpose is to allow players to quickly ascend to higher elevations and safely descend from
high locations. Ladders were not implemented in the DOOM game engine most likely
because moving elevators served the same purpose, making their inclusion unnecessary.
While traditional ladders cannot be built in DOOM maps, there is a way to make a structure
which functions similarly to traditional ladders. Shown on the left side images of Figure 12
is a structure built in the shape of a ladder by drawing several 1-unit width sectors placed
close together with the height of each sector incrementally increasing to the height of the
elevated platform. This ladder-like structure makes it possible for the player to quickly
ascend to higher elevations by walking towards the structure, but it cannot be used to go
down like real ladders in games. While this is not a perfect solution to create ladders, it can
be useful in niche situations like small rooms where elevators or stairs would take up too
much space. Being unable to use the ladder to go down is also not a big hindrance as the
game does not implement fall damage so falls from high platforms will not impact gameplay

on the map.
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Figure 12: Ladder equivalent built in DOOM (left) and functional ladders placed in the
Source-engine (right)

Ladders in modern game engines are implemented in different ways, but the most common
method appears to be to separate ladders into two different separate parts, a cosmetic ladder
prop that has no interactive function, and an invisible collision box which handles the
functionality of the ladder (Valve Developer Community, 2024g). This method is used in
the Source-game engine and both elements are illustrated on the right side of Figure 12. The
ladder prop shown on the left side of the image has no interactivity and is only used to
indicate the height and location of the ladder to the player. The interactive collision box takes
care of the actual interaction with the player, and it is what players unknowingly use to
ascend and descend. Blocks can be turned into collision boxes in the Hammer-editor easily
by applying a special texture onto a block which will make the block climbable and invisible
during gameplay. To create the functional ladder in a map, the collision box is placed on top
of the ladder prop to create the illusion that the player is climbing the cosmetic ladder. This
way of comprising ladders is a simple solution to create ladders in games and it is also used

in other popular game engines including the Unreal game engine.
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4.7 Doors

Doors in DOOM are limited to simple designs with the door usually consisting of a single
sector that is raised into the ceiling when opened. Since the position of vertices and lines
cannot be moved during gameplay, a limitation seen in the game engine is that swinging
doors commonly implemented in modern games are not possible (Doom Wiki, 2024a.). This
limitation is not critical as simple doors work fine for their primary purpose of limiting
movement through the map, but it limits their appearance and use in some situations where
horizontally moving doors are necessary. Figure 13 placed below shows a common door
design seen in DOOM maps, with two rooms separated by three small sectors of which the
middle sector is assigned as the interactable door. Pressing the “interact”-key near the door
starts raising the door vertically into the ceiling and the door lowers on its own after a short
while. This type of door can be used in nearly all situations, but DOOM offers additional
door behaviors with the “actions” system which makes them even more versatile. Actions
allow doors to open in specific patterns and only in certain circumstances, for example only
when the player possesses the appropriate key, or when a button located elsewhere on the
map is pressed. Actions dictate whether doors stay open permanently or whether they close
on their own. Customization with the actions system allows plenty of variety in creating
different types of doors which helps counteract the limitations. Doors being limited to simple
designs do not impact the gameplay of DOOM maps unless swinging- or horizontally

opening doors are required.
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Figure 13: Common door designs in DOOM (left) and in the Source-engine using a
predesigned door object (right)

In 3D-game engines doors are usually implemented in two ways. The most common method
seen in games is developing a door-object that has its own model and pre-programmed
behavior that can be quickly placed into maps. This approach is used in the Source-game
engine and is illustrated in Figure 13 with a common double-door design (Valve Developer
Community, 2024d.). Using predesigned doors is superior from a map creator’s perspective
as it lowers the amount of work required to add doors into maps due to not having to redo
their behavior and function each time. Predesigned door objects can also have additional
functionality, such as dynamic destruction commonly seen in tactical FPS-games, which can
easily be added to enhance the gameplay and interactivity of maps. The second method of
constructing doors in 3D-games involves creating them in a similar way to DOOM by using
the same blocks that make up the game world to create door shaped objects which move
upwards, slide sideways, or rotate around an axis when opened (Valve Developer
Community, 2024b). These types of doors are possible in the Source-game engine, but they

are seen far less often due to requiring more work to implement. Doors made of world objects
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can, however, be useful in situations where large-sized doors are needed, and the

predesigned doors are not large enough.

