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ABSTRACT 

Decision-making (DM) efficacy is influenced by several factors including development of 

perceptual-cognitive skills (PCS) that underpin DM processes. In the current study I have 

examined the effect of a “brain-training” method using Neuro-Tracker (i.e., a three-dimensional 

multiple object tracker; 3D-MOT) which aimed at improving law enforcement officers PCS for 

decision-making capability. Forty elite law enforcement officers completed a pre- post-test 

experiment on a video based simulated task environment (STE) to establish baseline scores for 

situational awareness, anticipation and DM skills. Participants were randomly assigned to one of 

three conditions (i.e. treatment, active control and no-contact). The treatment participants trained 

on the 3D-MOT over a period of three-weeks. The active control read articles and answered 

questions on the readings during that same time period. A no-contact control condition was used 

to control for learning effects on the STE. Pre- and post-testing was scored by five police 

procedures subject-matter-experts (SME). Inspection of the DM Scores shows a descriptive trend 

whereby the Passive Control participants showed an average decline in DM Total Score, the 

Active Control participants remained unchanged while the 3D-MOT participants showed an 

increase. An occlusion paradigm was administered to more closely examine situational 

awareness and anticipation. On average, the participants in the three experimental conditions 

improved in situational awareness and anticipation. Neither the experimental condition nor its 

interaction with time resulted in significant effect. The nonsignificant results are discussed 

within the general-specific transfer conceptual framework and future directions are introduced. 

 

Keywords: 3D-MOT; perceptual-cognitive skills; anticipation; situational awareness; decision-

making.
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CHAPTER 1 

INTRODUCTION 

The policeman isn't there to create disorder; the policeman is there to preserve disorder. 

          ~Richard Daly 

Sport is a microcosm of life. A fractal representation of the social order in dramatic and 

sometimes exaggerated form. In the sport arena you find wins and losses, glory and shame, 

personal achievements, successes and failures, demonstrated through individual and team 

orientations. In sports one can find all that is right in the world; like the pleasures brought from 

dedication, commitment and sacrifice, along with all that is wrong in the world including the 

startling effects of greed, inequity, corruption and entitlement. Sports help us better understand 

virtue and vice when magnified under the lens of center stage.  

Anthony Starr is credited with saying, “sport is imposing order on what was chaos.” 

Starr’s comment reveals that humans do not fear chaos nor try to avoid it; it seems that we rather 

enjoy it. People take part in sport, not because they have to, but because they want to. Taking it 

one step further, it is possible that sport was developed in part as an outward expression of our 

inner need to lend order to chaos. By engaging in activities that provide measurable outcomes we 

are provided opportunities to examine ways to better structure the natural state of communal 

disorganization. Sport teaches us how to live together, within the rules. Through competition, we 

learn how to treat each other with respect and dignity while pursuing our own interests. 

We can learn a lot about human performance and behavior from sport. Athletes play 

within boundaries, but constantly look for opportunities to cleverly exploit unpredictability to 

their advantage. They look for disorder on the playing-field to provide an advantage over the 

opponent. Consider football or basketball with its judicious use of fakes and feigns to upset the 
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opponent’s expectations. The ability to suddenly disrupt the opponent’s prediction and 

anticipation is a useful strategy. It wins games.  

Sport provides a lens that magnifies disorder and makes obvious the need to continuously 

enforce the rules. This dichotomy of human behavior provides balance to the game and makes 

the endeavor worth undertaking. Remove order or disorder and sport cannot exist. Move too far 

in the direction of disorder and there is anarchy, a game without rules. In the opposite direction 

there is totalitarianism, no longer enjoyable or fun. Any art lover knows that a world without 

disorder might look a lot like Orwell’s dystopia, repressive and bland. Without the balance of 

order and chaos, a full range of human expression is lost.  

The tendency towards entropy is evident in human behavior. Someone must therefore be 

relied upon to keep the delicate balance. In sport, balance is maintained by a neutral arbitrator 

who decides within the context of the rules of the game, the best way to bring the game back to 

balance. Usually the arbitrator works under extreme time and pressure conditions.  

Consider a baseball hurled across Homeplate. Once released from the pitcher’s hand, the 

ball occupies an infinite number of points in temporal space. As the ball hurls towards the 

catcher’s glove, the umpire must apply rules of the ‘strike zone’ to decide if the pitch is a ball or 

strike. This arbitrator has only milliseconds to accurately calculate trajectory and impact to 

‘make the call,’ A 90mph pitch can reach Homeplate in approximately 400ms (Coburn, 2009). 

From the moment the ball is released until the moment it strikes the glove, it lacks disposition. 

The game is out of balance because a call is waiting to be made. Everyone relies upon the 

umpire’s call before any further action can take place. The next pitch cannot be thrown until the 

last one is firmly in the record.  



3 

 

Depending on several variables, the wait time for a particular pitch can produce varying 

levels of anxiety for the pitcher, the batter and the fans. The first pitch of a 9-inning game is 

usually insignificant, less anxiety-causing, than the last pitch of the same tied game. Not each 

pitch carries the same weight.  

The umpire calls upon his training and experience to decide if a pitch is a ball or strike.  

For a split-second, as the ball hovers in three-dimensional space, the umpire applies his 

understanding of latitude, longitude and altitude to determine the relationship of the ball to the 

plate. Professional umpires become quite adept at this. Often their calls can be heard before the 

deadening thud of the ball against the catcher’s glove dissipates. Still, even with supreme 

confidence, the umpire does not always get it right. A recent study by Mark Williams and a team 

of graduate students from Boston University analyzed over 4 million pitches thrown in major 

league baseball games over an approximate ten-year period (eleven regular seasons). They 

determined that 34,394 were incorrect calls (Williams, 2019). Contextually that represents 

.001%, hardly significant from a mathematical perspective. Why then is there such outrage 

among sport fans? Because according to Williams, “these controllable errors impact players, 

managers, batters, pitchers, performance statistics, game outcomes, and even the big business of 

fantasy baseball. They shorten careers and diminish fan experience. Pace of play is also 

impeded.”  

Sometimes it is hard to know if life mimics sport or if sport mimics life. The athletic 

arena teaches basic life lessons but also often pushes beyond its boundaries. Of particular interest 

is the number of times that athletics have been involved in tackling larger life issues, like for 

example human rights. This includes addressing racial disparity, gender disparity, and even 

unjust war. Names like Billie Jean King, Jackie Robinson and Muhammed Ali will be 
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remembered as much for the changes they made in society as for their contribution to sport. 

Consider the 1968 Olympics when Tommie Smith and John Carlos, two black American athletes 

raised their gloved fists in protest of racism. Fast forward fifty-years when NFL superstars took a 

knee on the side-lines of the NFL gridiron while the national anthem played to an audience of 

millions. These gestures provoked American sensibilities and moved generations to address 

larger social problems. At the center of this debate was police treatment of African Americans 

and how to best remedy it. 

When recent high-profile police related events once again raised the issue of the ‘police 

problem’ in society, athletics gave center stage to the perceived injustice. For decades incidents 

of police involved violence have provoked criticism of the officers who made unpopular 

decisions and cast doubt on the integrity of the police institution, leaving many Americans 

disillusioned with the police organization and those who serve in its ranks (Toch & Macquire, 

2014).  

 Aside from the abhorrent cases of gross police misconduct, like sports, police work is 

naturally conflict oriented providing many opportunities for police officers to engage in dutiful 

conduct that results in negative outcomes—to someone. Like any arbitrator, under even the best 

conditions, police officers remain at the center of disorder and bear the subsequent fallout of 

criticism for the decisions they make. But is the criticism fair and just? Can police decisions be 

improved?    

Sport psychology specializes in developing perceptual cognitive skills to increase human 

performance. This includes decision-making under pressure along with its antecedents like 

situational awareness and improved powers of anticipation. Mental skills have been used to 

improve performance results in a variety of domains. Police, along with many other high-
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pressure occupations share the same challenges that sport figures face, separated only by their 

unique playing field.  

With these similarities in mind, it seems fitting to turn to sport psychology and what is 

known about improving human performance to address the perceived ‘police-problem.’ There is 

renewed interest for finding methods to improve DM by police. Recently the National Institute 

of Justice (NIJ) developed a Policing Strategic Research Plan 2017-2022 to advance police 

practices in the United States. The NIJ cites the value of interdisciplinary collaboration between 

traditional research researchers and the practitioner community. The collaboration calls for not 

only new partnerships, but new ideas about how to influence and change policing in fundamental 

ways. 

This dissertation comprises a study along the same vein. It is an attempt to interface 

empirical research methods commonly used in the sport context (i.e. performance judgement 

criteria and grading, occlusion paradigms) to traditional police practices.  

In dynamic events like athletics and police work, participants are confronted with 

multiple data sets from which they become aware of the situation. Decision-making upon 

normative and descriptive analysis concludes that focusing attentional resources on relevant 

problem-solving cues accurately informs the viewer and makes them more situationally aware. 

This is the best starting point for improving decision-making. To be successful the 

decision maker must extract meaningful visual information from the environment while 

suppressing distracting information, sometimes under intense time-pressure. Studies demonstrate 

that experts in every performance domain separate themselves from novices by their ability to 

quickly and accurately extract information from the environment, properly interpret it and match 

the recognized problem with knowledge-based structures in long-term memory to optimize the 
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solution (Bar et al., 2006; Tenenbaum, 2004). They do this through perceptual-cognitive skill 

development that establishes greater efficacy in the visual system (Williams & Davids, 1998; 

Williams, Davids, & Williams, 1999).  

This study sets out to explore ‘brain training’ with the use of a 3-dimesional multiple 

object tracker (3D-MOT) to determine first, if PCS can be improved with the use of the device 

and second whether the effects transfer to meaningful DM in the police environment.  
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CHAPTER 2 

LITERATURE REVIEW 

Applying Sport Psychology to Police DM: Bridging the Performance Gap 
 

Police work is not done in the sport environment, but the comparisons to sport have been 

duly noted (Cameron, Driban, & Svoboda, 2016; Scofield & Kardouni, 2015; Sefton & 

Burkhardt, 2016; Vickers & Lewinski, 2012). The term ‘tactical athlete’ has been used to 

describe those who have significant physical fitness and mental performance requirements 

associated with their work (Cameron, Driban, & Svoboda 2016; Sefton & Burkhardt, 2016). Like 

athletes, police officers are at increased risk for suffering injuries as a regular consequence of the 

type of activities that they routinely perform (Lyons, Radburn, Orr, & Pope, 2017). They must 

remain mindful of personal safety as they execute their decisions. Concerns for safety trigger 

emotional responses that influence behavioral and mental processes both consciously and 

subconsciously (Cannon, 1920). 

In sport, open or closed skill sets are separated by their measure of environmental 

predictability (Gentile, 2000; Poulton, 1957). Open skills require individuals to quickly adapt 

decisions and subsequent movements in response to dynamic properties of the environment 

(Schmidt & Wrisberg, 2008).  Law enforcement officers operate in open skill environment to 

navigate in the constantly changing and unpredictable environment. Successful individuals in 

sport and police work must possess flexible cognitive processes to quickly shift attention and 

accurately react to new information (Miyake, 2000). Success on the playing field is largely due 

to how capable an individual is in quickly adapting planned motor behaviors to the constantly 

changing environment (Williams, Davids, & Williams, 1999). When individuals become rigid, 

concrete and inflexible in their thinking, attention and problem-solving suffer (Ledoux, 1996). 



8 

 

Cognitive abilities are important to law enforcement officers and like athletics, isolating skills 

and engaging in deliberate practice to improve them may be helpful for the specific goal of 

improving performance (Ericcson, 2016).  

DM in police work, though highly individualized, is subject to institutional pressures. 

Similar pressures are found in sports that emphasize regulation, organization, and 

competitiveness (Mallinckrodt & Schattner, 2016). Police officers and athletes both exercise 

discretionary judgment, but there are constraints that govern behaviors. Ethical decision-making 

frameworks for organizations are formal and binding and must be considered influential in any 

police or sport DM study.  

Violation of policy is qualitatively less optimized when compared to compliance and 

adherence to policy, regardless of outcome. It is known that policy has the power to influence 

individual DM. For example, officers who work within the confines of the most restrictive policy 

framework used less force than officers who were less restricted (Terrill & Paoline III, 2017).  

In similar fashion, a directive from the NFL that athletes could no longer target the top of 

the helmet against their opponents (i.e., ‘Crown-of-the-Helmet Rule’) lead to a reduction in 

weekly concussion reports among defensive players by as much as 32% (Hanson, Jolly, & 

Peterson, 2017). Restricted results have been reported in Canadian youth hockey when the 

league began forbidden “body checks” (Black, et al., 2016). These studies show that any research 

of DM by individuals that attempt to quantify DM valuation of the organization (i.e. the police 

DM problem) must also consider the influence organizational DM has on the individual.  

Sport uses a paradigm that segregates novice athletes from expert athletes based upon 

performance.  The paradigm is helpful to conceptualize differences between individuals when 

applied to other areas of human performance not regularly defined by this standard (i.e. law 
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enforcement). Research findings on athletes revealed differences between experts and novice 

skills in a variety of sports and games. These skills include pattern recognition and recall skills 

(Abernethy, Neil, & Koning, 1994; Bell-Walker, & Ford, 2012; Williams, Ward, Knowles, & 

Smeeton, 2003), cue utilization (Abernethy, Neil, & Koning, 1994), memory (Chase & Simon, 

1973; Ericcson & Ward, 2007), situation assessment skills (Johnson & Raab, 2003; Ward & 

Williams, 2003), quiet-eye (Causer, 2011) and visual search strategies (Raab & Johnson, 2007). 

The expert/novice paradigm, when applied to police officers is quickly distinguished by amount 

and type of experience and time in grade standards. Actual performance standards are set to a 

minimum standard set by police officer standards and training (POST) commissions or similar 

state agencies and do not presently delineate novice performers from expert performers (US 

Department of Justice, 2014).  

To properly evaluate police performance and decision-making, performers must be given 

an opportunity to interact with the unique features of their specific environment through field 

study or simulation. The task is to not only capture the perceptual-cognitive factors that guide 

decisions, but also determine what functional patterns of behavior emerge during expert 

performance (Travassos, et al., 2013). This requires the use of an expert/novice paradigm for 

police that is similar to what has been utilized in sport.  

Conceptualized Decision-Making 

The information processing model 

 Cognitive psychologists perceive the mind as an information processing (IP) system 

where computational, iterative processes, interact with an individual’s world view, derived from 

stored representations in the brain (Williams, Davids, & Williams, 1999). The IP model 
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postulates that certain perceptual-cognitive skills (PCS) contribute to the type and amount of 

information that is processed.  

Normative models of DM describe how people make decisions from available 

information (Edwards, 1954). The expected utility theory proposed by Bernoulli (1700-1782) 

remains the dominant normative theoretical framework for DM in the social sciences.  This 

theory suggests that people make decisions by comparative evaluation of options to maximize 

their expected utilities (subject values) that reflect the highest level of psychological satisfaction 

for themselves (Mellers, 2005). The traditional approach was developed in the 

economics/statistic domain (Tenenbaum, 2004) as a purely rational approach to response 

selection from many alternative choices. 

The rational approach to DM discounts the effects of emotion, anxiety and stress, giving 

the impression that decision makers are highly detached, cool, and utterly objective when 

calculating the expected utility of the choices they make (Janis & Mann, 1977). Normative 

models may seem a bit naïve because they contain implicit assumptions about the way people 

make decisions that are not consistent with most people’s experience. Some examples are: (1) 

the problem is clearly and properly defined, (2) the decision maker has all of the relevant 

information, (3) the individual carefully weighs the costs and benefits associated with each 

choice, (4) the person is sufficiently motivated, and (5) the process is free of bias and error 

(Fitch, 2010).  

Challenging the classical theory 

Kahneman and Tversky (1979) challenged the classical theory upon a descriptive basis 

proposing a behavioral economic theory (the prospect theory) to describe how people actually 

make choices when the probabilities of potential outcomes are unknown. They suggested that 
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DM occurs in two phases; the first, editing, analyzes all possible outcomes, rank ordered from a 

middle reference point. Outcomes that fall below the established median are considered losses 

while outcomes above the median are considered gains. The evaluation of losses and gains relies 

on heuristics directed to satisfying the immediate goal.  The second phase, evaluation, uses a 

probabilistic schema to determine likelihood of potential outcomes. Response selection is then 

directed to the alternative possessing the highest possible gain with the highest possible 

probability. This style of DM forms the basis for modern theories of risk management (Holmes, 

Bromily, Devers, Holcomb, & McGuire, 2011).  

