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Abstract (English) 

In First-Person shooter video games, spread is a mechanic that adds a random artificial 

inaccuracy to the player’s shots. Movement-amplified spread is a particular implementation of 

spread which amplifies the inaccuracy based on the speed the player is moving at. As a 

consequence, players that are moving are unable to fire accurate shots, whereas players standing 

still remain accurate. The purpose of this thesis is to study the effects of movement-amplified 

spread of different intensities on gameplay dynamics. To this end, we created a First-Person 

shooter target practice course for testers to complete 15 times. For every third completion we 

made movement-amplified spread more intense. The results showed that as movement-

amplified spread increased, testers were more prone to halt before shooting, firing more shots 

and engaging with targets at a somewhat shorter distance.  

 

Keywords: First-Person Shooter, FPS, Mechanics, Dynamics, Game Design, Spread, 

Experimental Research 

  



 

 
 

Abstrakt (Svenska) 

I förstapersonsskjutare, även kallat FPS, är spread en spelmekanik som applicerar en 

slumpmässig inexakthet till spelarens precision när de skjuter. Movement-amplified spread är 

en specifik implementering av spread som amplifierar inexaktheten baserat på spelarens rörelse 

och hastighet. Som en konsekvens av detta så har spelare som rör på sig svårt att samtidigt vara 

träffsäkra, medan spelare som står still förblir precisa. Syftet med denna uppsats är att studera 

hur effekterna av en ökande movement-amplified spread påverkar spelkänsla och dynamik i 

spel. För detta har vi byggt en FPS hinderbana med stationära mål som testare har fått springa 

igenom 15 gånger. För vart tredje genomförande har vi ökat intensiteten av movement-

amplified spread. Resultaten visar att när movement-amplified spread ökade, så var testarna 

mer benägna att stanna före de avlossade skott, de sköt mer eller så sprang de närmare för att 

bekämpa måltavlorna på ett kortare avstånd.  

Nyckelord: Förstapersonskjutare, FPS, Spelmekanik, Speldynamik, Speldesign, Spread, 

Experimentiell forskning  



 

 
 

Glossary 

Term Definition 

(Game) Aesthetics The feelings that the gameplay dynamics evoke in players 

ADS 

(Aiming Down Sights) 

An FPS mechanic which allows players to aim down the sights 

or scope of their weapon, allowing for more precise aim 

Auto-Aim System designed to aid players in hitting their targets by 

attracting or snapping the crosshair to the target’s position 

Avatar Personalised graphical illustration that represents a computer 

user, character, or alter ego, either in three-dimensional or two-

dimensional form 

Camera The player's perspective, or view 

Console 

(Video game console) 

Electronic device that outputs a video signal or image to display 

a video game that can be played with a game controller 

Controller Input device used with video games or entertainment systems to 

provide input to a video game, typically to control an object or 

character in the game 

Crosshair / Reticle 

 

A pair of fine wires crossing at right angles at the focus of an 

optical instrument or gunsight, for use in positioning, aiming, or 

measuring 

DZ 

(Deadzone / Free Aim) 

A method of aiming in FPS games where the point of aim can 

move freely within a certain area of the view 

Dichotomy 

 

A division or contrast between two things that are or are 

represented as being opposed or entirely different 

Diegetic Belonging to its world or setting  

D-Pad 

(Directional Pad) 

Four-way directional control with one button on each point 

(Gameplay) Dynamics The broader patterns and systems which arise from a game’s 

mechanics. How the game is played 

FPS 

(First-Person Shooter) 

A 3D shooter game where the player views the game from their 

avatar’s first-person perspective 

FA 

(Fixed Aim) 

A method of aiming in FPS games where the point of aimed is 

locked to the centre of the view 

Framerate Frequency (rate) at which consecutive images (frames) are 

captured or displayed 

Framework A basic structure underlying a system, concept, or text 

Hitscan The programming system that determines where the gun/object 

is pointing, casts out a ray in that direction when shot, for a 

certain range programmed into the system, and sees if that ray 

comes in contact with any object in the line of fire 



 

 
 

Holistically In a way that is characterised by the belief that the parts of 

something are intimately interconnected and explicable only by 

reference to the whole 

IS 

(Inherent spread) 

Spread which is always applied to shots 

IR 

(Input Randomness) 

Randomness which determines the preconditions of play. 

Ex. Drawing your poker hand 

(Game) Mechanics The rules and actions that controls a game 

Method A procedure, technique, or way of doing something, especially 

in accordance with a definite plan 

M/KB Mouse and Keyboard 

MAS 

(Movement-Amplified Spread) 

 

Spread which is amplified by player movement. This mechanic 

makes shots taken while moving less accurate than those taken 

standing still  

NATO 

(North Atlantic Treaty Organization) 

Intergovernmental military alliance between 30 member states 

– 28 (soon 30) European states, the United States, and Canada. 

Established in the aftermath of World War II on the insistence 

of the Truman administration in the United States, the 

organization implements the North Atlantic Treaty, which was 

signed on 4 April 1949. 

OR 

(Output Randomness) 

Randomness which determines the outcome of play 

Ex. A slot machine 

PC Personal Computer 

Sci-Fi 

(Science Fiction) 

Genre of speculative fiction which typically deals with 

imaginative and futuristic concepts such as advanced science 

and technology, space exploration, time travel, parallel 

universes, and extra-terrestrial life 

Speedrun Playthrough of a video game, or section of a video game, with 

the goal of completing it as fast as possible 

Spread A game mechanic applies a random artificial inaccuracy to a 

player’s shots 

STANAG 

(Standardization Agreement) 

Processes, procedures, terms, and conditions for common 

military or technical procedures or equipment between the 

member countries of the alliance. 

The MDA Framework A framework used to analyse how a game’s mechanics affect its 

dynamics, and how those dynamics affect its aesthetics 

3D 

(Three-Dimensional) 

Of, relating to, or representing something in three dimensions 
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Introduction  

 

Shooter Games is a game genre where aiming is a key skill (Adams, 2014, p. 69). In shooters, 

the player takes action from a distance using ranged weaponry. The genre can be subdivided 

into 2D and 3D shooters, of which by far the most famous are the First-Person Shooters (FPS). 

In this study, we will be focusing solely on FPS games and a very specific game mechanic: 

Spread. We will be conducting tests in a controlled environment, using the Experimental 

Research method (Harland, 2011).  
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1.1 Introducing Spread  

Spread, as it pertains to first-person shooters, is a common game mechanic which affects the 

accuracy of the player’s shots. When spread is applied to a shot, the initial trajectory of the 

bullet or ray is skewed in a random direction within a set range. The range can be defined to 

mimic realistic properties of weapons or arbitrarily set by the designer (Holmes, 2017). Some 

games amplify this spread by the velocity of the player's movement (MAS) as a way of 

abstracting increased inaccuracy while moving and shooting simultaneously (Afzoud, 2012), 

but also to balance weapon’s attributes for different ranges (Grimshaw, 2021). We will be 

researching how varying intensities of Movement-Amplified Spread affects gameplay 

dynamics.  

For each test we will be tweaking one variable, the MAS and analysing it through the lens of 

the MDA framework (Hunicke et al., 2004) to observe how the dynamics of gameplay are 

affected. 

1.2 Identifying the Problem  

There exists an abundance of complaints, potential solutions to, and ideas for complete 

replacements of this mechanic scattered across forums (thedarkknight9174, 2014; 

StevesEvilTwin2, 2018; The_Starfighter, 2018), as well as articles on the internet ranging from 

amateur FPS enthusiasts, game design critics (Wagar, 2018; Wagar, 2016), and all the way to 

professional players (Brown, 2021). It has also been noted and addressed by Lead Game 

Designers within the industry (Grimshaw, 2021) that it is indeed a mechanic that is not always 

favourably implemented. 

1.3 Stating the Importance of the Research  

In academia, there seems to be little to no documented research on the implications of the spread 

mechanic in first-person shooters, as well as little to no research carefully studying individual 

mechanics of FPS games in general. The dynamics of spread have previously been examined 

(Afzoud, 2012), but at the time of writing no 1:1 comparison between spread and no spread 

seems to exist. With the completion of this study, we hope to serve as a landmark that future 

students and researchers can continue from, by adding additional layers of mechanics to 

perform studies on the dynamical effects they entail. The intent is to help better understand the 

mechanics as design tools, and to give rise to further innovative solutions to shooter 

experiences. 
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1.4 Research Question  

What changes to gameplay dynamics can be observed between different intensities of the 

Movement-Amplified Spread mechanic in a First-Person Shooter? 

1.5 Limitations  

Our test game will be shallow in terms of its gameplay, consisting only of moving and shooting 

at static targets. For this reason, we cannot hope to fully understand spread’s effects on more 

complicated dynamics, such as those present in Player vs. Player (PVP) shooters. However, the 

knowledge that we hope to attain will technically be applicable to both single- and multiplayer 

FPS games on all platforms, and their implications will be speculated upon in the discussion. 

The study will be conducted on a Personal Computer (PC) platform using mouse and keyboard 

(M/KB) inputs.  