Just like windows, doors are an interactive gameplay mechanic which can be used in maps
to add more gameplay variety and strategically limit the movement of players through maps.
While doors in DOOM are limited to simple designs and they do not have some advanced
features commonly seen in modern games, the actions system allows enough customizability
to enable a ton of creative uses for doors in maps. The simple function of restricting
movement and blocking progression can be implemented. The benefits offered by modern
games are that they add more features to predesigned door objects which can be useful to
lower the amount of work required by map creators to quickly add doors to maps. The added
features can be especially helpful in multiplayer games to make more interesting maps, but
their inclusion is not that necessary for a single-player game like DOOM that does not

demand such strategic gameplay.

4.8 Lighting

Lighting is an important part of any game engine as maps can be made more interesting by
varying the brightness of different parts of the map. DOOM implements a surprisingly
complex lighting system which is explained in Sanglard’s book. The lighting is made easy
for map creators to adjust with a simple brightness-value that can be changed for each
individual sector. The brightness-value can be set between the values of 0 and 255 with a
value 0 making colors entirely dark and 255 making colors their full brightness. Due to the
limited color output of the hardware at the time of the game’s release, the game engine has
to calculate an approximate hue for each primary color to make adjustable lighting possible
(Sanglard, 2018, p. 230-234.). Figure 14 shows the changing lighting implemented in a
staircase with each step gradually increasing in brightness which affects how bright the
walls, enemies, and the player’s hands appear throughout the set of stairs. All textures higher
up the staircase appear more vibrant, which makes the lighting look very convincing even
though it is achieved in a very simple way by adjusting the hue. This method of
implementing lighting works well in most scenarios and allows enough customization in

creating areas with varying amounts of light.
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Figure 14: Diminishing lighting in a DOOM map shown in the map editor (left) and during
gameplay (right)

There are some limitations in the lighting system of DOOM compared to modern game
engines. DOOM does not allow placing individual light sources on the map that scatter light
in a realistic way which would make areas look even more lifelike. Additionally, objects or
map geometry do not cast shadows onto surfaces which makes the lighting in rooms look
artificial unless rooms are designed with fake shadows by making some areas darker than
others. These features are implemented in more modern game engines, and they are a great
addition to creating more realistic and dynamic looking maps. These features, however, are
not necessary for creating good-looking maps as the lighting system present in DOOM works

well in its simple maps.

Lighting in the Source-engine and in most 3D-game engines is achieved with the use of static
and dynamic light sources which emit light into the surrounding environment. The Source-
engine includes many types of light sources with the most important types being the regular
light-entity and the “light environment”-entity pictured in Figure 15. The basic light-entity
shown on the left side of Figure 15 emits light into all directions, the color and intensity of
which can be adjusted. These are used mainly indoors in conjunction with a cosmetic prop
to make the lighting appear to come out from the prop. The “light environment”-entity
pictured on the right side of Figure 15 is used to simulate light coming from the sun and is

used to illuminate the outside areas of maps. The position, color, intensity, and direction of
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the sun’s light can be adjusted from the entity’s properties which add a ton of customizability

for map creators in implementing global illumination (Valve Developer Community,

2024c.).

Figure 15: Light emitting objects in the Source-engine including a commonly used light

entity (left) and an environmental sun-entity (right)

An example of both light sources in use during gameplay is shown below in Figure 16 inside
a simple room created to show the different lighting sources. A light-entity placed on the
left-side corner illuminates only one corner of the room with some sunlight from outside
illuminating another small part of the room. Light sources cast realistic shadows onto
surfaces with light smoothly diminishing over distance like is visible in Figure 16 which
makes lighting look more realistic compared to DOOM’s lighting. Color-profiles can be
assigned per light source as can be seen in the image which makes it possible to create
distinct lighting based on the type of light source. Not included in the picture are directional
pointed lights which emit light only in a single direction which can be used to more

realistically model spotlights, flashlights, or other directed light sources.
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Figure 16: Dynamic lighting in the Source-engine as seen during gameplay

4.9 Skybox

Skyboxes, as their name suggests, are used to display the sky or distant scenery on a map.
Adding a skybox is essential for outdoor areas to draw scenery into the otherwise empty sky
and to create the illusion that maps are more expansive than the playable area (Valve
Developer Community, 2024e.). DOOM implements a simple solution to showing the
skybox with the use of a texture named “F_SKY1” which can be applied onto the ceiling of
a sector. Applying the texture makes ceilings transparent, which works perfectly for
displaying the distant skybox through ceilings but displaying the skybox through walls is a
bit more difficult. Creating transparent walls requires the use of a unique feature of the

DOOM game engine called a ‘sky hack’.

