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ABSTRACT
Educational impairments associated with attention-deficit/hyperactivity disorder (ADHD) have previously been
researched. However, much less is known about occupational-related functional impairments that adversely impact
young adults with ADHD. During high school and early-college years, this demographic is particularly vulnerable to
frequent job changes, and these negative trends can have enduring detrimental career impacts. As young adults with
ADHD transition to the workforce (e.g., either in entry-level jobs, often within the food service sector, or similar earlycareer occupations), it is important to understand intervention protocols that can serve as an effective support for
reducing occupational impairment. To this end, we have developed the Live-Virtual-Constructive (LVC) Laboratory
Assessment of Behavior in Occupational Roles (LABOR) analog workplace setting, designed to approximate a (Live)
pizzeria Training environment with a (Virtual) simulated food delivery environment (alongside Constructive assets)
endeavored upon a high-fidelity driving simulator. For this pilot examination, twenty young adults diagnosed with
ADHD participated in an evaluation to promote improvements in occupational performance. Participants repeated
the study on two visits held on separate days, and all study procedures were identical for both visits. Primary outcome
measures included aspects of driving performance (e.g., speed, lane position, travel time) most relevant to our novel
Modeling & Simulation (M&S) implementation.
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BACKGROUND AND MOTIVATION
Obtaining and maintaining a steady vocation is an essential measure of success and a primary source of social
approval, and competitive employment contributes significantly to self-identity, self-esteem, and overall quality of
life (Banaschewski, et al., 2018). These life skills are typically required during early adulthood (i.e., approaching age
16, and through the college years), often when young adults are exposed to part-time employment for the very first
time. For those afflicted with attention-deficit/hyperactivity disorder (ADHD), the process of employment sustenance
is far more complex. ADHD is widely conceptualized as a chronic, neurodevelopmental disorder that is present early
in childhood and persists into adolescence and young adulthood (American Academy of Pediatrics, 2011). Persons
with ADHD have been demonstrated to experience job-related impairments including a higher likelihood of being
unemployed. Even when employed they are frequently in the service industry with a high turnover rate (e.g.,
Biederman et al., 2012; Kuriyan et al., 2013; Moffitt et al., 2015; Owens et al., 2017). Past studies have identified
that adults with ADHD are often able to maintain a meaningful presence within the workforce with the help of
interventions such as stimulant medication (Conners, 2002) and behavioral therapy (Fabiano et al., 2015) to improve
functioning. Nonetheless, there remains little published research on impairments due to ADHD, and their associated
impacts on overall occupational functioning (American Psychiatric Association, 2013), and workplace behavior is
difficult to assess within an uncontrolled work setting reliably. Therefore, within a controlled (e.g., laboratory)
environment, it is highly-practical to evaluate occupational functions in an authentic and repeatable manner.
As young adults with ADHD transition to the workforce (e.g., either through exposure to entry-level jobs -- often
within the food service sector -- or in similar occupations at the beginning stages of their career), it is critically
important to better understand interventions that can improve young adult knowledge transfer in a typical workplace
setting, and serve as an effective support for reducing occupational impairment. To accomplish this goal, we have
developed the Live-Virtual-Constructive (LVC) Laboratory Assessment of Behavior in Occupational Roles (LABOR)
analog workplace setting, designed to approximate a (Live) pizzeria Training environment, with a (Virtual) simulated
food delivery component (alongside complementary Constructive assets) endeavored upon a high-fidelity driving
simulator. Ultimately, this study aims to investigate the effectiveness of the LVC implementation by observing typical
driving outcomes and human performance within a high-fidelity Simulator. For this examination, we recruited a small
cohort (diagnosed with ADHD) who participated in our preliminary evaluation. In the next section, we justify the
relevance of our novel application to the M&S discipline
LITERATURE REVIEW – PROJECT RELEVANCE TO M&S
Many of the difficulties presented by young adults with ADHD in occupational settings are commonly not apparent
via self-report of general performance, as individuals with ADHD are not reliable at reporting their own behavior
(e.g., Sibley et al., 2012). For this reason, a majority of the present state-of-the-art within the literature (for analyzing
typical functioning) have taken place within “analog settings”; that is, laboratory settings that mimic the types of
environments within which young adults with ADHD commonly interact during daily life. Recent literature has
demonstrated numerous such environments, including: analog classroom (Fabiano et al., 2014), recreational (Pelham
et al., 2014), and driving-based scenarios (Fabiano, et al., 2011; Morris et al., 2014) that have all been successfully
developed and implemented to investigate the functioning of adolescents with ADHD.
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Our primary motivation is to develop a novel M&S testing and experimentation environment that will serve as a
suitable workplace analog within which we can observe young adult behaviors related to occupational functioning in
an authentic setting. To advance the state-of-the-art within this emergent public health concern that has critical
ongoing relevance to Training and Education, our innovative implementation will involve components of the LiveVirtual-Constructive (LVC) (e.g., DoD, 1998; Petty and Weisel, 2003; Henninger et al., 2008; Tanner et al., 2009;
Allen et al., 2010; van der Pal et al., 2011; Tolk, 2012; Lee, 2018; Mansikka et al., 2019) taxonomy for research,
simulation, and training. Refer to Figure 1.