 

Figure 1: Gameplay screenshot of controlled environment. 
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Background  

 

 

This section will provide an in-depth view and summary of the main studies, frameworks and 

First-Person Shooter concepts that will be used in the analysis and discussion, following the 

study. This section’s chronological structure aims to brief the reader on the essential 

information required for an appropriate understanding of the subject, given the reader has no 

prior knowledge or experience.  
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2.1 The MDA Framework  

The Mechanics, Dynamics, and Aesthetics framework (MDA) is a formal approach used to 

understand and deconstruct the influence of mechanics over dynamics that can help designers 

make well-informed design decisions to suit their desired aesthetics (Hunicke et al., 2004). 

MDA can also be viewed from a mirrored perspective by the player, where aesthetics inform 

the influence of dynamics over mechanics. The parallels between the designer’s and player’s 

experience enables a shared methodology for the creative process, and facilitates the 

decomposition, study, and design of games through iteration. Summarily, we will iteratively 

tweak a single mechanic, observe its influence on the dynamics, and speculate on what 

aesthetics it facilitates. 

 

Figure 2:  The designer and player each have a different perspective (Hunicke et al., 2004). 

 

2.1.1 Mechanics  

Mechanics could in short be described as the actions and rules that control the game world. 

Conventional FPS mechanics typically consist of movement mechanics for player locomotion 

in 3D space, aiming mechanics that control camera direction by rotating the player, and 

shooting mechanics that control the projectile's properties and trajectory. Projectile shooting 

mechanics typically include ballistic trajectories and hitscan. Hitscan is a hit-detection method, 

used to instantly determine where the projectile hit its target, at any range, similar to how a laser 

would work in a realistic scenario. 
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2.1.2 Dynamics  

Dynamics can be summarised as the effects of said actions. Small changes in mechanics can 

give rise to logical, as well as unexpected effects in gameplay dynamics. Introducing ballistic 

trajectories to projectiles for example, instead of a hitscan approach to shooting mechanics, will 

hypothetically make it more difficult to hit moving targets at longer distances, since the player 

now has to lead their shots. This in turn is one resulting dynamic of said change. 

2.1.3 Aesthetics  

Aesthetics describe the feelings or emotions felt by the player as they experience said effects. 

Wielding a laser gun with instant hit registration when fired can potentially provide the player 

the experience they expect. For instance, the hitscan method could support the aesthetics of a 

sci-fi shooter game such as Quake, which features a beam weapon called “Thunderbolt” that 

when fired hits its target instantly (id Software, 1996). However, if the aesthetic that suits a 

competitive paintball game is desired, where projectile velocity is strictly constrained to a 

maximum of 300 ft/s in the game rules (NXL, 2022), using hitscan can completely change the 

dynamics of play and in turn, also provide the player with the wrong aesthetic experience. In a 

paintball game, a ballistic trajectory is therefore likely to be the preferred shooting mechanic. 

2.2 Defining First-Person Shooters  

The FPS game fits into the subgenre of 3D1 shooters and implies that the player experiences a 

first-person perspective, viewing the game world from the eyes of their avatar, and generally 

holding any arbitrary weapon in their hands that extends from the bottom of the projected 

viewable screen (Adams, 2014). The defining concepts and core mechanics of FPS are 

manoeuvring and combat, in which combat can essentially be summed up as pointing and 

shooting (Afzoud, 2012).  

In this study, we will use the term movement, rather than manoeuvring, as well as aiming rather 

than pointing. Combat mechanics are subdivided into aiming and shooting mechanics. We are 

not considering other elements of combat including melee, throwing or explosives of sorts. The 

player's perspective, or view, is also referred to as the camera. 

  

 
1
 3D: Conventional acronym for Three Dimensional. 
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2.2.1 History of FPS  

Although the first FPS game developed was Maze War (Steve Colley, 1974), the genre's 

breakthrough came with developer John Carmack’s and John Romero’s Wolfenstein 3D (id 

Software, 1992), which sold 200.000 copies in a year, and the genre has ever since expanded in 

familiarity, popularity and complexity (Jensen, 2017). Call of Duty 4: Modern Warfare (Infinity 

Ward, 2007) sold over 15 million copies (IGN, 2013) and Counter-Strike: Global Offensive 

(Valve, 2012) had over 40 million units sold by the year of 2018 (Rizani and Iida, 2018). 

The game that further popularised the genre following Wolfenstein 3D was Doom (id Software, 

1993). The influence that id Software had with their releases paved the way for how the genre 

would evolve up until the release of Half-Life (Valve, 1998). In the video documentary “The 

Children of Doom” (Franklin, 2022), the viewer is introduced to this timeline, following the 

evolution of technology and game mechanics being introduced iteratively for each new game. 

A similar timeline from another perspective can be read in the article “The Complete History 

of First-Person Shooters” (Jensen, 2017). 

2.2.2 Evolution of FPS Mechanics  

Since the first FPS game was released, the genre has evolved from simple, wire-framed 

labyrinthian shooters with a low update framerate, to immersive experiences simulating full-

scale warfare at the cutting edge of technological advancement (Adams, 2010, p. 395). In this 

study, we will only cover the aiming and shooting mechanics relevant to the readers' 

understanding of our study. 

2.2.2.1 Wolfenstein 3D (id Software, 1992)  

Wolfenstein 3D consists of a vertically flat surface world (Franklin, 2022), designed to be 

played using the keyboard as the only input device, implying that the player turns using the 

arrow keys (id Software, 1992). The player only has to aim (turn) in the general direction of an 

enemy and fire their weapon in order to hit their target (Afzoud, 2012). 
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2.2.2.2 Doom (id Software, 1993)  

With the release of Doom (id Software, 1993) verticality was introduced in the sense that the 

level design allowed the player to traverse up and down staircases, and have enemies appear on 

platforms on a different height than the player’s (Franklin, 2022). However, aiming was still 

constrained, similarly to its predecessor through left and right rotation. The player only had to 

aim in the general direction of their threat to hit targets along the entire vertical plane, but this 

time, both mouse and joystick input devices were supported for smoother rotation (id Software, 

1993). 

2.2.2.3 Quake (id Software, 1996)  

Quake was one of the first fully 3D FPS games that introduced elevated platforming, along with 

additional movement and aiming mechanics that to this day remain the convention. The player 

now moves using the keyboard and aims both horizontally and vertically using the mouse (id 

Software, 1996), meaning that the player is now able to look up and down, with directional fire 

being more deliberate. 

With the introduction of mouse input to control the full range of rotation, players completely 

adjusted to controlling their movement with one hand, and aiming with the other, allowing high 

precision aiming and shooting while moving simultaneously. This phenomenon was something 

that game designers had been struggling to find solutions to when it came to designing FPS 

games, specifically for video game consoles (consoles). The directional input device for 

consoles generally consisted of a controller with a Directional Pad (D-pad) or Control Pad 

(Nintendo, 1997), consisting of four binary directional buttons allowing for only eight 

directional inputs for moving, including diagonal movement by pressing two buttons 

simultaneously (Franklin, 2022). 
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2.2.2.4 GoldenEye 007 (Rareware, 1997)  

It wasn’t until the launch of the Nintendo 64 console (Nintendo, 1997), abbreviated as N64, and 

the first controller with an analog stick – allowing granular directional input more precise than 

the conventional D-pad (Nintendo, 1997) – that the FPS genre on consoles had its breakthrough 

with the game GoldenEye 007 (Rareware, 1997). However, since the controller only had one 

analog stick, being able to shoot accurately and moving simultaneously was still a design 

problem (Doak, 2021). Rareware’s solution to this was utilising a modular concept where the 

player could switch between an aiming mode, including a crosshair for manual aiming, and a 

movement mode that included auto-aim where the weapon visually snapped towards enemies 

automatically when faced in their general direction (Franklin, 2022). Since the auto-aim wasn’t 

entirely reliable, especially on harder difficulties (Doak, 2021), the player had to switch to the 

aiming mode frequently, rendering the player unable to move, thus resulting in a stop-and-go 

dynamic (Franklin, 2022). 

In a comparison between two speedrunners – players attempting to beat a game as fast as they 

possibly can – where one player uses the N64 controller and the other M/KB, Christopher 

Franklin showcases the difference between an input device that separates control of aiming and 

moving, in terms of accuracy and speed output (Franklin, 2022). In this case, the M/KB setup 

performed much faster, negating the intended purpose of many of the implemented game 

mechanics designed to sustain controlled combat. 

2.2.2.5 Call of Duty 4: Modern Warfare (Infinity Ward, 2007)  

Fast forward a decade to the launch of Call of Duty 4: Modern Warfare (Infinity Ward, 2007) 

and the genre has gained additional combat and movement mechanics to emphasise tactical 

decision making (Afzoud, 2012). However, the principle of aiming using the mouse and moving 

using the keyboard is still conventional. Console controllers now have dual analog sticks that 

separate the mechanical control of moving and aiming similarly to the M/KB input. 

Since aiming has become easier and more precise and input no longer inherently inhibits the 

player with awkward controls (Franklin, 2022), designers need new tools to pace the game if 

they sought more deliberate pacing. 
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2.3 Aiming Mechanics and Pacing  

In “An in-depth analysis of aiming mechanics in first person shooters, and how they affect 

game-play and pacing” (Afzoud, 2012), a selection of aiming mechanics is examined in terms 

of how they affect the dynamics and pace of gameplay. There are fundamentally two types of 

aiming methods: Fixed Aim (FA) and Deadzone (DZ). 

