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Applying Pedagogy during Game Development to Optimize 

Game-Based Learning

Instructional [computer] games have reemerged as an important outgrowth of the entertaining video game industry. Entertaining video games are being repurposed for use in schools and universities across the country, and the number of games designed specifically to facilitate training and education in conventional, hybrid and totally online courses is also on the rise. The problem is, like many rapidly growing industries, advances in video game technology are far outpacing research on its design and effectiveness. Relatively little is understood about how to apply what we know about teaching and learning to optimize game-based learning. For the most part, educators know little about game development and entertaining game developers may know little about education and instructional design. As a result, faculty may not realize the potential of play, game, and story to create engaging and memorable learning experiences, and game developers may fail to apply basic pedagogical principles that are vital for optimizing learning. 

This chapter is written primarily for educators, instructional designers and distance education (DE) professionals (hereby referred to collectively as educators) interested in designing instructional games to facilitate learning in totally online and hybrid learning environments. It is also written for game developers, to illustrate how fundamental instructional design (ID) tasks may facilitate instructional game development (GD) and underscore the importance of working with educators during the GD process. Our goals are to (a) increase educators’ knowledge of GD and their capacity to communicate and collaborate with game developers, and (b) stimulate dialog among educators and GD professionals to build stronger bridges between, and bring the seemingly disparate worlds of ID and GD closer together. 

Initially, five levels of application and key components of interactive entertainment are delineated to help educators determine the scope and purpose of instructional games and to set a context for the posited methods. Then, a basic GD process is characterized, including discussions of how educators can apply their knowledge of the subject matter, educational context, and pedagogy during the process to optimize game-based learning. Finally, the chapter concludes with a summary of key concepts and issues.

Levels of Application


Instructional games may be applied at five levels to facilitate learning (a) Level I–Event, (b) Level II–Lesson, (c) Level III–Unit, (d) Level IV–Course, and (e) Level V–Program. Table 1 depicts several ways a course may be divided into instructional units, lessons and events to help distinguish the levels.

Table 1. A course divided into units, lessons and events

	Unit/Lesson 1
	Unit 2
	Unit 3
	Unit 4
	Unit N

	· Event 1

· Event 2

· Event 3

· Event …
· Event N
	Lesson 2.1

· Event 1

· Event 2

· Event…

· Event N

Lesson 2.2

· Event 1

· Event 2

· Event…

· Event N
	Lesson 3.1

· Event 1

· Event 2

Lesson 3.2

· Event 3

· Event 4

· Event…

· Event N


	Event 1

Event 2

Lesson 4.1

· Event 3

· Event 4

Lesson 4.2

· Event 3

· Event 4

Event 5


	Lesson N.1

· Event 1

· Event…

· Event N

Lesson N.2

· Event 1

· Event…

· Event N

Lesson N.3

· Event 1

· Event…

· Event N


Column 1 depicts a unit or lesson that consists of one complete set of instructional events (also referred to as an instructional strategy). Column 2 illustrates how a unit may be divided into two lessons with each lesson consisting of its own complete set of instructional events. Column 3 shows how two lessons may address varying instructional events associated with an instructional strategy contained in a unit. Column 4 depicts a unit consisting of two lessons with key events presented before and after the lessons. Column 5 illustrates that a unit may consist of 3 or more lessons that are designed in varying ways as depicted in, but not limited to columns 1-4. The relationship between instructional events, lessons, units and courses illustrates how instructional games may be applied within the context of training and education. 

Application of a grounded instructional strategy (discussed in further detail later in the chapter) illustrates one method for determining the level of application that also enables educators to define the specific instructional purpose(s) for a game. For example, let’s say an educator decides to apply the Biological Sciences Curriculum Study (BSCS) 5E instructional model (BSCS, 2006) to design an instructional unit as depicted in Table 2.
Table 2. Description of events associated with the BSCS 5E instructional model 
	Engage
	The instructor assesses the learners’ prior knowledge and helps them become engaged in a new concept by reading a vignette, posing questions, doing a demonstration that has a non-intuitive result (a discrepant event), showing a video clip, or conducting some other short activity that promotes curiosity and elicits prior knowledge.

	Explore
	Learners work in collaborative teams to complete activities that help them use prior knowledge to generate ideas, explore questions and possibilities, and design and conduct a preliminary inquiry.

	Explain
	Learners should have an opportunity to explain their current understanding of the main concept. They may explain their understanding of the concept by making presentations, sharing ideas with one another, reviewing current scientific explanations and comparing these to their own understandings, and/or listening to an explanation from the teacher that guides them toward a more in-depth understanding.

	Elaborate
	Learners elaborate their understanding of the concept by conducting additional activities. They may revisit an earlier activity, project, or idea and build on it, or conduct an activity that requires an application of the concept. The focus in this stage is on adding breadth and depth to current understanding.

	Evaluate


	The evaluation phase helps both learners and instructors assess how well the learners understand the concept and whether they have met the learning outcomes. There should be opportunities for self assessment as well as formal assessment.


Reprinted with permission from BSCS Center for Professional Development, Copyright 2006

At the event level, a game may be designed to facilitate one specific instructional event within an instructional unit or lesson. A relatively simple game, for example, may be designed to facilitate recall of factual content or to promote active involvement and discussion (Dempsey, Lucassen, Haynes, & Casey, 1996; Blake and Goodman, 1999). When applied as an instructional event, additional events and activities must often occur before and/or after the game to optimize learning. In our example, a game may be designed specifically to evaluate learners’ acquisition of, and ability to apply designated skills and knowledge. The educator must then plan additional events prior to the use of the game, either online or face-to-face in hybrid learning environments, to engage learners, and to enable learners to explore the content, as well as explain and elaborate their findings. 

At the lesson level, a game may address two or more events contained in an instructional unit. For instance, a game may present learners with a scenario to engage their interest and ask them to explore related concepts through a series of readings and activities. Again, additional events, such as learner assessments and feedback, may have to occur before and/or after the game to facilitate learning. At the unit level, a game incorporates all of the events and activities necessary to achieve a specified set of goals and objectives associated with an instructional lesson or unit. In the BCSC example, that means the game will be designed to engage learners, facilitate exploration, solicit explanations and elaborations, and evaluate learning. At the course level, one game is played throughout an entire course, tying together all the units, lessons and events associated with the course. It is conceivable that a game may be designed at a fifth, program level, transcending all courses associated with a certificate, degree or training program, but the likelihood of such occurrences is remote.  

The distinctions are important because the process and resources necessary to apply pedagogy (defined here as the science of teaching and learning, including both youth and adult learning), and design and develop an instructional game may differ significantly depending on the level of application. For instance, the process used to create a jeopardy game as an instructional event to evaluate learners’ ability to recall verbal information may be relatively simple, involving the use of a free and easy to use jeopardy game shell and the preparation of questions and answers that are congruent with specified objectives. In comparison, the process necessary to create an original game for an entire instructional unit or course may be much more complex. Developers
 may have to write an original story, craft playful interactions, establish rules governing game play, and if a game engine is used to facilitate development, apply advanced programming skills, as well as generate graphics and animations. Although the concepts, process, and related resources discussed in the chapter may be applied to the development of Level I (event) and II (lesson) games, they are more commensurate with Level III (unit) and IV (course) games.
Fundamental Components of Interactive Entertainment

Each phase of the GD process offers developers an opportunity to enhance the learning experience. Educators are neither expected to participate in, nor contribute to, all aspects of game development. Rather, the challenge lies in determining when and how educators can apply their knowledge of pedagogy and the instructional situation to optimize game-based learning.

Stapleton and Hughes (2006) posit a framework that helps illustrate how the results of fundamental ID tasks may be used to facilitate the design and development of instructional games. The framework identifies three key components of interactive entertainment, each further delineated by three interrelated elements that must all work together to create engaging and memorial experiences that satisfy the audiences’ expectations. The components and elements elucidate key questions, noted in Table 3, that educators may help answer in increasing detail to relate the educational purpose to the entertainment value as the team progresses through the GD process.

Table 3. Three basic components and related elements of interactive entertainment
	Components
	Elements

	Story

WHY should I care, from player’s point of view?
	Characters – WHO is it about & who am I in that experience?