Figure 1: Notional Overview and Features/Benefits of work scope related to LVC
As demonstrated in the Figure 1, our implementation leverages all three components of LVC to foster an advanced
mechanism to emulate an authentic workplace setting (i.e., in our case, the fictional “Bib’s Pizzeria”) to observe,
measure, and positively influence occupational behaviors (and particularly those related to driving) among young
adults. While commonly adopted for military and government training applications (e.g., McLean et al., 2012; Hannay
et al., 2014), our civilian LVC environment simulation described in this work is a unique mechanism by which to
leverage emerging M&S technologies for the advancement of vocational preparation specifically intended for
vulnerable demographic populations (e.g., young and inexperienced adult drivers with known cognitive deficiencies).
To this end, in the next section, we outline the broader implications of our novel LVC implementation.
BROADER IMPACTS
The societal impacts of ADHD on adults in occupational settings can be far-reaching, regardless of professional sector
(e.g., civilian, military, academia, industry, government). ADHD is thought to impact nearly 15% of young adults
between the ages of 12 and 17 (Pastor et al., 2015), and adult prevalence has been recently estimated between 3 to
5%, worldwide (Fayyad et al., 2007). A recent World Health Organization (WHO) report summary (ADDA, 2015)
found that adult workers with ADHD, on average, lose more than three weeks a year in workplace productivity. Most
adults with ADHD agree that having the condition strongly affects various key capacities and discipline-specific skill
sets related to their vocation, as summarized in Table 1.
Disciplinary experts (Adamou et al., 2013) recently concluded that future research should concentrate on further
investigating occupational functioning in adults with ADHD, leading to a more informed understanding of
possible barriers to employment and downstream approaches to address these problems. In a previous study
(Hulme et al., 2017; Fabiano et al., 2018), the preliminary framework for LABOR was established. In this companion
paper, our primary aim is to complement these past collaborations to emphasize the novelties of our civilian LVC
application that directly enables human performance observation (specifically for vulnerable demographic subpopulations during driving) through the implementation of advanced M&S. In the next section, we outline the critical
alignment of the current topic to the Training and Education track, as well as 2020 priorities for MODSIM World.
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Table 1: Impacts of ADHD in skill sets required Occupational Settings
Skillset
Estimated Impact
Impact on overall success/performance in the workplace setting
56%
Worry that ADHD symptoms affect opportunities for promotion
50%
Feeling that one has to work harder than co-workers to accomplish similar work
65%
Feeling that one has to work longer than co-workers to accomplish similar work
47%
ADHD symptoms strongly affect ability to stay on task: concentration
70%
ADHD symptoms strongly affect ability to stay on task: concluding projects
61%
ADHD symptoms strongly affect ability to stay on task: sitting still
60%
ADHD symptoms strongly affect ability to stay on task: task organization
59%
TOPIC ALIGNMENT TO MODSIM WORLD PRIORITIES
The broad topic focus of this paper - leveraging M&S and LVC to observe, measure, and optimize “occupational
success” - has profound relevance to the overall Conference mission. Specifically, that professionals have a need to
innovate, adapt and evolve to respond to changing environments. This notion is certainly true in the workplace, and
especially so for young adults, where establishing early vocational success is critical for achieving long-term career
sustenance and growth. Furthermore, with specific reference to MODSIM World 2020 stated areas of priority, our
novel M&S implementation has timely relevance primarily to the domain of Healthcare; specifically, to improve
public health outcomes (e.g., as specifically-related to driving) through an innovative application of modeling,
simulation, science and technology. Finally, with regards to the Education and Training track, the development and
deployment of LABOR has served as a novel application of a first-of-its-kind LVC immersive environment. Studying
the occupational functioning of young adults with ADHD is inherently challenging; hence, effective studies of
occupational behavior within a controlled (laboratory) analog setting is most effective. Many recent analyses of analog
settings emphasize office-based tasks similar to school seatwork (e.g., Wigal et al., 2010), and these are not consistent
with the typical work environment most common for individuals with cognitive disabilities (e.g., ADHD), where food
preparation is the most common occupation following high school (Newman et al., 2011). Therefore, there is a
direct need to model, simulate, and analyze the impact of ADHD on the type of setting most common for individuals
with ADHD entering the workforce. Accordingly, preliminary results of our novel deployment have suitably
demonstrated innovative M&S concepts, methods, and technologies, to enable instructional best practices to advance
learning while empowering evaluators. With this framework established and justified, in the next section, we present
a concise overview of our primary study objectives.
PRIMARY STUDY OBJECTIVES
The primary objective of this work is to specify, design, and deploy a novel analog LVC workplace environment,
which we refer to as: Laboratory Assessment of Behaviors in Occupational Roles (LABOR) - to determine preliminary
efficacy. As discussed previously (e.g., see Table 1), ADHD can have profound detrimental impacts on workplace
behavior, and particularly so for young adults who may be just entering the workforce for the first time. Therefore, by
implementing LABOR’s standardized tasks, we can evaluate the competence of an “employee” amidst multiple roles
that are commonplace for entry-level employees. With this insight, we can better understand the type and intensity of
functional problems within workplace settings with a terminal goal of reducing occupational impairment.