2.3.1 Fixed Aim   

FA is the original method used in all the 

pioneering FPS games mentioned, with the 

exception of GoldenEye 007 (Afzoud, 2012). It 

implies that the camera and weapon are locked 

into alignment, with the weapon pointed towards 

the centre of the screen. This means that all 

mouse input simultaneously controls the camera, 

and the point of aim. Games featuring FA aiming 

mechanics generally have a non-diegetic2 reticle, better known as crosshair, attached to the 

centre of the screen to help visualise the point of aim (Afzoud, 2012). 

2.3.2 Dead Zone  

In the DZ aiming method, the camera and point 

of aim are not rigidly aligned. Within the centre 

of the screen, there is room for the point of aim 

to move around without manipulating the camera 

(marked red in Figure 4). Once the point of aim 

reaches the border of the allowed dead zone, the 

camera will move with it until the point of aim 

is within its borders again. One can think of this 

as the point of aim pushing the camera from inside the dead zone box to abstract the real-life 

act of aiming the weapon without moving the head (Afzoud, 2012). This is also known as Free 

Aim. Variations as well as combinations of FA and DZ exist, for instance the Dynamic Camera, 

Moveable Weapon method (Afzoud, 2012). 

 
2
 non-diegetic: elements that do not exist in the game world (Peacocke et al., 2014) 

Figure 3: Fixed aim with a crosshair in the 

centre (Afzoud, 2012). 

 

Figure 4: Deadzone aiming. The red box 

represents area the point of aim can occupy 

without rotating the view (Afzoud, 2012). 
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2.3.3 Aiming Down Sights  

Aiming Down Sights (ADS) or Iron Sights 

is an additional layer of aiming mechanic 

added on top of the selected method where 

the player is given the option to aim using 

the weapon's built-in sights (Activision, 

2021; Afzoud, 2012). This mechanic can 

be used in conjunction with the FA or DZ 

method. The game Insurgency: Sandstorm 

(New World Interactive, 2018) uses DZ 

without a crosshair as their aiming method, but FA for their ADS mechanic. In games where 

ADS mechanics are available, shooting without using ADS is called Hip-Fire (Activision, 

2021). 

2.3.4 Precedent Conclusions  

Afzoud’s analysis discusses how the inclusion of the ADS mechanic affects pacing by using 

the Call of Duty (CoD) franchise as a standardised reference for FPS games utilising this 

mechanic. With the benefit of increased accuracy and control (Activision, 2021), as the player 

uses the ADS mechanic in CoD, their movement ability is limited by not allowing them to run, 

and if they’re walking the weapon will begin to sway heavily to the extent that it’s difficult to 

retain a visual of the target (Afzoud, 2012). Something worth mentioning is that newer iterations 

of the franchise may have balanced the sway mechanic while walking differently (Activision, 

2021). CoD is also utilising the FA method for both Hip-Fire and ADS. 

By observing replays of CoD matches and analysing empirical statistical data from an MDA 

standpoint, Afzoud concludes that the inclusion of ADS in this manner greatly affects the pace 

of FPS games. The result is a dynamic where players that have their sights up the fastest will 

have the advantage in PVP combat. It creates a stop-and-go type of gameplay, similar to that 

mentioned in GoldenEye 007, where players pre-emptively stop, wait, and aim at areas of 

expected enemy presence in order to gain this advantage, also known as Pre-Aiming (Afzoud, 

2012; Activision, 2021). The inevitable, and most likely desired dynamic of a mechanic that 

penalises the player whilst shooting on the move is that players will stand still when firing their 

weapon. However, the stop-and-go dynamic is perhaps less intentional, or preferable (Afzoud, 

2012). 

Figure 5: Aiming Down Sights (Wagar, 2016). 
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In contrast, the game Quake Live (id Software, 2010) – which is using the FA method without 

ADS mechanics and does not penalise the player for shooting on the move – was analysed using 

the same method. This illustrated a dramatic change in pacing, due to the dynamic of shooting 

on the move being core combat behaviour for players to avoid becoming an easy target. In 

Quake, players will constantly move, and the gameplay is fast and frantic (Afzoud, 2012). This 

study will utilise a similar method but focus on a different single mechanic, which is mentioned 

but hardly examined in Afzoud’s analysis, namely Spread. 

2.4 Defining Spread  

The mechanic this study will refer to as Spread is a shooting mechanic that directly affects the 

player's accuracy by skewing the trajectory of the projectile within a set angle offset from the 

point of aim. One can think of this as a projected cone extending outwards from the point of 

aim. Bullets or rays are then cast within this cone. It can be referenced to as Fire Spread, where 

it is implemented as a way of abstracting the effective range and inherent inaccuracy of real-

world weaponry defined by NATO standards (STANAG)3, and applied to the appropriate guns 

and rifles to balance their properties in-game (Holmes, 2017). In the FA method, it is used to 

simulate the expected accuracy of the weapon by abstracting both the increased inaccuracy of 

recoil during rapid fire, as well as the expected accuracy while moving and shooting 

simultaneously (Afzoud, 2012). In certain communities, the increased inaccuracy during rapid 

fire is called Bloom, in which case Spread is the inherent inaccuracy (Warcroft, 2018; Wagar, 

2018). The mechanic is sometimes visualised to the player by expanding the crosshair 

dynamically, as a way of informing the player of the expected inaccuracy they have at any given 

time (Afzoud, 2012; Warcroft, 2018). The Spread can be completely random by solely 

increasing the angle of the cone, or it can be deterministic so that it follows a certain pattern. 

Sometimes it is a combination of both, depending on what variable influences the mechanic. 

Which method being used is determined by the designer to suit the aesthetic goal of the game. 

For this study, Spread will be completely random, without bias. 

  

 
3
 STANAG: Standard North Atlantic Treaty Organisation Agreement 
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2.4.1 Inherent Spread  

Inherent Spread (IS) is what this study will refer to when speaking of what is previously 

mentioned as inherent inaccuracy. It is always present and outside of the player’s control. It 

will be constant regardless of standing still or jumping since it is connected to the weapons’ 

properties. IS is useful for putting a limit to how effective players can be with certain weapons 

at certain ranges. For instance, a designer may not want a pistol to be so accurate that a 

sufficiently skilled player is able to consistently hit accurate shots from great distances. 

2.4.2 Movement-Amplified Spread  

Movement-Amplified Spread (MAS) is what this study will refer to when speaking of the 

increasing spread that is applied to the weapon while the player is moving. Previously 

mentioned as the abstraction of the expected inaccuracy the player should experience as they 

move and shoot simultaneously. It grows or shrinks along with the player’s velocity, making 

shots taken while running or jumping less accurate than those made while standing still.  

For clarity, MAS applies spread to a player’s shots in proportion to that player’s velocity. With 

MAS, a moving player is inaccurate, but a player standing still is completely unaffected. 

2.4.3 Recoil-Amplified Spread  

Recoil-Amplified Spread (RAS) is what this study will refer to when speaking of the increasing 

spread that is applied to the weapon when the player is shooting. Previously mentioned as 

Bloom and the abstraction of increased inaccuracy during rapid fire. 

 

Figure 6: Here, Inherent Spread is applied to several shots aimed at the same point on the 

wall. As a consequence of spread, the bullets have landed in the area around the point of aim. 
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2.5 Randomness & Game Design  

Randomness, as it pertains to game design, can be split up into two different categories: input 

randomness and output randomness. Input randomness is defined as randomness which 

determines the preconditions of play, whereas output randomness determines the outcome of 

play (Burgun, 2014). 

A common example of input randomness is procedurally generated levels. The problem 

presented to the player is randomised, but how well this problem is solved is up to the skill of 

the player. Input randomness is often used to add variety to a game by allowing for a nearly 

endless number of problems to solve. 

On the other hand, output randomness determines the outcome of a player’s action. Using a die 

roll to determine the effectiveness of a player’s action is a prime example of output randomness, 

as the outcome of the player’s action is up to chance, rather than their skill.  

In this dichotomous model, spread as a mechanic, fits squarely in the category of output 

randomness, as the difference between hitting and missing a shot can often come down to luck. 

It has been argued that output randomness merely creates an illusion of depth that obscures the 

outcome, as you may have played perfectly and still lost due to bad luck (Burgun, 2014). 

Competitive players typically disfavour random mechanics of this nature, as they mean the 

outcome of a game can be determined by something other than skill alone (Van Vaals, 2017). 
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Methodology  

 

This empirical study follows the Experimental and Exploratory Research methodologies. Each 

participant will complete a test in a controlled environment in the form of an FPS target practice 

course several times, and we will periodically increase the present intensity of movement-

amplified spread in order to observe its effects on a number of dependent variables. We will 

thoroughly gather data from the performance of each participant and use it to create descriptive 

statistics. The resulting statistics from each test subject will be visualised with graphical 

representations to showcase specific data sets and relationships between them. 
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3.1 Experimental Research  

Experimental Research is a study that strictly adheres to scientific research design. It consists 

of a Hypothesis which is a prediction of the outcome of the study, an Independent Variable (IV) 

that is purposely manipulated by the researcher in either quantity (described in a numeric unit 

of measurement) or quality (described through characteristics or qualities), and a Dependent 

Variable (DV) that responds to the IV and can be measured, calculated, and compared by the 

researcher (Harland, 2011). For the purposes of experimental research in this study, a 

hypothesis will not be stated. However, the study will still be conducted in accordance with the 

framework. 

