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ABSTRACT

Military training may benefit from using game-based strategies to aid in instruction. This study evaluated Game-
Based Training (GBT) by investigating a control condition and two feedback conditions: leaderboard and
excessive positive feedback. Leaderboards produce competition using a ranking system. Excessive positive
feedback praises correct behaviors. The control condition lacked a feedback strategy. Specifically, the GBT task
involved detecting kinesic cues in a virtual simulation. Detecting Kinesic cues, or non-verbal gestures that convey
one’s true emotions, help Soldiers interpret their environment. The kinesic cues trained in this study were
aggressiveness and nervousness. The research investigated correlations between involvement and performance
per each strategy; as well as correlations between game usage and involvement. A Kruskal-Wallis test was also
conducted to assess differences in involvement between strategies. Involvement was operationalized as flow,
immersion, and engagement surveys based on Likert scales. Performance comprised detection accuracy and
response time in the kinesic cue detection task. Significant correlations were found between some select flow
subscales and performance; and video game usage and the flow subscale of concentration on task. The Kruskal-
Wallis test revealed the flow subscale of unambiguous feedback was highest in the excessive positive feedback
condition. The research findings offer design considerations relevant to select flow states and their relation to
performance. Unexpected flow outcomes suggest extrinsic motivation may have played a part in increasing
performance within the excessive positive feedback condition. Additional considerations for GBT may be
explored for educational applications. This research lays the foundation for defining which flow subscales map to
specific feedback elements. As a limitation, the immersion and engagement questionnaires may require
modification to increase sensitivity.
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INTRODUCTION

Game-Based Training (GBT) is the incorporation of game mechanics (e.g., points, badges, and ranking systems)
into an activity that attempts to teach a skill or change user behavior (Meng & Khe Foon, 2016). GBT exposes
trainees to real-world scenarios in a Virtual Environment (VE) while being cost-effective and safe (Szczepkowski,
Santarelli, Stagl, Glenn, & Paulus, 2011). One of the most important aspects of games is their ability to increase
engagement in learners (Oblinger, 2004). Researchers use engagement, along with flow and immersion, as
psychological constructs to measure the degree of an individual’s involvement in a task. Despite the prevalence
of these constructs, the relationships between them, video game usage, and performance are inconsistent and
unclear.

Recently, the Military has increased the use of GBT to train and test a wide variety of important skills (see
Yildirim, 2010 for an in-depth review). GBT can be used to train military tactics and strategies (e.g., deception,
bat and bleed, and boxing maneuver), train skills (e.g., rifle handling and use of robots), and increase traits the
military deems essential (e.g., teamwork and responsibility; Yildirim, 2010). Training can be based on the role a
particular individual will hold, and the specific situations they are likely to encounter (Yildirim, 2010). In addition
to military training, GBT is also used in various other domains (e.g., higher education, medical training, police
training, and business training).

This GBT study examined a kinesic cue detection task. Kinesics is the study of how people communicate through
body motions, such as gestures and facial expressions (Birdwhistell, 1970). Kinesic detection skills are of great
importance to Military Soldiers, who need to make quick assessments of their surroundings in the battlefield in
order to identify potential threats. This task tested individual’s recognition of two aggressive (i.e., clenched fist
and slap hands) and two nervous Kkinesic cues (i.e., check six and wring hands). This study examines how
performance on a kinesic cue detection task using different GBT strategies is related to three measures of
involvement: flow, immersion, and engagement. The two GBT strategies assessed were leaderboard and excessive
positive feedback; these will be described in the following paragraphs.

Game-Based Training (GBT) Strategies

Leaderboards

In GBT, leaderboards incorporate the game design element of a ranking system that promotes competition through
social comparison and goal-directed behaviors (Chernbumroong, Sureephong, & Muangmoon, 2017; Sailer,
Hense, Mayr, & Mandl, 2017; Hanues & Fox, 2015). Social comparison involves comparing one’s performance
to other participants, by presenting scores from highest to lowest, to promote a competitive environment (Hanues
& Fox, 2015; Sailer et al., 2017; Landers & Landers, 2014). Competition is both a product of social comparison
and a means for motivation (Garcia, Tor, Gonzalez, 2006; Landers & Landers, 2014). Past research demonstrates
the effectiveness of leaderboards on improving performance and establishes leaderboards as a viable training
strategy (Landers & Landers, 2014).