	
	Events – WHAT & WHEN do things happen to motivate me or propel action?

	
	Settings – WHERE am I and what does it matter (Context)?

	Game

HOW do things work (procedural or mechanics)?
	Goals – WHAT for (Aspirations related to Why)?

	
	Rules – WHY not (Limitations and restriction to play, strategy, etc.)?

	
	Tools – With WHAT devices (special effects, instruments, etc.)?

	Play

WHAT am I doing (Participatory)?
	Cause – IF I...(stimulus)?

	
	Effect – THEN the game... (response)?

	
	Consequences – THEN, I will... (consequences)?


By applying pedagogy and knowledge of the subject matter, learners, and instructional context to answer the questions, developers flesh out the core game design and reconcile game and learning goals so that the entertainment supports the learning and the learning enhances the entertainment. The more the learning content and objectives are interwoven into the entertainment elements, the more the game will reinforce the learning objectives. The framework, along with its basic components, elements, and questions, will be referred to throughout the chapter to discuss how educators may contribute to the design and development of an instructional game.

Applying Pedagogy during the Game Development Process
Game developers divide the entertaining game development process into several phases (e.g., Novak, 2005; Bates, 2004; Wikipedia, 2005). Although the specific tools, tasks and techniques used during each phase may vary by game and by organization, the overall process remains basically the same, including (a) concept development, (b) pre-production, (c) production, and (d) post-production. Knowledge of the GD process will help educators communicate and collaborate with game developers. It also helps identify when and what educators can do to apply their knowledge pedagogy and the subject matter. The following is a brief summary of what game developers typically do, along with a more detailed discussion of what educators can do during each phase to facilitate game development and optimize game-based learning.

The Concept Development Phase 

The concept development phase begins when a game is first conceived and ends when a decision is made to fund or otherwise support the development of the game and initiate additional planning. The goals are to determine what the game is about and convey key ideas to potential supports in a clear, concise written form. Initially, developers compare and contrast benchmarks games and related instructional programs (if they exist) to formulate and brainstorm ideas. They also may create crude paper prototypes and stage live improvisations of alternative game concepts, allowing them to flesh out mediocre ideas, expose core misconceptions and assumptions, and spark discovery of truly original ideas. Focus groups may then be used to verify audience’s expectations and validate the entertainment value and flow of selected ideas before a game proposal and concept document are finalized. 

In general, a concept document includes short descriptions of:

· The Premise or High Concept (describing the basic idea or “hook” that will make the game exciting and sets it apart from other games),

· Player Motivation (e.g., the game’s victor condition),

· Game Play (what the player will do while playing the game),

· Story (main events, characters, and settings),

· Target Audience/Market,

· Game Genre,

· Target Platform and Hardware Requirements,

· Competitive Analysis, and

· Game Goals.

A brief game proposal (also referred to as a “pitch document”) addresses the same topics as the concept document but in an abbreviated form, and is used during meetings, along with a “promotype” (a promotional demonstration of a key portion of the best scenes), to pitch or sell the game to potential supporters. If given the green light (and funding) to continue planning, developers enter the Design or Pre-Production Phase.

Educators can play a key role in, and help game developers formulate ideas, create a “promotype,” and prepare persuasive pitch and concept documents by delineating and clearly communicating (a) targeted learning goals and related skills and knowledge, (b) key learner characteristics, (c) important contextual factors, and (d) a desired instructional approach.

Define Learning Goals and Subordinate Skills and Knowledge.
To formulate preliminary ideas, developers must have a good understanding of what learners are expected to know and be able to do as a result of the game. Specifically, knowledge of targeted learning goal(s), and the subordinate skills and knowledge necessary to achieve the goal(s), will help developers begin to answer the questions, “Why should I care?” and “What for?” as posed in Table 3. A list of targeted skills and knowledge is also necessary to identify, compare and contrast, and find correlations between successful and unsuccessful benchmarks of similar games and instruction.

Professional organizations and accrediting agencies may list skills and knowledge to be addressed by the instruction. Relevant learning goals and objectives may have also been listed in existing course syllabi. In such cases, educators may review the list and select skills and knowledge to be addressed by the game, keeping in mind the availability of resources, level of application, and the scope of the proposed initiative.

In other situations, a list of goals, skills and knowledge may not exist. Educators may need to complete a goal, task, subordinate skills, subject matter or other forms of analyses (c.f., Jonassen, Tessmer, & Hannum, 1999) to identify relevant skills and knowledge, necessary to achieve the specified learning goal(s). The analysis should also identify required entry behaviors (pre-requisite skills and knowledge learners must have to successfully initiate and complete the game).

Knowledge of the target learning goals, and the subordinate skills and knowledge necessary to achieve the goal help answer several of the questions posed in Table 3 at the highest and simplest level. Furthermore, to support game development, potential educational sponsors may want to know the specific skills and knowledge that are to be addressed by the game to ensure its relevance and to see how the game may fit with the larger curriculum. Thus, developers should communicate learning goal(s) along with the entertainment goal(s) within the concept document.

Characterize Learners.
Game developers recognize that the more you know about your customer, the more products you can sell them. In developing Walt Disney Imagineer’s Ten Commandments, Sklar (n.d.) established the first two commandments of interactive entertainment as “know your audience” and “walk in your guests shoes.” To formulate game ideas that match what’s in the audience’s mind, game developers analyze key psychographic (e.g., values, attitudes, lifestyles) and demographic (e.g., gender, age, generation) variables of the target market through available research and market critiques. Learner analysis is the equivalent practice within ID. 

Learner analysis reveals key characteristics of the target audience including: (a) entry behaviors, (b) prior knowledge of topic, (c) attitudes toward content and delivery system, (d) academic motivation, (e) educational and ability levels, (f) learning preferences, (g) attitudes toward the organization giving the instruction, and (h) group demographics (Dick, Carey, & Carey, 2005). During concept development, the integration of learner and target market analyses is posited to further delineate key learner characteristics and clarify learner expectations. 

One of the keys to entertainment is to “satisfy expectations.” An analysis of learners’ attitudes toward the delivery system, content and organization reveals learner expectations that may then be used to hook the audience by creating empathetic and archetypal game characters with similar hopes, dreams and fears of the target audience. Knowledge of learners’ general academic motivation and educational abilities may also help developers create challenges that are neither too tedious, nor too frustrating. A critical aspect of game design is to provide challenges that are hard enough to be demanding, but not annoying, while easy enough to be interesting, but not boring. Since the line between frustration and boredom may differ with every user, data on learners’ academic motivation and educational abilities may be particularly useful for designing game challenges, as well as creating the algorithms necessary to monitor the behavior of the user to adapt the level of difficulty during game play. An analysis of key learner characteristics establishes the target audience’s needs and wants, helping developers define the expectations that the game will need to set-up and satisfy.

If educators have sufficient knowledge of the target learner population to accurately portray key learner characteristics and help game developers address key game issues as discussed above, then they should document and communicate their knowledge of learners to game developers at the beginning of the concept development phase. If educators do not have adequate knowledge of the targeted learners, they should then consider conducting a learner analysis before or at the onset of concept development to help developers formulate game ideas that will address learners’ needs, interests and expectations. Learner analysis results should also be integrated with the description of the target market within the concept document to demonstrate and help convince potential backers that the team has sufficient knowledge of the target learner population to develop a successful instructional game.

Characterize Learning and Performance Context.
During concept development, knowledge of both the learning context (where learners are expected to acquire targeted skills and knowledge) and performance context (where learners apply newly acquired skills and knowledge) can also help developers answer key questions related to play, game and story, noted in Table 3. 

Knowledge of the physical, social and psychological aspects of the performance context is essential for developers to generate appropriate mock ups of the game world, and provides valuable clues on how to excite players with key character interactions and game play. Facts about the physical conditions under which learners are expected to demonstrate targeted skills and knowledge, including the availability, use and nature of facilities, equipment and other resources, are vital for game developers to create appropriate settings within the game. Awareness of the social dialogs that form in regards to targeted learning and performance outcomes is also useful for designing player and non-player characters interactions, particularly if the game is to simulate workplace relationships. Psychological conditions, such as the degree and nature of stress typically felt as learners perform related job tasks may also provide rich enhancements to increase immersion.

