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Games are an effective and cost-saving method in education and training. Although
much is known about games and learning in general, little is known about what com-
ponents of these games (i.e., game attributes) influence learning outcomes. The purpose
of this article is threefold. First, we review the literature to understand the “state of
play” in the literature in regards to learning outcomes and game attributes—what is
being studied. Second, we seek out what specific game attributes have an impact on
learning outcomes. Finally, where gaps in the research exist, we develop a number of
theoretically based proposals to guide further research in this area.
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he American Society for Training and Development (2007) estimates that orga-

nizations spend over $129 billion on learning and development. Within compa-
nies designated as American Society for Training and Development leaders in
training and employee development, nearly 40% of training is technology based,
including online learning, simulation-based training, and games. While high fidelity
simulations have been the primary tool for decades (especially in aviation and the
military), computer-based and console-based games (e.g., Xbox, Playstation) have
become the focus of recent research and training because they offer an easily accessible,
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low-cost, yet effective alternative for learning (e.g., Belanich, Sibley, & Orvis, 2004;
Driskell, & Dwyer, 1984; Rieber, 1996; Smith, Sciarini, & Nicholson, 2007). Others
disagree, arguing that games only lead to superficial learning, which does not satisfy
the educational needs of students (e.g., Egenfeldt-Nielsen, 2005, and Squire, 2004,
as cited in Mishra & Foster, 2007).

Despite the lack of supporting evidence by some researchers, the popularity of
games for education and training has increased over the past decade (e.g., Arnseth &
McFarlane, in press); Fletcher & Tobias, 2006). This has brought increased interest
in simulation and gaming organizations (e.g., North American Simulation and
Gaming Association, International Simulation and Gaming Association), scientific
journals (e.g., Journal of Educational Multimedia and Hypermedia Special Issue on
Learning and Teaching with Electronic Games), and gaming initiatives (e.g., Serious
Games).

Despite the increased attention, there appears to be some confusion in the litera-
ture as to what constitutes a game and what constitutes a simulation. Are they the
same or are they different? Can a simulation be a game and vice versa? This is not
to say that simulations do not contain elements of games and that games do not con-
tain elements of simulations. Indeed they do, as the following definitions describe.
Hays (2005) defines a game as “an artificially constructed, competitive activity with
a specific goal, a set of rules and constraints that is located in a specific context”
(p- 15). Furthermore, games lie on a continuum from humorous and lighthearted
(Dormann & Biddle, in press) to violent (C. A. Anderson & Bartlett, in press).
Simulations, like games, are interactive, with the purpose of achieving specific goals
in a specific context; however, simulations make “a serious attempt to accurately
represent a real phenomenon” (Crawford, 1984, p. 8) and generally incorporate a
model of complex processes (ranging from routine to extreme) that are determined
by a specific algorithm (Randel, Morris, Wetzle, & Whitehead, 1992). Figure 1
(adapted from Percivel & Ellington, 1980, as cited in Leemkuil, de Jong, & Ootes,
2000) illustrates the relationships between games, simulations, and case studies.
Although we chose not to focus on case studies in this current article, we think that
its inclusion in the figure is valuable at illustrating the relationship. Simulations are
widely accepted and utilized frequently in health care (e.g., Gaba, Howard,
Fish, Smith, & Sowb, 2001; Lane, Slavin, & Ziv, 2001), the military (Oswalt, 1993),
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Figure 1
Relationships Between Games, Simulations, and Case Studies
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business (e.g., P. Anderson & Lawton, 2008; Faria, Gold, Wellington, & Hutchinson,
in press), emergency management (e.g., Strohschneider & Gerdes, 2004), and many
other fields. Moreover, with recent advances in technology and computer graphics,
games can now accurately represent (or simulate) a task and/or environment, making
them a viable alternative to simulations. Readily available, commercial-off-the-shelf
games are thus becoming a staple in classrooms and organizations for education and
training purposes (e.g., Fong, 2000).

Research over many years indicates that the use of games for learning leads to
improved general learning, increased motivation, and improved performance (e.g.,
Blunt, 2007; Borodzicz & van Haperen, 2002; Bredemeier, & Greenblatt, 1981;
Chen, & Michael, 2005; Habgood, Ainsworth, & Benford, 2005; Prensky, 2001).
For example, Blunt (2007) used three different games in three different education
domains (i.e., Industry Giant II in business, Zapitalism in economics, and Virtual U
in management) to understand their impact on student learning. In each of the
education areas, students provided with a game to facilitate learning scored signifi-
cantly higher on tests. These findings were only true for students younger than 40
years old. Yet, as noted by Hays (2005), a finding regarding the use of a particular
game on a specific population does not tell us that all games are effective for all
learners in all learning situations.

In light of the above, it is safe to assume that the literature is lacking research that
links the various elements of games to types of learning. Little research indicates what
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aspects of games (i.e., what game attributes) lead to learning outcomes. In addition, we
do not know if the relationship between games and learning is direct or indirect, and if
so, what the mediating variables may be. We must also understand whether a single
game attribute leads to learning or if a combination of multiple attributes within a game
has a stronger effect. Many areas of research remain unexplored.

In 2002, Feinstein and Cannon presented a simulation validation process to address
the lack of a scientifically acceptable methodology to evaluate simulation-based learn-
ing. However, their purpose was to create a coherent framework from which to evalu-
ate simulations, and accordingly, their work provides a systematic way to categorize
simulation evaluation, with an emphasis on the validation process. There remains a gap
in the literature with respect to games: the links between particular game attributes and
learning outcomes. Tying game attributes with specific learning outcomes in order to
achieve targeted learning goals would appear beneficial to trainers, instructors, practi-
tioners, and certainly the learners themselves. Without being able to make explicit or
even inferred linkages between attributes and learning outcomes, questions regarding
development and appropriateness remain unanswered.

Given this, the purpose of this article is threefold. First, we turn to the literature
to determine the critical components of learning and learning outcomes. Second, we
seek out what specific game attributes are being studied in order to determine their
impact on learning outcomes (i.e., which attributes lead to which learning out-
comes). Our review revealed many gaps in the literature. Therefore, this led to the
development of a number of propositions hypothesizing the relationships between
specific game attributes and established learning outcomes. Our hope is to provide
the education and training research communities with guidance from which to exam-
ine the potential for instructional games to be effective learning tools.