Excessive Positive Feedback

The excessive positive feedback strategy employed in this study has two primary dimensions: excessive frequency
and positive sign. Frequency refers to how often the feedback occurs (Johnson, 2016). In contrast, sign refers to
the given type of criticism: either positive praise of goal attainment, or negative responses for lack of goal
attainment (Rivera, 2011). This experiment only used positive sign for feedback. Previous research on frequency
and sign show varying results: although some evidence indicates the ineffectiveness of praise on performance
(Hattie & Timperley, 2007), there appears to be no significant effect for sign (Rivera, 2011; Thurlings, Vermeulen,
Kreijns, Bastiaens, & Stijnen, 2012). Previous research has also shown negative effects of frequency on
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performance (Lurie & Swaminathan, 2009; Ackerman & Gross, 2010). However, the present integration of
feedback and sign dimensions may produce a unique interaction effect. In this condition, participants received
praise for every correct behavior detected in the VE during training. Participants also received praise for a
sequence of three correct behaviors detected. The praise was administered as a text message at the top of
participants’ screens; for example, for every single cue detected, one would be told, “Correct Cue Identified. Good
Job, Keep Going.”

Involvement

Flow

Flow is an optimal state of consciousness where performance is heightened (Csikszentmihalyi, 1990). Flow is
measured by nine dimensions (see Table 1; Jackson, Martin, & Eklund, 2008). Kiili (2006) separated the nine
dimensions into two categories: flow antecedents and flow characteristics. The five antecedents that contribute to
flow experiences are challenge-skill balance, action-awareness merging, clear goals, unambiguous feedback, and
sense of control. The four characteristics that describe flow experiences are concentration on the task at hand, loss
of self-consciousness, the transformation of time, and autotelic experiences.

Table 1. Operational Definitions for the Nine Dimensions of Flow

Term Definition

Challenge-skill balance How competent a participant believed they were in a high-demand situation
Action-awareness merging How aware a participant was of the decision-making process

Clear goals How aware the participant was of what they were trying to accomplish
Unambiguous feedback How much a participant felt like they knew how they were doing

Sense of control How in control of a situation a participant felt

Concentration on task at hand | How focused a participant felt

Loss of self-consciousness How much a participant considered the impressions they made on others
Transformation of time How much a participant felt like time passed differently during the training
Autotelic Experiences How rewarding the training was for a participant

Past GBT research indicates that flow is related to various metrics, including performance, learning outcomes,
enjoyment, and perceived learning (For further reviews, see Perttula, Kiili, Lindstedt, & Tuomi, 2017; Pavlas,
Heyne, Bedwell, Lazzara, & Salas, 2010; Barzilai & Blau, 2014). This is congruent with Csikszentmihalyi’s
(1988) notion that higher flow scores correlate with improved performance. However, other studies have shown
conflicting results indicating no significant relationships between flow experiences and learning (Kiili & Lainema,
2008). The flow experience is also thought to be tied directly to intrinsic motivation (Rodriguez-Ardura &
Meseger-Artola, 2016). Given the inconsistent findings, this research seeks to clarify the relationship between
flow and performance using different GBT strategies.

