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Executive Summary

Problem

The challenges of asymmetric warfare require a training system that is capable of linking a continuum of training activities through an infrastructure that conforms to a growing set of interoperability standards. This capability has the potential to turn a multi-user game into an interactive training portal through which users can access any available and relevant training content from within the virtual world. The integration of existing training, specifically, SCORM Sharable Content Objects (SCO) into the multiplayer game environment offers great potential for providing various types of training applications, potentially including Just in Time (JIT) training within team training. However, a training analysis must be performed first to examine the use of multiplayer game technology as an instructional medium and then to examine the ability to deliver related training prior to, during, or after an exercise. 
Objectives
The purpose of this Phase I effort is to examine the extension of Shareable Content Object Reference Model (SCORM)-based learning content into on-line, game-based, multiplayer training environments. Specifically, this Phase I effort is to:
· Review the literature pertaining to instructional games and MMOG gaming environments

· Identify the cognitive and affective skills integral to team training

· Identify the appropriate role of an instructor/facilitator in a distributed, multi-user training environment

· Identify proven strategies that demonstrate instructional effectiveness in gaming environments

· Analyze current IED training

· Identify the gaps in existing training to meet team training performance challenges 

· Explore training opportunities that can be created using a multiplayer environment

· Outline SCOs dictated by the learning objectives, instructional strategies, and environment

· Describe tools that leverage Shareable Content Objects (SCOs) to provide training feedback to an individual learner 

· Define metrics against which the trials will be measured
· Propose requirements for integrating SCORM-based learning with instructional games

· Define the requirements on a conceptual level

· Provide an integration plan that will result in a functional demonstration of SCORM-based learning with the OLIVE platform.

· Outline a potential demonstration scenario

· Provide a schedule for building the functional demonstration (Phase II)

Approach

Forterra Systems engaged IDSI to follow a systematic research approach that identified key questions to guide the inquiry and analysis. After identifying the steps needed to complete Phase I, IDSI first performed a thorough review of the literature around distributed team training and social networking in both live exercises and multiplayer game environments. 
· Reviewed literature on instructional games

· Reviewed literature on massively multiplayer online games (MMOGs)
· Identified capabilities and characteristics of MMOGs that support learning

· Compiled a list of best practices that can be applied to multiplayer game design

The second step in accomplishing Phase I was to investigate current IED training. Although most information was restricted (FOUO) or classified, IDSI was able to locate various sources in recent and publicly available information. In doing so, IDSI:

· Reviewed literature on current IED/Counter-IED training

· Spoke with IED/Counter-IED training professional

· Identified gaps in current training

IDSI's final step was to utilize findings from the literature and conduct a comparative analysis to identify areas upon which to make recommendations for incorporating SCOs into massively multiplayer online gaming environments that would assist in filling the gaps of current training. Specific areas of focus included:

· ISD approaches
· The role of the instructor/facilitator
· Scope of the training scenario
· Methods for After Action Review (AAR)
· Required characteristics of SCOs

Findings

The following findings are presented according to the key areas of focus.

· ISD approaches

· Several theoretical approaches to game design
· Although not necessarily designed for instructional purposes, most MMOGs contain instructional elements
· The role of the instructor/facilitator
· Participant/Observer
· Facilitator, mentor, or coach both in-world and outside gaming environment
· Scope of training scenario 
· Provide opportunity for individual review and practice
· Way to inject up-to-date information

· Provide forum for facilitated instruction before and after the "game" scenario
· Provide capability to build increasingly complex scenario by manipulating factors, including the Complexity of tasks (e.g. difficulty recognizing IEDs ; Number of factors in environment that serve as distractors; Number of incidents; Time between incidents; Number of people involved; Available resources

· Provide opportunity for natural, real-time communication between learners 

· Enable simultaneous learning for teams or multiple learners
· Enable synchronous learning by teams

· Methods for After Action Review (AAR)

· 1st person perspective in-world
· 3rd person perspective outside gaming environment

· Required characteristics of SCOs

· Track and store the SCORM runtime calls that are built into SCOs
· SCO launched either by users, or by triggers built into MMOG 
Conclusions and Recommendations

Based on a thorough review of the literature, an analysis of current IED/Counter-IED training, and knowledge about SCORM, findings indicate that utilization of SCOs in an MMOG environment is not only possible but also offers a powerful learning opportunity to meet training needs. The integration, however, cannot be happenstance. Deliberate attention to game design including sequencing training events, integrating training strategies and elements, incorporating  opportunities for deliberate practice with feedback, and providing methods for individual and group reflection on in-world actions must be incorporated into the MMOG.
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INTRODUCTION
This report is the first version of the report for utilization of SCOs in multiplayer games, with special attention to massively multiplayer online gaming (MMOG) environments. It also includes summaries of the supporting literature upon which guidance and recommendations for utilizing SCOs in MMOG environments for instructional purposes are based. 
Problem

A training capability that supports the challenges of asymmetric warfare must include a continuum of activities linked together by infrastructure that conforms to a growing set of interoperability standards. This effort researches and demonstrates the capability of integrating a SCORM-based learning content into a multiplayer game environment. We demonstrate how to adapt multiplayer games so they can work in conjunction with other forms of training content using SCORM-compliant Learning Management Systems (LMS).
What is not yet envisioned is the integration of SCORM Sharable Content Objects (SCO) into the multiplayer game environment in order to provide Just in Time (JIT) training within team training applications. This capability has the potential to turn a multi-user game into an interactive training portal where users can access any available and relevant training content from within the virtual world. However, a training analysis must be performed to first look at the use of multiplayer game technology as an instructional medium and then to look at the ability to deliver related training during or after an exercise. 

Objective: Purpose of the Study

The first part of this Phase I effort is to examine the extension of Shareable Content Object Reference Model (SCORM)-based learning content into on-line, game-based, multiplayer training environments.
The second part examines conceptual approaches to integrating SCORM-based learning with multiplayer games on a conceptual level. Then an integration approach for the OLIVE massively multiplayer online virtual environment is proposed, which will result in a functional demonstration of a training scenario with representative SCORM-compliant SCOs.
Organization of the Report

This report is organized into two chapters: Chapter I: Literature Review to Support the Use of SCOs in MMOG Environments, and Chapter 2: Systems Requirements Document.
“Chapter I: Literature Review to Support the Use of SCOs in MMOG Environments," serves as the foundation based on the science of learning for recommendations for incorporating SCOs into MMOG environments for training. This chapter is broken into three sections: 1) What we know about instructional games, 2) What we know about current training, and 3) How can MMOG environment be used to fill current training gaps.
 "Chapter 2: Systems Requirement” provides the overall conceptual requirements for integrating SCORM-compliant learning materials with multiplayer game environments. Next it provides an integration plan for marrying SCO materials with the OLIVE multiplayer gaming and training environment. It also provides guidance regarding the hardware and software needs of a demonstration system.
"Chapter 3: Sample Scenario" provides an overview and basic requirements for the demonstration training scenario.
"Chapter 4: Development Schedule" provides a schedule for Phase II implementation of the demonstration scenario described in chapters 2 and 3.
Creating a Re-usable Interface between Games and SCORM-compliant Learning Materials
Identifying and prototyping the implementation of SCORM-compliant material into a game environment, such as the OLIVE environment, is prudent before a more generalized interface between all SCORM material and all games is proposed or developed. This project, therefore, concentrates on that critical first step. The results of this project can then be applied to the subsequent goal of a more generalized interface.
Abbreviations

SCO: Shareable Content Object.
SCORM: Shareable Courseware Object Reference Model.

RTE: SCORM Runtime Environment.

ADL: Advanced Distributed Learning.

MMOG (also "MMO"): Massively Multiplayer Online Game

OLIVE: On-live Interactive Virtual Environment

LMS: Learning Management System

COTS: Commercial off-the-shelf, e.g., systems manufactured commercially and commonly available.

Terminology

Instructor/Facilitator: A teacher, instructor or facilitator who directs learners within the system. 

Learner: An active participant in the experience; targeted audience for training. 

Administrator: A person who oversees and reviews learner activities and accomplishments. In many cases an instructor/facilitator is also an administrator. In this context, administrators typically use LMS "back end" software tools to review and evaluate learner activities. These tools are part of the LMS, and vary from one system to another..

Virtual World or Virtual Environment: An MMOG, but without any specified and rewarded "game play." VWs share the large size and 3D nature of MMOGs, often repurposing MMOG technology and assets for non-game purposes.

Avatar: An animated 3D character that can move, talk, and perform limited actions within the virtual world. Each avatar is controlled by an actual human being, who operates that avatar and views the virtual world from a computer running the appropriate virtual world software.

NPC (Non-Player Character): An avatar directed by computer software, rather than a human being. An NPC may simply stand in place and do nothing, be directed by a fixed script of actions, or a sophisticated AI (artificial intelligence) program that varies the avatar's motions, actions, and/or words based on the current situation within the virtual world.
CHAPTER 1: LITERATURE REVIEW
The main purpose of this literature review is to form a foundation based on the science of learning upon which to make recommendations for incorporating Shareable Content Objects (SCOs) into Massively Multiplayer Online Game (MMOG) environments for training. This chapter is broken into three sections: 1) What we know about instructional games, 2) What we know about current training and 3) How an MMOG can be used to fill current training gaps.

Section 1.1: What We Know About Instructional Games
Games

Before discussing instructional games, we must first clarify what we mean by a game. For the purpose of this effort, we chose to combine the definitions of game as offered by Hays (2005) and Klabbers (2006).  We define a game as a form of play that is artificially constructed, competitive, and voluntary activity or occupation that resembles portions of reality and involves one or more players who assume roles while trying to achieve a goal within a specific context. It provides a competitive environment for a player by challenging him or her to reach a goal. Rules, freely accepted but absolutely binding, determine what the players are permitted to do, or defineconstraints on allowable actions, which impact on the available resources, and therefore influence the state of the game space. 
Clearly games can be used for instructional purposes but as Hays (2005) cautions there is no empirical evidence that games are the best instructional method for all situations.  In other words just converting content to a game does not ensure its viability as a learning tool.  As with any  instructional strategy, objectives, subject matter, resources, intended audience, and context matter (Klabbers, 2003). Although some games may show indications of being an effective form of instruction for specified purposes, results may not generalize to other games or instructional content. (Hays, 2005). 

