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Abstract. Our technology laden world continues to push the limits of human
cognitive performance. Human performers are increasingly expected to assume
roles of passive monitors rather than active engagers of technology systems [1].
Active and physical tasks have shifted to more sedentary tasks requiring sig-
nificant cognitive workload at a rapid pace. Consequently, researchers and
academics alike struggle to find a balance between effective user interface,
usability, and ergonomic designs that will allow the performer to successfully
complete their tasks while sustaining attention in these complex environments. It
is no surprise that human error is at the root of tragic mishaps relating to
vigilance across a wide range of applications and operational environments
[2–4].
Researching vigilance is not new [5–7]. In fact, vigilance has been studied in

laboratory settings for nearly seventy years across many conditions and tasks
[8]. Traditional laboratory tasks involve static displays with simple image targets
presented to individuals over prolonged periods of time. Participants are
required to detect rare and temporally spaced targets among abundant “noise”
images while sustaining their attention. The results using these vigilance tasks
have found evidence of vigilance decrements, increased stress [7], and high
cognitive demand [9]. The issue of training the skill to sustain attention has also
been addressed [10, 11]. Findings from traditional research show that the most
effective way of improving vigilance performance is through providing feedback
in the form of knowledge of results [12].
Although the contrived, laboratory-based vigilance tasks can produce and

mitigate the vigilance decrement, tasks that directly relate to complex opera-
tional environments are severely underrepresented in research. There have only
been few researchers that utilize dynamic environments in vigilance research.
For example, Szalma et al. [13] developed a video game-based training platform
with the goal to extend the traditional vigilance training paradigm to complex,
dynamic, and virtual environments that are more representative of visual
detection tasks in the real world. Our current research is focused on extending
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the vigilance training paradigm to operationally relevant areas with the devel-
opment of a game-based system for training operator attention within unmanned
aerial systems (UAS).
UAS are an integral part of mission operations within many branches of our

military. New developments and improved technology allow extended mission
operations of UAS up to, and exceeding 12 h. However, many UAS mishaps are
the result of mechanical failures, and an alarming rate – 60.2% – of mishaps
have been attributed to operator error [2]. This finding is not surprising, as UAS
operations are highly cognitively demanding. Prolonged shiftwork and
surveillance missions require sustained attention toward tracking or identifying
rare targets, often in visually degraded conditions. This paper discusses current
efforts to take the vigilance training paradigm out of the laboratory setting and
into operational environments, including our current work in creating
game-based training of vigilance for UAS operators. We describe the challenges
associated with defining and standardizing targets, developing scenarios, and
assessing performance.

Keywords: Vigilance � Game-based training � Sustaining attention � Vigilance
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1 Introduction

Technological innovations, those which purport to improve human performance, allow
operators to extend work hours significantly, and keep operators safe in hostile or
extreme environments are increasingly pushing humans to assume roles of passive
monitors within technology systems [1]. This shift, while certainly allowing the
extension of human capabilities in some regards, has left the operator in a state of
required sustained attention, under alerted conditions, to perform vigilance tasks.
Vigilance refers to the ability to sustain attention for rare, temporally spaced signals
among noise over prolonged periods of time. As time on task progresses, performance
tends to decline as difficult task requirements decrease engagement and increase dis-
tress [7]. It is no surprise that human error is at the root of tragic mishaps relating to
vigilance across a wide range of applications and operational environments [2–4].

Many occupational and operational settings require operators to perform vigilance
tasks. Air traffic controllers, Transportation Security Administration (TSA) agents, and
nuclear power plant controllers are more obvious occupations requiring continuous
monitoring of information. However, other operational environments require extreme
vigilance including unmanned aerial systems operations. Improved technology allows
extended mission operations of UAS up to, and exceeding, 12 h. While many UAS
mishaps are the result of mechanical failures, an alarming rate – 60.2% – of mishaps
have been attributed to operator error [2]. Real-world data suggest that the vigilance
paradigm observed in the laboratory is a phenomenon occurring in operational settings
as well, and poses a significant threat to the safety and wellbeing of individuals in the
real-world.
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1.1 Training for Vigilance