In this instance, the intensity of MAS constitutes the independent variable that is manipulated, 

and the dependent variables are the variables relating to the player’s performance. 

3.1.1 Control and Experimental Groups  

A Control Group (CG) is a group within the experiment that receives the same treatment as the 

Experimental Groups (EG) with the exception of any changes to the Independent Variable. Its 

purpose is to be what the Experimental Groups are compared to. For this study, the first three 

trials, which we will refer to as runs, will serve as the Control Groups as they will have no 

MAS. For every third run beyond those, MAS will increase as defined in Chart 1, further into 

the document. 

3.2 Exploratory Research  

Exploratory Research is a study which seeks to answer and/or explain a question or 

phenomenon. It tries to understand the relationship between an IV and a DV, where the nature 

of the DV is not exact prior to the start of the study. The relationship between the IV and the 

DV is recorded and observed holistically during the study. Upon completion, the study should 

clearly explain and describe the relationship between the IV and the DV (Harland, 2011). 

The exploratory aspect of our study aims to understand how MAS affects various data points 

related to how players move and shoot. 
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3.3 Experimental and Exploratory Research through the lens of the MDA Framework 

The MDA Framework’s purpose is described as an attempt to bridge game design and 

development, game criticism, and technical game research (Hunicke et al., 2004). In this vein, 

Experimental and Exploratory Research, and the MDA Framework within the context of this 

research will be parallelized, as they inherently complement one another and will be invaluable 

assets in understanding and analysing game mechanics from the perspective of the designer and 

the player. This study is about quantifying how different intensities of a mechanic affect 

gameplay dynamics. The gameplay dynamics are described by a multitude of dependent 

variables, therefore by experimenting and observing how these numbers change we can reason 

about how the mechanic affects the dynamics of play. 

3.4 Statistical Analysis of Data   

The analytical portion of this research will seek to describe and analyse the data collected during 

the run and survey phases through descriptive statistics and graphical representation methods. 

3.4.1 Descriptive Statistics   

Descriptive statistics are statistics that describe the most typical values and the variations that 

exist within a data set (Salkind, 2008). In other words, they represent the numerical data 

recorded as a result of the run. Descriptive statistics aid in determining and discussing what/if 

differences exist between experimental and control groups (Harland, 2011).  

The measure of central tendency, which is the one value of a quantitative data set that is most 

typical (Cothron et al., 2006), as a descriptive statistic will be used to describe the data collected. 

There are three types of central tendency - mode, which is the value that appears most often in 

a data set; arithmetic mean (average), which is a calculated value; and median, which is the 

middle value in a data set. This research however will mainly use arithmetic mean or averages 

to perform inferential statistics of data. The following formula will be used to perform average 

calculations: 

 

In this formula, ∑ x represents the sum of all the values within the data set and n represents 

the total number of values within the data set. 

Figure 7: Formula for calculating arithmetic mean of a set, also called average. 
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3.4.2 Graphical Representation  

Graphical representations are visual ways to represent raw data, descriptive statistics, or 

inferential statistics in order to highlight important findings from a research study (Harland, 

2011). There exists a plethora of methods for graphical representation. As such, the method will 

be specified in the section it is used to visualise a specific data set or relationship between data 

sets. 

3.5 Method Application  

This Experimental and Exploratory Research will be conducted in two stages - creating a 

controlled testing environment followed by conducting tests with test subjects within said 

controlled environment, from which quantitative data on the DVs will be gathered. The test will 

consist of one Control Group (CG) without the independent variable, and four Experimental 

Groups (EG) all consisting of three runs each. The IV or MAS will be manipulated in each of 

the four EGs to observe changes in dependent variables. The data gathered will be parsed and 

compiled into descriptive statistics and visualised with graphical representations. For 

exploratory purposes, upon completing the test each subject will complete a survey to help 

contextualise potential anomalies in the collected data and to infer correlations between 

behaviours and previous FPS game experience. 

 

Group CG EG1 EG2 EG3 EG4 

MAS (θ) 0 1.25 3 5 15 

 

Table 1 displays the first Control Group (CG) consisting of the first three runs with no MAS 

whereas the last Experimental Group (EG), consisting of runs 13 to 15 had MAS of 15 degrees. 

Table 1: MAS intensity for every Control- and Experimental group in degrees. 
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3.5.1 Controlled Environment  

 

The controlled environment will consist of a training course where test subjects will traverse 

from room to room with 22 static targets of predefined sizes appearing in various places and 

distances. In Unreal Engine 4 a distance unit is 

designed to correspond to 1 centimetre. In this 

study, when referring to a metre or centimetre one 

can think of this as 100 units or 1 unit respectively. 

Only one target will be visible at a time, and each 

target appears after the previous target has been hit 

(as per the numeric order in Figure 8). Targets can 

be approached and shot at from a close distance 

unless they are obstructed by a non-walkable area. 

The placement of the targets was designed to 

provide a variety of distances and angles to shoot 

from when taking the shortest route through the 

course. The layout is consistent for every run. 

The environment is divided up into sections using doors which open after each target in its room 

has been hit. This means that testers cannot progress to the next room until they have hit every 

target in their current room. The test begins when the tester presses the button in the starting 

area and ends when they press the button located in the final room of the course.  

Figure 9: Visual representation and 

scale of the targets in the test. 

 

Figure 8: An overhead view of the controlled environment with targets and areas labelled. 
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Prior to the first run, participants must complete a brief tutorial where they press a button and 

shoot at two targets which then opens a door to the test starting area. This is not recorded and 

merely serves to familiarise the player with the rules present in the experiment. 

3.5.2 Technical Implementations  

The test is implemented using the Fixed Aiming method, with a static crosshair in the middle 

of the screen with no Inherent Spread. Aiming Down Sights or Recoil mechanics such as RAS 

is not implemented. 

3.5.3 Spread Implementations  

When shooting, the bullet is instantiated in front of the camera, and its initial trajectory is 

pointed towards the view’s centre point. Without any spread, this means the bullet always lands 

where the crosshair is pointed. 

When applying spread, two random floating-point numbers between -1.0f and 1.0f are 

generated, one for pitch and one for yaw. The trajectory of the bullet is then rotated around its 

relative x and y axes by multiplying each axis' random float by the MAS intensity. This can be 

implemented with the pseudocode4 in Figure 10: 

void AddSpread(Bullet& bullet, float spread_intensity) 
{ 
 float random_x = Random(-1.0f, 1.0f); 
 float random_y = Random(-1.0f, 1.0f); 
 
 Bullet.AddXRotation(random_x * spread_intensity); 
 Bullet.AddYRotation(random_y * spread_intensity); 
} 

Since the two axes are independent, the area that the bullets can land can be projected within a 

square. We wanted the spread area to fit into a circle, and this discrepancy is due to an oversight. 

  

 
4
 Pseudocode is an artificial and informal language that helps programmers develop algorithms. 

Figure 10: Pseudocode illustrating our implementation of spread. 
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The implementation of spread that we should have used, with a circular spread-zone, would 

look something like this: 

void AddSpreadCircular(Bullet& bullet, float spread_intensity) 
{ 
   float rand_x = Random(-1.0f, 1.0f); 
   float rand_y = Random(-sqrt(1.0-(rand_x^2)), sqrt(1.0-(rand_x^2))); 
 
   Bullet.AddXRotation(random_x * spread_intensity); 
   Bullet.AddYRotation(random_y * spread_intensity); 
} 

This logic would constrain the spread-zone to a circle when projected onto a wall.  

3.5.3.1 MAS Implementation  

The logic above details how spread is added to a shot. Implementing movement-amplified 

spread means simply accounting for movement speed in some way when inputting the intensity 

of the spread into the function. 

In our case we rescale the magnitude of the player’s velocity to a range between 0.0f and 1.0f 

by dividing it by their maximum velocity (known prior). We then multiply this by another 

floating-point variable which determines the intensity of the MAS. To make the MAS more or 

less intense, we simply change the value of this variable.  

This pseudocode illustrates how we implemented MAS: 

void AddMovementAmplifiedSpread(Bullet& bullet, Player& player) 
{ 
   float speed_percent = player.velocity.normalized() / player.max_speed; 
   AddSpread(bullet, speed_percent * player.MAS_Intensity); 
} 

  

Figure 11: Pseudocode of a circular spread implementation. 

 

Figure 12: Pseudocode illustrating our implementation of MAS. Refers to Figure 10. 
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3.5.4 Player Controller  

Test subjects will navigate the controlled environment using the conventional M/KB layout, 

where the <WASD> keyboard keys will be used for locomotion in the forward, left, backward, 

and right directions respectively, as well as mouse input to control aiming and shooting. Players 

can adjust the mouse sensitivity to suit their preferences and invert the mouse’s vertical axis if 

they choose. Controls cannot be changed in the middle of a run as it would affect the data in an 

undesirable way. 