Knowledge of the learning context is also necessary to define basic technical requirements reported in concept documents. In many educational situations, the learning environment may differ from the performance setting where newly acquired skills and knowledge are to be applied. For example, the learning environment for a totally online course may consist of networked computer with access to a learning management system and the instructional game. In comparison, a hybrid learning environment may include a networked computer, as well as periodic face-to-face meetings at school. Knowledge of key variables, such as the configuration and connectivity of computers used at home and school, can help define hardware requirements for the concept document and to ensure the game will work with available equipment and resources. 

If educators do not have extensive knowledge of the performance or learning setting, they should consider completing a context analysis, as prescribed by ID professionals, such as Dick, Carey, and Carey (2005). The analysis provides vital information about the performance setting, such as (a) managerial/supervisory support, (b) physical aspects of the site, (b) social aspects of the site, and (d) relevance of skills to workplace. The analysis also reveals important information about the learning context, including, but not limited to the (a) number and nature of sites, (b) compatibility with instructional needs, (c) compatibility with learner needs, and (d) feasibility for simulating the workplace. Information about the context should be conveyed early in the concept development phase to help game developers answer the key questions related to story, game and play (noted in Table 3) at the simplest level. Context analysis results should also documented within the concept document to help garner support for game development.

Select Basic Instructional Approach
Fundamentally, instructional games differ from entertaining games in that they are designed intentionally to facilitate achievement of specified learning goals and objectives. We argue that the application of pedagogy is necessary to facilitate achievement and optimize game-based learning. During concept development, the selection of a basic instructional approach provides valuable insights into how content information is to be presented to learners and the nature of interactions that are designed to facilitate game-based learning. Communication of the instructional approach may also help garner support for continued design and development.

Will the game be based on behavioral, cognitive information processing, or constructivist learning principles? Should it apply a specific instructional strategy, model or theory, such as Case-Based Reasoning (Aamodt & Plaza, 1994), Learning by Doing (Schank, Berman & Macpherson, 1999), or Problem-Based Learning (Barrows, 1985)? The selection, and later application, of a basic instructional approach is critical for determining the nature of the learning environment and guiding the overall design and sequencing of critical learning interactions and game play that ultimately affects the manner in which learners achieve specified learning outcomes. 
For example, if a behavioral learning approach is selected for a game, the “story” may present learners with key facts, concepts and/or principles and the “game play” may ask learners to respond to discriminative stimuli, such as a question. Based on learners’ responses, the game will then present learners with contingent stimuli that serve to either reinforce or discourage similar responses. Many drill and practice games, popular in the 1980s and 90s were based on behavioral learning principles. In contrast, if a constructivist approach is selected, the “story” may present learners with a scenario or problem and the “game play” may require learners to utilize various tools to access content information, derive meaning, and construct their own knowledge of how to work their way through the scenario and/or solve the problem. Moreover, if a social constructivist approach is selected, then a multi-player game may be conceived that emphasizes the use of tools for player-player interactions designed to facilitate the social construction of knowledge. Although details on how the game will apply key principles, tools and events associated with a particular instructional approach are addressed during pre-production, the selection of a basic instructional approach is critical in defining the broader interactions of the learning experience and informing high-level interactive entertainment design. By basing the early entertainment development on pedagogy, any subsequent artistic choices will most always enhance, rather than obstruct achievement of the learning objectives. 

The selection of an instructional approach requires developers to consider the nature of the desired learning outcomes, his or her personal beliefs about teaching and learning, as well as the values of potential supporters and adopters. The nature of the desired learning outcomes should drive the design process. For example, to facilitate recall of verbal information, or to train people on a relatively simple procedure, a direct instructional approach based on behavioral learning principles (e.g., Joyce, Weil, & Showers, 1992) or information processing theories of learning (e.g., Gagne, 1977) may be more appropriate than constructivist or learner-centered methods. In contrast, if the desired learning outcome requires higher-order thinking, where there may be more than one correct answer or more than one method for deriving the correct answer, then constructivist (e.g., Jonassen, 1999; Wilson, 1995) or related experiential (e.g., Kolb, 1985; Egenfeldt-Nielsen, 2005), case-based (e.g., Leake, 2000; Aamodt & Plaza, 1994), or problem-based approaches (e.g., Barrows, 1985; Savery & Duffy, 1995) to teaching and learning may be favored.

In selecting an appropriate instructional approach, it is also important to take in account the educational philosophy and epistemological beliefs of developers’ as well as potential adopters’ and supporters. If the developers believe that people derive meaning and construct knowledge through social interactions, then the selection of constructivist, learner-centered, and cooperative instructional approaches may support his or her beliefs. In contrast, if developers believe people learn by processing information through sensory, short-term, and long-term memory, than an instructional approach based on information processing theories of learning may resonate with his or her educational philosophy (e.g., Gagne, 1977). If the developers are pragmatist and believe that meaning is constructed by individuals based on their interpretation and understanding of reality, s/he may prefer an eclectic approach, selecting from a range of behaviorist to constructivist instructional methods depending on the situation. 
The educational values and beliefs of potential supporters and adopters should also be considered. If the pedagogical foundations of a game is not congruent with the beliefs and values of instructors, administrators, managers, or other potential supports and stakeholders, then the chances of the game being approved for development, or adopted for use, are relatively slim. Furthermore, if developers are working with an instructor and/or subject matter expert to create an instructional game, then it may be important to discuss and, if necessary, reconcile any differences in philosophy prior to initiating selecting or applying a basic instructional approach.

Selecting an appropriate instructional approach is neither simple, nor straight-forward. Much depends on the desired learning goals and objectives, but concerns for the fundamental beliefs about teaching and learning also mediate the selection process. Whatever theory or approach is selected, related principles, events and interactions provide a rich resource for inspiring game developer, if presented in the terms they understand (e.g., concrete verbs, events, exchanges, rather than theoretical propositions). Game developers, in this early phase of conception, are looking for these types of sources to challenge the imagination and spark creative correlations between entertainment and education. 

A basic instructional approach should also be communicated in the concept document to garner backing for the game initiative. Providing a short description of the pedagogical foundations may help convince potential supporters, particularly those with a strong educational background and/or investment, to back development. Holland, Jenkins, and Squire (2002) also believe that instructional games should be based on a pedagogical model to help ensure players are able to apply what s/he learned to real world contexts. A game is a tool not a magic box; game developers can ensure learning takes place only if it is well designed based on a solid pedagogical foundation. Whatever theory or approach is selected, game developers should clearly communicate and assure potential supporters that the instructional game will be based on a solid pedagogical foundation. The subsequent application of alterative instructional approaches is discussed further under Pre-Production.

Pre-Production Phase

After receiving support for the game concept, developers enter the planning or pre-production phase. It is during the pre-production phase that developers flesh out the details. What is the specific nature of the characters, events and settings that players will interact with during the game? How will they be presented to players? What rules and tools will govern and facilitate achievement of game goals? Analog prototypes may be created to help developers answer these, and other basic design questions and to ensure the game play mechanics are correct and the game is fun and compelling with no distractions resulting from visual style and programming features that are secondary to a game’s foundation. Detailed game design and a technical design document are also prepared, along with art bible and a production plan, outlined below.

Although the organization and contents of game design documents differ by author, organization and game genre, they represent an extension of the concept document and typically include, but are not limited, a project overview and detail descriptions of:

· Story (characters, settings, and events)

· Game play (rules, tools and goals)

· User Controls
· User Interface

· Artificial Intelligence

· Game Levels
· Art, Audio and Technical Features
· Production Details

· Risk Analysis

· Development Budget
The Art Bible establishes the look and feel of the game and provides a reference for other art. It helps ensure consistency in style throughout the game and typically consists of:

· A set of visuals (ranging from pencil sketches to digitized images that capture final look of the game); and

· A visual reference library that reflects the direction the art should take over time. 

