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Abstract  

Communicating design is in many aspects a difficult process. Game design is not only directives 

on look and feel, but also carries intentionality. To properly convey intentionality, a common 

abstract vocabulary is a well-established method for expressing design. Game design patterns are 

an attempt to formalize and establish such a vocabulary. Game design patterns are a debated tool 

and this paper aims to examine the practical application of a pattern through a quantitative study 

in order to strengthen the potential for a more cohesive definition of the term. This is done by 

first establishing a game design pattern through observation of RTS games. The pattern is then 

studied through implementation in three commercial RTS games. The results focus on 

quantitative data gathered from AI vs AI matches related to game pacing. Through testing and 

analysis of the AI matches it can be stated that game design patterns in a contextualized setting 

supports the idea of using game design patterns as a formal tool. It was further concluded that the 

AI also came with limitations in how the collected data is applicable to the overall design of the 

games. Additional studies using quantitative data in conjunction with qualitative observations 

could lend further support to game design patterns as a useful tool for both researchers and 

developers.   

 

Keywords: Game Design Patterns, Game Design, Real Time Strategy Games, RTS, AI, Level 

Design.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Abstrakt 

Kommunikation av design är i många avseenden en invecklad process. Design av spel innebär 

inte enbart riktlinjer för utseende och känsla, utan också intentionalitet. En beprövad metod för 

att uttrycka design och intentionalitet är skapandet av ett gemensamt vokabulär. Game design 

patterns är ett försök att upprätta och formalisera just ett sådant vokabulär inom speldesign. Game 

design patterns är ett debatterat verktyg och detta arbetet ämnar undersöka den praktiska 

tillämpningen av ett pattern genom en kvantitativ studie för att stärka potentialen för en mer 

sammanhängande definition av termen. Detta utförs genom att först etablera ett game design 

pattern med hjälp av observation av RTS-spel. Sedan studeras det genom implementation i tre 

kommersiella RTS-spel. Resultatet fokuseras på kvantitativ data relaterat till pacing som insamlas 

från matcher mellan två AI. Genom analys av AI-matcherna kan det anses att game design 

pattern i en kontextualiserad inramning stöder teorin att använda design patterns som ett formellt 

designverktyg. Vidare drogs slutsatsen att användandet av AI också innebär begränsningar i hur 

tillämplig den insamlade datan är i den övergripande designen av spel. Fler studier med 

kvantitativ data ihop med kvalitativa observationer kan ytterligare stödja idén om game design 

pattern som ett användbart verktyg för både forskare och utvecklare inom spel.     
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1 Introduction 

Many who work with creating games do this in teams. Teams require communication, and for 

this to be truly effective a common language is needed. This language exists and grows 

organically, molded by those who use it. This phenomenon is not solely apparent in game 

development and virtually all design fields experience it. In the field of game development, both 

artists and programmers have had clear methods and practices to support their work, and formal 

languages to communicate their ideas. A formal language which game designers have been 

lacking. Designers have had to make due with personal experience and interpersonal relations in 

order to formalize their ideas.  

Church (1999) pointed out this lack of formal tools and common vocabulary in game design, and 

since then, a plethora of new tools have been proposed. When trying to establish a formal 

methodology, one place to start is to see what methods are used in other fields and how they are 

applied. This is how design patterns came to be. Design patterns originated as a tool for 

architects to help identify solutions to common problems in the design of buildings and places. 

Design patterns were then modified and adapted by the software industry. The idea to use design 

patterns as a tool not only for programming, but also for game design was subsequently proposed 

by Kreimeier (2002). It is important to note that game design patterns are recurring gameplay 

elements, not to be confused with programming patterns. Gameplay is used to refer to the 

complex behaviors that can emerge from simple rules set by the designer (Juul 2002).  

Since the first case for game design patterns, there have been studies of games using design 

patterns as an analytical tool. There has also been modifications and discourse of how game 

design patterns should be structured and utilized. The usefulness and shape of game design 

patterns are still being discussed and debated. Many studies of design patterns have prioritized an 

analytical perspective, which is criticized as not providing enough practical benefits. Much of the 

work done in categorizing and identifying design patterns for games uses observational methods, 

with little solid data to confirm their validity. This has resulted in design patterns seeing little 

practical use in the field of game design.  

This thesis aims to move away from the use of game design patterns as a means of qualitative 

observations, and instead study them from a quantitative, practical viewpoint. It attempts to 

identify a method for reifying game design patterns from an abstract concept to concrete data. 

This is accomplished by creating a new game design pattern based on previous research. The 

game design pattern defined for this thesis is called Resource Point, and is based primarily on 

Ken Hullet’s (2012) template. The resource point pattern handles the implementation of tangible 

resources inside a game level, and is described as a limited physical area inside a level that 

contains one or many resource nodes.  

To verify the practical usage and effects of the resource point pattern, it is analyzed, 

contextualized, and altered within three different games. The focus of this thesis will be the Real 

Time Strategy (RTS) game genre. The subject games are; StarCraft II: Wings of Liberty (Blizzard 

Entertainment 2010), Warcraft III: The Frozen Throne (Blizzard Entertainment 2004), and Age of 

Empires II HD (Microsoft 1999). To obtain quantitative data regarding the resource point pattern, 

AI vs AI matches are played within each game. An original map from each game is selected for 

the AI matches, then modified three times according to the design pattern template. This results 
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in four maps for each game, and 12 maps in total. All maps will then host 20 AI vs AI matches 

each, to a total of 80 matches per game, and 240 matches for all games.  

Gameplay pacing is used as a common denominator for all three games in order to specify what 

data is relevant for analysis. The collected data is split up into common parameters, and 

individual parameters. The common parameters are data collected for every game to offer a mean 

of comparing the results of all games. The individual parameters are collected specifically for 

each game. The purpose of the individual parameter is to measure the effect that the resource 

points’ have on game-specific elements highly relevant to each respective game. 

1.1 Purpose 

The purpose of this thesis is to assess the practical use of game design patterns, and their 

potential as a formal tool for evaluating gameplay. Additionally, it aims to broaden the 

knowledge and possible application of game design patterns for game development, as well as for 

academic research. This is administered under the premise that through contextualization, game 

design patterns can be used to analyze effects on pacing through data gathered from AI versus AI 

matches. 

1.2 Limitations 

The focus of this thesis is on a game design pattern and how that can be used in practice for 

analysis. and will therefore not discuss the effectiveness or possible design adjustments of the AI. 

Nor is this paper meant to be taken as a guide on how to make good RTS levels. It will not be 

possible to make absolute statements about how humans would interact with the game levels. 

Definitive conclusions about how every aspect of pacing is affected is not feasible within the 

scope of this study. In a larger study, it could be possible to consider more gameplay elements in 

a single game, and consecutively offer more decisive conclusions regarding pacing in a specific 

game.  
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2 Background 

This section will describe the different theories of game design patterns leading up to the 

template and definition used in the method. It will also illustrate contextualization of patterns as 

well define the term pacing. It provides a general description of the RTS genre as well as aspects 

of the gameplay that are relevant for this thesis. Lastly, it will describe the three games used and 

define the terms applied in the method. 

2.1 Formal Tools for Game Design      

A predicament in game design comes from what Salen and Zimmerman (2004) calls second-

order design. This means that the designer is unable to directly influence the experience of the 

player due to the emergent behavior of gameplay. The designer can only affect the rules that 

through play generates the experience.   

To mitigate the complexity of analyzing and designing games, the need for abstract design tools 

in the game design field has been well established (Church 1999; Kreimeier 2002; Hunicke 

Leblanc and Zubek 2004). Church suggests that design is the “least understood aspect of game 

creation” and propose the use of formal abstract design tools. This sentiment is mirrored by 

Kreimeier, who argues that documentation on game design knowledge is lacking. Hunicke, et al. 

also suggests that the use of formal tools could help to “bridge the gap between game design and 

development, game criticism, and technical game research”.  

The main objective of these design tools is to form a common vocabulary from which game 

designers can communicate their design and analyze existing games and practices. Church’s 

(1999) call for design tools is open-ended and emphasizes that there is no single solution to 

design issues. “Each designer must choose the game he or she wants to create and use the tools 

available to craft that experience” (Church 1999, 7).  

2.2 Game Design Patterns 

Kreimeier (2002) offers a tool for formalizing game design and calls it game design patterns. 

Design patterns was earlier proposed by Alexander (1977) as a means for recognizing recurring 

problems within architecture and the solutions to those problems. The solutions were however 

described in a “very general and abstract way” (Alexander 1977, xiii). The purpose of this 

abstract definition is that solutions should be formed by their context and not used as building 

blocks. Design patterns has also been further refined to be used within software development 

(Gamma et. al. 1994) as well as in game programming (Nystrom 2014).  

Patterns as a concept in design was not unheard of before Alexander, but his specific formatting 

was an attempt to provide clarity and convenience to the language of design patterns (Alexander 

1977). The formatting of design patterns has through the different iterations kept four essential 

elements; Name, Problem, Solution, and Consequences (Kreimeier 2002). 

Considering the design pattern concept’s aim of establishing a common taxonomy, the name of a 

pattern should typically be expressive and easily recollected. A problem with naming design 

patterns is however that unfortunate associations can arise which can result in multiple possible 

names (Kreimeier 2002).  
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Problem contains the definition and description of an obstacle in design. The description 

inherently implies a goal that should be achieved and in what situation the challenges arises.  

Solution describes an abstract general structure of systems and mechanisms that attempts to 

alleviate the aforementioned problem. The aim with the solution is to solve problems without 

implementing in it the same manner. Alexander (1977, x) describes it as “you can use this 

solution a million times over, without ever doing it the same way twice”. 

Thus, the nature of solutions comes with inherent consequences depending on the context of its 

implementation. Kreimeier (2002) means that this can result in new problems arising or the 

amplification of existing ones, therefore advising careful consideration of the cost and benefits of 

the solution. The consequences also expose the relationship and connections between different 

patterns. This codependent nature of design patterns was also identified by Alexander (1977).   

