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Self-Regulation and Gender Within a Game-Based Learning Environment
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In this study, we examined how self-regulated learning (SRL) and gender influences performance in an
educational game for 8th-grade students (N = 130). Crystal Island—Outbreak is an immersive, inquiry-
based, narrative-centered learning environment featuring a microbiology science mystery aligned with
8th-grade science curriculum. SRL variables predicted successful in-game performance even after
accounting for prior knowledge and perceived gaming skill. Content learning gains were found across
both genders, and girls performed at similar levels as boys in the game despite incoming disadvantages
for perceived skill and prior gaming experience. Boys were more effective than girlsin using a cognitive
tool that was critical for solving the Crystal Island—Outbreak mystery; however, these differences
disappeared when prior gaming experience was taken into account. Overconfidence on monitoring
judgments for boys but not girls was predictive of in-game performance. Findings related to motivational
variables such as self-efficacy, situational interest, and goal orientation were mixed with regard to their

consistency across genders.
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Educational computer games are becoming increasingly popular
in today’s schools (Tobias & Fletcher, 2007). Therefore, it is
important that such games encourage self-regulated learning (SRL ;
Nietfeld & Shores, 2010) and are informed by sound instructional
methods (Moreno & Mayer, 2005). Without rigorous testing, such
gaming environments will likely be dismissed as “motivational
fluff” (O’'Neil, Wainess, & Baker, 2005, p. 456) rather than as
advances in learning technology. Recently, the evidence for seri-
ous games and learning has been promising (Connoally, Boyle,
MacArthur, Hainey, & Boyle, 2012; Wouters, van Nimwegen,
Oostendorp, & van der Spek, 2013). One magjor advantage of
educational gaming environments is their potential to provide a
customized experience with opportunities for real-time feedback
(Shute & Zapata-Rivera, 2012). Models of SRL can inform this
customization by directing the focus to the learner’s strategy use,
metacognitive skills, and motivation. However, afocus on models
of effective learning, coupled with the need for customization,
requires a parallel focus on individual difference variables that
might impact learning outcomes. Gender is one such variable that
has garnered significant attention within computer-based learning
applications (Carr & Pelletier, 2009; Hayes, 2011; Plant, Baylor,
Doerr, & Rosenberg-Kima, 2009). Nevertheless, thereis still much
to be learned about how gender impacts one’s ability to regulate
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strategically, metacognitively, and motivationally in complex,
inquiry-based environments. The goal of the current investigation
was to test the pedagogical efficacy of one game-based learning
environment as a platform to examine how SRL and gender
influences performance in such environments.

Crystal 1sland—Outbreak, the game-based learning environment
employed in the current study, draws on elements emphasized in
computer games such as being rule-based, responsive, challenging,
and cumulative (Mayer, 2011) but is unique in that it utilizes a
narrative-centered approach in order to encourage and scaffold
self-regulation and content learning. Narrative approaches present
“story-centric” problem-solving activities where learners are im-
mersed in a narrative tailored to the curriculum (Rowe, Shores,
Mott, & Lester, 2010). For example, established multiuser virtual
environments such as Quest Atlantis (Barab, Dodge, Thomas,
Jackson, & Tuzun, 2007) and River City (Ketelhut, Dede, Clarke,
Nelson, & Bowman, 2007) use rich narrative settings to contex-
tualize inquiry-based learning scenarios with strong social and
ethical dimensions. Crystal |sland—Outbreak takes a similar form
as it examines learning within an engaging mystery that requires
knowledge of microbiology to solve. Furthermore, by capitalizing
on aspects of the narrative, this approach allows for alessinvasive
means by which to introduce learning scaffolds.

Self-Regulated Learning and Gender in Game-Based
L earning Environments

Self-regulated learning refers to the effective regulation of one's
own learning in the pursuit of personal goals. SRL is contextual in
nature and changes dynamically in response to “episodes’ expe-
rienced by the learner (Winne, 2010). We situated our approach
within the literature with the belief that SRL is a malleable,
multilevel phenomenon informed by models that incorporate as-
pects of both information processing and social cognitive perspec-
tives (Pintrich, 2000; Winne & Hadwin, 1998; Zimmerman, 2000).
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At the broadest level, models of SRL are composed of strategic,
metacognitive, and motivational components (Zimmerman, 2000).

The ability to self-regulate is positively associated with in-
creased learning, academic performance, and academic motivation
(Pintrich, 2000) and is due in large part to one's ability to effec-
tively monitor cognitive strategy use (Butler & Winne, 1995).
Autonomy and control are also key aspects of SRL that provide the
potentia for learners to regulate, monitor, and control their cog-
nition, motivation, and affect (Pintrich, 2000). The degree to which
this effective cognitive management is employed is due largely to
the motivation to engage these control processes. In open-ended
games, such control by the learner is important because students
can choose to engage or disengage from academic goals and can
solve problems with many different approaches.

To date, there has been a limited amount of research targeting
SRL within game-based learning environments. A review by
O’ Neil, et a. (2005) of 19 peer-reviewed empirical studies exam-
ining the effectiveness of digital games found that none categori-
caly addressed SRL. Similarly, a meta-analysis by Wu, Chiou,
Kao, Hu, and Huang (2012) found that only 91 of 567 studies were
based on learning theory, with most being descriptive in nature and
none being classified within a strictly SRL framework. However,
there is promise for the study of SRL in gaming; Vogel et al.
(2006) conducted a meta-analysis and found that computer games
and interactive simulations where learners controlled the naviga-
tion resulted in higher cognitive gains compared with traditional
teaching methods. In addition, SRL training as a precursor to
learning sessions and externally mediated human tutoring in hy-
permedia environments have shown promise for increasing content
understanding and mental model development (Azevedo & Crom-
ley, 2004; Johnson, Azevedo, & D’Mello, 2011).

Although the gender gap in academic achievement has narrowed
in recent years (Wirt et a., 2004), research has shown important
differences between male and female students in how they regulate
their learning (Arroyo, Burleson, Tai, Muldner, & Woolf, 2013).
Arroyo et a. (2013) recommended customizing technol ogy-based
learning by gender after finding differencesin help seeking and the
ability to work with animated learning companions in a mathe-
matics learning environment for middle and high school students.
In the current study, our examination of gender was limited to SRL
variables that (a) prior research would suggest to be critical for
performance within educational games and (b) could be operation-
alized within the context of Crystal Island— Outbreak.