What Are the Components of Learning
and Learning Outcomes?

Learning is a part of our everyday lives. Through formal and informal training
and experience, we develop our procedural, declarative, and strategic knowledge. In
recent years, the study of learning has moved away from the traditional model
(learning through lectures), toward a learner-centered approach, which encourages
and even requires more active participation on the part of the learner (Garris, Ahlers,
& Driskell, 2002). Instructional games, whether for education or training, directly
focus on active learner participation. Computer games were hypothesized to aid
instructional purposes because they theoretically provide diverse approaches that
can address cognitive and affective learning, interactivity, and, perhaps most criti-
cally, motivation for learning (O’Neil, Wainess, & Baker, 2005). Garris and Ahlers
(2001) speculate that motivational characteristics of games encourage participation
and that this greater participation leads to learning. In addition, research has
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provided some evidence that educational games aid in learning of complex material
(Garris & Ahlers, 2001; Ricci, Salas, & Cannon-Bowers, 1996). Yet it is still under
debate as to which particular aspects of a game lead to learning of any kind. Do the
motivating aspects lead to active participation or does the active participation
increase motivation? And what specific learning outcomes can be achieved? Without
evaluation of the impact of games on specific learning outcomes, games will con-
tinue to be categorized largely as motivating and fun, but instructionally useless
(O’Neil et al., 2005).

Researchers conceptualize learning as a process. Kolb (1984, as cited in Thatcher,
1990) defines learning as the process of transforming experience into knowledge and
that this process is composed of four phases (concrete experience, reflective obser-
vation, abstract conceptualization, and active experimentation). Others focus on the
conscious and unconscious aspects of learning and that while learning generally
occurs as a result of real life situations, it can also result from simulations or imag-
ined scenarios (Botkin, Elmandra, & Melitza, 1979, as cited in Thatcher, 1990). For
decades, one particular aspect of the learning process, motivation, has driven much
of the interest in instructional game research, with researchers creating theories of
intrinsically motivating instruction, using attributes of highly motivating computer
games (Malone, 1981) and discussing the implications of game motivation on class-
room instruction (Bowman, 1982). An understanding of the impact of games on
other learning outcomes has been lacking. Without a thorough understanding of gen-
eral learning principles, it is difficult—if not impossible—to effectively develop or
select the most appropriate training game, let alone evaluate its effectiveness.

Theories of Learning

Researchers have been interested in theories of learning for decades. For the pur-
pose of this effort, we reviewed the literature to determine which theories of learn-
ing are most relevant to investigating the impact of game attributes. As a part of this
effort, we chose the theory offered by Kraiger, Ford, and Salas (1993) to incorporate
into our conceptualization of games and learning for several reasons. First, this the-
oretically based model of learning outcomes is a multidimensional, construct-oriented
approach to learning—cognitive, skill-based, and affective outcomes, under which a
number of subdimensions are associated (more about this later). Second, this frame-
work serves as a guide for aligning evaluation methods to each of the specific learn-
ing outcomes proposed. Finally, we chose the theory proposed by Kraiger and his
colleagues because it is based on theories from a number of schools of thought
beyond psychology (e.g., Bloom [1956] from the education literature). This theory
is also based on cognitive, social, and human factors research. In the following sec-
tion, we discuss each of the learning outcomes within the Kraiger et al. framework,
focusing on various evaluation measures associated with each outcome (see Table 1).
We briefly discuss the major tenets of this theory next.
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Cognitive learning outcomes. Within the cognitive category, Kraiger et al. (1993)
developed three cognitively based, chronological, general evaluation measures.
First, the researchers propose that learners must gain knowledge. Specifically, learn-
ers gain three types of knowledge: declarative knowledge (i.e., knowledge about
what), procedural knowledge (i.e., knowledge about how), and strategic or tacit
knowledge (i.e., knowledge about which, when, and why). These three types of
learning outcomes describe the cognitive process of learning. These most closely
resemble Bloom’s (1956) subcategories of knowledge (later revised as remember)
and comprehension (later revised as understand; also see Krathwohl, 2002). These
types of learning lend themselves to certain measurement techniques such as the tra-
ditional notion of classroom testing. However, it is important to note the difference
between speed and power tests. Speed tests measure the rate at which individuals can
recall stored information, whereas power tests measure the accuracy of the acquired
knowledge. Both of these measures tend to focus more on declarative and procedural
knowledge, rather than strategic knowledge.

Once knowledge has been gained, the learner must organize that knowledge.
Knowledge organization involves grouping meaningful pieces of information into
mental models, which are stored in long-term memory for later recall (Kraiger et al.,
1993). This is similar to Bloom’s (1956) analysis subcategory, which involves break-
ing information down into conceptual parts through identification of motives or
causes. As an individual moves from the novice to the expert level, additional men-
tal models are developed and existing mental models become more complex. Models
that are more complex integrate problem definitions and solutions strategies for ease
and increased speed of recall (Kraiger et al., 1993). Bloom described this process as
combining pieces of information to create new meaning or “synthesis.” A later revi-
sion to Bloom’s taxonomy refers to this process as “create” (Krathwohl, 2002). A
number of measurement implications related to knowledge organization can be
drawn, most importantly that the measurement of supporting cognitive structures
may be the key to assessing the understanding of course material. At this level,
strategic knowledge is being measured most frequently (Kraiger et al., 1993).

Finally, using the knowledge previously gained and organized, cognitive strate-
gies are developed and applied. Within the Bloom taxonomy, this most closely
resembles “application” (i.e., use of a concept to solve new or novel problem) and
“evaluation” (i.e., making judgment about information). These are also similar to
“learning styles” as defined by Boyatzis and Kolb (1995). This stage encompasses
meta-cognition and self-insight. Kraiger and colleagues (1993) discuss differences
between experts and novices in regards to the broad spectrum of mental abilities that
relate to knowledge development and application. Measurement implications within
this category expand on recognition and recall by drawing on the trainees’ progres-
sion toward a learning goal and/or the awareness of the required stages in order to
achieve that goal.