Björk and Holopainen (2006, 424) further develops the idea of design patterns in games by 

turning away from the previous notion of defining patterns as “pure problem-solution pairs”. 

They specify two reasons for this, the first is that patterns defined by problems might end up 

being used only to eliminate unwanted effects in the design, and not as a tool for supporting the 

creative process. The other reason is that many patterns have interdependent relations which 

leads to problems described within a specific pattern could possibly be solved by adding another 

related pattern.  

The framework proposed by Björk and Holopainen (2005, 34) defines patterns as:   

“Design patterns are semi-formalized interdependent descriptions of commonly 

reoccurring parts of the design of a game that concern gameplay.”  

Semi-formalized in this definition ties together with the previously mentioned nature of patterns 

as entities that must be considered within a certain context, while simultaneously having a level 

of abstraction that makes them identifiable without using quantitative measures (Björk and 

Holopainen 2006).      

Adams and Dormans (2012) critiques Björk and Holopainen’s definition of design patterns, 

claiming that their approach is more useful for game analysis, not as a tool for designing games. 

Adams and Dormans (2012, 151) instead suggests that returning to Alexander’s problem-solution 

approach would bring clarity to “what makes a game objectively good – where its intrinsic 

quality comes from”.  

Dormans (2013) argues further that there is a reluctance within academia to see design patterns as 

prescriptive rather than descriptive. In research, analyzing works of art is done with a neutral 

perspective, away from value judgement, thus resulting in the game industry’s unwillingness to 

adopt game design patterns as a tool (Dormans 2013).   

2.3 Conceptual Relationship Model  

Olson, Björk and Dahlskog (2014) attempts to define the different perspectives of game design 

through the Conceptual Relationship Model, while also addressing the criticism mentioned 

above. The authors argue that the Conceptual Relationship Model is useful in both game analysis 

and game design by using design patterns in a broader perspective. From a designer’s standpoint, 

the interactions with the design is done primarily through creating and modifying mechanics 
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through code and the design patterns, thus placing design patterns within a larger context. Olson 

et al (2014) proposes an additional layer, called contextualization, that attempts to clarify the 

conceptual relationship between the design pattern layer, the mechanics layer, and the code layer.  

2.3.1 Contextualization 

To explain the need for the contextualization Olson et al. (2014) again points to the emergent 

behavior of games and the second-order design. The authors refer to the intentionality of the 

game process where designers convey intentionality, while players and researches derive 

intentionality. Intentionality also explains the complexity of creating a design language due to the 

inherent difficulty in interpreting intention, thereby assigning own meaning to existing designs. 

Contextualization is the proposed layer used for discerning design intentionality and is situated 

on an abstraction level in-between mechanics and pattern as seen in Figure 1.     

 

Figure 1 Content and stance for different abstraction levels of game design (Olsson et al. 2014). 

This paper is mainly concerned with patterns and contextualization since the approach of 

researchers is analysis. Olson et al. (2014) supports this notion by identifying in their paper, four 

primary actors. Players, designers, developers, and researchers each have different relations and 

concerns regarding the layers in the model, where researchers generally look to the higher 

abstraction levels while developers main concern is the lower level of abstraction.   

2.3.2 Relationship Between Layers 

Figure 2 attempts to visualize the connections between the layers. The abstract design patterns 

are instantiated by contextualization. This gives the pattern a design direction for the specific 

game. The contextualization is essentially the arrangement of different mechanics. The 

developers then code the mechanics using the contextualization as direction for the 

implementation. 
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Figure 2. The conceptual relationship model (Olsson et al. 2014). 

 

2.4 Related Work with Design Patterns 

Research using game design pattern has been conducted with various definitions, purposes, and 

approaches (Hullett 2012; Lund Larsen 2006; Dahlskog and Togelius 2012). Lund Larsen and 

Hullett both use design patterns as basis for examining first-person shooter games, where the 

former looks at patterns for level design specifically, whereas the latter considers patterns in a 

more holistic view of the genre.  

2.5 The Design Pattern Template 

Hullett’s (2012) template of design patterns has been used to construct the pattern used in this 

thesis. Hulletts’s patterns are broken down into five elements: description, affordances, 

consequences, relationships, and examples. The name of a pattern is implicit in its conception, 

whatever is used to then reference the pattern.  

Description, “a high level description of the pattern and the major design consideration” (Hullett, 

2012, 24). This is where a descriptive overview is given of the design pattern, that maintains an 

abstract level of the implications and purpose.     

Affordances, as used by Hullett (2012, 25) and in this paper, is defined as “aspects of the pattern 

that can be varied by the designer”. This is an adaptation of how the term is generally used in the 

design field, where it refers to “a relationship between the properties of an object and the 

capabilities of the agent that determine just how the object could possibly be used (Norman 2013, 

11). While there are overlapping features from both definitions, the explicitness of Hullett’s 

version is more appropriate for conveying the specific practices of the affordance element in the 

pattern. Simply put, affordances are the things that the designer can change within a pattern to 

produce variations in the gameplay.   

Consequences, “a description of the gameplay the pattern creates” (Hullett 2012, 25). This is not 

to be confused with Kreimeier’s (2002) use of the term, which is closely related to the problem-

solution template. Nor is it to be confused with the definition provided by Björk & Holopainen 

(2005), which aims to describe the effect the pattern has on other patterns. Consequences in the 

context of this paper is not concerned with other patterns, but instead focuses on gameplay 

dynamics generated.  
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Relationships, “how the pattern interacts with other patterns” (Hullett 2012, 25). This element is 

more related to how consequences is defined by Björk & Holopainen mentioned above. It focuses 

on how the pattern generates new patterns or affects existing ones. 

Examples, “some examples from popular commercial games that illustrate the pattern” (Hullett 

2012, 25).   

The elements in this template are referenced throughout the rest of the paper for establishing the 

design pattern in the tests, as well as for discussing the results.  

As mentioned under affordances, they are the tools for the designer to generate variations. The 

importance of those variations, is then relative to what qualities the designer is trying to achieve. 

For this paper, the variations are focused on pacing specifically and the metrics of the test are 

directly in relation to changes in the pacing.        

2.6 Pacing 

This section aims to define and describe the concept of pacing, as a general term, and then how it 

is used in the context of video games.  Pacing on its own is a broad term with different 

implications depending on the medium in which it exists. Whereas in storytelling literature and 

motion pictures, pacing typically refers to the rhythm of scenes in the temporal sense (Rice Hahn 

2005). Video game pacing, besides the temporal aspect, considers the amount of possible actions 

the player must contemplate during a specific moment (Salen and Zimmerman 2004). This makes 

pacing a large part of the player’s experience in the game, and thus a relevant part of how the 

gameplay is affected by design patterns.  

2.7 Real-time Strategy Games 

In the early days of digital strategy games, the design closely followed the turn-based gameplay 

from board games (Geryk, 2001). These were games where players could take time to plan their 

move without the state of the game changing during that stage. The term real-time strategy then 

emerged to describe games where real time was simulated and players had to make moves based 

on the continuously changing state of the game. Real-time strategy is thus underscored to 

differentiate them from turn-based games (Rouse, 2005).  

A common subset in the real-time strategy genre are games with fast-paced gameplay which 

focus on expansion, exploration, exploitation, and extermination (Rogers, 2010). Emrich (1993) 

combined these elements into a term called 4-X. The players attempt to build up from a small 

empire to a larger one through expansion, exploration, exploitation. Exploration comes from a 

mechanic called fog of war. It hides enemy units when out of vision range for friendly units and 

structures. Extermination through military force comes into play due to competition with AI or 

other players for space and resources in the game. “When the various parts are properly designed, 

the other X’s seem to follow” (Emrich, 1993: 92).      

2.7.1 Economy 

As previously mentioned, resources often prove to be of high relevance in RTS games. Resources 

affect all the X’s directly or indirectly. An economy in a game, is a system in which resources 

move either physically between places, or conceptually between owners. In a game, resources 

may be any type of quantifiable substance (Adams, 2014). Games can offer players a plethora of 
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different economic challenges. A common challenge in the RTS genre is the accumulation of 

resources through acquisition. The challenge centers around the player's understanding of wealth 

creation as a mechanism, and his ability to use this understanding to his advantage (Adams, 

2014). How a player manages acquisition of resources, as well as disrupts the opponent's 

acquisition of resources, is often central to the outcome of an RTS game in competitive play. 

Resources are used to expand the base. Base refers to a location on the map, typically the starting 

location, where the player constructs new buildings and units. Players may also choose to expand 

and build multiple bases in a game.   

2.7.2 Tangible Resources 

 How acquisition of resources is handled varies between both games and resources themselves. 

Though generally, the acquisition is done by using specific units, here referred to as workers. The 

workers have the mechanical property of extracting resources. The mechanic is referred to as 

gathering. Gathering depends on resources physically existing within the game levels.  

Adams (2014) states that a resource in a game can be either tangible or intangible. A tangible 

resource occupies physical space or possess physical properties, and can be transported within the 

game level. An intangible resource occupies no physical space and requires no transportation. 

These types of tangible game objects containing resources will be referred to as Resource Nodes. 

Resource nodes are contested, i.e. they can be gathered from by all players in the game. The 

worker will travel to the position of the resource node, gather a fixed amount of the resource 

contained within the node, then physically transport the resource back to a player’s base. Once 

the worker leaves the resources at the base, the resource will no longer be contested, and is now 

owned by the player. At this point, the resource ceases to physically exists within the level and 

becomes intangible. Gathering is thus the process of converting a contested tangible resource into 

a player owned uncontested intangible resource. 

2.7.3 Level Design 

Level design in RTS games is highly influential on units’ ability to move in the game (Kremers, 

2009). Aside from a few exceptions, most units are confined to specific walkable terrain. 

Unwalkable terrain can for example be water, mountains or ridges, or other various immovable 

objects. Some RTS games features levels with height tiers, or the simulation of height. The 

pathways which connect different height tiers are referred to as ramps. Ramps enable units that 

are constricted to walkable terrain to cross between different height tiers, making them important 

strategic points in the level. 