Recent uses of technology have moved the world of games beyond the deck of cards or board games of generations gone by. Technology has brought about the use of Multi-User Dungeons (MUDs) where there is a virtual world but no specific goal, scoring system, beginning or end. In MUDs, players have the ability to add new objects to the database (Curtis, 1992), but are seen by some (e.g., Bartle, 1996; Bruckman, 1992) to be more of a social learning environment than a game (Krause, 2003). Furthermore, Colella, Klopfer, and Resnick (2001) found that participatory simulations such as MUDs, where players have the ability to introduce new objects into the environment, are not consistent environments for effective instruction because changes in initial conditions can have a profound effect on how the system reacts. Thus, there has been a move toward more serious games for the purpose of education and training. 
Serious Games
The serious games movement is a trend toward designing and analyzing games to support formal training objectives and learning outcomes (de Freitas ,2006). This trend supports Rieber, Smith, and Noah's (1998) proposition that play is a suitable goal for training situations that require creative higher-order thinking coupled with intense personal commitment and involvement. Two types of games that have evolved to meet this proposition are live action role playing (LARP) games and hybrid reality games (HRGs). The core of a LARP is role playing guided by rules (Tychsen, Hitchens, Brolund, & Kavakli, 2006) where players usually have full control of decision-making at the character level. LARPs are usually set in a virtual context of fictional reality and game play is governed or supervised by a game master (instructor/facilitator). Hybrid reality games, on the other hand, transform physical spaces into interactive game boards (de Souza e Silva & Delacruz, 2006). HRGs make use of the physical context by merging the physical world and digital spaces. Training that utilizes HRGs is usually delivered through traditional technologies such as handheld computers or PDAs (Kirkley, Tomblin, & Kirkley, 2005).
MMOGs
Another type of game that is attracting the attention of the education and training field is the massively multiplayer online game (MMOG). The key distinction between MMOGs and other types of games is the fact that players interact with other players as well as with the gaming software. MMOGs enable various sized groups ranging up to hundreds of thousands of players to participate in an online game simultaneously. Some of the better known games that support such large numbers of players and that have been used in empirical studies of massively multiplayer online games include EverQuest, Asheron's Call, Lineage, Second Life, Counter Strike, and Quest Atlantis (Table 1). 
Table 1 Sample of Games Used in Empirical Studies of MMOGs

	Sample of Games Use in Empirical Studies of Massively Multiplayer Online Games

	America’s Army
	EverQuest
	Madison 2200

	Asheron’s Call I
	Ghetto 
	Maple Story

	Asheron’s Call II
	Lineage I 
	Quest Atlantis

	Counter-Strike 
	Lineage II 
	Second Life 


MMOGs are usually set in a persistent world which continues to evolve when a player leaves the gaming environment. Players entering the MMOG environment take on a role or personae with a specific and unique identity. This persona is represented in the gaming environment as an avatar. Thus, the latest term for such role playing games is massively multiplayer online role playing games (MMORPGs). Prensky (n.d.) indicates that there are other MMORPGs that are played by equally large numbers of players, but in smaller groups at one time. Such games include The Sims Online or America's Army. According to Klabbers (2006), an MMORPG is a cooperative, distributed access, non-goal seeking game. This definition was based on a classification derived from combining game theory, systems, theory, and computer science. 
Instructional Games
When training is deliberately added to a gaming environment, or when gaming aspects are deliberately incorporated into training, we create instructional games.  Despite current attention to instructional games, most instructional games to date have been produced in the absence of any coherent theory of learning or underlying body of research (Shaffer, Squire, Halverson, & Gee, 2005). Instructional games do evidence principles and strategies that can be viewed as instructional elements, however.
Instructional game elements are often viewed through the lenses of experiential learning, situated learning, flexibly adaptive instruction, discovery learning, activity theory, game-based learning, or a mix of symbolic and situative viewpoints. Experiential learning in games as found in the works of Ricci, Salas, and Cannon-Bowers (1996), Unigame (2002), Hays (2005), and Egenfeldt-Nielsen (2006), focuses on the real-world participation aspect of the game. Supporters of experiential learning believe that understanding is derived and modified through experience, and that action and reflection are necessary components of meaningful learning (Dewey, 1938; Kolb, 1984). From the situated learning perspective, Lave and Wenger (1991) proposed that learning is fundamentally a social process, a process that can be generalized to other social groups. They liken it to using mathematics in the "real world" during a shopping trip (Lave, 1988). Choi and Hannafin (1993) expand on this by stating that the theoretical underpinnings of situated cognition center on the role of context, content, facilitation and assessment. Further research (e.g., de Souze e Silva & Delacruz, 2006; Klabbers, 2006; Squire, 2005) has continued to support this idea.
Proponents of flexibly adaptive instruction recommend that educational products be designed and developed in a way to allow easy reconfiguration by teachers or others using the product (Schwartz, Lin, Brophy, & Bransford, 1999). Giving users more control is consistent with discovery learning, a theory that supports the idea that learning is most effective when the learning process involves inquiry rather than memorization (Barab, Hay, Barnett, & Squire, 2001; Bransford, Brown, & Cocking, 2002).  Research, however, indicates that providing some structure within the learning environment is more effective than pure exploration for achieving certain types of learning outcomes (Mayer, 2004); therefore providing the instructor with the ability to shape instructional events would be beneficial.

Interactions within games are viewed by some through the lens of activity theory which proposes that the mechanisms underlying the influence of social context on learning and development are mutual transformations between the individual and collective activities (Bonk, 2005; Downes, 2004; Kaptelinin & Cole,2002; Klabbers, 2006).  Through activity theory Kaptelinin and Cole identify three distinct phases of games: external coordination of individual activities, emerging group identity, and transfer of group experience to individual activities. Similarly, according to de Freitas (2006), game-based learning theory purports that learning is often experience-based or exploratory and relies on experiential, problem-based or exploratory learning approaches. 
Other theoretical perspectives of learning from games includes apprenticeship learning (e.g., Klabbers, 2006), user-centered learning (e.g., Belanich, 2006; Gros, 2006; Ke, 2006), and cooperative learning (e.g., Unigame, 2002). Derry and Steinkuehler (2003) suggest that a merging of various theories will result in a new methodological approach that will be superior to any other viewpoint standing alone. They believe that this new theory of cognition will be capable of providing more complete understanding of learning and education through the world of games. 
Instructional Elements of MMOGs
Focusing on instructional elements of games designed for multiple players and delivered in an electronic medium, we find that games used for education and training include a variety of instructional elements (objectives, standards, teaching, check for understanding, guided practice/monitoring information, examples, modeling, review, closure, independent practice, assessment, etc.). Although instruction that incorporates game features enhances learner motivation (Ricci, Salas, & Cannon-Bowers, 1996), which leads to greater attention to training content and greater retention (Garris & Ahlers, 2002; Ricci, Salas, & Cannon-Bowers, 1996), it is important to look at the instructional elements of games. Riegle and Matejka (2006a) identified 11 elements of instruction in MMOGs. Table 2 summarizes key instructional elements of MMOGs and lists the researchers who include them as elements.
[Continue to next page for Table 2]

Table 2 Instructional Elements of Massively Multiplayer Online Games
	Element
	Description
	Reference

	Context
	Learning Environment, Complex/Realistic Environment
	Belanich (2006); Bonk, Olson, Wisher, & Orvis (2002); Delwiche (2006); Gros (2006); Riegle & Matejka (2006a)

	Players
	Learners
	Nanjappa (2001); Prensky (2001a); Riegle & Matejka (2006a); Roe & Mujis (1998); Yee (2004)

	Instructor/Facilitator
	Game Creators, Programmers, Facilitators
	de Freitas (2006); Fujimoto (2005); Prensky (2001b); Riegle & Matejka (2006a)

	Objectives
	Purpose
	Garris & Ahlers (2002); Hays (2005); Riegle & Matejka (2006a)

	Strategies
	Approach (e.g., scaffolding support)
	Amory, Naicker, Vincent, & Adams (1999); Asgari & Kaufman (2004); Hays (2005); Riegle & Matejka (2006a); Squire (2005)

	Implementation
	Use
	Bonk, Olson, Wisher, & Orvis (2002); Hays (2005); Hirumi & Stapleton (2007); McGrenere (1996); Pizer (2003)

	Practice
	Performance Trials
	De Freitas (2006); Hays (2005); Prensky (2003); Riegle & Matejka (2006a)

	Assessment
	Check for Understanding (CfU), Review or Wrap-up of Lesson
	Bonk, Olson, Wisher, & Orvis (2002); Riegle & Matejka (2006a)

	Feedback
	Feedback – Authentic, Directed/Corrective, or Reflective Activities
	Bonk, Olson, Wisher, & Orvis (2002); Fletcher & Tobias (2006); Gee (2003); Hays (2005); McGrenere (1996); Moreno & Mayer (2005); Roschelle, Kaput, & Stroup (2000)


Context
One of the key advantages to games and MMOGs in particular is their ability to provide a rich context for training and preparation for performance in the operational environment. Typically, context in electronic games refers to the in-game environment that should provide a psychologically safe learning community in which mistakes can be made (Bonk, Olson, Wisher, & Orvis, 2002). Context, however, is more than the environment in which the game takes place. MMOG play enables players to use the social systems that people use in real life, including those outside the gaming world (Pizer, 2003). Research indicated that it was crucial for learners to have access to the game in order for learning to take place, and that most learners prefer playing games when other players are co-located in the immediate environment (Delwiche ,2006).. 

Players
There is much discussion of current MMOG players and the characteristics that describe them and the impact playing has on their personal and professional development. Yee (2004), for example focuses on the diversity of players noting that players in MMOGs are unique in that they are made up of groups of people that would not normally be found together in real life (e.g., high school students, housewives, retirees, and adult professionals). Others call attention to the differences of the today’s "Games Generation," or the typical learners who have grown up with technology at their fingertips, and are purported to be more active in their approach to game play and more adept at multitasking (Nanjappa, 2001; Prensky 2001). Roe and Mujis (1998) state that the research has yet to provide an adequate picture of the social characteristics of game players, but that results of their research raise concerns about the associations between heavy use of computer game play and negative outcomes in academic achievement, self-esteem, and sociability.  
Instructor/Facilitator
The role of the on-line instructor/facilitator has been shown to be important (Bonk, Olson, Wisher, & Orvis, 2002). Instructors/Facilitators may play several different roles individually or multiple roles simultaneously. These roles may be within the MMOG or outside the training environment, as well as known or unknown to other players. Common roles include:

· Facilitator – Inside and/or outside the game (de Freitas, 2006)

· Resource (Fujimoto, 2005)

· Opponent/Team member (friendly forces or adversary) (Ally, 2004)
Objectives

Strong alignment between instructional objectives and the features of the gaming environment are more likely to produce intended learning outcomes (Garris & Ahlers, 2002). Hays (2005) however cautions that those wishing to utilize games in instruction should have game developers demonstrate how their game will provide interactive experiences that support the desired instructional objectives. 

Strategies

In their review of recent literature on massively multiplayer online games, Johnson, Spector, Huang, and Novak (2007) found that principles based on learning theories and research have implications for the selection and creation of the instructional strategy. Strategies in online games range from standard issues of logic, memory, visualization and problem solving (Amory, Naicker, Vincent, & Adams, 1999) to fantasy and curiosity (Asgari & Kaufman, 2004), scaffolding (Squire, 2005), complex and realistic learning environments (Belanich, 2006; Gros, 2006), and social learning (Johnson, Spector, Huang, & Novak, 2007). However, Hays (2005) suggests that the decision to use a game for instruction should be based on a detailed analysis of learning requirements and tradeoffs among alternate instructional approaches. 
Implementation

MMOGs can be applied to training at five curriculum levels to facilitate learning: event, lesson, unit, course, and program (Hirumi & Stapleton, 2007). When implementing MMOGs into instruction and training, research recommends integrating the MMOG into the curriculum and not using it as stand-alone instruction (de Freitas, 2006; Hays, 2005; McGrenere, 1996). MMOGs should be used as adjuncts and aids embedded in instructional programs that include debriefing and feedback (Hays, 2005). 
Practice

Prensky (2003) questions whether exposure to and practice in gaming environments has altered, either positively or negatively, the skills or abilities that are relevant to in a military context. In answer to his question, he points out that there is little existing research to address this issue. Since that time Riegle an Matejka (2006a) have found that both guided practice, where a teacher leads learners through the steps, and independent practice where learners practice on their own could lead to positive learning outcomes. 
Assessment

Little empirical research is available regarding assessment in MMOGs (Bonk, Olson, Wisher, & Orvis, 2002.) In fact, Bonk and Dennen (2005) indicate that it will be critical to explore the effectiveness of MMOGs using different assessment and evaluation techniques. One technique utilized by Riegle and Matejka (2006a) found successful results from a review or wrap-up of the lesson that took place outside of the MMOG. Self-assessment is another technique used to discovered what players had learned about leadership skills (Yee, 2006). 
Feedback