The Technical Design Document is based on the GDD and is typically written by the game’s technical lead or director and includes a description of: 

· The game engine, including comparisons with other engines on the market;

· How game will transition from concept to software;

· Who will be involved in the development of the game engine, including what tasks each person will perform, and how long it will take to perform each task; and

· What core tools needed to build the game; including hardware and software that must be purchased.

The pre-production phase typically ends with the development of a tangible, digital prototype that represents, “…a working piece of software that captures on screen the essence of what makes the game special, what sets it apart form the rest, and what will make it successful” (Novak, 2005, p. 332). As Bates (2004) suggests, the prototype, “...can be the single greatest influence on whether the project goes forward. Publishers [and other funding agents] like to be able to look at a screen and ‘get it’ right away. If they can’t see the vision within a minute or two, they’re unlikely to fund the rest of the project” (p. 211). Where the promotional focus of the “promotype,” created during concept development, may improvise solutions, it may also result in more questions than answers to feed key objectives of the design process. The “prototype,” generated during pre-production, actually solves key problems with chosen tools to validate assumptions and provide a more detailed preview of the game than the “promotype.”
To help developers create related design documents and answer the questions related to play, game and story, depicted in Table 3, in greater detail, educators should consider (a) generating, clustering and sequencing objectives, (b) delineating learner assessment methods, and (c) applying grounded instructional strategies and events. Educators should also consider conducting several formative evaluations to validate design and improve the prototype before it is presented to sponsors and other key stakeholders to demonstrate the developers’ capacity to achieve specified goals, and garner continued support for production.

Generate, Cluster, and Sequence Objectives.
During the Design Phase, learning objectives should be generated, clustered and sequenced to help developers establish game levels, and define the overall story and game structure. Most (larger) games are broken up into levels or worlds. Levels divide a game into sections, organize progression, and enhance game play (Novak, 2005). A player usually needs to meet specific goals or perform specific tasks to advance to the next level. Often, levels may be similar but more difficult as a player progresses through the game. According to Novak, developers should consider game objectives, flow, duration, availability, relationships and difficulty when designing levels; in much the same way educators organize a course or training program into instructional units and lessons.

Without clearly defined objectives, players may randomly move, shoot, solve-problems or collect things to progress through the game. To help players focus their efforts, game developers communicate game objectives by creating a cut-scene or a short tutorial at the beginning of a level, or players may complete relatively simply tasks that illustrate the basic objectives of a game. Whatever method is used to communicate objectives, game developers believe that players should be informed of where they stand in relation to the overall game. Educators and instructional designers hold similar beliefs, recognizing the importance of focusing learners’ efforts, and informing them of where they stand in relation to the overall course and learning goal(s). The specification of objectives may also be particularly important for instructional games. The ability to engage learners through fun and entertainment is one of the primary reasons why instructional games are being developed across settings. One concern facing potential game adopters is that learners may be distracted or may loose sight of desired learning outcomes. Concrete learning objectives may be presented to learners in the same fashion, and time, game objectives are presented to players. This may help learners keep their focus of targeted learning outcomes.


In terms of flow, game developers may want players to stay in a particular area until they have accomplished certain objectives, or prevent players from returning to particular areas once they have completed specified objectives. The time, or duration, spent at each level may depend on the nature of the player. Novak (2005) refers to a “universal rule” that suggests that a player should be able to complete at least one game level in a single session. For younger and/or novice gamers, one level may be designed to take 15 minutes; for older and/or advanced gamers, two hours of continuous concentration on a level may be acceptable. Educators also take into account flow, time, and the nature of learners when defining the scope and sequence of instructional units and lessons.


Availability refers to both the total number of levels included in a game, as well as the accessibility of levels within a game at any given time. The number and accessibility of levels depend on the nature of defined game goals and objectives. Each level should address one game goal or a logical set of objectives. In general, games should allow players to access as many levels as possible to maximize flexibility and address individual needs and interests, but accessibility must also be restricted to avoid confusion. Similar issues and concerns regarding availability must be addressed as educators and instructional designers work with game developers to cluster and sequence learning objectives and define game levels.

The relationship between levels must also be considered in terms of scenes, episodes or events within the larger story played out during the game. In some games, levels are defined based on story structure, where each level may be self-contained, with its own subplot, set of events and conclusion. For example, a strategy game may consist of a series of quests, campaigns or missions that need to be completed to finish the game. In other (puzzle) games, levels may be defined by increasing degrees of difficulty. The clustering and sequencing of learning objectives helps game developers define a suitable story structure and an overall experience arc for players as they progress through the game.
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Figure 1. The similarities between the organization of a game and instruction

Figure 1 compares the structure of a course or training program, that may be divided into units, lessons and events, with the a game, that may be organized into levels, scenes, and events, to form an overall experience arc (discussed in greater detail in Chapter X). The experience arc is designed to increase investment and emotional engagement and provide the overall satisfaction of achieving the ultimate goal, whether for entertainment or learning. The rewards and pay-offs need to propel the motivation of the player forward through the experience arc. The developers need to build up to the intended intensity by ramping up the risks and balancing the difficulty level between frustration and boredom so to offer appropriate challenges and game play. As developers to define game levels, they must consider how the clustering and sequencing of instructional and game serves the creative intent of the game as articulated by the experience arc. The learning goal should be interrelated with the overall game goal. Each unit should correspond to the emotional waypoints of each game level. Each lesson should integrate their instructional events with interactive exchanges of each scene of the game. 

The degree of difficulty is also an important consideration when defining game levels. As a player progresses through levels, the degree of difficulty may remain constant, increase linearly, or follow an s-curve, with the degree of difficulty remaining relatively flat at the beginning and end, but increasing exponentially during the middle. Novak (2005) also suggests that to challenge expert players, developers can build more difficult versions of each level that are accessible separately, or developers can build different degrees of challenge within each level. As educators and instructional designers cluster and sequence objectives, and work with game developers to define game levels, they must also consider the difficulty of specified objectives. Should the game present learners with objectives that increase in difficulty, remain constant or follow an s-curve over time? Should developers create additional levels and/or provide access to varying degrees of learning challenges with each level?

As noted under concept development, objectives may be derived from standards published by professional organizations, accrediting agencies or existing instructional materials. If objectives do not exist, educators may apply alternative analysis techniques to identify skills and knowledge necessary to achieve a specified learning goal, and the skills and knowledge may then be used to prepare objectives. At the onset of pre-production, educators should cluster and sequence objectives, and may use a simple course scope and sequence table, as depicted in Table 4, to communicate the organization of objectives to developers. Educators may then work with game developers to finalize the clustering and sequencing of objectives and to define game levels, by taking into consider both game and instructional flow, duration, availability, relationships and difficulty. Educators should then use the objectives to delineate learner assessment methods that are congruent with the specified objectives.

Table 4. Template I for Basic Course Scope & Sequence Chart
	Course [Learning or Performance] Goal Statement:



	Unit 1
	Unit 2
	Unit 3
	Unit 4

	· Terminal Objective 1.0
	
	
	

	· Enabling Objective 1.1
· Enabling Objective 1.2

· Enabling Objective 1.3

· Enabling Objective 1.N
	
	
	


Delineate Learner Assessment Methods.

Accurately assessing what players learned from an instructional game may be one of the greatest challenges facing game developers. It requires knowledge of what, when, where and how to assess learners’ skills, knowledge, attitudes and abilities. The specification of measurable learning objectives delineates what needs to be assessed. Concrete entertainment goals and objectives (e.g., enhancing learner engagement, creating suspense, evoking emotion, promoting players’ continuing motivation to return to similar goal directed behaviors) also help determine what needs to be assessed. The challenge lies in determining when, where and how to assess achievement of specified goals and objectives.


The fundamental ID tasks of determining learner assessment methods and aligning assessment with specified objectives provide further insights into assessment for game-based learning. Learner assessments may be completed before, during and after instruction. Before instruction, entry-level tests may be used to determine if learners have pre-requisite skills and knowledge and pre-tests may be given to determine if learners already have the skills and knowledge addressed by the instruction. During instruction, practice-tests may be used to help learners develop skills, acquire knowledge, and monitor their progress toward specified objectives. After instruction, post-tests measure learners’ achievement of specified objectives. In an instructional game, assessments may be given: (a) before learners begin to play the game to determine if they have pre-requisite skills and knowledge necessary to successfully play and complete the game; (b) at the beginning of one or more game levels to determine if learners have the some skills and knowledge addressed by the game level and adapt learners progress through the level accordingly; (c) during or at the end of one or more game level to practice applying skills and knowledge and monitor learners progress toward specified objectives, or (d) after learners have completed the game to assess learner achievement of specified objectives. 