2.7.4 AI  

Artificial intelligence is the tool used in this thesis for testing the design pattern. AI is essentially 

the “science and engineering of making intelligent machines” (Kangude and Raut, 2012: 1). 

Intelligent means the ability to analyze and execute relevant decisions. In RTS games, this means 

that the computer has an extreme amount of possible actions to cycle through and analyze. Every 

unit, every building option is a possible action. This leads to an exponentially increasing number 

of possible actions. Therefore, the AI must have some limitations and work from pre-planned 

strategies.  
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2.8 StarCraft II: Wings of Liberty 

StarCraft II: Wings of Liberty (SC2) is an RTS game published by Blizzard Entertainment where 

at least two players, human or AI, compete to try and destroy each other. There are three different 

factions to choose from, each with different sets of units and structures. The units all have 

strengths and weaknesses which are used to counter each other.    

The two major tangible resources in SC2 are minerals and vespene gas. The resource node for 

minerals is the mineral field. The mineral field comes in two variances, the common blue field, 

and the rich golden field. The common field have two non-identical nodes which differs in how 

many mineral resources they contain. The large field holds 1500 minerals while the small field 

holds 900 minerals. The rich mineral field also use two different nodes with a large field holding 

1500 minerals, and a small field holding 900 minerals. The difference between the common blue, 

and golden rich fields is the worker unit gathering amount. A worker gathers five mineral 

resources from the common node, and seven from a rich node. The vespene gas resource uses the 

vespene geyser node which holds 2500 vespene gas. 

2.9 Warcraft III: The Frozen Throne 

Warcraft III: Frozen Throne (WC3) is an expansion of the original Warcraft III, an RTS with a 

fantasy setting also published by Blizzard Entertainment. It features four different playable 

factions: humans, orcs, elves, and undead. Even though it contains all the elements of an RTS 

discussed above, it has a contrasting characteristic, the player can use heroes. The hero is an 

expensive, and strong unit that gains new powers and increased strength through killing units. 

Therefore, heroes are a very important part of the WC3 gameplay. The game also has neutral 

enemies which can be killed called creeps. Creeps are situated in groups, or camps, and scattered 

across each level. The numerical amount of creeps and their level varies for each camp.  

The three primary tangible resources in WC3 are gold, lumber, and experience. The resource 

nodes for experience are killable units in the game. This entails enemy players’ units, heroes, and 

neutral contested creeps. Every unit and creep holds a different amount of experience depending 

on its level. The amount of experience gained is also dependent on the heroes’ current level.  

The resource node for gold is the gold mine. Gold mines generally hold between 8000 and 15000 

gold, but it differs for each map and each mine.  

The resource node for lumber is the tree. Trees tend to be grouped together to create large 

formation simulating forests. Each tree node holds 50 lumber.  

2.10 Age of Empires II HD 

Age of Empires II HD AoE2 is a reworked version of Age of Empires II released in 2013. The 

original game was published in 1999 by Microsoft. AoE2 features graphical updates to the water, 

an updated version of the AI, and integration with the Steam platform (Starkey, 2013). The player 

can choose to play an empire from a large variety of historically inspired civilizations. A key 

gameplay element in AoE2 is ages. Ages are expensive upgrades to an empire, that after a short 

period after purchase, instantaneously gives the player many different new upgrades, units or 

structures. This opens up for moments in the gameplay where one player can have a significant 

advantage over the opposing player.         
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The four primary tangible resources in AoE2 are wood, food, gold, and stone. The resource node 

for wood is the tree. A single tree node holds 100 wood resources. Trees are consistently 

clustered throughout different maps to form large forest formations.  

There two different types of resource nodes for food, static and moving. Static food node 

example are farms, forage bushes, and fish. Moving food nodes are primarily animals such as 

sheep, boars, and deer. The exact food resource varies between different types of nodes.  

The resource node for gold is the gold mine. Each gold mine holds 800 gold resources. The 

resource node for stone is the stone mine. Each stone mine holds 350 stone resources.  
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3 Materials 

This section lists and describes relevant technology used for the thesis.  

StarCraft II Galaxy Map Editor  

The StarCraft II Galaxy Map Editor is a standalone extension of StarCraft II: Wings of Liberty 

(SC2). It is used to create new or edit existing game levels. For this thesis, the editor was used to 

edit existing game levels to validate the usage of the resource point design pattern.  

Warcraft III World Editor 

The Warcraft III World Editor is a standalone extension for Warcraft III: The Frozen Throne 

(WC3). Its purpose is to enable the editing or creation of new game levels. For this thesis, the 

editor was used to edit existing game levels to validate the usage of the resource point design 

pattern.  

Age of Empires II HD Map Editor  

The Map Editor is a feature in Age of Empires II HD (AoE2). The editor is used to create, edit, or 

generate maps in for the game. For this thesis, the editor was used to generate a template map to 

use for AI testing. The template map was then edited to validate the usage of the resource point 

design pattern.  

Cheat Engine  

Cheat Engine is an open source software originally developed by Eric Heijnen. It comes with an 

interface that allows its user to access various variables in a specific computer process. Its 

primary usage is to cheat in computer games. For this thesis, the Cheat Engine speed hack feature 

was used to hasten the processes of WC3 and AoE2 while simulating AI the matches. The speed 

hack features multiply the speed of the selected process by a chosen number. The motivation for 

speeding up the games was to enable as many AI matches to be completed as quickly as possible. 

Cheat Engine was not used for SC2 because of its requirement to authenticate towards Blizzard 

servers. 

StarCraft II 10x Game Speed 

10x Game Speed is an extension available in the SC2 multiplayer game mode created by the user 

Alloyer. It is accessed by starting a game lobby through the “create with mod alternative”. The 

modification multiplies the speed off all unit actions within the game by 10. This extension was 

used as an alternative to Cheat Engine. The motivation was to hasten the AI matches in SC2 with 

the intention of simulating as many matches as possible. 
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4 Method  

This section outlines the specifics for the resource point design pattern. It shows how the 

contextualization of resources was handled for StarCraft II: Wings of Liberty (SC2), Warcraft III: 

The Frozen Throne (WC3), and Age of Empires II HD (AoE2) in order to apply the resource 

point pattern to each game. It details how affordances of the resource points was used to create 

variation of Real Time Strategy (RTS) levels in said games.   

4.1 Design Pattern: Resource Point   

Ken Hullet’s (2012) design patterns template is based on five elements; Description, Affordances, 

Consequences, Relationships, and Examples. For the resource points pattern, the first three will 

be used. Establishing pattern relationships would require defining and testing more than one 

pattern, hence it will not be established for this paper. Examples will be the concrete 

implementations of the pattern in the three subject games.  

Description:  

Resource point is a limited physical area inside a level that contains one or many resource nodes. 

This means that a resource point is composed of two design elements, nodes, and their 

surrounding area. A resource point is subsequently created once a node enters a game level. The 

physical composition of the level that make up the resource point can vary greatly.   

Affordances:  

• Quantitative. This affordance includes any type of adjustable numeric values in relation to the 

pattern. Examples are; resource values attached to each resource node, the number of nodes 

which makes up the pattern, as well as the resource point itself.   

• Placement. This affordance concerns any type of spatial positioning related to the pattern. As 

examples, this includes resource nodes relation to each other within the resource point; resource 

points’ spatial relationships to one another; or their distance to other types of important game 

elements, such as the play start location.  

• Accessibility. This affordance concerns the ease of access, or general terrain which compose 

the resource point. Examples are; the amount of available building space within the point. The 

points height tier, as well as the access to such height tiers by ramps. Any type of unwalkable 

terrain which limits access, such as water, trees or cliffs. The term accessibility in this case does 

not concern features which intend to aid people with disabilities.  

Consequences:   

In games that relies on gathering for accumulation of resources, resource points become essential. 

They present the ideal spot for the player to expand their economy through base building. The 

extent of player challenges connected to resource points revolve heavily around the designer’s 

implementation of its affordances. Some resource points tend to be placed within a close 

proximity each player start location in order to enable player to establish their base and economy. 
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4.2 AI Testing 

The AI tests were conducted by having two AI opponents play against each other in versus 

skirmish matches. The matches were set to an annihilation game type, meaning that the victory 

condition involved some measurement of destruction of the other player’s units and structures. A 

match was determined to be over once one of the AI’s had been determined victorious according 

to each game's condition for an annihilation victory.  

In total 240 matches were played across all three games. Four different maps were used for each 

game, and 20 games were played for each map. One map was considered the original, and the 

three others were variations of it. The original map was an unaltered map created by the 

developers for each game. The other three maps were created for this thesis to support one 

specific affordance specified in the resource point design pattern. The same affordances; quantity, 

placement, and accessibility, was used for creating maps for all three games. When altering the 

affordances of each game, the praxis of changing as little as possible of that which was not 

related to the relevant affordance was attempted. Affordance specific changes were also 

attempted to be as similar as possible for each subject game to allow better comparison of the 

data between them. 

4.3 Data Collection 

Data for each individual game was gathered from their respective score screen. The score screen 

is displayed at the end of a match, and showcases a collection of information about various 

elements relevant to the game. How the score screen is presented, and what information it 

encompasses, differs from each game.  

When collecting data, common and individual parameters were collected for each game. 

Furthermore, the data parameters were based upon two factors; the data’s relevance to gameplay, 

and its relevancy to pacing. The common data parameters measured for all games where the 

Duration of each match. The number of Kills, and the number of Kills Per Minute (KPM). The 

individual parameter was one data set unique for each game. In S2C, the unit score graph was 

used to determined Fights Per Game (FPG). This was done by examining the unit score graph 

movement for each AI player. A fight was determined to happen when both AIs lost 

approximately 1000 unit score in less than one minute of gameplay. In Warcraft III: The Frozen 

(WC3), the total accumulation of Experience Gained for every hero was measured. In AoE2, the 

Age Advancement was measured. Specifically, the time the AI took to advance to the next age, as 

well as what ages they managed to reach.  