Naturalistic DM 

Observational research shows that DM in the natural environment departs significantly 

from the idealized formal theory prescribed by normative and descriptive models (Tenenbaum & 

Bar-Eli,1993).  According to Klein (1999) naturalistic DM is often high stakes, usually made 

under time pressure, with inadequate information, ill-defined goals, poorly defined procedures, 

cue learning, context, dynamic conditions and team coordination. In this respect, DM must 

account for elements of both rational and irrational problem-solving techniques.  

There are significant gaps between normative prescriptions for DM and actual DM when 

individualized upon an actor’s beliefs, expectations and preferences (Kahneman, Slovic, & 

Tversky, 1982). Human cognition is influenced by emotion and unconscious motives for which 

decision makers are seldom capable of approximating the value of their decisions with detached 

affectivity, as lab analysis expects them to do (Janis & Mann, 1977).  

The naturalistic view expands normative theory by recognizing that both rational and 

irrational processes influence DM. At the most basic level, the traditional theory of 

understanding the problem, recognizing the alternative responses, and selecting the best choice 
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remains valid. However, when viewed under the lens of psychological pressures, irrational 

factors complicate and compromise response-selection among available alternative choices 

(Tenenbaum & Bar-Eli, 1993).  

Response options 

When DM research is conducted in naturalistic environments, alternative response 

options are not given, and if the situation is novel or different enough from previous experience, 

response options may not reside in long term memory. It is therefore imperative to capture the 

process by which response options are generated. ‘Option generation’ has received little attention 

in the judgment and DM literature. In particular, questions remain about how response options 

are generated from scratch (Raab & Johnson, 2007). Gettys et al. (1986) noted that successful 

decision makers in real world environments generate their own options when faced with a 

problem or dilemma to solve. The tendency increases under pressure. They postulated that 

response options are generated by searching memories with the use of retrieval cues. Salient 

memories retrieved will be those that most closely match the present available data (Gettys, 

Pliske, Manning, & Casey, 1987). When cognitive processes engage, individuals most often 

select the first viable alternative they generate and consider few other options in the process 

(Klein G., 1997; Raab & Johnson, 2007). This heuristic termed ‘take the first’ option, uses 

associative memories with fast and furious heuristics for rapid option development (see Johnson 

& Rabb, 2003 for full description).  

The novice-expert paradigm 

 Experts represent a group of individuals who separate themselves from their peers by 

routinely performing with excellence to achieve optimum results. Expertise has been shown to 

have a mediating effect on performance (Williams, Singer, & Frehlich, 2002). Growing 
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empirical evidence indicates that PCS account for a significant proportion of performance 

variance (Baker & Farrow, 2015; Reilly, Williams, Neville, & Franks, 2000). Expertise is also 

closely associated with DM (Baker, Côté, & Abernethy, 2003), the focus of this study.   

 The Recognition Primed Model (RPM) postulates that expert’s decisions are derived 

from critical cues in the environment that are often missed by others. Experts pick up cues that 

others cannot.  Visual observation skills can be improved through training and experience. The 

ability of experts to detect crucial information in the environment without hesitation leads to 

appropriate and decisive actions. This is often done under extreme time pressure, with 

inadequate information and by using procedures that are both well-defined and poorly defined 

(Klein, 1999).  

 For well over three decades, researchers studied features that separate outstanding 

performers from lesser skilled ones (Starke & Ericcson, 2003). Of particular interest to this 

study, one feature is that experts can divert attention among stimuli in the environment at critical 

moments (Holyoak, 1991; Williams, Davids, & Williams, 1999) allowing them to be more 

situationally aware. This ability shows that experts are better at anticipating future events than 

novices.  

 A summary of the research findings shows that expert performers plan while novice 

performers adopt a “wait and see” approach (McPherson, 2000).  Expert performers continuously 

monitor relevent, current and past stimuli to modify and build their game plan while novices 

react to current events (McPherson, 1999a; McPherson,1999b). Experts use highly 

contextualized schemas to solve problems while novices use a global approach to problem 

solving (McPherson & Thomas, 1989). Experts process information at a deeper, more tactical 

level, while novices rely on surface features of game play (McPherson & Thomas, 1989). 
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Experts make faster and more accurate decisions while novices, with less refined optics, have 

slower access to the information needed to make accurate decisions. Experts have specialized 

search and retrieval patterns and superior long-term memories in game play while novices lack 

these abilities (Rink, French, & Tjeerdsma, 1996). Experts have high success at performing skills 

correctly, performing effortessly and show greater consistency and adaptability (ibid.). All of 

these skills require visual discrimination of content in order to form a reliable basis from which 

to process and analyze the data.  

 The novice/expert paradigm provides a qualitative view by which to better understand the 

construct of DM (Abernethy, Neil, & Koning, 1994). By understanding how experts differ from 

non-experts with respect to acquiring perceptual cues, focusing attention, allocation of resources 

and information processing we can better operationalize the notion of an optimized DM. 

Perceptual-Cognitive Skills 

Among the perceptual cognitive skills, anticipation figures most prominently in DM. 

There is increasing awareness that accurately anticipating unfolding events is crucial to high 

level performance across many domains. Anticipation requires antecedent skills of being able to 

locate, identify, and process environmental information so that it can be integrated with existing 

knowledge and motor capabilities to select and execute appropriate actions (Martuniak, 1976). 

The contemporary science of DM places heavy emphasis on how the perceptual and cognitive 

systems interact. The process involves both sensory input (bottom-up) and stored knowledge 

(top-down) structures that work together to categorize visual information into and against long 

term memory (Bar et al., 2006).  

Tenenbaum (2004) posits that selectively attending to visual cues in the environment 

provides the most rudimentary basis of DM. From an individual’s vantage point, scanning the 
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environment provides relevant available information. Visual search patterns interface with 

existing knowledge structures to allow information to be retrieved from long-term memory. 

Through this process, DM is elaborated and initiated. In a dynamic environment, it is a muddied 

process where sudden environmental changes might corrupt previously held information data 

sets. All changes must therefore be updated so that alterations in response selection (RS) can be 

quickly made. Rather than entirely discarding current RS in search of a new response, the 

existing RS may be slightly alternated or modified to accommodate the change.  

While I acknowledge that many types of danger may be present in the LEOs 

environment, the primary focus of our study involves interpersonal conflict and the decisions that 

are derived from interacting with others. Accuracy in discriminating important environmental 

cues along with being able to track the direction and speed of biological motion are necessary 

skills for LEOs when it comes to anticipating threats offered by other people. 

People receive information through several different sensory modalities. However, the primary 

source of meaningful data is visual (Tenenbaum, 2004). Because the brain is dedicated more to 

visual information than other sensory modalities, inefficient use of the visual processing system 

can greatly restrict performance potential (Khanal, 2015). In many athletic endeavors, the visual 

system guides and directs reactive responses to environmental pressures. This in turn engages the 

dynamic system and movement patterns that arise from the synergistic organization of the 

neuromuscular system (Bernstein, 1967).  

Whether catching a ball, returning a serve, or jumping a hurdle, the visual system must 

engage neurons that call the motor system to action. Because DM in its most salient form 

manifests in physical responses, it is reasoned that advanced visual inputs results in better and 

more accurate physical actions that are perceived as DM outcomes. Skilled performers possess 
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greater visual function including visual acuity and visual awareness to the periphery in the 

environment (Blundell, 1985). Visual attention skills are essential to achieving proficiency in 

most sports (Knudson & Kluka, 1997), and can be improved with deliberate practice (Clark, 

Ellis, Khoury, & Graman, 2012; West & Bresson, 1996; Wimshurst & Sowden, 2012). 

Attention  

Attention is the perceptual-cognitive mechanism by which salient or behaviorally 

relevant sensory information is selected for perception and awareness (Desimone & Duncan, 

1995). When something of visual interest attracts attention, focusing on that particular stimulus 

simultaneously suppresses other visual information in the environment (Vickers, 2007). 

Simultaneous attention to two or more sensory stimuli causes the brain to modulate between 

them and attenuate attention more or less to one or another demand (Shomstein & Yantis, 2004). 

 The capacity for selective attention is limited (Pashler, 1998; Posner & Boies, 1971); 

Thus, efficiency of attention is crucial to prevent attentional resources from being overloaded. 

Selecting relevant cues in the environment, most often referred to as selective attention, begins 

with visual search patterns. Search patterns allow performers to search a visual display to extract 

the most pertinent information. The search process can be measured by two methods, directly or 

indirectly (Janelle, Champerenoy, Coombes, & Mousseau, 2003). Direct measurements are taken 

to reflect the position of the fovea as recorded by an eye-tracking device that monitors eye 

movements and juxtaposes them against an environmental background to observe attentional 

focus at any given moment. Williams and David (1998) examined the relationship between 

search strategy and skill level with the use of eye-trackers. This procedure enabled them to track 

the observer’s eye direction, changes, and the amount of time it fixates on visual cues.  
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Indirect measurements use temporal or spatial occlusion paradigms to examine anticipatory 

responses (Haskins, 1965). This is usually accomplished using survey instruments that query the 

participant’s belief about what is about to happen based upon available visual cues.  

 During any viewing event, the retina is overloaded with visual information; but at any 

given moment the viewer is aware of only a fraction of it (Moran & Desimone, 1985). As the 

eyes converge towards a fixed point (fixation) the visual system forwards information to the 

brain’s neural network where it is integrated and interpreted as a 3-dimensional phenomenon 

(Knudson & Kluka, 1997). The ability to see fine detail is dependent upon the eyes ability to 

fixate on a visual arc of approximately 3 degrees (Kluka, 1991). This is crucial for discrete tasks 

such as object recognition and postural cuing. Skilled performers can pick up information from 

an opponent’s postural cues before a key event takes place (Williams & Ward, 2007). 

 Because the visual field of focus is extremely small, peripheral vison becomes imperative 

in dynamic environments for serial and continuous tasks where latent environmental challenges 

may suddenly become salient. Peripheral vision allows the performer to detect motion so that 

attention can quickly be shifted. Shifts in attention allows the performer to quickly react to 

changing environmental demands (Tenenbaum & Gershgoren, 2014). The combined features of 

dynamic visual acuity and the size of the peripheral field creates conscious situational awareness 

that underlies accurate anticipation (ibid).  

 Adult brain processes refrain from processing environmental inputs equally. Sensory 

receptors adapt to usual events and become less sensitive to them (Takesian & Hensch, 2013). 

More attention is therefore allocated to new or novel events like the type found in complex, 

dynamic environments. The relationship between visual attention and eye movement is both 

stimulus-driven (exogenous) and goal-directed (endogenous) (Kramer & McCarley, 2010). 
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Domain specific experience enables the observer to anticipate upcoming events with given 

certainty (Takesian & Hensch, 2013) thereby establishing mental schemas that underpin 

anticipation unique to specific tasks. The emphasis on recognizing critical clues is therefore 

experientially developed and continuously refined. Attention modulates between competing 

stimulus, requiring limited attentional resources to remain focused upon the most meaningful 

information to the task at hand.  Rapid updating of information allows for more accurate 

prediction of upcoming events.   

 Optimal mental preparation is initiated by using resources required for attending and 

identifying important cues. Often referred to in law enforcement training as readiness, the term 

more commonly used in the scientific literature refers to alertness and its phenomenological 

relationship to performance (Abernethy, 1993). Alertness is understood in the context of 

continuous change, thereby creating a situational awareness that denotes the dynamism of DM. 

Empirical evidence from cognitive psychology and neuroscience shows that alertness not only 

requires attention to stimulus in the environment that may be meaningful to future performance, 

but also requires the suppression of non-meaningful distractions (Posner & Raichle, 1994).  

 Because the brain modulates information from a variety of sources, there are many 

reasons that alertness may be compromised. This includes not being properly prepared, loss of 

concentration, distraction, and confusion. Athletes often complain that their alertness was 

compromised when they performed poorly on discrete or continuous tasks (Schmidt & Lee, 

2011). Optimal readiness and alertness are dependent on attention. As James (1890) described, 

attention is the “taking possession by the mind, in clear and vivid form, of one of what seem 

several simultaneously possible objects or trains of thought” (pp. 4403-4404).   
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 Improving attention is used to describe the act of attending as a means of increasing 

alertness of the performer for processing incoming information. Focus, concentration, and 

conscious awareness are of the essence whereby the mental strategy is to attenuate attention 

away from some things in the environment in order to attend to others. The dimensions of 

attention reflected in the information processing theory (Atkinson & Schriffrin, 1968) account 

for both important and unimportant cues that compete for resources. This leaves attention open 

to exploitation from distracting stimulus unless PCS are employed to correct the vulnerability.  

 Attention to imperative cues in the environment requires that observers fixate eye gaze on 

certain stimuli and track changes over a period of time (Vickers, 2007). Experts in a variety of 

sports routinely show greater duration of eye gaze on fixed targets whereas novices show shorter 

periods of eye-fixation. Experts also selectively attend to fewer targets than their novice 

counterparts. Some examples are Olympic Biathlon rifle shooters (Vickers & Williams, 2007), 

long distance rifle shooting (Janelle et al., 2000), three shotgun events including skeet, trap and 

double trap (Causer, Bennett, Holmes, Janelle & Williams, 2010), golf (Vickers, 1992, 2004, 

2007; Vine, Moore & Wilson, 2011), basketball (de Oliveira, Oudejans, & Beek, 2008; Harle & 

Vickers 2001; Vickers, 1996; Vine & Wilson 2011), rifle and shot gun shooting (Causer et al, 

2010; Janelle et al, 2000: Vickers and Williams 2007), billiards (Williams, Singer, & Frehlich, 

2002), and ice hockey goal tending (Panchuk & Vickers, 2007).  

 These examples show that when several stimuli are present in a wide visual field, 

structural interference occurs due to the limited capacity of the visual system to focus on two 

locations at one time. Working memory must take inventory of the stimuli, to categorize it as 

important or unimportant, and to prioritize the potential cost of selective attention.  
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 The nature of police work is often uncertain as many novel and changing environmental 

cues compete for the officer’s attention. Many of the most serious threats may go unnoticed, 

concealed, or remain out of sight until the very moment the attack is launched (Schouten & 

Brennan, 2016). An officer may not realize that they are in danger until suddenly confronted 

with a threat. Readiness for managing critical incidents can be compromised when distractions 

demand mental resources previously allocated to other stimuli.  

Pattern Recognition 

Pattern recognition (PR) is a vital skill for achieving expertise in a variety of domains. 

Chase and Simon (1973) examined the ability of experts in Chess to memorize board patterns 

and found correlation to prevailing strategies. Observational studies were later made in more 

dynamic decision-making endeavors like basketball and volleyball (Allard, Graham & Parsaalu, 

1980).  

 Experts learn to cluster/chunk related information in a visual field to provide fewer 

salient cues composed of more visual information (Chase & Simon, 1973). The ability to take 

large amounts of data and integrate it into smaller manageable chunks allows brain processing to 

circumvent the normal short-term memory limitations (7±2), thereby improving visual power. 

Once chunks are established, the new restructured information is matched against patterns stored 

in long-term memory using retrieval structures (Chase & Ericsson, 1982). By comparing new 

data with existing data templates (i.e., slotted schemas) a platform for enhanced DM and 

performance is established (Gobet & Simon, 1996). PR processes are better developed in experts 

in both the sport and gameplay domains (de Groot, 1965; Ericsson & Simon, 1980, 1993; Newell 

& Simon, 1972).   
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 PR provides the learner with greater ability to make predictions about what is to follow 

on a forward time continuum. Advanced cue usage allows more accurate anticipation by 

monitoring how patterns stabilize, move, or change. From these cues, the performer draws 

conclusions of what actions should be taken next, even with limited or absence of information. 

For example, using temporal occlusion training with tennis players, Haskins (1965) revealed that 

players could accurately predict the trajectory and behavior of a moving tennis ball and respond 

to it even with breaks in visual acuity. This results from Piaget’s theory of object permanence, 

the idea that partially or fully occluded objects, though not observable in the temporal condition, 

still exist in the close proximity of the occlude (Huang & Essa, 2005). Similar studies were 

conducted in other areas where anticipation was identified as central to improving human 

performance. This included the development of a baseball-batting paradigm (Burroughs, 1984) 

and the use of spatial occlusion to study differences in prediction between novices and experts in 

tennis, badminton, squash, cricket, baseball, volleyball, fencing, and football (Shim, Carlton, & 

Chae, 2005). In each of these endeavors, skilled performers consistently demonstrated superior 

pattern recognition skills than less skilled performers. 