Figure 2: Participant interplay between (Live) and (Virtual/Constructive) aspects of simulated workplace
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In various past publications (e.g., Fabiano, 2018; Gordon, 2019 and 2020) related to this effort, we have focused on
dissemination of the development/deployment of occupational activities commonly performed “on-site” within the
workplace (e.g., interview, job orientation, standard restaurant procedures, food-preparatory activities). In this paper,
while we present a notional overview of these (Live) training tasks, the targeted focal point of our observations and
measurements involves the simulated (Virtual/Constructive) driving task, which is a common “remote” component
of a typical part-time employment setting that might involve product deliveries by vehicle. Our M&S implementation
emulates an authentic delivery environment that is comparable with real driving situations, consisting of local
roads/landmarks that are familiar to young drivers from the Western New York region. A noteworthy novelty of
LABOR is its hybrid atmosphere between which subjects participate and have interplay; they each experience a “Live”
setting in the simulated workplace store; likewise, they encounter an environment with “Virtual/Constructive”
characteristics to travel from store to delivery destination; after which they re-enter the “Live” environment to return
to the workplace store. Refer to Figure 2 for a notional illustration of this distinctive feature-set. In the next section,
we provide details on the M&S facilities that enabled key aspects of LABOR, as well as more complete details on this
novel (civilian) LVC implementation.
M&S FACILITIES AND LVC ENVIRONMENT
Hardware Infrastructure to Enable Modeling & Simulation (M&S)
The Motion Simulation Laboratory is a research center affiliated with The Stephen Still Institute for Sustainable
Transportation and Logistics (SSISTL) located on the North Campus of the University at Buffalo. The state-of-theart facility is implemented for Modeling and Simulation (M&S) in Transportation Systems Engineering for
applications in: clinical research, STEM, education and training, Game-based Learning (GBL), and for the analysis
of human factors and human-computer interaction with connected/autonomous vehicles.