Strategy Use

Gender and cognitive strategy use have been studied in tradi-
tional educational settings and to a lesser extent in game-based
learning environments. Studies have shown that as early as first
grade, gender differencesin the use of cognitive strategies for math
is apparent (Carr, Jessup, & Fuller, 1999). In game-based learning
environments, effective strategy use is critical to performance and
can be operationalized as such behaviors as effective tool use, time
management, and appropriate help seeking, just to name a few.
Recently, methodological advances have gone beyond self-report
and instead encourage the use of trace data in computer-based
learning environments and programs that employ scaffolded note-
taking functiondities (Winne & Hadwin, 2013). In game-based
learning environments, middle school girls have been shown to
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record more notes than boys (McQuiggan, Goth, Ha, Rowe, &
Lester, 2008). Girls have also reported a preference for exploration
in such environments, whereas boys have reported more strategic
approaches for using in-game resources (Hamlen, 2011; Kinzie &
Joseph, 2008).

M etacognition

M etacognition encompasses knowledge and regulation of one's
online and offline cognitive processes (Schraw & Moshman,
1995). Girls have been shown to report higher levels of metacog-
nitive strategy use, such as record keeping and monitoring, across
grade levels (Grades 5, 8, and 11) than boys (Zimmerman &
Martinez-Pons, 1990). Metacognitive monitoring and control pro-
cesses are critical in game-based learning environments in order to
adapt to changing narratives, judge the effectiveness of chosen
strategies, and choose efficient problem-solving pathways. In the
current study, we were interested in comparing online metacogni-
tive monitoring judgments with actual performance. These types of
judgments have been measured using confidence estimates to
gauge cdlibration, or the match between one's perception of per-
formance and that person’s actual level of performance (Dunlosky
& Metcalfe, 2009; Nietfeld, Cao, & Osborne, 2006). Studies have
shown that males tend to be more confident than females when
making academic global judgments of confidence; however, lessis
known about the role of gender for item-specific confidence that
indicates calibration (Lundeberg & Mohan, 2009). The examina-
tion of calibration and gender related to differences in calibration
within educational games has been minimal to date.

Motivation

We limited our focus within motivation in the current study to
goa orientation, interest, and self-efficacy. These motivational
constructs have been prevalent across empirical studies and mod-
els of SRL (Pintrich, 2000; Winne & Hadwin, 1998; Zimmerman,
2000) and are directly relevant to instruction in science-focused
games.

Goal orientation is an individua difference construct that im-
pacts academic motivation and classroom achievement (Elliot &
Dweck, 1988). Two primary goal orientations have dominated the
literature: mastery (or learning) orientation and performance ori-
entation (Ames, 1992; Dweck, 1986). Mastery-oriented individu-
als focus on gaining knowledge, increasing ability, and mastering
a certain amount of material. These individuals tend to be more
persistent (Dweck, 1986) and report more feelings of regulatory
control (Roedel, Schraw, & Plake, 1994). Performance-oriented
individuals seek to outperform their peers (Elliot & McGregor,
2001). Empirical evidence is lacking for the role of goal orienta-
tions in educational games; however, one might posit they play a
role in determining the emphasis one has in achieving points and
in-game rewards versus gaining content mastery while aso influ-
encing the extent to which one persists in attempting to solve a
complex problem. For both genders, mastery goals have been
associated with higher levels of cognitive strategy use (Wolters,
Yu, & Pintrich, 1996), metacognitive strategy use (Wolters, 2004),
and interest (Wolters et al., 1996). Studies of elementary-age
science students have shown mixed results with regard to gender
differences for mastery goa orientation (Anderman & Young,
1994; Meece & Painter, 2008).
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Interest has been defined as a motivational belief (Zimmerman,
2002) and a construct comprising both cognition and affect that
leads to engaged learning (Hidi & Renninger, 2006). Interest can
be considered as either personal or situational (Schraw & Lehman,
2001). Personal interest is enduring and context-general, whereas
situational interest is spontaneous and context-specific. Studiesin
science have shown that students who report enjoyment in solving
problems are more likely to report a desire to engage with similar
content in the future (Ainley & Ainley, 2011). Typically, educa
tional games seek to capture students' situational interest with the
intent that it may eventually lead to more enduring personal
interest. Within video games, girls tend to show more situational
interest in story development, relationships, and collaboration,
whereas boys tend to prefer competition and aggression (Cassell &
Jenkins, 1998). Eighth-grade girls have been found to have higher
interest than boys in more traditional, thoughtful games, whereas
eighth-grade boys prefer physical and imagination games more so
than girls (Greenberg, Sherry, Lachlan, Lucas, & Holmstrom,
2010).

Self-efficacy has been defined as one's confidence in his or her
ability to plan and implement a course of action to solve a problem
or accomplish a task (Bandura, 1997) and has been hypothesized
to influence an individua’s choice, effort, and persistence in an
activity (Bandura, 1986). Crystal Island—Outbreak was designed to
engage students in a challenging, mastery-oriented problem-
solving context, thereby supporting work in self-efficacy demon-
strating the impact of mastery experiences on self-efficacy (Britner
& Pajares, 2006). Gender-related research in self-efficacy has
found that boys report higher levels of self-efficacy for science
than girls in elementary school (Meece & Jones, 1996), but find-
ings for middle school have been mixed (Anderman & Y oung,
1994; Britner & Pgjares, 2006). In computer-related judgments of
self-efficacy, boys have been shown to have clear advantages
(Durndell & Haag, 2002).

Crystal Island—Outbreak

Crystal Island-Outbreak is an immersive, three-dimensiona
(3D), inquiry-based game-based learning environment in the do-
main of microbiology created for eighth-grade students. The pro-
gram was implemented using Valve's Software Source Engine, the
3D game platform for Half-Life 2. The game features a science
mystery set on a recently discovered volcanic island where a
research station has been established to study the island’s unique
flora and fauna. The user plays the protagonist, Alyx, a gender-
neutral character, who is attempting to find the source of the
disease that is making other researchers sick. As research team
members fall ill, the learner must discover the specific source of
the outbreak by exploring the world and interacting with characters
who are experts on various microbiology topics while forming
questions, generating hypotheses, collecting data, and testing hy-
potheses. In order to “win” the game, the student must complete
and submit a correct diagnosis with information about the source,
disease, and treatment. A visible running score was provided to the
students during game play that involved rewarding students for
completing mini-goals in an efficient manner (based on latency).

The creation of Crystal Island—Outbreak has been guided theo-
retically by a combination of perspectives on learning and engage-
ment. These include need for structure (Kirschner, Sweller, &
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Clark, 2006) in order to build rich, interconnected background
knowledge and also constructivist approaches that provide learners
with an opportunity to self-regulate their problem-solving ap-
proaches with appropriate scaffolding. Positive academic out-
comes are more likely to arise when students show motivational
indicators of engagement, such as being fully immersed, inter-
ested, and actively participating (Skinner & Belmont, 1993; Skin-
ner, Furrer, Marchand, & Kindermann, 2008). In addition, cogni-
tive engagement stresses the volitiona investment (Corno, 1993)
in learning and the ability to be strategic and to self-regulate
(Fredricks, Blumenfeld, & Paris, 2004). Crystal |sland—Outbreak
and similar game-based environments have been shown to elicit
engagement or flow as the most frequently occurring affective
state (D’'Meéllo, 2013), a finding important given engagement’s
role as a precursor to cognitive and metacognitive processes that
aid in SRL. A challenge for the current study, as in other similar
studies (Winne & Perry, 2000), was in the measurement of SRL
variables within Crystal Island—Outbreak. Thus, we sought to
include measures consistent with current taxonomies within the
field that included both offline and online measures (Schraw,
2010). These included measures of cognitive abilities (knowledge
and strategy use), self-reported beliefs, trace logs, and measures of
calibration.