 

Figure 13: Conventional M/KB layout: <WASD> keys and mouse inputs. 

 

3.5.5 Heads-Up Display   

Figure 1 shows the heads-up display (HUD) present in the test. In the middle of the top of the 

screen, players can see how many runs they have completed out of a total 15. In the bottom left 

the elapsed time of the run is displayed. The timer increases during tests, showing testers how 

long they’ve spent to that point. The timer’s purpose is to encourage players to complete the 

runs quickly. During intermissions, players can see their mouse sensitivity, and whether they’ve 

inverted the mouse’s vertical axis. These settings cannot be adjusted during the run, to not have 

testers stop, adjust settings and potentially skew performance data. 
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3.5.6 Dependent Variables and Data Recording   

During the experiment, data will be recorded and saved to a YAML5 document and will be 

categorised for every run as well as for each individual target for each run.  

 

The Dependent Variable data that will be recorded includes:  

For each Run 

➢ Run number 

➢ Present amount of Spread 

➢ Time Spent per run 

➢ Shots fired 

➢ Shots missed 

➢ Shots taken while standing still 

○ Shots hit while standing still 

➢ Shots taken while moving 

○ Shots hit while moving 

➢ Accuracy 

○ While moving 

○ While standing still 

○ Overall 

For each Target in every Run 

➢ Run number 

➢ Target Number 

➢ Present amount of Spread 

➢ Time taken to hit target 

➢ Shots fired 

➢ Whether Subject was moving when 

they hit their shot 

➢ Trajectory distance of hitting shot 

➢ Positional coordinates of Subject 

when shot that hit was fired 

➢ Positional coordinates for each Target 

➢ The distance from centre of the target  

  

 
5
 YAML stands for Yet Another Markup Language and is a format for storing data in text files. 
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3.5.7 Survey   

The primary survey will serve as a guide and a survey. It will inform each subject on how to 

appropriately download and conduct the test. Upon completing the test, participants will be 

requested to complete the survey and upload the appropriate data folders. The survey will serve 

as the exploratory component of this research, with the aim of establishing potential correlations 

between behaviours shared among testers with similar experiences as well as making sure 

performance data is unbiased. It will consist of multiple-choice questions, covering several 

contemporarily relevant commercial FPS games. Test subjects will indicate the time invested 

into each game, ranging from 0 to 5000+ hours. Some games selected for the survey feature 

spread with varying degrees. By surveying personal experience playing the following games, 

we can infer and establish how familiar test subjects may be with spread as a mechanic. 

 

Figure 14: The form we had our testers fill out to survey their FPS experience.  
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3.5.7.1 Test Subjects  

Any person willing to participate in the study was given a link to download the build containing 

the controlled environment to conduct the test. Once the test is complete, they will be requested 

to upload or send the file containing the resulting raw data back to the researchers. 

Test subjects will be recruited through students from Campus Gotland, friends, family and 

following, former teammates from the competitive gaming community as well as word of 

mouth. 

3.5.8 Pilot Test  

A preliminary run was conducted prior to the start of the study to identify any potential outliers 

or anomalies in the first iteration of the final build of the controlled environment. Errors will be 

rectified if deemed to be disruptive to the test subjects’ experience and/or if unintended bias is 

observed in the resulting data. Test-subjects that participate in the Pilot Test will be disqualified 

from participating in the study, as to avoid bias resulting from experiencing multiple iterations 

of the run.  

3.6 Method Limitations  

Participants complete three runs of the course with each level of spread. This has the purpose 

of minimising noise in the data collected by familiarising test subjects with the controlled 

environment and its conditions. 

One variable that is not accounted for in the data is the participant’s skill and familiarity with 

the level’s layout. After several runs, testers may be able to memorise the location of each 

target. This could allow them to aim at each target immediately without having to look for it, 

which they need to do in the earlier runs where they don’t know where it appears. This may 

introduce bias to the data, particularly when comparing the first and last set of runs. 

However, it is expected that outlier data or outliers, which are data points that lie outside the 

data set and appear not to belong with that data set (Salkind 2008), will be introduced as a result 

of bias throughout the duration of the run. This is due to the expected progressive improvement 

of the skill level of test subjects with the completion of not only each CG but also each EG, as 

there is no IV that accounts for this limitation in this run. 
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As aforementioned, our test will be shallow in terms of its gameplay, consisting only of moving 

and shooting at static targets. For this reason, we cannot hope to understand spread’s effects on 

more complicated dynamics, such as those present in Player vs. Player (PVP) shooters.  

3.6.1 Potential Risks  

The obvious pitfalls during software development are crucial malfunctions (bugs) and time 

constraints. When using playtesters as subjects it is important to gain a wide audience to gather 

unbiased data, as well as an amount large enough so that individual data points are not affecting 

averages by a larger margin than what is reasonable. The primary survey will collect 

information on testers’ prior FPS experience to account for the risk of accumulating biased data 

and using more than 20 testers will provide enough variety in statistical performance data to 

conclude appropriate results. Worth remembering is that we have no way of validating the 

accuracy of survey results, but we will assume they are accurate. 

3.6.2 Ethical Considerations  

There are no major considerations of ethical concern. An email list created in early development 

of the experiment built up a reliable source of subjects. Testers that voluntarily signed up have 

shared their desired email address and name or alias using a separate survey. Optionally, they 

could include their Discord6 username to be invited to a dedicated server meant to provide 

troubleshooting or Q/A7. Once the test build was completed, an email was sent out with the 

primary survey that guided the testers to download, conduct the test, and upload the appropriate 

data folders. Upon the completion of the study, all subjects that had included their contact 

information were sent a finished copy before the email list was deleted. No personal information 

related to gender, age, or similar variables have been asked for, nor of interest to this experiment 

apart from prior experience with FPS games. 

 
6
 Discord: An online messaging and VoIP platform. 

7
 Q/A: Questions and Answers. 



 

27 

 

 

 

 

 

 

 

 

 

Results & Analysis  

 

 

 

From 28 participants, the test resulted in 420 run data sets totalling 5260 data points, as well as 

9240 target data sets totalling 92400 data points. In this section we compile this data into 

diagrams, charts, and heatmaps to visualise the relevant occurrences and dynamical changes 

and how changes in MAS affected each dependent variable, inferring tester performance. 
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Research Question: “What changes to gameplay dynamics can be observed between different 

intensities of the Movement-Amplified Spread mechanic in a First-Person Shooter?” 

 

4.1 Pilot Test  

After having conducted a pilot test with two external and one internal tester, two critical issues 

were found. 

The most crucial problem observed was one where the weapon would not fire on input in certain 

situations. This resulted in players missing shots that they initially had anticipated to hit. The 

observable dynamic consisted of players turning away from the target they had thought to have 

hit, only to realise it is not yet eliminated, preventing them from progressing into the next 

section of the test. Upon realising this, they would have to stop, turn towards the target once 

more, and then fire. This skewed the proportion of shots taken on the move to shots taken while 

standing still. The origin of the problem was found to be related to mouse cursor movement 

being outside of the program's boundaries in the background while playing. The solution was 

to fixate cursor movement to the centre of the screen as the test was being conducted.  

The second problem found was related to data gathering. As players utilised rapid fire to 

complete each run, there was a chance of hitting the same target multiple times before the target 

had disappeared. Consequently, data points were written onto the following target in the 

sequence, resulting in data files consisting of more targets than existed in the build, skewing 

the overall averages. Since target location is unique to each target and also stored in the data 

file to counter this potential problem, multiples of the same target could easily be removed 

without manipulating the correct data. Therefore, additional tests were not necessary, and the 

problem could easily be solved retroactively, using the same program used to sort the data 

without making a brand-new build of the test.  
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4.2 Survey Results  

The results from the survey that asked, “What First-Person Shooter (FPS) games have you 

played and how many hours experience do you have for said game?” were compiled into the 

following bar graph: 

 

 

Figure 15 showcases the distribution of tester subject experiences over a wide variety of FPS 

games. Other games mentioned by testers (referred to as “Other…”) included Fortnite (Epic 

Games, 2017) and PlayerUnknown's Battlegrounds (PUBG Corporation, 2017), among many 

others. 

One can see that subject experience is distributed fairly evenly, indicating that the collection of 

biased data is negated and considered viable for analysis. 

 

 

  

Figure 15: The reported playtime on the games we surveyed across all testers. These are the 

compiled results of the Survey in Figure 14. 
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4.3 Test Results  

For this section, data gathered in a YAML format has been converted to CSV8 files and analysed 

in Microsoft Excel9. Statistics have then been compiled into charts, diagrams, and heatmaps in 

order to efficiently present the accumulated results. 

Figure 16 displays the amount of Movement-Amplified Spread that is implemented by an angle 

of degrees for each run. The first Control Group (CG) consisting of the first three runs had no 

MAS whereas the last Experimental Group (EG), consisting of runs 13-15 had a MAS of 15 

degrees. 

  

 
8
 CSV stands for Comma-Separated Values and is a native format that Microsoft Excel Supports. 

9
 Excel is a software developed by Microsoft that features computation, calculation and graphing tools. 

Figure 16: MAS intensity across runs. A graphic representation of Table 1. 
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4.3.1 Test Run Averages  

Gathered data that was unmistakably correlated to increasing MAS was the amount of 

stationary hits that subjects performed, meaning the number of shots they hit while standing 

still. All charts within this section are based on averages for all participants. 