To decide when to best assess learners’ skills and knowledge, game developers must determine the importance, feasibility and cost of assessing whether learners: (a) have pre-requisite skills and knowledge; (b) have the skills and knowledge to be addressed by the instructional game; (c) need practice or help monitoring their acquisition and/or progress toward specified learning outcomes as they play the game; and (d) have acquired, can apply, and/or transfer targeted skills and knowledge to move up game levels or after completing the game. Answers to these questions may be derived from learner and context analyses (discussed earlier) and as developers generate an instructional strategy and integrate the strategy with the story and game play (as discussed in proceeding sections of the chapter). Determining when to assess learners’ skills and knowledge also requires knowledge of where and how learners are to be assessed.

Fundamentally, game developers must decide where assessments are to take place, either within the game or outside of the game, which leads directly to the next assessment question; how to assess learners. If learner assessments are to be integrated within the game, game developers must have the skills and resources to formulate the algorithms (if/then statements) and create the artificial intelligence (AI) necessary to program the game to respond properly to learner input. 

Assessment algorithms and AI may be relatively simple and programmed within a game if developers choose to use conventional criterion referenced testing methods (e.g., multiple-choice, true/false, matching, fill-in-the-blank) or product and performance checklists to assess learners when there is one correct answer, one correct method for deriving the answer, or one set of readily observable/recordable behaviors that demonstrate targeted skills and knowledge. However, if learner assessments require the application of a set of heuristics and some level of subjectivity to measure problem-solving and the use of higher order thinking skills within ill-structured domains, the algorithms and AI may be too complex for the team to formulate and apply, and the assessment may have to occur outside of the game with experts assessing the achievement of related objectives by examining learner generated work samples. Because the descriptors tend to be too imprecise for a computer to match specified criteria to students’ behavior (Leddo, 1996), “performance assessment using scoring rubrics…that describe different levels of proficiency is considered unsuitable for computer games…” (Mitchell & Savill-Smith, p. 50).

During pre-production, game developers should determine learner assessment methods immediately after defining, organizing and classifying learning objectives to help ensure alignment between objectives and assessments. Too often, assessments are defined in isolation, with little to no consideration of the objectives. As a result, learners are often left wondering about the origins of specific test items or assessment criteria. To determine appropriate learner assessment methods, ensure assessment items and criteria are aligned to specified objectives, and communicate assessment methods to developers, educators may choose to complete a learner assessment alignment, as depicted in Table 5.

Table 5. Sample learner assessment alignment table
	Skill
	Objective
	Domain
	Method
	Item/Criteria

	Self-assess prior knowledge
	1.0 Given a systematic design process, assess your prior skills, knowledge, interests and experiences relative to course topics and tools.
	Cognitive Strategy
	Post-Test:

Portfolio Assessment Rubric
	Proficient Performance Criteria:

· Includes job title and teaching/training experiences.

· Assesses prior knowledge of training and instruction.

· Describes expectations and desired outcomes.
· Communicates information in concise manner with few errors.
· Posted to correct location by specified deadline. 

	Identify benefits
	1.1 Given an instructional situation, you will be able to identify benefits associated with applying systematic design tools and techniques.
	Verbal
Information
	Practice-Test:

Conventional Multiple Choice 
	One of the primary benefits associated with systematic design is that it:

(a) 
does not take too much time or resources.

(b)
is dynamic and helps adjust for learners’ needs as they change during the instructional process.

(c)
ensures the alignment of test items with instructional objectives and strategies. 
(d) 
focuses on technology-based instruction.

(e) 
all of the above.



In Table 5, column one lists essential skills and knowledge as identified by a goal, subordinate skills or other forms of analysis (as discussed during concept development). Column two represents the corresponding objective statement. Column three classifies the objective according to a learning taxonomy (in the example, Gagne’s taxonomy of learning outcomes) to guide selection of an appropriate assessment method. Column four notes when the assessment should take place (pre, practice or post), and the prescribed assessment format (e.g., conventional multiple choice, true/false, matching, fill-in-the-blank; product or performance checklists; or assessment rubrics). Column five specifies the assessment criteria or item that should be used to measure achievement of the specified objectives. 

Educators can use the table to ensure alignment between assessments and objectives by making sure the behavior required to successfully meet the assessment criteria or complete the assessment item is congruent with the behavior specified in the corresponding objective. The table also communicates when and how assessments may be used to facilitate and measure achievement of specified objectives. Game developers, in turn, may use the information to determine if the team has the capacity to develop the algorithms and AI necessary to apply the assessment items or criteria, or if assessments may have to occur outside of the game environment. If developers choose to integrate assessments within the game, the challenge again lies in the creative ability of developers to reconcile differences in entertainment and education, in this case, by making failure fun and creating assessment that are engaging, valid and reliability.

The assessment of learner performance provides the opportunity to deliver the culminating pay-off for both the game and instruction design. When the learner is in the height of immersion, making decisions, taking risk, and instigating action, they are forming memorable experiences and more likely to remember the lessons learned. If differences in education and entertainment are not resolved, resulting assessment will compete and dilute the intension of both by distraction or disassociation. For instance, let’s say we were using a first-person-shooter game genre to teach grammar. For the level assessing the use of homonyms, a multiple choice activity was the appropriate and recommended assessment method, but if learners had to stop play to use a drop down menu to decide which homonym to use, it would break the flow (emotional and physical momentum), be anti-climatic and kill both the game objective and instructional appeal. However, time, accuracy and selection are integral to both multiple-choice and shoot-don’t-shoot scenarios. The developers’ desire and job is to make choosing fun by applying a play primitive that is popular and proven. In this case, a first-person-shooter genre provides the type of game mechanics that is congruent with the recommended assessment method. The theme can then adapt to the learner’s demographics to determine whether you use a machine gun to shoot the colonel (or kernel) or a magical wand to select a 24 karat (or carrot) treasure. Both the correct and incorrect answer can have entertaining and relevant consequences.
When the learning objectives are integral to the game objectives, the assessments can become the culminating experience where performance determines scoring and rank that provides extra powers and resources to take on to the next level. However, the assessment must be designed as creatively as the game play where making mistakes are as memorable as succeeding. Making losing fun provides not only the incentive to try again, but you form distinct memories of what not to do. The common mistake is to make the assessment an after thought or making it merely a dressed up multiple-choice question.

Apply Grounded Strategies and Events.
Story and instruction may both be viewed as the deliberate arrangement of events. Story events, however, are written primarily to entertain and engage the audience. In comparison, instructional events are designed principally to facilitate learning and the achievement of specified learning objectives. We posit that grounded instructional strategies and events should be integrated with story events to optimize game-based learning. During pre-production, developers reconcile similarities and differences in instructional and story events to design meaningful interactions that facilitate learning in a fun and engaging manner.

Stories evoke emotional investment in game play. It answers the question, “why should I care?” The author develops characters that the audience can identify with to invite them into the action, and once empathic to the characters’ plight, the audience goes wherever they are lead. Story events become consequence generators that drive future action and the setting provides the context of the action to reveal meaning. Once the story hooks the audience emotionally, the author elicits active participation by designing meaningful interactions between story events and key play primitives to help players achieve game goals. 

Storytelling for interactive entertainment, such as in computer games, differ significantly from stories written for linear media, such as films, plays, and books. However, the story structure itself can transcend different media and applied to both. The difference is that one accommodates the audience’s participation and choices to increase emotional engagement while the other does not. 
Most interactive entertainment experiences follow a three-act structure with a beginning, middle and end. Act 1 is written to capture the audiences’ attention with a compelling premise. The audience is often placed in an “ordinary world” of the protagonist to familiarize them with the lay of the land and to develop empathy for the main character, when suddenly an inciting incident turns the character’s world upside down and propels the story forward. Act 2 advances the plot, providing the main character/player with escalating conflicts and a core dilemma from where they will have to take on escalating risks and challenges or choices that evolve the character. Act 3 provides a climax where the protagonist is able to confront the antagonist to resolve the dilemma initially confronted in Act 1. This series of events provide an exhilarating emotional catharsis as the story comes to either a resolution or evolution that concludes with a happy or tragic ending. 