A number of changes from previously tested versions (Adams,
Mayer, MacNamara, Koenig, & Wainess, 2012) of Crystal Island—
Outbreak were made to enhance the learning experience. A struc-
tured note-taking tool called the diagnosis worksheet was intro-
duced to assist the learner in tracking and organizing important
information and to measure cognitive strategy use. Communica-
tion was enhanced to include voice-acted spoken dialog, which
simultaneously appeared in text format across the bottom of the
screen. The game also included a personal digital assistant (PDA)
device that alowed characters to communicate with the students
and provided microbiology-based content questions throughout

game play.

Current Study

The goal of this study was to investigate the influence of
self-regulation and gender within Crystal Island—Outbreak. Two
primary research questions were examined: First, what SRL vari-
ables predict performance in Crystal 1sland-Outbreak? This ques-
tion was important in order to understand whether performance in
game-based learning environments such as Crysta Island—
Outbreak is simply due to prior knowledge and gaming history or
would require effective self-regulation for successful performance.
We carefully chose SRL variables for this study previously shown
to significantly impact academic learning. Thus, we predicted that
each variable would contribute significant variance to in-game
performance within Crystal Island—Outbreak over and above vari-
ance accounted for by prior knowledge and perceived gaming skill.

The use of in-game performance as a dependent measure re-
flects the efficiency of solving an applied scientific problem (Linn
& Eylon, 2006). In essence, Crystal Island—Outbreak presents a
customized inquiry-based problem-solving exercise in an immer-
sive digital environment that requires focus, efficiency, and mas-
tery of content knowledge in order to perform well. The game
targets basic microbiology content knowledge as well as skills
such as deductive reasoning, critical thinking, and the ability to
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efficiently carry out problem-solving steps. Therefore, students are
required to make judgments about what information is more versus
less important for solving the mystery, understand which sources
of information (characters, texts, posters) are credible, and learn
how to navigate the environment efficiently in the face of envi-
ronmental distractions. Prior studies that have tested Crysta
Island—Outbreak with students in the target age group (eighth
graders) have shown it to be effective at increasing content knowl-
edge (Nietfeld, Shores, & Hoffmann, 2011; Roweet al., 2010). We
argue that these findings plus improvements to the game itself
provide a meaningful justification for using in-game performance
as outcome measure of scientific problem solving. Upon starting
the game, students are aware of the overall goal and must success-
fully navigate through a number of subgoals. Therefore, the skills
required to solve the mystery in Crystal |sland—Outbreak are akin
to those required to solve a complex performance-based problem
in a lab-based setting.

The second research question was What role does gender play
with regard to SRL in Crystal Island—Outbreak? Given the atten-
tion that gender has received within the educational computer
games literature (Carr & Pelletier, 2009; Hayes, 2011; Plant et al.,
2009), it is important that such environments are effective and
efficient in assisting students of both genders to develop SRL
skills. With regard to cognitive strategy use, we compared boys
and girls on their use of the diagnosis worksheet. We predicted
higher levels of in-game performance for boys on the diagnostic
worksheet, given prior research showing their advantages in stra-
tegic approaches using in-game resources (Hamlen, 2011; Kinzie
& Joseph, 2008). For metacognition, we compared monitoring
judgments for content-related questions spread throughout game-
play. We expected females to be more accurate and less overcon-
fident on these judgments; however, the lack of research on mon-
itoring judgments in similar environments made this prediction
somewhat tenuous. Motivation comparisons were made between
genders for goal orientation, self-efficacy, and situational interest
using self-report inventories. Given the lack of gender differencesin
goal orientation found within traditional environments (Meece &
Painter, 2008) and the mixed findings for self-efficacy in middle
school (Anderman & Young, 1994; Britner & Pgares, 2006), we
predicted similar predictive patterns for in-game performance across
genders. However, findings in favor of boys for experiencein digita
gaming environments (Greenberg et d., 2010) led us to predict that
Stuationa interest would be a stronger predictor of in-game perfor-
mance for boys than girls.

M ethod

Participants

A totd of 130 eighth-grade students (73 boys, 57 girls) from a
middle school in the Southeast who ranged in age from 12 to 15 years
(M = 1328, SD = 0.48) participated in this study. Racial and ethnic
breakdown of the participants was asfollows: 2.3% American Indian/
Native American, 1.5% Asan/Asan American, 30.8% African
American, 12.3% Hispanic, and 46.9% White; 6.2% did not report
race or ethnicity. Approximately 38% of the students were eligible for
free/reduced-price lunches, and the school performed at average lev-
els relaive to other schools in the state with regard to overdl aca
demic performance based upon yearly state tests. The study was
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conducted prior to students' exposure to microbiology curriculum in
their regular classes.

M easures

Gaming survey. A short gaming survey was created as a
pretest for this study that contained questions regarding experience
with video games and computer use. We were particularly inter-
ested in two 5-point Likert scale items that asked, “How skilled are
you when playing video games?’ to assess perceived skill and
“How frequently do you play video games?’ to assess experience.

Microbiology content knowledge test. This test consisted of
16 multiple-choice items based on both the state’s standard course
of study for eighth-grade science and Crystal Island—Outbreak
itself. Eight of the items were fact level while eight of the items
were application level. Content validity was assured through align-
ment with the state’'s standard course of study and through a
teacher and science educator review process. The test was admin-
istered as a measure of prior knowledge (« = .16) and again as a
posttest (¢ = .61) to measure content learning gains. Interna
reliability was extremely low for the pretest, most likely because
students had not been exposed to the content and had very little
background knowledge or experience to drawn upon when answer-
ing the items. No feedback on item correctness was provided
during either administration of the test. The following excerpts are
example items:

Fact-level item: A pathogen is a microbe that:

(a) has one specialized route of transmission.

(b) causes disease in another organism.

(c) is not capable of spreading from organism to organism.

(d) does not require a host in order to reproduce.

Application-level item:  Your lab partners ask you to help
them identify a pathogen. Unfortunately, they do not know the size
of the organism, but they know that it is smooth and round. What
might your lab partners be looking at?

(a) A virus.

(b) A bacterium.