Figure 17 shows that the number of landed shots taken while standing still consistently 

decreases up until run 7 (EG 2) where MAS is increased to 3 degrees, after which the amount 

of successful hits while standing increases in correlation with each increase in MAS. This 

should logically correlate to more time spent since subjects would have to stop to achieve this. 

Figure 17: Line graph of average number of targets hit while standing still per run. 

Figure 18: Line graph showing each run's average completion time. 
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Figure 18 illustrates that time spent completing each run decreases for the first 6 runs and starts 

increasing with each increase of MAS beyond EG 2 (run 6). 

Similarly, Figure 19 displays correlation with an initial positive increase up until EG 2, and 

beyond run 7 one can see a negative trend in the proportion of total shots taken while moving. 

For the last experimental group, subjects adjusted to an average of 36%. 

4.3.2 Accuracy  

One of the anticipated findings of the study includes a difference in test subject accuracy as 

they progress through each of the runs. 

Figure 19: Line graph of average percentage of shots taken while moving per run. 

Figure 20: Line graph of number of shots per run and minimum required shots. 



 

33 

Figure 20 displays that during the Control Group and the first EG the total number of shots 

stayed relatively consistent, but beyond EG2 subjects began to shoot more. Worth noticing is 

the decline in shots in EG4. The blue line represents the minimum number of shots required. 

An increase in shots fired correlates logically with a decrease in tester accuracy. Below follows 

a chart displaying the average accuracy performed. 

Figure 21 displays both Standing and Moving accuracy. It is worth remembering that standing 

accuracy is a variable that is not manipulated, and the results show a consistent trend throughout 

all tests except for EG4, where standing hits doubled from the previous EG. It displays an 

increasing and consistent moving accuracy throughout runs 1-6. With the increase of MAS to 

3 degrees (EG3), moving accuracy immediately began plummeting to 7% with EG4. 

 

  

Figure 21: Average moving accuracy and average standing accuracy for every run. 
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4.3.3 Case Studies  

Though averages may indicate broader patterns, we observed that some players differed 

dramatically in their statistics. Here we will showcase and compare the statistics of players at 

the statistical extremes alongside the median player. The variable we will be examining the 

extremes of is the number of total shots fired. The median player was the player with the median 

number of shots fired. We noticed that the player with the highest number of total shots was 

one of the two players who had reportedly had 5000+ hours of experience playing CS:GO. For 

exploratory purposes we will also include the other player with this reported playtime. Finally, 

note that all players remain the same throughout this section. 

Figure 22 shows the shots fired across all four players on each run. The tester who fired the 

most overall did so consistently throughout, with no strong correlation to MAS intensity. The 

player who fired the least overall remained accurate throughout. The second player with 5000+ 

hours of experience playing CS:GO fired increasingly for each experimental group, strongly 

correlated to the MAS intensity.  

Figure 22: Total number of shots fired per run across a selection of specific testers. 
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Figure 23 shows the percentage of shots fired while moving.  The player with the fewest shots 

fired shows a strong negative correlation between percentage of shots fired while moving and 

MAS intensity. The median and the overall average player followed this trend but with a weaker 

correlation. Both players with 5000+ hours of experience playing CS:GO fired the majority of 

their shots while moving throughout. 

Figure 24 shows the time each run took for each player. The player with the fewest shots fired 

performed consistently after experimental group 1, finishing each run in around 50 seconds. 

This player was slightly slower than average most of the time. The median player was usually 

Figure 23: Percentage of shots taken while moving for every run of every surveyed tester 

Figure 24: Completion time of each run across the surveyed testers. 
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slightly faster than the overall average. The two CS:GO players were the fastest the majority of 

the time, though their times fluctuated. 

 

Figure 25 shows how many targets were hit while standing still for each run. Since there are 

22 targets in a run, having 22 standing hits means that every target was hit while standing still. 

Unlike Figure 22, this chart only accounts for the shots that hit a target. 

 

All players examined hit most targets while moving, when playing with no MAS. The player 

with the fewest shots fired began stopping before hitting their mark most of the time during 

experimental group two. The average player also stopped at a greater frequency as the MAS 

increased, but more gradually and starting in experimental group four. The player with the 

largest number of shots fired only began stopping to hit their mark in the final experimental 

group, and the second CS:GO player seemed indifferent to MAS. 

 

 

 

Figure 25: Number of targets hit while standing still per run for each surveyed tester. 
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4.3.4 Target Data Results  

Figure 26 showcases the average distance from which each target was hit across all runs 

recorded. The data suggests that there is a slight negative correlation between spread and 

average distance of engagement. 

Figure 27 shows how close to the centre each target was hit, on average, per run. The graph 

suggests a weak correlation between MAS intensity and hitting at a greater distance from the 

centre. 

Figure 26: Average distance targets were hit from in each run. 

Figure 27: The average distance all hits were from the centre of each target, for each run. 
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Figure 28 shows the average distance Target 3 and Target 13 was hit from across all runs. This 

graph suggests players engaged with Target 3 from a fairly consistent distance from run 4–13 

but engaged at closer ranges when MAS was most intense and omitted entirely. For Target 13 

there is a weak downward trend, so players hit the target from slightly closer with higher MAS 

on average. In the last three experimental groups, players hit the target from a little bit further 

away on average for each consecutive run with the same amount of spread. 

Figure 29 shows that there is no significant change in average engagement distance for 

Targets 5, 11 and 21 across all intensities of MAS. 

Graph 10 Figure 28: Average distance targets 3 and 13 were hit from across all runs. 

Figure 29: Average distance targets 5, 11, and 21 were hit from across each run. 
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4.3.4 Visualisation of Target Results  

As average distance alone does not tell the full narrative of how testers have engaged with 

targets, additional data on the position from where testers’ shots hit each target was gathered to 

plot the following Heatmaps. 

 

 

Figure 30 visually represents the engagement positions for every target across control and 

experimental groups, plotted as a dotted density heatmap. The colour of the cluster of dots 

becomes warmer the higher the density of dots in the same position, following the colour 

spectrum displayed in the figure.  

With reference to previously selected targets shown in Figure 28 and 29, targets , , 

, and  have all been selected and highlighted within each Heatmap. Target  

displayed an equal trend to target  and  throughout the Control and Experimental 

Groups. However, due to visual overlap with target , target  and its plot data have for 

purposes of discernment not been highlighted or displayed in the following figures. 

 

 

 

 

Figure 11 Figure 30: Heatmap plotting the positions each target was hit from, across all runs. 
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Figure 31: Heatmap plotting the positions from which targets 3, 5, 13, and 21 were hit, in the 

Control Group. 

Figure 32: Heatmap plotting the positions from which targets 3, 5, 13 and 21 were hit from in 

the Experimental Group 1. 



 

41 

 

 

 

 

 

 

 

Figure 33: Heatmap plotting the positions from which targets 3, 5, 13 and 21 were hit from in 

the Experimental Group 2. 

Figure 34: Heatmap plotting the positions from which targets 3, 5, 13 and 21 were hit from in 

the Experimental Group 3. 
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Figure 35: Heatmap plotting the positions from which targets 3, 5, 13 and 21 were hit from in 

the Experimental Group 4. 
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4.3.5 Heatmap Analysis  

Figures 31 through 35 showcase the positions from which targets , ,  and  

were hit. The sequence of Heatmaps shows the change in tester positions over runs, in 

conjunction with an increase in spread. 

Target  doesn’t showcase any clear trend associated with an increased spread. Target  

is the middle target in the first circular room. In the control group, most shots on this target 

were hit from the first half of the traversable semicircle. As spread increased, this distribution 

became more even. In the final experimental group, hits on target  covered the entire 

semicircle. 

Target  shows that with each successive experimental group it was hit from a closer 

distance by a subset of the testers. The final figure showcases how some players hit the target 

from the preceding circular room, whereas others approached the target and hit it from a short 

range. 

Target  shows a similar trend to target . In the control, the target was hit primarily 

from the initial portion of the traversable semicircle, and in the final experimental group we can 

observe some amount of hits across the entire area. 
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Discussion  

 

 

This section will discuss the data recorded during the test and analysed thereafter to identify 

meaningful and noteworthy observations, correlations, inferences, insights, and patterns in 

relation to this research’s overarching themes of FPS mechanics. Theories and methods outlined 

within the respective sections will be used as frameworks to support the discussions. 
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5.1 Effective Range 

One of the common reasons for implementing spread to a shooter game is to balance certain 

weapons’ accuracy to their real-life effective ranges (Holmes, 2017). In this study, we have 

described this as a weapon’s inherent spread. MAS can be viewed from a similar perspective 

when players move and shoot simultaneously. The weapon’s effective range while moving is 

then bound to the applied MAS. Using the same formula as Holmes does for calculating this 

distance, for a target the size of what is used in the experiment, we get Table 2 (Holmes, 2017, 

p. 47). According to the STANAG, effective range implies that the weapon has an effectiveness 

of hitting its target at that range 50% of the time (Holmes, 2017). In this study the effective 

range describes the distance from which a hit is guaranteed. 