 Less understood is what cues performers actually use to identify patterns in the 

environment (Williams & Ward, 2007). This is due to the lack of research investigting the 

sources of perceptual information. It is not known for example if athletes recognize patterns 

based upon superficial cues (e.g. uniform color) or if recognition is more contextual to problem 

solving (e.g. postural cues, number and position of players, etc.). Williams et al. (2006) 

suggested that relational information among players is what provides the “perceptual signature” 

that performers react to.  
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DM by Law Enforcement Officers (LEOs) 

LEOs are sometimes required to make critical decisions in extremely compressed time 

frames. The manner by which humans manage extreme crises is not well understood in science 

(Vickers, & Lewinski, 2012). This is partly due to limitations in research design and empirical 

observation. Most previous research on police behavior has relied upon field observations and 

self-reporting to account for the actions taken by the officer usually after the encounter with a 

citizen had ended (Alpert, Dunham, Strohshine, Bennett, & McDonald, 2004).  

A systemic concern with police DM is to what degree can improvements be made? What 

ought to be an empirical question is confounded by a lack of data. Not only is original 

observational research on police behavior limited by the tenuous circumstances of the job, after 

action data is likewise limited due to poor data collection practices (Hickman & Poore, 2016). 

For example, though national data is collected by individual law enforcement agencies on the use 

of force, official reports of police involved homicides are known to be unreliable (Gruber, 2015; 

Hickman & Poore; 2016 Zimring, 2017). Zimring (2017) has estimated that official statistics 

(FBI Uniform Crime Report, CDC National Vital Statistics System, DOJ Bureau of Justice 

Statistics) of police involved homicides in the United States may account for only 50% of actual 

police involved homicides. This may explain the powerful perception differences between the 

police and public regarding the extent of the excessive force problem (see the Pew Research 

Center, 2016 for evidence of this discrepency).  

 Additional concern is related to the term ‘improvement’ in LEO’s decisions and how 

does one measure if any initiative that purports to improve DM has met the mark? Unlike 

sporting contests where success is objectively measured by the number of points scored, ‘good 

decisions’ in law enforcement are not so easily interpreted. There are conflicting values assigned 
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by the police organization, media, courts, and independent citizen observers proclaiming the 

‘rightness’ or ‘wrongness’ of police decisions, most noticeably described in the hindsight of a 

police action.  

Public perception influences administrative decision makers about the quality of 

police/citizen interactions, whether factual or not (National Advisory Commission on Criminal 

Justice Standards and Goals, 1973).  Attempts to optimize DM with policy and training protocols 

is threatened by this unstable social platform. But divergent opinions about police DM is not 

without reason. The National Institute of Justice (NIJ) funded research using national data of 

citizen complaints about police use of force between the years 2003-2007. The study concluded 

that the Bureau of Justice Statistics data suffers from serious measurement flaws that are also 

unreliable (Hickman & Poore, 2016). Historical problems in the data present challenges for fully 

understanding the nature of the police DM problem. For example, Zimring (2017) reports that 

the National Vital Statistics System’s reported by the National Center for Health Statistics 

(NCHS) the Federal Bureau of Investigation’s (FBI) and the Department of Justice’s Bureau of 

Justice Statistics are all inconsistent in their annual reporting about the police use of force 

problem.  

Standardized Measurement for Law Enforcement DM 

Normative DM theories prescribe personal value judgments that assign better or worse 

value selections from more than one alternative (Janis & Mann, 1977). The epistemic nature of 

value judgements compels researchers to decide upon which judgment criteria will be used to 

measure ‘optimization.’ Law enforcement decisions are measured by ethical standards that are 

found in policy, law and training mandates that law enforcement officials are compelled to 

prescribe.  
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The irony for law enforcement officers is that the U.S. legal system favors the 

teleological/utilitarian position for evaluating DM (Baron & Hershey, 1988). This view asserts 

that decisions that lead to positive or acceptable outcomes should be judged as ‘good decisions’ 

while decisions that lead to negative or unacceptable outcomes should conversely be judged as 

‘bad decisions.’  Written law has severe limitations for providing case-by-case analysis of DM. It 

prescribes to the practice of alterum non laedere, that can be  summarized as "not to injure 

another” (Garner & Black, 2009), that makes it a duty to behave with due care and diligence so 

as not to cause harm to others.  Like medical personnel who are bound by the Hippocratic oath, 

primum non nocer, police officials are sometimes obligated to do harm as a consequence of duty. 

To the utilitarian observer, duty is to the ends, not the means to assure a positive outcome 

(Dierksmeier, 2013). 

 This is the predicament that police officers find themselves in when dealing with force-

on-force encounters. Sometimes the optimal choice results in harm to another. The deontological 

approach to DM (Kant, 1959) focuses on processes rather than outcomes. Process development 

in any organization begins with identifying and creating processes that bring the best results 

when used for various methods. This is done through discovery, modeling, analyzing, measuring, 

improving, optimizing and in some cases automating (Panagacos, 2012). In law enforcement, 

organizational processes are codified in policy, procedures and directives that provide objective 

measures by which DM can be evaluated.  

The axiological assignment of ‘rightness’ and ‘wrongness,’ and ‘better’ or ‘worse’ 

valuations to social problems is complex and creates interesting questions when viewed from the 

perspective of those who stand to benefit or lose from the decisions of others. This is a 

philosophical question rather than a scientific one and it provides challenges for answering my 
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main research question. Measuring improvement in DM is a moving target when viewed through 

the lens of subjectivity. My ambition for this study was to avoid the subjective question in favor 

of objective analysis. To do this, my evaluation standard ignored goal achievement (outcomes) 

while remaining mindful of goal orientation as the guiding measure for examining quality of 

DM.  

Brain Training 

 Several published studies were aimed at investigating the effects of cognitive 

interventions with “brain training,” on neural function, neurogenesis and neurological change. 

Since the turn of the millennia, several corporations have formed offering ‘brain-training’ 

products to the public. It is reported that these products could bolster cognitive performance and 

stave off cognitive decline. The evidence for this remains a matter of great scientific controversy 

(See Simons et al., 2016 for a full report).  

Measures of intelligence have been used as predictors of success for professional and 

academic pursuits for more than a century (Deary, 2012). Cognitive function is predictive for 

success in the classroom (education) and in the ‘real world’ (occupation) (Kuncel, Hezlett, & 

Ones, 2004). Many believe that improving general cognitive ability helps in all areas of life, 

creating an opportunity in the market for ‘brain training’ mechanisms to be developed and sold. 

It is estimated that consumer spending on brain training products will reach $1.52 billion by 

2020 if consumer indexes remain constant (Simons, et al., 2016).  

Under the veneer of neural plasticity claims, brain training corporations have done actual 

little to show scientific evidence for the purported life skill benefits of cognitive training. While 

there is evidence that brain training improves performance specific to the trained task, evidence 
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for both far and near transfer to meaningful life-skills is not enhanced or very small (Noack, 

Lövdén, Schmiedek, & Linderberger, 2009; Owen, et al., 2010).   

In 2014, two groups of scientists published open letters representing opposing opinions 

about the efficacy of brain training interventions in the form of cognitive “games” for improving 

cognitive function or staving off aging process effects on cognition. The disparate views are 

likely due to several factors associated with research design and analysis. Problems in the 

collection methods and interpretation of the data should be a reminder that cognitive ‘brain-

training’ is still somewhat in its infancy, and a much work remains to be done. 

The term “brain training” in marketing phraseology commonly describes what 

researchers refer to as cognitive training using interventions to improve cognition, memory, 

attention, focus and processing speed. Often, brain training uses game-like interventions (i.e. 

sudoku, trivial quizzes, word problems) to challenge cognitive processes. Within the last two 

decades, many ‘brain games’ have reached the market claiming to develop, enhance or improve 

brain power. For example, Lumosity with its 60+ specifically engineered games purports to 

“challenge and train the skills that matter to you most” (Lumos labs, 2019) while Cogmed claims 

that use of its products leads to sustained improvements in both subjective and objective 

measures of attention, sustained improvements in working memory, and improved functioning in 

daily life (Pearson, 2016).  

The theory is that the brain, like a muscle, is capable of positive change when a load is 

introduced upon it. People of all ages have been attracted to the idea that cognitive training might 

benefit their current mental or intellectual states by improving performance at school, at work, in 

athletics, delay age-related decline, and reduce cognitive impairment. Many companies purport 

to offer such benefits, but the research has shown that their claims have been for the most part, 
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all stick and no carrot. Such claims have only recently demanded support of competent and 

reliable scientific evidence as a matter of law (Federal Trade Commission, 2016).  

This study explores a method of ‘brain training’ specific to the demands of law 

enforcement officers (LEO). Recent high-profile events throughout the United States have called 

attention to police decision-making and the costs of errant response selection when confronted 

with social problems.  LEOs work in a dynamic high-stakes environment. Following normative 

prescriptions for decision-making (Tenenbaum, 2004), they must be skilled in gathering 

information from the environment using their senses. They must efficiently modulate attention to 

relevant environmental cues while suppressing distracting environmental data that competes for 

limited cognitive resources. LEO must then make use of the relevant cues to form response 

options to anticipated events. They must monitor and track changes in the data within 

milliseconds to inform their decisions, and finally the decision must be made, usually in the form 

of a motor response. Examples include expressions of empathy or sympathy, giving orders, 

facilitating problem-solving tasks, investigating criminal activity, using force, maintaining order, 

and any other decision that affects or influence the lives of others.  

 In theory, decision-making competency improves with the increased ability to recognize, 

properly interpret and monitor environmental cues (Tenenbaum, 2004). For humans, these tasks 

are mostly visual (Williams, Davids, & Williams, 1999). While other sensory processes 

contribute to collecting environmental data, success in developing visual skills should result in 

the highest returns for improving police decision-making outcomes. The aim in this study is to 

focus on visual control processes, to isolate them, and to determine if they can be strengthened 

through deliberate practice using a cognitive training method -the examination focused on the 

ascendant values of visual control. The main objective was to strengthen perceptual-cognitive 
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skills (i.e. search patterns, object recognition, multiple object tracking) among participants with 

the use of a treatment to observe any improvements that can be transferred to the domain of law 

enforcement, by increased efficacy of situational awareness, anticipation and decision-making 

after the treatment was applied.  

The Current Study 

This study is aimed at investigating the efficacy of training DM using a novel 3-

dimensional multiple object tracking (3D-MOT) task to enhance or develop perceptual-cognitive 

skills and to examine any transfer effects to situational awareness, increased powers of 

anticipation and better decisions. Specifically, the research aim was to (1) construct a series of 

scientifically valid examinations that test qualitative measures of a law enforcement officers’ 

perceptual cognitive skills,  (2) examine changes in officer PCS after the use of 3D-MOT, (3) 

examine any transferability of those skills to the law enforcement environment, (4) examine any 

sound ecological training benefits derived from the use of the NeuroTracker as compared to the 

common method underlying DM training. 

 A pre- post-test paradigm was used to examine the efficacy of the NeuroTracker after a 

fixed number of sessions. Using a novice-expert paradigm, the participants of this study were 

deemed ‘expert’ based upon their years of service and/or specific training in tactical operations. 

Novices were not included in the study. In the present study, 40 law enforcement experts were 

randomly assigned to three experimental conditions: (a) multiple sessions of training on the 

NeuroTracker 3D-MOT over the course of 3 weeks, (b) Active Control - reading materials for 

which participants read industry articles on topics of decision-making, situational awareness and 

anticipation, (c)  Passive Control - no-contact. The law-enforcement officers were tested on DM, 
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situational awareness, and anticipation prior and after the respective conditions were applied. Six 

working hypotheses were formulated: 

Hypotheses 

1. Participants in the 3D-MOT will improve DM components and Total DM Score more 

than Active and Passive Control participants.  

2. Participants in Active Control condition will improve DM components and Total DM 

more than Passive Control participants.  

3. Participants in the 3D-MOT will improve in situational awareness more than Active 

and Passive Control participants.  

4. Participants in Active Control condition will improve in situational awareness more 

than Passive Control participants. 

5. Participants in the 3D-MOT will improve in anticipation more than Active and 

Passive Control participants.  

6. Participants in Active Control condition will improve anticipation more than Passive 

Control participants.  
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CHAPTER 3 

METHOD 

Participants 

 The sample size was determined via a power analysis with moderate effect size, Cohen’s 

d = .40, α = .05, power (1-β) = .80 using 3 BS experimental conditions for RM ANOVA. The 

required sample size was 40 (see Appendix A). 

 Forty-eight participants representing a convenience sample of law enforcement officers 

were recruited from the Tallahassee Police Department and Leon County Sheriff’s Office in 

North Florida. Expertise was assumed based upon specific law enforcement training and 

experience. All participants were required to meet the following criteria: (1) state certified law 

enforcement officer in the State of Florida* (2) minimum eight years’ experience or completion 

of a tactical operator’s school (SWAT or TAC). Of the 48 participants, 40 participants 

successfully completed all requirements of the study. 

To control for on-the-job learning that might occur over the 3-week experiment, only 

expert law enforcement participants were used in the study. This was defined by a minimum of 8 

years on the job or successful completion of a tactical (SWAT) school. An active control and 

passive control (no contact) group was used to compare with ‘common training’ (knowledge-

based) learning and a control for motivation and the learning effect of the STE. 

 The State of Florida admission requirements for acceptance into the police basic recruit 

program (BRP) as mandated by Florida Statute 943.13 was followed. All participants have met 

the following standards: 

• At least 19 years of age. 

• A citizen of the United States. 
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• Have earned a high school diploma or equivalent (GED).  

• Have not been convicted of any felony or of a misdemeanor involving perjury or false 

statement.  

• Never have received a dishonorable discharge from any of the Armed Forces of the 

United States. 

• Have documentation of processed fingerprints on file with the employing agency. 

• Passed a physical examination by a licensed physician, physician assistant, or certified 

advanced registered nurse practitioner. 

• Have good moral character determined by a background investigation under procedures 

established by the Criminal Justice Standards and Training Commission. 

In addition to these criteria, each participant was surveyed for the following demographic data: 

age, gender, years in law enforcement, SWAT or tactical team training.  

 The demographic data pertaining to the 3 experimental conditions show that participants 

mean age was M =  45.50, SD = 9.06, and the average years in service was M = 20.18, SD = 

9.14. Almost all of the participants were males. The demographic data by experimental condition 

are shown in Table 1. There were no significant differences among the 3 conditions in any of the 

variables. 

Table 1.  
Demographic data of the study’s participants by experimental condition 
 

Condition 
 

Age 
M          SD 

 
Years in Service 

M         SD 

 
n (%) gender 

M          F 
3D-MOT 47.00 8.50 21.75 9.32 12 (100%) 0 (0%) 
Active Control 46.32 9.49 21.27 9.83 14 (93.3%) 1 (6.7%) 
Passive Control 43.15 9.29. 17.46 8.19 12 (92.3%) 1 (7.7%) 

 F (2,37) = 0.65, p < .53.  F (2,37) = 0.85, p < .43.       x2 =.91, p < .63 
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Participants were randomly assigned into three conditions: 3D-MOT, Active Control, and 

Passive Control.  

Study Design 

 A pre-post experimental design was used in this study. Three experimental conditions 

were employed (3D-MOT, Active Control, Passive Control), and six dependent variables were 

measured at pre- and post time frames. Time was considered the within subject (WS) factor and 

experimental condition as the between subject (BS) factor.  

Apparatus  

 Ti training lab 

 The lab consisted of a professional grade central processing unit (CPU) and hardware operating 

a Windows platform OS. The system used a lightweight flat panel LCD monitor allowing the 

researcher to select the appropriate videos and control certain elements of the experiment. All 

images were projected onto a clean white wall that served as a screen. A wall was used to allow 

full scalability of the imagery to meets size proportion reflecting real life.  

 High quality surround sound was strategically placed in the laboratory to provide the 

participant with audio cues consistent with an authentic real-life environment. Two external 

cameras recorded the participant’s actions and behaviors as each scene unfolded. Imagery on the 

screen was self-calibrated with sub pixel accuracy to maintain resolution.  

 For use of force deployments, the participants were outfitted with an authentic law 

enforcement duty belt that held law enforcement weapons (TASER®, aerosol spray, and 

firearm). Each weapon was embedded with a laser using a unique signature amplitude that was 

logged and interpreted by the interactive video screen. When the laser activated pixels on the 
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Figure 1.  The Ti Training lab simulated task environment. 

 

screen the system would branch the video sequence accordingly. The Ti Training Lab is 

presented in Figure 1. 

The study consisted of commercially developed video scenarios by the Ti Training 

corporation (Denver, CO.). The video clips were developed for law enforcement agencies for 

training purposes. Because the video clips were not originally designed with particular criteria or 

measures in mind, several hundred videos were examined for useful criteria. After pre-test the 

video clips were selected and complimentary video clips with matching criteria were located. 