Vigilance has been studied in laboratory settings for nearly seventy years [8] across
many conditions and tasks. A consistent finding in this research is the vigilance
decrement, in which performance on tasks that require vigilance declines over time.
Traditionally, laboratory vigilance tasks involve a response to a relatively rare target
over a lengthy period of time. The vigilance decrement usually occurs within the first
15 min of task performance, however, if the task is sufficiently cognitively demanding,
it can take as little as five minutes for performance to decline [9]. While this effect has
been historically interpreted as a decline in arousal, research investigating perceived
workload and task induced stress show that vigilance tasks are in fact very stressful to
the participant [7]. Thus, the vigilance decrement can be attributed to the high cognitive
demands of the task. Under an Army effort investigating vigilance in route clearance
missions, it was found that Warfighters are aware of these strains and attempt to
mitigate them with energy drinks, cigarette smoking, and other stimulants [14].

Research shows that vigilance depends upon a combination of participant charac-
teristics, environmental conditions, and task characteristics and performance varies
widely from person to person [15]. In a previous Army Research Institute (ARI) study,
performance on a vigilance task predicted peer ratings of Soldiers’ intelligence,
decision-making ability, attentiveness, and resilience [16]. Vigilance also depends upon
the physiological state of the participant; arousal may be influenced by stimulant use,
fatigue, time of day, and numerous other factors. Importantly, the extent to which a
participant exhibits relatively high levels of vigilance has been found to predict per-
formance in game platform-based training for Warfighter tasks [16]. Environmental
conditions could include stimulant usage, sleep, or time of day which have been shown
to affect vigilance performance [17, 18]. Additionally, task characteristics refer to
vigilance task parameters and these range from static, laboratory-based tasks, dynamic
stimuli within videogame-based environments, or even feedback presented to the
trainee during or after a vigil.

There have been substantial research efforts to identify effective training methods
for vigilance. Research indicates that the most effective way of improving sustained
attention is through performance feedback in the form of knowledge of results
(KR) (for early reviews see [12, 19]). KR has been shown to improve operators’
perceptual sensitivity (the ability to discriminate signal from nonsignal; [20]). Early
research demonstrated that providing feedback regarding performance outcomes (i.e.,
detections, false alarms, missed targets, or response time) improved performance
during both a training session where feedback on these outcomes is provided as well as
in a test or transfer session in which the feedback is withdrawn. The transfer of training
to a test vigil is commonly used to establish that skill retention (i.e., learning) is a result
of training intervention (in this case, feedback in the form of KR) rather than due to the
immediate performance support afforded by the intervention itself during the training
session [21].

Several studies have shown that KR training can improve vigilance, but there has
been some debate regarding whether KR effectiveness is due primarily to operator
motivation or to learning mechanisms. There is evidence to support both perspectives.
Mackworth [22] demonstrated that performance improvement can be achieved using
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false feedback, i.e., feedback provided on a random schedule that provides no accurate
information regarding performance, pointing to KR’s motivational influences (see [23,
24]). Later studies established that performance can be improved by the use of partial
KR schedules (KR only provided some of the time), goal setting interventions, or
providing monetary awards in addition to KR [25–29]. These findings support a
motivational explanation.

There is also evidence to support a non-motivational role for KR. Much of this
evidence derives from evaluation of the transfer of training from one task to another.
The nature of the vigilance task itself has been found to moderate differences in
performance. Vigilance tasks may be categorized into those requiring successive dis-
criminations and those requiring simultaneous discrimination. In successive discrimi-
nation tasks the observer must compare a stimulus event against a standard in memory
(absolute judgment), and in simultaneous discrimination tasks the observer must
compare a stimulus element to another element present in the display (comparative
judgment). If KR effectiveness were due only to increasing motivation, then task type
should not affect transfer. However, research has shown that training on a task
requiring simultaneous or a successive discrimination transfers to a criterion task within
the same task type but not across types [10, 11]. These findings suggest a strong
learning component to vigilance training using this paradigm. The task specificity of
vigilance training has important implications for training the vigilance component of
any task. To maximize the effectiveness of SkySpotter, it is important to replicate the
sorts of tasks end users will be performing in the operational setting.

1.2 Vigilance Training in Simulated Environments

The research summarized above describes training for vigilance as it has been tradi-
tionally examined in a laboratory setting. In these experiments, participants view static
displays that feature simple targets in order to maximize experimental control. While
these paradigms have been effective in inducing a vigilance decrement, they do not
capture the complexity of the operational environment. As sustaining attention
becomes more difficult as cognitive demands increase, a true understanding of how
vigilance works in the real world is required. Further, because previous research shows
successful training transfer depends upon the extent to which a training task mirrors the
transfer task, it is imperative to accurately represent operator tasks.