Figure 3: simRING (cabin view)

Figure 4: simRING (environment view)

The simRING simulator (see Figures 3 and 4) features a 360-degree, 16-foot diameter, 6’ high screen that surrounds
the vehicle and provides the driver with a full-fidelity depiction of traffic, landmarks, and roadway conditions. The
system likewise features high-fidelity navigation controls, as well as a stereo sound system that emulates sounds heard
inside and outside the vehicle during a typical driving excursion. Further details are summarized briefly here:
● System Input: Driver controls consist of three floor pedals (accelerator, brake, and clutch), each spring-loaded,
mechanically actuated and pressure modulated. The direct-drive, force-feedback steering system implements 900
degrees of angular rotation, rear-wheel paddle shifters, and six on-wheel buttons for driver input and feedback.
● System Output (motion): The simRING is anchored by a six degree-of-freedom (DOF) (roll, pitch, yaw, heave,
surge, sway) motion platform powered by electric actuators. Our passenger cabin includes: two front seats, a full
front vehicle console (for on-board instrumentation), rear and side-view mirrors (for rearward view and blind-spot
verification), and an emergency stop switch.
● System Output (visual): Our visualization system consists of a large cylindrical display screen to provide the driver
with a fully immersive 360-degree field-of-view while driving. Each 60o display channel screen is front-projected
with a WUXGA (1920x1200, 16:10) LCD projector. Our cumulative high-definition display resolution (pixels) is
11520 (screen circumference) x 1080 (screen height).
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● System Output (aural): To accompany our motion and visual cues, we offer participants a stereo 2.1 (front-left,
front-right, and L.F.E. subwoofer) channel external sound system powered by a professional-grade PC sound card
and a desktop audio amplifier.
● High Performance Computation: Serving as the primary computational driver of all aspects (e.g. graphics,
motion, audio output cueing and accompanying real-time simulation analysis) of our high-fidelity simulations, we
leverage a tower graphics workstation with dual-core processors, an NVidia GeForce 2080 GTX graphics
processor, and six HD (1920x1080) monitors (one for each visualization channel). Note that our simulations were
developed fully in-house using C/C++, and by adopting the OpenGL graphics standard.
LVC Adaptation to Workplace Environment
In our implementation, we embraced the LVC taxonomy for training and education that enabled the novel development
of a simulated workplace setting within which to observe/monitor/assess occupational success among young adults.
Refer to Table 2, which presents an overview of our innovative implementation. As shown, we fostered a Live setting
by which participants could enact typical activities within a mock workplace. Likewise, a companion Virtual setting
was implemented to enable participants to exit the (Live) training world seamlessly and enter a high-fidelity
environment for pizza delivery activities. Finally, as a primary component of the (Virtual) world, realistic
Constructive assets were instituted to comprise a high-fidelity traffic model (to enhance environment immersion; e.g.,
Heydarian, 2015), and with which LABOR participants interacted on their delivery excursions. Note that in this
implementation, (Virtual/Constructive) components were used in tandem, such that the latter could not meaningfully
function a training purpose without the former. Likewise, note that details regarding the physics-based representation
of our driving simulator traffic models were described previously (Raghuwanshi, 2014). In the next section, we
describe our experimental cohort and overall methodology.
Table 2: Innovations of LVS embedded within the LABOR framework
LVC Definition
LVC Implementation within the LABOR framework
Live: A simulation involving
real people operating real
systems.

Physical workplace laboratory environment within which study
participants executed common tasks associated with an occupational
setting (e.g., interview, orientation/training, food preparation).

Virtual: A simulation
involving real people
operating simulated systems.

Virtual workplace setting within which study participants executed
common tasks associated with a food delivery (e.g., drive to/from
pizza shop to/from delivery site, customer interactions)

Constructive: A simulation
involving simulated people
operating simulated systems.

Realistic supplementary assets that comprise a primary companion
segment of the Virtual environment, without which the human
participant would be absent any compelling immersion.