The paired videos assured a reliable pre- post-test design to test the effects of the 3D-MOT 

intervention. 

 

 

 

 

 

 

 

 

 

 

 

The NeuroTracker 

 The NeuroTracker 3D-MOT uses digital imagery to create an environmental 

representation of ‘important cues’ that are intentionally complicated by the presence of other 
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distracting objects that compete for the viewer’s attention. The system presents a 3-dimensional 

visual environment on a computer screen where important cues are identified to the viewer by 

the internal algorithm of the computer program. The visual cues used by the 3D-MOT were 

yellow spherical objects (balls) that were designated ‘important’ by a temporal halo effect. Also, 

on the screen were other yellow balls, visually identical to the designated important visual cues. 

Their purpose was to serve as visual distractions. The viewer was directed to the important balls 

among the group when the halo effect flashed on for a few seconds. The viewer was instructed to 

ignore the distractions while mindfully keeping track of the important spheres as they moved 

freely on the screen along normal straight-line trajectories. The system protocol was set for each 

trial to present 4 balls for 6 seconds. Completing 20 trials constituted 1 session. Participants were 

asked to engage in 3 sessions, 3 times a week, given a day rest in between each training 

completion. 

 Multiple object tracking (MOT) first described by Pylyshyn and colleagues, describes 

how people attend to multiple elements in the visual field (Pylyshyn, 1994; Pylyshyn & Storm, 

1988). Multiple object tracking in a three-dimensional space has subsequently been developed as 

a PCS training program comprised of four salient features: (a) distributed attention to a number 

of separate dynamic objects, (b) a large visual field, (c) speed thresholds, and (d) stereoscopy 

(binocular depth cues) (Faubert & Sidebottom, 2012).  

 The theoretical framework to improve DM with the 3D-MOT begins with improving the 

visual system’s ability to efficiently and effectively gather information from the environment 

(see Pylyshyn & Storm, 1988 for a review). Seeing begins with learning how to look for critical 

cues among the enormity of information that represents the visual field. Visual search strategies 

consist of perceiving and integrating complex patterns of movement by objects that quickly 
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move from place to place or abruptly change course or direction. The 3-dimensional effect 

allows brief moments where an object of visual interest vanishes from sight behind a distractor. 

Its presence remains meaningful to the observer who calculates and predicts the reemergence of 

the object based upon existing knowledge structures. The constant change in spatial location of 

objects challenges attention, selection and working memory (Pertrov & Husain, 2014).   

 For over two decades advances in multiple object training (MOT) technology have been 

used to improve PCS. For example, it has been shown that high-level athletes demonstrated 

greater performance in game play after being trained for several weeks in 3D-MOT (Faubert & 

Sidebottom, 2012). In a study of soccer athletes, only 3D-MOT trained individuals showed an 

increase (15%) in passing decisions on the field after the training intervention (Romeas, Guldner, 

& Faubert, 2016). 3D-MOT training has shown significant pre- post-test increases in most visual 

skills among athletes in water polo, Taekwondo, and tennis to include static visual acuity, 

stereopsis, spatial contrast sensitivity, saccadic ocular movements, selective attention on the d2 

test (Quevedo, Padrós , Fortó, & Cardona, 2015). Training athletes to develop their visual 

systems decreases anticipatory response time during play action, thereby allowing for more time 

to make well calculated decisions (Beauchamp & Faubert, 2011). 

 Randomly selected college age students using the same MOT system also showed 

significant improvement for enhanced attention, visual information processing speed, and 

working memory (Parsons et al., 2016). Aging individuals have also benefitted from 3D-MOT 

training. Studies show improved biological motion perception in the healthy aging that allows 

them to better manage socially relevant stimuli such as human body movements. The developed 

skill transferred to a life skill by helping them respond better in crowd or sport activities (Legault 

& Faubert, 2012b).  
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 Medical interventions and quality of life studies with the MOT constitute some of the 

oldest research. MOT has been used to train attention in students with learning disabilities 

resulting in significant improvements on attentional tasks (Tullo, Guy, Faubert & Bertone, 2016). 

MOT training has helped recover memory in the aging (Assed, de Carvalho, Rocca, & Serafim, 

(2016). Memory training and benefits for quality of life in the elderly: A case report. Dementia & 

neuropsychologia, 10(2), 152–155. doi:10.1590/S1980-5764-2016DN1002012). The effects of 

MOT on cognitive development do not seem to be age dependent or limited. Healthy older 

people, though starting out with lower cognitive thresholds than a younger group, could obtain 

speed thresholds that were similar to untrained young adults after a treatment of the 3D-MOT 

(Legault, Allard, & Faubert, 2013).  

 The Canadian Military has also trained with MOT to explore its effect on working 

memory (WM) span. Findings showed that cognitive speed thresholds increased considerably 

over 10 sessions and training resulted in significant pre- post-test increase in word span, matrix 

span, and visual span with medium to large effect sizes (Vartanian, Coady & Blackler, 2016). 

 The NeuroTracker 3D-MOT used in this research study, is expected to enhance mental 

focus, concentration, and awareness by training selective, distributed, dynamic, and sustained 

forms of attention (Tullo, Guy, Faubert, & Bertone, 2016).  

Test Development 

 To measure situational awareness, anticipation, and DM a selection of twenty corporately 

produced video scenarios were reviewed for criteria that presented problem-solving issues. Eight 

of the scenarios represented opportunities for participants to engage in naturalistic DM. Two 

scenarios used an occlusion paradigm followed by a survey to evaluate situational awareness and 

anticipation.  
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 The authoritative expert approach was used to evaluate participant actions and behaviors. 

Experts in police procedures were identified to make judgements about the quality of the 

participants performance. Five subject matter experts reviewed video of each participant as they 

attended to problems presented with the video display. DM scenarios decisions were given 

numerical scores to provide a basis for quantitative analysis. Occlusion scenarios surveyed 

participants. Answers were graded to determine situational awareness based upon recorded 

visual cues. To satisfy the anticipation criteria, participants provided a predictive analysis of 

what they expected would happen after occlusion. 

Video-Clip Scenarios 

 A professional production staff from Ti Training Corp. in Golden, Colorado filmed 

hundreds of scenarios depicting events that require law enforcement intervention. The 

productions were designed for the Ti Training lab generally used for commercial purposes.   

 All scenarios were recorded in the field to maximize realism. The scenarios represent 

interactions with real recorded people rather than digitized similes of human figures. Scenarios 

were reviewed for content and specific visual criteria were identified for each (ex. placement of 

hands, presence of weapons, postural cues, behavioral cues). All scenarios were produced with 

multiple branches to give alternative DM challenges. For example, if a scenario allowed three 

alternative branches, (1) drawing a gun, (2) drawing a wallet, (3) drawing a knife; a single 

branch was selected (i.e. drawing a gun) and set as default for every participant. For grading 

purposes, it was necessary to maintain consistency of what each participant was exposed to.  

 All scenarios had the option to manipulate lighting. A slider feature in the software 

allowed the simulator operator to manipulate lighting from maximum lighting to complete 

darkness. For commercial purposes, a laser embedded flashlight is used to illuminate dark 
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environments. All scenarios were set to maximum lighting, eliminating the need for participants 

to use a flashlight. This eliminated variance of visual criteria, an important consideration for 

maintaining grading consistency.  

 Pre-test scenarios where selected based upon visual cue criteria. Ten scenarios were 

assigned a number 1 through 10. Other scenarios were then examined for matching visual criteria 

(see Appendix F).  Scenarios 11 through 20 were selected for post-test. Pre-test scenarios were 

paired with post-test scenarios upon matching visual criteria. This allowed participants to interact 

with two different scenarios with the same grading criteria.  

Scoring Procedure  

A scoring rubric was designed to provide criteria points for examining qualitative DM. The 

rubric borrowed scoring elements from daily observation reports (DOR) written for the San Jose 

model (1972) of police field-training.  

            SMEs were instructed to remain focused on the process of the participants performance 

and remain dispassionate about the outcome. DM in police work flows forward from a fixed 

point when all the facts and circumstances are not yet known. Theoretically, the responsibility of 

the deontological approach is to the duty or obligation of choice selection when making 

contemporaneous or future decisions based upon present perceptions (Dierksmeier, 2013).  

 The deontological approach suggests that ‘good decisions’ are measured by adherence to 

a fixed process, the antecedents of which are based upon a categorical imperative of remaining 

true or honest to the correlates of the outcome (Kant, 1959). Therefore, in the deontological 

view, the ends do not necessarily always justify the means. I argue that this view fundamentally 

drives police decisions and forms the yardstick by which ‘optimum’ decisions should be 

measured when reviewing police actions.  
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 It is noted that some prefer to utilize a teleological or utilitarian approach to deciding the 

quality of decisions. There are problems with this approach when applied to law enforcement 

DM. Focusing on DM outcomes rather than the intentions and processes that drive decisions, can 

lead to outcome bias (Baron & Hershey, 1988). Outcome knowledge unfairly affects both 

probability judgments and responsibility judgments (Mitchell & Kalb, 1981). This can lead to 

measurement errors when examining quality of DM. For example, social scientists have long 

observed that people view decisions as ‘better’ when they are followed by a positive, rather than 

a negative outcome (Savani & King, 2015). Viewing decisions with the benefit of 20/20 

hindsight allows the observer the benefit to consider all of the information that should have been 

taken into account, without giving proper consideration to the information that could have been 

taken into account at the moment the decision was made (Janis & Mann, 1977). 

 The police environment is dynamic and environmental factors influence the processes of 

police behavior (Cosner, 2003). Dynamic decision-making (DDM) requires that multiple and 

interdependent decisions be made in an environment that changes autonomously and in response 

to a decision maker’s actions (Gonzalez, 2003; Brehmer, 1992). DDM therefore involves a series 

of decisions that are not independent, occur in real time and lead to an ultimate final decision. 

Each decision in the series is affected by both the consequences of the decision makers previous 

actions and events that occur beyond the decision maker’s control (Brehmer, 1992). Feedback 

loops that result from an individual’s actions further define the situation that the individual is 

presently encountering (Gonzalez, 2003). As DDM is constantly updated, anticipation is 

modified at several points along a time continuum.  

 I recognize that police work is positioned in an unenviably social space, caught 

somewhere between the deontological business-oriented ethics associated with professional 
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policies and procedures and the strict humanistic consequences associated with utilitarian 

outcomes. Though little research attention has been paid to the processes that police officers use 

when making decisions, (Alpert, Dunham, Strohshine, Bennett, & McDonald, 2004) a detailed 

literature review reveals that there is no particular decision-making model universally ascribed to 

law enforcement officer training. Scoring for this research used a novel application of criteria 

based upon the expert approach to evaluations.  

  (A) DM: The participant’s recorded actions were played back and scored. From the 

actions and behaviors demonstrated, DM was deduced. The quality of the decision was judged 

based upon the rubric criteria. Five SMEs assigned values to participant DM ranging from 1-7 in 

three phases of contact that includes pre-execution, execution and post-execution. Final scores 

were averaged for each phase and for total.  

             (B) Anticipation: Specific answers on the participant’s survey were compared to DM 

elements identified by the SMEs for establishing anticipation. Anticipation was measured against 

the actual scenario outcome to determine if the participant accurately interpreted and predicted 

the events that would follow. Scores were assigned to the participant’s answers based upon 

accuracy in predicting the future event.  

             (C) Situational awareness: Answers on the participant’s survey were compared to DM 

elements identified by the SMEs for establishing situational awareness. Situational awareness 

was measured against known elements of the scene to determine if the participant accurately 

recognized and interpreted those elements. Scores were assigned to the participant’s answers 

based upon accuracy in situational awareness.  
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Simulated Task Environment 

Pre- and post-testing 

 With the use of simulation scenarios, participants were presented problem-solving 

encounters in a naturalistic environment. Though arousal was not expected to meet real-world 

thresholds, stress factors associated with virtual environments using STE do produce physiologic 

stress that mimic occupational conditions (Groer, et al., 2010).   

Display conditions 

The STE was set up in a large open room. Video scenarios were projected onto a wall and 

scaled to approximate real-life proportions. Participants were presented a total of 10 different 

pre-test scenarios that were matched for specific criteria with 10 post-test scenarios.  

 To delineate the role of PCS in DM, two of the scenarios used a novel occlusion in which 

the scenario ended abruptly, and the screen turned dark. The participants were not warned when 

the occlusions would occur.  

 A second display condition presented problems that the participant was required to 

resolve through dialogue and physical actions. Difficulty was set to basic patrol officer functions. 

No high-level patrol skills (SWAT, special operations) were required to address the scenarios.  

Scenarios were selected as either high frequency/low criticality (ex. domestic dispute) or low 

frequency/high criticality (ex. active shooter). This allowed DM to be examined under varying 

time-pressure conditions. 

The two display conditions helped separate perfunctory skills (e.g., visual search patterns, 

attention, memory) necessary for situational awareness and anticipation from existing 

knowledge-structure response selection, necessary for DM.  
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Interactivity 

Participants were free to move around open space in front of the screen, reactive to any 

mechanical or biological motion presented in the video. An area of ‘cover’ (capable of stopping 

bullets) and ‘concealment’ (capable of partially or fully concealing the participant) were 

described to each participant before engaging in the simulations.  

  Participants reacted to environmental conditions using verbal communications and 

physical movements. When necessary, participants had the option to deliver force through a 

variety of laser equipped weapons including a firearm, pepper-spray (canister) and a TASER. 

Video branching technology responsive to the laser impulses directed the scenario to variable 

conclusions.  

 Preserving the record 

For the temporal occlusion paradigm participants were given a written survey with 

questions relating to situational awareness and anticipation of future events. Their answers 

recorded on hardcopy and graded against an answer key.  

 For the decision-making paradigm participants were video recorded with cameras 

positioned at both the front and back of the room. Cameras were left running throughout all 10 

scenarios. The videos were later edited to cut out superfluous details to make review easier for 

the subject-matter experts. Each participant’s video record was coded to their unique identifying 

number and placed in a secure online folder for grading.   

Occlusion video-clips 

The temporal occlusion approach has been used to train anticipation and situational 

awareness (Abernethy & Russell, 1987; Muller & Abernethy, 2014). Of the twenty-video clips 

the participants were exposed to during the pre- and post-test, 4 of them suddenly ended and 
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turned dark. Participants were given a survey to record their observations (see Appendix G). The 

survey asked respondents about the environment they last saw - specific people they were aware 

of and specific threats that they detected to the point of occlusion.  

The temporal occlusion video clips provided representative circumstances of typical 

police encounters. Significant research on anticipation from postural cues exist in the sport 

psychology literature (Murphy, Jackson, & Cooke , 2016; Williams, Ward, Knowles, & 

Smeeton, 2003). For example, in an occlusion video shown to the participants, a shadowy figure 

suddenly steps from behind a wall and levels a shotgun at the participant the moment the video 

stopped (see Picture 1). The image did not reveal the type of weapon that was being used. The 

lowered shoulders of the subject, the close hip level control of the hands and the braced stance 

were all suggestive of the presence of a gun rather than a stick or sign of surrender (two other 

options provided in the survey).  

A second occlusion video clip stopped as the participant walked up on a reported verbal 

argument. Two figures could be observed in close contact. One figure laid on the ground while 

another stood menacingly over him (see Picture 2). The video occluded at a position in which the 

presence of a large knife held by the standing subject visually blended in to the pantleg just 

behind it. The other subject who was laying on the ground was slightly propped up and clutching 

an apparent stab wound. This salient portion of the video ended in 1.2 seconds from the point of 

exposure. This gave the participant little time to orient to the image. Most eyes tracked to the 

postural cues of both subjects.  

There was greater difficulty when participants tried to quickly identify proximal cues. 

When a weapon was clearly present, but the person of interest showed no particular postural 

indication that a threat was imminent, participants where significantly less aware of the threat. 
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Picture 1. A shadowy figure steps from 
behind a wall. 

 
Picture 2. One person stands menacingly 
over another. 

For example, when officers responded to a reported domestic violence, many failed to 

miss the large knife lying on the coffee table within arm’s reach of the screen character (Picture 

3). On a traffic stop, participants frequently did not notice a large handgun protruding from the 

pocket of the vehicle’s door (Picture 4). 

 
Picture 3. An angry resident in an apartment 
stands next to a large knife on the coffee 
table. 

 
Picture 4. A motorist exits her car. A large 
frame handgun is seen hanging from the 
pocket of the door.  