(text continues on p. 227)
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Skill-based learning outcomes. Following the development of cognitive-based out-
comes, learners progress to skill-based learning that focuses on the development of
technical or motor skills. Psychomotor skills demand practice and can be categorized
within one of seven categories. These categories range from simple to complex: (1)
perception (i.e., using sensory cues to guide motor activity), (2) set (readiness to act),
(3) guided response (i.e., imitation), (4) mechanism (i.e., exhibiting habitual move-
ment patterns), (5) complex overt response (i.e., exhibiting proficient, habitual move-
ment patterns), (6) adaptation (i.e., modification of habitual movement patterns to meet
a special need), and (7) origination (i.e., creation of new movement patterns to meet
specific situations (Simpson, 1972). Skill-based learning outcomes are characterized
by goal orientation and the systematic organization of behaviors in a sequential and
hierarchical manner.

Kraiger et al. (1993) discuss compilation and automaticity as skill-based outcomes
(similar to the “complex overt response’ category mentioned above). Behavior dur-
ing the compilation stage (the result of both a proceduralization and a composition
process) is more fluid and quicker than during the initial skill acquisition stage as
errors are reduced, due in part to a more task-focused approach. Organizing and link-
ing behaviors are necessary steps to achieve skill mastery, understand the application
of newly learned skills, and modify behaviors as required by circumstances.
Automaticity specifically refers to a shift away from controlled processing toward a
more automatic operational mode, thus demonstrating fluid behaviors in an individu-
alized, accomplished manner. Automaticity is a combination of both adaptation and
origination from the Simpson (1972) model of skill-based outcomes. Learners mod-
ify or create processes to adapt to the demands of novel situations.

Measurement implications for each stage differ as the two constructs tap distinct
cognitive processes. Compilation can be assessed with behavioral observations,
hands-on performance measures, and skill generalization measures, while auto-
maticity would require performance measurement of the completion of simultane-
ous, multiple tasks, or the use of a single task to solve normal problems with the
addition of interference issues (Kraiger et al., 1993).

Affective learning outcomes. Finally, learning also shapes an individual’s feelings.
Kraiger et al. (1993) describe affectively based learning outcomes as involving
constructs such as attitude, motivation, and goals. Krathwohl, Bloom, and Masia
(1964) further subdivided these categories into five groups: receiving phenomena,
responding phenomena, valuing, organization, and internalizing values. Within the
Kraiger et al. framework, these outcomes are classified into two categories: those
that target direct attitudinal or preference changes, and those that indirectly focus on
motivational changes. Attitudinal outcomes include creative individualism, inner
growth, self-awareness, and change in values. Motivational outcomes include moti-
vational dispositions, self-efficacy, and goal setting. While often ignored, these vari-
ables are an important part of any learning outcome classification system, as attitude
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change is often a desired training/learning objective (Garris et al., 2002). Gagne
(1984) appropriately focused on these variables’ essential role by describing the
impact of these constructs on performance while touching on their dynamic nature.
He noted that attitudes are composed of both cognitive and emotional components
and believes that attitudes are internal states that influence choices of personal behav-
ior. While many types of learning can influence attitude change, Bandura (1977) dis-
cussed the importance of observational learning in his social learning theory. Gagne
extended this idea by saying that what a learner actually encodes is a representation of
the model person making a choice of action. This representation is then compared to the
planned behavior of the learner. An important implication for measurement relates to
the focus on both the direction and strength of the feelings or attitudes toward the
desired goal. The stronger the attitude(s), the more likely the attitude(s) will influence
the behavior. The direction (positive or negative) of the attitude will also determine the
resulting behavior.

With regard to the motivational component of this category, motivational dispo-
sition, self-efficacy, and goal setting are all integral individual difference compo-
nents that lead to motivational state changes. An increase in motivation can be a
desired learning outcome or can be a secondary one. Locke and Latham (1990,
2002), among others, have demonstrated that goal setting improves performance.
They believe that the mechanisms underlying the effects of goal setting (direction,
intensity, and persistence of effort) are the same ones that relate to motivation (for
more on the mechanisms that underlie motivation, see Naylor, Pritchard, & Ilgen,
1980; Pritchard & Ashwood, 2008). Bandura (1994) looks at perceived self-efficacy
as one’s belief about his or her capabilities. He argues that self-efficacy influences
motivation in terms of the amount of effort spent toward an activity and the persis-
tence of that effort. Positive changes in these motivational states throughout training
provide evidence that development has occurred, and this can be assessed through
self-report of confidence levels and goal commitment (Kraiger et al., 1993).

Summary of Learning Outcomes

In instructional gaming, we find a number of applicable learning outcomes.
Matching the desired outcomes with the game attributes, or rather selecting the game
attributes to produce a desired outcome, is a difficult task. As described above, learning
outcomes can be considered indicators for evaluation methods. The Kraiger and col-
leagues (1993) model of learning outcomes provides a systematic framework for
research on training or learning evaluation. Learning measurements are key variables
in the link between learning outcomes and game attributes. Instruction should be
designed in a way to achieve desired learning outcomes, and one way to assess this
is through measures that detect the desired learning outcomes. Any game that is
designed for instructional purposes should be heavily linked to instructional objec-
tives (Hays, 2005). Figure 2 provides a graphical interpretation of instructional

Downloaded from sag.sagepub.com at DEPAUL UNIV LIBRARIES on November 2, 2010


http://sag.sagepub.com/

228 Simulation & Gaming

Figure 2
Instructional Effectiveness as Degree of Overlap Between
Learning Objectives and Game Attributes

Instructional Game
Objectives Attributes

Instruc- More
tional Effective
Instruction

Source: Adapted from Hays, 2005.

effectiveness as the degree of overlap between learning objectives and game attrib-
utes. Through such an evaluative focus, one can begin to conceptualize a framework
designed to match instructional game attributes with desired learning outcomes.

What Game Attributes Are Being Studied?

