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Abstract
William R. Watson

Formative research on an instructional design theory for educational video games

An increasing number of researchers have acknowledged the deficiencies of
current instructional approachkyg turning to educational video games. Proponents of
educational video games believe that they are the future of instruction, and the number of
proponents is increasing as well. The Federation of American Scientists recently touted
video games as havingd potential to transform education and called for federal support
for research on educational games, including how $o design them.

However, the number of quality research studies on educational video games is
limited. Perhaps one reason for thishs tack of educational video games for researchers
to implement in classrooms as well as the challenge of creating video games that are both
engaging and educational. This study describes formative research conducted on the
Games for Activating Thematic agement (GATE) instructional design theory, which
was developed to guide both the design and implementation of educational video games.
Formative research seeks to identify improvements for an instructional design theory
based on a designed instance df theory, in this case Lifecycle, an educational video
game designed for use in an undergraduate course on systems analysis and design. The
purpose of this study is to evaluate the GATE theory by answering the following
guestions: 1.) what GATE methodsdacommendations work well? 2.) Which ones do

not work well? and 3.) What improvements can be made?

Vi



Formative evaluation was conducted on the video game representing the designed
instance of the GATE theory, using sestiuctured interviews, a focus groimperview,
written participant reflections, and documen
documents.

The results showed that it is feasible for a single instructional designer to design
and develop an educational video game with limited resourcegergtresponses to the
game were largely positive, but a number of specific improvements for the GATE theory

were identified.
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CHAPTER 1: INTRODUCTION

In the field of educational technology, and indeed throughout society in general,
there is an increasing dissatisfaction with currentusional approaches to education.
The industrial age instructional approaches typically used no longer meet the needs of
todayos information age | earners (Reigelut
have acknowledged the deficiencies of curiastructional approaches by turning to
educational video games (Aldrich, 2004; Foreman, Gee, Herz, Hinrichs, Prensky, Sawyer
2004; Prensky, 2001; Quinn, 2005).

Video games have established themselves as an extremely popular form of
entertainmentCompuer and video game software sales exceeded a record $10.3 billion
in the US in 2002, slowing but remaining strong with $10 billion in 2008e NPD
Group Reports Annual 2003 U.S. Video Game Industry Driven by Console Software
Sales", 2004) This comparetb $9.5 billion in box office sales for the US movie
industry in 200"'U.S. Entertainment Industry: 2002 MPA Market Statistics")

Jenkins reports that survey oincoming MIT student$ound that88 percent had
played games before the age of 10, more #apercent were still playing games at least
once a monthandonthe whole they were more involved with games than films, books,
or television(2002). Anderson and Dill (2000) report that in a survey with a sample of
227, 88% of the female, and 97% oé timale college students were video game players.

With such widespread popularity, video games have had a strong impact on the
players themselves, altering the very ways in which they learn (Beck & Wade, 2004;
Prensky, 2001). Given such issues as the paput video games and their impact on

those playing them, proponents of educational video games believe that they are the



future of instruction, and the number of proponents is increasing as well. The Federation
of American Scientists (2006) recently ted video games as having the potential to
transform education and called for federal support for research on educational games,
including how to best design them.

Despite the strong push for the use of educational video games, the research
literature cordins very few quality studies on how effective educational games are at
promoting learning (Fletcher & Tobias, 2006). One reason for the lack of research on
educational games could be the limited development of new educational games to be
studied. The devepment of a video game is a complicated and often expensive task, and
there has been limited research in video game design in general (Bjork, Lundgren, &
Holopainen, 2003) and educational video game design specifically (Dempsey,
Rasmussen, & Lucassen, 8)9

The field of Educational Technology has traditionally concerned itself with the
process of sound instructional design (Winn, 2004). There has been significant debate in
the field regarding the implementation of instructional design models, withscaitiing
that traditional instructional systems design (ISD) models (of which ADDIE is the most
commonly identified) are unrealistic, unnecessary, and result in a slower and often
ineffective process (Gordon & Zemke, 2000; Sivasailam Thiagarajan, 1988hdas led
to some researchers in the field arguing that the traditional focus on models when
teaching educational technology students is not beneficial (Bichelmeyer, Boling, &
Gibbons, 2006). Furthermore, there have been few studies reporting-tifereal
instructional design practitioners and the level to which they adhere to models (LeMaistre,

1998; Wedman & Tessmer, 1993). The limited research in this area has revealed that



most designers do not strictly adhere to models and some do not utilize atoalels

(Mann, 1996; Wedman & Tessmer, 1993); however, many designers consider current
knowledge of instructional design models important to their careers (Liu, Gibby, Quiros,
& Demps, 2002).This has created a repeated call for more research that examines w
designers actually do when they design (Bichelmeyer, Boling, & Gibbons, 2006; Cox &
Osguthorpe, 2003; Kenny, Zhang, Schwier, & Campbell, 2Dk (1996) in

defending the Dick and Carey model noted that the model was largely designed to aid
novice dsigners and was expected to be adapted by experts. This could address why
practitioners consider models important but do not use them.

It is clear that there is a considerable difference in opinion as to the benefits of
applying design models, and advocased critics alike approach the topic with passion.
Furthermore, some educational game designers proclaim that instructional designers
should be kept entirely out of the design process as they will ensure that the game will
not be fun (Prensky, 2001). Hewer games and simulations have been utilized for
decades in education, and reviews of the research show often mixed or negative results
(Gredler, 1996; Leemkuil, de Jong, de Hoog, & Christopher, 2003; O'Neil, Wainess, &
Baker, 2005; Wolfe, 1997). Many ttiese researchers blame these results on the lack of
sound instructional design.

While a few instructional design theories for educational games do exist, as
described in chapter two in detail, none of them recognizes the importance of also
focusing on thémplementation of the game in the learning environment (Garris, Ahlers,
& Driskell, 2002; Leemkuil, de Jong, de Hoog, & Christopher, 2003; O'Neil, Wainess, &

Baker, 2005; Wolfe, 1997). This includes such issues as instructional strategies used in



presentng the game and additional scaffolding outside of the game. If instructors do not
have clear guidelines on how to successfully implement an educational game, they are
likely to not use it, or to use it ineffectively. Therefore, there is a clear neediésign
theory which not only clearly defines how to design an effective educational game, but
also focuses on providing the necessary support for implementation to improve its
learning effectiveness.
This dissertation will conduct research to identify imgements to such a theory,
the Games for Activating Thematic Engagement theory. The literature on types of games
is first reviewed in order to specify how games are currently categorized, so a clear
understanding of the type of game for which the GATBmhés suitable can be provided.
The GATE theory is then presented in the third chapter. The fourth chapter presents the
methodology of this study, which examirlegecycle an educational video game created
using the GATE theory. The fifth chapter presdifie results of the evaluation of
Lifecycleused as a designed instance of the GATE theory in order to conduct formative
research on the theory. The sixth chapter offers conclusions and suggested revisions to

the theory.



CHAPTER 2: LITERATURE REVIEW

Int roduction

This chapter reviews the existing literature on the design of educational video
games by examining the categories of educational video games and defining the
differences among the categories. It then examines the literature on designing one
cate@ry of educational video gaméghe one that focuses on teaching critical thinking
through problerbased learning. The review of literature in this area reveals the need for
the development of more explicit design guidelines and models for this type of
educational video game.

Categories of Educational Video Games

In examining educational games, there are several approaches to categorizing
games by their differences. These include issues of game format, structure, content,
learning goals, and so forth. Th@st common means of differentiating games is
categorizing them as games or simulations or grouping them by genre. This chapter
argues that a more useful categorization of educational games would focus on the
learning goals of the game, for such a categbion is likely to have a stronger influence
on the design of the game (Gagne, 1968, Merrill, 1983).
Games vs. Simulations

A common categorization of educational video games is by differentiating
between games and simulations. Prensky (2001) identikesdrsictural factors that
define games: rules, goals and objectives, outcomes and feedback,
conflict/competition/challenge/opposition, interaction, and representation or story. He

states that simulations are not games as they do not adhere to all dht¢hase He



notes simulationsdéd | ack of focus on fun, b
games by adding the missing structural features.

Appelman and Wilson (2005) examine games and simulations by identifying their
characteristics and diffenéiating their outcomes. They state that all games have the
following six characteristics: challenges, rules, interaction, contrivance, obstacles, and
closure. Furthermore, when used in training, games may achieve desired outcomes such
as: increased skjlunderstanding of the implementation of a process, deeper
understanding of relationships and concepts, and awareness etranoisg needs in
addition to the benefits of fun and engagement. Simulations have different weights of six
characteristics: chiginges, models, control, manipulation, authenticity, and consequences.
They identify outcomes as the prime area of difference with simulations, highlighting
how the fun and entertainment focus of games is not a primary concern of simulations.

Salen and Znmerman (2004) compared eight different definitions of the term
Afgameo from representatives of a variety o
definition: AA game is a system in which p
by rules, thatredut s i n a quantifiable outcomed (p.
is used in a general sense, not precluding cooperation and including both solo
competition with a game system and competition with other players. This broad
definition applies to akinds of games, including sports and board games, and not just
video games. They also reviewed several de
simulation is a procedural representation

2004). They note #t there are certainly simulations which are not games and games



which are not simulations, but that simulation games do exist with varying levels of
fidelity.

Quinn (2005) defines simulations as relying on underlying models, not
prescriptive branches, agames as simply being simulations that focus on creating
optimal engagement. Aldrich (2005) also places games assesobsimulations, stating
that gamebased models are one type of educational learning simulation.

Ellington, Gordon, and Fowlie (1998 cognize the interelatedness of games
and simulations. They refer to previous definitions of each, while pointing out their
shortcomings, which state that games must have rules and competition, while simulations
must represent a real situation and feainic. They present the spectrum of pure games,
pure simulations, and hybrid simulation/games to address what they see as overly
restrictive delineations between the terms in the literature.

Heinich, Molenda, and Russell (1993) also recognize thelietatedness of
simulations and games. They defneagam@dasn act i vity in which
prescribed rules that differ from those of reality as they strive to attain a challenging
g o ap. #43). A simulation, on the other handfiim n  a bns dr singplifitation of
somereal i f e s it ua (Heioian, Molendap& Russells1998). Participants in
a simulation often play a role and interact with other people or elements in the
environment. They also address the issue of fidelity in laitioms and note that the lack
of reality is often desired in games. They also allow for hybrid forms, such as the
simulation game.

The key differences between simulations and games are primarily highlighted in

terms of the amount of focus on engagemeudtraality, while some also argue that



simulations are more dynamic and systedel based and less linear than games. It is
clear that simulations and games are similar and closely related when used for
educational purposes. While there is substanteiditure focusing on the differences
between the terms, they are still often used interchangeably or with little discrimination in
much of the literature. Therefore, the use of the terms for categorizing educational games
is not helpful, and discussionslizing these terms to categorize often devolve into
debates on their true definitions and differences rather than advancing the true topic at
hand.
Categorizing by Genre

The vast majority of discussions of categories of educational games focus on
gamegar es . Bergeron (2006) 1lists standard
seri ous ¢ a-iMg)sas acliop, pdventiird, @rcade (retro), combat (fighting),
driving, firstperson shooter, military shooter, multiplayer, puzzle -tiead simulation,
role playing game, shooter, simulation, sneaker, sports, strategypéngdn shooter,
trivia, and turpbased although a mixture of genres is not uncommon, and so they are
therefore not mutually exclusive

Quinn (2005) notes that the use of genresbmheneficial in understanding
differences in games and types of engagement and in providing templates for game or
simulation design. He lists the following game genres: action, fighting, driving or flying,
sports, 3D shooter, card or board, strategya@nrole playing, adventure, multiplayer,
massively multiplayer online rolplaying game (MMORPG), and combinations of

genres.



Prensky (2001) also identifies similar game genres, which can overlap: action,
adventure, fighting, puzzle, refdaying, simuétion, sports, and strategy. A review of the
instructional gaming literature by Dempsey Rasmussen, and Lucassen (1996) also
resulted in organizing the instructional games reviewed by genre: simulation, puzzle,
adventure, experimental, motivational, modgJiand other.

Kirriemuir and McFarlaneds (2004) Iliter
references H-basad gasegotizatdry system which categorized games into
action, adventure, fighting, puzzle, rgdé&aying, simulations, sports, and s&gy.

However, they again note that every year games come out which do not fit into these
genres.

Apperley (2006) argues against the current use of genres to classify games. He
claims that standard game genres categorize games by their representational
chaacteristics or visual aesthetics and argues instead for categorizing games by focusing
on the type of interaction the game requires of the player. While still categorizing video
games with typical genre labels, such as-piég/ing, simulation, and advent,

Apperl eybés focus is on the type of interac
game.

The combinations of multiple genres and the listing of a general category for
games that do not fit within the genres in the examples above illusteaiteeffectiveness
of categorizing educational games by genre. Furthermore, there is evidence of
dissatisfaction with the use of genres in the field of general game research. With the
additional complexities and design requirements of educational gareeselof

traditional video game genres is insufficient to help designers communicate their design



concepts or discuss game types. For educational video games, it would make more sense
to focus on the learning approach or outcomes of the game ratherelganth genre.
Literature to support this perspective will be reviewed next.
Categorizing by Learning Approach
There is literature reporting on the categorization of educational games by the
learning approach which they utilize. Prensky (2001) identifieddliowing learning
techniques that have already been used in
feedback, learning by doing, learning from mistakes,-goehted learning, discovery
learning and guided discovery, taséised learning, questided learning, role playing,
coaching, constructivist learning, accelerated (multisense) learning, selecting from
| earning objects, and intelligent tutoring
In their review of instructional video games, Dempsey and colleagues (1996)
categorizethegans t hey reviewed by the following |
learn new skills, promote sedisteem, practice existing skills, drill existing skills, change
attitude, other, and not able to deter mine
Ellington, Gordon, and Fowlie (1998ategorize games and simulations by how
much they involved case studies in their instructional approach. Kiili (2005) promotes
using educational games to implement experiential learning. Maxwell, Mergendoller, and
Bellisimo (2004) describe developing aruedtional game which utilized problebased
learning (PBL). Rieber (1996) advocates situated learning, ancegelfated learning
within a microworld.
There are clearly varied approaches to implementing instruction in educational

video games. These appiadhes run from the drikndpractice approach where the games

-10-



act as little more than interactive flash cards, to complex, virtual environments where
learners are expected to experiment and use-cogpaitive skills to develop and reflect

on their own leming. Educational games can also be categorized by the type of learning
outcome the learner is expected to acquire by playing the game.

Categorizing by Learning Outcome

There have been repeated calls in the literature for the involvement of
instructionaldesigners in the design and development of educational games (Fletcher &
Tobias, 2006; O'Neil, Wainess, & Baker, 2005). However Prensky (2b&tEs that the
opposite is true and instructional designers should be left out of the process. He claims
thathis experience and the experience of ofjane designers has been that the addition
of an instructional designer often results in stale, boring, educational games, and he
points towards the criticisms of the instructional design process within thetéeld i
(Gordon & Zemke, 2000).

Despite these criticisms, there has been little research on the effectiveness of
educational games, and what research there is has shown mixed results. Furthermore,
FIl etcher and Tobiasd ( 2&fowdtherdesgmoafthe | i st s s
entertainment aspects of some educational games resulted in negative impacts on the
learning outcomes of those games. Gee (2003) argues that what is learned from a game is
a function of the design of the game. It therefore fafldiat instructional designers can
have an important place on the design team of an educational game and, as designers,
will certainly be involved in the design of some games. As instructional designers find

that different kinds of learning objectives ragudifferent kinds of instructional methods

-11-



(or learning activities), it makes sense to categorize educational games by the learning
objectives which they support.

Dempsey and colleagues (1996) categorized their review of educational games by
G a g n eraisg oltadraes: attitude, motor skills, cognitive strategy, problem solving,
rules, defined concepts, concrete concepts, verbal information, other, and not able to
determine. The fact that they could not i
learning outcomes is another indication of the importance of including instructional
designers in the design process. They noted the positive fact that there was a large
number of games which focused on higheder thinking skills and attitudinal learning
as opposed to verbal knowledge outcomes (1996).