(c) A fungi.

(d) Both aand b.

During the student’ s interactions with expert charactersin Crys-
tal Island—Outbreak, in-game, multiple-choice items were pre-
sented to test the student’s knowledge of that character’s specific
expertise. There were a total of 18 possible items, and each
question was followed by a prompt to assess the student’s confi-
dence in his or her answer. The confidence question asked the
student to “indicate how confident you are that you answered the
previous question correctly. O represents a complete lack of con-
fidence, 100 represents total confidence, and 1-99 represent dif-
ferent degrees of confidence.” The questions were presented
through the character as an extension of their dialogue so as not to
significantly interrupt the flow of the game. All students did not
receive al 18 questions because of variation in gameplay at the
individual level.

Strategy use. The diagnosis worksheet (see Figure 1) created
for Crystal 1sland—Outbreak functioned as a cognitive tool and
structured note-taking scaffold in which the students recorded
information via drop-down boxes rather than taking free-form
notes. The worksheet scaffold was divided into four distinct sec-
tions. one for recording patient symptoms (8 points), one for
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Patients’ Symptoms

Symptom 1:

Symptom 2:

Symptom 3:

Symptom 4:

1believe the illness is:
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DIAGNOSIS WORKSHEET
Test Resuits
I have tested: The lab results showed:

Not contaminated v |

|
ho Entry v |
o Entry - |

\
No Entry - I

HYPOTHESES
Liksthood of this dagnosis: Bacauss:

Unikely w Symrptoms don't match -
Very Unlikely h 4 Character istics don't match b I
Mo Entry - No Enty o i

FINAL DIAGNOSIS

o Entry -
No Entry -

I believe the appropriate
treatment Is:

No Entry -

because the type of
Infection Is:

Figure 1. The Crystal Island—Outbreak diagnosis worksheet.

collecting information regarding contaminated objects after testing
them in the laboratory (16 points), one for constructing a well-
formed and justified hypothesis (28 points), and one for determin-
ing a fina diagnosis (48 points). A point system was calculated
based upon the thoroughness and accuracy of the use of the
worksheet. Sections were weighted according to the amount of
student-generated analysis that was required. For example, the
symptoms section simply required students to record the symp-
toms expressed by the sick patient characters, however, the hy-
pothesis section required students to analyze their collected infor-
mation and to generate their own hypotheses for the nature and
likelihood of theillness. This point system was then interpreted as
a measure of in-game strategy use.

Metacognitive judgments. The confidence estimates pro-
vided by the in-game quiz questions allowed for the calculation of
two metacognitive monitoring scores that included a calibration
score and a bias score (Schraw, 1994). Calibration represented the
absolute difference in total confidence scores minus percentage of
accuracy on the quiz questions. Bias measured the signed differ-
ence in total confidence scores minus percentage correct on quiz
questions. Thus, if a student had an average confidence judgment
of 79 (.79) and correctly answered 84% of the questions (.84), their
accuracy score would be .05 and their bias score would be —.05.
For bias, positive scores represent overconfidence and negative
scores underconfidence. Monitoring scores were calculated and
averaged across al items to arrive at a single index of calibration
and bias. The two indices provide complementary information as

calibration reports to the extent to which one's judgment matches
actual performance while bias indicates the degree to which an
individual is generaly over- or underconfident.

Transfer. Two open-ended tasks measuring near transfer
were also included after gameplay.

Near Transfer Task 1: “Imagine that you have three microbesthat are
three different sizes. Please explain how you could identify each
microbe if you know that one is a virus, one is a bacterium, and one
is a fungus.”

Near Transfer Task 2: “A scientist wonders if a new microbe she has
found could cause illness in humans. She wants to be a good scientist
and has come to you for advice. In this specific situation, develop a set
of instructions to complete each step of the scientific method.”

The items required students to apply problem-solving pro-
cesses in a context outside the game requiring a deeper level of
understanding than identification-level multiple-choice items.
Responses to these items were scored on a 3-point scale for
accuracy and completeness of the answer and coded separately
by two raters who came to agreement on all scoring discrepan-
cies after discussion.

Motivational measures.

Achievement Goals Questionnaire (AGQ) Scale. Goal orien-
tation was measured as a pretest using the 12-item AGO scale that
measures achievement goal orientation in the form of four factors:
mastery approach, mastery avoidance, performance approach, and
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performance avoidance (Elliot & McGregor, 2001). The four fac-
tors have been shown to have strong reliability with internal
reliabilities all over .70 and evidence of discriminant validity with
low-to-moderate correlations among the four goa orientations
(Finney, Pieper, & Barron, 2004). Coefficient alphas for the mas-
tery approach and performance approach facets in the current
study were .77 and .80, respectively.

Science Learning Self-Efficacy Inventory. This eight-item
Likert-scale inventory was also given prior to the students’ inter-
action with Crystal Island—Outbreak. The inventory was adapted
from Nietfeld et a. (2006) where the scale was shown to be
internally reliable (as = .88 and .90) and predictive of academic
performance. A sample item included, “I think | have good skills
and strategies to learn science.” The items deviated somewhat
from most contemporary self-efficacy scale items that are very
task specific (Bandura, 1997) and instead referred to confidencein
one's ahility to perform well and understand topics more generally
in science. Coefficient alphain this study was .84, and correlations
with prior knowledge (r = .24) and posttest knowledge of micro-
biology (r = .20) were significant (p < .05).

Perceived Interest Questionnaire (P1Q). At the end of the
Crystal 1sland—Outbreak interaction, students were asked to com-
plete thelO-item PIQ adapted from Schraw (1997), which mea-
sured their situational interest in the game (“Did you enjoy this
game”). Schraw (1997) used factor analysis to determine that the
items on the PIQ measured a single factor of interest and also had
strong internal reliability (« = .92). Students responded to the PIQ
items (« = .94) on a 5-point Likert scale, with 1 being Not at all
true of me and 5 being Very true of me.

In-game performance. Computation of the score in Crystal
Island—Outbreak involved rewarding students for completing goals
(mini-milestones working toward the solution) and for efficiency
(based on latency). Students could also make a guess at the correct
solution at any point in the game, resulting in a point benefit for
accuracy and apoint lossfor inaccuracy. In-game actions that were
scored included conversing with nonplayer characters, performing
well on the in-game multiple-choice items presented by characters,
testing objects for contaminants, a pathogen-labeling activity, and
submitting a correct diagnosis worksheet.

Procedure

Participants completed the gaming survey, self-efficacy survey,
and the AGQ approximately 1 week prior to playing Crystal
Island—Outbreak (see Figure 2). On the day of the experiment,

In-Game Measures
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students were provided with general details about the Crystal
Island—Outbreak mystery and game controls during an introduc-
tory presentation by a researcher. After the presentation, students
completed the test of content knowledge for microbiology. The
students were then given 60 min to work individually in a com-
puter lab on solving the mystery in Crystal Island-Outbreak. The
postexperiment materials included the posttest of content knowl-
edge, transfer tasks, and measure of situational interest and were
completed immediately after gameplay.