Grading DM 

Like military soldiers, police officers must be able to switch between general situational 

awareness and react to situational cues as they are presented. Faster recognition and processing 

results in better DM (Rink, French, & Tjeerdsma, 1996). The scenarios presented to the 

participants were intended to present situational cues that required detailed selective attention to 

stimuli in the environment. Some scenarios were intended to present an examination of extreme 
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task switching. For example, in one pre-test scenario, the participants were prompted that they 

were on-duty having a casual conversation with a retired police officer they ran into in the food 

court of a local mall. Within seconds of the scene beginning, an active shooter entered the 

participant’s useful field of vision (UFOV), drew two firearms, and began firing, striking the 

retired officer in graphic detail (Picture 5). Audible screams and sounds of panic inside the 

building contributed to stimulus overload. Only a few seconds of time were granted for the 

participant to orient to the situation and take action. The salient visual features of this scenario 

were: (1) the participant was in a mall with innocents’ present though none were obviously in the 

immediate area of the shooter, (2) errant shots could result in harm or death to innocent others, 

(3) the presence of the shooter was sudden and unexpected, (4) decisions needed to be made 

under extreme time pressure.  

The prepotent response to diving for cover in light of the sudden, violent attack would 

have to be suppressed in order to ‘optimize the response.’ A companion video on the post test 

showed an inconspicuous subject being screened in a magnetometer suddenly draw a firearm 

from beneath his shirt and fire at the participant (Picture 6). Here, the participant had to 

recognize that they were under fire, but also had to consider the consequences of a misplaced 

shot in a public building and the fact that the shooter was much closer to the participant. This 

scenario was intended to add pressure to the visual challenge of addressing the threat while 

scanning the environment for danger caused by errant rounds.  

All test scenarios were individually graded by five subject-matter-experts along a 21-

point scale. Graders examined each scenario in 3 segments (pre-execution, execution, and post-

execution). Execution grades were given when the ‘action’ occurred. Each video was selected to 

ensure that the officer would take some type of action responsive to the given problem. 
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Picture 5. A gunman opens fire across a mall 
food court. 

Picture 6. A gunman opens fire in extreme 
close-quarters. 

 
For example, if a person on the video became increasing irritated, the participant’s 

response (calming or escalating) provided criteria by which the SMEs provided the execution 

grade.    

Post-execution grades were given for the participants conduct after the action resolution. 

For example, if a participant used force, police protocols would require that the officer monitor 

the effect and remain engaged with the subject. Unlike many arcade games, the interactive 

videos in the lab were programmed for the subject to not necessarily respond to being struck with 

the barbs of a TASER or a single strike from a bullet. Not every participant’s command was 

obeyed by the characters in the video, nor was every good deed greeted with cooperation.  

Each segment had a 7-point scale. A score of 4 reflected a minimum acceptable standard of 

police conduct. Scores below 4 reflected below standard conduct while scores above 4 reflected 

above standard conduct. Grades given by each SME were totaled and averaged to give a final 

score for each scenario.  

Brain Training Intervention 

Participants in the 3D-MOT training were asked to follow a protocol recommended by 

the manufacturer. The protocol called for tracking exercise that required participants to track 4 

balls on a screen of 8 balls for six seconds.  The developmental training method used a visual 
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‘staircase procedure’ that allowed participants to both expand the amount of movement 

information they could absorb in the field and process the information more efficiently once a 

training speed threshold was established (Levitt, 1971). To do this, each trial adjusted the speed 

of tracking to the participant’s performance and recorded the changing baseline score against the 

original baseline score (set after the first three trials). Participant training protocols varied with 

some precisely following the recommended protocols of 3 sessions X 3 times a week and others 

deviating in number of sessions and number of times per week.  

The 3-dimensional multiple object tracker (3D-MOT) reportedly strengthens the 

cognitive mechanisms underpinning DM. These mechanisms include enhancing basic measures 

of attention, impulse control, enhancing working memory and increasing speed of processing. 

The conceptual framework for developmental DM is drawn from the logical belief that more 

accurate and efficient gathering of environmental information (input) leads to more accurate 

anticipation of events to follow and generation of optimized decisions (output).  

 The 3D-MOT is a cognitive training apparatus that uses computer generated graphic 

imagery, spherical objects (balls) that appear to a viewer wearing 3D glasses, to float in 3-

dimensional space. The 3D-MOT presents a useful field of vision (UFOV) that is complete with 

open space, target stimuli and distractions (visual noise) to challenge the observer’s visual 

attention.   

 The first use of 3D-MOTs  were clinically applied to enhance and improve DM for 

elderly patients who had lost or shown deterioration of perceptual-cognitive skills (PCS) due to 

complications of aging (Assed, de Carvalho, Rocca, & Serafim, 2016) and for youth who 

exhibited signs of learning disability (Tullo, Guy, Faubert, & Bertone, 2016). Later, 3D-MOT 

was used with healthy individuals to improve attention, working memory, and visual information 
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processing (Parsons et al., 2016). It was introduced to athletes as an alternative training method 

to improve sport performance through gaze control, object tracking, and processing of visual 

patterns. Significant improvements in performance have been reported in these performance 

domains (Faubert & Sidebottom, 2012; Faubert, 2013; Quevedo, Padrós , Fortó, & Cardona, 

2015; Romeas, Guldner, & Faubert, 2015). 

 Improvement in vocational and technical performance has been reported when applied to 

select participants. For example, the Canadian armed forces have used 3D-MOT to examine 

working memory of soldiers. Results revealed medium to large effect sizes for increases in word 

span, matrix span, and visual span (Vartanian & Coady, 2016) while no changes were reported in 

active and passive control groups. 

 Measurable near transfer has been reported across several cognitive capacities (Perico, 

Tullo, Perrotti, & Bertone, 2014; Tullo, Guy, Faubert, & Bertone, 2016). Far transfer has also 

been reported after the use of the 3D-MOT. For example, Legault and Faubert (2012b) reported 

improvements in biological motion perception for aging adults. Soccer players improved DM 

accuracy when passing the ball on the field after using a pre- post-test design. The results 

correlated with the players' subjective decision-making accuracy, rated after pre- and post-test 

sessions through a visual analogue scale questionnaire (Romeas, Guldner, & Faubert, 2015). The 

3D-MOT has further been used as a measurement device to predict behaviors that correlate with 

performance on multiple object tracking (Faubert, 2013).  

 

3-Dimensional Multiple Object Tracker (3D-MOT) 

  The 3D-MOT NeuroTracker by Cognisens uses a cloud-based software that is played 

across individual laptops or desktops. It displays three-dimensional objects in 3-dimesnional 



49 

 

space to the participants with the use of red/blue 3D glasses. In the study, each participant was 

given a cloud-based corporate account and created their own sign-on credentials. Participants 

logged onto the program at their convenience to complete 30 sessions. 

Before being scored, participants were given an opportunity to view a brief video and sample the 

NeuroTracker to familiarize themselves with the system. Training included tracking multiple 

moving objects for a six second trial. Twenty trials constituted a session.  

  Upon logging-on to the 3D-MOT, a total of eight yellow-colored balls were displayed on 

the screen. Four of the balls were designated as ‘important’ by a temporary white halo around 

them. The other four remained on the screen as distractors. During each trial the balls moved 

randomly in three-dimensional space, following natural straight-line trajectories as they bounced 

off other balls and the edges of the screen. The participant was instructed to pay attention to the 

four important balls and to visually follow them as they moved within the screen. Like in a true 

3D environment, balls would sometimes be momentarily occluded behind another ball before 

emerging into full view upon the anticipated trajectory. At no time did any ball leave the viewing 

screen or disappear from sight.  

After six seconds, the balls on the screen stopped and the viewer was required to click 

(using the computer’s mouse) on the important balls that were scattered among the distractors. 

Using a dynamic game difficulty balancing (DGDB) algorithm, the NeuroTracker automatically 

changed parameters for each trial by adjusting speed and difficulty based upon the participants 

ability.  If the participant correctly selected all the balls (too easy), the next trial would increase 

the speed and difficulty of tracking the multiple objects. If the participant failed to select all the 

important balls (too hard), the next trial would decrease the speed of the multiple objects thereby 

reducing the difficulty. The DGDB algorithm, changed baselines every three sessions to reflect 
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percentage of improvement. It was expected that continued practice with the 3D-MOT would 

increase the participants multiple object tracking abilities based upon previous studies 

(Beauchamp & Faubert, 2011; Quevedo, Padrós, Solé, Fortó, & Cardona, 2015; Romeas, 

Guldner, & Faubert, 2016; Tullo, Guy, Faubert, & Bertone, 2016; Vartanian & Coady, 2016).  

 An internal scoring algorithm allowed the researcher to follow the progress of each 

participant using a backend administrative account. An intervention check to determine 

improvement on the 3D-MOT was conducted at the end of each week for a total of three weeks. 

As expected, all participants showed steady progress and percentile improvement tracking the 

multiple objects. 

Procedure 

The study was conducted in Leon County FL, using participants form the Leon County 

Sheriff’s Office and Tallahassee Police Department. NeuroTracker intervention was conducted 

by laptop or desktop without designation for specific location.  

The researcher met with police administrators for the Tallahassee Police Department and 

the Leon County Sheriff’s Office in North Florida to seek approval for the voluntary use of 

active law enforcement officers that serve in the Big Bend area of North Florida. Some recently 

retired officers were included but permission for their participation was not required. 

Administrators were described the process and methodology of the study. Concerns about 

compensation, privacy and liability were addressed. No payment was made to any participant. 

All participation was voluntary. Approval was granted, and a formal letter of participation was 

acquired from both law enforcement entities.   

Recruitment information was sent via email to all potential participants who met the 

criteria of ‘expert.’ This list was compiled internally by law enforcement staff and forwarded to 
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the researcher. From this sample, 48 respondents were recruited for the study sample. A consent 

form was sent to each participant explaining the details of the study and the expectation of their 

commitment. To ensure privacy, each participant was assigned a unique coded number to be 

used on all documents. All names and identifying features were scrubbed from the records. 

Participants were randomly assigned to one of the three conditions (treatment, active control 

(placebo) and passive control (no contact).  

Participants (n = 12) in the 3D-MOT condition were assigned online accounts for the 

NeuroTracker 3D-MOT. They were required to set-up their own credentials via email to log onto 

the system. They were given a written sheet describing the training protocol. Their online 

activity could be monitored by the researcher using a backend portal. Participants were issued 

3D glasses (red and blue) for viewing the 3D-MOTscreen. They were also given a folder of 

‘mood sheets’ (Appendix I) to track their mood before engaging in sessions of 3D-MOT. 

Training began immediately following individual pre-tests.  

Participants in the active control condition (n = 15) were given printed articles on topics 

of decision-making, anticipation and situational awareness. They were instructed to read one 

article per week and to answer questions regarding their reading. Their answers were typed or 

recorded by hand and submitted to the researcher at the end of the study. Two participants turned 

in partially completed work. All others complied with the stated task. Due to the level of 

expertise of the participants, this task was considered a placebo. It was expected that active 

control officers were broadly familiar with the information provided. 

Participants in the passive control condition (n = 13) had no intervention assignment.  

All participants were given a pre-test and post-test consisting of eight DM scenarios using video 

simulated task environments (STE). Their behaviors and actions were video recorded for later 
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review by subject-matter-experts. Participants were also presented two videos using a temporal 

occlusion paradigm. During the simulated task, the video suddenly stopped and went dark. 

Participants were then given a survey to assess situational awareness and anticipation.  

Videos were later edited to cut out descriptive information given by the researcher. This 

simplified the final video for grading purposes. Pre-test scores and post-test scores were later 

compared to find if there were any changes. 	

The two temporal occlusion videos were randomized between the pre-test and post-test to 

prevent memorization of video order. Matching visual cue criteria videos were also randomized 

during the post-test to prevent memorization of pre-test order.  

SMEs were assigned credentials to log into a secure cloud server that contained video recorded 

tests. SMEs were provided a script for each scenario that described information given to each 

participant. SMEs independently scored performance on a score sheet by using a rubric 

developed by the researcher (see appendix). Subject-matter-experts (SME) responsible for 

grading subjective performance were not made aware of the participants’ group assignment. 

Scenarios 11 -20 were presented in post-test in random order to prevent learning effect of pattern 

awareness by the participant. 

Data Analysis 

 Statistical data analysis was performed by using IBM SPSS 23.0 version. Graphs were 

generated with Microsoft Excel. Decision-making, anticipation, and situational awareness scores 

was subjected to repeated measures (RM) ANOVA each with condition (3D-MOT, active 

control, and passive control) as a between-subject factor, and time (pre- post-testing) as a within 

repeated factor. Normality assumptions were tested by using Skewness and Kurtosis coefficient, 

and Levene’s test of variance homogeneity. Means, SDs, and Cohen’s d coefficients were used 
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to describe the main (condition, time) and interaction (condition by time) effects. The answers to 

the items in the questionnaires were counted and subjected to non-parametric Chi Square and phi 

statistics. 
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CHAPTER 4 

RESULTS 

Agreement Rate among the Referees 

 Five referees independently scored the DM pre-execution, execution, and post-execution 

segments of the video. Correlations among their ratings were in the .75 -.92 range indicating a 

strong inter-rater reliability. The participants’ scores were considered the mean score of the five 

judges on each of the dependent variables. 

Manipulation Check: Perceptual-Cognitive Skills Enhancement 

 Fourteen participants began training with the NeuroTracker 3D-MOT. Participants in the 

PCS condition were individually reviewed over the course of an approximate three-week 

intervention. Two participants failed to complete the mandatory number of sessions (completing 

a total of 7 & 9 sessions over 3 weeks). These participants were moved to the passive contact 

condition.* Figure 2 shows the result of 22 3D-MOT sessions normalized to the remaining 12-

participants. The intervention on the NeuroTracker performance over the course of 22 sessions 

(i.e., tracking 4 balls within a 3-D environment) increased slightly. The line represents the best 

fit of the data points showing a slight upward-positive trend (see Figure 2).  

 

 

* Due to the small sample size, these participants represented 14% of the experimental group. 
Previous 3DMOT studies indicated no change in cognitive skills for participants with less than 
15 sessions. Working with extant manufacturer protocols, the researcher elected to calculate the 
group score minus the two participants to avoid a potentially spurious finding. Exploring the 
intention-to-treat concept, the two removed subjects were added back into the experimental 
group and the effects were retotaled. No significant changes were noted.  
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Figure 2. Group score normalized over the course of 22 sessions. 

Testing Normality Assumption 

 Prior to applying the statistical analysis procedures, means. SDs, skewness and kurtosis 

coefficients for the dependent variables were calculated and presented in Table 2. The normality 

coefficients indicate normal distribution of the data in all the variables. 

Table 2. 
Means, SDs, skewness and kurtosis coefficients for the study’s dependent variables 
 

Variable n M SD Skewness 
 

Kurtosis 
 

 
Decision Making 
 
Pre-Test 
DM pre-execution 
DM execution 
DM post-execution 
Total 
 
Post-Test 
DM pre-execution 
DM execution                
DM post-execution 
Total 
 
Situational Awareness 
 
Pre-Test 
Post Test 
 
Anticipation 
 
Pre-Test 
Post-Test 
 
 
 

 
 
 
 

40 
40 
40 
40 
 
 

40 
40 
40 
40 
 
 
 
 

40 
40 
 

 
40 
40 
 

 
 
 
 

3.735938 
3.798594 
3.536875 
11.071094 

 
 

3.420000 
3.730313 
3.493750 
11.066563 

 
 
 
 

565412 
.648962 

 
 

.699738 

.837750 

 
 
 
 

.3674146 

.4616405 

.4578548 
1.2129367 

 
 
 

.2366699 

.4323357 

.4385930 
1.0790598 

 
 

 
.1290783 
.1513076 

 
 

.2248508 

.1653011 

 
 
 
 

-.670 
.291 
.123 
-.001 

 
 
 

-.473 
.189 
.057 
.068 

 
 
 

.076 
-.343 

 
 

.079 
-.981 

 
 
. 
 

 
 
 
 

.640 
-.248 
-.482 
-.155 

 
 
 

1.968 
-.205 
-.143 
.018 

 
 

 
-.727 

  -.558 
 
 
-1.387 
.838 
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Testing the Study’s Hypotheses 

DM Pre-Execution, Execution, and Post-Execution 

 Prior to testing the study’s hypotheses pertaining to the three dimensions of DM and DM-

Total Score, Levene’s test of homogeneity were conducted on each of the dimensions before and 

after the intervention. Levene’s coefficients are presented in Table 3. None of the coefficients’ 

estimates was significant (p > .05), thus indicating no violation of variance homogeneity among 

the three conditions on any of the DM dimensions and total scores. 