Although experts share similar views on several characteristics, their opinions
also differ greatly in other aspects of necessary game attributes. Juul (2003) sug-
gested that games consist of six elements: rules, variable quantifiable outcome,
player effort, valorization of the outcome, attachment of the player to the outcome,
and negotiable consequences. According to de Felix and Johnson (1993), games are
composed of dynamic visuals, interactivity, rules, and a goal. Malone and Lepper
(1987) mentioned challenge, curiosity, control, and fantasy as integral features of
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games; and Thiagarajan (1999) asserts that conflict, control, closure, and contrivance
are the four necessary components.

In 2001, Garris and Ahlers cited 39 game descriptors; however, 12 of these gam-
ing attributes were found to be statistically significant and are important for increas-
ing the “game-like” feel of simulations. In a follow-up study, Garris and colleagues
(2002) discuss a subset of these attributes, which were considered the key gaming
features necessary for learning: (a) fantasy, (b) rules/goals, (c) sensory stimuli, (d)
challenge, (e) mystery, and (f) control. To date, we argue that Garris and associates
have conducted one of the most comprehensive discussions of game attributes in the
literature. Since Garris’s review is intuitively stronger than other reviews, we use this
as a departure point for this effort. However, we expand on that review by including
additional attributes that we believe also have an impact on learning. As a thorough
discussion of all attributes is not possible due to space limitations, we discuss a sub-
set of attributes here. Furthermore, we provide brief explanations of all the game
attributes we included in our review in Table 2 as well as references to assist readers
if they are interested in learning more about them. Our discussion for now focuses
on the subset of fantasy, representation, sensory stimuli, challenge, mystery, assess-
ment, and control.

Fantasy

Fantasy is a common attribute seen in many games, especially in computer
games. However, in more classic games (e.g., cross-cultural or business games), fan-
tasy is found in the game itself as well as in the participants’ mind. From shooting
laser guns to slaying dragons, to building businesses and even cities, fantasy is an
attribute that engages the learner. The fantasy element in a game represents some-
thing that is separate from real life and evokes mental images that do not exist
(Garris et al., 2002; Malone & Lepper, 1987). Researchers discuss two distinct
types of fantasy: endogenous/intrinsic (i.e., the content and the fantasy context are
embedded within one another) and exogenous/extrinsic (i.e., no relationship exists
between the content and fantasy context; e.g., Asgari & Kaufman, 2004; Malone
& Lepper, 1987; Rieber, 1996). Both types of fantasy can be used to teach math
facts. For example, DARTS uses darts and balloons positioned on the number line
to teach fractions (i.e., endogenous; Malone, 1980), whereas SUPER CROSS
teaches players math facts while riding a motorcycle (i.e., exogenous). Fantasy not
only allows the user to interact without fear of real-life consequences but also has
the added benefit of making users feel immersed in the game (Driskell & Dwyer,
1984; Garris et al., 2002). Research on fantasy has suggested that users become
more interested than traditional classroom techniques as well as nonimmersive
games and are therefore able to learn material more readily than when using paper-
based formats (e.g., Asgari & Kaufman, 2004; Cordova & Lepper, 1996; Parker &
Lepper, 1992).
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Representation

On the opposite of the continuum from fantasy is representation, or the precision
of reproduction. In other words, representation is the physical and psychological
similarity between a game and the environment it represents (Crawford, 1984).
Physical representation or fidelity is how accurately the game replicates the real-
world environment (i.e., the “bells and whistles”). In addition, psychological fidelity,
argued by Prince and Jentsch (2001) to be more important than physical fidelity, is
demonstrated when a game requires that users experience the same cognitive
processes to complete the task as they would if they were performing the task in the
real world. To illustrate, Microsoft FLIGHT SIMULATOR mimics the surroundings
a pilot experiences when flying an aircraft using realistic flight controls and aircraft
sounds (i.e., physical fidelity). At the same time, players are required to think like a
pilot and make similar decisions to complete the game successfully.

Sensory Stimuli

Tapping into the user’s senses, sensory stimuli involves presenting new and vivid
visual, auditory, or tactile stimulations with the purpose of distorting perception and
using temporary acceptance of an alternate reality (e.g., Nintendo Wii’s TRAUMA
CENTER: SECOND OPINION; see http://www.atlus.com/tcso/). These audio,
visual, and sometimes tactile effects can be used to enhance fantasy. In addition, sen-
sory stimuli can be effectively used as feedback for performance (Malone, 1980).
For example, a loud sound of an explosion and vibration in the controller may occur
when blowing up an opposing aircraft; similarly, a loud siren and flashing light may
designate a failed mission. Some games are even tapping into our olfactory senses to
create an immersive environment (e.g., Rosenblum et al., 2008).

Challenge

In games (and in most daily activities), things that are too easy or too difficult will
not pique our interest, as they lead to boredom or frustration, respectively. The opti-
mal amount of difficulty (or challenge) should match the user’s abilities to the skills
required to accomplish each goal. Ideally, the optimal amount of challenge embed-
ded in a game should create “motivational tension” (Driskell & Dwyer, 1984). In
other words, motivation is maintained by creating uncertainty about goal attainment.
Uncertain outcomes are challenging because of the variability depending on the
user’s actions, multiple goals, hidden information, and randomness (Malone, 1981;
Malone & Lepper, 1987). Research has shown that challenge is correlated with both
intrinsic motivation and “effectance” motivation (i.e., the desire to foster compe-
tence and efficacy; R. W. White, 1959).
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Mystery

Mystery exists when a gap exists between known and unknown information—but
unknown information is actually meta-information, as users must first know that the
information exists, even if they do not know the information themselves. For instance,
not knowing the location of an enemy in GHOST RECON is one example. The fol-
lowing qualities enhance mystery: novelty, complexity, inconsistency, surprise, incom-
plete information (Malone & Lepper, 1987), and the inability to predict the future
(Garris et al., 2002; Kagan, 1972). Mystery arouses curiosity within the user and can
exist in two forms—sensory curiosity (enhanced through novel stimuli) and cognitive
curiosity (provoked by paradoxical information). Users are motivated to fill in the gaps
and locate discrepancies in information. However, there is an optimal amount of com-
plex information, which is neither too incongruent nor too similar. If information is per-
ceived as being too similar, it will be overlooked and dismissed. On the other side of the
coin, information viewed as too inconsistent will be confusing and difficult to incorpo-
rate into our existing knowledge base (Garris et al., 2002).