Research supports the provision of timely feedback (e.g., Bonk, Olson, Wisher, & Orvis, 2002; McGrenere, 1996). However, other factors of feedback in MMOG environments have been studied in more detail. These factors include authentic consequences of behavior in the gaming environment (Fletcher & Tobias, 2006), directed/corrective feedback from other sources (Hays, 2005; Moreno & Mayer, 2005), and reflective activities such as discussions and planning between gaming sessions and After-Action Reviews (Gee, 2003; Johnson, Spector, Huang, & Novak, 2007; Moreno & Mayer, 2005). In general, Hays (2005) purports that instructional support during play increases the effectiveness of instructional games.
Characteristics of MMOGs that Promote Learning

Skills gained and practiced in MMOG environments closely parallel the skills required by today’s   network centric warfare (Bonk & Dennen, 2005). Yet, in today's world of massively multiplayer online gaming, there is still clearly little consensus regarding the essential characteristics of instructional games and how they should be implemented (Garris & Ahlers, 2002). However, many attributes of games make them pedagogically sound learning environments (Nanjappa, 2001; Oblinger, 2004; Prensky, 2001). According to Steinkuehler (2006b, p.5), MMOG game play includes "all the traditional characteristics of problem-solving – problem representation, conditions, goals, procedures, strategies, and meta-strategies – as well as shared practices typically found in problem-solving contexts within formal and informal instructional contexts – debriefings, theorizing about the problem space, apprenticeship, and the valuing of seeking out challenges just beyond the current level of one’s ability (cf. zone of proximal development, Vygotsky, 1978), whether you are level 5 or 55."
[Continue to next page for Table 3]

Table 3 Key Characteristics of MMOGs that Promote Learning

	Characteristic
	Game Description
	Reference

	Environment
	Important for game effectiveness
	Egenfeldt-Nielsen, 2003

	
	learning is situated not only within the game but around it
	Gee, 2003

	
	Supports cooperative learning
	Childress & Braswell, 2006

	
	Safe
	Delwiche, 2006; Riegle & Matejka, 2006b

	
	Simulates a first-person physical environment
	Castronova, 2001

	Reality
	Close enough to reality that learners easily see how to apply knowledge they gain from MMOG to real world
	Riegle & Matejka, 2006b; Squire & Steinkuehler, 2006

	
	Sensory stimuli – presents situations that tap user's emotion
	Aldrich, 2004; Bennett & Warnock, 2006; Hirumi & Stapleton, 2007; Pizer, 2003; Yee, 2006

	Interactivity
	Accessed remotely and simultaneously by a large number of people – communication place
	Castronova, 2001; Choi & Kim, 2004; Ducheneaut & Moore, 2004; Papargyris & Poulymenakou, 2005

	
	Multimodal presentation – communication tools
	Choi & Kim, 2004; Johnson, Spector, Huang, & Novak, 2007, Seay, Jerome, Sang Lee, & Kraut, 2003

	
	Space with complicated dynamics of social interactions
	Ang, Zaphiris, & Mahmood, 2007; Choi & Kim, 2004; Manninen, 2001; Squire & Steinkuehler, 2006

	
	Players communicate in-world and outside the game
	Manninen, 2001; Seay, Jerome, Sang Lee, & Kraut, 2003; Squire & Steinkuehler, 2006

	
	Teamwork
	Ducheneaut & Moore, 2004; Manninen, 2001; 

	Role Play
	Identification with avatar and players have a choice over characters adopted
	de Freitas, 2006; Gee, 2000-2001; Squire, 2005; Squire & Steinkuehler, 2006; Steinkuehler, 2006a

	Engagement
	Sense of unrestricted options
	Aldrich, 2004; Bennett & Warnock, 2006; Riegle & Matejka, 2006b; 

	
	Cycle of user judgments, behavior, and feedback
	Garris, Ahlers, & Driskell, 2002

	Rules
	Structure for play – Cause, effect, and consequence
	Bennett & Warnock, 2006; Hirumi & Stapleton, 2007; Squire & Jenkins, 2002

	Persistence
	Continues to run whether anyone is using it or not; it remembers the location of people and things, as well as the ownership of objects
	Aldrich, 2004; Castronova, 2001

	Efficiency
	More efficient than random real world experiences
	Riegle & Matejka, 2006b

	Fidelity
	Little research attention has been paid to the fidelity
	Fletcher & Tobias, 2006

	
	Psychological fidelity
	Driskell, Jonston, and Salas, 2001, as cited in Alexander, et al. 2005

	
	Functional fidelity
	Weil et al. as cited in Alexander, et al. 2005


Learning from Games
"Empirical research on the instructional effectiveness of games is fragmented, filled with ill defined terms, and plagued with methodological flaws" (Hays, 2005, p. 3). A limited number of studies have provided insight into the relationship between games and learning. For example, research by Green and Bavelier (as cited in Bonk & Dennen, 2005) found that video-gaming increased visual attention capacity of players.  Research has shown that incorporating game features into military training enhances motivation which then leads to greater attention to training content and greater retention (Ricci, Salas, & Cannon-Bowers, 1996). Other studies have shown improved learning outcomes in terms of accuracy of recall (Garris & Ahlers, 2002), better recall of procedural information than factual information (Belanich, Orvis, & Sibley, 2006; Belanich, Sibley, & Orvis, 2004), and more accurate recall of images and spoken text than printed text (Belanich, Orvis, & Sibley, In Press). Additionally playing video-action-based games affects cognitive skills related to visual attention (Boot, 2005; Castel, Pratt, & Drummond, 2005; Green & Bavelier, 2003, as cited in Alexander, Brunye, Sidman, & Weil, 2005).  Research-based studies of multimedia learning also provide relevant findings for game design. Adherence to principles of split-attention, spatial contiguity, temporal contiguity, modality, redundancy, and coherence can reduce cognitive overload and promote learning (Moreno & Mayer, 2000).

Evidence about learning outcomes from serious games or massively multiplayer online role playing games is scant (Bonk & Dennen, 2005; de Freitas, 2006; Fletcher & Tobias, 2006; Garris & Ahlers, 2002; Mishra & Foster, 2006; Prensky, 2003). With limited information available in the literature, Stokes (2005) suggests that there are a variety of educational opportunities in serious games. Thus far, there is limited evidence that games provide different ways of seeing and understanding problems (Squire, 2005). MMOGs raise awareness in topics promoted by the MMOG environment such as "Smokeout Café" (Singularity Design, 2004) and "Becoming a UNICEF World Hero" (Richtel, 2005). MMOGs have also affected behavior and attitudes of players (Brown, Lieberman, Gemeny, Fan, Wilson, & Pasta, 1997; Delwiche, 2006) such as the increase in military recruiting through the MMOG "America's Army" (Schiesel, 2005). In addition to increasing public awareness and effecting attitudinal changes in players, there are indicators that MMOGs offers an opportunity to engage in long-term thinking that may be overlooked or unavailable in real-world practice (Chan, 2007; Stokes, 2005; Worcester Polytechnic Institute Game Development Club, 2003).
Transfer of Learning from MMOGs
Research on transfer of learning from games is limited, but is consistent with the general literature on promoting transfer from instruction (see Clark, Nguyen, & Sweller, 2006). A cognitive task analysis of both the game and the task before games are developed is essential in promoting the transfer of learning (Fletcher & Tobias, 2006). Games should progress from basic to complex and be designed as close as possible to a realistic context. This facilitates the transfer of learning to performance (Belanich, 2006; Delwiche, 2006; Egenfeldt—Nielsen, 2006; Fletcher, 2006; Gros, 2006; Klabbers, 2006). Providing learners with debriefing, feedback, and opportunity for reflection also promotes transfer (Hays, 2005; Moreno & Mayer, 2005) as does personalization of (Fletcher & Tobias, 2006; Moreno & Mayer, 2000, 2004, 2005). 
Game Design

The age-old question in learning is not whether one particular strategy is good or bad, but whether the strategy is designed to promote achievement of the intended outcomes. Nowhere is this more clear than in the design of games. The definitions of what constitutes a game vary; the beliefs about the ability to embed instructional elements vary; the beliefs about unpredictability being programmable vary. We contend that the gaming vehicle can be designed to promote learning, but the key is in the intentional design.

In 2005, Kirkley, Tomblin, & Kirkley developed the Simulation-game Instructional Systems Design Process (SG-ISD) – an integrated process that focuses on creating games that are instructionally sound, and well-designed. The SG-ISD process embeds game design processes into the ADDIE instructional design process. Key elements of the SG-ISD Model are analysis, concept, design, QA, prototype implementation, and modification based on evaluation. The SG-ISD process serves to bridge the gap between proven simulation and other training systems, and gaming entertainment technologies. Key cautions of this theory remind designers that the unpredictability of games impedes control of training variables, and poorly designed games may result in negative training effects. 
Although developed based on single-player games, McGrenere (1996) suggests that the following recommendations (Table 4) from the works of Brody (1993), Kelly and O’Kelly (1994), Quinn (1994), and Reynolds and Martin (1988) are a good starting point for the design and development of multiplayer games. 
Table 4 Research-Based Recommendations for MMOG Design

	Research-Based Recommendations for MMOG Design

	Provide clearly stated objective and content

	Provide prompt feedback

	Provide interactions that facilitate mastery of the objective

	Provide mechanisms for correcting errors and improving performance

	Provide positive reinforcement that is appropriately timed

	Provide underlying pedagogical support

	Map learning activities to interface actions

	Map learning concepts to interface objects


MMOG design should emphasize the importance of a team approach in designing games. "In addition to including individuals with expertise in game design, cognitive task analysis, and ISD, it is also important for developers to be familiar with emerging research results about the effects of games and simulations. Since such varied expertise does not usually occur in one person, consulting with experts familiar with the areas mentioned above during game development should help maximize the positive outcomes of games and simulations, and presumably their profitability as well" (Fletcher & Tobias, 2006, p. 22).
Harp and Mayer (1998) recommend resisting the urge to include extemporaneous or seductive details that may be distracting or disrupting to the coherence of the instructional content. Such details tend to prime inappropriate schemas around which the players organize the material or develop mental models. Riegle and Matejka (2006b) offer a sound word of caution for game design and implementation as well. "The game experience is very different at the upper levels of the game than at the lower levels – it takes hundreds of hours to reach upper level of game play. If it is important for learners to have upper level experiences, then it may be necessary to provide them with characters that are already advanced to the necessary level, or different characters at different levels."
Section 1.2: 
What We Know About Current IED/Counter-IED Training
Although much information about current IED/Counter-IED training is classified, we were able to gain insight into the basic outline for training in this area using publicly accessible information.  Prensky (2001c) suggests that the military is utilizing game-based training because it works for the military. However, in the literature about IED/Counter-IED training, we were unable to find evidence of games being used. We make reference to Soldiers and procedures used by the US Army to parallel the setting for the prototype scenario developed for this project. The basic elements of training would apply to any of the services, however. The specific SCOs recommended for integration were developed to be used by all services and currently run on the respective learning management systems of three services.
What we know about current IED/Counter-IED training is that training starts with young Soldiers coming out of boot camp (Haskamp, 2007) and is a “…continuous building project as the enemy is a master at pattern analysis and adaptation and changes their tactics, techniques, and procedures (TTPs) on a regular basis” (Lt. Col. Christopher Ballard as cited in Adams, 2005). Prior to deployment, Soldiers participate in field training that provides a theater immersion experience where the environment is comparable to what they will encounter in combat. During this field training they receive realistic, hands-on, repetitious, and deliberate practice on individual skills through brigade-level collective tasks (Zajac, Bissonnette, & Carson, 2005). Training starts with classroom training about the Soldiers’ future area of operation which allows Soldiers to develop a situational understanding of the culture and environment in which they will be operating (Zajac, et al., 2005). 
Following the classroom-based training, full immersion into the simulated environment ensuring that troops have a chance to train before deployment with the equipment they will use in the IED fight and in conditions that more closely mirror theater situations (Haskamp, 2007). Immersive training focuses on IED defeat tenets — Predict, Detect, Prevent, Neutralize, and Mitigate (Dodge, 2005) as well as the tenets of counter-IED operations – Deter, Detect, Defeat, Prevent, and Respond (Zajac, Bissonnette, & Carson, 2005). Field exercises ensure that the most recent lessons learned from theater are incorporated into the training (Zajac, et al., 2005). "If you haven't been to theater in the last four months-you're not up to date. Our biggest task is staying current and relevant" (Brig. Gen. Joe E. Ramirez Jr. as cited in Haskamp, 2007).
Ballog’s description of Counter-IED Training for Iraqi police provides a guideline for the types of skills learned and practiced during IED/Counter-IED training.  We use this as an unclassified topic place holder for IED instruction.  The topics are summarized in Table 5.   