Kirriemuir and McFarlane (2004) note that traditional educational games have
often been repetitive drill and practice games, focusing on teaching declarative
knowledge.

Prensky (2001) lists the followingtgps of | ear ni ng: isiffact s,
behaviors, theories, reasoning, process, procedures, creativity, language, systems,
observation, a(p.i56)dHe alsmprovides a tableavhecte he ties these
learning outcomes to the type of titawhal game genres that might be most appropriate
for acquiring the learning.

Warren (2001) reports on educational game studies evaluating behavioral,
attitudinal/affect change and tolerating ambiguity as learning outcomes. It is clear that
there are vanus kinds of learning outcomes which educational games seek to help
learners achieve. Traditionally, the majority of educational games have focused on

declarative knowledge through drdhdpractice approaches, but it appears that newer

-12-



games are seekirtig maximize the potential of educational games and move towards
higherorder thinking. Higheworder thinking focuses on developing critical thinking
skills and true understanding rather than rote knowledge. Prdidsed, experiential
learning and the catructivist concept of a microworld are instructional frameworks
which match well with utilizing educational games to promote higinder thinking
skills. In fact, Dempsey and colleagues (1996) found that prebtdwng was the largest
specific learningputcome discussed in the educational video game research articles they
reviewed.

This study will focus on educational video games that deal with developing
higherorder thinking and problersolving skills. While a more detailed discussion of
why the rese&her feels these types of learning outcomes are most suitable for the use of
video games will be presented later, as stated above, the majority of researchers looking
to apply video games to education are interested in outcomes like these. The next sectio
will review identified aspects of designing games of this type.

Design Features of Problerrbased, Experiential Educational Video Games

While the design literature on educational video games is quite limited, there are
several design models and desigattees in the literature which address probleased
or experiential educational video games. Rieber (1996) frames learning through
educational video games by grounding the design theory in the conceptrefysedited
learning in a constructivist micrawr | d and moti vation in Csiks:
Theory. Rieber (1996) notes that according to Piaget, learning cannot occur unless the

| earner is in a state of disequilibrium, a
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nurture, and trigger the equiliorim pr ocesso (p. 48). This fit:

designing difficulties and challenges into a game.
Rieber (1996) reports that flow comes from activities that provide enjoyment.
Enjoyment comes when an activity exhibits one or more of eight ckastcts which

are consistent with effective games:

=

challenge is optimized in the activity,
2. attention is completely absorbed in the activity,
3. the activity has clear goals,
4. the activity provides clear and consistent feedback,
5. the activity is so absonhg that the individual forgets other worries and
frustrations,
6. the individual feels completely in control,
7. the individual loses all feelings of selbnsciousness, and
8. time passes without the individual noticing.
These attributes of engaging activitaffer guidelines for designing engaging games
which can promote flow states and can be examined as important aspects to include when
designing a problerbased, experiential, educational video game.
Maxwell, Mergendoller, and Bellisimo (2004) describeraljentbased
simulation which they developed and implemented in their economics course. Using a
PBL simulation, they presented a simulated, realistic problem to students. They set
parameters and rules in the simulation so a definitive outcome could attained once
play commenced. Students played the simulation, encountered difficulties, and were

prompted by the teachepach to think of creative solutions. They note that in this type

-14-



of simulation, students see the need for research; new roundsrapayed utilizing
newly acquired information, and learning is gained due to similarity of the simulation to
an authentic situation.

While the previous examples of general guidelines for developing prdidsed
and experiential educational video games geovide some help to the designer, the
process of developing an educational game that is not only engaging, but also founded on
sound educational theory, is complicated and challenging. A number of researchers have
determined that an instructional desigodel is needed to help guide game design and
developed their own models. Amory and Seagram (2003) provide three different models:
the Game Object Model (GOM), the Game Achievement Model (GAM), and the Persona
Outlining Model (POM). The GOM focuses on ting educational theory with game
design. The POM focuses on bringing together software development with audience and
intended outcomes. The GAM addresses game development and documentation. The
three models can be used together; however, none of thesésraddresses flow theory
or takes gameplay issues into account, except in a very general sense (Kiili, 2005).

Amory (2007) addresses some of these concerns by creating a second version of
the GOM (see Figure 1) which seems to synthesize some of whahdreéwo models
offer as well as include more recent insights into educational game design. The GOM is
loosely based on the Object Oriented Programming paradigm and lists components
(objects) that promote and allow for realization of educational objectiMeese
components are described through abstract (pedagogical and theoretical constructs) or
concrete (design element) interfaces. In the diagram, the objects are represented by

rounded rectangles, and the interfaces by circles: concrete using whés aimd abstract
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using black circles. Amory has made improvements to his original model and states that
the new model will be useful to designers and could easily serve as a requirements

checklist by comparing al | tichten. loweverr et e

while the model has been improved and illustrates a wide range of theoretical and design
components and concepts, it remains somewhat visually overwhelming and vague, and

provides no consideration on how the educational game might benmapted.
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Fig. 2 Game object model version IT (Core concepts: 1, Game definition: 2, authentic learning; 3,
narrative; 4, gender: 5, social collaboration; 6, challenges-puzzles-quests)

Figurel Amorydéds Game Object Model version

Note From Amory (2007), p. 55.
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Kiili (2005) addresses the need for a model by developing her experiential gaming

model (see Figure 2).

Leaming objectives
/_/' "\\

— : =
Preinvative idea \/ w
generation W
- (' Challenges )
R S ) \!problems) oz

i

Clear g\o;als

Active ]

Control over game
Skills develop
f

-

construction experimentation

Schemata l

* J
\ /
Focused atte_n'.ion Feedback
Usability Reflective ol
observation i

Figure2. Ki il i 6s experiential gaming model

Note From Kiili (2005), p. 18.

Kiili (2005) claims the model represents both constructivist and pragmatist views
of learning, reflecting both cognitivist and behavioral learning. The model is meant to be
used to design and analyze educational games; however, & seentirely reflect the
| earnerds experience in a game and does
states that the model Afdoes not provide

While Kiili, like Amos and Seagram before her, hasd to merge game design
with educational theory, and has gone a step further by including the important concepts
of flow theory for motivation, none of the models succeeds in synthesizing the varied

concepts into a usable design model.
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Conclusion

This dhapter has reviewed the categorization of educational video games in the
literature. The vast majority of the literature simply categorizes educational video games
by traditional video game genres, giving no insight into what kinds of instructional
methodswill best promote learning from the game. For this reason, a categorization
based on learning outcomes and instructional theory frameworks was recommended to
put the focus on the learning rather than the game structure or aesthetics. The limited
literature describing the categorization of educational video games by learning objectives
based on instructional theory was presented.

Educational video games based on prokgaiving and experiential,
constructivist microworlds were selected as highly desirdlie.current literature
addresses the design of this type of educational video game, but not effectively, and
research on the design of educational video games is very limited. Useful design models
and instructional theories for educational video gamesegded, particularly for games
that teach higheorder thinking skills, such as problemased learning educational video

games.
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CHAPTER 3: GATE INSTRUCTIONAL DESIGN THEORY

Introduction

This chapter introduces the GATE instructional design theory, wheeh t
researcher developed to guide the sound design of both an instructional video game as
well as the context in which it should be implemented. These two aspects of design are
deemed equally important to the success of the game and should thereforgrbeethte
in the design process itself.

The great promise of instructional video games is their ability to engage learners.
The GATE theory focuses on this engagement, as GATE stands for Games for Activating
Thematic Engagement. The goal of this design thesoto utilize video games to engage
students in a topic and encourage further exploration within that topic.

Before presenting the GATE theory itself, this chapter first overviews the research
|l iterature which informedthberybeseoappsodeh
Relevant, established, instructional theories are first reviewed. The literature on
entertainment video game design is then presented.

Instructional Theory

Traditional educational approaches are
learners as society has shifted from the industrial age into what many are calling the
information age (Reigeluth, 1994; Toffler, 1984). The current educational system is
largely mired in the industrial age, placing instructors at the center of the edadati
process, treating students as if they are all the same, and encouraging them to be passive
and disengage (Reigeluth, 1994). Information age appropriate instruction places an

emphasis on a learneentered approach as the role of instructors shifta &@ource of

-19-



knowledge to a facilitator of the knowledge acquisition process as students become more
active in their learning process (McCombs & Whisler, 1997).

While there have been widespread calls to improve education, Reigeluth (1999b)
highlights theessential need for more people to generate design theories rather than, as he
guotes Pogrow, Apreferring to philosophize
reflection of the current status of educational video games in the literature, with a high
volume of publications calling for their use but, as reflected in chapter two, a true scarcity
of discussions as to how they can best be designed and used.

Reigeluth (1999b) defines an instructional design theory (also known as
instructional theory or instictional model) as describing what instruction should be like
in order to better help people to learn. This is differentiated from, although closely related
to, instructional development (ID) models or instructional systems development (ISD)
processes,whc h descri be what process should be U
i nstructiono (Reigelut h, 1999b, p . 13) . He
i nstructional d-erenteliffocisihgeoa means tosattaii divers goasn
for learnirg or development), rather than description oriented (focusing on the results of
given events)o (p. 6). Further mor e, i nstru
opposed to deterministic, meaning they do not guarantee but instead increase the
probabilty that the desired instructional and learning outcomes will occur.

Related to this notion, is the difference between instructional design theory and
learning theory. Learning theories describe how learning occurs and are descriptive.
Instructional desig theories, while typically grounded in learning theory, are more easily

applied to educational problems, as they describe specific methods of instruction for
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helping people to learn. A number of learning theories as well as instructional design
theories dfer descriptions of how people learn and present guidelines for the design and
application of information age appropriate instruction. These theories influenced the
GATE theory and ground its approaches, and they are discussed next.

Constructivism

Constrictivism has its roots in previous learning theories such as the cognitive
and developmental views of Piaget, the contextual nature of learning described in situated
cognition, and the emphasis on interaction and culture in learning raised by Bruner and
Vygotsky (Driscoll, 2005). While constructivism does not have a single, central
instructional theory rising from it, a number of constructivist instructional theories have
gained significant recognition and heavily influenced current approaches in education.
Several of these are discussed more specifically in this section, but it is also helpful to
look in more detail at some of the underlying influences on constructivism as well as
some of the general beliefs and themes underlying constructivist approaches.

Bruner. As mentioned previously, the theories of Bruner and Vygotsky strongly
influenced constructivism as well as the formation of the GATE theory. Bruner identifies
the aim of education as helping the learner to become an autonomous -@hnyee|f
thinker (J. Bruner, 1961). He sees a theory of development as intrinsically linked with a
theory of instruction. For a theory of development, Bruner (1964) highlights three
sequential modes of representation that children utilize to make sense of their world:
enactive representation, iconic representation, and symbolic representation. Enactive
representation refers to representing experience through motor responses, an example

being that a person might not be able to remember cognitively how to play a pia&o piec
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but once he or she sits before the piano, he or she can readily play the piece. Iconic
representation refers to memory that uses images and perceptions. Symbolic
representation is the use of symbol systems to represent understanding, such as language
or musical notation.

An i mportant aspect of Bruner o6s theory
development is that instruction can be translated into a format appropriate for the
| earner6s current mode (stage) ode, thinking
dominant mode of thinking, and whether the learning goal is one of speed or transfer
(Driscoll, 2005). For example, if transfer to new situations is required, the learning may
take a longer time and require symbolic representation of what has beed|daywever,
if time is of the essence, iconic representation may be suitable. The key concept here is
that instruction should be presented to the learner in an appropriate format which he or
she is able to understand, and any instruction is capabléngf toanslated into an
appropriate format. Learners can then further develop their understanding in a different
format (stage) as they increase their understanding.

Brunerds (1961) instructional theory fo
discovery asdarners gaining knowledge for themselves using their own minds.
Discovery requires the learners to create strategies for finding regularities and
relationships through an act of construction, meaning with constraints in mind, and
guided by models (DriscqlR005). Appropriate instructional strategies should therefore
be used to optimize effectiveness, with Bruner recommending discovery through problem
solving of culturally appropriate and realistic problems (Driscoll, 2005). Finally,

providing meaningfulfe d back appropriate to the | earner
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understanding and increased intrinsic motivation through the joy of discovery (Driscoll,
2005).

Brunerds belief in transforming instruc
| earnenbsdewvagepment, focusing on problem
culture, and supporting the intrinsic motivation of discovery and active learning had
substantial impact on the constructivist movement in education. These components are
likewise refletced in the GATE theory, which recommends video games as a form
suitable for todayos -bHoendprablemssand facissesore nt er e d
developing active learning, motivation, and engagement with a topic.

Vygotsky.Another substantial contriboit to constructivist approaches to
instruction, Vygotsky, shares a number of similarities with Bruner in his approach to
learning theory and instructional theory. Like Bruner, Vygotsky viewed the development
of intelligence as reflecting the internalizatio of t he t ool s of the | e
however, he also placed equal importance on the historical perspective in understanding
mental functions (Driscoll, 2005). Furthermore, like Bruner, Vygotsky recognized the
importance of interaction for the learnstressing a focus on the process of learning,
rather than trying to identify cognitive stages; in doing so, he highlighted social
interaction as the key to the process by which learners translate social activity into
meaning, creating higher mental proses

Vygotsky proposed two concepts to better understand this process: internalization
and the zone of proximal development. Internalization refers to the process of an initially
social function, an interpersonal activity, being transformed into a higéetahfunction,

an intrapersonal activity, such as when a child learns to point to a desired object he or she
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wants, as reaching for such an object previously resulted in an adult getting it for the
child (Driscoll, 2005).

Vygotsky also proposed the ZoaéProximal Development (ZPD), a gap
bet ween a childobés actual | evel of developm
and the childds potential development by p
an adult (Vygotsky, 1978). With social inéetion a key component of the process of
learning, it is important for partnering learners to have a difference in level of expertise,
to have a joint understanding of the task at hand, and for the more experienced partner to
have a firm comprehension a¥hat the less experienced partner requires so that
appropriate guidance can be provided (Driscoll, 2005). The ZPD is key in describing the
appropriate level of instruction necessary to help the learner further develop, which is

echoed by Brutlmesnorg,stis tldarehow instructién that is not

successfully placed in the | earnerds ZPD w
|l earner , negatively impacting both the eff
motivation. The GATEthegr6s r ecommendation for coll abor

its stressing of appropriate and dynamic difficulty reflect these ideas.

Both Bruner and Vygotsky developed theories which made key contributions to
constructivism. Their focus on learning leadtogdevelopment through instruction
appropriate for the | earnerés current deve
and relevant problems situated in the | ear
constructivist instructional theories.

Constructivst approaches to instructionConstructivism assumes that

knowledge is constructed by learners as they seek to understand their experiences:
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| earners dafor m, elaborate, and test candid
emer ges o0 ( Dy 388).cTebelmentastrithres must be reconstructed as

learners encounter new and conflicting experiences and make sense of the new

information.
Driscoll (2005) Ilists fiproblem solving,
and reflectiveused nowl edgeo (p. 393) as the goals o

provides the following constructivist conditions for learning: (1) Embed learning in
complex, realistic and relevant environments. (2) Provide for social negotiation as an
integral part otearning. (3) Support multiple perspectives and the use of multiple modes
of representation. (4) Encourage ownership in learning. And (5) Nurturaveateness
of the knowledge construction process.

Clearly, video games offer the potential of providiagrhers with a complex,
realistic, and relevant environment to interact with while they learn. Furthermore, the
potential impact of rolglaying and the importance of multiple modes of representation
had an impact on the development of the GATE theorywiflde explained later in this
chapter, learning designed with the GATE theory is not supposed to remain isolated to
the game but should expand beyond. Learners are given choice as to what mode of
representation they wish to use in order to demonstrairekilowledge. Social
negotiation is also encouraged in the GATE theory as learners are asked to interact within
the game in the case of multiplayer games, or outside of the game as they reflect on their
choices, or a combination of each.