Assessment

Assessment, the measurement of achievement within a game, is another attribute
fundamental for improvement and progression toward a game’s goals. Essentially,
assessment teaches users how to “play” the game by indicating what aspects of the
game are important. This is achieved by tracking performance, tabulating compar-
isons between players, and providing feedback to users. Feedback occurs when
something in the game changes as a result of the players’ actions; it immediately
informs users of their progress and whether their decisions were positive or negative
(Prensky, 2001). Moreover, feedback is offered through many different mediums
(e.g., numerical score, graphically, orally, and tactile). Based on this information,
players learn from their actions and adjust performance accordingly. In order for
players to improve performance and even enhance learning, it is critical that they see
the connection between their actions and the outcomes. According to Chen and
Michael (2005), this connection can occur through three forms of assessments: com-
pletion assessment, in-process assessment, and teacher evaluation. Completion
assessments are simply asking the question, was the task completed; did they get the
right answer? In-process assessments focus more on processes (e.g., what are the
steps players took to complete the task?) rather than outcomes (e.g., time to com-
plete task, number of errors, performance score). The decision made, for example,
by a player to accomplish a goal can be equally important and possibly more infor-
mative than whether the player made the right decision. Last, teacher evaluations
are a combination of completion and in-process assessments. A facilitator can pro-
vide both an evaluation at completion as well as instructions during the process to
provide the user with guidance.
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Control

The final attribute we feel is critical for learning is control, or the users’ ability to
influence elements of their learning environment (e.g., the type of feedback received,
how they navigate through content, and their pace through the game; Stoney & Wild,
1998). Furthermore, control allows users to make the interactions progressive and
personalized (Harbeck & Sherman, 1999). For example, in the SIMS games, users
can select the appearance of their character and can determine the ultimate outcome
of that character. When given control over their learning, research has shown that
students invested more and attempted more complex strategies than when they had
no control (e.g., Cordova & Lepper, 1996).

Summary of Game Attributes

Although the literature varies regarding which game attributes are critical for
learning, many researchers agree that educational games do serve a purpose in the
learning process and that they may lead to greater cognitive, skill-based, and attitu-
dinal gains over traditional instructional methods (e.g., Egenfeldt-Nielsen, 2007;
Vogel et al., 2006). When informational content combines with the appropriate gam-
ing characteristics, the combination of the two elicits a motivated learner. An
example of this is an engaged learner who participates unprompted and exerts both
effort and concentration to accomplish the goals of the game while gaining the
appropriate skills (educational goals) to use later in another application. The ultimate
goal is to encourage this desired learner state by using certain information with cer-
tain game attributes in order to produce specific learned knowledge, skills, and atti-
tudes. Producing accurate training outcomes from specific game attributes requires
precise and well-defined explanations of the various learning constructs.

What Do We Know and Need to Know About Games
and Learning? Proposals for Research

With an established framework of learning outcomes and criterion of fundamen-
tal game attributes developed from the literature, we find evidence to show a con-
nection between instructional games and learning outcomes. We attempted to link
not only which attributes lead to better learning but also explored how different
levels of these attributes (i.e., high, medium, or low) affected outcomes. Table 3 pro-
vides an overview of the game attributes and learning outcomes that have been stud-
ied to date. This table shows a number of areas that remain underexplored or
unexplored. Table 4 discusses the specific findings of previous research on game
effectiveness. Given that research has been limited on linking specific game attrib-
utes with specific learning outcomes, we provide some propositions for future
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research and promising research to support additional exploration of these areas
where we see the greatest potential. We submit that some of these propositions may
seem obvious or like old news; however, we feel that there are not (yet) enough
systematic and robust evaluations of games for learning to adequately support the
relationships.

Cognitive Outcomes

Within the cognitive arena, there was one area that dominated much of the
research examining game attributes and outcomes: declarative knowledge (Renaud
& Stolovitch, 1988; Szafran & Mandolini, 1980; B. Y. White, 1984; Wishart, 1990).
As previously noted, Vogel and colleagues (2006) found that learners who used
interactive games for learning had the greatest cognitive gains over learners provided
with traditional classroom training. For example, Ricci et al. (1996) used a
computer-based game to improve knowledge acquisition and retention. They com-
pared three conditions—text (i.e., text only), test (i.e., game used active participation
and immediate feedback only), and game. The game condition included a number of
game attributes: active participation/dynamic interaction (i.e., control), immediate
feedback (i.e., assessment), goal direction (i.e., rules/goals), competition (i.e., chal-
lenge), and novelty (i.e., sensory stimuli). Dynamic interaction, competition, and
novelty were embedded in the game for motivational appeal. Results of this study
indicate that trainees in the game condition (versus the text condition) led to
enhanced learning as indicated by a posttest. Participants in the game condition,
however, did not perform significantly better than the test condition immediately fol-
lowing the training. When completing a retention test 4 weeks following training,
there was a significant decrease in performance in all three groups; however, only
trainees in the game condition performed significantly better on the retention test
than the pretest. Furthermore, participants in the game condition rated training as
more enjoyable and effective than did participants in the text or test conditions. It can
then be hypothesized that the addition of goal direction, competition, and novelty led
to more positive attitudes and ultimately better retention.

In addition, Veale (1999) reviewed the use of FAST FORWORD, an instructional
program that evolved from computer games, to help children with auditory temporal
processing deficits learn. The program focuses on visual graphics and animations
(i.e., sensory stimuli) while children interact with the software (i.e., control). FAST
FORWORD also adjusts to the user’s skill level to maintain learning (i.e., adaptation)
and remains in a challenging environment (i.e., challenge) while continuously record-
ing performance (i.e., progress) to reinforce behavior. Veale (1999) discusses the
results of several studies that indicate FAST FORWORD leads to an increase in over-
all language abilities, phonological awareness, listening and comprehension skills
(i.e., general learning), self-confidence (i.e., motivation), and discrimination and
understanding of spoken words (i.e., cognitive strategies, application), among others.