Table 3. 
Tests of homogeneity of variance for the 3 DM dimensions and DM-Total 

 
Dimension                                         Levene’s Statistic (2,37)                                     p 
 
Pre-Intervention 
1. pre-execution    .37                                                       .69 
2. execution    .39                                                       .68 
3. post-execution    .53                                                       .60 
4. DM – Total                    .04                                                       .94 
Post-Intervention 
5. pre-execution    .55                                                        .58 
6. execution    1.70                                                      .19 
7. post-execution                1.47                                                      .24 
8. DM -Total    1.57                                                      .22 
 

 
 Prior to testing the study’s hypotheses using RM ANOVA, each of the DM dimensions 

and DM Total Scores before and after the intervention were analyzed using One-Way ANOVA. 

This procedure was performed to assure equality among the three conditions at the outset of the 

study. These analyses are presented in Table 4. 

The ANOVAs revealed that none of the means’ differences prior and after intervention 

was significant (p > .05). Participants in the three conditions were not different from each other 

on any of the DM dimensions and Total Score at any time frame of the study. To test the study’s 

hypotheses assuming that the 3D-MOT participants will advance in all DM components to a 

larger degree than their Active Control and Passive Control counterparts, RM 
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MANOVA/ANOVA were conducted for the DM dimension, and then to the DM Total Score 

separately. The analysis pertaining to the DM dimensions is presented in Table 5. 

Table 4. 
 Pre-post intervention means, SDs, and one-way ANOVA by experimental conditions for the DM 
components and DM Total Score before and after intervention 

  
Dimension   Condition  M SD  F (2,37)  p 
 
 Pre-Intervention 

1. pre-execution              3D-MOT  3.79 0.13 
                                    Active control  3.67 0.42              0.36.        .69 
                                    Passive contact  3.76 0.35      
                               

2. execution  3D-MOT  3.90 0.47 
    Active control  3.73 0.43  0.46  .63                                                                                                                 
    Passive control  3.78 0.49 
                                             

3. post-execution  3D-MOT  3.59 0.40 
   Active control  3.44 0.48  0.49  .62 
   Passive control  3.59 0.40                

 
4. DM – Total  3D-MOT  11.27 1.13   

   Active control  10.84 1.27  0.46  .63 
   Passive control  11.16 1.26               

 
Post-Intervention 

1. pre-execution              3D-MOT  3.54 0.15 
                                    Active control  3.37 0.29              1.31.        .28 
                                    Passive contact  3.38 0.25      
                               

2. execution  3D-MOT  3.42 0.30 
    Active control  3.67 0.47  1.76  .19                                                                                                                 
    Passive control  3.62 0.46 
                                             

3. post-execution  3D-MOT  3.66 0.30 
   Active control  3.43 0.48  1.26  .29 
   Passive control  3.40 0.48                

 
4. DM – Total  3D-MOT  11.51 0.70   

   Active control  10.89 1.20  1.53  .23 
   Passive control  10.84 1.16               

                                
 

The analysis revealed two significant main effects (e.g., time and dimension) and one 

interactional effect (time by dimension). Participants in all conditions declined slightly on 

average from pre to post intervention in the three combined DM dimensions (M = 3.69, SD = 

0.36 vs. M = 3.55, SD = 0.35, Cohen’s d = -0.31).  
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Table 5. 
 RM ANOVA for the 3 DM dimensions by 3 experimental conditions (3D-MOT, Active 
Control, Passive Control) and time (pre-post) 

  
 Effect  Wilks’ λ	 F  df  p  ηp2 

 
 

A. Time  .80   9.00  1,37  .05  .20 
B. Dimension .26  52.31  2,36  .000  .74 
C. Condition .95   0.90  2,37  .42  .05 
D. A by B  .63  10.5  2,36  .000  .37 
E. A by C  .94   1.15  2,37  .33  .06 
F. B by C  .92   0.78  4,72  .54  .04 
G. A by B by C .96   0.35  4,72  .84  .02 

 
 
 However, neither the experimental condition nor its interaction with time and time by 

dimension were significant (p > .05). The descriptive statistics of the experimental condition by 

DM dimension and time are presented in Figure 3. 

 

Figure 3. Decision-making means for the 3 dimensions at pre and post intervention for the 3 
experimental conditions (3DMOT, Active Control, Passive Control) by time and dimension. 
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 The descriptive statistics (not significant) shown in Figure 3 reveals that the participants 

which underwent the 3D-MOT intervention (top panel) on average declined in pre-execution DM 

(M = 3.78, SD = 0.31 vs M = 3.51, SD = 0.16, Cohen’s d = -0.60), remained unchanged on 

execution DM (M = 3.90, SD = 0.47 vs M = 3.92, SD = 0.30, Cohen’s d = -0.02), and improved 

on post-execution DM (M = 3.59, SD = 0.40 vs M = 3.66, SD = 0.30, Cohen’s d = 0.15). The 

same statistics applied to the Active Control participants (middle panel) shows that descriptively 

these participants declined on pre-execution DM (M = 3.67, SD = 0.42 vs M = 3.37, SD = 0.27, 

Cohen’s d = -0.67), declined in execution DM (M = 3.73, SD = 0.43 vs M = 3.67, SD = 0.47, 

Cohen’s d = -0.13), and remained unchanged on post-execution DM (M = 3.44, SD = 0.48 vs M 

= 3.43, SD = 48, Cohen’s d = 0.01). Finally, the descriptive statistics for the Passive Control 

participants (bottom panel) revealed a decline in all the three DM dimensions: pre-execution DM 

(M = 3.76, SD = 0.35 vs M = 3.39, SD = 0.25, Cohen’s d = -0.82), execution DM (M = 3.78, SD 

= 0.36 vs M = 3.62, SD = 0.46, Cohen’s d = -0.35), and post-execution (M = 3.59, SD = 0.49 vs 

M = 3.40, SD = 0.48, Cohen’s d = -0.45). The RM ANOVA applied to DM-Total score is 

presented in Table 6. 

Table 6. 
 RM ANOVA for DM-Total by experimental condition (3D-MOT, Active Control, Passive 
Control) and time (pre-post). 

  
 Effect  Wilks’ λ	 F  df  p  ηp2 

 
 

A. Time  1.00    .00  1,37  .99  .00 
B. Condition   .96  0.86  2,37  .43  .04 
C. A by B    .94  1.26  2,37  .30  .06 

 

 
 The analysis revealed significant (p < .05) effect for time (pre-post) across the three 

experimental conditions, but neither the experimental condition nor its interaction with time were 
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significant (p > .05). However, inspection of the DM Scores presented in Figure 3 shows a 

descriptive trend where by the Passive Control participants showed an average decline in DM 

Total Score (M = 11.15, SD = 1.26 vs M = 10.84, SD = ?, Cohen’s d = -0.28), the Active Control 

participants remained unchanged (M = 10.84, SD = ? vs M = 10.89, SD = 1.16, Cohen’s d = 

0.04), while the 3D-MOT participants showed slight increase (M = 11.28, SD = 1.13 vs M = 

11.51, SD = 0.70, Cohen’s d = 0.20). These trend however were not significant (p > .05). 

 

Figure 4. Means for Total DM by time (pre-post intervention) and experimental condition 

Situational Awareness and Anticipation 

 Prior to testing the hypotheses pertaining to situational awareness and anticipation 

assuming 3D-MOT participants will increase more than Active Control and Passive Control 

participants, Levene’s tests were conducted to assure equality of variances among the conditions 

prior and after intervention. These analyses are shown in Table 7. 

The analyses revealed that the variances among the three experimental conditions in the pre and 

post intervention time frames were non-significant, and thus, variance assumptions were not 

violated. 



61 

 

Table 7. 
 Test of homogeneity of variance for pre- post measures of situational awareness and 
anticipation 

 
Variable   Levene’s Statistics (2,37)                  p 
 
 
Situational Awareness 
 

1. Pre-Intervention                 .95    .82                               
2. Post-Intervention             1.28    .32 

                                     
Anticipation 
 

3. Pre-Intervention                 .76    .47 
4. Post-Intervention 1.45            .25                                 

 
Following this, One-Way ANOVAs were run for situational awareness and anticipation 

by experimental condition at the two-time frames (pre and post intervention). These analyses are 

shown in Table 8. 

Table 8 
Pre and post intervention means, SDs and one-way ANOVAs for situational awareness and 
anticipation by experimental condition. 

  
 Dimensions             Condition   M SD  F (2,37)  p 
 
 
Situational Awareness 
 

1. Pre-Intervention              3D-MOT  58.19 13.75 
                                    Active control  57.34 11.68              0.35         .71 
                                    Passive contact  54.08 14.10      
                               

2. Post-Intervention              3D-MOT  70.71 12.04 
                                    Active control  62.56 12.27              1.28         .29 
                                    Passive contact  62.23 19.67      

 
Anticipation 
 

3. Pre-Intervention              3D-MOT  75.67 19.30 
                                    Active control  70.53 24.18              .83         .44 
                                    Passive contact  64.07 19.67      
 

4. Post-Intervention              3D-MOT  83.97 11.95 
                                    Active control  81.62 18.10              .24         .79 
                                    Passive contact  86.06 19.05      
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 The analyses revealed that participants in the three experimental conditions did not 

significantly vary each from the others. Though the means of the three experimental conditions 

on situational awareness and anticipation prior and after the intervention were different (see 

Table 8) they did not vary significantly (p > .05) each from the other. To test the hypotheses 

assuming larger changes in the 3D-MOT participants from pre to post time frames RM ANOVAs 

were performed for each of the variables separately using experimental condition as a BS factor 

and time frame as a WS repeated factor. The analyses are presented in Table 9. 

Table 9. 
 RM ANOVAs for situational awareness and anticipation by 3 experimental conditions (3D-
MOT, Active Control, Passive Control) and time (pre-post) 

 
Variable/Effect    Wilkes λ  F df p ηp2 

 

 
Situational Awareness 
 

A. Time                   .76  11.77 1,37 .001 .24  
B. Condition   .95      .96 2,37 .39 .05    
C. A by B                 .96      .71 2,37 .49 .04  

   
                                     

Anticipation 
 

A. Time                   .76  11.48 1,37 .002 .24  
B. Condition   .98      .33 2,37 .72 .02    
C. A by B                 .95    1.02 2,37 .37 .05  

   
 

 

The analyses showed significant (p < .05) time effect for both situational awareness and 

anticipation. On average, the participants in the three experimental conditions improved in 

situational awareness across experimental conditions (M = 56.45, SD = 12.91 vs M = 64.89, SD =  

15.13, Cohen’s d = 0.55), and in anticipation (M = 69.97, SD = 22.17 vs M = 83.77, SD = 16.53, 

Cohen’s d = 0.63). However, neither the experimental condition nor its interaction with time 
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resulted in significant effect (p > .05). The descriptive statistics showing means of both variables 

at pre and post time frames by experimental conditions are shown in Figure 5. 

Descriptively but not significantly (p > .05), participants in the 3D-MOT increased in situational 

awareness from pre to post intervention (M = 58.21, SD = 13.75 vs M = 70.76, SD = 12.01, 

Cohen’s d = 0.96), the active controls showed similar trend(M = 57.32, SD = 11.68 vs M = 62.67, 

SD = ?, Cohen’s 12.27 = 0.41), and so did the passive controls (M = 54.08, SD = 14.10 vs M 

=62.23, SD = 19.67, Cohen’s d = 0.62).  

 

 

Figure 5. Means for situational awareness (upper panel) and anticipation (lower panel) by time 
(pre and post intervention) and experimental condition (3D-MOT, AC, PC) 
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 Similar pattern has been observed for anticipation. The 3D-MOT improved from pre to post (M 

= 75.67, SD = 19.30 vs M = 83.97, SD = 11.95, Cohen’s d = 0.46), and so did the active controls 

(M = 70.53, SD = 24.18 vs M = 81.62, SD = 18.11, Cohen’s d = 0.61). Unexpectedly, the passive 

control showed the strongest increase in anticipation (M = 64.07, SD = 23.43 vs M = 86.06, SD = 

19.05, Cohen’s d = 1.22). 
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CHAPTER 5 

DISCUSSION 

The current study examined the effects of a 3D-MOT for enhancing police officer DM 

after a three-week intervention. Tenenbaum’s (2004) theoretical model of DM describes that 

decisions are made in three stages. The first stage is the preparation stage where scanning and 

selecting information (i.e. visual data) in the environment informs the observer, making him/her 

situationally aware. Awareness forms the predicate to action by developing anticipation of future 

events. The final stage is information processing in which sensory data is matched against stored 

representations in long-term memory (LTM). Context control allows the observer to accurately 

interpret available information very quickly when compared against memories found in existing 

mental structures. Environmental complexity is reduced which simplifies mental processes 

where LTM and working memory (WM) elaborations facilitate speedier response selection. The 

final stage uses developed attentional control mechanisms to monitor dynamism of the ongoing 

situation, to quickly alter decisions when circumstances rapidly change. Action evaluation 

provides a feedback loop that primes the next decision. Improving visual strategy is therefore 

expected to improve situational awareness, anticipation and ultimately DM.  

Experts and novices are separated by mastery of these visual tasks (Williams, Davids, & 

Williams, 1999). In several different domains experts visually fixate on objects of interest for 

longer periods of time when compared to novices (Vickers, 2007). The eye-gaze behavior allows 

experts to focus on critical cues while suppressing other visual noise in the environment. Eye 

gaze behavior and object tracking is sharpened through practice (Faubert, 2013; Faubert & 

Sidebottom, 2012; Quevedo et al, 2015), as new mental structures develop that may more 

efficiently tie bottom up sensory data with top-down cognitive processes (Bar et al., 2006).  
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Ericsson and Kintsch (1995) coined long-term-working memory (LTWM) as a theoretical 

framework explaining how long-term stored memories and working memory cooperate in the 

DM process. Through practice, experts develop faster retrieval routes from LTM than novices, 

allowing them to decrease DM time (Tenenbaum, 2004). They are more alert to changes in the 

environment (i.e. disturbances) and thus become more aware to crucial stimuli. Aside from the 

obvious contribution of cognitive knowledge-based information to DM, perceptual-cognitive 

skill-based techniques form the foundation for not only what the mind does know, but what the 

mind can know at the moment. If important visual cues are missed, decision making will suffer. 

Tenenbaum’s (2004) DM model formed the conceptual framework of this study. Theoretically, if 

the visual system performs better when scanning the environment in selecting appropriate visual 

cues quicker and more accurately, and fixates upon those cues by suppressing meaningless visual 

noise, DM should improve (Wickens, Hollands, Parasuramen, & Banbury, 2016).   

The developers of the 3D-MOT have established a perceptual-cognitive training tool that 

trains the visual system to identify important visual cues, track them while moving, and retains 

them in WM while simultaneously strengthening the mental system’s ability to suppress 

distractions. Research findings in the sport domain (Beauchamp & Faubert, 2011; Faubert & 

Sidebottom, 2012; Faubert, 2013), military domain (Vartanian, Coady, & Blackler, 2016), and 

clinical domain (Legault & Faubert, 2012b; Legault, Troje, & Faubert, 2012) show that the 3D-

MOT makes significant improvements in PCS and consequently in DM. To my knowledge, no 

study had previously examined the 3D-MOT effect on police officer DM.  I hypothesized that 

participant officers would improve DM, and its antecedent situational awareness and anticipation 

after training with the 3D-MOT. Forty police officers were examined under dynamic-DM 
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conditions where a variety of social problems were presented as unfolding continuous events in a 

simulated task environment, ecologically consistent with the police environment.  

The current study’s results revealed that participants exposed to the 3D-MOT training 

showed an upward trend in DM from the outset. As expected, the active control also showed a 

slight upward increase while the passive control condition showed a modest decline (see Figure 

4). All findings for DM were consistent with predictions. Participants in all the three conditions 

improved slightly in situational awareness and anticipation (see Figure 5) but curiously, the 

passive control participants showed the greatest improvement for anticipation. The only rational 

explanation for this result is the small number of temporal occlusion video clips presented (2 pre 

and 2 post) that did not allow for a full exploration of this domain. All findings were statistically 

insignificant. 