Results

Descriptive statistics for the major study variables are presented
in Table 1 and bivariate correlations are provided in Table 2.
Overall comparisons of microbiology prior knowledge (M = 6.26,
D = 1.99) and microbiology posttest knowledge (M = 8.66,
D = 2.98) revealed a significant increase in scores, t(129) =
9.81, p < .001; d = 0.91. In addition, a significant relationship
(r = .27, p = .002) was found between learning gains on the
content knowledge posttest and score in Crystal 1sland-Outbreak.
Score in Crystal Island—Outbreak was also correlated with both of
the open-ended transfer tasks (r = .23; p = .007, andr = .25; p =
.005, respectively).

Although causality could not be established in the current de-
sign, comparisons were made between students who completed the
Crystal 1sland—Outbreak mystery and those who did not for vari-
ables related to SRL and content knowledge. Overall, 58 students
completed the mystery. An analysis of covariance (ANCOVA)
controlling for prior knowledge, F(1, 127) = 18.33, p < .001,
partial n? = .13, found students who completed the Crystal Island—
Outbreak mystery scored significantly better on the microbiology
posttest than students who did not complete the scenario, F(1,
127) = 20.12, p < .001, partial > = .14; assumption of homo-
geneity of regression slopes for covariate maintained, F = 1.32,
p = .25. Moreover, students who solved the mystery reported
significantly higher levels of situationa interest, M compietedy =
33.97, D = 7.49, vs. M0t compietedy = 30.36, SD = 8.99; 1(128) =
245, p < .05; and sdf-efficacy for science, M compieteay = 32.21,
SD = 5.98, VS. Mot completeay = 28.11, SD = 4.60; 1(128) = 4.41,
p < .001. They adso had a higher diagnosis worksheet total,
M completedy = 78.53, D = 14.69, VS. M (1,0t completedy = 29.96, SD =
24.97; t(128) = 14.14, p < .001; were less overconfident,
M completedy = —0.05, SD = 0.30, VS. M0t compietedy = 0.06, SD =
0.30; t(128) = 2.06, p < .05; and performed better on both near
transfer problems—Transfer 1 = M compieteqy = 0.90, SD = 0.77,

Post Measures

Pre Measures*
1. Gaming Survey 1. In-Game Performance
2. Self-efficacy for Science 2. Strategy Use
3. Content Knowledge
4. AGQ

3. Metacognitive Judgments

1. Transfer Tasks
2. Situational Interest
3. Content Knowledge

1 week prior 0 min.

Time

*Administered by students’ teacher

60 min. 90 min.

Figure 2.  Summary of Study 2 procedures. AGQ = Achievement Goals Questionnaire.
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Table 1
Means (and Standard Deviations) of Sudy Variables

Variable Boys Girls Total
Prior knowledge 6.33(2.21) 6.18 (1.70) 6.26 (1.99)
Posttest content 8.79 (3.00) 8.49 (2.98) 8.66 (2.98)
Perceived game skill 4.11 (0.94)"" 2.79 (1.09) 3.53(1.20)
Game play frequency 3.79 (1.01)" 2.51(0.78) 3.23(1.12)
Diagnosis worksheet use 54.90 (32.63)" 42.39 (33.73) 49.42 (33.57)
Goals completed 6.07 (0.98)** 5.56 (1.21) 5.85 (1.11)
Total score 462.21 (442.19) 355.09 (399.79) 415.24 (425.87)
Calibration 0.26 (0.18) 0.25(.17) 0.25 (0.17)
Response bias 0.03 (0.31) 0.00 (.30) 0.01 (0.31)
Self-efficacy for science 30.14 (5.98) 29.68 (5.17) 29.94 (5.63)
Mastery approach 17.44 (3.44) 18.02 (2.88) 17.69 (3.21)
Mastery avoid 10.97 (4.88) 11.04 (4.90) 11.00 (4.87)
Performance approach 13.42 (4.69) 14.16 (4.85) 13.75 (4.76)
Performance avoid 15.08 (4.78) 16.49 (4.03) 15.70 (4.51)
Interest 32.33(8.31) 31.51(8.81) 31.97 (8.51)
“p<.05 "p<.0LlL *p<.00L

VS. Mot completeqy = 0.58, SD = 0.67; t(128) = 2.49, p < .05; and
Transfer 2 = Mompieteay = 0.72, D = 0.77, VS. M0t completed) =
0.36, SD = 0.63; t(128) = 2.95, p < .01. Those who completed the
mystery did not report higher levels of gaming skill, 1(128) = 0.47,
p = .64, or gameplay frequency, t(127) = 0.65, p = .52.

What SRL Variables Predict Performance in Crystal
| land—Outbr eak?

In order to test the contribution of SRL on performance
(game score) in Crystal Island—Outbreak, we conducted a re-
gression analysis (see Table 3). The variables were carefully
chosen to represent each of the three major facets of SRL
(strategy use, metacognition, motivation). These included the
diagnosis worksheet score (strategy use), monitoring bias from
in-game content items (metacognition), self-efficacy for science
(motivation), situational interest (motivation), and mastery-
approach and performance-approach goal orientations (motiva-
tion). In addition, it was important to include prior knowledge and
perceived gaming skill in order to control for pre-existing differ-
ences between students. The eight variables were entered simul-
taneously. The model significantly predicted game score,

F(8,121) = 10.95, R* = .420, p < .001. Five of the variables were
found to be significant predictors, and they included diagnosis
worksheet score (B = .362, p < .001), situational interest (B =
199, p = .007), self-efficacy (B = .224, p = .007), monitoring
bias (3 = —.256, p = .001), and prior knowledge (B = .156, p =
.039). Perceived gaming skill, mastery approach, and performance
approach were not significant predictors.

What Role Does Gender Play With Regard to SRL in
Crystal Island—Outbreak?