(text continues on p. 253)
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252 Simulation & Gaming

In another example, Crown (2001) conducted a study comparing the effectiveness
of traditional lecture-based learning versus game-based learning in an economy
classroom setting. For the game condition, the researcher utilized the SIMULATING
INTERNATIONAL ECONOMIC RELATIONS game. Intended to teach overall
economic knowledge and principles, this game incorporated varying degrees of dif-
ficult economic models (i.e., challenge), competition between four countries (i.e.,
conflict) in an environment without consequences (i.e., safety), and feedback on eco-
nomic standing (i.e., assessment). Scores on the postmeasure knowledge test
improved for both the traditional and game-learning groups; however, students
scored significantly higher in the game condition compared to the traditional condi-
tion. Thus, this study provided empirical support that games could improve learning.

Finally, Driskell and Dwyer (1984) consulted the literature and found that several
gaming characteristics influence motivational and learning properties, specifically,
goals, challenge, fantasy, and mystery. They theorize that an increase in motivation
will in turn increase attention and lead to better retention, recall of learned informa-
tion (i.e., declarative knowledge), and focalization of attention (i.e., cognitive strate-
gies). Driskell and Dwyer also suggest that higher levels of fantasy and mystery
increase user motivation by arousing curiosity and excitement to play the game.
These relationships remain to be tested.

Given what we know thus far in terms of game attributes and cognitive outcomes,
we identified a number of research areas where further exploration is needed.
Therefore, we propose the following:

Proposition 1: The amount of conflict presented within a game will be positively related
to cognitive learning (i.e., overall cognitive abilities).

Conflict, or the presentation of solvable problems within the game (Crawford,
1984), provides learners with the opportunity to demonstrate that they comprehend and
can evaluate the conflict being presented to them. Prensky (2001) suggests that con-
flict in games gives users adrenaline. For example, Gander (2002) found that learners
showed increased motivation and general learning when presented with a game involv-
ing conflict. We argue that conflict, thus, allows learners to utilize or adapt existing
cognitive strategies, as well as to formulate new cognitive strategies as necessary to
reduce the amount of conflict. In other words, learners can verify or modify existing
knowledge organization (i.e., mental models) to address the existing conflict.

Proposition 2: As the challenge feature in a game increases, so will declarative knowledge
and learner’s retention of that knowledge. However, a point will be reached when too

much challenge will hinder and decrease learning (i.e., an inverted U relationship).

In addition to learner control, games are more likely to be effective when they
provide progressive difficulty and an uncertainty of obtaining a specific outcome
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(e.g., Garris et al.,, 2002; Malone, 1981; Mayer, Mautone, & Prothero, 2002;
McFarlane, Sparrowhawk, & Heald, 2002; Veale, 1999). We expect the relationship
between challenge and knowledge gain and retention to be an inverted U. This is not
surprising in that research has suggested that too much or too little challenge frus-
trates and lessens learners’ motivation. Providing the ideal amount of challenge will
motivate users to continue to play the game, enhancing their learning potential.

Proposition 3: Increasing the adaptation feature in a game will result in an increase in a
learner’s cognitive strategies.

Adaptation is critical for learning (e.g., Senge, n.d.). A game that maintains a con-
sistent level of information presentation, demonstration, and practice without taking
into consideration the knowledge and skill level of the learner will be less success-
ful. As learners acquire the knowledge and skills, which will occur at different rates
for each learner, the game should recognize this acquisition and adjust accordingly
(Prensky, 2001). The game should also consider the baseline knowledge and skills at
which the learner begins the game. It does not make sense to continue teaching user
competencies already mastered. By taking an adaptive approach to learning, it max-
imizes the amount of learning that can occur rather than reaching a plateau at a pre-
determined level. For example, SUPER TANGRAMS, a game developed to help
children learn mathematics, adapts to players’ performance (Klawe, 1998). Research
suggests that the use of SUPER TANGRAMS in combination with more active par-
ticipation by the teacher leads to better learning.

Skill-Based Outcomes

We found limited research regarding games and skill-based outcomes when com-
pared to other learning outcomes. Psychomotor skills and automaticity set (i.e., the
process of making a task automatic) were most readily studied. For example,
Gopher, Weil, and Bareket (1994) used a low-fidelity simulator (i.e., the PC-based
game SPACE FORTRESS II) to improve performance on an actual flight task.
Results of this study indicated that participants given the opportunity to train using
the game outperformed those in the control group. The game attributes of SPACE
FORTRESS 1I include the ability of the learner to control the game as well as a
degree of realism in that trainees maneuvered the spacecraft using a game stick while
maintaining the fantasy of a space mission. Score feedback was provided to trainees
throughout the game (i.e., in real time). Similarly, Dennis and Harris (1998) studied
the impact of computer-based training using task representation provided Microsoft
FLIGHT SIMULATOR, versus no computer-based training. The authors provided
two levels of representation by manipulating the flight controls; specifically, one
group was given realistic flight controls (e.g., joystick) and the other group was
given keyboard controls (e.g., “up” cursor key acts as if pushing the stick forward).
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Participants in the game condition (regardless of type of controls) outperformed
those in the nongame condition on actual flight trials. While performance did not
significantly differ between the two groups in the game condition, participants who
trained using keyboard controls reported significantly higher levels of mental work-
load (equal to those in the nongame condition). Overall, the authors suggest that
using the game for initial flight training is beneficial in terms of performance (pos-
sibly due to increased familiarity with aircraft dynamics and/or the flight task); how-
ever, it did little to benefit psychomotor skill acquisition in participants.

In a third study, Day, Arthur, and Gettman (2001) examined the relationship of
knowledge structures and skill-based performance in participants after playing SPACE
FORTRESS. They looked at the knowledge structures as predictors of skill retention
and skill transfer. SPACE FORTRESS adjusted to the trainee’s skills (i.e., adaptation),
utilized a level of difficulty and unknown outcomes (i.e., challenge), and included an
element of fantasy embedded throughout the game. The main task of the game was to
fly a ship in space while avoiding collisions or being destroyed by others. Results from
the study show that measures of knowledge structures were correlated with skill-based
performance and were predictive of skill retention and skill transfer.

In light of the above discussion, a number of propositions can be derived about
the impact of game attributes on skill-based learning outcomes:

Proposition 4: As representation (i.e., fidelity) of the task in a game increases, psychomo-
tor skill learning will also increase but then level off.