Under an ARI funded effort, Szalma and colleagues [13] developed vigilance
training in a videogame-based platform. The goal of this research was to extend the
traditional vigilance paradigm to a dynamic, complex virtual environment that more
accurately represents the visual detection tasks required of route clearance personnel
engaged in improvised explosive device (IED) detection. The primary challenge the
team faced was developing scenarios that were sufficiently boring and monotonous to
induce a vigilance decrement despite the engaging and motivating aspects characteristic
of game-based training platforms. An additional challenge was to design scenarios in
such a way to define consistent, equivalent “trials,” which is required in order to
examine the degradation of performance over time. To accomplish this goal, scenarios
were designed in which participants engaged in a virtual dismounted route clearance
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mission. Movement was limited to guided navigation at a steady pace, effectively
putting the participant “on rails.” The participant’s goal was to identify suspicious
targets known to be indicators of IEDs (e.g. fuel cans, command wire, pressure plates)
that appeared sporadically throughout the scenario. The participant received KR
feedback about the accuracy of their response: “Correct” for a correct detection, “Miss”
for a missed target, and “False Alarm” for a response when no target was present.
Figure 1 depicts screenshots of a correct identification and sample feedback.

After participants completed the training phase in which feedback was presented,
transfer was assessed by completing a similar scenario with no feedback. Interestingly,
these participants did not exhibit a vigilance decrement, either during training or
transfer. However, scores on measures of perceived workload and stress indicated task
engagement declined over the course of the training, while distress and avoidant coping
increased, a finding consistent with previous vigilance research [8]. Importantly, par-
ticipants who received feedback in terms of KR outperformed those who did not,
identifying more targets and responding more quickly. These findings hold promise for
the development of videogame-based training for UAS operators.

1.3 Videogame-Based Training

The use of videogame-based simulation by the military has steadily increased as these
technologies have improved in popularity, fidelity, and accessibility. Videogame-based
platforms are typically used for training purposes within a military context and provide
an inexpensive, flexible means of introducing Soldiers to a variety of domains. The
effectiveness of videogame-based platforms for training has been demonstrated for a
variety of cognitive skills and abilities [30]. Skills acquired have been shown to transfer
to external tasks, particularly if the skills and abilities required to succeed in the game
and the transfer task are consistent [31].

There is an important distinction between training using a videogame-based plat-
form and training using “serious games.” Typical military applications of game-based
training platforms, such as VBS2 and America’s Army, provide a moderate level of
fidelity in a low-cost desktop simulation. These applications are not truly “games” as
they lack many of the attributes of games that provide an engaging, motivating

Fig. 1. Screenshots from Vigilance Training Module in VBS2 [13]
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experience. In his review of game-based training, Hays [32] defines a game as “an
artificially constructed, competitive activity with a specific goal, a set of rules, and
constraints that is located in a specific context.” Wilson et al. [33] provide an extensive
review of these game attributes, and consider the most important to be fantasy, rep-
resentation, sensory stimuli, challenge, mystery, assessment, and control. These attri-
butes determine the extent to which a game is, among other things, fun.

Our goal with SkySpotter is to develop a true game. A hallmark of vigilance tasks
is the extent to which they induce stress, high cognitive workload, and decreased
motivation. Consequently, these tend to be tasks that individuals avoid. For vigilance
training to be maximally effective, trainees must continue to practice in order to
maintain their skill level. Our aim is to develop a program that is challenging enough to
be effective but also engaging enough that trainees will continue to put effort into
developing their vigilance skills despite the stress or other negative emotions they
may feel.

1.4 Adaptive Training Technology

Adaptive training has been defined as the personalization of training content during the
course of instruction to the individual student, based on an assessment of that student’s
knowledge, abilities, experiences, and/or skills [34]. The Navy, as well as the other
services, is increasingly interested in implementing adaptive training technologies as a
means of providing effective learning experiences while reducing costs. To date, most
adaptive training interventions have focused on improving the learner’s understanding
of a particular knowledge domain, such as math (e.g., [35]), conceptual science (e.g.,
[36]), or vocabulary (e.g., [37]). Adaptive training tends to be more effective for
well-defined domains in which there is a “right” answer to a problem. In these cases,
adaptive techniques tend to involve manipulating the challenge or complexity of
information based on a real-time assessment of student understanding. Such techniques
include scaffolding [38, 39], fading of worked examples [40–42], and comprehension
gauging [39, 43–45], among others.