The ‘sky hack’-feature revolves around the use of the sky texture where it is applied onto
the ceiling of two different sectors which will make any wall in between transparent. In the
official DOOM maps this feature is utilized by placing a small rectangle or a triangle in front
of the intended wall to make the wall in the back transparent (DOOM wiki, 2024c.). This

method is shown in Figure 17 with the upper part of a wall being made transparent by placing
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two different shaped sectors in front and applying the sky texture onto all sectors. As seen
in the figure, only the lower portion of the back wall is rendered, which is caused by the
ceiling of the sector in front being lowered disabling the rendering of the upper wall.
Adjusting the ceiling will change how low or high the wall in the back will render, with the
height usually being set high enough so that the player can walk under. This method achieves
the intended effect of showing the skybox through parts of walls and it can be used to create
fences or other see-through decorations. The downside of the use of this feature is that
placing a sector in front of some walls can be difficult and may be impossible in some

instances. The surrounding area might need to be modified so that a small sector can be fitted

in front of the intended wall.

Figure 17: Showcase of the ‘sky hack’-feature to create transparent walls in DOOM

Skyboxes in the Source-engine are modeled with the use of a dedicated skybox texture which
can be applied onto any surface. An obvious benefit of this approach is that showing
skyboxes on walls is much simpler as the ‘sky hack’-feature used in DOOM maps is not
necessary. This factor makes modeling the skybox in 3D-maps much easier and more

convenient for map creators, but for players this difference will not be noticeable.
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An additional use of skyboxes in the Source-engine is to direct sunlight onto the map. The
sun-entity discussed in chapter 4.8 functions by projecting sunlight from the skybox textures
placed onto the map. This feature of skyboxes is utilized by covering the top of maps entirely
in skybox textures as shown in Figure 18 which will handle lighting outdoor areas. Covering
the ceiling of maps and the upper parts of walls using skybox textures is a good way of
implementing the skybox as it is easy to implement, and it takes care of lighting the map in

a realistic fashion.

=

Figure 18: Modeling the sky using skybox textures in the Source-engine with screenshots

taken from the Hammer-editor (left) and during gameplay (right)

4.10 Summary of results

All the most impactful limitations encountered in the DOOM game engine are summarized
in Table 1. The table is divided into each researched map element and includes a
classification of severity and the most notable effects of the discovered limitations. The
severity is derived from a general conclusion of how severely the DOOM game engine
limited the creation of each map element in a DOOM map compared to their counterparts
possible in the 3D-map. The effects describe the most notable factors that limited the creation

of each map element in a DOOM map.
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Map element | Severity Effects on DOOM mapping
Buildings Significant Overlapping building elements are not possible
Roofs, balconies, elevated walkways, and multiple
floors can’t be created
Multi-story | Significant Creating the illusion of multiple stories requires the
buildings use of teleporters
Complicated to implement effectively in a map
Bridges Significant Design reduced to a flat platform with railings
Underpasses are not possible, but teleporters can be
used to move the player under the bridge
Stairs Minor Stairs can’t be smoothed using clipping textures
Each step having sharp edges causes issues in
movement for the player
Windows Moderate Design limited to an opening in a wall
No destructible windowpanes or a window texture
Ladders Minor A structure equivalent to a ladder can be created, but
functional ladders are not implemented
Doors Minor Only vertically opening doors are possible
Lighting Moderate No light sources, lighting is set individually per sector
The absence of shadows means lighting can look
artificial
Skybox Minor Showing the skybox through walls is not as easy as

ceilings
Use of the ‘sky hack’-feature can be awkward and

difficult to implement in some scenarios

Table 1: Summary of the encountered limitations in the DOOM game engine
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5 Discussion

This chapter aims to answer the research questions set at the beginning of the thesis, highlight
the most impactful findings from the case study, and discuss some of the risks involved with
the research. At the end recommendations for future research on the topic of map creation

will be given.

5.1 Addressing the research questions

The purpose of the case study was to identify the limitations faced while developing maps
in the DOOM game engine in comparison to modern 3D-game engines. The research
questions listed below were formulated to identify the limitations for each type of structure,
show techniques or workarounds to create them in DOOM maps, and highlight what benefits

map creation in a 3D-game engine provides.