Finally, the fows of the GATE theory is to engage students with a topic

and encourage further exploration. This clearly reflects the constructivist focus on
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ownership of learning as well as saivareness of the knowledge construction
process, as learners are given chaictheir demonstrations of mastery and are
expected to reflect on their experiences individually and with peers. In the next
sections, additional instructional theories which informed the foundation of the
GATE theoryds design will be discussed.
SituatedLearning
Situated learning grew out of a focus on the concepts of apprenticeship and

authentic tasks in learning in the late 1980s. While situated learning originally called for
the requirement of authentic tasks completed in authentic, social and physica
environments (J. S. Brown, Collins, & Duguid, 1989), Herrington and Oliver (1995) note
that numerous researchers have since identified computers as a suitable alternative for
producing an authentic context. They identify the following provisions ofilegrn
environments which adhere to the situated learning approach:

1 authentic context which reflects how the knowledge will be used in real life,

1 authentic actions,

9 access to expert performances and process modeling,

1 multiple perspectives and roles,

1 construdbn of knowledge through collaboration,

9 coaching and scaffolding,

1 reflection,

9 articulation to make tacit knowledge explicit,

1 assessment of learning integrated within the tasks (Herrington & Oliver, 1995).
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In adapting situated learning to interactive nmédia, the authors stress the
importance of not focusing solely on the multimedia but also the individual learners as
well as how the multimedia will be implemented. It is the umgdation of these three
components: the learner, the implementation, hadrteractive multimedia which
together meet the requirements of an efficient situated learning environment and which
must all be taken into account.

The interplay of these three components is equally relevant to learning
environments using video gamedpam of interactive multimedia. The characteristics
identified above have direct relevance to video games for learning and have impacted the
formation of the GATE theory.

Problembased Learning

Problembased learning (PBL) evolved from the field of healtlences education
as a way to move towards a more leattemtered, muktdisciplinary education that
promotes lifelong learning in professional practice (Boud & Feletti, 1997). Savery (2006)
defines PBL as:

An instructional (and curricular) leareenered approach that empowers learners

to conduct research, integrate theory and practice, and apply knowledge and skills

to develop a viable solution to a defined problem. Critical to the success of the

approach is the selection ofdtructured problemsf{ten interdisciplinary) and a

tutor who guides the learning process and conducts a thorough debriefing at the

conclusion of the learning experience (p. 12).

Jonassen (1997) identifies six steps to desighing and developatigidtured
problemsolving hstruction: articulate problem context, introduce problem constraints,

locate, select, and develop cases for learners, support knowledge base construction,

support argument construction, and assess problem solutions.
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Barrowbs PBL | ni tric problembased\éarbirg iedsential”,’ Ge n e
n.d.) lists 10 minimal essentials for PBL.:
(1.) Students must have the responsibility for their own learning. (2.) The problem
simulations used in probletvased learning must be-dtructured and allow for
free inqury. (3.) Learning should be integrated from a wide range of disciplines
or subjects. (4.) Collaboration is essential. (5.) What students learn during their
seltdirected learning must be applied back to the problem with reanalysis and
resolution. (6.) A tosing analysis of what has been learned from work with the
problem and a discussion of what concepts and principles have been learned is
essential. (7.) Self and peer assessment should be carried out at the completion of
each problem and at the end of sveurricular unit. (8.) The activities carried out
in problembased learning must be those valued in the real world. (9.) Student
examinations must measure student progress towards the goals of pbalslkesn
learning. (10.) Problerbased learning must Itkee pedagogical base in the
curriculum and not part of a didactic curriculum.
Important characteristics of PBL which influenced the GATE theory include the
i nstructords rol e as -antered approachatise ugeBflll ut i | i
defined, aithentic, interdisciplinary problems in a relevant context, the active role of
students, including a role in determining their learning outcomes, and the importance of
debriefing the experience and requiring the students to reflect metacognitively on their
learning. These aspects will be further discussed later in the description of the GATE
theory.
Narrative-based Learning
Humans organize their experience and memory of events primarily in the form of
narratives (J. Bruner, 1990; 1991). Gerrig (1993) statsnarrative can allow people to
feel transported to another time or place, and it can also allow people to act as
participants as they engage with and experience the narrative, making interpretations and

drawing conclusions. Because of this engageméthtand immersion in the narrative,

participants in narrativeentered environments can-construct the narrative, explore the
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narrative, and reflect on the narrative (Mott, Callaway, Zettlemoyer, Lee, & Lester, 1999).
Mott et al. (1999) argue that innarrativecentered learning environment, particularly an
interactive one created using computer models, a narrative world can be created which
allows the elements of narrative (settings, characters, plot, and theme), to facilitate the
meeting of learning @pls through discovery.

The GATE theory places a focus on engaging learners with a topic through an
educational video game. Narrative is an important aspect of video game design, as will be
illustrated in the later section on entertainment game desigrthardesign of the
educational gamedés context, which includes
method of the GATE theory. Furthermore, video games allow users to actively participate
in the unfolding narrative, and the GATE theory encouragéct®n on the experience
gained from actively participating in that narrative.

Thematic Learning

Thematic learning, also known as integrated curriculum, integrated thematic
instruction(ITI), or interdisciplinary learning, refers to the concept ihsttuctionshould
not be divided into isolated subjects taught individually, but instead these subjects should
be related to relevant, shared themes or topics. Ellis and Fouts (2001) note that the
theoretical base of integrated curriculum lies in progressiveational philosophy,
primarily the works of John Dewey and later Vygotsky and the constructivist movement.
They provide the following claims by advocates; although they note the need for more
research to validate these claims:

The interdisciplinary curculum improves highekevel thinking skills. With the

interdisciplinary curriculumlearning is less fragmented, and therefore students

are provided with a more unified sense of process and cofitent.
interdisciplinary curriculum provides rewalorld applications, hence heightening

-29-



the opportunity for transfer of learning. Improved mastery of content results from

interdisciplinary learninglnterdisciplinary learning experiences positively shape

learners' overall approach to knowledge through a heightssrese of initiative

and autonomy and improves their perspective by teaching them to adopt multiple

points of view on issues. Motivation to learn is improved in interdisciplinary

settings(Ellis & Fouts, 2001, p. 24)

ITl is grounded in brakmesearch ahcalls for yealong themes composed of
(approximately) weekly topics, a focus on mastery and learner choice, immediate
feedback, collaboration, meaningful content, absence of threat, and a sequence of
instruction that begins with realorld experiences;onceptual development, language
development, and finally application to the realrld (Kovalik & McGeehan, 1999).

The GATE theory reflects many of these issues, encouraging a game which can
connect multiple topics, games which offer immediate feedbaakiskfree
environment, learner choice in demonstrating mastery, and games that reflect meaningful,
engaging, and relevant content. Furthermore, a chief goal of the GATE theory is to
promote learner engagement, higbeder thinking skills, and motivatiofor ownership
of the learning process.

Motivational Theory and Engagement

In examining incorporation of motivation into instructional design, two key
theories are currently examined in the literature. The ARCS model identifies four key
strategies for inarporating motivation in instructional design: attention, relevance,
confidence, and satisfaction (Keller, 1983). He further breaks these down into the
following subcomponents: attention can be gained through perceptual arousal, inquiry

arousal, and varklity; relevance may be reached through goal orientation, motive

matching, and familiarity; confidence may be attained through learning requirements,
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success opportunities, and personal responsibility; and satisfaction strategies can
incorporate internateinforcement, extrinsic rewards, and equity (Small, 1997).

Flow theory is another driving force behind motivation in instruction. While Flow
theory focuses on describing the state of motivation and some of the conditions that
promote this state, it wa®ncreated with instructional design in mind. However, many
researchers have looked to it for guidelines on designing highly motivating instruction.
Csikszentmihalyi (1990) conducted interviews to identify the following eight components
of deeply enjoyablactivities: 1. a task the person is capable of completing; 2. the ability
to concentrate on the task; 3. the task has clear goals; 4. the task provides immediate
feedback; 5. the person acts with a deep but effortless involvement that removes stress of
ewveryday activities; 6. the person perceives a sense of control over his or her actions; 7.
seltconcern disappears, yet salareness is strengthened following the activity; and 8.
the sense of time is altered.

In describing flowinducing activities, Csizentmihalyi (1990) describes
characteristics that make activities conducive to flow:

They have rules that require the learning of skills, they set up goals, they provide

feedback, they make control possible. They facilitate concentration and

involvementby making the activity as distinct as possible from thealted

Oparamount reality of everyday existenc

Much of motivational theory for instructional design focuses on engaging the
students with the instructional content. Saye and Brush ji88Mhe studentseengaging
with a topic as involving fApsychological i

complex academic worko (p. 469). I't i s fAan

|l earno (Newmann, Wehl agre,f S&déhespsyelmlogcal 199 2,
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investment in and effort directed toward learningderstandingor mastering the

knowledge, skills, or crafts that academic work is intended to promote" (p. 12).

Dickey (2005) cites Jones et al. and Schlechty in idengfgilements of engaged

learning:

1
1

Focused goals.

Challenging tasks.

Clear and compelling standards.

Protection from adverse consequences for initial failures.
Affirmation of performance.

Affiliation with others.

Novelty and variety.

Choice.

Authenticity (p.70).

She then goes on to illustrate how video games engage players utilizing these very same

elements.

Clearly video games have been strongly recognized in the literature for their

potential for engagement. The GATE theory, in utilizing video gamesrasaas of

engaging learners with a topic, seeks to implement many of the elements identified in

these theories on motivation through the design or application of an educational video

game. These elements will be further discussed in a later section binexphow

literature on entertainment video game design recommends designing for engagement

While the GATE theory is an instructional design theory and therefore focuses on

what instruction should be like, it also presents a process for designing armpdeyahn
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educational video game. The design process aspect of GATE was also influenced by
established theory, which will be discussed next.
Rapid Prototyping and Usecentered Design

In looking to an instructional design process that highlights efficieaty,
important concept in the resourgeeedy environment of video game design, rapid
prototyping has been posited as an alternative design process to the traditional systematic
approach of traditional instructional design processes (Tripp & Bichelmey&®).19
Rapid prototyping calls for fAafter a succi
and development are conducted as parallel processes that create prototypes, which are
then tested and which may or maBichetmeyer, evol v
1990, p. 35).

I n order to prototype the system, sever
logical definitions of the system, an opportunity to exercise the prototype, and software
which allows the rapid building and modification offhe ot ot ype o ( Tripp &
1990, p. 35). Additionally, it should be noted that through the prototyping process, initial
definitions of the system are evaluated and evolve into final definitions based on
experience gained in the process.

While rapidprototyping stresses efficiency and early and frequent feedback,
including the use of learners to feed the design process, the process could be even further
enhanced by not initially relying on softwabeilt prototypes, but instead incorporating
paperpro ot ypes earlier in the design process.

usability testing where representative users perform realistic tasks by interacting with a
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paper version of the interface that 1is man
doesndét explain how the interface is inten

These design processes exemplify the principles of design for usability: early
focus on users and tasks through developing an understanding of the users and their
characteristicsempirical measurement by observing users interacting with prototypes
and simulations, and an iterative design process composed of a cycle of design, test,
measure and redesign, repeated as much as required (Gould & Lewis, 1985).

As well as an instruathal design theory, the GATE theory also includes elements
of an instructional design process suitable for educational video game design for those
who wish to use the theory to design their own game. This process was heavily
influenced by usecentered dagn and rapieprototyping, as it recommends iterative
cycles of design using prototypes early and often to evaluate the educational game.
Finally, the GATE theory was also influenced by the design of video games for education,
which will be discussed next.

Entertainment Video Game Design

Just as the GATE theory was heavily influenced by various instructional theories,
as its focus is on educational video games, it was also influenced by commercial,
entertainment video game design. While designing videagdaon entertainment is not
standardized, there is a general structure to the typical design process.

Crawford (1982) identifies the following phases of the game design process:
choice of a goal and topic phase, research and preparation phase, desgprghas
programming phase, programming phase, playtesting phase, antqgutesn phase. The

design phase is further broken up into defining the input and output structure of the game,
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the game structure itself (which defines the rules of the game systeffetd the design

goals of the topic), the program (code) structure, and evaluation of the design. Since
Crawford published his book in the 1980s, video games have become increasingly more
complicated and recommended design processes have changesistarsiterative and

nonl i near approach to game design. However,
overarching design goal which will drive the structure and overall design of the game

should be noted, and his identified process stages arergdlylaeflected in current

design processes.

Current design processes recommend an iterative approach with frequent
prototyping (Adams & Rollings, 2007; Fullerton, Swain, & Hoffman, 2004). Fullerton et
al. stress the importance of physical prototypingamngg creating playable prototypes
using pen and paper or other craft items, and using user playtesters as soon as possible.
These concepts echo the foundations of rgpadotyping, paper prototyping, and user
centered design mentioned earlier and hatcag impact on the GATE theory.

The iterative process recommended by Fullerton et al. has four key phases:
generate ideas, formalize ideas, test ideas, and evaluate results. These phases are
composed of seven steps executed iteratively which span thesplainstorming,
physical prototype, an optional presentation phase to secure funding or demonstrate game
concepts, software prototype, design document, production, and quality assurance.

They also identify challenge, play, and story as the key conmp®neaking up an
engaging gameplaying experience. When designing for challenge, they recommend
considering the following issues: reaching and exceeding goals, competing against

opponents, stretching personal limits, exercising difficult skills, and makiagesting
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choices (Fullerton, Swain, & Hoffman, 2004). Appropriate challenge is a key concept for
engagement, mentioned previously in the instructional theory section on motivation and
engagement. Papert (1998) usjeymentthakeviddoer m fih
game players experience from successfully completing a difficult task. Challenge is a
large element of the enjoyment from and engagement with a game.

Likewise, Fullerton et al. (2004) state that the following issues regarding play
shauld be considered: living out fantasies, social interaction, exploration and discovery,
collecting, sensory stimulation, sedkpression and performance, and construction or
destruction. They note the followidng #fAfun
micromanagement, stagnation, insurmountable obstacles, arbitrary events, and
predictable paths.

Adams and Rollings (2007) identify a three stage, iterative design process
composed of: concept stage, elaboration stage, and tuning stage. The coneept stag
entails the following steps: get a concept
and fulfill the dream, which echoes Crawfo
game design and experience. The elaboration stage is composed tibthadosteps:
define the primary gameplay mode (meaning the type of gameplay and user interface
comprising typical play in the game), design the protagonist, define the game world,
design the core mechanics, create additional gameplay modes, designigiethe
story, and build, test, and iterate. Finally, the tuning stage refers to polishing the overall
game.

In analyzing entertainment game design, Dickey (2005) identifies the following

elements of interactive design: setting, charactersandelesy hooks At hat af
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actions and feedback t o t hoeentpd, ralgpaunds 6 ( p .
nature of game structure, and discusses how interaction is defined by supported player
actions and choices taken to overcome obstacles. She oidard as identifying the
following types of hooks: fAaction hooks,
time hookso (Dickey, 2005, p. 77).

Fullerton et al. (2004) present the following effective decision types for players in
video games: inflamed decisions, dramatic decisions, weighted decisions (requiring a
balanced decision based on consequences on both sides of the choice), immediate
decisions, and lonterm decisions. They further identify three negative decision types
which should be reddgned or removed from the game: hollow decisions (which hold no
real consequences), obvious decisions, and uninformed decisions (which are based on
arbitrary choices).

Adams and Rollings (2007) identify the following common challenges presented
to playes in games: physical coordination challenges, logic and math challenges, races
and time pressures, memory challenges, pattern recognition challenges, exploration
challenges, conflict challenges (which require the direct opposition of forces), economic
(orresource) challenges, and conceptual reasoning and lateral thinking puzzles.

In defining player choices in games, Salen and Zimmerman (2004) break down
the anatomy of a choice through the following five questions which the game designer
must answer:

1. Whathappened before the player was given the choice?
2. How is the possibility of choice conveyed to the player?

3. How did the player make the choice?
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4. What is the result of the choice? How will it affect future choices?
5. How is the result of the choice conveyedtie player?