Unlike knowledge-based domains, sustained attention is a cognitive skill. Adaptive
algorithms have been successfully used in training programs for cognitive and per-
ceptual skills. In these paradigms, the difficulty of a discrimination or similar task is
manipulated based on an ongoing assessment of the trainee’s performance. While these
programs have shown improvement in trainee performance, the extent to which the
adaptation itself provides a benefit is unclear [46–48]. This is likely because the costs
associated with developing adaptive and non-adaptive versions of the same training
simply for research purposes are prohibitive [49]. Further, there is little opportunity to
evaluate long-term benefits of these programs and generalize the empirical evidence of
adaptive training to complex environments [50].

In addition to real-time adaptations, macro-level adaptive strategies can be
employed in order to determine placement within a training program, adjust content
format, or appropriate level of control. These adaptations are often based on learner
characteristics related to performance, such as aptitude, personality, and learning style.
Because individual differences are suggested to influence the effectiveness of training
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instruction, content, feedback, and difficulty, these variables may be critical in deter-
mining how and when to adapt training [50]. In the context of vigilance, age, physi-
ological state (e.g. fatigue and stress), learning difficulties (e.g. ADHD), and other
characteristics influence an individual’s ability to sustain attention.

Elements of adaptive training will be applied to SkySpotter to support individu-
alized approaches to ongoing assessment of performance with the use of the system.
Macro-level adaptions will be leveraged to place trainees, pre-task, based on predictor
variables such as participant characteristics (individual differences) and environmental
factors. Adaptive placement will provide opportunities for trainees to experience task
challenges and appropriate levels of effort and stress while not feeling overwhelmed
and disengaged. The goal is to achieve maximal motivation so trainees feel compelled
to return to training for challenges, personal achievement, and improved performance.

2 Current Research

Presently, work is being conducted for the design and development of a videogame-
based adaptive attentional training platform for UAS operators under an effort sup-
ported by the Naval Air Warfare Center Training Systems Division (NAWCTSD).
SkySpotter is the current effort researching the effectiveness of vigilance training within
a videogame-based platform. While previous research has leveraged dismounted,
ground-based environments [13] this domain is novel. However, the innate charac-
teristics of vigilance tasks remain consistent within this instantiation of dynamic,
operationally relevant work.

UAS long-duration mission operations are the primary point of concern, given the
expanded capabilities of more technologically sound unmanned aircraft. Current and
new UAS will allow for prolonged mission duration up to, and even exceeding, 12 h.
This extended operational environment causes UAS operators to work in extreme,
alerted conditions, while expected to perform at optimal levels. To maintain training
gains, it is imperative that trainees maintain continued practiced and while improve-
ments in vigilance can be found after just one session, sustained attention is a per-
ishable skill. Therefore, it is imperative that a sound, scientifically-based, effective
training system be available to UAS operators at all times, to improve their ability to
sustain attention.

SkySpotter is a web-based training program composed of four core functionalities:
a pre-training assessment, vigilance training scenarios, a test scenario, and a profile.
The pre-training assessment is designed to capture state, trait, and demographic char-
acteristics, predictor variables that could have an effect on vigilance performance. The
vigilance training scenario and test scenarios simulate a UAS performing a sweep of an
area, a geo-typical middle eastern terrain. The scenarios follow a very precise pre-
scription for target and environmental elements so that vigilance performance may be
evaluated with the same laboratory scrutiny. Finally, a user profile tracks performance
progression through training. Not only will data be collated here to provide trainees
feedback and after action review (AAR), data will drive adaptive training elements
as well.
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2.1 Predictor Variables

Vigilance depends upon a combination of participant characteristics, environmental
conditions, and task characteristics. Vigilance also depends upon the physiological
state of the participant; arousal may be influenced by stimulant use, fatigue, time of
day, and numerous other factors. Importantly, the extent to which a participant exhibits
relatively high levels of vigilance has been found to predict performance in game
platform-based training for Warfighter tasks [16]. As such, research suggests that it is
possible to predict vigilance (e.g., [36, 51–54].