Immersion

Despite immersion’s prevalence in GBT literature, researchers have yet to accept a straightforward definition of
the term. Murray (1997) described immersion as being completely engulfed in an environment to the point where
an individual is no longer aware of the external world. Brown and Cairns (2004) classified three levels of
immersion from lowest to highest: engagement, engrossment, and total immersion. This research, however,
defines immersion as how absorbed individuals are during gameplay; it is a seamless experience where individuals
are temporarily relieved from self-referential thoughts (Jennett et al., 2008). Both immersion and flow involve a
strong union with the present moment, but immersion differs from flow in that it is not contingent on skill level
(Jennett et al., 2008). In the literature, the relationship between immersion and performance in GBT is unclear.
Previous studies indicate a positive relationship between immersion and performance on GBT tasks, as well as
immersion and learning outcomes (Cheng, She, & Annetta, 2015; Meng-Tzu, Yu-Wen, & Hsiao-Ching, 2017),
whereas others indicate no effect on learning (Hamari, Shernoff, Rowe, Coller, & Edwards, 2016). One possible
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explanation for these inconsistent findings is that the researchers used different measures for immersion. Given
the contrasting results, this research aims to investigate the relationship between immersion and performance
using different GBT strategies.

Engagement

Engagement is a psychological construct used to measure an individual’s willingness to continue an activity
(McMahan, 2003). To be engaged is an effortful, volitional experience where the individual feels that a task is
worthwhile. Using the Game Immersion Questionnaire (GIQ), Meng-Tzu et al. (2017) found that engagement was
crucial for producing learning outcomes in GBT. Engagement is also linked to positive attitudes towards learning,
such as enthusiasm, curiosity, and interest (Skinner & Belmont, 1993). Various game mechanics such as badges,
points, and leaderboards have been shown to significantly improve student engagement (Meng & Khe Foon,
2016). On the continuum of involvement, engagement occurs at the lowest level, immersion occurs at a level
higher, and flow marks the highest level of involvement. This research seeks to examine the role of engagement
in the leaderboard and excessive positive feedback strategies as well as a control group.

Purpose

Flow, immersion, and engagement have been inconsistently linked to motivation, performance, and learning
outcomes. This research seeks to answer a question: how is performance on a kinesic cue detection task using
different game-based strategies related to flow, immersion, and engagement? By answering this question
researchers can better understand the GBT strategies.

METHOD
Participants

This study recruited 91 participants from the University of Central Florida and its surrounding communities. The
inclusion/exclusion criteria for participants included normal or corrected-to-normal vision, a lack of prior
participation in behavior-cue detection studies, and US citizenship. Participants were also required to be between
18 and 40 years of age. The control group consisted of 16 females and 14 males, between the ages of 18 and 29
(M =21.40, SD = 2.31). The excessive positive feedback group consisted of 12 females and 18 males, between
the ages of 18 and 39 (M = 21.17, SD = 4.58). The leaderboard group consisted of 16 females and 15 males,
between the ages of 18 and 37 (M =21.84, SD = 3.94).

Experimental Design

A between—subjects design was used with one independent variable: feedback type. There were two levels of
feedback: leaderboard and excessive positive feedback. In the leaderboard group, participants saw a leaderboard
that compared individuals’ performance scores to computer generated scores using a three-letter identifier both
before and after the scenario vignettes. In the excessive positive feedback group, participants received a positive
comment after every correct detection, as well as when they were on a streak of three correct detections (i.e.,
correct identifications). There was also a control group where participants did not receive any feedback. The
dependent variables were flow, immersion, engagement, post-test detection accuracy, and post-test response time.

Metrics

Objective

This study collected objective data on post-test detection accuracies and response times. Post-test detection
accuracy was represented as a percentage of kinesic cues correctly detected out of the total number of target cues.
Post-test response time was measured as the length of time in milliseconds between when a cue animation was
initialized and when participants clicked on the respective cue event on screen, before classifying if the cue was
either aggressive or nervous.

The demographics questionnaire gathered basic information about each participant, including participants’ age,
sex, handedness, education, familiarity with various technological components, and hours per week spent playing
videogames.

Subjective
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Flow was measured using the Flow State Short Scale (Jackson, Martin, & Eklund, 2008). Each of the nine
questions assessed a different flow subscale using a Likert scale that ranged from one to five, where one was
strongly disagree and five was strongly agree. The flow subscales were challenge-skill balance, action-awareness
merging, clear goals, unambiguous feedback, concentration on task at hand, sense of control, loss of self-
consciousness, transformation of time, and autotelic experience.