In this section, we will first report on performance in Crystal
Island—Outbreak with regard to gender followed by an analysis of
SRL facets including strategy use, metacognition, and motivation.
Prior to interacting with Crystal 1sland—Outbreak, boys (frequency:
M = 3.79, SD = 1.01; skill: M = 4.11, SD = .94) reported playing
games more frequently, t(128) = 7.91, p < .001; d = 1.43, and
also reported higher levels of perceived gameplay skill, t(128) =
7.39, p < .001; d = 1.29, than girls (frequency: M = 251, SD =
0.78; skill: M = 279, SD = 1.10). A hierarchica regression
analysis was conducted using gender and reported number of
gameplay hours to predict in-game goals completed. Gender was

Table 2
Bivariate Correlations Among Major Sudy Variables
Measure 1 2 3 4 5 6 7 8 9 10 11 12

1. Prior knowledge — A3 A3 .08 29" .30 .11 14 24 .03 .08 15
2. Posttest knowledge — —-.05 .05 A1 457" —-.03 -.11 .20 .05 —-.03 197
3. Game skill — 37 .07 .00 —.19° .08 .09 .08 -.07 .07
4. Game frequency — .15 A1 —.03 10 -.02 —-.16 -.19" 14
5. Diagnosis worksheet use — 73 —.09 -.19" 36" —.02 .07 a2
6. Game score — —.04 -.22" 37 —.01 12 19"
7. Cdibration — -.02 -.08 —-.08 .00 —.19"
8. Response hias — A4 —.08 -.07 A7
9. Science self-efficacy — .20" .26™" a2

10. Mastery approach — .31 22"

11. Performance approach — 05

12. Interest

“p<.05 "p<.0L
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Table 3
Regression Results Predicting Performance in Crystal
Island—Outbreak

Predictors B SE B
Constant —550.24 235.37
Diagnosis worksheet use 10.48 231 .36
Interest 9.97 3.66 .20
Self-Efficacy for science 16.95 6.14 .22
Monitoring bias —355.37 103.93 —.26""
Prior knowledge 33.33 15.96 16"
Perceived game skill -20.11 25.09 —.06
Mastery approach —16.02 10.15 -.12
Performance approach 345 6.74 .04
R? 420

Note. Dependent variable is performance in Crystal |Island—Outbreak.
SE = standard error.

"p< .05 "p<.0lL "p<.001.

entered into the first block, and reported number of gameplay
hours was added to the second block. Both models were found to
be significant—Block 1: Byeneer = —-22, RZ = .05, F(1, 127) =
6.24, p < .05; Block 2: AR? = .02, F(2, 126) = 4.56, p < .05.
However, when adding reported number of gameplay hours in the
second block, gender was no longer a significant predictor of goals
completed. Thus, when we controlled for number of reported hours
playing video games, boys were no longer advantaged in terms of
goals completed. Also, boys tended to receive significantly higher
in-game scores than girls toward the beginning of the interaction,
but these differences dissipated to nonsignificant group differences
by the end of gameplay. Significant differences in favor of boys
(Mpoys = 34.78, SD = 24.42; M ;s = 23.26 D = 18.86) were
found after 5 min, t(128) = 2.94, p < .01, and 25 min (My,o,s =
210.38, D = 239.39; My, = 135.07, SD = 115.71), t(128) =
2.18, p = .03, but not after 45 min (M., = 378.89, SD = 413.54;
Mgins = 278.51, SD = 329.26), t(128, = 1.50, p = .14, or 60 min
(Mpoys = 462.21, SD = 442.19; M5 = 355.09, SD = 399.79),
t(128) = 1.43, p = .16. No significant differences were found
between genders for prior knowledge or posttest performance on
microbiology. However, both genders showed significant in-
creases in content knowledge (for boys, M,qes = 6.33,
Dpretest = 2:21; Mpogtest = 8.79; D postest = 3.00), 1(72) = —7.76,
p < .001, d = 0.94; (for girls, My erest = 6.18, Dpreress = L.70;
Mpostest = 8:49; D postest = 2.98), 1(56) = —6.02, p < .001, d =
0.85. Finally, boys showed a significant relationship (r = .35)
between their prior knowledge for microbiology and their in-game
score, but no significant relationship was found with girls.

Of the 73 boys who interacted with Crystal |sland—Outbreak, 36
completed the mystery. Within the sample of boys, those who
completed the mystery had significantly higher levels of prior
knowledge, t(71) = 3.05, p < .01, d = 0.72; situational interest,
t(71) = 2.26, p < .05, d = 0.54; self-efficacy for science, t(71) =
3.30, p < .01, d = 0.78; diagnosis worksheet total, t(71) = 9.74,
p < .001, d = 2.50; performance on the microbiology posttest,
t(71) = 4.41, p < .001, d = 1.04; and performance on the transfer
tasks, t(71) = 2.45, p < .01, d = 0.57; and t(71) = 3.06, p < .01,
d = 0.73, respectively.

Of the 57 girls, 22 completed the Crystal Island—Outbreak
mystery. Considering only the female sample, those who com-
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pleted the mystery reported significantly higher levels of self-
efficacy for science, t(55) = 2.84, p < .01, d = 0.76; diagnosis
worksheet performance, t(55) = 10.25, p < .001, d = 2.80; and
performance on the microbiology posttest, t(55) = 3.28, p < .01,
d = 0.95. No significant differences in microbiology prior knowl-
edge were found between girls who completed the mystery and
girls who did not complete the mystery.

Strategy use. Boys (M = 54.90, SD = 32.63) more accurately
and comprehensively completed the diagnosis worksheet, t(128) =
2.14,p < .05,d = 0.38, than girls (M = 43.39, D = 33.73). Boys
scored higher (mandatory diagnosis: M = 30.05, SO = 20.17;
testing: M = 11.19, SD = 7.91) than girls (mandatory diagnosis:
M = 21.47, D = 21.60; testing: M = 8.46, D = 7.39) on the
mandatory diagnosis section, t(128) = 2.33, p < .05,d = 0.41, and
the testing section, t(128) = 2.01, p < .05, d = 0.36, of the
diagnosis worksheet but not on the hypothesis or symptoms sec-
tion. However, gender differences in diagnosis worksheet perfor-
mance disappeared when controlling for number of hours reported
playing video games.

Metacognition. Overall, no significant differences were
found between genders in monitoring ability for either calibration
or bias on the in-game quiz questions. Averaged across students,
neither gender (boys, M = 0.02; girls, M = 0.00) showed much
response hias (over- or underconfidence); however, there was
significant variance within groups as evidenced by the standard
deviations (boys = 0.31; girls = 0.30). Calibration rates reveaed
that the average confidence judgment for boys was off by 26 points
(out of 100) from their average overall percentage of correct across
items compared with 25 points for girls. Interestingly, our data
suggest that for boys it was beneficia to be underconfident rather
than overconfident, but this did not hold for girls. In order to
examine this finding more closely, we converted scores for mon-
itoring bias to standardized z scores and used them to create three
groups, splitting the sample into approximate thirds. The under-
confident group (boys N = 21; girls N = 18) consisted of al
students who had a z score of —.5 or less. The accurate group
(boys N = 28; girls N = 20) consisted of all students who had a
z score between —.49 and .49. The overconfident group (boys N =
24; girlsN = 19) consisted of all students who had a z score higher
than .5. We then conducted separate ANCOVASs by gender to
examine the impact of confidence level on Crystal Island—
Outbreak score and microbiology posttest content knowledge, with
prior knowledge included as a covariate (see Figure 3). Boysin the
underconfident group (M = 9.57, SD = 3.82, adjusted M = 10.02,
standard error [SE] = 0.56) scored significantly higher, F(2, 69) =
3.43, p = .038, ? = .09, assumption of homogeneity of regression
slopes for covariate maintained, F = 0.59, p = .56, on posttest
microbiology content knowledge than their peers in the overcon-
fident group (M = 8.33, SD = 251, adjusted M = 8.12, SE =
0.52). This finding was replicated for Crystal |sland—Outbreak
game score, F(2, 69) = 3.60, p = .032, n? = .10, assumption of
homogeneity of regression slopes for covariate maintained, F =
1.16, p = .32, asthe underconfident group (observed M = 572.19,
D = 503.31, adjusted M = 623.34, SE = 88.13) outperformed the
overconfident group (M = 325.75, SD = 397.50, adjusted M =
301.09, SE = 81.74). Analysis of bias scores for girls failed to
show any significant differences by groups for these two variables.

