Controller’s Behaviors Logging System of Therapeutic Contents for Collecting User Actions
Sunghee Lee, Deok Yeop Kim, Woo Jin Lee
Kyungpook National University
80, Daehak-ro, Buk-gu
Daegu, Republic of Korea
lee322@knu.ac.kr, ejrduq77@naver.com, woojin@knu.ac.kr
Abstract
	[image: image1.png]






Fig. 1 A serious game to prevent bullying and promote empathy.
Recently, a lot of game-type therapeutic contents are being developed. Unlike existing therapy content, recently therapeutic content collects data such as user behavior or events. This is because the development of Big Data enables us to analyze and collect users data for feedback. Therapeutic content uses a variety of sensors or interwork with an external controller to interrogate the user data. In case of interworking with an external controller, most of the controller data is ignored. However, when using therapeutic content, user behavior is closely related to controller behavior of content. Controller behavior can also be used as data that can identify certain symptoms or determine the course of therapy. Therefore, we propose a controller logging system for therapeutic content to collect user behavior. The proposed system consists of a client collection application and a database that stores collected user behaviors. The system is also easily applicable as it can operate independently of the therapeutic content. The user behavior collector collects the controller operation of the contents through the input data, and the user behavior analyzer maps and analyzes the collected user behavior with predefined statistical information. The user behavior logger then stores the statistical information analyzed by the DBMS in the database. Eventually, such collected user behavior can be analyzed to detect defects or to improve the performance of the therapeutic content.
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I. Introduction
Therapeutic content refers to contents for psychotherapy, cognitive training, and physical rehabilitation of a person. Therapeutic content ultimately triggers change and uses different techniques for each therapeutic purpose. For example, content that is intended to be cured to help adaptation uses systematic desensitization that iterates repeatedly and increases the difficulty gradually. In contrast, content for emotional behavior therapy uses Rational Emotive Therapy. The existing therapeutic content simply provided the functions and services that were appropriate for each therapeutic purpose. On the other hand, recent therapeutic contents collect data such as user's actions or events selected by the user. The reason for collecting the user's data is to analyze the status of the user through the data analysis, to inform the progress of the therapy, to provide feedback to the user and to improve the therapy effect. For example, Fig. 1 is a functional game that promotes harassment prevention and empathy, requiring users to make decisions in scenarios[1]. And records the data determined by the user in every game session so that the therapist can analyze it later. 
In the therapeutic content, the user's data collection is done in various ways. It collects human behavior or biometric data through an additional device or sensor, or collects user's performance data for the event or contents selected by the user in each session [2-3]. Currently, most of the therapeutic content that works with external controllers uses controllers such as keyboards, joysticks, and game pads. However, the controller data is generally ignored when used in conjunction with an external controller. The controller's data, which is ignored in this way, is in fact the most directly related to the user and is important data that can improve or improve the therapeutic content. Because each user has different control patterns to process content, it is possible to analyze a pattern with controller data to identify a specific user group or to determine the progress of the therapy. Therefore, there is a need for a method that can be easily applied to therapeutic contents and analyze user behavior with controller data. So we propose a controller logging system of therapeutic content to collect user behavior.
The controller logging system of therapeutic contents is divided into five parts. Device drivers and user behavior collectors, user behavior analyzers, user behavior loggers and databases. A simple user's controller data is mapped to meaningful user behavior information predefined through the system. Until now, the external controllers that the content relied on were primarily keyboards and mice. Therefore, the data that can be collected is either simple or not intuitive to the user, and the data is not collected properly, making it difficult to perform accurate analysis. Therefore, in the proposed system, the input data of various external controllers are mapped as statistical and meaningful information to be advantageous for analysis. Also, the proposed system collects input data independently from the controller linked with the content, so it can operate independently of any contents. Therefore, it can easily be applied to existing therapeutic contents. The user behavior obtained by using the proposed system is stored in the database, and the big data accumulating in the database can characterize symptoms or phenomenon of each user group. With this information, it is possible to detect defects or to improve and improve therapeutic contents, thereby providing better contents to patients.
II. Related Work
A. Virtual environment to quantify the influence of colour stimuli on the performance of tasks requiring attention
TABLE I

Collection data in therapeutic games
	Purpose
	Collection data

	Rehabilitation
	Hand muscle’s activity

	Attention  
	Eye movements

	Stress analysis
	Bio data (Heart rate)