Immersion was measured using an eight-item questionnaire, where participants rated each item on a five-point
scale, where one was strongly disagree and five was strongly agree (Jennett et al., 2008).

Engagement was measured using a seven-item questionnaire, where participants rated each item on a five-point,
where one was strongly disagree and five was strongly agree (Charlton & Danforth, 2005).

Testbed

The Virtual Battlespace 2 (VBS2) Version 2.0 development software was used for this study (VBS2 was the
standard for military simulation training at the time of data collection). The software allows instructional designers
to create various simulations in VEs. VBS2 offers a high level of customizability and extensive feedback
capabilities, such as mission playback, and presents multiple camera angles to view the VE (Green, Leibrecht,
Fite, 2011).

Procedure

Upon arrival, the experimenter greeted each participant, and confirmed his or her eligibility based on the
inclusion/exclusion criteria. The experimenter then administered the Ishihara Color Blindness assessment. Each
participant was then provided with the informed consent document to read and sign. The experimenter
administered the demographics questionnaire to the participant, and then randomly assigned participants to one
of three conditions: excessive positive feedback, leaderboard, or control. Then, the experimenter presented the
interface training using PowerPoint, which allowed the individual to become familiar with the software and
practice the classification task. The interface training required participants to identify colored barrels and click on
them to become familiarized with the VE. If a participant did not meet the proficiency requirements (i.e., at least
nine points), the individual was given a second attempt. If the participant failed a second time, the individual was
dismissed. Each participant was then shown the pre-test training slides in PowerPoint and completed the pre-test
scenario in VBS2. During this scenario participants were required to detect whether virtual characters displayed
nervous or aggressive cues, based on previous knowledge. If a character did portray these cues, participants had
to click on the character and then classify if the cue was nervous or aggressive. After this, the participant viewed
the kinesics training PowerPoint presentation, which covered the purpose of behavioral cue detection and the
types of target behavior cues. Next, each participant completed the scenario vignettes by experimental group. The
scenario vignettes were similar to the pre-test but included the GBT strategies (see Figures 1 and 2). Afterwards,
the experimenter provided the Flow State Short Scale, Immersion Measure, and Engagement Measure
questionnaires. The experimenter then showed a post-test training PowerPoint presentation to introduce the task,
and each participant completed the post-test scenario, which was identical to the pre-test. Finally, participants
were debriefed and dismissed.

Correct Cue
Identified
Good Job,

Keep Going!

Leaderboard
Name Score

S 365000

ECO 354500

340000

334400

329400

325000

319100

308000

295500

282700

Aggressiveness Nervousness

Figure 1. Leaderboard Condition Figure 2. Excessive Positive Feedback
Condition
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RESULTS
Biographical Analysis

Demographics were used to inform biographical analysis. A split-file Mann-Whitney U Test was used to look at
gender differences on the involvement and performance metrics. Kruskal-Wallis tests were also used to look at
differences on the involvement and performance metrics based on comfort with computers and familiarity with a
mouse; the latter two were both ranked on a five-point scale. None of these tests showed any significant differences
between groups. There were also no significant correlations found for game usage, which was measured in game
genre categories.

Preliminary Data Analysis
A Cronbach’s alpha test determined the reliability of the experimental questionnaires (i.e., flow, engagement,
and immersion) for the leaderboard, excessive positive, and control conditions. The analysis revealed the results

shown in Table 2.

Table 2. Cronbach’s Alpha Measures

Cronbach’s Alpha (o)
Survey Cronbach’s Alpha (o)
Flow .69
Immersion 74
Engagement .79

Leaderboard

The data were split by experimental groups and were analyzed using Spearman rho correlations, to look for
relationships between the flow subscales, immersion, engagement, and post-test performance. The leaderboard
group had the most significant correlations. There was a moderate negative correlation between challenge-skill
balance and response time (see Table 3), which showed that when participants felt the task matched their skill
level, they had a faster response time. There was also a moderate negative correlation between concentration on
task and response time (see Table 3 and Figure 3), which showed that the more concentrated participants felt, the
faster their response time was. There was also a strong positive correlation between concentration on task and
detection accuracy (see Table 3 and Figure 4), showing that increased concentration was linked to detection
accuracy. Game hours only had one significant correlation, and it was in the leaderboard group only. There was a
weak positive correlation between game hours and concentration on task (see Table 3), which showed that in the
leaderboard group, the more hours a participant spent playing video games during the week, the better the
participant felt they concentrated (see Table 3).