4.3 Tests: StarCraft II 

The settings used for the SC2 AI matches were Terran versus Terran. Both were set to Cheater 1 

(vision) in difficulty. Each AI has a selectable build setting which determines the AIs priority in 

behavior and units. The build settings used for both AIs was Aggressive MarineSiege. The 

handicap for both AIs were 100%.  

4.3.1 Contextualization of Resource Points  

There are two recurring types of formation of resource nodes to be observed in SC2. For the 

purpose of this paper, they have each been determined as a separate resource point. They have 

been named the common point, and the rich point. The common point seen in Figure 3, always 
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uses four large common mineral veins, four small common mineral veins, and two vespene 

geysers for a total of 9,600 minerals and 5000 vespene gas. The rich point seen in Figure 3, 

always uses three large rich mineral veins, three small rich mineral veins, and two vespene 

geysers for a total of 7,200 minerals and 5000 vespene gas. 

  

  

  

  

  

  

  

4.3.3 Original map: Agria Valley 

The original map used for simulating the AI tests in SC2 was Agria Valley, version 1.11. The 

map is developed by Blizzard Entertainment and is received upon installing the game. The map is 

a one versus one map and therefore uses two player start locations. There are eight common 

points and two rich points, resulting in a total of 10 resource points in the map. Examining Figure 

4 it is possible to see how the points are distributed across the map. Each point in the figure will 

be referred to as PX where X is the corresponding number in the figure. P1 and P2 are located 

next to each player's’ respective start location. They are elevated to a second-tier height, 

connected to the first tier by a small ramp. P3 and P8 are on first tier height close to each start 

locations ramp. P4 and P7 are disconnected from the main body of the map by water. P5 and P6 

are on separate second-tier height platforms. Each platform has two ramps facing opposite 

direction connecting it to the first-tier height level. P9 and P10 are rich points. A destructible 

stone is located in front of the rich mineral veins, preventing efficient expansion to P9 and P10 

before the stone has been destroyed. 

  

  

  

 

 

 

 

 

 

Figure 3. A common resource point and a rich resource point in StarCraft II. 

Figure 4. The original map, Agria Valley in StarCraft II. 
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4.3.4 Affordance: Quantity  

Altering the affordance of quantity in the resource point design pattern in SC2 was done by 

adding additional resource nodes to the already existing resource points. Figure 5 shows the 

altered map layout. Every point, except P1 and P2, has had their resource nodes doubled. This 

means that P3, P4, P5, P6, P7, and P8 was expanded to eight large mineral fields, eight small 

mineral fields, and four vespene geysers. This equals to a total of 19,200 minerals and 10,000 

vespene gas per point. P9 and P10 was expanded to six large rich mineral fields, six small rich 

mineral fields, and four vespene geysers. This equals a total of 14,400 minerals and 10,000 

vepene gas. 

  

  

  

  

  

  

  

  

  

4.3.5 Affordance: Placement  

Altering the affordance of placement in the resource point design pattern in SC2 was done by 

moving all available resource points close together, to a central location on the map. In this case, 

all points will be handled as one single point, as seen in Figure 6. The amount of resources has 

been left unchanged from the original map, they have simply been moved to their new location. 

Some alterations were done to the physical design of the level. Looking at Figure 6, the second-

tier platforms in the center of the map have been merged together to make room for the resources.  

 

 

 

 

 

 

 

 

Figure 5. The quantity affordance map in StarCraft II. 
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4.3.6 Affordance: Accessibility 

Altering the affordance of accessibility in the resource point design pattern in SC2 was done by 

changing multiple aspects of the physical level. The placement and the quantity of the points 

have been left unchanged from the original map. Looking at Figure 7, the second-tier platforms 

of P5 and P6 have been connected. Two ramps connecting the second-tier to the first-tier height 

level have been removed. P5s have a ramp facing the starting location of P2. P6 have a ramp 

facing starting location of P1. P9 and P10 have been elevated to second-tier height level by a 

respective platform. P10 have one ramp connecting it to first-tier height facing the P2 starting 

location. P9 have a ramp connecting it to first-tier height facing the P1 starting location. Figure 7 

shows highlights these platforms with red squares.  

  

  

  

  

  

  

  

  

  

  

Figure 6. The placement affordance map in StarCraft II. 

Figure 7. The accessibility map in StarCraft II. 
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4.4 Warcraft III: The Frozen Throne  

The AI settings used for WC3 was Human versus Human. The difficulty settings for both AIs 

were set to the hardest difficulty called Insane. The handicap was set to 100% for both AIs.  

4.4.1 Contextualization of Resource Points 

Gold mines are the resource nodes in WC3 that foremost meets the criteria for the resource point 

design pattern. However, gold mine nodes not located next to a player starting location are 

always accompanied by a certain number of creep nodes. For this reason, the resource point has 

been determined as both the gold mine node, and the creep nodes as seen in Figure 8. Although 

the alterations made to the resource points affordances have been primarily focused on the gold 

mine node.  

  

  

  

  

  

  

4.4.2 Original map: Hills of Glory  

The original map used for simulating AI tests in WC3 was Hills of Glory. The map is developed 

by Blizzard Entertainment and becomes available once the game is installed. There are six 

resource points in total as illustrated in Figure 9. P1 and P2 are located by the players’ starting 

location and are not accompanied by any creep nodes. P1 and P2 each hold 9000 gold resources. 

P3 and P6 are located on first-tier height and the mine nodes for these points respectively holds 

7500 gold. P4 and P5 are elevated to second-tier height level with a single ramp. The gold mine 

nodes each holds 15,000 gold. 

  

  

  

  

  

  

  

  

 

Figure 8. The gold mine resource point in Warcraft III. 

Figure 9. The original map, Hills of Glory in Warcraft III. 
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4.4.3 Affordance: Quantity  

Altering the affordance of quantity in the resource point design pattern in WC3 was done by 

changing the gold amount in the gold mine nodes. P1 and P2 were next to each player start 

location were left unchanged. The other resource points their gold amount doubled. P3 and P6 

was increased from 7,500 to 15,000. P4 and P5 was increased from 15,000 to 30,000. 

4.4.5 Affordance: Placement  

Altering the affordance of placement in the resource point design pattern in WC3 was done by 

repositioning and merging several points on the map. Examining Figure 10, P4 and P6 was 

merged into one single resource points and moved to where P7 is located. Merging the point 

meant removing one of the gold mine node, and adding its gold resources to the one remaining. 

This resulted in one mine with 22,500 gold.  The creeps at P6 was moved along with the mine 

while the creeps at P4 was left at their original position. The same process was used with P3 and 

P5 which became P8. The creeps from P3 was moved with the mine while the creeps of P5 

remained at their original position. P1 and P2 by the player start location were left unchanged.  

  

  

  

  

  

  

  

  

  

4.4.6 Affordance: Accessibility  

Altering the affordance of accessibility in the resource point design pattern in WC3 was done by 

limiting the accessibility between each resource point. The resource point’s position and quantity 

was left unchanged from the original Hills of Glory map. Examining Figure 11, Trees were 

placed to acts as blockades between P1 and P3, as well as P1 and P4. Trees were also placed 

between P2 and P5 as well as P2 and P6. The red crosses in Figure 11 shows exactly where the 

trees have been added. Because these changes blocked all exits from the player start location, an 

opening was made in the tree lines facing the middle of the map. The green arrows shows where 

the openings were made.  

 

 

 

Figure 10. The placement map in Warcraft III. 
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4.5 Age of Empires II HD 

The AI settings used for AoE2 was Franks versus Britons. The difficulty was set to hardest, and 

both AI used the updated HD edition AI. The maximum population settings were put to 75. 

Starting and ending age was set to default.  

4.5.1 Contextualization of Resource Points 

There are many resource nodes in AoE2 that can be translated into resource points. The focus for 

this paper will be the gold and the stone mine nodes. They will be separated into gold resource 

points, and stone resource points. A gold resource point consists of any number gold mines 

clustered together as seen in Figure 12. A stone mine resource point consists of any number of 

stone mines clustered together as seen in Figure 12.  

  

  

  

  

  

  

  

  

  

 

Figure 11. The accessibility map in Warcraft III. 

Figure 12. A gold resource point and a stone resource point in Age of Empires II HD.  
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4.5.2 Original Map: Highlands 

Skirmish maps in AoE2 are procedurally generated every time a new skirmish is started. As a 

fixed map was necessary to conduct the AI tests, the AoE2 map editor was used to render out a 

template map. This map would ensure that the procedural generation would not affect the data 

collected from the test. The template was then saved and used as the base original map for AoE2. 

The template used the Tiny (1v1) size setting and the Highlands environment setting.  

The map holds eight gold resource nodes and five stone resource nodes. Examining Figure 13, 

the positions of the gold points have been highlighted with the bright orange circles. The stone 

points positions have been highlighted with the dark grey circles. The red and blue dots represent 

each player's respective start location.   

  

  

  

  

  

  

  

  

4.5.3 Affordance: Quantity  

Altering the affordance of quantity in the resource point design pattern in AoE2 was done by 

adding additional resource nodes. Each gold point and stone point had their respective resource 

node amount doubled. The spatial position of all points remains as in the original map, which can 

be seen in Figure 14. 

 

 

 

 

 

 

 

Figure 13. The original map, Highlands for Age of Empires II HD. 

Figure 14. The quantity affordance map in Age of Empires II HD. 
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4.5.5 Affordance: Placement  

Altering the affordance of placement in the resource point design pattern in AoE2 was done by 

repositioning several of the gold and stone resource points. The gold and stone point closest to 

each respective player start location was kept in their original position. All other points were 

moved and evenly distributed into two gold points and two stone points. They were then moved 

to the center of the map as seen in Figure 15.  