Motivation. In order to analyze the predictive strength of the
motivational variables measured in this study with regard to in-



This document is copyrighted by the American Psychological Association or one of its alied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

SELF-REGULATION AND GENDER

Final In-game Score for Males
560

50 424

258
300

200

100

Overconfident

Accurate

Underconfident

969

1 Microbiology Posttest for Males
9.57

9.5

8.61

833
85

7.5

Overconfident

Accurate

Underconfident

Figure 3. The impact of response bias for boys on in-game score and the microbiology posttest.

game performance, we conducted separate multiple regression
analyses by gender. For each analysis, science self-efficacy, situ-
ational interest, performance approach, and mastery approach were
entered as predictors of in-game score. Results revealed that only
the mode! for boys was significant, F(8, 121) = 4.13, R = .195,
p = .005. Within that model, only science self-efficacy was a
significant predictor (B = .364, p = .003) while situational interest
approached significance (3 = .194, p = .083). Additionally, for
girls, there was a significant bivariate correlation between mastery
approach scores and interest (r = .37), but no significant relation-
ship was found for boys. No significant differences were found for
levels of situational interest between boys and girls. Finaly, no
significant correlations were found between mastery approach and
scores on the diagnosis worksheet for either gender.

Discussion

Findings and Implications

A growing literature is showing promise for student content
learning in educational games (Connolly et al., 2012; Wouters et
al., 2013). Yet, little is known about how SRL and gender influ-
ence and predict performance in these environments. In the current
study, we sought to investigate these individual difference vari-
ablesin Crystal Island—Outbreak, a game-based learning environ-
ment representative of other educational games in that its content
(microbiology) is aigned with school curriculum and attempts to
scaffold learning in an engaging setting. Our data provided a
number of interesting findings related to the impact of SRL and
gender in predicting performance while also supporting Crystal
Island—Outbreak as effective for increasing content knowledge.
Three of the major findings and their broader implications are
described in detail in the following text.

First, in-game performance in Crystal Island—Outbreak was
predicted by SRL variables that included effective strategy use (as
evidenced through the use of the diagnosis worksheet), metacog-
nitive monitoring, and motivational variables such as situational
interest and self-efficacy. Our hypothesis for this analysis was
largely supported, with the exception being that goal orientations
were not significant predictors. This finding is important in that
evidence in the literature examining the independent contribution

of variables from all three magjor SRL facets in educational games
is scarce. Students who solved the mystery within Crystal Island—
Outbreak showed similar relationships as they had higher self-
efficacy and situational interest and displayed more effective strat-
egy use (diagnosis worksheet) as well as having more prior
knowledge than their peers who did not solve the mystery. The
relationship between the quality of the diagnosis worksheet use
and in-game performance is likely due to the fact that it facilitates
the tracking, organizing, and off-loading of incoming information,
all behaviorsindicative of effective SRL. Our findings also suggest
that overconfidence may hinder both performance and self-
regulation, particularly for boys, within educational games similar
to Crystal 1sland—Outbreak.

Open-ended or “redlistic” environments that offer choice and
autonomy are necessary both for the devel opment of effective SRL
and the observation of SRL unfolding (Schunk & Zimmerman,
2003). In accordance with this statement, our data suggest that
SRL skillswere essential components to successful performancein
Crystal 1sland—Outbreak. It appears that we achieved some level of
success in presenting a learning environment that elicited indica
tors of student engagement (Skinner et al., 2008), maintained
student focus (Fredricks et al., 2004), and appealed to both genders
(Cassell & Jenkins, 1998; Greenberg et a., 2010) in order to
facilitate problem solving and content learning. Future researchers
should consider employing games with even more complex prob-
lem scenarios that are integrated in classroom-based settings for
longer periods of time (Jackson & McNamara, 2013). Such de-
signs that have students going in and out of the game while aso
engaging in more traditional content-related classroom activities
have the potential to have a greater impact on SRL skills and
potentially for transfer of concepts outside the game itself.

Where do findings in the current study leave us with regard to
SRL in game-based learning environments? Given that we found
measures representing all three major dimensions of SRL to pre-
dict in-game performance, it will be important to examine com-
ponents of educational games that are effective at initiating self-
regulated strategy use, metacognitive monitoring and control, and
motivation and meta-moativation for students who might not oth-
erwise do so spontaneously. For instance, in-game quests could be
presented in a multiple-play format with increasing levels of
difficulty in order to develop mastery. The autonomy of choosing
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the number of gameplay sessionsthat evolve with increasing levels
of challenge could facilitate self-efficacy and depth of knowledge.
Monitoring training could be presented within the narrative of the
game by having students make judgments at critical junctures in
the problem-solving progress. These judgments could be presented
through characters or technology devices (e.g., tablet, phone, and
so on) with points awarded for accuracy. This approach would
maintain the narrative by seamlessly integrating tasks within the
normal sequence of gameplay events. Finaly, findings related to
the use of the diagnostic worksheet have shown how critical it is
for students to use in-game cognitive tools in a strategic manner.
The use of tools similar to the diagnostic worksheet that assist in
off-loading and organizing information pertinent to successful
performance in the environment can be scaffolded in such a
manner (e.g., through character dialogue) so as to keep students
engaged within the narrative of the game.