Table 5 Counter-IED Training Received by Iraqi MPs (Ballog, 2006)

	Context
	Knowledge, Skills, Abilities Learned/Practiced

	2-Day in-classroom instruction
	Basic IED identification techniques

	
	Convoy formations

	
	Organizational communication

	
	Medical training

	
	Security actions

	1-Day (3rd training day) field exercises
	IED lane-training exercise


In addition to immersive field exercises, leaders receive a week-long “train-the-trainer” course for the purpose of showing trainers how to integrate counter-IED measures into existing training (Prichard, 2005). These training programs are, in short, designed to help trainers and troops understand how to think, not what to think (Haskamp, 2007). 
When deploying, Soldiers usually have a stop in Kuwait before moving into the theater of operations. After arriving in Kuwait, Soldiers “receive a new situational training exercise to update them on enemy improvised explosive devices and other tactics” (Adams, 2005). They also review TTPs including walkthroughs, convoy, and combat operation missions (Adams, 2005) utilizing a seven-mile Counter-IED course (Miles, 2006). Additionally, Spc. Adams explains that troops are taught to look at the whole IED system and not just the IED explosion itself.
Though Magnuson (2006) cites Pentagon officials in saying that there is “no silver bullet to defeat the 90 different detonation methods” of a roadside bomb; “IEDs continue to plague troops.” Because there is no silver bullet, or straightforward solution perceived to have extreme effectiveness, trainers must address a variety of skills and utilize important instructional strategies such as role-player interaction (Adams, 2005) in IED/Counter-IED training. 
Cognitive and Affective Skills
Various cognitive, affective, and metacognitive skills must be developed and integrated to address IED dangers in current deployment situations.  Specific skills can be grouped under the following headings or constructs:

· Cognitive Readiness- mental preparedness to perform a mission

· Adaptability- ability to adjust thinking and actions

· Interoperability – ability to use and exchange systems, units, or personnel

· Human Intelligence – ability to collect and communicate actionable intelligence

Cognitive Readiness

Cognitive readiness refers to the mental preparedness to perform a mission and to exploit opportunities as they arise. It involves "anticipation, planning, initiative, the integration of reason and emotion, and self-synchronization" (Wesensten, Belenky, & Balkin, 2005, p. 98). Cognitive readiness ensures that the warfighter is mentally prepared for accomplishing the mission, is performing at his or her optimal performance level, and uses the most effective and affordable tools and techniques (Etter, Foster, & Steele, 2000). 

Cultural awareness

Operational cultural awareness is knowledge of and sensitivity to the cultural norms of the population in the operational environment (Department of the Army, 2005). 

Application in the Field: Operational cultural awareness will minimize culture-related conflict, enhance human intelligence (HUMINT) capability, and facilitate freedom of maneuver and force protection (Department of the Army, 2005). 

Skills: Demonstrate knowledge of the area of operations (practice in MMOG environment, deliberately placed cues, distractions, diversions, examples and non-examples in MMOG), including: 

1. Local geography

2. Current sociopolitical situation

3. Culturally determined values

4. Cultural behavior norms

5. Dominant religions and ways they are manifested in the attitudes and behaviors of the local population

6. Basic phrases and critical words in the local language and dialect

7. Acceptable and unacceptable body language

8. Cultural differences in interpretation of body language

9. Physical characteristics that help to differentiate among various groups within the local population (e.g., color or pattern of a male Arab's headdress)

10. Interactions that identify leaders in the local populace

11. Local supply sources

12. Local intelligence sources

13. History of the region

Self-efficacy

Self-efficacy is the belief that one can perform a given task or influence events that affect one's life. "Self-efficacy beliefs determine how people feel, think, motivate themselves and behave" (Bandura, in press). 

Application in the Field: If Soldiers do not believe that their actions can produce the outcomes they desire, they will not be motivated to persevere in the face of difficulties. Self-efficacy determines whether they will think pessimistically or optimistically, which in turn will influence their actions, their self-regulation, and their vulnerability to stress and depression. 

Skills:

1. Draw on life experiences to prepare for current situations.

2. Exhibit vicarious learning from others' performance.

3. Use metacognitive reflection to recognize and compensate for the negative effect of anxiety or stress on self-efficacy.

Resilience

Resilience is the "ability to recover from or adjust easily to misfortune or change" (Merriam-Webster Unabridged, 2002). It involves the development of coping strategies to maintain optimal performance by reducing vulnerability to operational stressors (e.g., separation anxiety, environmental extremes, dehydration, high operational tempo, and sleep deprivation) or traumatic situations (e.g., sustaining a wound or witnessing the death of a friend). 

Application in the Field: Resilience enables warfighters to maintain team focus, battlefield awareness, and operational effectiveness while under continued stress and in response to traumatic events. 
Skills:

1. Identify physical and emotional reactions to trauma.

2. Demonstrate effective coping strategies.

3. Recognize ineffective coping strategies.

Adaptability

Adaptability is the ability to adjust one's thinking and actions by selectively invoking and employing various cognitive scripts in order to maintain optimal performance in rapidly changing operational situations. A cognitive script is an organizational schema that presents "a standard event sequence" (Schank & Abelson, as cited in Allington, 2005) that governs behavior within a given context. Experience and knowledge provide a "library" of alternative scripts from which a person may draw in order to adapt to changing conditions and requirements. The MMOG environment enables learners to take SCORM training principles and apply them in various situations to create multiple mental scripts. They add richness to their mental models and as a team develop shared mental models. This also develops the skills of strategic intuition discussed below.

Metacognitive Capability

Metacognitive capability is the ability "to reflect upon oneself, one's sense of personal efficacy, and the adequacy of one's thought and actions" (Bandura, in press, p. 2). It involves thoughtful reflection on actual experiences in order to gain insight into what happened, why it happened, what the consequences were, and what could have been done better. Metacognitive capability is required for human agency.

Application in the Field: Warfighters use their metacognitive capability to learn from experience and create new cognitive scripts to enable adaptive actions. 

Skills: Use reflection techniques to distinguish between effective and ineffective strategies. After action reviews (AARs) provide an opportunity to evaluate actions after a mission to determine consistency with critical value determination. 

Strategic Intuition

Strategic intuition is the use of creative insight to make decisions in time-constrained conditions when circumstances require immediate decisions. The traditional duality between analysis and intuition dissolves in a new model of the brain, in which "analysis puts elements into your brain and intuition pulls them out and combines them into action" (Duggan, 2005, p. v). Creative insight is "the ability to take existing pieces of information and combine them in novel ways that lead to greater understanding and suggest new behaviors and responses" (Stickgold & Walker, as cited in Duggan, p. 1). 

Application in the Field: Flashes of creative insight – which simultaneously take into consideration the situation, possible courses of action, and the end state – allow Soldiers to solve problems and make quick and effective decisions in the field.

Skill: Make quick and effective decisions based on recognition of key patterns in dynamic situations. (Pattern recognition is one of the skills for situational awareness as well.) 
Interoperability

Interoperability is “the ability of systems, units, or forces to provide services to and accept services from other systems, units, or forces and to use the services so exchanged to enable them to operate effectively together" (Joint Vision 2020, 2000, p. 20). 

Shared cognition

Shared cognition is an intellectual process engaged in by members of a team in order to gain "overlapping, similar, identical, complimentary [sic], or distributed" knowledge, as well as the resulting knowledge gained through this process (Hopp, Smith, & Hayne, 2002, p. 5). A related concept is transactive memory, which is "a shared system for encoding, storing, and retrieving information" (Wegner, as cited in Wegner, Raymond, & Erber, 1991, p.923). 

Application in the Field: Shared cognition results in shared mental models, which enable a team "to form accurate explanations and expectations for the task, and, in turn, to coordinate their actions and adapt their behavior to demands of the task and other team members" (Cannon-Bowers, Salas, & Converse, 1993, p. 228). 

Skills: (entire strategy for including team in planning through AAR)

1. Use a four-step process to develop shared mental models: (1) inquire, (2) reflect, (3) share and negotiate, and (4) integrate.

2. Develop shared mental models (SMMs): (1) team SMM, including an understanding of team interactions and teammates' knowledge, skills, abilities, beliefs, preferences, and styles, and (2) task SMM, including a shared understanding of typical task strategies, procedures, tools/equipment, the task environment, and likely scenarios (Mathieu, Heffner, Goodwin, Salas, & Cannon-Bowers, 2000). 

3. Develop a distributed network of knowledge and expertise. 

Team Interaction

Team interaction model is a three-part model for establishing and maintaining a team focus, including (1) realization of the synergistic potential and interdependence of team members, (2) the knowledge and appreciation of individual members' roles and specialized knowledge and skills, and (3) the commitment to share information and operate collaboratively to optimize team performance and accomplish the mission. 

Application in the Field: All branches of the military emphasize a team focus, but with Joint operations a team may include men and women from other services with different traditions, abilities, and expectations. Performing as a team that is inclusive of people from different services or countries is critical to interoperability and mission accomplishment. 

Skills: 

1. Collaboratively solve problems.

2. Provide Joint team members information about and access to relevant cultural activities and tools.

3. Demonstrate effective Joint team communication.

4. Demonstrate ability to coordinate actions with other team members.

5. Develop a community of practice with Joint team members. 

Human Intelligence (HUMINT)

Human Intelligence (HUMINT) is the ability of a warfighter to collect and communicate actionable intelligence (Patton, 2003). In an expeditionary force, every Soldier must be a sensor; each must be constantly aware of his or her surroundings, noting anything unusual and anything that changes in such a way as to arouse suspicion. HUMINT requires vigilance, judgment and good communication skills.

Situational awareness

Situational awareness is "the degree of accuracy by which one's perception of [the] current environment mirrors reality." It involves viewing the situation, adjusting one's view in light of incoming information, and recognizing expectations or biases that will affect one's assessment of the situation and reaction to incoming information. Several factors can reduce situational awareness: insufficient communication, fatigue or stress, task overload, task underload, group mindset, a "press on regardless" philosophy, and degraded operating conditions (Naval Aviation Schools Command, n.d.). 

Application in the Field: Situational awareness enables the warfighter to be observant of the environment and sensitive to changes that can affect the mission. It also involves contributing to the situational awareness of others.