Interactive games also need to follow an emotional story arc to satisfy the audience’s expectation. The difference from a linear story is that the audience has agency as the player and the experience arc is “specified by rules and not events” (Crawford, 2003). Instead of a linear plot, it becomes a dynamic “metaplot” where the player participates in the unfolding sequence of problems and obstacles that develop characters and forwards with story. Instead of linear plot points placed by the author, the influence of the audience gains meaning through interactions with the game to compel and not disruptive the story or game flow. In both interactive games and stories, the challenge lies with the author to create a journey that reaches the same emotional waypoints as a linear plot, but the audience is allowed to reach them in their own way (Stapleton & Hughes, 2003).
To create engaging, interactive story events that are designed intentionally to facilitate learning, educators identify instructional events, associated with the instructional approach or strategy selected during concept development, and work with game developers during pre-production to integrate the strategy with sound game design structure by exploiting similarities and resolving differences in story and instruction.

Hannifin, Hannifin, Land and Oliver (1997) define “grounded design” as “…the systematic implementation of processes and procedures that are rooted in established theory and research in human learning” (p. 102). A grounded approach uses research and theory to make design decisions and optimize learning. It neither subscribes too, nor advocates any particular epistemology, but rather promotes alignment between theory and practice (Hirumi, 2002). Table 6 outlines events associated with alternative instructional strategies "grounded" in learning and instructional research and theory.

Table 6. Primary events associated with grounded instructional strategies

	
Adaptive 
Instructional Design
(Schwartz, Lin, Brophy & Bransford, 1992)
1.
Look Ahead & Reflect Back

2.
Present Initial Challenge

3. 
Generate Ideas

4. 
Present Multiple Perspectives

5. 
Research and Revise

6. 
Test Your Mettle

7. 
Go Public

8.
Progressive Deepening

9.
Reflection and Decision Assessment


	Collaborative 
Problem-Solving

(Nelson, 1999)

1.
Build Readiness

2.
Form and Norm Groups

3. 
Determine Preliminary Problem

4.
Define and Assign Roles

5.
Engage in Problem-Solving

6. 
Finalize Solution

7.
Synthesize and Reflect

8.
Assess Products and Processes

9. 
Provide Closure


	Learning by 
Doing
(Schank, Berman & Macpherson, 1999)
1.
Define Goals 

2.
Set Mission 

3.
Present Cover Story

4.
Establish Roles 

5.
Operate Scenarios 

6.
Provide Resources

7. 
Provide Feedback



	5E Instructional Model
(BSCS, 2006)
1.
Engage
2.
Explore
3.
Explain
4.
Elaborate

5.
Evaluate

	Problem-Based Learning
(Barrows, 1985)
1.
Start New Class

2. 
Start a New Problem

3.
Problem Follow-Up

4.
Performance Presentation(s)

5.
After Conclusion of Problem
	Case-Based Reasoning
(Aamodt & Plaza, 1994)
1.
Present New Case/Problem
2.
Retrieve Similar Cases
3.
Reuse Information
4.
Revise Proposed Solution
5.
Retain Useful Experiences

	
Experiential Learning
(Pfeiffer & Jones, 1975)
1.
Experience 

2.
Publish 

3.
Process

4.
Internalize 

5.
Generalize 

6.
Apply


	Simulation Model
(Joyce, Weil, & Showers, 1992)
1.
Orientation

2.
Participant Training

3.
Simulation Operations

4.
Participant Debriefing

5.
Appraise and redesign the simulation


	Constructivist Learning
(Jonassen, 1999)
1.
Select Problem
2.
Provide Related Cases
3.
Provide Information

4.
Provide Cognitive Tools

5.
Provide Conversation Tools

6.
Provide Social Support



During pre-production, an instructional strategy may be applied at the game or scene level to guide the design and sequencing of key events that occur throughout the game’s story structure. For example, at the game level, the seven events associated with the Learning by Doing instructional theory (Schank, Berman & Macpherson, 1999), matched the archetypal action game framework that is being used to guide how the story is being written for an instructional game, currently titled Trainien
. Application of the seven event helps provide the bases for dramatic build up for the story all within context of the game.
1. Define Goals: The story and game structure is defined by establishing clear and compelling goals. For Trainien, the instructional goal was defined as, “Given alternative training and educational situations, instructional designers will work effectively with game developers to systematically analyze, design, and test instructional games.” The game goal was specified as, “Kick butt so the player can either fulfill his/her dream to work for the game company, run the education division, and hang out with cool creatures while playing with holodeck, or get home.” These goals were then embedded within a structured game premise presented to players as a mission.
2. Set Mission: In our case the protagonist (aka. player or learner) is abducted by alien game developers. His or her mission is to navigate through the alien world and either return home or remain, to work for the game developers, but s/he can only do so after assimilating the game development process, understanding the alternative roles and goals of game developers, and applying pedagogy during the instructional game development process. The mission is made less overwhelming by breaking it down into levels and scenarios. Each level of Trainien sets up smaller tasks to successfully achieve the final mission and ultimate learning goal by exploring each facet of the game development process with a wide variety of options and tools.
3. Present Cover Story: The emotional investment and interactivity that enhances game play often happens in the backstory. This event can allow us not only to embellish the story, but also establish appropriate choices and levels of difficulty within the set-up of the game to make the experience relevant. For example, the selection of rank, tools and resources during the presentation of the cover story provides players with the ability to make the game experience their own. In Trainien, the player is placed in their desired professional position (as an instructional designer) where they will need to learn from experience or “trial by fire.” By placing the player in a popular fictional alien theme, real professional situations can be rendered with humor and drama to reduce the student’s fear of failing and create a memorable experience. This encourages players to be proactive in an unfamiliar work environment and feel comfortable with learning from their mistakes.   
4. Establish Roles: Point of View is a critical element for dramatic writing and mission rehearsal. The ability to not only select our own roles, but establish relationships with others help establish the collaborative nature of the game play and lesson objective.  In Trainien, we are helping learners develop their own skills and knowledge relative to instructional game design, so the first person point of view is more appropriate than an objective 3rd person point of view. The extreme characterization of the other characters is to gain the appreciation for the diversity and dramatics of working on a creative game development team. These roles reflect both the professional discipline and the archetypal characters (protagonist, antagonist, etc.). This not only contributes to a good story but also provides strategic options for achieving the learning objectives. 
5. Operate Scenario: Entertainment is about meeting expectations and games are about making failure fun (to motivate learners to get up and try again) and this allowed us to take full advantage of what is core to the strategy and the game. In Trainien, we designed scenarios for each game level so that mistakes are the most attractive option.  However in creative endeavors, there is never just one right answer. The operation of the game is to make a series of strategic choices, culminating in drastically different end results that illustrate inter-relationship between choices. For example, game level zero (Game Tester’s Hell) enables learners to distinguish game genres. In the scenario, the player enters a back area where drones are brought in to test games of various genres. The player watches and is tasked with capturing games of certain genres while avoiding detection. Hybrid games and trick genres are aimed at throwing off the player. After collecting what s/he feels are the correct games, the player returns for an inquisition (assessment) to see if s/he is worthy to live. If the player does not succeed, s/he will die a horrible and creative death. If the player is successful, s/he will earn a medallion to activate the next level.
6. Provide Resources: Besides clear goals, cool tools can help make the game successful. This includes the virtual resources available that not only help with the incentive of the game, but become a persistent way to monitor progress, provide feedback and foster critical thinking. A key resource is access to intelligence or knowledge. In Trainien, an InterPlay Digital Assistant (iPDA) will enable players to gain and store clues, as well as communicate with mentors (e.g., the instructor or game characters, as well as real and fictional classmates) for coaching and advice. The more they use the cues or advice, the more we understand the player’s familiarity of the subject.  If they don’t use the cues or advice and still perform poorly, that tells us about the player’s attitude or behavior.
7. Provide Feedback: The procedural process of the interaction provides the constant tracking of choices and monitoring of performance. However, in games it is more about how you deliver the feedback than how you measure. The three recommended feedback types provide a variety of interactive mechanisms to deliver it from consequence (making failure fun and immediate), coaching (a hero’s mentor providing just in time advice), and domain experts (role-playing opportunities to explore the domain). Trainien utilizes all three options for feedback and is able to monitor the player’s preference by the choices they make. This helps adapt the game to the learner’s needs and interests.