DM in this study consisted of isolating multiple stages of unfolding events that included 

pre-execution, execution, and post-execution segments and totaling them to provide greater 

insight into DM during the unfolding event. Participants were required to engage in a continuous 

series of events while shifting attention to iterative changes in the environment as described by 

Ledoux (1996). Time pressure constraints imposed upon the participants allowed SMEs to 

examine behavioral principals under virtual real-world conditions. The SMEs made stochastic 

qualitative analysis about the participants’ decisions involving risk and uncertainty. The inter-

rater reliability was high (.75 -.92), given great confidence in the results. In this respect our 

SMEs provided the measure for ‘optimal DM,’ a term limited by lack of precise definition. By 

examining DM in this way, we challenged deterministic-static viewpoints about how decisions 

are actually made to show progress in the evolution of formal DM theories (Kahneman, 2011; 

Kahneman & Tversky, 1979; Klein, 1999).   
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Dynamic visual environment was necessary to challenge the police officers’ visual 

attention (Brehmer, 1992). Effectively processing information meant that the participant’s 

perceptual cognitive system performed a dual function, i.e., selecting relevent information in 

their UFOV while at the same time suppressing irrelevent information (Williams & Ward, 2007).  

The simulated tasks formed a dichotomy between selective attention and attention switching 

during continuous unfolding events. Sharpening attentional control provides the theortetical basis 

for optimizing DM (Posner & Boies, 1971).  

Short video clips of varying difficulty and time/pressure conditions were used instead of 

live scenarios to maintain visual consistency. Because the study focused primarily on visual 

attention and its relation to DM (see Tenenbaum, 2004 for full description) controlling the visual 

material was critical during pre- and post-testing. I concluded that any slight perturbation in 

scene, dialog or body language between repeated trails would alter contextual cues and be 

expected to yield different DM results.  

DM was not measured using standardized qualitative RS commonly used in normative 

and some descriptive DM research. Instead, DM was evaluated against best practices for law 

enforcement officers using a 21-point rubric (7 X 3) loosely based upon the San Jose field 

training program model (1972) (See Appendix. J). Five subject matter experts independently 

scored the tests and a mean average was calculated for each video clip DM.  

Aside from examining improvements in DM, it was equally imperative to examine the 

antecedents to DM as expounded upon in the sport psychology literature (Tenenbaum et al., 

2009; Tenenbaum, 2004). Specifically, situational awareness and anticipation were examined 

apart from DM. Changes in situational awareness and anticipation were expected to reflect PCS 
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based measures (i.e. picking up environmental cues, working memory) that are separate from 

strict knowledge-based DM (if/then processes).  

Results of this study were not fully consistent with previous studies in other domains 

(Beauchamp & Faubert, 2011; Faubert & Sidebottom, 2012; Faubert, 2013; Legault & Faubert, 

2012b; Legault, Troje, & Faubert, 2012; Vartanian, Coady, & Blackler, 2016). The standards of 

DM in police work are well-defined in policy and law and ‘optimal DM’ must be measured in 

accordance with those dictates. As the results show, DM did not stray very far from the mean in 

any of the examined conditions. This indicates that changes in behavior were subtle abstractions 

of personal attentional control and not the product of gross deviations of problem-solving that 

would be expected in a general population. For example, the prepotent response to diving for 

cover during a sudden, violent attack may have to be suppressed to ‘optimize DM’ exclusively to 

police work. Standing up against gun fire is not ‘normal’ in the ordinary sense of the word, but it 

is the preferred response when a police officer assumes the role of protecting others. A recent 

case study of an active shooter in Parkland High school (FL) makes this point when a law 

enforcement officer was arrested for failing to move toward the sound of on-going gunfire†.   

This example demonstrates why asking participants to select ‘best choice’ pre-determined 

response selections is not the appropriate way to examine optimization of police DM. The effect 

of pressure and time draw upon both rational and irrational mental processes (Klein, 1999; 

Nieuwenhuys, Weber, van der Hoeve, & Oudejans, 2016; Tenenbaum & Razon, 2008). 

 

 

† Birch & Binder. (2019). Parkland Officer who Stayed Outside During Shooting Faces Criminal Charges. New 
York Times. Retrieved from https://www.nytimes.com/2019/06/04/us/parkland-scot-peterson.html 
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The primary aim of the study was to examine if DM could be improved using a ‘brain-

training’ technique. The focus was on development of PCS that could be compared to ‘common 

training’ methods that focus on knowledge-based learning. The 3D-MOT was used to provide an 

interactive adaptive environment for participants to train PCS. The active control condition was 

intended to be a placebo based upon officers’ expertise. To compensate for the erratic time 

conditions of our participants professional schedules, maintaining a strict training regimen of 

3D-MOT was virtually impossible. The 24-hour 7 day a week online 3D-MOT program offered 

great flexibility for the participants to engage training, but conversely limited researcher control 

of actual participation. Some participants followed the schedule closely, while others deviated 

significantly, failing to complete all sessions in the allotted time frame or “crammed” to catch up 

with missed session. A ‘mood’ sheet was given to 3D-MOT participants to fill out before each 3 

sessions (See Appendix I).  Most failed to remember to use it or felt that it was impractical due to 

the erratic session schedule they were engaged in. 

Strengthening mental function should not be directly compared with methods for strength 

and conditioning of muscle tissue (Simons, et al., 2016), but training protocols still matter for the 

efficacy of the treatment. Like muscle training, the brain needs rest between practice sessions. A 

view of the group’s performance graph on 3D-MOT provides evidence of this (See Figure 2). 

The supercompensation model describes the trend to decline in performance after practice from 

fatigue or tiring (Gambetta, 2019). The drop-off is predictable because of stress. This is followed 

by a homeostatic rebound to a balanced state with active rest as stores of energy return to 

baseline (recovery). Supercompensation follows as an adaptive rebound rise above baseline that 

shows improved performance metrics with continued training (ibid).  Figure 2 shows a 

supercompensation mental performance trend with delineated peaks and valleys, suggesting that 
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progressive continued training involves both strengthening and fatigue correlates. The graph 

shows progress of the visual system through training on 3D-MOT. This was monitored during 

regular intervention checks.  

The analyses revealed statistically nonsignificant effects for the NeuroTracker trainees in 

DM, (or other groups) but a trend for better performance in those who were trained by the 3D-

MOT was noticed. DM findings for the other two conditions showed decline, suggesting that the 

post-test had a greater difficulty index than the pre-test. Though criteria were analyzed for 

consistency, item analysis for determining difficulty of video clips was not examined prior to the 

administration of the test.  

Conclusion, Limitations and Future Research 

The study has several notable limitations. Forty participants were recruited from a small 

geographic location in the Southeast of the United States. A larger participant pool with more 

diverse backgrounds would likely produce more varied research results. The study originally 

recruited 48 participants but 8 did not complete the study requirements due to job related issues. 

The dropout rate represented nearly 17% of the original sample. 

The study was a major undertaking. During the pre and post-tests, each participant officer 

viewed and reacted to 20 video clips. Sixteen video clips involved DM and 4 were temporal 

occlusion video clips examining situational awareness and anticipation. Five SMEs graded each 

participant’s video clips. This required each SME to thoughtfully analyze 640 video clips for the 

40 participants (40 X 8 X 2). Each video clip consisted of three-parts (i.e. pre-execution, 

execution, post-execution) resulting in each SME assigning grades to 1920 video clip segments. 

Among the 5 SMEs, 9600 data points were collected for DM (1920 X 5). An additional 80 

surveys were graded (40 X2). Future research must consider the exponential effect of adding a 
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single new participant or a single new scenario. Though not necessarily a scientific limitation, 

consideration for resources is a factor.  

Research logistics became troublesome almost immediately during data collection efforts. 

The PCS participants were not consistent in the number of trials and sessions that were 

undertaken. Scores were normalized to 22 completed sessions. The inconsistent protocol 

remained difficult to overcome when experimenting with professional police officers who have 

varied assignment, varied shifts, and unpredictable demands. Two participants were only able to 

complete 7 and 9 sessions of the 3D-MOT over the course of three-weeks. The NeuroTracker 

manufacturer indicated that participants who perform less than 15 sessions show no marked 

improvements in DM based upon prior research. The two participants were moved to the passive 

control condition. 

With the use of STE, there is presently no feasible way to replicate the emotionally 

charged environment that officers face when encountering actual challenges or threats. It is not 

surprising that several sport studies of athletes have shown differences between laboratory 

conditions and in situ conditions with respect to performance. Some examples are cricket (Mann, 

Abernethy, & Farrow, 2010; Müller & Abernethy, 2006) and soccer goaltending (Dicks, Button, 

& Davids, 2010). Field studies remain the gold -standard for studying DM. The danger presented 

to researchers who study police must be considered during periods of actual threat to officers.  

The use of STE provided opportunity to observe performance close to actual conditions. 

This increased the complexity of DM. Participants recognized that the virtual environment is not 

real and may alter their behavior accordingly. Priming the officer to accept the virtual 

environment as ‘real’ could not prevent the feeling that scenarios are more like an arcade than 

the reality to which they are accustomed. Questions remain about using a 2-dimensional visual 
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environment when accessing environmental cues that normally occur in a 3-dimensional 

environment for analyzing DM.  

Each video scenario was viewed in the context of a continuous episode of DM, where 

each decision the participant made had the potential effect of influencing every other subsequent 

decision. Like Bandura’s (1986) social-cognitive model in which antecedents to DM can become 

outcomes and vice-versa, scorers were asked to view the unfolding event in three specific 

segments: (1) pre-execution, (2) execution, and (3) post-execution. The scenarios used were 

selected from pre-established videos designed exclusively for training law enforcement officers. 

None of the scenarios was created specifically for this study. The scoring method relied on 

selection of criteria from the pre-test that were defined and matched to the same criteria for the 

post-test scenarios. This can be considered a study’s limitation. Future studies must consider 

creating criteria-based video clips for which DM can be more accurately determined. 

 The surveys, which were intended to collect situational awareness and anticipation data 

unintentionally allowed for discrepancies in the participants’ understanding of what was being 

asked. This likely resulted in less reliable scoring when answers were coded for quantitative 

measurement. A check for internal validity for each survey item would be more rigorous when 

reconstituting the survey instrument. 

Although non-significant, differences among the experimental conditions were noted, 

inspection of the data revealed that the 3D-MOT participants, when taken collectively, showed 

some improvement in police DM. Though not statistically significant, there is a noticeable trend 

that should be pursued to show the efficacy of 3D-MOT training for police officers.  

Aside from the theoretical correlates of DM described by Tenenbaum (2004), a 

comprehensive review of peripheral influences is beyond the scope of this study. For example, it 
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is known that decisions to take certain actions and the speed in which they are taken can be 

influenced by bias, most notably a person’s race (Smith, Visher, & Davidson, 1984). A 

“hierarchy of bias” regarding skin color has been reported (Corell, Urland, & Ito, 2006). 

Subliminal cuing and unconscious priming influence numerous behaviors beyond DM. Several 

research studies have also reported bias influences on DM, and it would be remiss to not 

acknowledge this effect (see Fridell & Lim, 2015 for a full description of implicit and counter-

bias influences on DM). 

The influence of normative and behavioral expectations found in agency policy and 

training may also influence DM. While there is ongoing convergence of police behaviors 

towards a national norm, the effect of aligning police behaviors to a “national standard” has not 

been well studied (Johnson, 2015). It is assumed that differences among police agencies can 

cause difficulty in standardizing criteria for establishing ‘optimized’ DM. For example, the 

decision to arrest a person for a nominal misdemeanor crime requires deference to agency 

philosophy. Still, officers may select between the arrest or no arrest option upon personal 

discretion. This is an example of the codependency between individual and institutional DM as 

discussed. Principle-agent theories may best explain responses to normative changes within 

organizations (Brehm & Gates, 1994; 1997, Jensen & Meckling, 1976). These nuanced 

differences are not expected to show any change with PCS training. It is therefore imperative to 

account for them in the measurement criteria. The use of regional subject matter experts for 

scoring performance should mitigate the effect. For example, it would not be scientifically wise 

for subject matter experts from California to score performance evaluations by LEOs from 

Alabama. In-state differences should also be considered during replication studies. Large states 

like Florida can show significant differences in police practices and procedures from city to city. 
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Affect and emotion can also greatly influence DM (Tenenbaum & Razon, 2008). 

Decisions can improve, deteriorate or fall apart when pressure increases (Lazarus & Folkman, 

1984). As Cannon (1920) noted, fear, rage and pain and the pangs of hunger are all primitive 

responses that humans share with the lower animals. These experiences are properly classed as 

among the most powerful that determine the action of men and beast. The visceral effects of 

being frightened can alter perceptions (tachypsychia), affect cognition, and greatly influence the 

DM process. For example, fear and anxiety can stimulate alertness (Bishop, 2007), high levels of 

anxiety can decrease performance (Eysenck, Derakshan, Santos, & Calvo, 2007), and overide 

initial behavioral responses (Nieuwenhuys, Savelsbergh, & Oudejans, 2012; Nieuwenhuys, 

Weber, van der Hoeve, & Oudejans, 2016). The fight/flight phenomena poses challeges for any 

rational DM model, and it has not been fully addressed in the literature. Though our intervention 

can potentially increase anxiety and arousal to a degree, the laboratory environment is not 

presently capable of inducing the degree of pressure that LEOs sometimes experience as a result 

of their appraisal. 

DM is complex and contextual. Any descriptive analysis must account for the many 

variables that influence it. For the purpose of this study, the focus remains on the theoretical 

structure of DM and the role visual information (PCS) plays in qualitative and quantitative 

processes and outcomes. 

As a final note, police officers represent a ‘community of practice,’ people who engage in 

a process of collective learning in a shared domain of human endeavor (Wenger, McDermott, & 

Snyder, 2002). They respond to calls for service using mental processes that Klein (2016) 

described as ‘macro-cognition’ (MC) to plan, make sense of a situation and manage uncertainty. 

Klein elaborated that MC differed from micro-cognition as separate mental processes that affect 
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people such as firefighters, pilots, police officers, and others who managed difficult dilemmas in 

complex settings under time pressure and uncertainty (Klein, 1999). Klein’s description of MC is 

a zeitgeist to traditional theories that drive DM research and may provide some perspective on 

this study’s research findings. If Klein’s intuition about DM is correct, the mental processes that 

explain how people make decisions may be predicated upon the type of environment that the 

decision is made. Klein (2015, pg. 3) described the impact of the naturalistic DM model and MC 

by cataloging how he and others have come to view the core beliefs held in the basic and applied 

communities. 

We no longer claim that the only way to make a good decision is to 
generate several options and compare them to pick the best one 
(experienced decision-makers can draw on patterns to handle time 
pressure and never even compare options; (Klein, 1989; Hoffman, 
1992). We no longer believe that expertise is based on learning 
rules and procedures (it primarily depends on tacit knowledge, 
Klein & Hoffman, 1993) We no longer believe that projects must 
start with a clear description of the goal (many projects involve 
wicked problems and ill- defined goals. We no longer believe that 
people make sense of events by building up from data to 
information to knowledge to understanding (experienced personnel 
use their mental models to define what counts as data in the first 
place, (Skriver, et al, 2004; Schraagen et al, 2008). We no longer 
believe that insights arise by overcoming mental sets (they also 
arise by detecting contradictions and anomalies and by noticing 
connections, (Klein, 2013). We no longer believe that we can 
reduce uncertainty by gathering more information (performance 
seems to go down when too much information is gathered—
Uncertainty can stem from inadequate framing of data, not just 
from the absence of data, (Cannon-Bowers, et al, 1993; Omodei et 
al, 2005; Flin et al 2008; Grossman et al, 2014) . We no longer 
believe that we can improve performance by teaching critical 
thinking precepts such as listing assumptions (too often the flawed 
assumptions are ones we are not even aware of and would never 
list (Klein, 2011; Stanton, et al, 2011; Hoffman, et al., 2014)  
 

 The findings of this study show an upward trendline to suggest that PCS can be 

developed through the use of multiple object tracking. Though the results show a modest effect 
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for law enforcment officers who used the 3D-MOT compared to ‘common training’, there is at 

least one other practical reasons to justify the use of the apparatus as a viable method of 

improving police performance. 

Through classroom instruction, assigned readings, and scenario role-play (i.e. common 

training), officers are taught response selections appropriately aligned with organizational goals. 

This method of learning addesses the quality of a decision making as described by Kahneman 

and Tversky’s prospect theory (1979), that remains important for continuity of professional 

police standards. 3D-MOT training does not claim to improve qualitative decisions in the same 

way. The 3D-MOT improves DM by improving PCS. The skill of efficiently gathering visual 

information in the environment underpins all theories of DM (i.e. normative and descriptive).  