These game design processes, components, and questions helped guide the
researcher to identify important aspects of the game design process which were
incorporated into the GATE theory, which includes methods that address the design of
educatimal video games. These elements, synthesized with the previously identified
attributes of contributing instructional theories, set the foundation for the GATE theory
and its methods. In the next section, the GATE theory will be presented and its methods
explained.

GATE Theory Overview

The Games for Activating Thematic Engagement (GATE) theory was built on the
foundation of the theories discussed in the previous sections and also seeks to provide
process guidance for instructional designers to design aredogetheir own educational
games. The researcher was inspired to explore the use of educational games primarily due
to his own experience with educational games, both good and bad. The first educational
game the researcher encountered was a populartitifeeavily used in schools today:

The Oregon TrailWhile this game has proved to be a financial success for its creator and

no doubt has been used effectively in some
with the game in school was that he wasaed to play it as part of class and did so, but

no effort to garner any learning from the experience was ever made by his teachers.
Therefore, the lasting lessons learned from the game for the researcher are that it was fun

to shoot deer and rabbits, bt pioneers could only carry so much meat back to camp.

This is likely not the learning goal the teachers had in mind and shows the futility of

- 38-



introducing educational games without requiring students to reflect upon thew game
playing experience and regoize what learning took place.

Another example of an educational game the researcher experienced as a child
was theLemonade Stangame. This game challenged the player to maximize profits by
spending resources, advertising, dealing with the unpredityatfithe weather, and
other issues. Again, this game was played without any direction toward learning, but the
potential for learning is clear.

Finally, as a graduate student, the researcher encountered an effective educational
game that was implementedth directions and activities to reflect on the gameplay
experience and identify underlying themes and concepts related to the course material.
The game in this case was #fusion Simulation Game game dealing with
implementing change in a schooksgm.

TheDiffusion Simulation Gamgsee Figure 3) is a tektased educational game to
which students in the researcheroés graduat
year in the program. It is a Wedased version of an educational board gdesgned by
Dr. Michael Molenda several decades ago which aimed to help students understand how

to best implement change in a school system.
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T

Staff Members
cost INFORMATION
STAFF AWARE WAL/ | ADOP.
MEMBER INFORMATION WESS WTEREST | APPRAM san | mon 1 | Personal: Find out what sont of people the staff members are
A |Principal O ek
B [Secetmy 1 | Lunchmates: Observe carefuly to 900 who lunches with whom sach
waek | noon
C  |Janitor
— 1 C Find out who are members of the various farmal
D |Math Chaitman [m] week | committees set up in the school.
E Math Teacher [m] 2 | Soclal: Observe the out-of-school social patterms 1o leam who plays
F Moth Teacher 0O weeks | poker together, who bowis together, elc
G [Science Chaitman [m] = =
Diffusion Activities
H  [Scionce Teacher O
cost DIFFUSION ACTIVITY
STAFF AWARE TRIAL) | ADOP-
uemsER INFORMATION ness | wremest | avpmassal | mow 1 | Talk To: You make a canscious effort, over a period of about one week,
| Science Teacher O week |10 engage any ONE person in a number of one to one conversations
J Social Studies Chairwoman O 1 | Ask Help: You ask any ONE of the staff for advice or for help in one of
—~ week | your projects . prepanng some leaning materials, setting up &
K Social Studies Teacher (m] demonstration, running 3 workshop, etc
L Social Studies Teacher [m] 2 | Pilet Test: You attempt to influence ONE teacher by asking 10 let you
informal his/her
M [Language Ans Chaliman [m] ookt | comluct 8 POSC f p r ot t don
N = 4 | Site Visit: You select any FIVE persons to wsit Lighthouse Schoal, in
N |Language Ans Teacher =] weeks | the next state, where an exemplacy tutoring program is in peogress
O |tanguage Ans Teacher [m] 1 | Print: You circulate & brochure describing the many advartages of peer
P |Foreign Language Teacher O week | tutonng to any FIVE persons
STask AWARE. TRIAL / ADOP. 3 | Presentation: You get on the agenda of a regularly scheduled staff
MEMEER IRFORMATION ness WTERESY | APPRAISAL | TION wooks | meeting 10 explain about peer tutoring and encourage discussion sbout
O [industial Ans Teacher O k
R |An Teacher 0O 3 | Demonswation: You site the staffinto a particular teacher’s classroom
weeks | (an adopter's/) 1o see peer tutoring in action
S |Music Teacher =]
5 | Training Workshop (SeM): You conduct an in-semce workshop which
T Boys” Phys Ed Teacher O weeks | traing teachers in the opsratioral details of setting up and canying on &
U |Girls' Phys Ed Teacher =} PUSIAorog peopren) i Ve chowseoone
2 | Training Workshop (Prof): You arange to hawe Professor Podney of
V__|Meme Ec Teacher =] woeks | Centralia Teachers collage conduct an in-senice workshop on “Peer
W |Guldance Counselor [m] Tutoring: its Role in Student Self-Development
X |Library / AV Coordinator @] 5 | Materials Workshop: You conduct an inservce warkshop in which
weeks |teachers team up to develop creative matenais-games, flash-cards, etc
for student tutor use

Note From ADi ff usi oncoBeandlognt insiructioGa me : Wi
Systems Technology, School of Education

http://education.indiana.edu/~istdemo/guest.htndiana University.

The researchergyed the Weklbased version as part of his class and, following a
class debrief on the experience, was highly impressed by the game and was convinced
that it was not only an effective instructional tool, but also highly motivating, given that
some of his lassmates had played the game in excess of ten times, trying to get a perfect
score.

The game uses turns where players can choose an action, such as speaking with
various stakeholders, or conducting training. These actions can unlock other actions, or
acacess to other stakeholders, and the resulting gameplay is effective in conveying

relationships between these concepts and in allowing players to gain some of the benefits
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they would experience from trying to implement change in aweald situation withait
the real ramifications that come from making mistakes.

One important lesson learned from playing Ehfusiongame in class was that
without the class debrief, it was very easy to not attend to educational content in the game
and instead focus solebn the gameplay. By reflecting and participating in the class
discussion, students were able to meignitively reflect on the strategies they applied,
what worked in the game and did not, and how this related to a real world change effort.
twasclearf om t hi s experience and the researche
games that educational games would not be nearly as useful without requiring the players
to reflect upon the gameplay experience and identify what learning occurred.
Goals and Precnditions

The primary goal of th GATEtheory is to foster understandiagd engagement
with a topicin a motivating, interesting, and entertainiegrningenvironment through
the use of video gameBurthermore, the theory seeks to also specify a dgsapess to
guide the design and development of an educational video game; although it is also
suitable for adapting prexisting commercial ofthe-shelf games for instruction. More
on adapting existing games will be discussed [dteis theory is approjate for
developing understanding of related thermedtopics andor exploring ill -defined
problems.The preconditions for application of this theayebased on th&inds of
topics chosen for the instructioas this theory does not address the instra®f basic
skills, such as literacy, which might be requisite for true understanding of a given topic.
Values

Some the values upon which this theory is based include:
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1 Instruction should be interesting, enjoyable, entertajrang engaging
1 Instrudion should encourage creativity, critical thinking, divergent thinking, and
experimentation.
f I'nstruction should be tailored to meet
requiring students to meet minimum, broad requirements.
1 Instruction should ecourage collaboration and debate.
1 Instruction should promote metagnition and selhwareness.
1 Instruction should not be limited by available technology or méxieshould be
adaptable to various learning resources and environments.
1 Instruction shouldesult in understanding, measured through learner
performances.
Methods
The methods this theory offeirclude (1) develop a context, problem space, or world of
experience and supporting implementation structurgr@)are learners to benefit from
game and implement game as desigaad (3) provide feedback. Each of these is
overviewed next prior to a more detailed discussion later in this chapter.
1. Develop a Context, Poblem Space, or World of Experienceand Supporting
Implementation Structure
1.1. Select aopic or multiple topicsvhich can be connected by themes.
1.2. Define supported learningpjectives
1.3. Analyze intendedearning environmentiearner attributes, and design
environment in order to establish available resourcesamiraints, onduct

feasibility and return on investment analyses, and specify scope.
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1.4.Define rules of context and overall structuregame, including story, goals,
objects, supported actions, feedback, learner roles, and embedded values

1.5.Promote desired learning oppamities through introduction of key obstacles,
problemsandplot elements within thgameand the implementation

1.6. Design specific implementation guidelines and artifacts, including external
activities and potential demonstrations of mastery.

1.7.Focus on erggement with the topicncorporate and encourage competition and
immersionthrough supporting learner control, challenge, fantasy, and curiosity
within both the game and the implementation

1.8.Design and develop the game through an iterative process whbiatles cycles
of prototyping, evaluation, and redesign.

. Prepare Learners to Benefit from Game and Implement Game as Designed

2.1.Prepare the learners for reflection and analysis.

2.2.Provide explicit instructions for recognizing and maximizing embedded learning
opportunities.

2.3.Provide learners control in choosing actions ansiétecing their own goals

throughlinkedmo d u | e s o rdegerdipg os scdpe s 0O

. Provide Feedback

3.1. Feedback should be provided witlsnd outsidehe gamein a natural way that
fits with the context as well as the learning goals.
3.2.Learner interaction should be incorporated and encouraged, whether within or

outside thegame
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3.3.Learners should demonstrate their understanding of themes, topics, and concepts
through varied and multiple performascwithin and outside the game
Overarching GATE Values

Specific values behind the GATE theory were provided previously in this chapter.
This section will detail the overarching values behind the earlier values and the theory in
general. These include tiaportance of promoting understanding, engagement, and of
understanding the need to be practical and realistic when setting the scope of educational
games being developed.
The Value of Understanding

There are many goals in education; students are tawghkkills of literacy so
they can access othersdé ideas, and the ski
checkbook. However, it a common experience
learning for students often stops with rote knowledge amdlianentary understanding of
skills. Students may memorize a line of Shakespeare, but they have no idea what it
means; they may know the year of the American Revolution, but they have no
understanding of how the underlying themes of the rebellion corttnngoact their
lives. Gardner notes the overwhelming number of studies which show that¢olp
college and high school physics students have repeatedly demonstrated an inability to
apply their knowledge i n new dsdationaksystera ns ( 1
focus on standardized and often rote, easily measured knowledge. The system claims that
it is built to ensure that no child is left behind; however, again and again, learners facing
unique challenges are left behind, while other learseestheir thirst for knowledge

forever slaked when forced to slow their p
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information age, it is important that the way in which learners are taught is truly learner
centered and promotes a holistic, systemiceustainding rather than the cookiatter,
fragmented knowledge of the industrial age
who are problersolvers, can synthesize knowledge, and work well in teams (Reigeluth,
1999b) . Furt her mor e drasticalyldafgrénsin bbtk their approash ar e
to education and their need for engagement (Beck & Wade, 2004; Prensky, 2006).

While this theory stresses understanding, it does not claim that rote knowledge is
worthless. On the contrary, certain basiclskahd knowledge are required before higher
level understanding, critical thinking, and analysis can be expected. While it is certainly
not impossible to teach literary analysis without the use of basic literacy skills, it is likely
more challenging. Hower, this theory is designed to specifically address the formation
of understanding of important themes, topics, and concepts as well as how they
interrelate.

As a byproduct of the formation of this understanding, criticalking and
analytic and metaognitive skills should be developed. More basic knowledge and skills
certainly have a place in this theory, but only as tools used in the formation of the
understanding, and not as primary goals. It is important to note, however, that through
immersion inthe virtual environment resulting from the application of this theory, factual
knowledge can also be developed, but it should only be as a byproduct of the
environment, and not as a primary goal of the instruction; a more thorough discussion of
this will follow shortly. It is important to state again, however, that the true goal of this
theory is the development of systemic and deep understanding as well as engagement

with the topic, and this theory is therefore applicable to any environment, whether it is
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12, higher education, or corporate, that focuses on developing and applying
understanding and exploration of and engagement withnelated themes. Any pre
requisite knowledge or skills are therefore specific to the chosen topics or themes.
The Valueof Engagement
While the value of developing understanding in the information age has been
stressed, it is perhaps not as important as the value of making learning fun and engaging
learners with the topic to be learned. Stating that learning has to befunaste®ws how
ineffective the current state of instruction has become, as humans are naturally inquisitive
and voracious learners. Furthermore, current learners who Beck and Wade (2004)
identify as the Gamer Generation, and who Prensky (2006) calls IDNgiteres naturally
crave engagement and become quickly frustrated when they do not receive it.
Perhaps the primary tenet of this theory of instruction is that learning must be
engaging. If learners become engaged with a topic and seek to truly undérstesyd
are more likely to recognize the value of the knowledge and how it relates to their own
lives. Fun is also a byproduct of the choice that will be given the learner in shaping his or
her own learning goals, as well as the interaction of the lewtiehis or her peers and
i nstructor, who will <challenge, provide fe
understanding. However, even though the innate joy of learning can be realized through a
more autonomous, challenging, and interactive enviagmrthan the current paradigm of
instruction typically allows, this theory incorporates an additional feature to try to
maxi mize the | earnerdés fun: video games.
Video games have exploded from a niche pastime into mainstream society in the

last few yearsNot only are video games an extremely popular form of entertainment, but

-46-



they are also a tool fertile for applying the concepts of the new paradigm: learner
initiative, trial and error in a safe environment, and the application of advanced
technology (Reigluth, 1999b). Video games stress skills such as prettdving and
attributes such as a willingness to experiment. When including simulation games in the
picture, the advantages of rebrld environments and tasks are added. Furthermore,
videogamesa& a t ool with which t o &idep@asneslaemar ner s
becoming the choice of the information age generation for fun, and clearly mesh well
with the demands of the new paradigm and therefore are the focus for this theory of
instruction.
An Argument for Practicality

As a new technology, video games have not only a great deal of power, but also a
number of challenges for the instructional designer.déwelopment of a game or
simulation can cost millions of dollars, requires a stronmtebdesigners with varied
talents, and can take years to complete (Aldrich, 2004). However, a video game does not
need to be a mulnillion dollar, precise simulation in order to be effective. If this theory
could only be successful if it resulted in é®ping an educational game more fun or
technologically advanced than the current top commercial entertainment game on the
market, it is unlikely that the theory would ever actually be applied.

Internet short films have showed great success at tellingsttespite the often
simple techniques and lebudgets of some of the home filmmakers who have made
them (having recently been added as a new award category at the Sundance Film
Festival). In a similar way, a video game, even an entirelyliaséd onegan still be

compel | i ng anMultiftUsenDungdbdsabddDsagofpsmes) continue to
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entertain thousands of gamers on the Internet despite the fact that they are entirely text
based. Salen and Zimmerman (2004) describe the focus on dazzling tgcinolas At h e
i mmer si ve f al | ac yisfthé lkelhhatthe pleasure Bf@dmediawh i ¢ h
experience is the ability of that experience to sensually transptayex into an illusory
realityo (p. 458). They nwadveinthehgamingt hi s f al
i ndustry but argue that it i1ignores the fime
meaning that players are aware of the frame of a game as separate from reality.

Furthermore, the availabilityheof such t
Gamemaker game development kit, and the modification of existing commercial games
such as Neverwinter Nights, puts the power of gameation in the hands of everyday
users. High schools and universities should not be surprised to find students oépable
creating an effective game utilizing these technologies on their campus. The design of
the game should be the focus for instructional designers and developers. The limits of
available technology will continue to fall away, but the capacity for theldpment of
successful, inexpensive, instructional games currently exists.