	Health care
	Motion sensor data

	Emotion therapy
	EEG signal

	ADHD therapy
	Behavior patterns on based BCI

	Dementia prevention
	Gesture


This research is a virtual reality based computer game that detects the effect of color on the performance of people performing attention tasks[4]. Divide the game into two versions and construct the content using different colors. The user must find the treasure by playing the game through the hints provided by the game. Also, use the mouse and keyboard together or only the keyboard when playing the game. The study divided the general population group and the ADHD patient group to collect the time needed to play the game and complete each task in the game. The collected time data are used to quantify the effect of color and compare ADHD patients with the general population to identify ADHD symptoms. In this study,  content used only the amount of time it took to complete the game to determine how well we focused. However, the information on the mouse and keyboard is valuable as users continue to play the game. As the user's concentration decreases and the time required to complete the game becomes longer, the average number of user's controller information will be higher and there may be more controller information wasting to complete the game. Not only attention, but also intellectual level, was important to the completion of the game, so a more reliable evaluation would have been possible if the time and controller information were analyzed together.
B. Machine learning techniques for analyzing training behavior in serious gaming
It is a study of machine learning technology for collecting and analyzing data of users training and competing in functional games[5]. The game is defending against several types of missile threats, collecting data from users who train and compete in practice in the game. The data collected is the performance score of each user. The user's score is determined by a comprehensive performance metric at three test levels. The average score of each test level, the maximum score, and the sum of the scores are used to calculate the composite scores. The collected score information is analyzed and the performance of the user is automatically predicted and identified through machine learning. Thus, the extent to which training objectives are reflected can be identified. In this study, however, only the performance score of the game is used to grasp the performance of the user. Even with the same score achievement, there can be any difference in behavior depending on the user. This is because people who achieve high scores with minimal behavior and people who achieve high scores with many actions are different. The behavior that a user performs to achieve score performance can be determined through controller information. This is because the frequency and pattern of used functions and behaviors can be quantified. Therefore, it can be more advantageous to reflect the characteristics of users who have similar scores and to reflect the training goals.
C. Collection data in therapeutic games
  TABLE I provides information on the purpose of the therapeutic content and the data collected. The purpose of the therapeutic contents is various, such as prevention, therapy, and analysis, and collects various data even for the same purpose[6-7].
Most content collects single or multiple data using additional sensors or devices. Some of the contents use external controllers, but the user's controller information is not collected or analyzed separately. Therefore, we can apply the proposed system to help contents evolve for the purpose of contents.
III. Controller’s Behaviors Logging System
Before describing our suggested system, we describe the structure of common therapeutic content. Fig. 2 shows the structure of common therapeutic content.
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Fig. 2 General therapeutic content structure.
General therapeutic content provides functions for therapy in content. Users must use the controller provided by the content to perform the content. The controller may be a controller suitable for the data to be collected from the content, or simply a controller for content progression. Content that requires a dedicated controller continuously collects, stores, or feeds desired data from the controller. Content that does not require a dedicated controller ignores controller data and collects content internal data that changes as the user performs the content. In this typical content, a single controller constantly obtains data from a dedicated controller, or ignores controller information and uses only data within the content. Therefore, we propose a controller logging system as shown in Fig. 3 to easily collect and analyze the user's behavior information through the controller in the therapeutic contents.
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Fig. 4 Controller logging system structure.
The proposed controller logging system collects user 's controller data independently of the therapeutic contents. Therefore, it is advantageous to apply to the therapeutic contents used in conjunction with the external controller, and does not affect the therapeutic contents. The collected user's controller data is changed into user behavior information through various layers of the system and stored in the database. The controller logging system consists of a device driver, a user behavior collector, a user behavior analyzer, a user behavior logger, and a database. The role of each layer of the system and the information it conveys are shown in Fig. 4.
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Fig. 3 Proposed controller logging system.
TABLE II

Raw data classification example
	Type
	Description

	Button (Push)
	One-shot data

	Button (Toggle)
	Durability data

	Stick (Range)
	Movement data (-1 ~ 1)

	Switch (Level)
	Phased data


First, the controller data of the user enters the device data via the device driver. Row data refers to data that can be provided by a general controller. An example of classification of row data is shown in Table 2.
TABLE III

User behavior data classification example
	Type
	Description
	

	Button L1_Push
	Left first button (Push)
	

	Button R1_Toggle
	Right first button (Toggle)
	

	Roll
	Left & Right motion (1100~1900)
	

	Pitch
	Forward & Backward motion
	

	Switch_1
	First switch level (3)
	

	Switch_2
	Second switch level (1)
	


The buttons on the controller can simply act as push or toggle like a switch. In the case of a stick, it can be represented by data within a certain range according to the movement. There may also be switch data classified into several levels. This raw data is transformed into user behavior information through a user behavior collector. User behavior information refers to subdivided data characterized by raw data. Table 3 shows examples of user behavior information.
TABLE IV

Analyzed user behavior data classification example
	Type
	Description

	Behavior count
	Number of behavior uses

	Percentage of total
	Ratio comparison

	Performance duration
	State maintenance time

	Switch variation
	Degree of switch level change

	Toggle activation
	Whether the feature is enabled

	Movement range
	User’s motion information


The user behavior collector identifies which button on the controller, the stick, and the switch data the row data is. That is, it converts the raw data into meaningful data that can be analyzed by the system. Data can be intuitively expressed and easily quantified so that meaningful user behavior information can be analyzed. The transformed user behavior information is used to derive intuitive and quantified statistical information through the user behavior analyzer. The statistical information can be defined in various ways such as the user's controller cumulative information, average, sum, duration, and the like. That is, predefined information that can be helpful in the analysis of the therapeutic content and is mapped from user behavior information. An example of statistical information is shown in Table 4.
The analyzed statistical information is finally stored in the database through the DBMS. Such accumulated information can be helpful for data collection and analysis of therapeutic contents.
IV. Experiment Result
A. Simple therapeutic content test
Experiments were conducted on simple therapeutic content. Content is a game that avoids obstacles by manipulating the advancing character and uses a joystick controller. The man and woman log the controller data while playing each game and graph the accumulated analysis information. Fig. 5 shows the motion information of a man during a game.
Fig. 6 shows the motion information of the woman. 

As a result of the accumulated data, the man frequently performed the left and right movements with a low frequency of motion change. Women, on the other hand, had a high frequency of movement and performed various movements evenly. We have confirmed that there may be differences in information due to gender differences in such simple therapeutic contents.
V. Conclusion
In this paper, we propose a system that can log user 's controller data which is generally ignored in the contents for therapy. The user's controller data can be used to characterize symptoms or user patterns with data directly related to the user. The proposed system works independently from the therapeutic contents and can be easily applied to the therapeutic contents that can be linked with the external controller. It also provides user controller analysis data to help improve and improve therapeutic content. As a result of the experiment, it was confirmed that there is a difference in the analysis result according to the gender in the simple therapeutic contents.
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Fig. 5 Man movement data of joystick.
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Fig. 6 Woman movement data of joystick.
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