Future empirical work on police DM must remain true to the normative and descriptive 

theories that describe gathering and interprteting information as a fundamental but necessary 

basis for improving DM. Use of representative tasks that examine participants police actions in 

in situ conditions appears the most functional empirical protocols to enhance validity of 

data.This study’s findings are inconclusive. The upward trend for optimizing DM may not 

generalize to larger more diverse police populations.  
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APPENDIX A 

POWER ANALYSIS 

 

 

F tests: ANOVA: Repeated measures, within-between interaction 

Analysis: A priori: Compute required sample size  

Input:  

Input:   Effect size f (U)   = 0.4 

   α err prob    = 0.05 

   Power (1-β err prob)   = 0.80 

   Number of groups   = 3 

   Number of measurements  = 3 

Output:  Noncentrality parameter λ  = 12.8000000 

Critical F       = 2.4989186 

Numerator df       = 4.0000000 

Denominator df      = 72.0000000 

Total sample size      = 40 

Actual power       = 0.8019126 

Wilks U       = 0.7431629 
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APPENDIX B 

INFORMED CONSENT 

We invite you to take part in a research study at Florida State University. 
Before you decide to take part, please take as much time as you need to ask any questions and 
discuss this study with anyone on the FSU research team, or with family, friends, your personal 
physician or other professional.   
Key information about the research study 
Things you should know: 
The purpose of the study is to examine methods for training and developing decision-making in 
stressful situations. If you choose to participate, you will be asked to participate in a pre-test, 
post-test and an intervention that offers three conditions of activity.  This will take approximately 
2-6 hours of your time, depending on the condition that you are randomly assigned to.  
Risks or discomforts from this research include exposure to stressful video simulations involving 
conflicted human interactions considered common to the law enforcement function. There is a 
risk of mental fatigue. There is a risk that you will lose interest before or during your 
participation. 
 
The study offers you an opportunity to participate in cutting-edge police training. Findings of the 
study will inform existing and future police training methods and contribute to evidence-based 
policing. 
 
Taking part in this research project is voluntary. You don’t have to participate, and you can stop 
at any time. 
 
Please take time to read this entire form and ask questions before deciding whether to take part in 
this research project. 
 
Why is this study being done? 
This study is being conducted by Roy Bedard, M.S. from the Florida State University College of 
Education, Educational Psychology and Learning Systems (EPLS).  
The purpose of the study is to discover the benefit(s) of “brain training” methods and other 
interventions designed to improve situational awareness and law enforcement decision-making. 
Why are you being asked to take part in this study? 
Using a novice/expert paradigm, you are being asked to participate in this study because you 
have the required expertise in law enforcement tactical decision-making (SWAT, TAC) and/or a 
minimum of 8 years’ experience in the field to qualify you as an expert in police procedures. 
How many people are expected to take part in this study? 
The study will be composed of 48 participants. 
Study procedures 
 
If you agree and are eligible to participate in this study, we would ask you to do the following: 
(1.) Participate in a 1-hour pre-test and 1-hour post-test battery of simulation video vignettes that 
offers challenging scenarios for decision-making and situational awareness. (2.) Participate in a 
3-week intervention after random assignment to one of three conditions.  



80 

 

 
 
Condition 1 
3-dimensional multiple 
object tracking (3D-MOT). 
This will include viewing a 
computer screen for 20 
minutes a day, 3 times a 
week. You will wear 3-D 
glasses and be asked to 
conduct basic visual tasks. 
Time frame: 20 minutes per 
day, 3 times per week for 
approximately 3 weeks. 
Self-paced 
 

Condition 2 
Information comprehension 
and processing. You will be 
provided information and 
answer questions about 
what you know or have 
heard or read.  
Time frame: One hour per 
week, self-paced for 
approximately 3 weeks. 
 

Condition 3 
No intervention.  
You will only be asked to 
participate in the pre-test 
and post-test.  
 
 

 
How long will I be in this study? 
Participation in the study, including the pre-test and post-test, is 5 weeks.  
 
Risks of study participation 
The study has the following risks: 
There is always the risk that you may find some of the questions about your job conditions or 
personal lifestyle to be sensitive.  You are free to answer only the questions you wish.  
 
You will be exposed to simulator scenarios depicting high risk encounters in an interactive 
environment. If the scenarios cause you short- or long-term distress, you may seek evaluation 
and treatment through department resources.  The researcher can direct you to these resources 
upon your request. 
 
There is a risk of mental fatigue during the interventions. If you experience fatigue, training can 
be paused and completed after rest.  
 
There is a risk that you might become bored or lose interest in participating. If you experience 
boredom, you are free to stop participating without penalty personally or professionally.  
 
Because this is a research study, there may be additional risks that we cannot identify at this 
time. 
 
Benefits of study participation 
The benefits to study participants are:   
 
Participation will provide you an opportunity to experience cutting edge police training and will 
allow you to take part in original research designed to investigate better training methodologies 
for law enforcement officers. 
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You will be able to apply training hours to the mandatory continuing education requirement for 
law enforcement officers in the state of Florida. A certificate of participation will be presented to 
you at the conclusion of the study. 
 
Alternatives to study participation 
Potential participants may elect to not participate in the study without penalty personally of 
professionally.  
 
Ending the study 
 
The study will complete at the end of the post test. If a participant wishes to terminate 
participation prior to the post test, he/she may inform Roy Bedard or Dr. Gershon Tenenbaum of 
their desire to withdraw from the study and refuse to further participate.  
If hardships are experienced during the data collection period, adjustments to schedule can be 
made. Please notify the researchers if accommodation is necessary. 
 
Participants may be asked to terminate participation from the study for the following reasons. 
The participant becomes ineligible after enrolling. 
The participant does not comply with instructions. 
The study is suspended or cancelled. 
Participant demonstrates ineffectiveness after an intervention check.  
Study costs/compensation 
Participants will not incur any costs as a result of participating in this study nor will participants 
receive any compensation for their participation.  
Who can profit from study results? 
The study may allow some police trainers and police equipment manufacturers to profit from the 
findings. The study is not intended to promote, endorse, validate or profit any particular person 
or product. This is not a sponsored study.  
 
No financial conflicts or gains have been identified in connection with this study. 
 
Florida State University reviews staff researchers for conflicts of interest.   
 
How Will My Samples and Data be Used? 
Data collected in the study will only be used for examining the quality of decision-making and 
situational awareness. Samples and data will be stored for no longer than 90 days. All written 
data is kept under lock and key in the research office. At the conclusion of the study, all personal 
identifying data and samples will be destroyed. If a participant withdraws from the study early or 
fails to complete assigned tasks, their data and samples will remain active until the conclusion of 
the study, then destroyed with the rest of the research samples and data.  
 
Confidentiality 
The records of this study will be kept private and confidential, to the extent allowed by law.  In 
any publications or presentations, we will not include any information that will make it possible 
to identify you as a subject.  Your record for the study may, however, by reviewed by 
departments at the University with appropriate regulatory oversight.  
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What will happen to the information collected about me after the study is over? 
I/We will not keep your research data to use for [future research or other purpose]. Your name 
and other information that can directly identify you will be deleted from the research data 
collected as part of the project.  
  
I/We may share your research data with other investigators without asking for your consent 
again, but it will not contain information that could directly identify you.  
 
The results of this study could be published in an article or presentation but would not include 
any information that would let others know who you are without your permission. 
Voluntary Nature of the Study 
Participation in this study is voluntary.  Your decision whether or not to participate in this study 
will not affect your current or future relations with the University or your respective employing 
agencies. If you decide to participate, you are free to withdraw at any time without affecting 
those relationships. 
 
Contacts and Questions for the study team about the research 
The researcher conducting this study is Roy Bedard.  You may ask any questions you have now, 
or if you have questions later, you are encouraged to contact me at 850-980-7729. You may also 
contact my faculty advisor, Dr. Gershon Tenenbaum at gtenenbaum@fsu.edu. Dr. Tenenbaum is 
currently residing in Israel. He can be reached via telephone at +972 50-550-1947 or 
arrangements can be made for free internet contact via skype.  
 
Contact information for questions about your rights as a research participant 
 
If you have any questions or concerns about your rights as a research participant, or regarding 
the study and would like to talk to someone other than the researcher(s), you are encouraged to 
contact the FSU IRB at telephone number 850-644-7900. You may also contact this office by 
email at humansubjects@fsu.edu, or by writing or in person at 2010 Levy Street, Research 
Building B, Suite 276, FSU Human Subjects Committee, Tallahassee, FL 32306-2742. 
 
You will be given a copy of this form for your records. 
Statement of Consent 
 
I have read the above information I have asked questions and have received answers. I consent to 
participate in this study. 
 

___________________                                ____________ 
Signature of Subject                                           Date 

 
___________________                                ____________ 

Printed Name of Subject                                     Date 
 

___________________                                ____________ 
Person Obtaining Consent                                   Date 
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APPENDIX C 

IRB APPROVAL LETTER 
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APPENDIX D 

SCENARIO STARTING SCRIPT 

 
YOU ARE A POLICE OFFICER ON PATROL 
 
YOU WILL BE CALLED TO A VARIETY OF SITUATIONS IN WHICH YOU WILL HAVE 
TO TAKE SOME POLICE ACTION 
 
YOU MUST INTERACT WITH THE SCREEN THROUGH DIALOUE AND MOVEMENT. 
THE DECISIONS YOU MAKE WILL BE INTERPRETTED BY THE THINGS YOU SAY 
AND DO. 
 
EACH SITUATION WILL BEGIN WITH A DESRIPTION OF THE EVENT. LIKE THE 
REAL WORLD YOU WILL BE GIVEN LIMITED INFORMATION BY WHICH TO PLAN 
YOUR APPROACH, BEGIN YOUR INTERACTION, AND PREPARE TO REACT TO 
CIRCUMSTANCES AS THEY UNFOLD. 
 
AT THE CONCLUSION OF THE INFORMATION YOU ARE GIVEN, YOU WILL HAVE A 
THREE SECOND COUNTDOWN ON THE SCREEN BEFORE THE SCENARIO OPENS UP 
AND YOU ARE CONFRONTED. 
 
TO YOUR LEFT IS A TABLE THAT REPRESENTS CONCEALMENT. TO YOUR RIGHT 
IS A TABLE THAT REPRESENTS COVER. RECALL THAT COVER HAS THE ABILITY 
TO STOP BULLETS WHILE CONCEALMENT ONLY PREVENTS YOU FROM BEING 
SEEN. USE THESE AS NECESSARY. 
 
IGNORE THE CAMERAS AND ANY OTHER PEOPLE PRESENT IN THE ROOM. 
 
FEEL FREE TO MOVE THROUGHOUT THE ROOM. YOU ARE NOT RESTRICTED TO 
ANY SINGLE LOCATION.  
 
IF YOU ARE FORCED TO USE FORCE, YOU MIGHT FIND THAT THE SUBJECT 
CONTINUES TO ADVANCE. TREAT THIS AS YOU WOULD IN THE REAL WORLD. 
 
IF ANY OF YOUR EQUIPMENT FAILS TO WORK, TREAT THE MALFUNCTION AS 
YOU WOULD IN THE REAL WORLD.  
ARE THERE ANY QUESTIONS?  
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APPENDIX E 

SCORING RUBRIC 

Scoring Criteria 1-3 4 5-7 

Pre-execution 

Approach was excessive, 
careless or dangerous. 
Participant did not 
properly preempt the 
deteriorating situation 
with commands or 
behaviors. Failed to use 
radio commands or call 
for back-up when 
necessary. 

Approach was 
appropriate for the 
observed information 
presented. May or may 
not have formulated an 
approach plan. Participant 
was reactive to unfolding 
circumstances, followed 
expected policy and law 
for investigating or 
responding to presented 
stimulus 

Approach was planned, 
innovative, creative and 
considered circumstances 
beyond simple resolution. 
Consolidated a plan based 
upon available 
information before initial 
contact. Participant was 
concerned with 
investigative 
circumstances and 
underlying themes that 
might contribute to 
resolution of problem. 

Execution 

Managing the active 
situation was excessive, 
slow or ineffective. 
Participant did not seem 
to recognize certain 
environmental cues or 
respond to them 
appropriately. Slow to 
react. Unconcerned with a 
positive outcome.  

Management of the active 
situation was appropriate 
to policy and law and 
generally effective. 
Participant gave 
necessary directives and 
resolved the situation in a 
generally safe way. 
Seemed mindful of a 
positive outcome. 

Recognizing and 
managing the active 
situation was done 
quickly, decisively and 
without hesitation. 
Participant used visual 
cues on the screen and in 
the environment to assure 
maximum safety for all 
involved. Tried to 
preserve a positive 
outcome.  

Post execution 

After action control of the 
situation was careless or 
reckless. Participant did 
not properly use police 
protocols for protecting 
or securing new 
situational challenges 
after situation resolution. 

Reacted appropriately to 
new or novel stimuli at 
the conclusion of the 
active situation. as 
prescribed by policy and 
law. Participant used 
necessary radio calls and 
remained focused on the 
scene and safety   

Quickly and decisively 
reacted to new and novel 
stimuli at the conclusion 
of the active situation. 
Participant remained 
intensely focused, made 
appropriate radio calls, 
called for back-up, 
considered crime-scene 
when appropriate. 
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APPENDIX F 

VISUAL CUE CRITERIA 

 

Trials 1 & 20 
• active search for suspect given 

clothing description. 
• active movement of suspect’s 

hands / at times concealed  
• argumentative/uncooperative 
• blatant visual drawing of  

weapon 
 
Trials 3 & 19 

• Angry individual 
• victim(s) on scene 
• presence of at least one nearby 

weapon 
• Signs of violence 

 
Trials 5 & 11 

• call for service by concerned 
person/ unknown circumstances 

• faced with unknown subject/ 
possibly dangerous attack  

 
Trials 7 & 15 

• response to active shooter 
• several persons injured or killed 
• presentation of armed suspect 

 
Trials 9 & 17 

• weapon in environment 
• not a direct threat 
• no attack 

 

Trials 2 & 16 
• uncertain/unknown problem requiring 

investigation 
• deteriorating cooperation by subject 
• no weapon(s) present 

 
Trials 4 & 13 

• sudden unexpected environmental threat 
• presentation of obvious threat 
• attack 

 
Trials 6 & 12 

• primed for decision 
• suddenly faced with unexpected change 
• no attack 

 
Trials 8 & 14 

• hostage taken 
• presentation of shoot opportunity 

 
 
Trials 10 & 18 

• relaxed, calm environment 
• not a call for service 
• sudden explosion of violence 
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APPENDIX G 

POST OCCLUSION SURVEYS 
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APPENDIX H 

NEUROTRACKER PROTOCOL 
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APPENDIX I 

NT PARTICIPANT MOOD SURVEY 
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APPENDIX J 

7-POINT RUBRIC FOR DIMENSION SCORING 

 

Scoring Criteria	 1-3	 4	 5-7	

Pre-Execution	

Approach was excessive, 
careless or dangerous. 

Participant did not 
properly preempt the 
deteriorating situation 

with commands or 
behaviors. Failed to use 
radio commands or call 

for back-up when 
necessary.	

Approach was 
appropriate for the 

observed information 
presented. May or may 
not have formulated an 

approach plan. Participant 
was reactive to unfolding 
circumstances, followed 
expected policy and law 

for investigating or 
responding to presented 

stimulus	

Approach was planned, 
innovative, creative and 

considered circumstances 
beyond simple resolution. 
Consolidated a plan based 

upon available 
information before initial 
contact. Participant was 

concerned with 
investigative 

circumstances and 
underlying themes that 

might contribute to 
resolution of problem.	

Execution	

Managing the active 
situation was excessive, 

slow or ineffective. 
Participant did not seem 

to recognize certain 
environmental cues or 

respond to them 
appropriately. Slow to 

react. Appeared 
unconcerned with a 
positive outcome.	

Management of the active 
situation was appropriate 

to policy and law and 
generally effective.	

Participant gave 
necessary directives and 

resolved the situation in a 
generally safe way. 

Seemed mindful of a 
positive outcome.	

Recognizing and 
managing the active 
situation was done 

quickly, decisively and 
without hesitation. 

Participant used visual 
cues on the screen and in 
the environment to assure 
maximum safety for all 

involved. Tried to 
preserve a positive 

outcome.	

Post-Execution	

After action control of the 
situation was careless or 
reckless. Participant did 
not properly use police 
protocols for protecting 

or securing new 
situational challenges 

after situation resolution.	

Reacted appropriately to 
new or novel stimuli at 
the conclusion of the 

active situation as 
prescribed by policy and 

law. Participant used 
necessary radio calls and 
remained focused on the 

scene and safety.  	

Quickly and decisively 
reacted to new and novel 
stimuli at the conclusion 
of the active situation.	
Participant remained 

intensely focused, made 
appropriate radio calls, 

called for back-up, 
considered crime-scene 

when appropriate.	
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