GATE Methods

The primary tool of this instructional theory is a video game used as part of an
environment for facilitating understanding. As summarized earlier, there are three
primary methods for the development of this learning environment: developing the
context, problem space or world of experiemeparing learners to benefit from game
and implement game as designadd providing feedback to the learner. Undoubtedly,
the mast challenging of these three methods is the one which must be done first, the

development of the video game environment.
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1.0Develop a Context, Problem Space, or World of Experience and Supporting
Implementation $ructure
The first GATE theory method omposed of the following stimethods:
1.1. Select aopic or multiple topicsvhich can be connected by themes.
1.2.Define supported learningpbjectives
1.3. Analyze intendedearning environmentiearner attributes, and design
environment in order to establish avhimresources antbrstraints, conduct
feasibility and return on investment analyses, and specify scope.
1.4.Define rules of context and overall structuregame, including story, goals,
objects, supported actions, feedback, learner roles, and embedded values
1.5.Promote desired learning opportunities through introduction of key obstacles,
problemsandplot elements within thgameand the implementation
1.6. Design specific implementation guidelines and artifacts, including external
activities and potential demomnations of mastery.
1.7.Focus on engagement with the topicarporate and encourage competition and
immersionthrough supporting learner control, challenge, fantasy, and curiosity
within both the game and the implementation
1.8.Design and develop the game thgbwan iterative process which includes cycles
of prototyping, evaluation, and redesign.
This section will detail each of these smethods which compose the first
method for the GATE theory.
1.1 Select a topic or multiple topics which can be connected biiemes.The

first step in actually designing the video game is to determine what context the game
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should present to the learner. Therefore, the first step in developing the context in which
the learners will find themselves is to decide on a topic or adpws which can be
related by themes. The themes will drive what type of context the learner will interact
with.

1.2 Define supported learning goalsAlong with the identification of the topics
and themes on which the game will focus is the identifioadiowhat learning goals will
be supported. These elements relate to each other because in order for learners to have a
choice of goals for their learning, the designer must build support for these goals into the
game. Therefore, a strong analysis mustidige on what learning goals will be supported
and what themes and topics can be used to reflect these goals. These two elements are at
the center of the entire design process. Unlike an entertainment game, which initially
focuses largely on the gameplaystory, it is very important in an educational game that

the learning goals remain firmly the center of the entire design process (see Figure 4).
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Figure 4 Components for defining the context of an educational
video game with learning goals as the focus

1.3 Analyze intendedlearning environment, learner attributes, and design
environment in order to establish available resourceand constraints, conduct
feasibility and return-on-investment analysesand specify scopeApart from
specifying a preliminargefinition of the learning goals and the topic or themes for the
context, it is also important that an initial analysis of how the game will be implemented
should be conducted in order to determine the scope of both how the game will be used
and how compx the gameplay and structure will be. Educational games can be used in
varying ways with varying breadth of scope. Van Eck (2006) notes that educational
games can be used as a-mi®ructional strategy, such as an advance organizer, as a co
instructionalstrategy, or as a peststructional strategy. This is indeed true, but games
can also be implemented as the sole instructional strategy. The entire three credit ECON
201 course at the University of North Carolina at Greensboro can be taken as an online
video game (Boyce, 2006). It is therefore important to define the intended scope of the
education game, whether it is to be used for a component of a single lesson, the primary
content of a single lesson, of a series of lessons, or indeed of an enté® cow@ven
beyond.

It is also important to determine the environment in which the game will be
implemented. Will it be implemented in a fateface course? In an online course? In a
hybrid course? In multiple courses? The answers to these questiohslwiid identify

the intended learners, who can then be analyzed to further specify the learning goals.
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How the educational game will be used and the environment in which it will be
I mpl emented will also help t mdedtebeglayed ne t h
within the classroom? If so the structure of the game will be impacted by the time
available during a class period. Furthermore, if the learners have limited access to
technology inside the classroom or at home, this can constrain whaotegy the game
utilizes.

Finally, the resources available to the design team may also help to determine the
scope and complexity of the game. Given a broad enough impact, such as a game that fits
state standards, or seeks to engagelstudents in saree, technology, engineering, or
math (STEM) subijects, the return on investment would justify a broad scope and high
level of complexity. A game of broader scope and higher complexity will naturally cost
more to develop but should be worth it. On the ottzard, if a game is being developed
for one lesson in a single course that will only be offered once, it should be decided if the
benefits will be worth the cost in resources and time to develop, given that it likely will
only be used once.

1.4 Define rules of context and overall structure of game, including story,
goals, objects, supported actions, feedback, learner roles, anthbedded values.

Related tadefining the contexor the game and tHearning goalst will support is
defining the rulegor thegameand its overall structure. These three components all relate
closely to each otheas they will determinehe style and format of the game.

A strong element of defining the game and its rules is determined by the theories
and topics chosen and vigersa. A theory could be illustrated through an entirely

fictitious world or through one based on history. Either choice would have its own pros

-52-



and cons. A fictional world can allow for easier abstraction or use of metaphor, while a
realistic world can léow for the delivery of additional knowledge such as geography or
biographical data and the possibility of a more clearly defined relevance to the learner
due to an easier and more natural transfer to real world situations. Similarly, realistic
world rules could illustrate laws of nature or laws of man, while still allowing for some
elements of fantasy such as granting the player superhuman abilities such as flight or
invisibility to open the door for all sorts of additional opportunity for exploration.
Whatever rules are chosen for the game, they should support the identified topics and
theories and fit naturally within the overall context. The rules must be logical or natural
enough to promote immersion and not destroy belief in the realism of the et jf it

is a fictional one. This can be illustrated by how a historical drama with poorly written
di alogue can be seen as ridiculous even
movie. ldeally, the world should present realism through itotisgles and its support

of actions that should be possible in the context, whether it is-avoell context or
fantastical (Merrill, 1999).

The structure of the narrative is another element which must be defined. A
complete narrative allows for a senof completion, and a more controlled story arc can
better allow the transfer of key concepts or better illustrate thereisgedness of certain
themes. An opeended context allows for more exploration and gives the learners the
opportunity to writetheir own narratives. All of these considerations must be examined
and defined. The strength of the narrative can be a strong motivational factor and a big

part of the fun aspect of the game.
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Once defined, the context should support identified learniadsgtheories and
concepts. A number of different goals should be supported to allow for learner choice.
The environment should make available broad, related concepts or themes which allow
for exploration and the presentation of more precise concepte(ttd, 1999a). These
concepts can be presented as modules or fe
structure (Reigeluth, 1999a). This will further encourage the learner to revisit the game to
explore additional concepts.

The game should alsupport exploration. This means that the learner should be
given time for norgoal driven exploration and experimentation of the environment. If
the learner finds a pond, let him or her fish! Little elements like this help with immersion
in the environmenand can be motivating. The environment should also providetbard
find and hidden elements in order to encourage exploration. Sometimes the environment
itself can be a motivation. The rules of the environment should also offer enough varied
system respuses to be largely ngpredictable, in order to encourage experimentation.
Thomas Edison claimed that he failed his way to success, and this is an approach
cultivated by the gaming generation. Build in support for multiple approaches to solving
problems, a the learners will enjoy experimenting, and this is an attribute which should
be cultivated in todayédés | earners. The vir
of a Asafeodo environment that can be so i mp
exploration (Kamradt & Kamradt, 1999).

1.5Promote desired learning opportunities through introduction of key
obstacles, problems, and plot elements within thgameand/or the implementation

Ultimately, in defining the game and its structure, one okdecomponents, as
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mentioned in the previous section, is what learner actions are supported in the game and
what responses and feedback to those actions the game will provide. This key component
Is so critical that it deserves further elaboration in teiien. For an educational game to
be engaging and therefore encourage learning, it is important that all components,
especially actions, be realistically situated within the context. Salen and Zimmerman
(2004) note the importance of this, stating:
Meanindul play in a game emerges from the relationship between player action
and system outcome; it is the process by which a player takes action within the
designed system of a game and the system responds to the action. The meaning of
an actioninagameresils i n the relationship betwee
Meaningful play occurs when the relationships between actions and outcomes in a
game are both discernable and integrated into the larger context of the game (p.
33)
In a game, players will encounter vargobstacles, impediments, or problems
which they must solve. The players will make choices in how they attempt to overcome
these problems, choices made through their actions in the game. As previously mentioned,
Salen and Zimmerman (2004) identify fiveegtions that, when answered, define the
choices available in a game:
What happened before the player was given the choice? How is the possibility of
choice conveyed to the player? How did the player make the choice? What is the
result of the choice? Howilhit affect future choices? How is the result of the

choice conveyed to the player? (pp-@&8
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1.6 Design specific implementation guidelines and artifacts, including
external activities and potential demonstrations of mastenyWhile the dream of
educatonal video games is that learners will not be able to avoid learning while playing
the games, the reality is that learning is not likely to occur unless the learners are
encouraged to attend to the learning opportunities embedded in the game. Numerous
resarchers have stated thaatningwith educational video gamésnot likely to be
effective without additional instructional support and effective stratégies
implementation (Leemkuil, de Jong, de Hoog, & Christopher, 2003; O'Neil, Wainess, &
Baker, 20@5; Wolfe, 1997). It is therefore very important that the educational game
designers not only design the game with learning in mind, but also design specific
guidelines for how the game should be best implemented. Sound instructional design
does not end wh the game, but should instead equally focus on what additional
instructional supports are needed outside of the game to maximize the potential for
learning.

Complete instructional artifacts and guidelines must be created, whether these
materials are itnded to be distributed by an instructor within a classroom environment
or posted on the Internet to be used as part of an online game without monitoring by an
instructor. Furthermore, designers should create these materials for a variety of situations,
sothat sound external instructional support is specified for whatever contexts in which
the game might be applied.

The environment in which the game will be implemented should also be
considered when taking in mind how it will be used. No matter how emgagjame

might be, if it is a small component of a larger course which otherwise is not at all
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learnercentered in its approaches, whatever positive impact the game has in engaging the
students may be eroded by the rest of the instructional approadizesi wuring the
course, and benefits may be limited to the scope of materials that the game itself covers.
The impact of the game could likewise be further leveraged by implementing it in a
learning environment that is learregntered in all of its appaches. The designed
implementation of the game could therefore wvgelive instructors implementing the
game by giving them examples of learsentered instruction.

1.7 Focus on engagement with the topic: incorporate and encourage
competition and immersionthrough supporting learner control, challenge, fantasy,
and curiosity, within both the game and the implementation

While learning goals are the focus of educational video games, engagement is
extremely important as well, as it is the outcome which atoléhe medium being
touted for its instructional potential. It is therefore important very early in the design
process to focus on how the game will engage learHessland (2002) defines a hook
asfianything that requires the player to make a decigianrelates to the game, and thus
keeps them playirg(p. 78).As previously mentioned, he identifies four types of hooks:
action, resource, tactics, and time. In defining the structure of the game, designers will
have to decide what kinds of hooks arerappate for engaging students while matching
with the given topic. Gardner identifies techniques for engaging students in their search
for understanding as fAentry poi-onfasdb, whi ch
aesthetic approaches, among otli@e899). Video games utilize similar approaches with

role-play, story, social interaction with other players, the aesthetics of the virtual world,
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the ability to explore, rewards for performance, and competition, whether it be with other
players or withlhe game itself.

As previously discussed, in examining the motivational components of video
games, Malone (1980) identifies four components that help make games motivational:
control, challenge, fantasy, and curiosity. These components echo the precsmdition
Flow Theory, a theory on motivation frequently utilized to explain the state of flow video
game players often achieve, where they become so focused on the game play, that they
are completely immersed in the experience and lose track of time awndrs&tiousness:

a challenging activity, clear goals, feedback, and the paradox of having control in an
uncertain situation (Csikszentmihalyi, 1992).

The narrative basis of the context and the-pddgying opportunities provided
clear |l y sup @, rwhie ihd abiftyeto expiore brasee thow the story ends or
the various ways in which it might end support curiosity. Control and challenge then are
clearly tied to player control and the introduction of obstacles in the game, both covered
in later sedbns.

Finally, the introduction of competition can really enhance the motivation and fun
factor of the game. A scoring or feedback system should be supported to allow learners to
evaluate their performance by comparing it to their peers or acceptablardsaad
competency levels. This is the first component of feedback provided to the students and
also encourages competition. Rewarding learners for certain actions and punishing them
for others within the context of the game is a way to support comprehesfstoncepts
and even provide an element of affective instruction through the display of the effects of

moral and immoral actions by players. Additionally, immersion in the virtual
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environment can be further enhdforced by fit a
completing goals, whether virtual H@Abadgeso
the learner himself or herself.
1.8Design and develoghe game throughan iterative process which includes
cycles of prototyping, evaluation, and redesignlhe process of design and
development should focus on cycles of design, development of prototypes, testing of the
prototypes for evaluation and then redesign. Game development texts are consistent in
their call for this process (Novak, 2005; Rouse, 2005]},itais also echoed in
instructional design strategies such as rapid prototyping (Tripp & Bichelmeyer, 1990).
Prototypes, including paper prototypes, should be created early and often in the
process. This can allow for early testing of game mechanicedsiv as t he gamedd
interface. User feedback from these evaluations can help ensure that appropriate feedback
and gameplay difficulty are built into the game. Furthermore, it can help identify what
gameplay components are aiding and impeding playegengant.
During this iterative process, designers will document the design decisions. While
there are no standard documents in game design (outside of the general and not precisely
defined design document), literature in the area is conceptually consistér sorts of
documentation that might result from a game design process. By examining these
examples, and adjusting for the further requirements of an educational video game, a
reasonable outline of suggested documentation that will result from tluiegs can be
created. This outline further clarifies the sorts of decisions that will need to be made

during the design process.
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Suggested documentation adapted and modified from Novak (2005) and Rouse (2005)

includes:

1.

2.

8.

9.

Concept Document, Pitch Document,Ryoposal
Design Document
a. Table of Contents
b. Introduction/Overview
c. Target Audiences and Implementation Context
d. Learning Objectives
e. Hooks
f. Game Mechanics
g. Artificial Intelligence
h. Game Elements (characters, items, and objects/mechanisms)
I. Story Overview
j.  Game Progession
k. User Interface
Implementation Artifacts and Guidelines (organized by implementation situation)
Flowcharts
Story Bible
Script
Art Bible
The Game Minute (detailed description of a short section of gameplay)

Storyboards

10. Technical Design Document
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11. Schediles and Business/Marketing Documents

2.0 Prepare Learners to Benefit from Game and Implement Game as Designed
Designing and developing the game is the most difficult aspect of implementing this
theory. However, there are a number of things to keep id miren preparing the
learners as well because if the game is not properly implemented, it is unlikely to be
successfulThe following submethods compose this method and are discussed in detail
in this section:

2.1 Prepare the learners for reflectiod amalysis.

2.2 Provide explicit instructions for recognizing and maximizing embedded learning

opportunities.

2.3 Provide learners control in choosing actions arg#l&cing their own goals

throughlinkedmo d u | e s o rdegerdipg os scdpe s 0

2.1 Prepare thelearnersfor reflection and analysis.It is important that prior to
playing the game, the learners be prepared to reflect on and analyze their experiences.
Ultimately, the game is a learning activity, and while students should be engaged with
playing it, they should be reminded ahead of time to attend to what choices they make
and what results and feedback they receive in response so that they are better able to
recall and make explicit what they learned during the play experience.

2.2 Provide explicit instructions for recognizing and maximizingembedded
learning opportunities. As support for the implementation is designed along with the
game itself, these artifacts should then be implemented alongside the game playing
activity. Having been ppared for how they will be asked to further practice,

demonstrate, and verbalize their learning, learners should be provided clear instructions
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for what further supports are in place and what other activities besides playing the game
they will be responsie for.

2.3 Provide learners control in choosing actions and/or seleag their own
goals through I inked modul eslIftberconfiedpas sodes o
been properly defined, it should support multiple learning goals and may tie together
multiple themes. These themes and learning goals should be presented as related episodes,
modules, plot lines or embedded activities and situations which fit naturally within the
context or environment. By allowing learners to choose which episode theyowis
pursue or how they will interact with the environment, learners will have some control
over their goals and the opportunity to take different paths or make different choices
during the game.

Furthermore, rolglaying can be a powerful motivator as iad a powerful
learning approach. Allowing learners the choice over the role they will take in the game
and even giving them some control in the design of their avatar within the game can be
extremely effective in fostering interest and learning.