Table 3. Leaderboard Correlations

Spearman’s Correlations in Leaderboard Condition

1 2 3
1. Post-Test Response Time -
2. Post-Test Detection Accuracy -.63** -
3. Flow — Concentration -.50** .60** —
4. Flow — Challenge-Skill Balance -.40* 17 —
5. Game Hours -.18 -.04 0.36*
*Note *p <.05, **p < .01

2018 Paper No. 18165 Page 7 of 12



Interservice/Industry Training, Simulation, and Education Conference (I/ITSEC) 2018

5.00

by
=)
2

3.00

Flow - Concentration

2.00

1.00

T
2500.0

T T T
3000.0 3500.0 400
Response Time (ms)

T
0.0 4500.0

2 Linear = 0181

5.007

»
o
<]

L

Flow - Concentration
w
=3
2

2,00

1.00

T
20.00

T
40.00

T
60.00
Detection Accuracy (%)

T
80.00

T
100.00

2 Linear = 0.038

Figure 3. Response Time Scatterplot Figure 4. Detection Accuracy Scatterplot

Excessive Positive Feedback

In the excessive positive feedback group, there was a moderate negative correlation between autotelic experience
and detection accuracy (see Table 4), which shows that the more intrinsically enjoyable participants found the
task, the worse their detection accuracy was.

Table 4. Excessive Positive Feedback Correlations

Spearman’s Correlations in Excessive Positive Feedback Condition

1 2
1. Post-Test Response Time —
2. Post-Test Detection Accuracy -43* -
3. Flow — Autotelic Experience .01 -43*

*Note *p < .05

Control

In the control group, there was one significant correlation between clear goals and detection accuracy (see Table
5), showing that the more clearly a participant understood the goals of the task, the better a participant’s detection
accuracy.

Table 5. Control Correlations

Spearman’s Correlations in Control Condition

1 2
1. Post-Test Response Time -
2. Post-Test Detection Accuracy -.63** -
3. Flow — Clear Goals -.28 A41*

*Note *p < .05, ** p < .01

Cumulative Condition Analysis

Within all three conditions, detection accuracy was negatively correlated with response time (see Tables 3, 4, and
5). Additionally, a Kruskal-Wallis test was conducted for performance, engagement, immersion, and the flow
subscales. Performance, engagement, immersion, and seven of the flow subscales were not found to vary
significantly across groups. There was a significant effect for flow subscales of unambiguous feedback (¥?(2) =
6.69, p < .05) and sense of control (¥?(2) = 13.45, p < .001).
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DISCUSSION

This study investigated the impact of flow, immersion, and engagement on performance to offer recommendations
for improving GBT. The findings both support and refute previous theories on the effects of engagement,
immersion, and flow. In the following sections, the relationships between the three conditions (leaderboard,
excessive positive feedback, and control) and five flow subscales (concentration on task at hand, autotelic
experience, unambiguous feedback, sense of control, and clear goals) will be examined.

Leaderboard

Within the leaderboard condition, higher concentration correlated with shorter response time and better detection
accuracy. After each training scenario, participants viewed their score at the bottom of a leaderboard. It is possible
that comparing their scores to the other scores instilled a motivation to perform better on the task. This suggests
the use of leaderboards as a game-based strategy may leverage participant’s concentration through competition
and social comparison. Therefore, this strategy may be used for training in areas that require intense focus and
immediate responses with accurate results (e.g., combat medics, first responders, medical personnel, and air traffic
controllers).