As previously discussed, only a few studies have looked at representation (or
fidelity) and psychomotor learning. This limited research to date has indicated that
a relationship may exist but leaves one questioning what level of representation is
necessary for learning to occur (e.g., Belanich et al., 2004; Prince & Jentsch, 2001;
Proctor, Panko, & Donovan, 2004). Given what we know from this initial research,
we argue that as both physical and psychological representation of the task increases,
the user will increase his or her psychomotor skill learning, as it will be necessary to
utilize similar physical and cognitive processes to accomplish the task. However, we
also argue that a point will come in which increasing the level of representation will
no longer be beneficial and learning will reach a plateau.

Proposition 5: Automaticity set will increase as the level of fantasy in a game increases.

Among the studies that examined the impact of game attributes on skill-based
outcomes, it was found, for the most part, that a positive relationship does exist.
There were a few that found a negative relationship (e.g., Lepper [1985] found that
too much challenge can negatively affect adaptation), but overall, the results were
consistent. More research is needed in this area to determine the true impact of fan-
tasy on skill-based outcomes.
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Proposition 6: Requiring learners to participate in their learning through interaction with
the game (i.e., interaction, equipment) will result in improved skill-based learning.

As noted, interactive gaming characteristics lead to greater cognitive outcomes
among participants (Vogel et al., 2006). Perhaps learners become more engaged in
the learning process when they are required to interact with it. This phenomenon has
not been readily studied in terms of interactivity and skill-based outcomes, although
similar findings would be expected.

Proposition 7: The amount of control given to learners will positively affect skill-based
learning.

Learner control, or the ability of the learner to dictate the pace and sequence of
learning activities, has been shown to have a mixed impact on learning (DeRouin,
Fritzsche, & Salas, 2004). For example, when learners were given the opportunity to
navigate through the computer program based on their personal preferences, this led
to increased positive attitudes and higher cognitive outcomes (Vogel et al., 2006).
Control is actually valued at all levels of a game from simply picking out a wardrobe
or specific facial features to determining strategies in game play (Chamberlain,
2003). The optimal amount of control is empowering, making the game more inter-
active and engaging. On the other hand, a few studies have shown that too much
learner control can lead to a decrease in training effectiveness (e.g., Lai, 2001) and
satisfaction (e.g., Carlson, 1991). In spite of these limited studies with negative
results, given an appropriate level of control and guidance (see DeRouin et al., 2004;
Stoney & Wild, 1998), it is predicted that learner control will have a positive impact
on skill-based learning. This will occur by allowing learners to determine how much
time to spend learning a particular skill (i.e., learners can spend more time learning
skills they are weak in and less time on skills they are familiar with).

Affective Outcomes

Research examining the impact of game attributes on affective outcomes has been
readily studied. A majority of this literature focuses on the impact of games on moti-
vation and attitudinal valuing. For example, Westrom and Shaban (1992) found that as
participants gained experience on a game (i.e., LODE RUNNER), the game became
less challenging and curiosity diminished, thereby reducing participant motivation.
These authors also looked at the influence of control using MISSION: ALGEBRA and
found that participants maintained motivation when given the opportunity to choose
their own missions, create and edit missions, and adjust the game’s difficulty level (i.e.,
control). Similarly, Belanich and colleagues (2004) found that participants who played
AMERICA’S ARMY (a multiplayer, first-person perspective game that elicits decision
making and collaboration skills) reported challenge, realism (i.e., representation),
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exploration (i.e., ability to discover new things), and control as the most motivating
factors of the game. To add further support, Virvou, Katsionis, and Manos (2005) con-
ducted an evaluation and found that educational virtual reality games increased moti-
vation while maintaining the educational impact on students.

In addition, feedback (assessment) and control have been shown to be critical
components to motivation. Bowman (1982) noted that the appeal of the video game,
Pac-Man, was due to a flow state induced from clear goals and immediate feedback
that was unambiguous, in addition to the fact that players could choose what direc-
tion to move around the board. Whitehall and McDonald (1993) compared a game-
based or drill-based training context, which utilized either fixed or variable payoff
points (assessment). They found that the game with feedback in the form of variable
payoff points was correlated with an increase in selecting high difficulty levels and
a decrease in using helps. In addition, participants in the game-based context with
variable payoff points performed better in overall accuracy.

Finally, researchers have also examined attitudinal valuing. For example, it has
been shown that aspects of games, such as learner control and realism, led to more
positive attitudes toward learning versus traditional training methods (Vogel et al.,
2006). Similarly, Garris and Ahlers (2001) implemented a training game to assess
the impact on self-efficacy and attitudinal valuing. Based on reviewing the literature
about essential gaming characteristics, the authors chose to utilize BOTTOM GUN,
a fantasy game relevant to submarine fleet training. The game provided feedback (i.e.,
assessment), was embedded with uncertain goal attainment (i.e., challenge), and the
participants felt as though they had control (i.e., learner control). Results of the
study indicate that students in the Bottom Gun condition had superior performance to
those in the control condition. They made fewer errors overall, found valence in
visual skills (i.e., attitudinal valuing), had a higher locus of control and higher self-
efficacy, and goal commitment (i.e., motivation).

Given what is known about game attributes and affective outcomes, we can begin
to propose where gaps in the literature exist and where future research should focus:

Proposition 8: The specificity of the rules/goals in a game is positively related to learner
motivation.

Specific goals that are tied to a task are important because the discrepancy
between the goal and the present state creates tension, which encourages the user to
become personally invested toward achieving the goal. This will lead to an overall
increase in motivation to learn.

Proposition 9a: Learner motivation will increase as the level of endogenous fantasy and
safety increase in a game.

Proposition 9b: The relationship between learner motivation and exogenous fantasy will
be curvilinear as too little or too much will lead to decreased motivation.
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A gap in knowledge (mystery) is necessary for learners to become involved; there
must be something to search for or something to solve. Engaging learners’ imagina-
tion and creating scenarios (fantasy) is important to keep attention focused on the
game as long as learners can identify with the situations to some degree. Too little
or too much fantasy may make it difficult to identify with the game scenario. In addi-
tion, users may more readily identify with fantasy situations that have an element of
safety in that learners can disassociate their actions from consequences of reality. To
illustrate, Thomas, Cahill, and Santilli (1997) taught adolescents about HIV/AIDS
using LIFE CHALLENGE, a time travel adventure game. Since LIFE CHAL-
LENGE added the fantasy component of time travel, users were capable of learning
about HIV/AIDS and safer sex practices in a nonthreatening environment.