1. Which structures are difficult or impossible to create in DOOM maps?

As expected, the results showed that there were several limitations encountered while
creating many common structure types, and some were impossible to create without
workarounds. In most cases structures in the DOOM game engine were limited to simplified
versions of their real-world counterparts which did not offer all the functionality that was
possible inside a 3D-map. The limitations of the DOOM game engine were especially
noticeable in the development of buildings as many common building elements were
impossible to create including glass windows, multiple floors, curved surfaces, or a separate
roof. The impact of the limitations was also noticeable in the construction of bridges as they
were limited to a very basic design with a flat surface outlined by two elevated railings.
Underpasses could not be created to allow players to pass under the bridge, which required
the use of teleporters to allow the player to move from one side of the bridge to the other.
This limitation applies to tunnels in general as they are difficult to add to maps without

obstructing other structures.
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2. Whenever possible, what are the methods to work around these limitations?

In cases where structures could not be fully modeled in the DOOM map, structures needed
to be made into simplified versions of their real-world counterparts. Methods to create
simplified versions and their drawbacks were discussed in each of the respective sections. In
most cases structures needed to be divided into their most basic form by creating multiple
sectors and adjusting the height of their floors and ceilings to form a similar structure which
still achieved their main purpose. Teleporters were utilized in cases where the inability to
place multiple sectors on top of each other severely limited design and affected gameplay.
Teleporters were necessary to use in the creation of multi-floor buildings and bridges to
allow players to access different floors in buildings and to allow traversal through the

underside of bridges.

3. What map features common in 3D-game engines does DOOM lack?

The additional features offered in 3D-game engines were highlighted, which could be used
to improve the gameplay and visuals of game maps. Many special objects enabled the
creation of more interactive and polished maps with notable examples including clip brushes
to smooth out traversal, destructible objects, fully functioning ladders, moving objects, and

dynamic lighting.

5.2 Main takeaways

The results showed that there were several limitations in the creation of many common
structure types which helped highlight the limitations of map creation in DOOM generally.
The identified limitations fundamentally affected the creation of DOOM maps as most map
geometry needed to be reduced to simple visual designs which sacrificed some functionality
compared to their versions built in a 3D-map. The reduction to simple designs affected
gameplay more significantly in some structures than others with significant limitations being
apparent in the cases of multi-story buildings and bridges as their visual design was very

limited and they required the use of teleporters to not block the player’s movement. In other
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structures like stairs, windows, doors, and ladders, the impact on DOOM’s gameplay was
less noticeable and mainly limited their visual design. As expected, map creation in the
DOOM game engine was more limited compared to modern game engines as 3D-maps
enabled areas to be realistically modeled without noticeable limitations while offering
additional functionality that was not implemented in DOOM. The additional map features
of 3D-game engines could be used to improve the visuals and interactivity of maps, which

could be especially important for building multiplayer maps and realistic environments.

While DOOM introduced some limitations to map creators, its simple map technology was
beneficial in some respects. The 2D-map editor used for DOOM was much easier to learn
compared to the 3D-map editor used which made it less of a time commitment to get started
while still allowing plenty of creativity in designing maps. The 2D-maps of DOOM were
much faster to create thanks to the ease of which sectors could be placed on the 2D-grid. 3D-
maps took much longer to create due to maps being composed of individual objects which
needed to be individually shaped and placed in 3D-space making it difficult to model large
maps. For these reasons, DOOM is still a viable platform to get started in map development
as it provides enough options for map creators to develop engaging maps with its easy-to-
use map editors. 3D-game engines opened more options to develop more realistic

environments with more map features, but it required more time to learn to use effectively.

In my opinion, DOOM worked great for the development of single-player maps as the game
engine allowed enough options to create interesting map layouts with clear progression.
There were methods to fix some of the identified limitations with the use of teleporters which
could be used in single-player maps. Using teleporters would not be a perfect solution for
multiplayer maps as they would interrupt gameplay while playing against other online
opponents. DOOM maps are generally made to be played single-player so utilizing
teleporters is less of an issue. 3D-game engines would be the better option for developing
multiplayer maps as they offered more features which could be used to improve gameplay
in a multiplayer setting and allowed much more complex structures to be created which
could improve gameplay options. Learning to develop 3D-maps is a large time commitment,
but it can be a useful skill to learn as map development skills can largely be transferred
between different 3D-game engines. DOOM’s map technology differs greatly from 3D-
games, so skills learned while developing DOOM maps are tied to the DOOM game engine.

It is up to individual map creators to decide whether DOOM’s easy-to-learn map technology
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is worth the trade-off of being more limited compared to map creation in modern 3D-game

engines.