Role-playing within the game should be encouraged. Allowing learners to fully
express the role they have chosen can lead to wonderful discussion and feedback from
peers. Learner choice should not be limited to within the video game, but should also be
designed irthe outside learning environment. Allowing students to make choices in how
they will demonstrate their understanding of concepts is another consideration which will
be further discussed in the feedback section. Finally, although learner choice is itnportan
it is imperative that vital topics not be missed by learners. Therefore, exploration of some

concepts may be restricted until certain minimum requirements or learning goals have
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been met. This is a common structure of video games where a level miesired,cor a
goal completed, before the player is allowed to continue.
3.0Provide Feedback
The third and final GATE method is to provide feedback. It is composed of the
following submethods which this section will detail:
3.1 Feedback should be proviigvithin and outsidehe gamein a natural way that
fits with the context as well as the learning goals.
3.2 Learner interaction should be incorporated and encouraged, whether within or
outside thegame
3.3 Learners should demonstrate their understandf themes, topics, and concepts
through varied and multiple performangcesthin and outside the game
3.1 Feedback should be provided within and outside thgamein a natural
way that fits with the context as well as the learning goal§:he final compnent of the
learning environment design is defining how feedback will be provided to the learner. As
mentioned earlier, some elements of feedback will be designed into the game, through the
scoring system as well as system responses to learner acticnsoifiof feedback
should be provided in a quick and natural way that fits with the context and learning
goals selected by the learner and supported by the themes chosen for the context.
Furthermore, the episodic nature of a video game can provide giqupirts or areas in
the game to encourage reflection on feedback
3.2Learner interaction should be incorporated and encouraged, whether
within or outside the game Learner interaction should be encouraged both within the

virtual world and outside it. Anulti-player environment would allow for increased
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learner interaction. In this situation, the game should allow varied and realistic
communication between learners. If the technical demands of aptaylér environment
disallow this sort of interactiothen the game should still demonstrate that cooperation
and interaction are beneficial to achievin
interaction with game personalities. Even if a game is a single player experience, learner
interaction shouldake place outside of the game environment. Learners should share
experiences and reflect on them together, sharing strategies that worked or did not work
within the game and analyzing together what could be learned from these experiences.

3.3Learners shaild demonstrate their understanding of themes, topics, and
concepts through varied and multiple performances, within and outside thgame
Feedback should only begin with the video game. It is extremely important that
additional feedback be provided outsidf the video game environment. This feedback
will be used to have learners demonstrate their understanding of themes, topics, and
concepts. Varied and multiple performances by the learners should be used in order to
support different learner mindsets.o@p discussions, smaijroup discussions, reflective
essays, fictional stories based on the game, research reports, and the creation of art are all
examples of techniques for having the students demonstrate their understanding of
concepts and theories areteive feedback from their peers and instructor. The learners
should be given a good deal of choice over how they demonstrate their knowledge to
better facilitate the unique strengths of each learner.

The instructor should help scaffold the knowledgegdiand encourage
discussion within the class over offered theories and encourage a creative, questioning

classroom environment. Affective and cognitive learning goals should be kept in mind
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when debriefing learner experiences (what did the learner do wena the
consequences, what alternatives might have been chosen, what can be learned from this)
(StoneMcCown & McCormick, 1999). Learners should elaborate on how and what they
learned through their involvement with each scenario or episode in orderg¢dirmly
establish this knowledge in their minds, in addition to generating more practice at meta
cognitive seHreflection. Classroom norms for giving feedback should be predetermined
by the learners in order to extend the safe environment of thelwirbula into the real
world classroom.
GATE Context Examples

While the GATE theory is consistent in how it is to be implemented, some
examples are provided in this section to explain how it can address different contexts.
The theory consistently puts @cus on the game supporting multiple learning goals, but
it has also highlighted the potential of using a game for learning across multiple topics or
themes. While this approach would likely increase the scope of the game to be designed,
it provides a powsdul way to further motivate students and show the relevance and
relationship of different topics that might look unrelated on the surface.

The GATE theory is also suitable for adapting an existing game for learning
rather than designing one from scratitti® approach currently most commonly practiced.
In this case, the designers should choose an existing game that incorporates a suitable
topic or themes that has enough of a match with the academic topic of interest for
successful use. The game should theranalyzed to identify what sort of learning and
values are embedded in the game and to ensure that they are appropriate. The primary

design activities will then focus on designing how the game will be implemented.
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Finally, as mentioned previously, gasnean be implemented in varying contexts.
The GATE theory applies equally to games that will be implemented within the
classroom and therefore must be able to be completed within a class period, and games
that are to be played at home, and therefore hawich time constraints. This will
primarily impact the structure of the game and considerations of how the game will be
saved or what the overall length of the game should be.

Conclusion

This instructional theory focuses on two primary components: theriience of
understanding over surface knowledge and the power of video games as a tool for
engaging learners and facilitating the growth of knowledge. While the design of a video
game can be a daunting task, inexpensive tools are currently availaktlee almand
from the learners certainly exists. The inclusion of video games as the central component
in a learning environment and the support of this tool for instruction within a learner
centered, active learning environment which requires studentsnondéerate their
knowledge should result in a fun and effective learning environment which fits the
demands of the information age very well.

The purpose of this study is to evaluate the GATE theory by answering the
following questions: 1.) What GATE meth@dnd recommendations work well? 2.)
What ones do not work well? and 3.) What improvements can be made? The next chapter

will detail the methodology utilized to answer these questions.
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CHAPTER 4: METHODOLOGY

Introduction

This study used a qualitative essch design known as formative research in
order to improve an existing design theory for designing and implementing educational
video games. This chapter presents the methodology behind the study, first examining the
philosophical foundations of inquirit then presents the rationale behind choosing a
gualitative methodology, provides some assumptions behind qualitative research, and
then reviews the formative research methodology and the design of the study. Finally, it
presents methodological issuekated to the formative research methodology.

Philosophical Foundations of Inquiry

The methodology that a researcher chooses to implement in a study reflects his or
her worldview: his or her beliefs and assumptions about research, the nature of truth, the
goals of research, and the means best suited to achieving those goals, among other issues
(Frankel & Wallen, 2003). Guba and Lincoln (2005) compare the philosophical beliefs
reflected in the major inquiry paradigms (positivism, postpositivism, critiesdrty,
constructivism, and participatory inquiry) by looking at three issues:

1. Ontology: What is the nature of reality and what can be known about it?

2. Epistemology: What is the nature of knowledge, where does it originate, and

how can it be obtained?
3. Methodblogy: What are the best methods or approaches that a researcher can
apply to acquire knowledge about a given issue?
The next sections will describe the res

highlighting the qualitative methodology as his chosen methog@od grounding this
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choice in his ontological and epistemological views. While the current view of many
researchers no |l onger promotes a continuat
reasoning behind the r eseamdthéredorepssitvismpr oac h
and constructivism will be discussed prior to highlighting functional contextualism as an
alternative philosophical perspective.

The positivist paradigm of inquiry ontologically holds that a true reality exists and
is knowable. Epiemologically, positivism holds that the researcher and what he is
seeking to know are separate, and this separation allows for objectivity on the
researcher6és part. Methodologically, posit
experiments where variablase manipulated, isolated, and controlled in order to test
hypotheses.

Qualitative inquiry is typically utilized within the other major paradigms of
inquiry. While there is a blurring of the postmodern paradigm genres (Geertz, 1993), a
chosen methodologyill be largely driven by the paradigm the researcher identifies with.

Constructivism, ontologically holds that there is not a single knowable reality, but
instead that realities are socially constructed through interaction concerning different
individud views of the same event (Frankel & Wallen, 2003). Epistemologically,
constructivism offers that a researcher can never be truly separate from the subject of
study; and therefore, it is appropriate for the researcher to interact with the subject and
togeher make meaning and come to agreement about what has occurred.
Methodologically, constructivists gather data through interaction and shared experience.

A philosophical perspective related to constructivism but less radical than

construct i Va lackodany abjective touths imfunctional contextualism.
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Functional contextualism espouses a worldview that understanding is holistically eontext
bound and focuses on truth only in so far as it leads to effective achievement of a goal
(Fox, 2006). FoX2006) elaborates that the focus of functional contextualism is on the
belief that science is meant to be useful, and therefore, knowledge of an event is situated
in the historical and current context and cannot be separated from it, and analysis is
condicted in order to help prescribe useful solutions. He further focuses on the
prescriptive approach for functional contextualism and therefore identifies experimental
methods as the primary methods suitable for this perspective. However, Reigeluth and An
(2006) embrace the usefulness of a functional contextualist perspective in instructional
design and technology, while disagreeing w
functional contextualism is goakiented, as described by Fox, and thereforades on
solution behavior, not on predictive behavior (which is based on descriptive theory not
design theory) as Fox contends.

Functional contextualism is indeed a useful perspective with its pragmatic focus
and systemic inclusion of contextinanaly$h i | e t his researcher di
(2006) focus on predictive goals and accompanying elevation of experimental methods,
Fox does state the usefulness qualitative methods do have in functional contextualism.
Furthermore, Reigeluth and An (2006)ajthe focus on experimental methods and
instead promote desigrased research methods, which often focus on qualitative tools,
as preferable, for the major goal of design theories is usefulness.

Rationale for Qualitative Methodology
The rationale fochoosing a qualitative research methodology for this study was,

as previously mentioned, driven by the res
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constructivist paradigm, and the phenomenon to be studied: an instructional design theory.
An instructionddesign theory is foremost designiented rather than descriptive,
meaning it focuses on means for reaching learning goals and that these means are
probabilistic rather than deterministic, meaning they do not ensure attainment of the goals
(Reigeluth, 199b). As instructional design theory is not predictive in nature, a study
seeking to improve requires qualitative methods while research seeking to prove requires
guantitative methods. As this study seeks to improve not prove the GATE theory, it is
most ajpropriate to evaluate the theory using qualitative methods.

According to Becker (1996) quantitative and qualitative research differ in five key
ways. Denzin and Lincoln (2005) discuss these five aspects: uses of positivism and
postpositivism, acceptancéo post modern sensibilities, cap
view, examining the constraints of everyday life, and securing rich descriptions.

Key aspects of their discussion of the different methodological viewpoints reflect
t hi s r es e afagnatatidesnetbodalogyeircluding: quantitative research
focuses on measuring and quantifying phenomena to isolate causes and effects in order to
generalize and describe reality; qualitative researchers believe qualitative methods can
more accuratelg apt ure i ndividualsdé points of view
guantitative approaches; quantitative rese

and seldom study[ing] it directlyo (p. 12)

researcer s, whil e quantitative researchers are
descriptions because such detail interrupt
(p.12).
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Qualitative research incorporates assumptions which are contrary to quantitative
research. These include gathering descriptions from a naturalyoelal environment
without intentionally manipulating that environment (Savenye & Robinson, 1996). It is
this researcherdos view that i mprovizngg an i
an implementation of that theory in a natural environment and focusing on collecting rich
descriptions of the implementation in order to best evaluate the theory. Quantitative
approaches tend to place greater emphasis on generalizability of fintkvgstheless,
while this study focuses on qualitative methods, it still seeks to produce results that will
be generalizable to other implementations of the GATE theory and which can inform and
improve GATE.

Formative Research Methodology

As the purposefahis study is to evaluate and improve a design theory, the
formative research methodology was chosen as a form of action or developmental
research. The formative research methodology (Reigeluth & Frick, 1999) is similar to
design experiments or desitpased research (A. L. Brown, 1992; Collins, 1992), but its
focus is identifying potential improvements for an instructional design theory. Reigeluth
and Frick (1999) have found that fAquantita
surveys, correlational afyses) are not particularly useful for improving instructienal
design theory, especially in the early sta
drew from the formative evaluation and casedy qualitative research methodologies to
develop their forrative research methods.

Reigeluth and Frick (1999) specify two major kinds of formative research studies:

a designed case study and a naturalistic case study. In a designed case study, the
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researcher instantiates the instructional design theory and feeiyagvaluates the

instantiation. In a naturalistic case study, the researcher picks a case which was not
designed using the theory but serves the same goals and contexts, analyzes how the case
relates to the theory, and formatively evaluates the cassetbow it can inform the

theory.

This research study represents a designed case, as the instructional video game
and its implementation were designed utilizing the design theory being evaluated, the
GATE theory. Reigeluth and Frick (1999) note that, @gsosed to descriptive theory
where the major methodological concern is validity, for design theory the major concern
is preferability, how much better a method is than other known methods for attaining the
desired goal. Three primary dimensions of the @gldetermining preferability are
effectiveness, efficiency, and appeal. This case study applies the formative research
methodology to gather data regarding these dimensions for a specific instantiation of the
GATE theory. In doing so, the study is seekingmprove the design theory itself rather
than prove its superiority to alternative methods. According to Reigeluth and Frick
(1999), this kind of study follows six steps:

1. Select a design theory.

2. Design an instance of the theory.

3. Collect and analyze forrtige data on the instance.
4. Revise the instance.

5. Repeat the data collection and revision cycle.

6. Offer tentative revisions for the theory.

The use of each of these steps in this study is described next.
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Formative Research Study Design
1. Select a Designfieory

Reigeluth and Frick (1999) specify that the focus of the formative research
methodology is to improve an existing instructional theory, so the first step in the process
Is to choose a design theory to improve. For this case study, the researchertavanted
evaluate and improve his own instructional design theory: Games for Activating
Thematic Engagement (GATE). Refer to chapter three for a detailed review of the GATE
theory. GATE is a design theory in the early stages of development, and this study
represents the first formal evaluation of the theory.

GATE is a design theory intended to provide specific guidance to instructional
designers, regardless of budget and experience, on how to design and implement video
games for engaging learners in a givendap field. The goal of the study is to test and
improve the guidance provided by GATE.

2. Design an Instance of thehieory

The scope of this study is to examine an application of GATE in the form of
Lifecycle a video game designed using the theoryiamdp | e ment ed i n t he
undergraduate computer information technology course on systems analysis and design.
Lifecyclewas designed by the researcher to engage his students and develop an
understanding of Systems Analysis and Design (SAD) conasptg the Unified
Modeling Language (UML) systems analysis and design methodology.

The researcher designed the game so that his students would be able to discover
the underlying concepts and the relationship between these concepts and thanhands

toolsthey use in class to document system requirements through experimentation,
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feedback, and play. Another goal of the game was to allow students to put on the hat of a
systems analyst and experience the process of developing an application in a short time
span and safe environment. The game was developed using two different undergraduate
student interns over a yeandhalf period and was developed in Adobe Flash.

The game was implemented during the Spring 2007 semester as a regular part of
the course instraion, with a reflection assignment tied to the experience of playing the
game. The course for whidhifecyclewas designed and in which it was implemented was
a sophomore level course in a computer information department at a large, urban,
commuter campu the Mid-west. The course was titl&}stems Analysis and Design
and was required of all majors in the department. As a commuter campus, the student
body of this university was nearly equally comprised of both traditional students and non
traditional stulents. The researcher had taught this course with some regularity for a
number of years with occasional breaks. Th
2007 section of the course, following a pi

In orderto gather data on the of the designed instance of the GATE theory, the
educational video gamejfecycle students willing to participate in the study were
individually interviewed by the researcher before and after playing the game for the first
time. Stidents in the study are referred to by a randomized student number assigned to
them. The class was composed of fifteen students, three female (students 2, 8, and 10)
and the rest male. Fourteen of the students agreed to be interviewed, the lone exception
being one of the female students (student 10). The class included one femalatinen
speaker (student 2), and two male, /manive speakers (students 1 and 13), both of whom,

unlike the female, had strong command of the language. Three of the matesstnde
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including either of the nenative speakers, were ntraditional aged students, two were
middle-aged (students 11 and 14) and one was nearing retirement (student 4).
3. Collect and Analyze Formative Data on thestance

The researcher conductemtative evaluation (Bloom, Hastings, & Madaus,

1971; Cronbach, 1963; Scriven, 1967; S. Thiagarajan, Semmel, & Semmel, 1974) on the
implementation of th&ifecyclegame with the expectation that it would help to improve

the GATE theory. Reigeluth and Fri¢k999) stress that the most useful form of data
gathering comes from conducting interviews. Using s&mictured interviewing,
background on the studentsod6 experience wit
educational video games as well as their petspes onLifecycleand recommendations

for improving it were gathered. The students were video recorded as they played the
game using software on the computer to capture the screen as they played, and their
gameplay analyzed (see Appendix A). In additibwe, faces of the students as they played
the game were captured using an unobtrusive Webcam built into the computer they were
playing the game in order to record video and audio to help describe their play experience
with the game. Students were of coypseviously notified as to what was being recorded.