Proposition 10: Representation in a game (both physical and psychological) is positively
related to learner motivation.

Similar to the level of fantasy, the learners’ perceptions of the game’s reality
should also affect motivation. Games with high levels of physical representation
(like Microsoft FLIGHT SIMULATOR) mimic the real-world environment (e.g.,
that of a flight cockpit). Using FLIGHT SIMULATOR as an example, pilots are able
to learn and apply the basic knowledge and skills needed to fly an aircraft.
Additionally, games high in psychological representation require learners to utilize
the same cognitive processes that they would if they engaged in the activity in the
real world (Bowers & Jentsch, 2001). Thus, we would argue that the combination
of physical and psychological representation in a game would lead to increased
motivation in learners as they are able to learn in a realistic setting without the threat
of real-world consequences.

Proposition 11: Learner motivation is positively related to the level of mystery in a game.

A gap in knowledge (mystery) is necessary for learners to become involved.
Increasing the level of mystery in a game will engage the learner as it provides the
learner with something to search for or something to solve (Rieber, 1996). However,
ensuring that what is being searched for or solved is achievable is also important,
which leads to the next proposition:

Proposition 12: The relationship between motivation and challenge will be curvilinear in
that too little or too much challenge will lead to decreased motivation.

Research has shown that challenge is also a vital component in maintaining moti-
vation (e.g., Driskell & Dwyer, 1984; Gander, 2002); however, the optimal level of
challenge is even more crucial. In fact, researchers have found support for enhanced
motivation and improved learning with games that contain a challenge component

Downloaded from sag.sagepub.com at DEPAUL UNIV LIBRARIES on November 2, 2010


http://sag.sagepub.com/

258 Simulation & Gaming

compared to possessing a simple storyline without any difficulty (Serrano &
Anderson, 2004). A game that is not challenging enough is seen as too easy and the
outcome becomes obtainable regardless of the behavior. This lack of challenge
results in the user becoming disinterested. A game that is believed to be too difficult
will induce a sense of imminent failure, which also leads to a decrease in motivation.
Finding the right level of challenge for the task and user is critical for motivation
levels to remain high and for learning to occur.

Proposition 13: The specificity and immediacy of the feedback (i.e., assessment) is posi-
tively related to learner motivation and attitudinal valuing.

Assessment is critical to learning, as it provides learners with a clear picture as to
how they are doing (Salas & Cannon-Bowers, 2000). For example, Ronen and
Eliahu (2000) found that constructive feedback that assists students with identifying
errors and providing suggestions to improve their understanding improved not only
the students’ confidence but also enhanced their overall motivation to stay on task.
To be effective, assessments of performance must be specific (e.g., 12 of 15 enemy
aircraft destroyed) and timely (i.e., updated continuously throughout the game) if the
learner is to benefit from them.

Proposition 14: The relationship between learners’ attitudinal value of training content and
challenge will be curvilinear.

In line with the motivational research, the level of challenge present in a game could
affect learner value of training content. The relationship between attitudinal valuing and
challenge will be an inverted U shape, where too little or too much challenge will
decrease learner’s perception of the training value (Serrano & Anderson, 2004).

Summary

Overall, the research in this area indicates that games do positively influence
trainees in terms of cognitive, skill-based, and affective outcomes. Caution should be
taken, however, when using this information to make predictions about which game
attributes lead to which learning outcomes. A majority of the research found used
games in which a number of game attributes were embedded within the game. While
this is likely inherent in the design of most off-the-shelf games, it makes it difficult
to determine causality (i.e., did one game attribute have a greater effect than another
has, or was it the combination of multiple game attributes that led to the results?). To
truly understand the relationships that exist, we must first explore these game attrib-
utes in isolation. The propositions presented here focus on singular attributes. The
hope is that they will provide researchers, educators, and the like with a starting
point from which to conduct further research.
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Conclusions

Games are increasingly used for educational, training, and research purposes.
Overall, a review of the literature indicates that games can lead to better cognitive,
skill-based, and affective outcomes. However, more robust, scientific research is
needed that provides a clearer picture of their true impact. For example, in all of the
studies reviewed, multiple game attributes were embedded in the games. It is not
clear whether one attribute had a greater impact on learning than another, or whether
it was the combination of attributes that led to success. Therefore, future research
must seek to understand which specific game attribute(s) have the greatest impact on
learning. The propositions we provide seek to address this issue. In addition,
research needs to focus on identifying the tasks to which game attributes are most
relevant. For example, representation may be more important for learning piloting
skills, whereas adaptation may be more important for learning tactical decision mak-
ing. Third, research must seek to understand how levels of game attributes affect
learning—more or less of a particular attribute may have detrimental effects on
learning. As we first approached this topic, we sought to break down each attribute
in terms of high, medium, or low levels to answer this question. However, of the
studies found, relatively few actually indicated the level of the game attribute within
the game (e.g., Day et al., 2001); rather, a general statement was provided indicating
that a game attribute was embedded. Finally, future research should focus on distin-
guishing research conducted with adolescents versus that of adults. It is possible that
games will have a different effect depending on the age of the participants.

In this article, we offer a collective glimpse at how researchers are studying game
attributes and their impact on learning outcomes. In addition, we provide conceptually
based links between specific gaming characteristics with learning outcomes and propo-
sitions for future research. Such links are highly desirable and can provide the necessary
foundation for future research on the effectiveness of instructional games, and practical
implications can be drawn for game developers, content designers, and evaluators. For
example, developers could create products that directly lead to specific learning out-
comes and market their products accordingly. In addition, designers could select appro-
priate game characteristics based on desired learning outcomes and incorporate the
specific game attributes into their instruction. Finally, evaluators could easily focus on
proven measures that target the specific learning outcomes that a game has been designed
to elicit. We submit that the set of research ideas presented here is not exhaustive, but we
hope what we discuss will encourage and stimulate additional thinking in this area.
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