The same Learning by Doing instructional strategy, as well as alternative grounded strategies, may also be applied at the scene level within the overall story structure. For example, the five events associated with the BSCS 5E model (BSCS, 2006; Bybee, 2002) are being integrated with the scenario operation of one game level within Trainien. In the scenario, the player needs to emulate the operations of the character creation workshop of the alien ship. The player is confronted with a mission to engage their interest or lose their life. To achieve the objective, players must explore and survey the infrastructure of game development. As the player interacts with obstacles, challenges and other characters, they need to explain what they know in action and in words to keep their cover and progress through the level (building drama). When appropriate, they will begin to elaborate on their own game creation recruiting the characters they have met or tools they used to be evaluated by the Supreme Commander where they will succeed or perish.
The application of grounded instructional strategies, however, does not fully utilize what we know about teaching and learning to optimize game-based learning. Similar to applying a grounded strategy within a game level (or instructional unit), it is believed that the selection and integration of grounded instructional events may help to further optimize game-based learning. 
Research suggests that different external conditions, or events, should be used to promote different types of learning (c.f., Gagné, 1977). Table 7 lists specific instructional events, compiled by Smith and Ragan (2005), that have been found to facilitate the learning of verbal information, concepts, rules, problem solving, cognitive strategies, attitudes and psychomotor skills.

Table 7. Grounded instructional events that facilitate achievement of various learning outcomes

	Learning Outcome
	Grounded 
Event

	Verbal

Information
Names, labels, facts or a collection of propositions.
	Associational Techniques

· Mnemonics Devices (e.g., “FACE” for “Every Good Boy Does Fine”).

· Metaphoric Devices (e.g., “white cells attack infections like soldiers attack enemy”).

· Instructor or learner generated images (e.g., pictures, graphs, tables and maps).

· Rehearsal (e.g., Drill & Practice).

Organizational Techniques

· Clustering and chunking into categories (e.g., periodic table).

· Expository and narrative structures (e.g., chronologies, cause and effect relationships, problem solutions, comparisons and contrasts).

· Graphic and advanced organizers (e.g., concept tree linking new to prior knowledge).

Elaboration Techniques

· Write meaningful sentences (e.g., sentences using elements of periodic table).

· Devise rule (e.g., describe why elements are organized in rows and columns).

	Concepts

A set of objects, symbols or events grouped together on the basis of shared characteristics which can be referenced by a particular name or symbol.
	· Inquiry Approach (e.g., exploratory or discovery learning that typically begins with a presentation of examples and non-examples of a concept.

· Expository Approach (begins with an explanation of a concept and its key attributes).

· Attribute Isolation (points out the critical attributes of a concept).

· Concept Trees (hierarchical, graphic representations of a specified concept that illustrate the concept relationship to subordinate and superordinate concepts).

· Analogies (supplied by instructor or generated by learners)

· Mnemonics (when verbal information is important to concept learning or for helping learners remember the key attributes of a concept

· Imagery (a mental image of concrete concepts, such as pictures, graphs, tables and maps presented by the instruction or generated by learners).


	Rules

Relational rules or principals and procedural rules or procedures.
	· Learn to determine if the procedure is required.

· Learn to list the steps in a procedure.

· Learn to complete the steps in a procedure.

· Learn to elaborate sequence, starting with simple epitome of rule and elaborating to more complex versions of same rule.

· Learn to check appropriateness of completed procedure.

	Problem

Solving
Combine learned principles, procedures, verbal information and cognitive strategies in a unique way within a domain to solve original problems
	· Presentation of the Problem (case studies, simulations, limiting the number of rules–principles and procedures–that must be used, presenting explicit representations of necessary rules as cues, providing solutions to parts of the problem, limiting the amount of extraneous information).

· Problem Space (Review directions and identify relevant information about goal state; Delineate and analyze relationship between current and goal states; Discern patterns; Define what is known and unknown about the problem and determine what information must be acquired to solve the problem; Break down the problem into intermediate states or subgoals).
· Appropriate Principles (guided questions–generative approach–or direct statements–supplantive approach–on how to select and apply appropriate principles and procedures to move from the given state, through intermediate states, to the goal state.

· Practice (Present multiple representations of the problem; Recommend  techniques for limiting alternative approaches to problem resolution; Provide clues about the general form of the solution; Recommend search strategies for acquiring relevant information; Outline generic approaches for problem resolution such as hypothesis testing and working backwards; Establish criteria for evaluating the appropriateness of alternative solutions).

	Cognitive 

Strategies
Internally organized skills whose function is to regulate and monitor the utilization of concepts and rules
	· Discovery and Guided Discovery (involves more direct instruction than discovery, helping learners ascertain particular strategies through the application of questioning strategies. 

· Observation (observe a model demonstrating the use of the strategy by paired, cooperative learners, expert demonstration; and symbolic visual or textual representation by fictional character

· Guided Participation (Instructor works with learners to determine characteristics of learning task, identify strategies to facilitate the task, and determine effective methods for employing the strategy

· Direct Instruction (Identify utility of the strategy; Provide overview of steps and their relation to overall strategy; Demonstrate or model the strategy; Illustrate examples and non-examples of strategy use; Practice application of the strategy across gradually more difficult situations; Provide corrective feedback; Encourage and guide transfer of strategy to separate but appropriate context).

	Attitudes

Choice behaviors that make certain classes of action more or less probable
	· Demonstrate desired behaviors representative of target attitude by a respected role.

· Practice desired behavior associated with the desired attitude is another powerful tool in attitude formation and change (e.g., role playing and group discussions)

· Provide reinforcement for the desired behavior (a stimulus that increases the probability of the preceding behavior reoccurring. 

· Communicate persuasive messages from highly credible sources

· Create dissonance (persuading learner to perform an important behavior that is counter–dissonant–to the person own attitude, attitude change may result.


	Psychomotor

Skills

Coordinated muscular movements that may be difficult to distinguish from intellectual skills
	· Massed versus Spaced Practice (massed practice engages learners in one or a few intensive periods of practice. Spaced practice exposes learners to short practice sessions distributed over time. 

· Whole versus Parts Practice (whole practice is advisable if the task is simple, not meaningful in parts, made up of simultaneous performed parts and has highly dependent parts, and if the learner is able to remember long sequences, has long attention spans and is highly skilled).

· Progressive parts practice (if learners may have difficulties putting the parts together into a meaningful and well executed whole). 

· Backwards chaining (where learners are exposed to and practice the last step and work their way to the first step. 



As game developers detail the story (related to questions), they should consider the terminal, instructional objectives for each unit or game level, and consider integrating one or more grounded events that have been found to facilitate the achievement of the particular type of objective. For example, the terminal objective for one level in Trainien is to distinguish key player and learner characteristics. To facilitate such concept learning, players will be presented with imagery (pictures that depict key attributes of people who are considered part of Generation X, Generation Y, the Net Generation, and the Millennial Generation) as the progress through the level and related story and game play.
As developers complete game design documents and develop a tangible prototype, it is critical for educators to verify that grounded instructional strategies and events are embedded within the artistic story and game play. A description of the instructional strategy may be too cumbersome to include in the design document verbatim; however it is fine to have references to the instructional strategy in the addendum. The key is to assimilate the strategies and events within the story and game play detailed in the game design document, so they can not be ignored as a working prototype is developed to verify game design.

Begin Formative Evaluations.