Skills: 

1. Conceptualize a mental model of the environment, noting key features. (Provide in SCORM training and build thru MMOG)

2. Identify key situational elements.

3. Determine the relationships among situational elements.

4. Isolate unusual occurrences in a dynamic situation.

5. Evaluate incoming information for relevance and believability.

6. Determine whether intelligence is actionable. 

7. Communicate actionable intelligence swiftly and clearly to appropriate persons or agencies.

Social intelligence

Social intelligence is the ability to get along with people, to be at ease in society, knowledgeable of social matters, susceptible to stimuli from others, cognizant of others' underlying personality traits, and responsive to others' changes in mood (Kihlstrom & Cantor, 2000). Social intelligence in a foreign culture is difficult to attain but essential to intelligence gathering. 

Application in the Field: A warfighter with social intelligence will be able to gather actionable intelligence based on observations and interactions with the local populace. 

Skills (Skills 2–7 are based on the six aspects of social intelligence described by Hendricks, Guilford, & Hoepfner, as cited in Kihlstrom & Cantor, 2000): 

1. Develop a memory for names and faces.

2. Recognize the internal mental states of individuals.

3. Group together other people's mental states on the basis of similarity.

4. Interpret meaningful connections among behavioral acts.

5. Interpret sequences of social behavior 

6. Respond flexibly to changes in social behavior.

7. Predict what will happen in an interpersonal situation.

Gaps in Existing Training
Lovelace and Votel (2004) specified the need to fill perceived gaps in the existing IED/Counter-IED training by stating, "…the ability of our current adversaries to innovate and rapidly adapt their techniques continues to highlight gaps in U.S. conventional force capabilities. […] the general subjects listed below represent some focus areas that will affect quick, integrated responses to the threat of asymmetry and help to fill current gaps." (Lovelace & Votel, 2004, p. 31). Among others, their list included the need for 
1) cultural awareness and knowledge of local language,
2) higher-order thinking skills to analyze, synthesize, and evaluate information,
3) knowing how to think and what to do with what you know, not what to think, and
4) adaptability and flexibility in the face of a constantly changing, decentralized adversary.
Three years later, Haskamp (2007), a writer for the Joint Improvised Explosive Device Defeat Organization (JIEDDO) emphasized three important Counter-IED training issues: 1) the need for better integration of technology onto the battlefield, 2) the need to increase home station training, and 3) the importance of tailoring all Counter-IED training to fit the audience. 

Based on a review of the available literature and information about current IED/Counter-IED training, there is also evidence to indicate a need for additional, continuous, and deliberate practice with feedback in an environment that is as close as possible to the real-world environment in which tasks will be carried out, immersion into the dynamic system of cultural and situational awareness, and further development of leadership. 
Context

Most fundamental skills are practiced outside of the real performance environment (e.g., shooting range). What is limited, if not entirely missing, in current training is the opportunity to perform and practice in a realistic training environment other than the full-immersion simulated environment provided by the National Training Center (NTC). Giving troops additional opportunities to training prior to and subsequent to the necessarily short training period at the NTC may be advantageous.

Immersion

Outside of NTC and in-theater training, when Soldiers role play various scenarios and incidents there is little opportunity for mental and emotional immersion. This speaks highly to the implementation of affective skills and cognitive awareness in terms of:

· Sense of realism

· Own individual roles and responsibilities

· Roles and responsibilities of the team

· Multitasking/live action

· The roles and responsibilities of battle buddies (cross training)

· OpFor perspective – understand the enemy

Practice with Feedback
One of the greatest gaps in existing training includes the opportunity for practice with appropriate feedback from instructors/facilitators and experts. Practice should continue throughout the training continuum to develop and maintain proficiency. Additional practice assists with development and mastery of fundamental skills. It also helps prevent downgrade of skill proficiency from limited use, particularly between NTC and deployment, and offers opportunities to apply and adapt to new information. Further, practice within an MMOG would provide ongoing and consistent training across all units (e.g., doctrine) and opportunities to practice exercises and skills in preparation for deployment where there is currently little or no opportunity to do so (e.g., right seat ride) outside of NTC or Kuwait. 

The provision of appropriate feedback and an opportunity to reflect on performance and build on lessons learned. Feedback aides in the development of metacognitive skills (e.g., AARs) and provides an environment for sharing and adapting to new information ("up-to-the-minute" intel from the theater).

Section 1.3: 
How MMOG Environments Fill Gaps in Current IED/Counter-IED Training
There are several ways in which MMOGs might assist in filling the gaps in current IED/Counter-IED training. Suggestions described below are presented within the concepts of context, immersion, currency, and practice with feedback. Following a review of the literature and an analysis of current IED/Counter-IED training, more detailed information about how massively multiplayer online role playing games might address gaps in current training is presented in table format at the end of this section.
Context
Massively multiplayer online role playing games offer a context within which cooperation is required for success. Working in a cooperative learning environment involves the ability to learn and work as a member of a team. Therefore, it is essential that the learning environment promote team interaction. Cooperative learning is an instructional approach that uses teams of learners who "work together to maximize their own and each other's learning" (Johnson, Johnson, & Smith, 1991). Cooperative learning involves five essential elements (Foundation Coalition, n.d.). Table 6 shows each of these elements and provides a brief explanation.

Table 6 Essential Elements of Cooperative Learning
	Element
	Explanation

	Positive Interdependence
	The success of the mission depends on everyone on the team doing his/her part.

	Promotive Interaction
	How a person thinks, talks, and acts toward other team members influences how well the team performs.

	Individual Accountability
	Each person is accountable for doing his/her part to achieve the mission.

	Teamwork Skills
	The team works as a team; individuals do not take  off  own or do  their own thing.

	Group Processing
	The team reflects on its performance and thinks together about how the team can improve.


Soldiers need to understand the environment. While they may know the signs to look for or the procedures to follow, they need more exposure to the environment. They need opportunities to test their individual and team skills in the environment. If an MMOG can provide a realistic training environment in addition to the live-action role play at NTC, Soldiers can conduct virtual missions and preparations for deployment. The MMOG context also provides an opportunity for simultaneous leader training and practice within an environment that has a degree of fidelity and authenticity. 
Immersion

MMOGs provide players with an opportunity to become immersed in a simulated environment that may more closely resemble the anticipated theater of operation than the standard qualification range, gunnery, urban assault course, or CAV Table XIII. It has the potential of providing a persistent environment where Soldiers could practice mental skills with less need for administrative organization and physical facilities. 

Authentic contexts involve "practical application of knowledge . . . in a real-life situation . . . that allows examination of the information from multiple perspectives" (MacDonald, 2005, p. 4). The concept of anchoring instruction in authentic contexts derives from research into knowledge acquisition and transfer issues. According to the Cognition and Technology Group at Vanderbilt (CTGV), abstract knowledge stripped of contextual clues is more difficult to learn because the learner does not see its relationship to problems encountered in real life. Abstract concepts can be memorized, but then becomes inert or unusable because it lacks the complexity of understanding needed for application to new situations (Roblyer, 2004). "Learning becomes the memorization of seemingly abstract, self-contained entities, not useful tools for understanding and interacting with the world" (Barab, Hay, and Duffy, 2000, p. 4). Learning anchored in real-life experiences results in richer knowledge structures with multiple connections that enable greater understanding and transfer. Authentic contexts can be provided through scenarios, case studies, themes, problems, issues and real-world experiences represented in massively multiplayer online gaming environments. MMOG-based IED/Counter-IED training scenarios set in realistic environments will provide Soldiers with complex learning experiences for developing the necessary skills associated with IED detection and defeat.

Another perspective of immersion is that Soldiers must become part of the environment to learn to think like the enemy and see what the enemy sees. They must experience the team and learn how to learn from each other. An MMOG provides the potential for Soldiers to enter the game as their own self represented as an avatar, or enter through a different role (e.g., Iraqi woman, Iraqi MP) than he or she would perform in the actual theater of operation (e.g., Humvee driver, check point guard). By immersing oneself into a different character, the individual cognitively processes information from a different perspective, trying to reason what the character would do in the give situation (Fine, 1983). This type of immersion allows the player to develop an understanding of different mindsets. 
Soldiers must become part of the environment to learn to think like the enemy and see what the enemy sees. They must experience the team and learn how to learn from each other. MMOGs offer the opportunity for mental and emotional immersion in a sense of realism for both their own roles and responsibilities and those of their battle buddies or adversaries. Further, by providing the possibility of a 3rd person perspective of 1st person action, Soldiers players to gain a better understanding the IED system (Adams, 2005) as a whole. 
Currency

Adaptability and flexibility are key skills when it comes to defeating IEDs. Because the decentralized adversary is constantly changing, patterns and hot spots change frequently, and new intelligence information is coming available on a daily basis, if not more often, Soldiers need to be current on information. MMOGs potentially offer a way to disseminate information updates, develop new methods for effective communication, and practice adapting TTPs according to the latest intelligence. 
Practice with Feedback

By their very nature, massively multiplayer online role playing games involve the practice strategy of role playing. As a type of simulation activity, role playing is a dramatization of an event or situation – the situation usually represents a problem or a difference between two or more individuals, or a situation that is anxiety provoking. It differs from other simulation learning activities in that it is an unscripted scenario – the learners act out a problem in a completely spontaneous manner. Within an MMOG players have the ability to repeat similar scenarios, incorporating lessons learned from previous trials. 
This is a particularly useful strategy for practicing communication skills and dealing with conflict. It is also a proven practice strategy for helping learners to explore the issues involved in complex social situations in which a wide range of behaviors is possible. "Role play also provides opportunities for deep learning along with a process for confronting our existing ideas about how and why certain things happen, breaking them down, and offering a new model or set of postulates to replace the old ones" (Smith, 2004, p. 194). The goal of role play is to engage the learner in real-world thinking and problem solving and this strategy has been useful for developing individual and team-contingent competencies (Salas & Cannon-Bowers, 2000). 

“Practice activities, with feedback, should be included to allow learners to monitor how they are performing, so that they can adjust their learning method if necessary. A summary should be provided, or learners should be required to generate a lesson summary, to promote higher-level processing and to bring closure to the lesson” (Ally, 2004). Practice through the utilization of an MMOG for IED/Counter-IED training requires active participation, stimulates critical thinking through problem solving and decision making, enables learners to gain insight or understand the perspective of others, and allows for immediate feedback.
Educational theorists consider feedback and reflection to be a critical part of active learning. Reflection deepens the quality of learning and helps learners to create meaning from past experience to serve as a guide for future experience. It is "the vehicle for critical analysis, problem-solving, synthesis of opposing ideas, evaluation, identifying patterns and creating meaning—in short, many of the higher order thinking skills . . . " (Burns, Dimock, & Martinez, 2000). Therefore, to maximize learning, reflective activities need to be included in the MMOG scenarios. Reflective activities will be modeled after the Army's process for informal after-action reviews (AARs). AARs are discussions of events that involve remembering what happened, determining why it happened, and discussing how to sustain strengths and improve on weaknesses. Informal AARs are usually held at the platoon level and below. Not only do they provide immediate feedback, but they also promote shared understanding and team development. Specific activities modeled after story mapping or concept mapping help to develop the metacognitive skills of the individuals while also allowing for discussion of team processes.

Instead of scheduling only one AAR at the end of an activity, there will be one after each identifiable event so that each phase of practice becomes a live learning process (Army Headquarters, 1993). The intermediate events will be termed interphase reviews, or IRs. Multiple action reviews recognize the ways teams develop and the need for repeated events to build understanding. Research has shown that shared knowledge and shared team understanding go through cycles. Initial understandings often break down during task performance and then build back up, usually stronger than before, when reviewed after task completion (O’Connor, 2004; Johnson, O’Connor, Lee, & Khalil, 2005). Each interaction of team performance is assumed to strengthen the team shared mental model, which in turn improves team performance. 