Excessive Positive Feedback

Within the excessive positive feedback condition, participants had significantly higher scores on the unambiguous
feedback subscale compared to the leaderboard and the control condition. This finding may be due to the sheer
amount of feedback received. The leaderboard condition received only a few moments of feedback at the end of
their scenarios and the control condition received no feedback; whereas participants in the excessive positive
feedback condition were notified every time a target cue was detected (i.e., correctly identified).

Additionally, participants who found the task more intrinsically rewarding (i.e., had an autotelic experience) had
lower scores for detection accuracy. This is unexpected considering past research has shown that intrinsic
motivation has stronger positive effects on performance compared to extrinsic motivation (see Cerasoli, Nicklin,
& Ford, 2014, for further review). According to Csikszentmihalyi (1990), one of the characteristics of an autotelic
experience is that individuals do not concern themselves with the outcome of their performance on a task. It is
possible that this outcome was facilitated by the exposure focused on positive feedback, which promoted interest
in the activity over the outcome. This may have undermined the intrinsic motivation to perform well, resulting in
a negative correlation with detection accuracy. This supports past research on the negative effects of excessive
feedback (Lurie & Swaminathan, 2009; Ackerman & Gross, 2010). Considering the converse to this correlation,
it is also possible that participants who experienced less intrinsic motivation experienced more extrinsic
motivation by placing greater value on the praise received. This may have acted as an extrinsic incentive that
positively impacted performance in this group.

Control

In the control group, clear goals were correlated with better detection accuracy. One possible explanation is that
participants may have been primed more to the task in this condition because no additional feedback was added
after the pretest. These results also point to the potential effectiveness of a goal-setting strategy in the absence of
feedback strategies. Without any feedback to direct behavior, participants are forced to rely on the goals of the
task. Because the participants who felt they did not understand the goals of the task scored lower in detection
accuracy, it is imperative that GBT designers instill a clear understanding of the goals for a task in participants.
The finding that clear goals was not related to performance in the leaderboard or excessive positive feedback
group suggests that a simulation-based approach (here, no feedback strategy) may be effective in fields that require
a higher level of fidelity with a realistic environment. For example, in the real world, an air traffic controller will
not have a leaderboard to reinforce his or her progress in successfully identifying anomalies on a radar.

Cumulative Condition Analysis

The flow sense of control dimension varied significantly across the three conditions. Participants’ sense of control
was the highest in the excessive positive feedback condition, second highest in the leaderboard condition, and
lowest in the control condition. Therefore, it appears that quantity of feedback may encourage a sense of control.
The results also partially support the notion that flow may be positively related to performance, because four of
the nine subscales of flow were significantly related to performance (Perttula et al., 2017; Pavlas et al., 2010;
Barzilai & Blau, 2014, Kiili & Lainema, 2008). The finding that five subscales (action-awareness merging, loss
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of self-consciousness, unambiguous feedback, sense of control, and transformation of time) were unrelated to
performance supports that not all dimensions need to be present to experience flow (Swann, Keegan, Piggot, &
Crust, 2012). It may be the case that some dimensions are more important than others in different contexts:
Csikszentmihalyi (1990) noted that an artist’s sense of time may be completely dissolved during a flow experience,
but other activities such as surgery or marathon running require a heightened sensitivity to the passage of time.
Therefore, in some instances it may be impractical to score highly on all nine dimensions. Future research should
investigate the importance of each the nine flow dimensions in relation to military GBT tasks.

The research also showed that participants in all three groups had similar immersion and engagement scores.
Contrary to previous research that showed the benefits of immersion and engagement, both metrics were unrelated
to performance in this study. It is unclear why this finding occurred, as participants in all three groups reported
feeling both immersed and engaged; however, the measures had no bearing on overall participant performance in
the task. One possible explanation is that the questionnaires may have measured immersion and engagement in
relation to the VE rather than the task.