Traits, characteristic behaviors and attitudes that are long-term and consistent, that
predict vigilance include personality (extroversion, conscientiousness, and neuroticism/
trait anxiety; [51]), cognitive skills (working memory and spatial ability; [51, 52]), and
fatigue proneness (propensity for sleepiness and boredom; [54]).

States, temporary behaviors or attitudes that depend on a person’s situation at a
specific time, have also been identified to predict vigilance. State variables of interest
include stress/coping and sleepiness (different from fatigue proneness). Subjective state
and coping dimension questionnaires are typically used to identify elements that reduce
task engagement, leading to vigilance decrements. Sleepiness has been found to impair
vigilance. Usually occurring during night shifts, sleepiness is more prevalent at the end
of the night [55], as there are significant correlations between errors and subjective
sleepiness [18]. Sleep restriction may also contribute to sleepiness and vigilance
decrements, greatly impacting response time and alertness.

Environmental influences are variables such as stimulant consumption, time of day,
and sleep the previous night. To maintain vigilance, stimulants are often used to enhance
performance and attention. A 32-mg dose of caffeine, which is equivalent to the amount
of caffeine in a typical cola drink and less than that of a cup of coffee, improved auditory
vigilance hit rates and visual reaction time [17]. Caffeine given in the early morning also
improved overall vigilance performance during late morning [56].

Additional items for consideration include demographics information such as age,
academic achievement, videogame experience, etc. While age is found to influence
vigilance, performance was more variable among older adults as stimulus degradation
increased and the vigil progressed [57]. Furthermore, vigilance is associated with video
game experience. Research has found that videogame players (VGPs) outperform
non-video game players (NVGPs) in attention and visual search that are most com-
monly used during vigilance tasks [58–60].

2.2 Scenario Elements (Training and Test Vigils)

Researching vigilance in a dynamic, videogame-based environment is relatively novel.
Only a few have performed this work in the past [13, 16]. In order to scientifically
evaluate vigilance performance within a novel platform, one must validate that the vig-
ilance paradigm is being replicated in that environment. Distinct paradigm parameters
include rare and temporally spaced targets separated by “noise” or distractor elements
(context and environment specific), sufficient task length (vigilance decrements have
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been seen in a little as five minutes [9]), and the phenomenon known as the vigilance
decrement, when performance declines as time on task or task difficulty increases [61].

A review of literature and publicly available doctrine and handbooks was con-
ducted as well as interviews with a subject matter expert. This requirement collection
procedure informed content and environment creation for the vigils (both training and
test scenarios). Most notably, SME input informed targets of interest to include that
would be both operationally relevant and effective for vigilance training within the
UAS context. In addition to targets, environmental conditions (e.g., smoke, fog, rain),
distractors (e.g., civilians), and other contextually relevant information were included
in scenario development. The scene in which trainees will view content consists of a
bird’s eye view through a clear scope (natural eye view) whereby the rural geo-typical
middle eastern terrain will pass by. Buildings, vehicles, people, animals, foliage, and
terrain features will also be included.

Following laboratory based vigilance tasks, training scenarios typically employ KR
while test vigils remove this feedback to gauge transfer of training [19]. Following this
approach, training scenarios within SkySpotter display KR, real-time feedback of
trainee performance, while the test vigils do not provide KR. Scenario length must be
sufficiently long enough to capture performance decrements while also providing time
to collect performance data across time on task. Additionally, target appearance should
be relatively random throughout the scenarios and follow parameters previously set by
Szalma and colleagues [13]. The duration of the scenario should consist of distinct
epochs of time in which targets are randomly selected to appear within the scene. Speed
through the scene should accommodate target appearance interval time to allow the
target to remain onscreen from moment of visibility (through line of sight) for a short
variable duration. Only one target will be presented on screen at a time, such that as
soon as the current target flows off screen, the next target shall appear in the allotted
epoch of time. Targets should be a mixture of all variable types (those selected for
inclusion in the scenario). These parameters cause trainees to remain alerted to scenario
elements while looking for targets on screen (there are no repeated elements and
trainees cannot anticipate what will come on screen).