Educators frequently implement initial drafts of instructional materials. In such instances, problems often occur and either the instructor is blamed for poor teaching or learners are blamed for their lack of attention or insufficient studying, when, in fact, the instructional materials were not well designed. To address this issue, Cronbach (1975) coined the term, “formative evaluations” to describe the collection and evaluation of data during development to improve instructional effectiveness and efficiency. Dick, Carey and Carey (2005) describe four types of formative evaluations, including expert reviews, one-to-one evaluations, small group evaluations and field tests. Expert reviews and one-to-one formative evaluations are encouraged before the tangible prototype is demonstrated to sponsors and other key stakeholders.

Expert reviews include formative evaluations by subject matter experts as well as media, learning and human factors specialists. Subject matter experts (SMEs) comment on the currency, accuracy and adequacy of the information provided within the instruction. Learning specialists review the objectives, instructional strategy and assessment methods. Media specialists are particularly important when developing audio, video, graphics and animations. Human factors experts examine the usability of the interface and navigation schemes. 

The purposes of one-to-one evaluations are to identify and remove the most obvious errors in the instruction and to obtain initial reactions to the content from learners. During this stage, designers work directly with the person evaluating the materials. Direct interactions distinguish this phase of formative evaluation from others. Observation forms, interview questions, attitudes surveys and achievement tests are frequently used to gather data during this phase. Before achievement tests are used to evaluate student learning, they should also be formatively evaluated to help ensure validity and reliability.
Participants for the one-to-one evaluations typically include one learner who is above average in ability, one who is average, and one who is below average. The instruction is revised after each evaluation and designers may choose to conduct additional one-to-one evaluations if necessary. The primary criteria and decisions to be made during one-to-one evaluations include: (a) clarity (is the message, or what is being presented, clear to individual learners?), (b) impact (what is the impact of the instruction on individual learner’s attitudes and achievement of the objectives and goals?), and (c) feasibility (how feasible is the instruction given the available time, facility and material resources?)” (Dick, Carey, and Carey, 2005).
One-to-one formative evaluations methods should be integrating with the testing of the prototype. As the digital prototype is tested to ensure the game is fun and compelling, developers should also interact directly with the testers to evaluate clarity, impact and feasibility. Obvious errors should be removed and feedback from the testers should be incorporated, and the prototype revised after each evaluation.

The degree to which a selected instructional approach is successfully integrated with preliminary game design during concept development will affect the level of assimilation of instruction strategies and events within the design phase. The problem with many instructional game development processes is that pedagogy is not addressed until the pre-production phase and learning becomes superficial or secondary to the entertainment or vice versa. Constant reviews and documentation such as notes, suggested refinements, redline corrections, and punch-lists, along with expert reviews and one-to-one formative evaluations are tools for educators to insure proper application and integration of pedagogy within the game during pre-production, before the game goes into production.
Production Phase

After the prototype is approved, game developers enter the longest phase—production. During production, Alpha and Beta versions of the game are developed and tested before a final “Gold” version is delivered to the manufacturer for duplication, sales and marketing.

For the Alpha version, the game is playable from start to finish, but there may be few gaps and the art assets may not be final, but the engine and user interface are both complete. Each module is tested at least once and a bug database is created. Production of the Beta version focuses on fixing bugs and the integration of all assets. The objectives are to complete testing (including use on all supported platforms), bug fixing and performance tuning. Game elements, such as the code, content, path navigation, user interface, art, and audio, must be complete to pass the Beta testing. Once the game has passed Beta testing, it is considered Gold. Senior management has reviewed the product and the bug database and agrees that the product is ready for manufacturing. Master game discs have been thoroughly tested and the game is packaged for release into the marketplace.

Game developers are use to testing prototypes, during pre-production, and various versions of games during production. However, such tests tend to focus on ease of use, documenting and fixing programming bugs, and ensuring the game is (still) fun to play. Additional formative evaluations are posited an integral part of production to eliminate remaining problems with, and enhance the pedagogical effectiveness of an instructional game.

Complete Formative Evaluations.
To complete the formative evaluation process initiated during pre-production, additional evaluations are posited during production to assess the instructional clarity, feasibility and impact, and improve the pedagogical effectiveness, efficiency and appeal of instructional games. Specially, small group evaluations are recommended for the Alpha version of the game, and field tests are recommended for the Beta versions of the game.

The purposes of small group evaluation are to determine the effectiveness of changes made following the one-to-one evaluation, to identify any remaining learning problems, and to determine if learners can use the instruction with little to no interaction with designers. The basic procedure used for small group evaluations differ from the one-to-one evaluations in that after a giving a preliminary overview, designers administer the instruction in an environment that closely resembles its intended setting. Designers intervene only if equipment fails, or if for some reason, learners get stuck and cannot continue.
Small group evaluations are posited for the Alpha version of instructional games, when at least one game path is playable from beginning to end and the user interface is complete, but there may be a few gaps in the game play and the art assets may not be final. Each module of the Alpha version is typically tested at least once and a bug database and testing plan are created, including performance results. With the integration of small group formative evaluation methods, pretests may be used to measure learners’ prerequisite skills and posttests may measure achievement of specified instructional objectives. Attitude questionnaires and follow-up interviews are also conducted, and the feasibility of the instruction is evaluated by estimating the time required by learners to complete the instruction.
This final stage of the formative evaluation is where designers attempt to apply the instructional materials in a learning environment that mimics its intended setting. The purpose of this stage is to decide if the alterations in the instruction made after the small group evaluation were effective and if the instruction can be used under targeted conditions. To answer these questions, all materials should be ready for use as intended. If an instructor is involved in executing the instruction, designers should not play this role.

Field trials are recommended for the Beta version of instructional games. The Beta version focuses on fixing bugs and the integration of all assets. With the integration of field trials with beta tests, the primary purposes at this stage of production are to complete testing, fix all bugs, fine tune performance, and ensure the game may be used in its intended setting. The game is basically complete, except for revisions made based on input gained from the trials. The procedures and instruments used during field trials should be very similar to that used for the small group evaluations. Instruments measure learners’ attitudes and performance, and observations and interviews with learners and instructors are also valuable. The primary change is in the role of the developer. If the developer is not the instructor, the developer should only observe the process. The use of data gathered from field trials of the Beta version, along with final fixes to bugs in the code, results in the production of the Gold version of the game that is then released reproduction and packaging.

Conclusion


This chapter is written to help educators communicate and collaborate with game developers. It provides an overview of the game development process, and identifies common tasks completed, and deliverables generated during the process. It also discusses how, when and where educators can apply their knowledge of the subject matter, instructional situation and pedagogy during the process to optimize game-based learning, focusing on answering questions related to the three key components of interactive entertainment (i.e., story, game, and play) and their related elements.

As much of the discussion suggests, effective game design is based on the ability of developers to exploit similarities and reconcile differences in entertainment and education. In other words, successful game design depends, to a large extent, on the ability of team members to integrate and synthesize the results of instructional design and game design tasks in a creative, yet logical and systematic manner. Fabricatore (cited by Mitchell & Savill-Smith, 2004, p. 50) refers to this alternative design approach as ‘edugaming,’ where there is, “…no unnatural barrier separating learning from gaming” (Fabricatore, 2000, p. 14).
There are some who argue that instructional designers would “kill the fun” in instructional games, inferring the application of fundamental instructional design tasks has little to no value in game design. To some extent, we would agree. If left solely to instructional designers, with little to no knowledge of interactive entertainment and game design, resulting products may not utilize the potential of games to engage learners and make learning fun. However, we hope this chapter also illustrates the value of working with educators and instructional designers during the design and development of instructional games. We believe that sustained dialog and combined efforts of content experts and professionals in game design, simulation and modeling, software engineering, and instructional design, will lead to the development of motivating and pedagogically sound instructional games that utilize the potential of emerging technologies to optimize game based learning.
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� General term used throughout the remainder of the chapter to refer to professionals who may participate in game development effort, including, but not limited educators, instructional designers, storywriters, artists, animators, programmers, and producers.


� Trainien is being designed to augment a graduate level course on instructional game design. The basic idea is to provide a game that mimics the game development process. The game is not meant to replace the course; rather, to enhance the course experience with relevant examples of course topics and issues embedded within the game play while modeling effective game design.
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