A focus group interview was also conducted with all of the students in the class in
order to gather data regarding their additional experiences in playing the game and to
confirm data reported in the inddual interviews as well as additional recommendations
for improving the game.

In addition, student written reflections in the form of a class assignment to reflect

on the experience of playing the game and what strategies the student tried and found
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effective in the game were collected and analyzed. Member checking of student
interviews was conducted via email to improve the validity of the analysis.

Design documents created during the design of the game were also reviewed and
analyzed to highlight dem decisions and changes made to the design based on various
prototype evaluations. The purpose of analyzing these data was to identify strengths,
weaknesses, and potential revisions of the GATE theory.

4. Revise theristance

Reigeluth and Frick (1999) evhasize the importance of applying the findings
throughout the course of the project in order to revise the implementation, rather than
waiting until all data have been collected to make changes. A pilot study of the
implementation was conducted in the sartass during the previous semester, and the
data was used to identify errors in the game itself. However, the instance described in this
study was not revised during its implementation. Also, the GATE theory itself calls for
evaluation of prototypesthmog hout t he gameds creation, s
structure were previously implemented but outside of the scope of this study.

Given the complicated nature of revising a technically complicated video game, it
was not feasible to make ad hoc changehie game during this implementation.
Furthermore, the short tirepan of this project allowed little time for changes to how the
game was implemented in the class. However, results of this study will certainly inform
revisions made to the theory priarthe next implementation of the game in the course.

5. Repeat the Data Collection and Revisiogdle
Reigeluth and Frick (1999) recommend repeating the cycle of collecting and

analyzing data as much as possible. By repeating this cycle, the reseaatietas
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confirm results and identify situations and contexts in which specific aspects of the
theory may not work as effectively as in others. This study represents the first round of
data collection, analysis, and revision. The researcher intends toctdundiner cycles in
future implementations of the course.
6. Offer Tentative Revisions for thehiEory

While Reigeluth and Frick (1999) recommend making revisions throughout the
process, this study represents only the first implementation to be teshectloéory and
was conducted over a relatively short period of time, as the game made up only a
component of a larger course. The results section of this study presents recommendations
for revisions to the theory based on the data analyzed during this Btudye studies
will be conducted following revisions to both the theory and the specific implementation,
and they will generate recommendations for additional refinement to the theory.

Methodological Issues

Qualitative research has faced continued asiticfor lacking rigor, validity, and
reliability by proponents of the quantitative approach. In fact, this viewpoint has received
support in the current political climate as reflected in the No Child Left Behind Act of
2001 and the National Research Colu(dRC) (Denzin & Lincoln, 2005; Lincoln &
Canella, 2004), which promote positivist, experimental research that encourages
researchers to employ Arigorous, systemat.
and valid knowl edg e 80). Ré&yglathnandsFrick 999) note2h@at0 4 , p
case study research has been criticized for a lack of rigor; therefore, it is important to
attend to three methodological issues: construct validity, sound data collection and

analysis procedures, and attentiomémeralizability to the theory.
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Construct \alidity

Construct validity focuses on fAnestablis
concepts being studiedodo (Yin, 1984, p. 37)
specifications for formative researcthetconcepts of interest for this study are: the
methods offered by the GATE design theory, the situation that influenced the use of those
methods, and the indicators of strengths and weaknesses of the GATE theory.

Reigeluth and Frick (1999) note that there two ways in which construct
validity can be weakened: by not faithfully including an element of the theory and by
including an element not called for by the theory. As the researcher designed the
implementation, every effort was made to closely f@lthe guidelines of the theory, as
much as resources allowed. As the developer of the theory, the researcher had a high
understanding of what the theory called for and how it was to be implemented.

Yin (1984) provides three approaches for increasing oactstalidity: using
multiple sources of evidence, establishing a chain of evidence during data collection, and
having the case study report reviewed by key informants. As previously mentioned in the
study design section, data were gathered from multqaleces, including individual and
focus group interviews, observation of participants playing the game, as well as
document analysis. The researcher kept detailed notes on the interviews in order to allow
the reconstruction of where data were derived frand, all interviews were also audio
recorded. Finally, the researcher used member checking to allow participants to review
and confirm the analysis drawn from their comments.

Sound Data @llection and Analysis Pocedures
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Reigeluth and Frick (1999) note twaajor factors that influence sound data

collection and analysis procedures: fdthe t
credibility or accuracy of the datao (p. 6
enhance the thoroughness ofthedatai ncl udi ng: MfAadvance prepat

emergent dataollection process, gradually decreasing obtrusivity, iteration until
saturation, and identification of strength

Advance preparation of participants. Theresearcher utilized students from his
class, many of whom he had in previous classes. On the first day ofielagermed
them of the study and their opportunity to take part. The classroom environment was
largely projectbased, and students were usethteracting with the researcher in each
class, so a good working relationship between the researcher and subjects had been
established in advance.

An emergent datacollection processs recommended in formative research as
weaknesses in the theory areitglly not known heading into the study. Therefore,
openended probes and flexible data gathering techniques are recommended. The
researcher utilized opeanded questions in both foegsoup and individual interviews.
Furthermore, earlier interviews infoed later interviews, allowing for exploration of
emerging themes.

Gradually decreasing obtrusivity calls for the researcher to gradually become
less obtrusive in later rounds of data collection. As this study represents the first round of
data collection iad the first implementation of the theory, the level to which the
researcher could lessen his obtrusivity was minimal. In future implementations, the

researcher will be able to further remove himself from interrupting the implementation
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and allow it to ocar more naturally. However, for this study, gathering rich data was of
great importance. That being said, students interacted with the game at their discretion at
a time and place of their choosing within the flow of the normal course routine as a part

of completing an assignment. The researcher only involved himself in the research
process during the interviews and the observations, which were done by viewing the
video record of the students playing the game rather than the researcher actively watching
thestudents.

Iteration until saturation focuses on continuing iterations of data gathering until
prior findings are confirmed. Each student represented a different iteration of the data
gathering process and allowed confirmation of the findings. Multipérviews and both
individual and focugyroup interviews were conducted to confirm prior findings.

Identification of strengths as well as weaknessésa focus of the study,
identifying not only how the theory might be improved but what it currently deds w
and therefore should not be changed.

Reigeluth and Frick (1999) also offer several techniques for improving credibility
of the data: #Atriangulation, chain of evid
researcher s assumpitdalnsar ibd mtsetsi,ormhd( gd.he®
recommended techniques of triangulation, chain of evidence, and member checking have
already been discussed as techniques for improving construct validity and also apply here.
While it should be noted that the raseher had potential for bias as he developed both
the theory being tested and the game comprising the focus of the theory implementation,

it should be noted that the goal of this study was to improve the theory; therefore, it was
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I n t he r e sest#ffind dagarwbich could hest support improvement of the
theory. The formative research approach was chosen for this reason.
Attention to Generalizability to the fleory

Reigeluth and Frick (1999) also note that rigor in formative research can be
enhaned by improving how the results can be generalized to the theory using two tools:
recognizing situationality and replicating the study.

Recognizing situationality. It is important for the researcher to probe possible
situationalities that may restrict hayeneralizable the results of the case are to other
cases. This study utilizes rich descriptions of the situation in order to provide a level of
detail that can allow readers to examine how the context described might differ from their
specific context. Fthermore, the GATE theory itself incorporates situationalities that
allow it to deal with a broader range of contexts.

Replication. As previously stated, this study represents the first evaluation of
both the theory and the specific implementation forfature studies are planned to
confirm findings of this study using théfecyclegame implemented in a similar format.
Additional studies will also examine the implementation of the game in an online version
of the course. Once findings are confirmed #raimplementation format is further
explored, it will be necessary to implement the theory in a different context and conduct
additional rounds of evaluation.

Conclusion

This chapter has described the formative research methodology that was used in

this study to improve the GATE instructional design theory. It has also justified the use of

this methodology and detailed the techniques implemented to improve the rigor and
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validity of the study. The following chapters present results of the data analysis and

initial recommendations for improving the GATE theory.
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CHAPTER 5: RESULTS

Introduction
In this chapter, the results of the study are presented. As the goal of this study was to
evaluate the GATE instructional design theory and identify improventérgsshapter is
organized into findings for each of the three GATE meth@ijsdevelop a context,
problem space, or world of experience and supporting implementation structure, (2)
prepare learners to benefit from game and implement game as desigin@Yiprovide
feedback. Each of these sections first describes what happened in-thetbols,
meaning how that particular subethod of the ovearching method was implemented in
this study, and then presents an evaluation of what did and did not gandeientative
recommendations for the method as a whole.
(1) Develop a Context, Poblem Space, or World of Experienceand Supporting
Implementation Structure

The first method of the GATE theory is to develop a context for the game to be
developed as wetdls the supporting structure for implementing the game. This method is
composed of a number of saiethods which detail the design and development of the
game and its implementation structure (see Chapter 3). This section details what
happened during the opletion of this method of the GATE theory during the design
and development of the educational gahiiscycle the instance being evaluated in this

study.
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1.1 Select aropic or Multiple Topics whichCan beConnected byrhemes
What Happened?

As previousy mentioned, the course the researcher chose to implement the GATE
theory in was an undergraduate couBgstems Analysis and Desigimong the courses
taught by the researcher, this course involved the most predasing oriented
approach, rather thanfocus on technology skills. The course also focused on ®bject
oriented (OO) systems analysis and design (SAD) (known collectively as OOSAD),
analyzing systems rather than building systems, a process much more grey in nature than
most courses in the depasent. The grey nature of the course, where there were no right
or wrong answers to design problems, often did not come naturally to the computer and
information technology students, who consequently lacked engagement with the topic.
The researcher there®concluded that the course seemed best suited for the GATE
theory and its goals of engagement and increased understanding through {sadbiegn

As a required cours&ystems Analysis and Desigas often taken in the
sophomore year. It required a ce@ on database design as a pre enequisite; however,
other than this restriction, students took the course when they chose. Because of this and
the fractured nature of coursework at the University level, it was difficult to provide
specific linkages @oss courses. It was therefore decided that a single topic would be
chosen rather than multiple, connected topics.

What Did and Did Not Go Well?

The choice of the process of analyzing and designing a system as the primary

topic for the context being deloped seemed a natural one. The researcher had identified

this particular topic as a potential for the GATE theory a number of years previously, and
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felt that it was a good fit. Ond totsudemtd a

forthisclassYou can s e dqthe game actioey ht ahta twes§rien & d iasg ] O

(Student 8, interview).

Originally, an additional focus on OO terminology was planned for the game as
well; however, it was deemed that given that the course did not require an OO
programming course as a preguisite, students would likely struggle with the terms and
concepts of OO due to a lack of actual experience with using them. As the game was
being designed, it became clear that the OO concepts and terms did not fit vigrinneat
the growing context of the game, and these elements were cut from the list of objectives.
Tentative Recommendations

It seems likely that th8ystems Analysis and Desigourse could potentially
benefit from being more closely tied to other coursgb@University through shared
themes. However, these ties were not currently in place with the course, and it was
therefore decided to focus on a single topic well suited to benefit from an application of
the GATE theory: the process of analyzing andgiesg a system.

The topic of SAD could certainly be seen as composed of multiplhsumbes,
such as the importance of both communication and technical skills, change management
processes, the iterative nature of the design process and so forth. Tlygspoancepts
were certainly included in the game and are naturally related to each other in the SAD
context. It would therefore be possible to examine each of thedeab in more detalil
in a game with a larger scope. As it was for this study,ithitel scope of the game,
which will be discussed in the section on method 1.3, resulted in a fairly narrow focus on

SAD, even though these multiple concepts were included in the game as learning goals.
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While a focus on interrelated themes is an importantept in the GATE theory,
it seems wise to keep the relation of any themes natural. Therefore, the relationship
between these themes would need to be explored and established. It is highly
recommended that future formative research on the GATE thearyiea the relation of
multiple topics within the context as this aspect of the theory was not explored in this
study. As for this study, no data from t
a topic resulted in recommendations for improvemeniisfsubmethod.

1.2 Define SupportedLearning Goals
What Happened?

The researcher began defining the desired supported learning goals for the game
by first analyzing what learning gaps existed in the course in its existing format. The
resear c heexpgrencg teaghing the course allowed him to note certain SAD
concepts and terminology that students often struggled with or failed to demonstrate
appropriate understanding of. As participants in a prdjased course, the students in
Systems Analysiand Desigrspent the majority of their time working in groups on a
project. Because of this, the researcher felt that the students might be missing some
important conceptual lessons related to SAD because of a lack of seeing the big picture.
Furthermorea career as a systems analyst was a real possibility for these students, and a
very important goal of the course was to
responsibilities and necessary skills in a more engaging fashion than tteedy
project workthat can grow old over the course of a semester.

The researcher identified important concepts and terminology related to the SAD

topic and determined that these would determine learning objectives for the game. He
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also contacted other instructors for ttmirse to review the objectives he had determined

for the game and make recommendations regarding them. The objectives for the game

were to highlight and scaffold important concepts such as those discussed above, as well

as the importance of such issusséffective teamwork, appropriate change management,

the dangers of scope creep, the importance of business knowledge, strong communication

skills, involving stakeholders, quality control issues, stakeholdetirguand

understanding the overall OOSAD pess and how the different models relate (see

Appendix B). These concepts were covered in the class but typically as part of a short

lecture or intermittently at various teaching points throughout the semester. It was felt

that by using a game to shortepraject development lifecycle to one playing period on

a computer, these concepts would be substantially highlighted and reinforced.
Additionally, the researcher felt it was important to scaffold terminology used in

the course, including terms such asmeoreep, change management, stakeholders, and

feasibility (see Appendix B). And, the researcher also felt that it was important to help

students to recognize the relationship between managing scope creep, fully identifying

system requirements, managingnbe requests, developing a quality system, and

meeting schedule requirements, as well as understanding the iterative nature of the

OOSAD process and how models relate to each other and should be frequently revised to

reflect changes in the project. Funiimere, it was important to try to convey how, in real

world projects, Mur phydéds Law (what can go

possible time) and unpredictability are the norm. It was felt that the more isolated and

static nature of the classroomopect did not represent these issues and relationships well.

What Did and Did Not Go Well?
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In determining the learning goals for the game, the researcher felt confidence in
his analysis of learning goals based on past experience teaching the courseerHowe
despite repeated attempts, feedback on these goals from other instructors was minimal
and largely only supportive in nature without providing additional insights. Because of
this, the researcher felt somewhat isolated in identifying the goals, alaspect of
designing the game. The researcher also removed some potential learning goals due to the
challenge that would be presented in trying to incorporate them in the game. This is also
discussed in sulmethod 1.3 as part of the feasibility analysis is worth mentioning
here as well. A key goal of the course and SAD as a topic is helping learners to become
comfortable using specific tools of an SAD methodology in the form of design models.
This and the inclusion of OO programming terminology anttepts were other goals
which were originally brainstormed by the researcher but removed from the final list due
to game scope issues.

Tentative Recommendations

While the researcher felt comfortable with the learning goals he defined for the
game, there waano true evaluation of the relevance or importance of these goals. As
mentioned above, the researcher did seek additional input from other instructors but was
largely unsuccessful in obtaining much of value.

The theory could be strengthened by providingdelines for evaluating the
importance and relevance of learning goals and reaching consensus on learning goals
when a team of designers is involved. Furthermore, the theory offered no guidance
outside of its stated goals on evaluating the appropriagearidsarning goals for the

GATE theory. As the developer of the GATE theory, the researcher felt comfortable in
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specifying learning goals that focus on developing greater understanding of SAD
concepts and problem solving skills. However, the identificabilearning goals could
have been greatly guided through input from the students themselves. However, student
input on learning goals was never obtained at any point in the process of defining those
goals, and the theory might be improved by specifyughsn approach.
1.3 AnalyzelntendedL earning Environment, Learner Attributes,
and DesignEnvironment in Order to EstablishAvailable Resources an€onstraints,
ConductFeasibility andReturn onlnvestmentAnalyses, andspecify Scope

What Happened?