Limitations

There were a few noted limitations in this study. One was an inconsistency in the leaderboard condition. The
training slides stated that the leaderboard would be shown after each vignette, however it only appeared before
the first vignette and after the last one. This limited the amount of feedback that participants received. Future
research should incorporate the leaderboard better by showing it after each vignette, to provide participants with
more frequent feedback. The leaderboard also compared participants to computer generated scores, which were
much higher than the participant scores, and which may have made participants feel they performed poorly.
Additionally, this research had a small sample size, which limited the use of additional analysis beyond
correlations. Future research would benefit from increasing the sample size to allow for the use of further analysis,
such as regressions. This study also used a shortened version of the immersion and engagement measures. It is
possible that using longer and more comprehensive questionnaires may have increased the validity of results;
however, due to time constraints and participant workload, longer questionnaires were not feasible. Additionally,
the lack of specificity of some of the questionnaires may have compromised construct validity. For example, this
study did not measure engagement in accordance to its various subcomponents (i.e., cognitive engagement,
behavioral engagement, and affective engagement; Fredricks, Blumenfeld, & Paris, 2004). Future research may
want to consider a more comprehensive approach by measuring the various subcomponents of engagement.

Another concern is how GBT may only be teaching trainees how to succeed at the game, as opposed to teaching
them the skills they need for the real world. This study attempted to partially address the issue of flow’s relation
to learning by administering the involvement questionnaires before the non-GBT, post-test assessment. Since the
post-test lacked feedback (as it was the same as the pre-test), participants were left to detect and classify cues in
a more realistic context. This experimental manipulation revealed that when flow was experienced during GBT,
flow was, in general, positively related to performance variables (e.g., detection accuracy) outside of GBT. Here,
GBT seems to relate to the way participants performed on a transfer-of-context task outside of the game. Another
issue arises with the possibility of users becoming disengaged when GBT strategies are removed. Further,
leaderboards may be problematic because participants might be willing to take extra risks (e.g., accepting
increased false positive detections), that are potentially catastrophic in real-world jeopardy, to obtain a higher
score. A similar problem arises with trainees seeking more positive feedback, in order to be rewarded.

Future Research

In addition to the brief recommendations noted in prior sections, to increase the accuracy of flow, immersion, and
engagement scores, future research should consider incorporating objective physiological measurements in
addition to the traditional subjective scales. Notable examples would include Jennett et al.’s (2008) use of eye-
tracking technology to measure immersion and Tsai, Huang, Hou, Hsu, and Chiou’s (2016) use of eye-tracking to
measure flow. Furthermore, as neuroscience continues to explore the neurophysiological mechanisms of flow,
researchers should devise new ways to assess flow states by looking at brain activity. Future research should also
consider measuring motivation, which may have been an extraneous variable in this study. Doing so may provide
additional insight into construct relationships, such as the autotelic experience correlation with detection accuracy
in the excessive positive feedback condition. There is also a need to further assess the impact of GBT on learning,
by investigating both changes in context (e.g., in live simulation or real-world situations) and across timescales.
A finer-grain study would also investigate trends across signal detection measures, including false positives.
Ultimately, researchers should further examine the flow subscales in relation to performance in GBT. Continuing
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to map these subscales within different GBT strategies may offer suggestions as to which strategies are most
effective for different types of training.

CONCLUSION

In summary, this research looked at how flow, immersion, and engagement correlated with different performance
metrics on a Kinesic cue detection task using leaderboards and excessive positive feedback. The findings suggest
that certain flow subscales, particularly challenge-skill balance, concentration task at hand, autotelic experience,
and clear goals, may have an impact on training performance and should be considered by individuals who are
designing training programs. Future research should continue to map the flow subscales to various GBT strategies.
Here, GBT may be injected into military tasks, including detection of improvised explosive devices (via eyesight
or detector tools), maintaining separation in air traffic control, applying medical devices, or understanding
topographical map features. Although this paper focused on leaderboards and feedback mechanisms, other GBT
strategies exist: making certain information scarce (e.g., forcing attentive search strategies in detection tasks),
using time-pressure, testing memory, and creating scores based on chained successes (e.g., expanding a
scoreboard, where repeated correct answers create a score multiplier) are potential avenues to investigate.
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