  

  

  

  

  

  

  

  

4.5.6 Affordance: Accessibility  

Altering the affordance of accessibility in AoE2 was done by limiting the available access and 

space for every resource point. Cliffs were used to block the access while simultaneously lessen 

the available building space for each point. The brown lines in Figure 16 shows how the walls 

were distributed across the level.  

  

 

  

  

  

  

  

  

  

   

Figure 15. The placement affordance map in Age of Empires II HD. 

Figure 16. The accessibility affordance map in Age of Empires II HD. 
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5 Result 

This section displays a summary of the data parameters collected from the AI vs AI matches. The 

data is presented to illustrate how the different maps affected the various aspects of gameplay 

measured for each game. The full set of data for all individual matches can be found in Appendix 

A 

5.1 StarCraft II: Wings of Liberty 

Table 1 shows the median value results for the common parameters tested in StarCraft II: Wings 

of Liberty (SC2) for all four different maps. Duration is displayed in minutes. Kills are the 

average number of kills by both AI players. Kills per minute (KPM), is the kills per minute value 

for both AI players. Figure 17 shows each map’s pacing in relation to one another by game 

duration and KPM. Figure 18 shows the average fights per game (FPG) value for all four maps, 

tested specifically for SC2. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Table 1. Common parameters in StarCraft II. 

Figure 17. Common parameters relationships in StarCraft II. 
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Examining the combined data for SC2, it is notable how the accessibility map resulted in both the 

longest game time, as well as the highest KPM. The placement map offered longer game time 

than the original and quantity maps, but had a similar unit killed value, which resulted in a lower 

KPM score. The original and quantity maps both show similar result in game duration and KPM, 

but differ in major confrontations. The original map had the lowest amount of large scale battles, 

while the quantity had the highest.   

5.2 Warcraft III: The Frozen Throne 

Table 2 shows the median value results for the common parameters tested in WC3 for all four 

different maps. Duration is displayed in minutes. Kills are the average number of kills by both AI 

players. KPM is the kills per minute value for both AI players. Figure 19 shows each map’s 

pacing in relation to one another by game duration and KPM. Figure 20 shows the average 

experience gained for each map. The average experience presented is the total experience all 

heroes for both AI players.  

 

  

  

  

  

  

 

Figure 18. Fights per game in StarCraft II. 

Table 2. Common parameters in Warcraft III. 
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Looking at the results for WC3 shows similar results in duration and KPM for the original, 

accessibility, and quantity map. The placement map showed a slight increase in game duration, 

but with a largely unchanged unit kill ratio, resulting in an overall lower KPM. The experience 

gain shows a spread between all four maps. 

 

Figure 19. Common parameters relationships in Warcraft III. 

Figure 20. Experience gain in Warcraft III. 
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5.3 Age of Empires II HD 

Table 3 shows the median value results for the common parameters tested in Age of Empires II 

HD (AoE2) for all four different maps. Duration is displayed in minutes. Kills are the average 

number of kills by both AI players. KPM is the kills per minute value for both AI players. Figure 

21 shows each map’s pacing in relation to one another by game duration and KPM.  

Table 3. Common parameters in Age of Empires II HD. 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Examining which ages were reached, it can be noted that feudal and castle age was achieved by 

both the Britons and the Franks for all 80 games. Reaching imperial age however, prove to be 

more inconsistent. Figure 22 shows the number of times imperial age was reached for the Britons 

versus the Franks. Figure 23 shows age advancement median value for each individual age in 

minutes, for each map. The age advancement time is the sum of both AIs advancements.  

 

  

  

Figure 21. Common parameters relationships in Age of Empires II HD. 
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AoE2 shows varied pacing results in Figure 21. Both the accessibility and the quantity map 

produce longer and higher KPM games in comparison to the original map. Contrary, the 

placement map show a similar time as the original, but with a much lower KPM value. The time 

for age advancement shows little difference between the original and accessibility map. The 

placement and quantity maps however, approximately doubled their time for advancing to feudal 

Figure 22. Imperial age reached in Age of Empires II HD. 

Figure 23. Age advancement in Age of Empires II HD. 
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and castle age. Little change can be seen in the imperial age advancement times (Figure 23), 

except for a slight increase in the accessibility map. There is a clear distinction in Britons and 

Franks reaching the imperial age (Figure 22). The only map where the franks ever attained the 

imperial age upgrade was the accessibility map. The accessibility map was also where the Britons 

managed the least amount of imperial age upgrades.  
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6 Discussion  

This segment discusses the results of each parameter tested in the AI vs AI matches. It analyses 

the results and debate whether or not conclusions could be drawn regarding each game's pacing. 

It argues the benefits and disadvantages of using AI vs AI as a method for testing the resource 

point design pattern. It discusses the circumstances of using the design pattern affordances model 

in contrast to the problem/solution model.   

6.1 Result: Data Parameters  

Determining which statistical parameters to examine for each game was based on getting results 

from two perspectives. Firstly, a common parameter which could be used to evaluate all three 

games under the same circumstances was needed. This parameter was determined to be the game 

duration and kills per minute (KPM). These statistics were easily accessible for all three games, 

and is considered relevant for each game’s pacing. The purpose of this data was to verify whether 

altering the resource point design pattern could be seen to influence all games. Additionally, it 

was to test whether the different affordances would produce similar or disparate results for the 

three games. Secondly, an individual parameter that was of some relevance for each respective 

game was needed for the data gathering. This was to verify whether altering the affordances of 

the resource point design pattern would influence a wide variety of gameplay aspects. The fights 

per game (FPG) was chosen for StarCraft II: Wings of Liberty (SC2) as an attempt to observe the 

impact on army behavior, and because of how decisive a large-scale confrontation is to the game. 

Experience gain for Warcraft III: The Frozen Throne (WC3) was chosen to determine how active 

the heroes were for each map. More experience gain likely means more heroes, and more uptime 

for each hero. Age advancement for Age of Empires II HD (AoE2) was chosen because of its 

impact on available options within the game. Advancing to a new age often means more available 

options to alter the game's current direction and pacing.  

6.1.1 Result: Common Parameters   

Looking at the duration and KPM values (Table 1; Table 2; Table 3), it is possible to see some 

trends in how the different affordances influenced the gameplay. Examining the pacing figures 

for all three games (Figure 17; Figure 19; Figure 21), the placement map is regularly showing 

the most deviating results compared to the original map. Additionally, it is consistent in always 

offering the lowest KPM value, regardless of its game duration. This does not necessarily mean 

that the placement map offers a lower pacing.  Looking at how the placement maps were 

constructed for the three games (Figure 6; Figure; 10, Figure; 15), they are consistent in always 

repositioning resource points to a central location on the map. What this seemingly resulted in 

was that the AI had to spend more resources trying to defend or retake the central part of each 

map. It also meant that if an AI did not react quickly enough to a sudden expansion attack from 

its opponent, it lost all its income. This led to an overall economic stagnation, which limited the 

AI's ability to steadily produce units. This stood in contrast to some early hypotheses regarding 

moving resources points to a central position. It was discussed that the AI with the fastest 

expansion would claim and hold the center. That AI would then exponentially increase its income 

and quickly overcome its opponent through sheer force. Essentially, it was thought that the 

placement map would result in primarily short games with one early decisive battle for central 

map control.  
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The quantity maps showed minor changes for SC2 and WC3 regarding the duration and KPM 

(Figure 17; Figure 19). For AoE2 however, it showed both the highest game duration, and KPM 

(Figure 21). This is potentially a good example of how the AoE2 overall gameplay flow and base 

building differs slightly from SC2 and WC3. AoE2 revolves around more open levels, and offers 

little challenge regarding constructing additional expansions. It also emphasizes the construction 

of many building. This results in few, or sometimes one, massive base. This is quite opposite to 

how SC2 and WC3 expansions and bases work, where few essential buildings are more common. 

The levels for AoE2 are also considerably larger than those of SC2 and WC3, which prolongs 

army movement. This results in difficulty for the AI to completely put each other out of the 

game. It is easy to rebuild armies quickly with an abundance of production buildings. The bases 

have few weaknesses in terms of structures that would limit unit production if destroyed. Even if 

one AI suffers a crushing defeat with its army, it may quickly and easily recover if the necessary 

resources are available. The increased quantity of resources for each resource point made sure 

that the AI’s always have the means to rebuild its army. SC2 and WC3 depends more heavily on 

the outcome of large scale battles and confrontations. If one army is severely diminished through 

units lost, it takes time to replenish. It is also easier for an AI to capitalize on a victorious 

confrontation by destroying key expansion and buildings because of the smaller levels and bases. 

The accessibility maps produced highly varied outcomes for the three games (Table 1; Table 2; 

Table 3). It is likely that this is because of how game, and map dependent the accessibility 

affordance is. The accessibility maps all have slightly different approaches to how they were 

altered, which may be a factor for the varied results. The affordance can be considered to have a 

numerous amount of relationships to other possible level design patterns, which makes it difficult 

to apply without affecting other design aspects. For SC2, it proves to have the highest duration 

and the KPA value (Figure 17). Likely this is an effect of raising the rich resource points to a 

second height-tier. This efficiently blocks the sides off the map, creating a one-way access route 

to each AIs base (Figure 7). This disables the AI to perform fast attacks on the enemy’s 

economy, as they always encounter the enemy’s army in the center of the map. The accessibility 

map in WC3 however showed minimal change in duration and KPM from the original map 

(Figure 19). One theory regarding this result is that the WC3 accessibility map (Figure 11) do not 

result in the same one-way structure as the SC2 accessibility (Figure 7). Shutting down the easy 

access to the gold resource points from the player start location did create a crossroad type 

solution for the center part of the map. However, there were still multiple roads and possibilities 

for the AI to travel, which did not force the AI to meet at one specific location. 

6.1.2 Result: Individual Parameters 

The individual parameters tested for each game proves to be of varied use for analyzing each 

game’s pacing. The primary reason for this is the lack of depth to the data. WC3 and SC2 are the 

best example of this. For WC3, the experience gain (Figure 20) may offer some insight to the 

participation and number of heroes for each map. As an example, the quantity affordance map 

shows an increase in experience gain in contrast to the original map. However, the duration and 

the KPM for the two remains largely the same (Table 2). One interpretation of this, is that the 

increased number of available resources contributed to a greater hero number and uptime. 

