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Abstract
Each behavior of game player has its own meaning and game developers can get information applicable to design game levels through palyers’ behavior analysis. When paleyr’s behaviors are describd in specific patterns, behavioral flow can be visualized. This helps to recognize information intuitively so that correlation between player’s behaviors or actions can be found. This study is aimed to examine the methods of visualizing the behavior patterns of FPS game players and represent to 5 simplified behavior patterns. 
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I. Introduction
Information visualization is defined as a process to make data and information expressed in a certain way to analyze. Visualized data helps non-experts see the relations of date easily and enables direct comparison between information. This technique is often used for behavior analysis in game industry. When it is supposed that level designing is a process in which a game developer assigns several game components in cyber space to give users diverse experience, visualized data can be used as analysis data to estimate a player’s behaviors. That is, they are used to analyze similar actions that a game player assumes in a cyber space or strategic behaviors taken in a certain area. It is also used as a theme of research to improve game playability [1, 2].

Analysis of player’s behavior enables evaluation of gameplay design that a game developer intends. Gameplay actions are expressed through the interaction of relevant factors [3]. Therefore, the applicable data in the stage of game development can be acquired through gameplay analysis and they help guide and player’s natural actions in a way a game developer intends [4, 5]. As most of games are, player’s actions are sequential and often are shaped in certain patterns depending on situation. Analysis of player’s behavior informs that each action has a different intent and behavior patterns reveal correlation between actions. In addition, it helps find how a current game is accepted to players and discover what improvements are needed. Particularly, FPS game is easier to intuitively capture the interrelation between space where a game is played and player’s actions than games in other genres [6].

This study looked into visualization methods used for FPS game and used them to visualize behavior patterns found in FPS game. To patternize player’s behaviors, this study coded each of gameplay actions so that various playing situations can be expressed. Experiments were carried out with those coded data and the player’s behaviors shown while playing game were patternized. And then, behavior patterns were visualized so that relations of data could be discovered. It is considered that this can be useful for game developers to predict player’s behaviors at development stage of FPS game.
II. Visualization Techniques of Gamplay Data
Visualization techniques of gameplay data is used as a tool to study player’s behaviors that take place in a certain area of game space and divided into 5 techniques by situation and for purpose [7]. First, chart and diagram is a visualization method that makes it easy to answer the quantifiable questions such as how many times a player make a certain type of action. It makes it easy to confirm the difference of it between game levels or players. Second, heatmap is used when data that can be mapped on coordinates of a game level map are visualized. With color values, it separates and expresses information on a certain position of a game level. It helps find correlation between action and position easily. Third, movement visualization is a method to express the entire paths a player travel in a certain game level by connecting start to end of game with lines. Because this visualization method makes it simple to confirm information of a player’s traveling paths, feedback on the assignment of game components can be easily obtained. Fourth, self-organizing map is a visualization method to compress and group game data and segment the domains of game levels into grids. It has a merit of expressing visualized data by a small unit. Last, node-link representation is a method to visualize abstract or high- dimensional data whose spatial relation is hard to visualize. It divides action units by node and is often used to set behavioral sequence. Those visualization methods can be adopted and utilized selectively according to the purpose of analysis.

Heatmap, movement visualization, and self-organizing map in FPS games are used to express various information and analyze spatial concepts by approaching analytical perspective on game levels. Chart and diagrams, and node-link representation are also used to classify game players into certain groups and find the differences among the groups, or discover correlation between behaviors. For these reasons, visualization method is chosen and utilized depending on the target to analyze. In this study, node-link representation of visualization methods was used to divide players into groups by level of experience and confirm their behavioral differences. This method was intended to directly compare groups and simplify large amounts of data.
III. Player Behavior Patterns in FPS Games
To identify if game players show different behaviors by the level of experience, A preliminary experiment was performed to code all the possible actions that players can take as seen in Table 1. The coded player’s actions are derived from 6 basic actions (Idle, Move, Attack, Reload, Change, Search). They can be arranged in a total of 12 actions (7 single actions and 5 simultaneous actions) [8]. 
The players were divided into 2 groups (5 novices and 5 experts) by the level of experience and 500 behavioral data from their repeated gameplay. The collected data were applied with 12 types of action codes through repeated observational analysis and gameplay processes were simply visualized to 5 types of behavior pattern (2 patterns of novices: "NP1, NP2", and 3 patterns of experts: "EP1, EP2, EP3) as seen in Fig. 1. 

When the behavior patterns were examined, it was known that NP1 and NP2, which result from combination of single actions (6 types) only, were the main patterns found in the novice group. While EP1, EP2, and EP3 were the main patterns, which result from combination of both single actions (2 types) and simultaneous actions (5 types), were found in the expert group. This explains that game players behave all in a similar way in a similar context regardless of the groups because they have the same goal for a game level. But there is difference in their behavior pattern for different level of experience. 
This simplified visualization helps to identify the differences in the two groups instantly and acquire information necessary in the process of designing game levels.
IV. Conclusion
TABLE I

GAMEPLAY ACTION CODE IN FPS GAMES
	Single Action
	Simultaneous Action

	Code
	Description
	Code
	Description

	Id
	Idle
	
	

	Mv
	Move
	
	

	Atk
	Attack
	M_A
	Move with Attack

	Re
	Reload Weapon
	M_R
	Move with Reload

	Ch
	Change Weapon
	M_C
	Move with Change

	Sch_E
	Search Enemy
	M_SE
	Move with Search Enemy

	Sch_S
	Search Safety Zone
	M_SS
	Move with Search Safety Zone


This study was exmined visualization methods that can be used for FPS games and carried out two experiments; one preliminary experiment to extract action codes and the other experiment to collect behavior data by the level of experience. The collected data as result of the experiments were simply visualized to 5 types of pattern through repeated observational analysis. These behavior patterns help to compare intergroup differences intuitively and indentify the relationship between actions so that game developers can predict player’s behaviors. Moreover, it is expected that designing several of game components in game levels will induce player’s behaviors and give users diverse experience. 
This study proposed an analysis method of player’s behaviors using a visualization of behavior pattern besides existing ones. It is significant to provide an empirical method that can be utilized effectively during the game development. 
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