It is critical that the reviews do not turn into critiques or lectures. Therefore, instructors/facilitators leading the IRs and AARs should guide the discussion by:

· Asking leading and thought-provoking questions that focus on the applicable constructs

· Having participants describe what happened and why, in their own words and from their own point of view

· Encouraging participants to relate what they did to subsequent results

· Explore alternative and possibly more effective courses of action

· Steering the discussion away from events that were not directly related to the focus of the activity (Department of the Army, 1990)

Development of skills requires practice to the level of automaticity. Soldiers must make quick decisions and have a variety of episodes (stories, scenarios) in their experience upon which to draw relevant knowledge. Feedback to help them develop metacognitive skills (judge their own performance) is critical.
[Continue to next page for Table 7]
Table 7 How MMOG Environments Address Gaps in Current IED/Counter-IED Training

	Gaps in Current IED / C-IED Training
	MMOG Environment
	ISD Strategies and Approaches 

	CONTEXT 

· Realistic training environment in addition to live-action role play at NTC

· Conduct virtual right seat ride in preparation for deployment

· Simultaneous leader training and practice

· Fidelity, authenticity
   -   Functional fidelity

· Is critical in initial learning 

· Must learn to act and think as would in real environment 
   -   Functional fidelity

· High physical fidelity does not necessarily lead to learning outcomes 

· Can exaggerate features to develop accurate mental models 

· Within reason the environment must change to reflect the action that has taken place (i.e., an explosion that destroys a wall should leave the player vulnerable because there is no wall).
Rationale: Soldiers need to understand the environment. While they may know the signs to look for or the procedures to follow, they need more exposures to the real environment and opportunities to test their individual and team skills in the environment.
	· Realism with a safety net

· Provides a practice environment for honing skills between initial training and live-action role play at NTC [developing skills that may not be realistically practiced on the shooting range or in other standard training contexts (e.g., parade field, tracks) before going to NTC]

· Dynamic (Ang, Zaphiris, & Mahmood, 2007; Castronova, 2001; Squire & Jenkins, 2002; Squire & Steinkuehler, 2006)

· Rapidly changing content (Colella, Klopfer, & Resnick, 2001)

· Visual representations (Boot, 2005; Castel, Pratt, & Drummond, 2005; Green & Bavelier, 2003, as cited in Alexander, Brunye, Sidman, & Weil, 2005); also (Amory, Naicker, Vincent, & Adams, 1999; Garris & Ahlers, 2002; Mayer & Moreno, 1998; Moreno & Mayer, 2000)

· Visual 3D representations (Aude, Mitchell, Zbylut, Horey, & Alvarez, 2005; Hays, 2005; Klabbers, 2006; Salas & Cannon-Bowers, 2000)

· Helps in developing:

· Strategies to overcome cognitive overload (Ang, Zaphiris, & Mahmood, 2007)

· Mental models / shared mental models

· Team skills

· Leadership skills

· Ready reference materials

· Safe place to meet (Choi & Kim, 2004; Manninen, 2001)

· Safe practice environment (Delwiche, 2006)

· Communications tools (“in-world” and outside game environment) (Bonk, Olson, Wisher, & Orvis, 2002; Choi & Kim, 2004; Manninen, 2001; Seay, Jerome, Sang Lee, & Kraut, 2003)

· Access to experts (OC feedback) (Steinkuehler, 2004, 2006a)

· Recon, surveillance, intel (de Freitas, 2006) 

· [Every Soldier is a Sensor (ES2) (Patton, 2004; Rasmussen, 2006)] 

· [ES3 Simulation (Ray, 2005; Peck, 2005)]

· AAR – replay (Bonk, Olson, Wisher, & Orvis, 2002; Dept. of the Army, 1990; Garris, Ahlers, & Driskell, 2002; Hays, 2005; Moreno & Mayer, 2005)

· 1st person playability (Belanich, Orvis, & Sibley, 2006; Castronova, 2001; Moreno & Mayer, 2000, 2004, 2005; Squire, 2005; Squire & Steinkuehler, 2006; Yee, 2004)

· 3rd person reviewability (Gee, 2000-2001; Moreno & Mayer, 2004; Squire, 2005; Squire & Steinkuehler, 2006; Yee, 2006)
	· Learning in context (Hansman, 2001)

· Developing shared mental models (Brannick, Salas, & Prince, 1997; Mohammed & Dumville, 2001)

· Team cognition (Salas & Fiore, 2004)

· Cognitive load (Sweller, 1988)

· Cognitive apprenticeship (Collins, Brown, & Newman, 1987)

· Situated learning (Brown, Collins, & Duguid, 1989; Vygotsky, 1978)

	IMMERSION

· Opportunity for mental and emotional immersion in: 
· Development of individual contribution and team perspective

· Sense of realism

· Own roles and responsibilities

· The roles and responsibilities of battle buddies (cross training)

· OpFor perspective – understand the enemy

Rationale: (This is closely related to Context) – they must become part of the environment to learn to think like the enemy and see what the enemy sees. They must experience the team and learn how to learn from each other.
	· Provides additional opportunity for: 

· Mission rehearsal (de Freitas, 2006)

· Team/collective practice

· Opportunities for cross training

· Instill confidence in troops
· Individual efficacy (Bandura, in press)

· Collective efficacy

· Honing individual skills (Steinkuehler, 2004)

· Cognitive

· Identify cues in the environment

· Visual attention (Boot, 2005; Castel, Pratt, & Drummond, 2005; Green & Bavelier, 2003, as cited in Alexander, Brunye, Sidman, & Weil, 2005)

· Relationships between people (Csikszentmihalyi, 1990; Gee, 2003; Pizer, 2003; Yee, 2004, 2006) 

· Relationships between people and environment (Gee, 2003; James, Humphery, Vilis, Corrie, Baddour, & Goodale, 2002; Squire & Jenkins, 2002; Squire & Steinkuehler, 2006)

· Practice with feedback (Department of the Army, 1990; Hays, 2005; McGrenere, 1996)

· Whole/Part practice

· Problem solving

· Development of team mental model

· Develop various mindsets

· Situational awareness (Curiel, Anhalt, Tran, & Yao, 2005)

· Metacognitive

· AAR (Gee, 2003; Moreno & Mayer, 2005)

· Mission rehearsal incorporating feedback (Aldrich, 2004; Castronova, 2001; de Freitas, 2006; Gee, 2003; Johnson, Spector, Huang, & Novak, 2007; Roschelle, Kaput, & Stroup, 2000)

· 3rd person perspective of 1st person personae (Squire, 2005; Squire & Steinkuehler, 2006; Steinkuehler, 2006a)

· Communications skills (Choi & Kim, 2004; Papargyris & Poulymenakou, 2005; Seay, Jerome, Sang Lee, & Kraut, 2003)

· Leadership skills (Yee, 2006)
	· Developing situational awareness (Endsley, 1995, 1998)

· Development of team mental models (O’Connor, 2004; Johnson, O’Connor, Lee, & Khalil, 2005)

· Integrating skills

· Applying skills

· Cognitive skills

· Complex cognitive skills (Sternberg & Ben-Zeev, 2001)

· Affective skills

· Metacognitive skills

	CURRENCY

· Environment for maintaining currency and sharing: 

· "up-to-the-minute" intel from the theater

· Recent lessons learned

· Methods of adapting TTPs
	· Eye-opening reality check – “there’s no silver bullet”

· Disseminate current information

· Adapt TTPs to conform with updated recon info

· Reachback – incorporate various levels of expertise from the field (Aude, Mitchell, Zbylut, Horey, & Alvarez, 2005)
	· Just in Time Training (Kester, Kirschner, van Merriënboer, & Bäumer, 2001)

· Higher order thinking and application of skills (Mayer, 2001)

	PRACTICE

· Practice opportunities: to develop, maintain, and increase proficiency

· Pre-NTC 

· Post-NTC and pre-deployment

Rationale: Development of skills requires practice to the level of automaticity. They must make quick decisions and have a variety of episodes (stories, scenarios) in their experience upon which to draw. Feedback to help them develop metacognitive skills (judge their own performance) is critical.
	· Ongoing and consistent training to: 

· Assist with development and mastery of fundamental skills

· Provide consistent doctrinal background

· Help prevent downgrade of skill proficiency

· Practice and receive feedback (Bonk, Olson, Wisher, & Orvis, 2002; de Freitas, 2006; Garris, Ahlers, & Driskell, 2002; Roschelle, Kaput, & Stroup, 2000)

· Practice modifying behavior for similar scenarios based on feedback (de Freitas, 2006; Gee, 2003; Johnson, Spector, Huang, & Novak, 2007; Roschelle, Kaput, & Stroup, 2000)

· Provides a practice environment for: 

· Integrating skills and tools prior to NTC

· Honing skills between initial training and NTC (de Freitas, 2006; Hays, 2005)

· Retaining skill proficiency between NTC and deployment
	· Promoting skill development (Gagné, 1985; Merrill, Drake, Lacy, & Pratt, 1966)

· Preventing skill degradation (Kerr, 1982)

· Developing mental models (Senge, 1990)

· Utilizing deliberate practice (Beaubien, et al., 2006; Ericsson, Krampe, & Tesch-Römer, 1993)

· Developing expertise (Ericsson, 1996; Sternberg & Ben-Zeev, 2001)


Section 1.4: Metrics against Which Trials will be Measured

Incorporation of SCORM-compliant learning objects into an MMORG environment must be assessed to determine the effectiveness of this delivery method on training and its impact on learning. A formative evaluation of SCORM-compliant training in an MMOG environment will provide feedback for improvement. The evaluation plan should be twofold: an evaluation of the implementation of this instructional delivery method and an evaluation of learning outcomes as a result of this delivery method. 

Implementation

To assess the implementation of SCOs in MMOG environments, the evaluation plan must include a combination of appropriate measures. Data must be collected using multiple methods and sources to provide a comprehensive picture of the impact of this intervention (Patton, 2002). Quantitative data, including counts of behaviors tracked electronically within the MMOG environment and/or the Run Time Environment of the SCORM-compliant LMS must be balanced with rating scale measures that address ease of use, facilitator and learner satisfaction, SCO accessibility, etc. Qualitative methods, including interview and observation protocols (Denzin & Lincoln, 1994) can be used to examine the how and why learners use training materials.  Metrics to address the integration of SCOS into MMOG environments must address implementation issues and instructional delivery issues. The questions raised and samples of the types of metrics that can address these questions are listed below: 

· Can SCORM based content be integrated into an MMOG?

· Can designers put SCOS into the MMOG environment?

· Can each player access the content?

· Do the learners perceive it to be useful?

· Do instructors/facilitators perceive it to be useful?

· How often do learners use the content without being prompted to do so?

Learning

The evaluation of learning must align with the objectives of the training. This evaluation must also utilize a combination of appropriate measures to determine the impact. To assess learning of complex problem solving and adaptation, data must come from multiple sources including learners, instructors and observers. Measures may include number of attempts, number of actions taken, scores on pre- and post-tests, rating scales (e.g. ease of use, satisfaction), and others (Linn & Gronlund, 2000). Depending on the instructional objectives, quantitative and qualitative measures could be used to assess targeted learning outcomes:
· Quantitative

· Scores on knowledge tests

· Number of errors

· Time to respond

· Number of dangers detected

· Proper procedure

· Qualitative

· Comprehensiveness of plan and alternatives

· Quality of decisions, adaptations

· Leadership decisions

· Rationale used to make decisions

· Assessment of their effective and ineffective actions

CHAPTER 2: SYSTEMS REQUIREMENTS
The systems requirements chapter serve three purposes. First, it gives an overall "conceptual requirements" for integrating SCORM-compliant learning materials with multiplayer game environments in general. Second, it provides an "integration plan" for marrying SCO materials with the OLIVE environment to create a functional demonstration of the concepts. Third, it provides guidance regarding the hardware and software needs of a demonstration system.
Section 2.1: Conceptual Overview

Based on the findings in Chapter One, certain principles emerge for the integration between SCORM-compliant learning and multiplayer game environments. These principles are not a full or complete definition of integration. Instead, they are a first step that will guide a prototype demonstration integration, and thus are a first step toward general integration standards.