Game elements are an additional feature included in the scenarios that are not
typical to laboratory-based vigilance tasks. For this effort, game features were an
important part in developing a true vigilance training game. Since vigilance tasks tend
to induce stress, high cognitive workload, and decreased motivation, trainees are likely
to abandon or avoid the training system. However, with the inclusion of game ele-
ments, the goal was to develop a program that is challenging enough to be effective but
also engaging enough that trainees will continue to use the system in order to develop
their vigilance skills despite stress they may feel. Gameplay aspects including a sto-
ryline and mission, leveling, engaging characters, performance goals, mystery, and
consistent style will be utilized to maximize immersion and presence.

2.3 Performance Tracking

In order to instantiate adaptive training within SkySpotter, the system will collect
various demographic and performance metrics across training sessions to utilize in
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providing a tailored training experience. First time users will be presented with an
introduction and tutorial to system functionality and game play. However, subsequent
game play will be based on quick state assessments captured at the beginning of a
training session. The predictor variables collected will inform the system of which
training level a trainee will encounter. Levels vary in difficulty (e.g., target type, target
rate, signal-to-noise ratio, speed of presentation, etc.). The system will recommend a
level to trainees based on current state and past performance (percent correct, positive
predictive power, etc.). Once in a level, real-time feedback will be presented across
training vigils (i.e., hits, misses, and false alarms) and users will be shown a summary
screen of their performance at the end of a completed session (e.g., KR, percent correct
score, and feedback). Various performance metrics across time can be accessed through
the user profile at any time (e.g., last session, last session score, current level, current
score, improvement over time, etc.).

2.4 Research Questions

There are challenges associated with providing a novel platform to train vigilance tasks.
For one, the dynamic environment must be created to afford the replication of the
vigilance performance decrement and other salient vigilance paradigm parameters.
Additionally, unique challenges also occur with performance metrics themselves. How
would one evaluate a simultaneous false alarm and miss? Static vigilance tasks would
not allow this type of behavior to occur. Not only do our research questions focus on
the design and validation of a videogame-based adaptive training platform for vigi-
lance, we also consider the effectiveness of the training delivery system once devel-
oped. There are five major steps for experimentation in support of the development of
SkySpotter. Following a prescription of experimental scenario development, we can
hope to address some of the more unique challenges associated with the use of dynamic
environments.

2.4.1 Identify a Target Set
First, we must identify a set of potential targets. Although the final number of targets
for inclusion in the scenario may between 5–7, more should be identified in this step in
case some selected targets do not have the desired psychophysical properties (too small
and can’t be seen, too salient and always seen, etc.). Work toward this step has already
been accomplished. Based on SME interviews we have identified a list of several
targets that can also be modified for additional permutations of the base target.

Identification of non-target objects with features that are similar to those of targets
must be performed. Non-target objects can potentially be used as “distractors” and will
provide greater flexibility in manipulating task difficulty (civilians, animals, buildings,
miscellaneous everyday objects, etc.). Distractor objects will be used to fill the envi-
ronment within the scenario with sufficient “noise”. Additionally, distractor objects will
give the scenario a more realistic and operationally relevant context.

Environmental features must also be identified for scenario development, specifi-
cally target placement within the scenario. Targets that come on screen should not just
appear. They should slowly come into view as they would in a real-world context.
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Large objects or structures that can occlude targets and non-targets will be placed
strategically so that target/non-target objects may emerge from behind them.

2.4.2 Create Testing Clips
Parameters surrounding the game environment, specifically for UAS operations include
altitude and speed. A selection of 3–5 levels of altitude should be considered as well as
3–5 levels of speed. Testing can be accomplished with the creation of brief clips of
movement through the environment. The set of clips should represent the range of
environments under consideration for use in the scenarios. A sufficiently large set of
clips would allow a selection of a random sample to control for environmental vari-
ations. This step would also strengthen any inferences we make regarding the psy-
chophysical characteristics of the target and non-target stimuli.

An equal number of clips should be created for each combination of altitude and
speed and each should contain sufficient clutter to prevent easy target identification.
Impoverished environments would make it difficult to control task difficulty. Target
placement would need to remain identical throughout each clip. When feasible, a third
version of each clip can be created in which a non-target is placed at the same location.
This step allows researchers to evaluate target control specifications. After a set of
targets has been identified, a set of locations throughout the scenario (with occlusion
and non-target influences to keep in mind) should then be selected. These locations,
however, should be held constant across varying altitudes and speed clips. The number
of target placement locations should be sufficiently large so that a randomly sampled
selection can be treated as a random effects variable. In past instantiations of
videogame-based vigilance tasks, computer software selected targets (from a pool of
available targets) at a given location across an epoch of time. It is likely that will be
executed here as well.