The second major finding in the current investigation was that
Crystal Island—Outbreak supported content learning equally for
both genders despite boys' incoming advantages in gaming expe-
rience. Overall, playing Crystal Island—Outbreak led to significant
content learning gains for both boys and girls. This finding of
equivalent performance across genders is significant from an in-
structional design perspective because modifications in the envi-
ronment were not necessary to compensate for pre-existing student
differences. Rather, the students themselves appeared to adapt. For
instance, boys entered the study with higher perceived skill and
experience with computer games than girls. Accordingly, they
showed an advantage over girls in the early stages of Crystal
Island-Outbreak with respect to game score, but this gap had
closed to the point of statistically nonsignificant differences by the
end of play. Thus, aspects of the game design, characteristics of the
female students themselves, or an interaction of the two compen-
sated for this lack of experience. The game itself was not altered
to accommodate gender gaming preferences (Arroyo et al., 2013)
yet girls in this study overcame initia handicaps while showing
equivalent levels of situational interest as boys. This begs an
interesting question for future research: What factors compensate
for girls' lack of gaming experience, perceived skill, and early
gameplay disadvantages? In the current study, it did not appear to
be prior knowledge, self-report goal orientation, or situational
interest that assisted girls. However, it is possible that girls were
motivated by the academic nature of the task posed within the
game setting and also by the narrative aspect of Crysta Island—
Outbreak (Cassell & Jenkins, 1998; Meece & Painter, 2008).

Another possible interpretation of the gender-related findings
we have described is that gender functioned as a proxy for basic
skills that could be learned in arelatively short amount of time. If
true, this begs the question of how interesting are gender differ-
ences that can be eradicated within 1 hr of interaction in an
environment? This is a valid concern, and we would concur that
the importance of such differences as “interesting” is minimal.
Rather, we would argue that the meaningfulness of such a finding
is important, given both the literature showing overwhelming
gender differencesin gaming experience for boys (Rideout, Foehr,
& Roberts, 2010) and supporting evidence of such discrepancies
from this study reflected by the self-report findings (gaming skill,
experience) in this study. It isimportant to demonstrate that games
can be built that are essentially equivalent learning platforms for
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either gender and that such incoming differences can be amelio-
rated with appropriate instructional design.

The third mgjor finding in this study was that while students of
both genders performed at similar levels, their self-regulatory
approach appeared to vary significantly. These differences were
illustrated through the three primary facets of SRL (Zimmerman,
2000). As hypothesized, boys showed advantages using an in-
game cognitive tool, the diagnostic worksheet, as evidenced by
their higher scores on the diagnostic facet of the worksheet. It is
important to note that these advantages disappeared when control-
ling for reported prior experience playing games. Nevertheless, it
is reasonable to posit that schemas developed in prior gaming
experiences provided a framework for using tools such as the
diagnosis worksheet that function to track progress and also off-
load information important to obtaining the overall goal (Sweller,
Van Merriénboer, & Paas, 1998).

Interesting similarities and differences also emerged between
genders for metacognitive monitoring. No significant differences
were found between gendersfor either calibration or response bias.
This finding replicates those by Lundeberg, Fox, Brown, and
Elbedour (2000) who found similar levels of confidence and
calibration for university studentsin atraditional academic setting.
However, within-group differences in response bias for boys were
particularly predictive of performance in Crystal |sland—Outbreak
and microbiology content learning. Boys who were underconfident
performed significantly better than their overconfident peers. The
implications of being overconfident and having illusionary supe-
riority (Kruger & Dunning, 1999) have been well documented.
Our finding of differences in the predictive nature of the direction
of judgment bias between genders should be explored further to
test the generalizability of this finding and the extent to which this
effect for boys is unique to gaming environments.

Our hypothesis that situational interest would predict perfor-
mance better for boys than girls was partialy confirmed. Situa-
tional interest approached significance as a unique predictor of
in-game performance for boys but not girls. Moreover, boys, but
not girls, who solved the mystery had higher situational interest
than their same-gender peers who did not solve the mystery. As a
whole, findings in the current study leave us somewhat lacking in
our understanding of what motivational factors influence girls
performance in game-based learning environments. One possibil-
ity isthat we did not measure the appropriate variables that would
predict performance. Perhaps other measures that were not in-
cluded, such astask value (Eccles & Wigfield, 1995), would reveal
significant relationships.

The factors that contributed to success for girls in Crysta
Island-Outbreak were more elusive not only with regard to moti-
vation but also with regard to prior knowledge. Prior knowledge
appeared to impact game performance for boys but not girls. Boys
showed a significant relationship (r = .35) between prior knowl-
edge and in-game score; however, no such relationships were
found for girls. Exactly why this was the case is difficult to
explain; however, one possibility is that boys advantagesin com-
puter gaming experience provided them with automaticity with
controls and more developed schemas for gaming environments.
Therefore, it is possible that boys utilized their prior knowledge
more readily than girls because their resource demands were less
with regard to adapting to the game. Games that extend the
duration of gameplay over many sessions could examine if these
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gender differences generalize and, if so, whether they decrease
over time as girls become more familiar with the game environ-
ment.

Few relationships were found in this study between goal orien-
tation and content-based or game-based performance. This finding
is contrary to that of Winters, Greene, and Costich (2008) in their
review of computer-based learning environments, who found that
a mastery goal orientation led to an increased use of cognitive
strategies. We found no correlation between mastery approach (or
performance approach) scores and our measure of cognitive tool
usage (diagnosis worksheet). This lack of relationship held when
both genders were analyzed separately. Given the limitations of
relying solely on self-report data (Winne, 2010), one potential
avenue for research would be to examine measures of trace data
that coincide with particular goal orientations. For instance, game-
based learning environments might be constructed that allow stu-
dents to practice various tasks or quests through multiple iterations
in order to develop higher levels of mastery. This would provide
the opportunity to make direct comparisons of trace and self-report
measures.

Limitations

While this study contributed to our understanding of the impact
of performance by gender in one game-based learning environ-
ment, there are a number of limitations that should be considered.
In this study, we were able to observe SRL in its most commonly
studied context, that of a single episode or task. There is greater
potential for designs that include expanded sampling over time to
observe changesin SRL and aptitude qualities of SRL (Jackson, &
McNamara, 2013; Winne, 2010;. Winne & Perry, 2000). In addi-
tion, there are inherent weaknesses and threats to validity when
relying solely upon self-report measures or even a single measure
to indicate levels of complex constructs (Schunk, 2008; Winne,
2010). Adding additional measures—for instance traceable mea-
sures of goa orientation—could provide greater assurances for
results. Moreover, the measures of metacognition were limited to
calibration and response bias judgments. Additional measures of
metacognition such as the regulation of strategy use and tactics
within Crystal Island—Outbreak would be informative and more
representative of the construct as awhole. Also, internal reliability
was not possible to compute for in-game multiple-choice items due
to the manner in which the data were stored as totals across items
presented from each character rather than as item-level data. With
regard to our measure of content knowledge, even though feedback
was not provided to students, we cannot rule out the possibility of
testing effects impacting the increase in scores (Cull, 2000). Fi-
nally, given that perceived skill and frequency of game play were
measured with single Likert scale items from the gaming survey,
the effects of these variables may have been limited because of the
paucity of items and the potential lack of reliability by single-item
measures.
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