Immersion, Environment and Reality
The integration of game and SCORM-based materials for learners must maintain learner immersion within the game environment. One of the key attributes of game environments is a realistic context. If the integration with SCORM-compliant learning breaks or defeats this realism then important goals are compromised (see Chapter 1, section 1.3, "Immersion").

Context & Communication

Context and ease of communication within the game environment must be preserved. Instructor/facilitators and learners must retain full audio-visual communication and feedback while individuals or groups are interacting with SCORM-compliant learning. This means that individual avatars must continue to see and hear each other talking, moving around and performing actions within the 3D virtual world while SCOs are in use. If the integration with SCORM-compliant learning obscures or temporarily disrupts game audio-visual communication, team and group learning is compromised, as is the instructor/facilitator's ability to lead and direct the group. 

Role Play

All participants in the game environment, both instructor/facilitators and learners, should have a visible and functional presence within the game environment. Roles should be appropriate to a real-life situation and the training plan. The setting should appear realistic, with an appropriate level of interact-ability. 

This means that the avatars within the game environment need reasonable fidelity in 3D appearance. Avatar clothing is the most distinguishable aspect of appearance, especially on a computer screen. Avatar animations and gestures are also important. Face and hair styling is valuable but less important due to the scale, resolution and technology currently available in computer game technology.
The game environment's 3D game settings should resemble real-life areas. Extremely large 3D worlds are not needed. Instead, the level of modeling need only include areas actually required by the training exercise, plus immediately surrounding terrain to maintain visual context. However, it is important that the scale and level of detail visible within the world be consistent with human avatars and their actions/interaction with the game environment. For example, the 3D world of a jet flight simulator, designed to show hundreds of miles over a period of minutes, lacks the visual detail appropriate for individual avatar movement and interaction.

Individual and Team Learning

The game environment must support individual, self-paced learning through individual interaction with SCORM-compliant learning materials (i.e., individual SCOs). In addition, the game environment must also support instructor-lead group learning activities. In a group activity, both the learners and the instructor/facilitator(s) should have access to the same SCORM-compliant material. The instructor/facilitator should have the ability to control the SCORM-compliant learning materials viewed by everyone in the group.

One of the great strengths of an MMOG environment is group activities, team learning and development of cooperative skills. The research clearly indicates the importance of the instructor/facilitator in leading and guiding this learning. To accomplish this leadership, an instructor/facilitator should have the ability to manage aspects of the learning experience on a group level as well as an individual level. For this reason the instructor/facilitator should have a way to control and jointly display SCORM-compliant material to the entire group.

SCORM-Compliant Flexibility

The method of accessing, loading and displaying SCORM-compliant material should minimize the number of new constraints it places on SCO delivery methods and LMS systems. The more flexible the game environment remains when handling SCORM-compliant learning, the wider the range of learning material available to that game environment.

One way to achieve this flexibility is for the game environment to support commercial off-the-shelf (COTS) SCO display mechanisms. In particular, this means supporting the major web browser technologies currently in use. Since this technology is constantly evolving, the ideal solution is for the game to simply invoke whatever web browser is normally used by the learners to view SCORM-compliant material. In other words, the browser displays the SCO "side-by-side" the game display. This is the solution Forterra recommends.
Forterra has reviewed its past experience with integrating web browser technology within game software. This can be easily accomplished for basic text and static picture content. However, SCORM-compliant material includes interactive functionality such as navigation buttons, drop-down lists, animations and video clips. These often use various plug-in technologies. Due to the variety of plug-ins and their nearly constant changes and updates, a cost-effective display technology within a game must impose stringent limits on which plug-ins can be used, and which versions of those plug-ins are allowable. This has the inevitable effect of restricting the selection of SCORM-compliant material available for use, which violates the principle of flexibility.

VE-SCORM Interface Layer

Individual objects within the game world should link users to SCORM-compliant instructional material. However, instead of a direct link from a specific in-game object to a specific LMS or SCO, the game object should link to a VE-SCORM interface layer. (VE is an abbreviation for Virtual Environment, a generalized term for MMOG "game" worlds.)
The VE-SCORM interface layer can be as simple or as sophisticated as a particular project requires. A simple interface could support links from a specific game object to a particular SCO or LMS. The more complicated interface could support linking to an entire selection subsystem, such as DTECs,  for using in-world game data to select appropriate instructional material.

The existence of this layer is critical to flexibility and expandability in game-SCORM interactions. This project will not attempt to define all the requirements and characteristics of the VE-SCORM interface. Instead it will create a simple prototype interface as an initial proof of concept. The experience gained will then inform development of a full interface specification.
LMS Administrative Support
Due to the wide variety of functions and capabilities within various Learning Management Systems (LMS), each suited to the needs of specific situations and environments,  the game environment should avoid emulating or duplicating LMS functionality. Instead, administrative functionality related to SCORM-compliant learning should be handled by the LMS.  

However, the game environment must provide the SCORM-compliant LMS with appropriate information about user (learner) activity directly related to activities within the SCORM-compliant learning system. This includes log-ins and log-outs, and insurance that metrics of learner activity within the SCORM-compliant normally received by the LMS are still received by that LMS while the learner is simultaneously in the game. In other words, the game environment should support communication between that SCORM-compliant browser session and the LMS. 

Back-end communication by an instructor/facilitator to the LMS, to examine student status, time-in-SCO, grades, etc. need not be via the game environment. However, this back-end access should be possible while the game environment is also running, and while the instructor/facilitator is simultaneously within the game world and (potentially) using SCORM-compliant material. This would allow instructors/facilitators to examine learner activities and results in real time, during the game, and make appropriate adjustments to the training session in progress.

One possible arrangement to support this concept would be outfitting instructor/facilitators with a two-screen computer system. One screen displays the game environment (including the game environment's display of actual SCOs, as applicable). The second screen displays the LMS administrative display of student activity. Dual-screen arrangements are commonly supported today by many COTS personal computers.

Game Learning - SCORM Learning Integration

It is theoretically possible to develop learning plans and evaluation criteria within a game world that monitor and attempt to measure some aspects of an avatar's learning within the game world. Furthermore, as chapter 1 indicates, the strengths of MMOG learning environments lie in cognitive and affective skills. Therefore, integrating game world measurements with SCORM-compliant measurements is not only complex, but also must be customized for the specific subject matter. 
Creating prototype and demonstration systems is a necessary first step toward a fully integrated game-SCORM learning environment. Forterra recommends a "walk before you run" approach that concentrates on the previously described integration steps first.

Section 2.2: Integration Plan
This integration plan concentrates on solving the problem of displaying and using SCOs with the OLIVE platform. That platform designed for massively multiplayer online training and learning activities. OLIVE was created from a massively multiplayer online game (MMOG), and therefore has capabilities associated with MMOGs.

OLIVE has additional features specifically advantageous to learning situations. One of the most significant is integral voice chat. Users wearing COTS computer headsets communicate by voice. They can speak "in world" and be heard "in world" by all nearby avatars. OLIVE also supports longer-distance radio communication between users, also by voice. This is important because no large-scale entertainment MMOG supports universal in-world voice chat. Instead, entertainment MMOGs require typing for general communication. As of 2007 a few entertainment MMOGs support voice chat for specific subgroups of six to eight people, but players must use text communication to find and establish these temporary "voice groups." 

Interactive SCORM-Compliant Content Within OLIVE

Forterra's strategy for integrating SCORM content with OLIVE is straightforward. In-world "SCORM objects" will be created that avatars can use. When a user selects the appropriate command on this object, a number of key actions occur "behind the scenes" that activate a SCORM-compliant learning session. The final step of this process is changing the user's normal OLIVE interface into a custom OLIVE-SCO interface that displays the first page of the SCORM-compliant material.

The activation actions include launch information sent from the OLIVE server to the VE-SCORM interface layer. Through this interface communication is established with the SCORM-compliant learning system or material, with the learner registered as active in that system. The object in the OLIVE world also sends information about the context of launch, which is interpreted by the interface so that the appropriate title page, contents/manifest/catalog page, or specific SCO is sent to the learner.
When this behind-the-scenes launch activity is completed, the learner sees his or her OLIVE interface transforms into the OLIVE-SCO interface. This new interface has the familiar OLIVE display on the left side of the screen, with some changes to the controls. The right side of the screen is the user's familiar web browser with the appropriate instructional material loaded and displayed.

The user is free to select and operate controls in the game world, or to the controls on the SCO pages. Even if the user is operating the SCO, they can simultaneously see and hear what is happening in OLIVE's game world. 

The user will have separate audio volume controls for the game world and the SCO viewer. By default both sound systems are active. 

In world, while an avatar is viewing a SCO, other avatars see him or her as using the object that first activated the SCO. For example, if an avatar goes to a computer terminal to activate a SCO, upon activation the avatar's posture and animation changes to show him or her engrossed in the computer terminal. In this way other avatars can clearly see that the learner is doing something.

[Continue to next page for Figure 8 and Figure 9]
Figure 8 Example normal OLIVE interface (without a SCO display)
Note: This is a conceptual example only, with typical platform controls of OLIVE 1.0.
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Figure 9 Example of OLIVE-SCO interface without a SCO display
Note: This is a conceptual example only, exact layout and controls will vary.
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Proposed SCORM Objects in OLIVE

Forterra envisions three general classes of "SCORM objects" within the virtual environment. 

· Specific SCORM Objects: Objects that link to a specific pieces of instructional material.

· General SCORM Objects: Objects that provide a selection of instructional material.

· Leader SCORM Objects: General SCORM objects with additional capabilities for instructors/facilitators.

Specific SCORM Objects

These objects directly link a specific SCO or similar instructional material within a SCORM-compliant learning package. The object's call into the VE-SCORM interface includes parameters that identify specific instructional material. The interface translates this into a specific call to the appropriate SCORM-compliant learning system that will retrieve and display specific material (i.e., a SCO). An example of this might be an object representing an injured person within the 3D game world. That object could link to a First Aid instructional SCO.

If the 3D world allows multiple methods of interaction with an object, one object could have multiple SCOs attached. For example, an injured person with a broken leg might have three use options available to a learner: a Triage SCO, a First Aid SCO and a Setting Broken Limbs SCO. Alternately, it could have one SCO that handles all three subjects. The organization of SCOs to objects can depend on the nature of the LMS system and the instructional goals of a specific program.

In the demonstration scenario, in-world computer terminals (in the MWR) will be specific SCORM objects that link to specific instructional material. 
General SCORM Objects

These objects link to a higher level of organization within a SCORM-compliant learning package. Typically the link would be to a catalog, manifest, or "table of contents" from which specific content can be selected.

An example of this is the SCO PDA that Forterra plans to implement for OLIVE. This is represented in-world by a small hand-held device. This object will pass through the VE-SCORM interface parameters a higher level request for instructional materials to the learning system. The user sees this as a top-level entry page in the SCO side of their computer display. The LMS and its SCOs then guide the user through specific pages. In Forterra's demonstration scenario the selection will be very limited.
Which objects are general and which are specific is purely an internal data assignment that can be made and changed within the OLIVE system. By convention Forterra intends the SCO PDAs to always be general objects. Other in-world objects may be general or specific, depending on the needs of a particular scenario.