5.3 Risks and future research

The scopes set at the start of the thesis introduced risks into the research. Map creation was
studied only by looking at examples of structures commonly seen in the official DOOM
maps of DOOM 1 and DOOM 2, which means that other types of map geometry seen in
user-created maps did not get covered. Limitations identified from the structure types
covered should give a good idea of DOOM’s limitations in general, but some additional
limitations could have been found if player made maps were studied as well. Another risk is
that some important map features of 3D-game engines will have been missed due to only
looking at a few examples of features which are common in creating a basic 3D-map. This
case study only utilized the Hammer-editor as the 3D-map editor which means that important

features exclusive to other map editors have not been covered.

The risks and delimitations of this thesis provide a few possible options for further research.
This thesis was limited to only covering occurrences of structures commonly seen in many
official DOOM maps, which means that unique map elements only seen in a select few maps
were not covered. Additionally, custom maps created by users online were not explored,
which could be an option for further research. Future research on this topic could expand to
explore structure types and map features that were not covered this thesis or to research
common map elements found in player-created maps. Some complex structures or solutions
to DOOM’s limitations will likely have been thought of by map creators online that were
not used in the original DOOM maps. Another option for further research could also be to
expand the topic to cover modernized ports of the DOOM game engine, namely ZDOOM
and GZDOOM. These updated versions of the game engine offer tools to develop true 3D-
environments which future research could cover whether the limitations identified during
this thesis could be fixed with their use. The additional features of the updated game engines

could also be explored and how impactful they are for developing DOOM maps.
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6 Conclusion

The purpose of the thesis was to highlight the most impactful limitations that map creators
will encounter while developing DOOM maps as opposed to 3D-maps in modern game
engines. During the thesis a case study was conducted in which DOOM’s game engine and
a 3D-game engine, the Source-engine, were utilized to develop two game maps. Many
common structure types and map features were recreated in both maps which helped outline
the general limitations of map creation within DOOM. Developing the 3D-map made it
possible to demonstrate the additional possibilities and features that are offered in 3D-game

engines.

As expected, the results gathered from the case study showed that there were several
limitations in the DOOM game engine which affected the creation of many common
structure types. The limitations were especially noticeable in the creation of buildings,
bridges, and windows as their design needed to be so simple that it affected gameplay due
to blocking movement of the player requiring the use of teleporters to fix. The limitations
were less noticeable in the other researched structure types as their design was simple by
default and they could be recreated using DOOM’s simple map technology. This was the
case with basic rooms, hallways, stairs, doors, and ladders where the simplified designs did
not hinder their primary function, but their visual appearance and functionality was slightly

more limited compared to the versions built in the 3D-game engine.

The move to a 3D-game engine fixed all the noticeable limitations of the DOOM map while
offering many additional features which could help in creating more complex environments.
All the structure types researched could be fully recreated in the Source-engine because of
3D-maps being composed of individual objects which could be shaped and placed in an
endless number of ways. The additional features aided in the development of more complex
maps with some notable map features including destructible windows, functional ladders,
and dynamic lighting. While the 3D-game engine offered many more options, maps were
more difficult and time consuming to create compared to DOOM due to being composed of
individual objects which needed to be placed in 3D-space. Maps become much more difficult

to manage as the size of the map and number of objects increase.
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In short, the results showed that DOOM maps were more limited in visual appearance and
function compared to maps in 3D-game engines, but the game engine offered enough tools
in developing a cohesive single-player map. The simplified versions of structures were
sufficient in creating the general layout of a basic map while allowing a ton of possibilities.
The identified limitations did not significantly affect the player’s gameplay. The 3D-game
engine on the other hand showed no limitations in developing 3D-spaces due to the use of
individual objects which could be shaped and placed in 3D-space. The Source-engine offered
several additional tools to improve the interactivity of maps, which could be especially

useful in the development of multiplayer maps to add more gameplay options for players.

The results gathered could be utilized by map creators to learn of the differences in map
creation between DOOM and modern 3D-game engines. The results outlined the most
significant limitations that will be encountered while creating DOOM maps which could be
significant enough to drive some map creators to choose a 3D-game engine instead of the
DOOM game engine. For researchers, the results gathered could be utilized to further
research the topic of map creation within DOOM or other game engines and provide more
information that would be useful for map creators. The scope of this thesis was limited so

there is room to further research the topic of mapping in DOOM.

Further studies could expand to explore updated versions of the DOOM game engine,
relevant examples being ZDOOM and GZDOOM, as they offer tools to develop fully 3D-
maps. Results gathered during this thesis could be compared to similar structures built in the
updated versions of the game engine to find out whether the limitations still apply. Another
option for future research could be to expand on the results gathered during this thesis and
explore DOOM maps further as not every possible structure was covered. Only official
DOOM maps were researched so user-created maps weren’t studied, which could be a good

place to identify additional limitations in the game engine.
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