Essentially, the AI could more easily build and revive its heroes. This conclusion can be 

considered weak however, because of how unspecific the experience gain data is. It would 

benefit greatly from additional data support, such as number of heroes for each AI, experience 

gain for specific heroes, and death counts for each hero, to name a few suggestions.  
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Similar conclusions can be draw from the FPG value (Figure 18) measured in SC2, as it may 

offer some insight to how the games played in relation to the duration and KPM values. How the 

FPG was measured however, has some limitations in ability to draw accurate conclusions 

regarding game pacing. The primary issue lies in FPG being determined by a flat value of a 1000 

army score. This means that the values do not show what happens below 1000 army score 

confrontations. A map can have minimal army movement, or offer many small skirmishes, which 

then cannot be seen in the FPG value. Additionally, the FPG do not offer any insight to the 

logged fights precise army score values. Once a fight is logged, it cannot be determined if it was 

a 1000 score fight, or a 5000 score fight. As such, it is possible to determine that the different 

affordances did impact the army score value graphs, as the FPG value differs between each 

affordance map. For more accurate data regarding the resource point patterns influence on army 

confrontations however, a more throughout study of the army score graph would be necessary.  

The age advancement for AoE2 (Figure 23) proved an interesting unit of measurement. Despite it 

being heavily tied to how the AI plays, it is possible to see variations in both time and imperial 

age research (Figure 22) for the different affordances. The Franks AI did not appear to prioritize 

researching imperial age, but that did change somewhat in the accessibility map. The quite drastic 

time increase for researching feudal and castle age for the placement and quantity affordance map 

also proves an interesting development.  

6.1.3 Result: Summary 

Studying the results of the AI vs AI tests provides some sets of interesting data. Altering the 

affordances of the resource point design pattern clearly had an impact on all three games, as the 

tests proved to influence all the data sets measured. Variance regarding each individual game’s 

change of pacing can be observed in the data. However, definite conclusions regarding the exact 

cause and extent of the changes would require more intricate testing, with a larger focus on each 

game.  

6.2 AI vs AI 

The main benefits with using only AI in the test and not human players were the sheer number of 

tests possible, the consistency of the play style and the objectivity in the data gathered. With AI 

versus AI, games could be sped up, making it easier to increase the size of the dataset as well as 

the possibility of testing in multiple different games. This would in turn increase the validity of 

the results. The consistency of the AI’s behavior ensured that results would not be skewed by 

sudden changes in tactics. Adjusting the affordances in the design pattern was therefore more 

likely to be the main contributing factor to variations in pacing. Whereas human players are 

likely to have large variations in skill level, AI’s skill setting can be controlled and perform 

similarly in each match.  

The drawbacks of AI are mostly concerned with it not being humans. In many cases researchers 

or developers might be more interested in drawing conclusions concerned with specific player 

behavior. In that case simply testing AI would not suffice. When analyzing pacing, it could also 

be relevant to gather the participant’s subjective experience through qualitative inquiry.  

6.3 Design Pattern: Resource Point 

Using affordances to contextualize the design pattern provided a practical and specific way to 

identify recurring features in the different games. If the perspective had been the original 
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problem/solution template provided by Kreimeier (2002), the separation of the intrinsic elements 

in the design pattern would arguably been a more difficult process. Trying to identify problems as 

the starting point would require the consideration that pacing is a problem in need of solving. The 

solutions then had to be abstract enough to be applicable in all games but contextualized enough 

for test environments to be set up. Seeing as pacing is a broad term and highly subjective to what 

context it exists in, this poses the risk of incorrectly consider different variations in pacing as 

good or bad. To clarify, the same solution might have wildly varying results in different games. 

This dichotomy of good or bad is also critiqued by Björk & Holopainen (2006), as it poses 

problems to the creative process if the pattern is viewed as a tool for eliminating problems. This 

is also why the contextualization is useful since it provides the design goals of the pattern.  

Collecting designer controlled elements of a game design pattern under different affordances 

provides an easily recognizable overview of what can be done in the creative process. They can 

also be defined with a varying level of abstraction. Thus, making it possible to identify patterns 

across genres, subgenres, or other classifications of games. The template also gives the possibility 

of looking at whatever data is relevant. This thesis focused on pacing but could just as possibly 

examined economy or military strategy.  

A problem that emerges when using game design patterns is that the level of abstraction is high 

enough that it is viewed as ambiguity and therefore not practical to use. Using the Contextual 

Relationship Model provided by Olson et. al., further clarifies the practical uses of design pattern 

through visualization of the abstraction levels as previously seen in Figure 1. Practical uses, 

which in Björk and Holopainen’s pattern template was considered too obscured for the type of 

study done in this thesis. The contextualization layer provided the bridge between the game 

design pattern and the specific data. The design pattern used in this thesis could be applied in 

other genres, for example as health packs or ammunition boxes in first-person shooter games. 

Considering the description of Resource Point defined in the method, a resource point is a 

limited physical area inside a level that contains one or many resource nodes, it becomes clear 

that there exists a layer between the pattern definition and the practical use in games. The 

affordances defined in the Resource Point pattern are then also applicable in other genres. 

As seen in the result and the method, using affordances in conjunction with contextualization 

provided a clear practical perspective of the game design pattern. This made the Resource Point 

easily transferred from an abstract concept into practical mechanics, thus arguably making it 

relevant for both researchers and developers.    
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7 Conclusion  

Through testing and analysis of the AI matches it can be stated that game design patterns together 

with the Conceptual Relationship Model supports the idea of using game design patterns as a 

formal tool. Being able to describe gameplay through a common abstract language has many 

benefits for communicating design. However, too abstract concepts can be problematic when 

used for creative work. The Resource Point pattern provided a clear model for how to first 

abstract a gameplay element and then use it practically to set up tests for gameplay behavior. The 

result and subsequent discussion produced insight into how affordances in the game design 

pattern impacted pacing. However, it is important to note that the AI in this case also came with 

limitations in how the collected data is applicable to the overall design of the games. AI in this 

thesis is only a tool for producing gameplay and it is arguable that replacing AI with human 

participants is a possibility for gathering more conclusive data for design direction. It could also 

potentially be verificative in the case of testing AI behavior through systemizing the effects of the 

affordances in a pattern.  

The result of the tests also stresses the importance of having contextualization in mind when 

utilizing game design patterns. Variations in the gameplay can be rather significant even between 

similar games, such as the ones used for this study. Altering an affordance may also produce 

insignificant variations in some instances. To some extent it comes down to perspective. If design 

patterns are going to bridge the gap between researchers and developers, the tool needs to be able 

to reify an abstract concept. This could possibly address the issue of the vastly different result 

produced from the same pattern 

It is easier to argue the usefulness from a researcher's point of view since this was the perspective 

of the thesis, but the paper also suggests applications for level designers. Specifying behaviors in 

affordances contextualized to a game, could for example provide the design direction that the 

level designer is after, cutting down on trial and error.  

Furthermore, seeing as games are combinations of patterns that all interconnect and affect each 

other directly or indirectly it could be problematic to view a single pattern in isolation. More 

studies where quantitative data supplements the qualitative observations could strengthen the 

viability of game design patterns as a formal design tool. It also important to keep the discourse 

alive of how to combine the formalized abstract concept of game design patterns with practical 

application.  
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Appendix A

1

StarCraft 2 StarCraft 2
Map:Original Map:Accessibility
Test #: Length Kills Kills/Min Fight Count Test #: Length Kills Kills/Min Fight Count

1 01:42:36 513 5 2 1 00:22:50 105 4.6 2
2 00:30:30 128 4.2 2 2 01:16:50 373 4.85 3
3 00:18:10 114 6.28 1 3 01:17:19 414 5.35 3
4 00:30:40 86 2.8 2 4 00:55:40 359 6.45 3
5 00:23:50 129 5.41 3 5 01:24:10 560 6.65 3
6 00:21:49 89 4.08 1 6 00:45:09 181 4.01 2
7 00:41:10 112 2.72 2 7 01:11:20 399 5.59 2
8 00:41:50 88 2.1 1 8 00:22:10 74 3.34 2
9 00:31:20 187 5.97 3 9 01:26:40 559 6.45 5

10 00:24:30 134 5.47 1 10 01:00:50 173 2.84 2
11 00:53:00 273 5.15 3 11 01:12:30 411 5.67 2
12 00:28:20 178 6.28 1 12 01:13:30 455 6.19 4
13 00:23:10 133 5.74 2 13 00:13:40 132 9.66 2
14 01:01:10 243 3.97 2 14 00:27:49 125 4.49 2
15 00:22:00 106 4.82 2 15 01:19:00 549 6.95 3
16 01:48:50 230 3.97 3 16 01:14:21 303 3.97 1
17 00:23:09 152 6.57 2 17 01:13:10 468 6.4 3
18 00:34:10 102 2.99 2 18 01:08:00 323 4.75 2
19 00:22:09 104 4.7 2 19 00:22:40 73 3.22 1
20 00:40:30 152 3.75 2 20 00:23:30 102 4.34 3

Mean 00:39:09 162.65 4.5985 1.95 Mean 00:56:33 306.9 5.2885 2.5
Median 00:30:30 131 4.76 2 Median 01:09:40 341 5.1 2
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2

StarCraft 2 StarCraft 2
Map:Place Map:Quantity
Test #: Length Kills Kills/Min Fight Count Test #: Length Kills Kills/Min Fight Count