This implies that if the player is aiming at the centre of the target, all shots will land within its 

area. In Table 2, the Effective Range 1  (Figure 37) corresponds to what the effective 

range would’ve been if a circular spread had been implemented. Note that beyond the effective 

range the probability of hitting the target decreases gradually; a shot taken from just outside the 

effective range may have an overwhelming probability of landing. Also note that these distances 

assume testers to have perfect aim. 

 

Circular MAS (θ) 1.25° 3° 5° 15° 

Effective Range 1 (cm) 4033 1679 1006 328 

 

However, since the implemented MAS for this experiment is square, we must take this into 

consideration.   

Table 2: Effective ranges of varying intensities of circular spread. 
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5.1.1 Squared Spread 

When projected onto a wall using our implementation 

of spread, bullets can land anywhere within a square 

area. If we were to use the distances in Table 2, we 

would find the distance at which bullets would land 

within the red outer box of Figure 36. Note that this 

doesn’t give us the effective range, since bullets could 

still land in the corners of this box, outside of the 

target’s area and therefore miss. Instead, we must find 

the effective range to a target that when projected onto 

the same wall corresponds to the green square, within 

the target’s area. See Figure 37. 

 

 

 

 

Figure 36: Illustrating the 

proportional difference between 

square spread for each effective 

range as shown in Table 2 & 3. 

Figure 37: Visual illustration of the target representing the green square, when projected 

onto the same wall as the red. The difference between the two squares corresponds 

proportionally to the difference between the Effective Ranges,  and . 
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This is simply calculated by comparing the proportional difference of the hypotenuse between 

the red and green squares displayed in Figure 36. By using the Pythagorean Theorem and a 

little bit of trigonometry, the proportional difference between the red and green squares is 
𝟏

√𝟐
≈

 𝟎. 𝟕𝟎𝟕𝟏, as shown in Figure 38, which corresponds to an equivalent proportional difference 

of the effective ranges and results in  approximately 30% shorter than . 

 

Squared MAS (θ) 1.25° 3° 5° 15° 

Effective Range 2 (cm) 2851 1187 711 232 

 

Worth noting is that this generates an allowed margin of error because the target area is now 

slightly bigger than the projected square. For this study, we ignore this difference.  

Table 3: Effective ranges of varying intensities of squared spread. 

Figure 38: Geometric illustration further explaining how the 

effective range corresponds proportionally to the difference of the 

two projected squares in Figure 36 and 37.   



 

48 

5.1.2 Implications of Effective Range 

Given the actual values of  and by viewing Figure 26 describing the overall average 

distance of all targets hit, one can see that the effective range with MAS equal to 1.25° in 

Experimental Group 1 greatly exceeds that distance. In the controlled environment, there are 

only two targets that have been recorded being hit from a distance greater than this, namely 

Target  and Target . Looking at Figure 17 one can see that the average number of 

shots hit while standing still settles to 2 with run 6, which in turn seems to correlate well to the 

effective range. The total amount of shots settles at around 28 shots, 6 more shots than the 

minimal amount required to complete the course. 

As MAS increases to 3° with EG2 the effective range decreases to 1187 cm (11.87 m). The 

overall average distance of targets hit throughout EG2, beginning with run 7, exceeds the 

effective range and therefore the number of shots fired displayed in Figure 20, and shots hit 

while standing still displayed in Figure 17, increases to an average of 44 (22 more shots than 

the minimal requirement) and 6 respectively. There are now 13 targets which have an average 

distance hit that exceeds the effective range, and the implications of MAS now seem to have a 

dynamical influence on player performance. 

With MAS at 15°, the effective range becomes 232 cm (2.32 m), which is much shorter than all 

of the average distances, and the dynamic influence is now obvious with an average number of 

shots hit while standing still settling on 18/22 as well as 79 average number of total shots. What 

is interesting is how the total number of shots actually decreased with the last two runs. It seems 

that the increase in MAS reached a threshold where testers realised that rapid fire on the move 

is no longer as effective and perhaps redundant to the extent that the average total number of 

shots decreased by 21 shots from runs 13-15.  

5.2 Player Priorities 

When looking at the case studies, it seems as though different test participants cared about 

optimising different aspects of their gameplay experience. As an example, the player who fired 

the fewest shots overall had a very high accuracy but finished the course slower than average 

as a consequence. The players who fired the most shots ended up finishing the fastest of those 

we examined. It seems to be the case that the former wanted to optimise for accuracy, and the 

latter for time. The average player would fall somewhere between these two. 
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5.2.1 Accurate Players 

The analysis of test data revealed an emerging pattern in player behaviour. We observed that as 

MAS increased, players increasingly stood still to hit their shots (See Figure 17 and 19). This 

seems to make sense, since as MAS increases, the effective range while moving decreases, 

while the effective range while standing still remains unbounded, in theory. To reliably hit the 

target, the player had to either move within the effective range or stand still. Players became 

increasingly more inclined to stop to hit their targets as MAS increased, which encouraged stop-

and-go gameplay (Afzoud 2012). Players who wished to maintain high accuracy needed to stop 

before firing at the target, unless they were within the weapon’s effective range. 

5.2.2 Rapid Fire 

Punishing the player for moving creates a stop-and-go dynamic (Afzoud, 2012). We observed 

that players on average tended toward stop-and-go gameplay as MAS increased. This wasn’t 

always the case, since some of those who were fastest in completing the course were moving 

constantly. In our case, we attribute this to two factors: 

➢ No restriction on, or punishment for shooting 

➢ Lack of time sensitivity 

In the test, testers could shoot as much as they wanted to, as there was no punishment for doing 

so. Moreover, they were able to shoot as quickly as they could click, with no consequence for 

utilising rapid fire. In the interest of time, it makes sense to run and shoot as fast as you can, 

hoping to get lucky. In case the tester did get lucky and still hit their target, they will have 

wasted no time since they never needed to stop. This can be observed in the Heatmaps in 

Figures 32-35. 

A necessity to reload would be an example of a way to counter this behaviour, as you would be 

losing time having to wait to reload if the window of opportunity to do so negates this. In this 

scenario, accuracy would play a bigger role in your time since more accurate players wouldn’t 

need to reload as often, saving time. Another mechanic that could be used to counter this 

spamming behaviour would be the inclusion of either RAS or deterministic recoil patterns. This 

would make players less accurate when firing at high frequencies. This would also reward 

players for firing less excessively by making them more accurate. 
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In the test, not hitting your target immediately doesn’t necessarily equate to a time-loss. If a 

player takes the shortest path through a room and doesn’t stop at all, that is the minimum amount 

of time, or the window of opportunity of which that room can take to complete. If the player 

follows this optimal route and clears each target on the way, they will have lost no time, even 

if they hit the last target in the very last second. For this reason, the fastest strategy would be to 

take the shortest route and hope to hit every target on the way without stopping. The higher the 

spread, the more luck this requires. This may explain why the player who stopped most often 

before shooting had the most consistent run times among all the players examined (See Figure 

24 and 25): their outcome was the least determined by output randomness (Burgun, 2014).  

If the player were rewarded in some way for hitting targets as soon as they appeared or by 

hitting the target closer to its centre, this could further incentivise stopping before hitting each 

target. 

5.3 Tester Awareness 

Throughout the discussion and analysis of the results there has been a vague assumption that 

tester understanding of the test is reliably accurate to its designed intentions. However, there is 

nothing indicating that MAS is effectively present unless the tester notices that their shots are 

being skewed. There is also no indicator that stopping implies that the shots will become more 

accurate unless they find out by doing so. Since the test has implemented the Fixed Aiming 

(FA) method with projectiles being instantiated in front of the camera towards a static crosshair, 

the point of aim from the projected weapon itself is irrelevant to shooting mechanics. This can 

diegetically confuse the tester if the weapon is misaligned with the crosshair as an intuitive 

understanding would suggest the bullet to be fired from the weapon itself. This is intentionally 

designed to emphasise the importance of the crosshair rather than the weapon as testers take 

aim. Spread is meant to abstract the increased inaccuracy of shooting on the move (Afzoud, 

2012) but there is no implementation to inform the player of this mechanic except for the 

ballistic trajectory of the projectiles themselves.  

Since the control group technically conditioned testers that moving and shooting targets is the 

way to approach each run, their realisation of stopping to become more accurate is therefore 

perhaps not completely as accurate as it could have been. Similarly, since one of the only 

elements in the HUD was a timer, testers could possibly have valued their time spent over 

anything else, and in return completely foregone the mechanics at play. However, this was 
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intentionally designed to incentivise testers to maintain agency and a consistent pace throughout 

the entire test. 

5.4 Applying the MDA Framework 

We’ve touched upon the emergent dynamics which players displayed in their performances of 

the test. Here we will further explore these dynamics and their mechanical causes as well as 

speculating on the aesthetics that they could facilitate, and methods for reinforcing them. 

MDA stands for Mechanics, Dynamics and Aesthetics as previously mentioned in the 

background section of this thesis. It is a way of viewing the correlation between the underlying 

processes and their effective outputs in games (Afzoud, 2012).  In short it describes the 

relationship between mechanics, the actions of which control the game world, through the 

dynamics, the effects of said actions, to its aesthetics, the output in terms of feelings that the 

player experiences. By observing this study through the lens of this framework one should gain 

an understanding for how changing the core mechanical rules produces a rippling effect 

throughout the overall gameplay and its perceived experience. 