Leader SCORM Objects

These objects are intended for use by instructors/facilitators. Leader SCORM objects have all the capabilities of a general SCORM object. In addition, they allow the leader to select a list of one or more learners in the virtual world and activate a "joint SCO" feature. When this feature  is activated every learner on the list temporarily has their general SCORM object "slaved" to the leader SCORM object. The "slaved" objects display whatever the leader object displays. This allows an instructor/facilitator to navigate through content, confident that every learner is seeing the same content. 

In OLIVE the effect will be as follows. The instructor/facilitator will navigate to the specific content he wants the learners to see. He then selects all those learners, activates "joint SCO" and tells them (in-world) to look at their PDAs. The instructor/facilitator can then talk (in-world) to the students about the material they see, moving from page to page as needed, knowing that the other PDAs are displaying that same content.
Administrative Capabilities

The OLIVE solution of side-by-side operation OLIVE interface and SCORM displaying web browser elegantly solves administrative issues. Administrators simply need a second screen, on which they can log into the LMS' administrative system to monitor learner activities. Whatever information is available from the LMS appears on that monitor, independent of the OLIVE-SCO interface. This allows an administrator to function as an instructor/facilitator while simultaneously using whatever administrative tools are available and desirable.
Creating A Re-usable Game / SCO Interface

As noted in the Introduction to this report, creating a general, reusable interface for games and SCORM-compliant SCOs is not within the scope of this project. However, the OLIVE integration described above provides two valuable steps toward that goal:
· Defines how a game can acquire and display with SCORM-compliant educational information.
· Creates a simple VE-SCORM interface layer that serves as a placeholder/prototype for a more generalized interface
Experimental Features

Forterra plans to pursue two additional experimental avenues during Phase II of this project. These experiments have a lower priority than the above-described implementation of SCORM-compliant material displays and interfaces. 

Experimental Feature - Projecting SCORM Material Into Game Worlds
In addition to the Leader SCORM Object, Forterra is currently experimenting with technology to display web page contents on a 3D surface within the OLIVE world. Forterra plans to perform additional experiments with this technology as funds permit during the development stage of the project.

The reason why additional experimentation is needed is the complex nature of the technical challenge. It is possible to "snapshot" basic HTML content, such as text and pictures, and move that to a 3D surface. It is far more challenging to represent interact-able content, such as buttons, drop-down lists, and especially if plug-in technology such as FLASH. Ultimately Forterra expects that in-world displays will be limited to in some fashion. Determining these limits and finding elegant feasible solutions is only possible via experimentation.

Ultimately, though, the potential benefit is worthwhile. Forterra envisions an instructor/facilitator able to create a "projection screen with speakers" 3D object wherever desired within the 3D world, on demand. The instructor then issues a command to their PDA (a leader SCORM object) to "project" images from their OLIVE-SCO view onto that screen. Any SCO sounds are routed through the speakers attached to the screen. This allows anyone nearby within the 3D world to see and hear what the instructor is playing on the screen, without using a PDA or the OLIVE-SCO interface. In short, the PDA could become a projector and speaker system within the world. 

Experimental Feature - Just-in-Time Video

Simple hand-held video recordings are increasingly common tools used by Soldiers in briefings, debriefings and AARs. OLIVE already has the ability to record and play back in-world events. However, the technology inherent in the OLIVE-SCO interface allows OLIVE to display real-world video through the OLIVE-SCO interface. This "just in time" video supports recently created video files that may be outside of the SCORM-compliant instructional package. Finding simple, elegant ways for instructor/facilitators to share this material with learners, within the OLIVE world, requires additional research and experimentation.
Section 2.3: Hardware & Software Requirements
OLIVE Client Requirements

Each instructor/facilitator or learner needs a separate computer system, each running the OLIVE client software. The general requirements for running OLIVE software are:

Software

· Microsoft Windows XP operating system

Client PC Hardware

· GHz Pentium 4 processor, or faster

· 1 GB RAM (at least 400 MHz dual DDR)

· 1 GB free hard disk space

· GeForce 6800 or better graphics card

· At least 128 MB RAM on the graphics card itself

· 1200x800 or greater resolution display

· DirectX 8.1 compatible sound card or USB sound capability

· Headset with medium to high quality microphone (for sound system)

Screen Real-estate Analysis

An important consideration in the side-by-side approach to displaying SCOs with OLIVE is the overall amount of screen estate and how much is allocated to each function. Forterra has performed a detailed analysis of this issue, since the results significantly inform its side-by-side solution for the OLIVE-SCO interface described above.
Microsoft Windows XP requires a display of at least 800x600 pixels. As a result, most SCOs have been created to that minimum standard, and some to the even older 640x480 standard. Therefore, the OLIVE-SCO player must support an 800x600 environment. 
The new Microsoft Windows Vista operating system requires a display with at least 1024x768 pixels. Meanwhile, modern computer manufacturers are gradually discontinuing their traditional 4:3 ratio screens in favor of the newer "widescreen" format (typically a bit wider than a 3:2 ratio). This new aspect ratio is especially popular in modern laptop computers because it the form-factor fit is much more advantageous. These laptops typically offer 1200x800 screen resolution (to make them Windows Vista capable), with higher end versions offering 1440x900, 1680x1050, or 1920x1200. Meanwhile, monitor manufacturers with widescreen systems support similar resolutions. For example, 19" widescreen monitors typically offer 1440x900 or 1680x1050. 

Traditional 4:3 ratio screens typically offer 1024x768, 1280x960, 1280x1024, and/or 1600x1200. Among currently available monitors, only the very smallest and very lowest quality are limited to 1024x768. 
Given the requirements that OLIVE support 800x600 SCOs, and the need to maintain a 3D game world context for avatar positions, actions, and speech, Forterra concluded that the minimum possible screen width is 1200 pixels. This permits support of virtually all modern laptop widescreen monitors (which are 1200x800 or better), as well as all traditional 4:3 monitors except for the marginal 1024x768 models. The diagram below outlines the overall approach to display area mapping for a 1200x800 pixel display.
[Continue to next page for Figure 10]

Figure 10 Computer Screen Real-estate Analysis for OLIVE-SCO interface
Note: This is only one design concept. Concept may with as detailed design occurs.
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OLIVE Server Requirements

The OLIVE "server" system requires one or more server boxes. Small use can run with just one host box as the server cluster. Medium or large applications will require two or more boxes in the server cluster.

Software

· Linux OS: Fedora Core 3, CentOS 4.4, or CentOS 5.05

· Database: MySQL version 4.1 or higher 

Host Hardware

· Intel XEON 2.66+ GHz Dual Core CPU, 1k+FSB with 4MB Cache

· 4 GB RAM (at least 667 MHz DDR2)

· 160GB Hard Drive (7200rpm or faster, 16+ MB buffer)

· DVD Drive
VE-SCORM Interface Layer Requirements

The creation and location of this interface layer will be developed by Forterra and Rustici Software in partnership during Phase II of this project. The physical location of the interface layer software has not been determined. Potential options include a separate process on an OLIVE server, a separate process on a separate gateway server, or a separate process located on the SCO content system(s). Communications protocols between OLIVE and the interface layer will be selected and implemented during phase II of this project.

SCORM-Compliant SCO Content Server

Nothing beyond standard SCORM-compliant hardware and software is required. Forterra will coordinate with IDSI and Rustici software, who have SCO content and server environments that can host this material for use in demonstrations.

CHAPTER 3: SAMPLE SCENARIO

Forterra and IDSI have developed an outline of a sample scenario that can illustrate the use of SCORM-compliant content within the OLIVE game world. In Phase II of this project will refined, detail and develop the scenario within OLIVE. In support of this demonstration scenario, Forterra will develop for specific, general and leader SCORM objects that use a VE-SCORM interface layer to display representative SCO content with the OLIVE game world. Existing non-classified representative SCO material has been identified by IDSI.
Scenario Overview

The separate, attached, PowerPoint file provides a step-by-step outline of the sample scenario, with information about the instructional purpose of each step.

Existing settings and assets intended to support IED training will be used in this sample scenario. In addition, specific assets will be created in support of this project and its goals.

Forterra uses an iterative process in scenario design. The current outline represents initial iterations only. Adjustments, revisions and refinements will occur during Phase II of this project.

Environmental Requirements
Table 11 Scenario Environmental Requirements
	General
	Details of Environmental Requirements

	Settings
	MWR (Soldier Relaxation Area) 

- prototypical mid-eastern setting

- suitable for individual SCO use

	
	Briefing Area

- prototypical mid-eastern setting

- suitable for group SCO use, group review, and group AAR

	
	Patrol Area 

- multiple blocks of a prototypical mid-eastern urban area

- includes situations where Soldiers will apply what they have learned

	Characters
	Instructor/Facilitator: "Sgt. Kyle" avatar

	
	Learners: Approximately one team to one squad of Soldiers

	
	Roleplayers: Selected local citizens; potentially opposition forces

	SCO Objects
	Instructor PDA (leader SCO object)

	
	Learner PDA (general SCO object)

	
	Computer Terminals (specific SCO objects)

	Standard military equipment
	Weaponry

	
	Cordon equipment (signs, cones, wire, etc.)

	
	Vehicles (optional)

	SCO Content
	Representative SCO materials

	
	Representative Video content available (experimental)


Scenario Functionality
Table 12 Scenario Functionality
	Function – Scenario Functionality

	Record "in-world" action

	Playback recordings of 'in-world" action

· Individual 1st person perspective for each player

· Entire scenario played out from 3rd person perspective – "God's Eye view"

	Store recordings of "in-world" action

	Instructor/Facilitator capability of tailoring scenario by presetting which props will be active

	Story line allows instructors/facilitators to give timely feedback (e.g. thru creative dialogue)

	Assessment capabilities – trigger events (e.g., IED detection or missed detection of IED when they were supposed to – did they identify the environmental cues?)

	Measurements – place and time

	Instructor/Facilitator has ability to take on more than one role for the purpose of facilitating training

	Players have the capability of zooming in or focusing out – 1st person perspective, peripheral vision

	Fidelity – high functional fidelity Must respond as real-world would conceptually but may mean slowing pace to allow for reflection at lower levels of proficiency

	Players and instructors/facilitators have capability of acting as insurgents


CHAPTER 4: PHASE II SCHEDULE
Project Milestone Schedule

	Target Date
	Event

	April 18 2007
	Contract Award – Project Start

	May 22, 2007
	Project Kickoff/Phase I (ISD Research) Start

	October 16, 2007
	Phase I Complete/Phase II (Development) Start

	April 1, 2008
	Phase II Complete/Demonstration Planning

	December 2008
	I/ITSEC Demo


Phase II Proposed Schedule

	Date
	Event

	October 3, 2007 (start)

October 30, 2007 (end)
	Phase I ends, delivery of this document

Phase I IPR

Project adjustments per Phase I IPR

	November 1, 2007
	Phase II begins

	November 1, 2007 (start)

December 1, 2007 (end)
	Software Design Document

	November 1, 2007 (start)

December 31, 2007 (end)
	Detailed Scenario Design Document

	December 1, 2007 (start)

March 15, 2008 (end)
	OLIVE Client Code Development
OLIVE Asset Development

VE-SCORM Interface Layer Development

Final Scenario / Demonstration Document

	March 15, 2008 (start)

April 1, 2008 (end)
	Software Testing

	April 1, 2008
	OLIVE Beta Release with new functionality

	April 1, 2008
	Phase II IPR

	April 1, 2008 (start)

November 30, 2008 (end)
	Demonstration Planning

	December 1, 2008
	Final Software

Final Report

	December 2008
	I/ITSEC 2008 Demo

	December 31, 2008
	Period of Performance ends
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