1 00:10:33 189 17.91 3 1 01:11:40 516 7.2 4
2 00:35:16 75 2.13 3 2 00:29:00 121 4.17 3
3 00:48:00 165 3.44 2 3 00:29:50 89 2.98 1
4 00:27:16 68 2.49 1 4 00:22:49 56 2.45 1
5 00:24:17 116 4.78 1 5 00:24:30 138 5.63 1
6 00:09:25 67 7.12 3 6 00:23:50 114 4.78 2
7 00:55:00 160 2.91 3 7 02:06:50 963 7.59 5
8 02:10:46 185 1.41 4 8 01:13:20 343 4.68 3
9 01:10:30 188 2.67 3 9 00:23:00 111 4.83 2

10 00:30:18 89 2.94 2 10 00:24:20 96 3.95 1
11 01:20:27 267 3.32 2 11 02:10:19 983 7.54 6
12 01:07:48 197 2.91 4 12 01:26:00 463 5.38 2
13 00:47:25 153 3.23 3 13 02:33:00 1238 8.09 5
14 00:23:06 92 3.98 2 14 00:24:40 130 5.27 2
15 00:45:40 173 3.79 2 15 00:24:20 144 5.92 2
16 00:49:40 157 3.97 1 16 01:56:10 833 3.97 5
17 00:43:50 149 3.4 2 17 00:26:50 165 6.15 4
18 00:44:20 163 3.68 2 18 00:30:30 69 2.26 1
19 01:24:20 181 2.15 1 19 00:22:40 106 4.68 3
20 01:14:50 140 1.87 3 20 00:24:10 87 3.6 2

Mean 00:50:08 148.7 4.005 2.35 Mean 00:54:23 338.25 5.056 2.75
Median 00:46:33 158.5 3.275 2 Median 00:27:55 134 4.805 2
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3

WarCraft 3 The Frozen Throne WarCraft 3 The Frozen Throne
Map:Original Map:Accessibility
Test #: Length Kills Kills/Min Experience Test #: Length Kills Kills/Min Experience

1 00:17:04 116 6.8 3708 1 00:20:22 100 4.91 3951
2 00:40:50 115 2.82 4579 2 00:35:58 101 2.81 4140
3 00:38:00 132 3.47 6270 3 00:26:58 144 5.34 6300
4 00:29:27 177 6.01 9293 4 00:17:46 89 5.01 3525
5 00:21:15 98 4.61 4056 5 00:43:36 138 3.17 6058
6 00:18:12 69 3.79 2310 6 00:23:05 91 3.94 4035
7 00:22:24 101 4.51 4025 7 00:28:22 169 5.96 4990
8 00:16:13 92 5.67 2633 8 00:19:30 99 5.08 4509
9 00:17:27 90 5.16 2792 9 00:42:04 201 4.78 7876

10 00:17:27 88 5.04 3482 10 00:23:22 131 5.61 4903
11 00:30:51 149 4.83 6297 11 00:17:15 117 6.78 4847
12 01:13:57 285 3.85 14506 12 00:22:06 105 4.75 4331
13 00:59:31 204 3.43 7383 13 00:41:21 136 3.29 6427
14 00:25:52 157 6.07 7162 14 00:12:22 60 4.85 1869
15 00:21:29 144 6.7 7297 15 00:17:26 92 5.28 3697
16 00:22:02 103 4.67 4517 16 00:21:54 110 3.97 4364
17 00:18:25 98 5.32 4035 17 00:52:37 200 3.8 8066
18 01:07:54 98 1.44 3844 18 00:20:54 107 5.12 3639
19 00:57:55 239 4.13 7630 19 00:18:41 112 5.99 3588
20 00:17:28 98 5.61 3858 20 00:16:52 100 5.93 3291

Mean 00:31:41 132.65 4.6965 5483.85 Mean 00:26:08 120.1 4.8185 4720.3
Median 00:22:13 109 4.75 4286.5 Median 00:22:00 108.5 4.96 4347.5
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4

WarCraft 3 The Frozen Throne WarCraft 3 The Frozen Throne
Map:Placement Map:Quantity
Test #: Length Kills Kills/Min Experience Test #: Length Kills Kills/Min Experience

1 00:33:17 116 3.49 5062 1 00:21:16 95 4.47 3865
2 00:41:57 117 2.79 3881 2 00:39:40 266 6.71 17830
3 00:20:23 88 4.32 3360 3 00:37:50 278 7.35 16284
4 01:05:12 322 4.94 12815 4 00:22:44 102 4.49 4477
5 00:24:42 138 5.59 4978 5 00:20:05 97 4.83 4219
6 00:58:50 159 2.7 5873 6 00:24:44 150 6.06 7806
7 00:22:48 77 3.38 2881 7 00:20:35 102 4.96 4516
8 00:15:52 102 6.43 3549 8 00:30:09 108 3.58 4485
9 00:45:30 234 5.14 8638 9 00:23:04 113 4.9 4709

10 00:26:04 105 4.03 4696 10 00:21:44 115 5.29 5377
11 00:35:32 87 2.45 3387 11 00:51:08 228 4.46 10859
12 00:27:05 105 3.88 4571 12 00:17:47 111 6.24 3749
13 00:43:54 187 4.26 7340 13 00:19:00 89 4.68 3998
14 00:25:42 102 3.97 3737 14 00:21:09 107 5.06 4522
15 00:23:44 86 3.62 3234 15 00:28:10 156 5.54 8184
16 00:23:17 90 3.97 3055 16 00:21:11 93 3.97 3440
17 00:21:12 92 4.34 3611 17 00:34:56 150 4.29 6063
18 00:21:14 150 7.06 6350 18 00:28:11 181 6.42 8453
19 00:21:01 118 5.61 4522 19 00:17:09 86 5.01 3333
20 00:31:26 225 7.16 6212 20 00:16:40 91 5.46 2809

Mean 00:31:26 135 4.4565 5087.6 Mean 00:25:52 135.9 5.1885 6448.9
Median 00:25:53 110.5 4.145 4546.5 Median 00:22:14 109.5 4.985 4519
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Age of Empires 2 HD Age of Empires 2 HD
Map:Original Map:Accessibility
Test #: Length Kills Kills/Min Feudal Castle Imperial Test #: Length Kills Kills/Min Feudal Castle Imperial

1 Franks 01:22:35 623.00 7.54 00:08:37 00:13:46 N/A 1 01:20:38 406.00 5.04 00:08:18 00:13:53 00:57:21
Britons N/A N/A N/A 00:07:48 00:17:49 01:10:07 N/A N/A N/A 00:07:53 00:22:43 00:49:17

2 Franks 00:52:00 194.00 3.73 00:08:31 00:13:53 N/A 2 01:08:01 454.00 6.67 00:08:43 00:18:04 N/A
Britons N/A N/A N/A 00:08:06 00:16:47 00:36:43 N/A N/A N/A 00:08:18 00:19:02 N/A

3 Franks 01:08:04 282.00 4.14 00:09:08 00:14:55 N/A 3 01:15:18 465.00 6.18 00:08:38 00:13:35 N/A
Britons N/A N/A N/A 00:08:13 00:18:32 00:45:03 N/A N/A N/A 00:07:35 00:24:38 00:58:10

4 Franks 00:59:40 248.00 4.16 00:08:15 00:13:02 N/A 4 01:23:19 517.00 6.21 00:09:03 00:14:46 N/A
Britons N/A N/A N/A 00:08:13 00:18:58 00:39:55 N/A N/A N/A 00:08:25 00:25:17 01:03:50

5 Franks 00:47:15 235.00 4.97 00:08:14 00:14:03 N/A 5 01:13:12 342.00 4.67 00:08:42 00:13:12 N/A
Britons N/A N/A N/A 00:07:57 00:22:50 00:46:44 N/A N/A N/A 00:09:10 00:25:21 00:40:37

6 Franks 04:09:12 3,280.00 13.16 00:08:28 00:13:42 N/A 6 01:10:00 465.00 6.64 00:08:44 00:14:10 N/A
Britons N/A N/A N/A 00:07:58 00:23:16 02:59:37 N/A N/A N/A 00:07:55 00:24:13 00:55:01

7 Franks 00:53:15 242.00 4.54 00:08:43 00:13:30 N/A 7 00:54:41 129.00 2.36 00:08:49 00:14:32 N/A
Britons N/A N/A N/A 00:07:59 00:19:56 00:32:31 N/A N/A N/A 00:07:55 00:19:29 00:45:09

8 Franks 01:04:51 437.00 6.74 00:08:06 00:13:28 N/A 8 01:14:32 382.00 5.13 00:08:16 00:23:52 N/A
Britons N/A N/A N/A 00:07:52 00:23:37 01:00:31 N/A N/A N/A 00:07:57 00:24:17 00:48:46

9 Franks 01:13:54 508.00 6.87 00:08:39 00:14:21 N/A 9 01:25:26 596.00 6.98 00:09:07 00:15:18 N/A
Britons N/A N/A N/A 00:08:25 00:23:40 00:42:34 N/A N/A N/A 00:08:03 00:25:49 N/A

10 Franks 01:10:09 461.00 6.57 00:08:38 00:13:25 N/A 10 01:12:57 468.00 6.42 00:08:43 00:14:13 N/A
Britons N/A N/A N/A 00:07:51 00:19:51 00:42:36 N/A N/A N/A 00:08:12 00:18:13 00:41:47

11 Franks 00:44:14 182.00 4.11 00:08:36 00:13:44 N/A 11 00:55:25 214.00 3.86 00:08:42 00:14:50 N/A
Britons N/A N/A N/A 00:07:38 00:22:37 N/A N/A N/A N/A 00:08:01 00:23:51 00:36:32

12 Franks 01:11:28 397.00 5.56 00:08:17 00:13:38 N/A 12 00:54:52 192.00 3.50 00:08:40 00:13:28 N/A
Britons N/A N/A N/A 00:07:38 00:24:11 00:45:40 N/A N/A N/A 00:07:54 00:20:46 N/A

13 Franks 00:53:00 242.00 4.57 00:08:37 00:13:24 N/A 13 01:25:17 486.00 5.70 00:04:54 00:11:22 01:14:04
Britons N/A N/A N/A 00:07:39 00:19:45 00:35:41 N/A N/A N/A 00:07:58 00:26:14 01:14:17