During the control group when the spread mechanic is not yet implemented, the testers are not 

penalised by shooting on the move and the gameplay is fast and their pacing consistent with the 

testers own ability being their only restriction. 

5.4.1 Implementing the Spread Mechanic 

The Movement-Amplified Spread (MAS) mechanic is implemented into the game to abstract 

increased inaccuracy. As players move, their shots will now be skewed randomly within a cone 

projected from their point of aim. 

5.4.2 Emergent Dynamics  

As MAS is now affecting the tester’s accuracy, the effective range is now directly correlated to 

its change and tester’s own ability is no longer the only restriction. Testers compensate for this 

by moving within the effective range, shooting more in the hopes of getting lucky or stopping 

to gain accuracy. The pacing is now dynamically adjusted to the corresponding inaccuracy and 

tester priorities become more pronounced. 
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5.4.3 Experienced Aesthetics 

Tester behaviour and priorities now dictates the gameplay depending on what their objective 

is. Do they value moving from A to B the quickest? Then shooting more while moving in hopes 

to get lucky is the desirable outcome. Do they value their accuracy? Then stopping to gain the 

increased accuracy is a more prominent strategy. It is up to the game designer to decide which 

of the two objectives is the most important within the game they’re designing. Perhaps the 

spread mechanic would achieve an appropriate aesthetic experience suitable for a fire 

extinguisher in a firefighter game, as water could technically be implemented as an abundance 

of small projectiles sprayed in a cone from its hose. 

5.5 Discussing the Dynamics of Shooting on the Move  

Dynamics of shooting on the move were blatantly present in the control group with no spread 

as well as in the first experimental group. A complete absence of MAS meant no tangible 

advantage to stopping, so players hardly stopped moving at all, running all the way, shooting 

as they went. Moreover, there was no tangible disadvantage to shooting constantly, so certain 

players did just that, though it may have been strenuous on their fingers to click excessively. 

Afzoud associates this dynamic with fast and frantic gameplay, facilitating action-packed, 

exciting aesthetics (Afzoud, 2012).  

We speculate that this dynamic can be reinforced by allowing for different movement-options 

and automatic weaponry. If constant movement and shooting is your goal, these inclusions 

along with MAS should encourage these behaviours, as they would make it easier for the player 

to exploit the lack of penalties for moving and shooting respectively. 

5.5.1 Various Degrees of the Stop-and-Go Dynamic 

As MAS increased, players began stopping before taking their shots. This trend became more 

pronounced the higher the MAS intensity became. This was due to their effective range while 

moving becoming smaller (see Table 3). Small amounts of MAS may allow for effective 

shooting on the move at shorter distances but necessitate stopping for accurately hitting distant 

targets, due to the effective range only encompassing close quarters. 

Large amounts of MAS greatly punish the player for trying to move and shoot in almost any 

situation as it affects their accuracy so dramatically. In games where winning and losing can 

come down to the outcome of a single second, moving becomes a risk. If you run into danger, 
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you may be rendered unable to fire back with any guarantees of hitting your target in that 

crucial, game-deciding moment. Depending on the surrounding game, high MAS may give rise 

to a multitude of different dynamics. 

High MAS favours the player who doesn’t move. Holding angles means maintaining the point 

of aim centred on the point an opponent would need to enter in order to shoot you, essentially 

waiting for your opponent to line up with your crosshair (Afzoud, 2012). In a multiplayer game, 

any player attempting to enter a doorway which is held by another player would be at a distinct 

disadvantage since they would be inaccurate as they make their way through, and the player 

holding the angle would be ready to accurately fire at them immediately. Attacking players 

would be required to develop complicated tactics and utilise other mechanics available (Afzoud, 

2012), even in situations as seemingly simple as going through a doorway. 

High MAS may lend itself to slower-paced, tactical shooters, where every move is calculated 

and intentional, if there should be consequences for recklessness. 

Depending on the objective of the game, camping may become a dominant strategy10. Camping 

is passive gameplay behaviour centred around waiting for your opponent at a strategic point, 

typically concealed, and killing them when they arrive. Since the camper is stationary and the 

other player is moving when entering the area of interest, the camper is given the accuracy 

advantage between the time the entering player is moving and has stopped, which could be the 

deciding moment, enforcing a stop-and-go dynamic previously examined in Afzoud’s analysis. 

 

  

 
10

 In game theory, a dominant Strategy refers to a situation where a player has superior tactics regardless of how 

their opponent may play. 
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Conclusion  

 

Movement-amplified spread (MAS) is a first-person shooter mechanic which makes moving 

players less accurate than those standing still. This study was conducted with the purpose of 

understanding how different intensities of this mechanic affects gameplay dynamics in a First-

Person Shooter. 

In this section we summarise the meaningful points made in the discussion and provide an 

answer to our research question. 
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Research Question: “What changes to gameplay dynamics can be observed between different 

intensities of the Movement-Amplified Spread mechanic in a First-Person Shooter?” 

6.1 Key Insights 

The results show that the mechanic of movement-amplified spread has the power to 

significantly affect the dynamics of play in a first-person shooter. A few lines of code, such as 

those shown in Figures 10-12, are enough to drastically change how players are naturally 

inclined to play a game.  

As the intensity of movement-amplified spread increased in our test, we noticed that the game 

dynamics changed in three ways: 

➢ Testers increasingly stopped before shooting 

➢ Testers fired more shots 

➢ Testers shot from a closer distance 

These changes in dynamics became increasingly pronounced in correlation to the intensity of 

movement-amplified spread. However, different individuals applied these adaptations to 

different degrees, and we believe this to be caused by testers prioritising different performance 

measurements; some participants seemed keen on missing as few shots as possible, whereas 

others prioritised time with little regard for accuracy.  

We speculate that the different behaviours we observed could be encouraged or discouraged by 

the addition of further mechanics leading players into behaving in a certain way. We suspect 

that the dynamic influence of MAS is dependent on the context of the game it is being added 

to.  

6.2 Suggestions for Future Research 

Our implementation of spread was square-shaped, and it would be interesting to redo the study 

with a circular implementation of spread to observe to what extent the shape of the spread 

affected the data and the behaviour of the players. Beyond this, different ways of calculating 

spread exist as well, such as ones which make bullets more biased toward the point of aim, as 

opposed to the completely unbiased randomness we favoured for our implementation. Studying 

these different nuances could facilitate a deeper understanding of spread’s dynamical 

influences.  
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We opted to not implement a dynamic crosshair, a common tool used to communicate spread’s 

intensity to the player at any given time by growing and shrinking the crosshair’s size in 

accordance with the current spread intensity present. A dynamic crosshair would have served 

to make the mechanic of spread more intuitive to the player, and it would be interesting to see 

to what extent this addition would influence gameplay. 

This study was an in-depth analysis of the specific mechanic of movement-amplified spread 

and understanding its effects on gameplay. Analogues to this study don’t seem to exist for other 

individual FPS mechanics. It would be interesting to see a similar study comparing how players 

behave when playing with fixed aim mechanics versus free aim mechanics, for example. The 

sum of several mechanic-specific studies could provide a holistic understanding of the core 

mechanics of first-person shooters and the consequences of each part of the puzzle. This would 

aid first-person shooter designers in making intentional design decisions to make the game they 

want.  

In the context of competitive first-person shooters, it has been argued that spread mechanics are 

fundamentally flawed (Wagar, 2018; Grimshaw, 2021). As spread of any kind adds an element 

of output randomness, players who get unlucky may feel cheated if they believe the better player 

should always win (Burgun, 2014; Van Vaals, 2017). Other non-random methods of balancing 

moving while shooting may be worth investigating for this reason. Perhaps an alternative new 

convention has yet to be explored. 

Finally, it can be argued that spread is unintuitive to those unfamiliar with it, due to its non-

diegetic design. After all, if the gun is pointed at the middle of the screen and the bullets scatter 

chaotically, there’s not necessarily any indication as to what might be causing the bullets to do 

so. It’s unknown what portion of our testers understood the MAS mechanic present in our test 

and consciously adapted to it; we can only speculate. Further research would be necessary to 

understand if or how players come to understand different kinds spread if they aren’t already 

familiar with them. 
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Appendix 

 

For access to research files and gathered data, playable test build as well as project source 

code, or if there are any other inquiries, feel free to contact us. 

 

Contact Information:  

 

Daniel Burt 

➢ E-mail: daniel.burt2000@gmail.com 

➢ LinkedIn: www.linkedin.com/in/daniel-burt  

 

 

George Eriksson 

➢ E-mail: eriksson.george@hotmail.com or  

maxgeorgehelmer@gmail.com  

➢ LinkedIn: www.linkedin.com/in/georgeeriksson/ 

 

Valentyn Lyevyentsov 

➢ E-mail: valentyn.lyevyentsov@gmail.com  

➢ LinkedIn: www.linkedin.com/in/valentynlyevyentsov/ 

➢ ArtStation: www.artstation.com/valentyn_l 