2.4.3 Establish Psychophysical Parameters of the Task
It is necessary to establish the psychophysical parameters of the task to avoid either
floor or ceiling effects during the target detection task. To do so, a two-alternative
forced choice (2AFC) procedure will be conducted to establish how variations in target
type, presence of distractors, altitude, and speed of movement affect detectability of
targets under alerted conditions. In this procedure, a trial consists of two versions of
stimuli that are presented sequentially. On each trial, one stimulus always includes a
target to be detected and the other stimulus is the identical environment but without the
target present. The observer’s task is to decide whether the target was presented first or
second. The 2AFC procedure permits evaluation of the discriminability under alerted
conditions because the participant knows that a target is presented on each trial and
decides when in the sequence that target was presented. The iterative approach to
stimulus development provides stronger empirical evidence for the validity of the
stimulus parameters used in developing the vigilance task.

2.4.4 Develop and Validate the Vigilance Task
Once psychophysical parameters have been established, task and stimuli identified
should be adopted to create a full vigilance task of 15–30 min. A sufficient duration
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will induce monotony. The changing environment should not appear novel. Without
the monotony element, it may be difficult to establish this as a vigilance task.

To validate the vigilance task, an evaluation on performance decrements and trainee
stress and workload need to be conducted. If the performance decrement was induced
and trainee stress and workload are high, this provides a strong argument that the task is
a vigilance task as it contains paradigm features seen in laboratory vigilance tasks and
research. If indicators emerge that indicate performance is not declining as time on task
increases there are several ways to manipulate the task. These manipulations include
altering and editing stimuli and target/non-target parameters to better accommodate the
performance decrement.

Lastly, gamification needs to the tested for motivational effects. Game elements can
be tested by adding them in systematically or simultaneously and evaluating perfor-
mance, workload, and stress associated with the task. Developing game elements will
need to consider the vigilance requirement that always needs to remain present (i.e.,
continuous demand to monitor the environment for targets over prolonged watch
periods). Other items for consideration include manipulating motivational variables to
determine their effects on the outcome measures. This includes instructional manipu-
lations and game rules and structure that facilitate autonomous motivation and an
experience of competence in game-play, as well as instructions and a game environ-
ment that convey the importance of the task. If a person has a good rationale for why a
task is important they tend to experience stronger autonomous motivation for it even if
the task is boring. KR effects should also be tested. This could be done in tandem with
gamification, or as a separate step prior to gamification. The latter approach would
determine whether the vigilance task we develop shows typical training effects when
using KR. The latter approach would test the effects of KR in the context of the
gamified version. Testing KR effects would involve manipulating the provision of
feedback during a training phase, and then testing all participants in a transfer phase
consisting of the same task without feedback.

3 Closing Remarks

Vigilance is both a laboratory phenomenon and a serious real-world issue. After
approaching vigilance questions in the laboratory for over 60 years, the meticulously
contrived static tasks became irrelevant in today’s fast paced, technologically advanced
environment. The vigilance paradigm needed an upgrade to accommodate the study
and evaluation of its effects within contextually relevant settings. Operators do not
perform their tasks in isolation. They are, more often, typically observing incredible
amounts of data within highly complex systems, a task that humans are not particularly
good at doing. This necessitates an equally effective adaptive training solution to
prepare operators for the task, provide opportunities for remediation of skill degrada-
tion, and encourage optimal performance through maintained gains.

Leveraging state-of-science contributions in the novel exploration of vigilance
using videogame-based platforms, SkySpotter aims to provide engaging and effective
adaptive vigilance training to UAS operators. Following a careful prescription of target
element and scenario parameters, SkySpotter can be used to perform effectiveness
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evaluations on the vigilance paradigm itself (performance decrements, stress, and
workload), gamification, and vigilance gains with use of the system compared to those
who are not receiving adaptive vigilance training. This gamified vigilance platform
provides a way to answer many research questions regarding vigilance in the real-world
while offering solutions to current and emerging critical issues in the operational
landscape today.
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