14 Franks 01:01:46 327.00 5.29 00:08:12 00:13:13 N/A 14 02:15:28 1,194.00 8.81 00:08:14 00:12:57 01:34:11
Britons N/A N/A N/A 00:07:52 00:15:17 00:38:39 N/A N/A N/A 00:07:52 00:21:59 N/A

15 Franks 00:43:28 197.00 4.53 00:08:40 00:13:42 N/A 15 01:02:13 316.00 5.08 00:08:11 00:12:58 N/A
Britons N/A N/A N/A 00:08:23 00:14:27 N/A N/A N/A N/A 00:07:50 00:19:54 00:34:26

16 Franks 01:19:57 555.00 6.94 00:08:13 00:13:54 N/A 16 01:11:47 368.00 5.13 00:08:13 00:13:45 00:57:41
Britons N/A N/A N/A 00:07:50 00:20:14 00:39:38 N/A N/A N/A 00:07:39 00:21:25 00:51:09

17 Franks 00:47:20 245.00 5.18 00:08:41 00:13:24 N/A 17 01:02:08 347.00 5.58 00:08:13 00:14:51 N/A
Britons N/A N/A N/A 00:07:56 00:22:47 N/A N/A N/A N/A 00:07:48 00:21:50 00:42:36

18 Franks 01:00:16 300.00 4.98 00:08:39 00:13:56 N/A 18 01:06:12 361.00 5.45 00:08:38 00:14:06 N/A
Britons N/A N/A N/A 00:07:52 00:16:32 00:44:35 N/A N/A N/A 00:07:36 00:16:23 00:40:54

19 Franks 01:15:47 505.00 6.66 00:08:36 00:14:12 N/A 19 00:49:31 187.00 3.78 00:08:14 00:13:23 N/A
Britons N/A N/A N/A 00:07:49 00:22:48 01:00:47 N/A N/A N/A 00:07:49 00:21:55 00:32:46

20 Franks 01:09:18 411.00 5.93 00:08:41 00:13:56 N/A 20 01:07:28 371.00 5.50 00:08:16 00:13:30 N/A
Britons N/A N/A N/A 00:08:10 00:16:00 00:40:41 N/A N/A N/A 00:08:00 00:19:13 00:41:05

Mean 01:11:22 493.55 5.81 00:08:15 00:16:53 00:53:04 Mean 01:12:25 413.00 5.43 00:08:11 00:18:20 00:51:59
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Median 01:03:19 313.50 5.24 00:08:13 00:14:41 00:42:36 Median 01:10:54 376.50 5.48 00:08:13 00:18:09 00:49:02

Franks Franks
Mean 00:08:32 00:13:45 N/A Mean 00:08:22 00:14:32 01:10:49
Median 00:08:37 00:13:43 N/A Median 00:08:38 00:14:00 01:05:53
Brits Brits
Mean 00:07:57 00:20:00 00:53:04 Mean 00:08:00 00:22:08 00:47:16
Median 00:07:54 00:19:54 00:42:36 Median 00:07:55 00:21:57 00:43:53
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Age of Empires 2 HD Age of Empires 2 HD
Map:Placement Map:Quantity
Test #: Length Kills Kills/Min Feudal Castle Imperial Test #: Length Kills Kills/Min Feudal Castle Imperial

1 01:14:17 400.00 5.38 00:22:09 00:27:11 N/A 1 01:18:46 507.00 6.44 00:20:49 00:25:57 N/A
N/A N/A N/A 00:19:51 00:24:30 00:39:28 N/A N/A N/A 00:20:16 00:25:17 00:41:17

2 00:56:19 183.00 3.25 00:21:19 00:26:31 N/A 2 02:06:20 1,106.00 8.75 00:21:32 00:27:08 N/A
N/A N/A N/A 00:20:19 00:25:20 00:39:26 N/A N/A N/A 00:20:29 00:24:57 00:41:38

3 00:51:16 137.00 2.67 00:21:38 00:26:37 N/A 3 01:06:14 361.00 5.45 00:21:06 00:26:38 N/A
N/A N/A N/A 00:20:47 00:29:56 00:45:08 N/A N/A N/A 00:19:56 00:24:41 00:39:49

4 01:07:41 354.00 5.23 00:21:27 00:26:21 N/A 4 01:16:58 415.00 5.39 00:21:00 00:26:08 N/A
N/A N/A N/A 00:20:31 00:25:26 00:46:50 N/A N/A N/A 00:19:37 00:24:22 00:39:25

5 01:08:57 355.00 5.15 00:20:55 00:25:19 N/A 5 00:57:16 199.00 3.47 00:20:34 00:25:40 N/A
N/A N/A N/A 00:22:34 00:27:49 00:43:20 N/A N/A N/A 00:20:15 00:24:48 00:44:01

6 00:59:08 165.00 2.79 00:21:53 00:26:56 N/A 6 00:56:58 100.00 1.76 00:20:50 00:26:02 N/A
N/A N/A N/A 00:20:26 00:25:05 00:38:33 N/A N/A N/A 00:19:59 00:26:33 00:40:52

7 00:55:00 169.00 3.07 00:21:45 00:26:47 N/A 7 00:53:35 162.00 3.02 00:20:49 00:26:02 N/A
N/A N/A N/A 00:20:10 00:25:21 00:40:01 N/A N/A N/A 00:20:37 00:30:11 00:41:14

8 01:03:26 310.00 4.89 00:22:21 00:38:45 N/A 8 00:57:06 201.00 3.52 00:21:06 00:26:19 N/A
N/A N/A N/A 00:16:04 00:30:16 00:47:02 N/A N/A N/A 00:20:07 00:25:35 00:42:34

9 00:59:16 248.00 4.18 00:21:28 00:34:52 N/A 9 01:33:19 663.00 7.10 00:21:21 00:26:31 N/A
N/A N/A N/A 00:16:56 00:33:24 00:46:34 N/A N/A N/A 00:19:58 00:24:53 00:39:17

10 01:11:22 441.00 6.18 00:21:22 00:26:19 N/A 10 01:32:47 646.00 6.96 00:20:47 00:25:44 N/A
N/A N/A N/A 00:20:43 00:25:52 00:41:10 N/A N/A N/A 00:20:27 00:25:04 00:39:49

11 01:14:36 395.00 5.29 00:21:07 00:25:38 N/A 11 00:51:25 140.00 2.72 00:20:57 00:26:06 N/A
N/A N/A N/A 00:23:14 00:27:45 00:44:16 N/A N/A N/A 00:20:03 00:30:21 00:43:39

12 00:56:54 220.00 3.87 00:21:37 00:26:39 N/A 12 01:14:32 443.00 5.94 00:21:03 00:26:11 N/A
N/A N/A N/A 00:20:18 00:26:04 00:39:43 N/A N/A N/A 00:20:47 00:26:03 00:43:14

13 01:03:48 239.00 3.75 00:22:01 00:27:19 N/A 13 01:14:39 417.00 5.59 00:21:08 00:26:06 N/A
N/A N/A N/A 00:19:54 00:24:42 00:39:23 N/A N/A N/A 00:20:20 00:25:03 00:44:52

14 00:45:08 79.00 1.75 00:21:54 00:26:52 N/A 14 02:17:03 1,249.00 9.11 00:21:22 00:26:21 N/A
N/A N/A N/A 00:21:07 00:25:33 00:39:09 N/A N/A N/A 00:19:23 00:26:48 00:39:22

15 01:04:24 207.00 3.21 00:21:40 00:26:48 N/A 15 01:00:21 215.00 3.56 00:20:42 00:25:57 N/A
N/A N/A N/A 00:20:48 00:25:49 00:40:14 N/A N/A N/A 00:20:10 00:24:50 00:41:34

16 00:56:27 175.00 3.10 00:21:46 00:26:58 N/A 16 01:47:30 795.00 7.40 00:20:20 00:26:04 N/A
N/A N/A N/A 00:19:39 00:24:55 00:40:16 N/A N/A N/A 00:20:16 00:24:52 00:38:40

17 00:58:19 209.00 3.58 00:21:03 00:26:11 N/A 17 00:56:28 203.00 3.60 00:20:45 00:26:28 N/A
N/A N/A N/A 00:20:04 00:27:37 00:40:42 N/A N/A N/A 00:20:37 00:25:16 00:42:08

18 01:03:26 290.00 4.57 00:21:32 00:26:30 N/A 18 01:45:28 851.00 8.07 00:21:42 00:26:40 N/A
N/A N/A N/A 00:20:30 00:25:15 00:39:41 N/A N/A N/A 00:20:50 00:28:26 00:43:04

19 01:09:52 372.00 5.32 00:21:52 00:26:51 N/A 19 01:41:46 800.00 7.86 00:20:39 00:25:33 N/A
N/A N/A N/A 00:20:49 00:25:32 N/A N/A N/A N/A 00:21:46 00:29:01 00:41:20

20 01:14:41 395.00 5.29 00:21:35 00:26:45 N/A 20 01:32:01 619.00 6.73 00:20:50 00:26:17 N/A
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N/A N/A N/A 00:20:06 00:24:58 00:38:36 N/A N/A N/A 00:20:26 00:25:29 00:38:46

Mean 01:02:43 267.15 4.13 00:20:56 00:27:05 00:41:33 Mean 01:21:02 504.60 5.62 00:20:39 00:26:10 00:41:20
Median 01:03:26 243.50 4.03 00:21:07 00:26:31 00:40:14 Median 01:15:49 430.00 5.77 00:20:41 00:26:03 00:41:19

Franks Franks
Mean 00:21:37 00:27:36 N/A Mean 00:20:58 00:26:12 N/A
Median 00:21:38 00:26:46 N/A Median 00:20:54 00:26:07 N/A
Brits Brits
Mean 00:20:15 00:26:33 00:41:33 Mean 00:20:19 00:26:08 00:41:20
Median 00:20:23 00:25:33 00:40:14 Median 00:20:16 00:25:17 00:41:19