Learming Environment.As previously mentioned, the researcher was quite
familiar with the learning environment the game would need to fit into as he had been an
instructor of the course for several years. When designing the implementation of the
game in the corse, it was decided that, given the already intense schedule of the
semester, coupled with the lack of available resources for development, the game should
be a relatively short one that would allow students to play through a SAD lifecycle
quickly and mutiiple times to gain feedback, identify underlying concepts and
relationships, and identify best practice strategies for not only winning the game, but also
applying its lessons in the real world.

Furthermore, the researcher recognized that a majorigctibss of the course
were offered online each semester. He therefore believed that the game could be
particularly valuable to online students who had much less instructor and peer interaction
and feedback than students enrolled in the physical coursas lletermined that the

game shouldbeWebased to allow for it to be implert
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section and thereby have greater impact. This also allowed the game to be playable by
anyone with a browser, increasing the availability of theeg#o students who wished to
play at home

Learner attributes. The researcher was also quite familiar with the learners who
would be wutilizing the game as he had taug
seven years. In analyzing the attributes ekthstudents, he realized several issues which
were I mportant to the gameds design. The f
and female students in the course each semester, and it would therefore be important to
keep the game gender neutral ib#itpossible to allow both male and female students to
put themselves into the role of an analyst.

Another learner attribute of note was that the students were commonly non
traditional students, adults working filime who took classes online or on theekends.
It was therefore important that the game be easily available online and playable on any
computer with a browser, as mentioned previously. Additionally, as students who worked
full time and often had families, they would be more likely to playgtme if it did not
require a great deal of time from them, as they had so many commitments already.

Finally, it was common to have international students in the course. It was
therefore thought that it would be important to provide game feedback in arfakht
did not rely solely on listening comprehension, which could prove more challenging to
students who were nemative speakers.

Design environment, available resources and constraifde. analysis was
needed for the researcher to recognize he hdmidget for the game and was limited to

using available students who would develop the game in return for University credit as
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student interns. Because of this and the need for ab&/séd game, it was determined
that Adobe (then Macromedia) Flash wouldthe most suitable development technology.
Flash uses a scripting language called ActionScript which is very similar to JavaScript,
another scripting language commonly taught to University computing majors.

Feasibility and return on investment analyses asgecifying scopen
recognizing the limited resources available, the researcher realized the need for a game of
limited scope as he would have to rely solely on student interns to develop the game.
Furthermore, given that most students would only wantan gl e semester 0s
internship credit due to a limited number of elective courses in the major, it would be best
if the game could be completed in a single semester. This would certainly be a challenge,
and it was therefore determined that aspeictseogame would need to be prioritized so
the critical features were developed first and additionalanaical elements could be
added later if necessary. As for return on investment, nothing would be invested outside
of the resear skmwagningmalt i me, so the ri
What Did and Did Not Go Well?

Given the limited resources available to the researcher as well as the learning
environment the game would be implemented in, it was decided to keep the game rather
simple. Having no budget not only restridtie potential development of the game, but
also placed the researcherés time as the
potential for strong returns on the investment, as multiple sections of the course are
offered each semester, and tleirse is required of all computer and information
technology majors. The analyses of the learning environment, learner attributes, and

feasibility and return on investment potential were all rather straight forward for the
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researcher, given his familiarityith these aspects and no problems were experienced
conducting them.
Tentative Recommendations

As no costs beyond the researcheros tim
costbenefit analysis of the study was a simple one. Furthermore, giwéimited scope
of the game itself due to a reliance on student developers, the available design technology
was also necessarily limited. In a game of larger scope, a strong feasibility and cost
benefits analysis would be extremely important. Therefordewlie theory in its current
form was perfectly adequate for this study, more in depth guidance on these analyses
would be beneficial for future designers.

1.4 Define Rules of Context andOverall Structure of Game,Including
Story, Goals, Objects,Supported Actions, Feedback] earnerRoles, andEmbedded
Values
What Happened?

As mentioned in chapter 3, the research
Diffusion Simulation Game mpact ed not only the GATE theo
Li f e c Pesignmgdtisainderlying rules that drove the gameplay was the most
challenging aspect of the design process. In order to better understand underlying rule
structures, the researcher sought to break dowbithesion GameTo better understand
the underlying structuref the game, the researcher met with Dr. Molenda, the designer
of the original board game version of the game, and he brought out the original board
game and identified how its underlying rules and relationships reflected the learning

objectives he had iahded to embed in the game (personal communication, February 25,
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2005). The researcher heavily modeled the notion of choices unlocking additional actions
and player feedback after tbffusion Game.

Game structure and rulesl'o determine what factors dre the rules of the game,
the researcher turned to the learning goals he had identified and the concepts which were
to be embedded in the game (see Appendices B and C). As previously mentioned, these
included such issues as quality control, change managetimeliness, stakeholder
involvement, understanding of the business problem, and an iterative design process. A
number of these concepts became underlying variables driving the structure of the game.
The scoring andameplaywverebased on five variableime remaining to complete the
projects y st e ms busineskngwdetge, gjualityf the systemclient satisfaction,
and projectompletionstatus.

As the researcher had defined the context as a SAD process, students would be
playing the role of aystems analyst. Therefore, the goal of the game would naturally
emerge from this. Based on his own knowledge of the goals of an effective systems
analyst, the researcher defined the goal of the gammevelop the highest quality system,
in the least amau of time, with the highestustomer satisfaction

Embedded valueslust as the researcher relied on his own knowledge of the topic
to design the rule structure of the game, he also was able to embed values in the game
based on his knowledge of what veduare important to a successful systems analyst.

Many of these aspects were stressed by the researcher in course discussions each
semester, so they were quickly identified. They included such values as the importance of
usercentered design, being a goommmunicator and team player, and developing a

strong understanding of the business problem before proposing a solution.
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What Did and Did Not Go Well?

Focusing on identifying the underlying factors behind the success of a systems
analyst allowed the reseder to use his knowledge of the topic to try and structure a
realistic representation of the SAD process. As the sole designer of the game, he was able
to brainstorm the rule structure of the game, analyze the resulting design, and make
revisions quite gickly. As described later in this chapter, paper prototypes of the game
helped the researcher to test his designs early and easily make changes to the rule
structure to balance gameplay appropriately. There were no real problems that the
researcher was ane of regarding the process of designing the rule structure of the game,
outside of the initial daunting task itself. However, by letting his knowledge of the topic
and the gameds | earning goals guide hi m,
was hrgely easy and seemed effective.

One significant test of how well the game was structured is student perspectives
on the realism of the game, which the theory identifies as an important aspect of-this sub
method (see chapter 3).

Student perspectives ongh g a me 0 sStudeatsféltithatriny and large the
game accurately reflected the experience of being avadd analyst, with a few
exceptions. One student noted:

Yes it does a real we[kic] job representing what a systems analyst has to go

throuch while creating a system. It mentions the creating and refining of the use

cases and several diagrams. The game shows the people that the analyst must
interact with. It also lets the user test out the system to make sure it runs
smoothly and to the ovenr 6 s s p e(Studént & raflectiom assignment)

Another student reiterated this, saying:

| think it accurately modeled the real world, and in the sense of how you would
manage it in the real worl d. Yowdvienow,
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got to have technical skills and manners. You need to go through all your

documents in order to implement the other one. And usability tests. | think, ah, it

Ssimulated the, the way youb6d have to ma

everything to get difference(Student 11, class debrief)

The student who worked professionally as a systems analyst also agreed that the
game was an accurate reflection of his job, particularly highlighting some of the
unpredictable occurrences that the game dealt ¢hg @ Actuallyfisurprisingly yes,
there are a lot of frustrations in the game and a lot of communication breakadviais
in real life is surprisingly accurate ( St udent 14, reflection)

One interesting dialogue that occurred during the class debried slast debate
amongst the students as to whether the game was realistic or not. One student did not like
the turrbased nature of the game, feeling that a week was too long a time period for most

of the actions in the game, a point which several studisagreed with, including the

professional analyst:

Student 15: |l 6d really I i ke to see a di
because itdéds really wunrealistic to say

case, or a week to talk to someone. Llke, under st and why youdr e
itds a turn, but in the real world, unl
week to do hardly anything that you have listed on there.

Student 11: No é

Student 14: I dondt knonheéusetagesn on week

Student 15: I f youdre a systems anal yst
Student 11: Maybe.

Student 14: Yeah, |l 6m on week five on t

Student 11: Hmm, really?!
Student 14: Yeah.

Student 1: Actually? Really?
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Student 14: A real life use case, yeah.

Student 11: How many of them do you have to do?

Student 14: A hundred and one? [laughs]

Student 15: 't just doesndét make a whol
like, you know, &lk to somebody. And like, as he said, it took him like five weeks

to do a usease. Uh, and it only takes you like one week to do @ase So

maybe like balancing things o(dlass debrief)

Of course, the turbased system of the game is somewhagalistic in that most

activities would not take one week to complete as they do in the game, whether it is

developing a use case or talking to a client. However, not many students expressed much

concern regarding this. A number of students did point @ulinfitations of the scope of

the game by highlighting the lack of any actual development of diagrams or

communication of what about the diagrams needed to be revised:

In other ways the game does not represent an adadygteriences regarding

actually eing the use case diagrams, class diagrams and, activity diagram. The
game seems to miss the discussion with the customer regarding the diagrams and
in particular what is right with the diagrams and what is wi@tgdent 4,

reflection assignment)

Another student pointed out the limitations of the lack of further depth and
eractivity due to the gameds scope:

Just clicking, you knowfidevelop use caee&l o e sln 6dton 6t ,teachal | v f ee
people about being a systems analyst. Like maybe showing theetase or

having them work on one might be more helpful. d ondét r,edl lyp ufée el
using it as a teaching tool, just clicking on, you knéedit usecas®, frevise use

cas®, that kind of thing, thatdoes6t r eal | y t eigjusttkindpofo u wh a't
shows you the process (Student 15, class debrief).

Again, the students are absolutely correct in that the limited scope of the game has

resulted in some severe limitations as to the realism the game is able to present. These

issues should strohgbe considered in future versions of the game. However, the
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elements they highlight are a part of the supporting prdjased work in the class, and
the game is certainly not intended as a st@nde educational tool.
Tentative Recommendation.

Thedef ni ng of the gameb6s context and wunde
by a desire to realistically present a context which would well support the desired
| earning goals given the necessary | imitat
narrativei n t his studyds game, the context was
underlying game rules.

The theory might be improved by encouraging a more creative brainstorming
approach. The same learning goals might be supported by a variety of contexts and
appoaches, and on a project with a larger development team, it would be beneficial to
initially brainstorm multiple contexts for the game. The inclusion of user feedback on
coming to a consensus on what context is best suited for the highest levels ofrengage
and learning with the game could be an important aspect of the method which is not
addressed by the current theory.

1.5PromoteDesiredLearning OpportunitiesThrough Introduction of Key Obstacles,
Problems, andPlot Elements within theGameand thelmplementation

What Happened?

Apart fromtheg a me 6 s pr i mar y-basetcanaemtdvarerinrodacedd r ul e
throughavailable game actions, obstacles and challenges within the gamandodh
impacts built into thgame After deciding on the goal of éhgame and what variables
would determine how well players were able to reach that goal, the researcher designed

what actions would be available to the players, again based on his own knowledge of the
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OOSAD process which composed the topic of the gameseTaetions were largely taken

directly from the UML OOSAD methodology taught in the class. For example, player

actions included the building and revising of the exact design models taught in class.

Ot her actions also arosef fwhan tdaes y®etsemg car
responsibilities are on a real SAD project. These included such actions as talking to
stakeholders, testing the system, and communicating with other members of the

development team. Again, as recommended by the GATE methodatitese were

uncovered by looking at what actions an analyst takes in a real SAD project.

The researcher also wanted to identify additional challenges to the players and
again looked to realorld SAD processes to identify these. Design and developmant is
dynamic process and therefore, no matter how much care is taken, unpredictable things
occur which can sabotage a project. Looking at these ideas as well as the learning goals
of the game, the researcher was able to identify random impacts that cthdd é&imbed
important concepts in the game, and related actions the players could take to address
these occurrences.

A goal of this game was to help students to understand what an analyst does as
well as what skills are important to pursue a career asaysam heseinclude strong
communication, technical, and teamwork skills. These concepts are reflected by negative
random impacts that can occur if the player does not have the foresight to strengthen each
of these areas hysing the appropriate actionhi§ can be further described by looking at

the random impacts in the gaifsee Appendix C)
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Random impacts are used in the game to both add variability and increase the
value of replayinghe game, as well as to reinforce additional concepts, such as the
importance of various skills to a systearsalyst as well as the unpredictable nature of
real world development (see AppendixTlhese | mpacts are meant t
fun andunpredictable nature and make each replay different than the previdesisb
reinforcing additionatoncepts covered in class.

What Did and Did Not Go Well?

Agai n, by following the GATE t-heoryds r
met hodds process on capturing realism and
process otlesigning player actions, random impacts and obstacles in the game went
smoothly.

The previous section noted the | argely
realism. There were some issues with the random events that occurred in the game and
made sme students question how realistic the random events were. One student noted
his frustration with having repeated team members get sick during one of the times he
pl ayed tlffpeoplgveeragettingfsick that much in a company | warking for
Ilwou d | eave themo (Student 5, reflection as

While experiences like this were frustrating, other students highlighted the
random events as reflecting the unpredicta
real world]you have to plan ahead deal with unexpected things lika] sick team
member or waitingfor] confirmation fromtheboss ( St udent 1, refl ect i

Tentative Recommendations
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Student comments about receiving an inordinate number of the same random
event even after takg actions to lower the chance of that chance are corroborated not
only by video of student gameplay but al so
the game. For example, one student had two team arguments occur after having two team
meetings which hae the impact of reducing the chance of arguments occuring (Student
14, game play chart).

This issue was brought up with the developer multiple times, and the researcher
was repeatedly assured that the function was operating correctly, and it was just by
chance that the random events would occur again. However, this highlights the problem
that the researcher had to rely on the dev
by himself. A similar issue was solved by the researcher having the developeracrea
out put screen that showed the current valu
examining this, the researcher was able to identify where calculations were going wrong
within the gameds scoring structure and ha

ltisrecommaded t hat a gameds structure be ma
during development so that the designed rule structures can be verified and accurately
tested. Furthermore, the frustration of some students with the random occurrences
highlights the importate of ensuring that the obstacles and problems introduced in the
game fit naturally within the context and are tied to promoting learning opportunities
through the game. For example, in this case, most of the random events were tied to
specific game concég however, team members getting sick, while trying to accurately
reflect life, created frustration for at least one student as the event is not tied to any action

or SAD related concept.
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1.6 DesignSpecific ImplementationGuidelines andArtifacts, including External
Activities andPotential Demonstrations oMastery
What Happened?

The researcher based many of his implementation guidelines on his own
experience as a student playing Bifusion Simulation Gamia graduate school. In that
instance, studestplayed the game individually before debriefing the experience as a
class. The researcher therefore decided to structure his implementation of the game in a
similar way, with the addition of a written reflection assignment (see Appendix D) given
to the stidents prior to the class debrief to help focus their comments. Furthermore, the
Lifecyclegame was given to students to play pri
project, which required them to work in groups to fully document a fictional system. The
final project tied to the game in that students would be going through their own
development lifecycle of sorts using the researcher as their client and developing the
same models represented in the game as player actions.

What Did and Did Not Go Well?

The results of the implementation of the game in the course will be described in
later sections in this chapter. As for developing the implementation structure, again the
researcher was largely guided by his own experience; althoudhfébgclegame was
tied more closely to the SAD course goal s
experiences. Furthermore, as mentioned above, an additional reflection assignment was
developed as well. However, it did become clear to the researcher as he developed this
reflection assignment that the GATE theory stressed the importance of designing strong

implementation support but offered little guidance in how to do so.
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