METHODOLOGY
In this section, we present the overall methodology of the study. As we are investigating the viability of LVC for
assessment of workplace behaviors in occupational settings, our environment closely mimics a selected workplace
environment (e.g., food preparation/delivery) where many young adults (including those with ADHD) are commonly
employed. Our novel methodology will discuss the following subcomponents in detail: cohort, experimental design
and procedures, workplace setup, simulated pizza delivery design, and outcome measures.
Experimental Cohort and Workplace Visit Details
Our experimental cohort consisted of a total of n=20 participants (16 male; 4 female). All participants were assessed
an ADHD diagnosis as a prerequisite for study participation, and all recruited participants were between the ages 16
and 25. Further recruitment requirements during our screening process included: possession of a valid U.S. driver’s
license, no prior history of severe motion sickness (per self-report), and no current psychoactive medication for any
other psychological disorder. Participants taking current medication for ADHD had to agree to not take their currently
prescribed medicines on the day(s) of the study. Each participant had two identical “work days” on separate visits
with a time allocation of a three-hour block per visit.
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Workplace Setup and LVC Implementation
A mock pizza place, called “Bib’s Pizzeria” was crafted as the workplace of choice for the LVC laboratory session,
using the LABOR analog workplace framework. This experimental arrangement was created to highlight the
application of working memory, sustained attention, direction-following, and problem-solving from the participant;
skills that are frequently deficient in individuals with ADHD. At the pizza place, a typical workday was structured
based on (Live) job tasks that require critical skill sets. These included: filling out the application form for the job, a
simulated job interview, the orientation session for the workplace (i.e., once the “employee” was officially “hired”),
and a high-level description of job scope (e.g., an outline of food preparatory activities) to stage the completion of a
delivery task. Then, the participants were exposed to a brief introduction to the driving simulator, and afforded a 4minute acclimation drive to become familiar with the (Virtual/Constructive) world, the dynamics of the moving
vehicle, and the overall feel of the simulator controls (e.g., to adjust to steering and pedal sensitivity). Immediately
after this practice exposure, the LABOR assessment included 40-minutes of (Live) tasks that are commonly associated
with working in a pizza place: preparation of enclosed silverware napkin bundles; readying to-go bags with basic
napkin bundles and condiments; and folding pizza boxes. Next, participants were assigned a five-minute menu-search
task consisting of totaling the prices for an assigned number of order items (per order slip). Upon completion,
approximately 30-minutes of delivery preparation and (Virtual/Constructive) simulated driving delivery were
assigned; more complete details are offered in the next subsection. At the conclusion of the visit, the participant
completed post-session questionnaires and was debriefed on the overall experience.
Simulated Pizza Delivery Design
Once the participant collected all items for delivery, and entered the vehicle cabin of the driving simulator, they
effectively exited the (Live) training world, and seamlessly entered the (Virtual) world. Refer back to Figure 2 for a
notional reinforcement of this experimental novelty of our implementation. The delivery task was allocated to 20 total
minutes to complete two successive residential deliveries originating from Bib’s Pizzeria. The driver had to make
deliveries to the locations demarcated on the map provided (i.e., “Delivery #1” and “Delivery #2”), and as depicted in
Figure 5. Note that the residential environment is representative of actual locations and familiar landmarks that are
adjacent to the North Campus of the University at Buffalo where the current study was conducted. This, we hoped,
would nurture a sense of geographic familiarity among drivers in our experimental cohort. Notice, too, that the street
names were augmented in an effort to enhance young driver engagement; local streets were renamed after popular
(regional) roller coaster rides (e.g., Cedar Creek, Valravn View, Maverick Mews). This novelty, we hoped, would
provoke a sense of adventure and discovery for these young adults to fully comply with the requested tasks.

Figure 5: Pizza Delivery (residential) Map
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Hard copies of this map were located in the (Live) pizza place for planning purposes, and a laminated version was also
included inside the (Virtual) driving simulator. At each delivery site, the driver had to step out of the car (i.e., thereby
exiting Virtual, and re-entering Live) to administer the order and complete the transaction to the delivery resident (i.e.,
served by a confederate actor from the LABOR research Team). After the food exchange and change-making
activities (using simulated monetary resources), the driver returned to the car (i.e., exiting Live, and re-entering
Virtual) to proceed to the second delivery site. There, the process repeated, and after the two deliveries, the driver
had to return back to Bib’s Pizzeria to complete the delivery tasks.
Lastly, note that our (Virtual) delivery environment was enhanced with (Constructive) assets that were developed and
implemented based upon physics-based models and simulations. This Artificially Intelligent Traffic Model (AITM)
was designed for civilian ground vehicle research applications, and generates a fleet of autonomous and semiintelligent vehicles with which our pizza delivery participant interacts within the (Virtual) LABOR environment. The
behavior of the vehicles is based upon the principles of rigid body physics and real-time collision detection, and
incorporates a rule-base for: road-appropriate travel speed behavior, behavior at intersections (e.g., stop signs, street
lights), and interactions with other AI and human-driven vehicles on the virtual roads (i.e., lane changing, headway
distance). These (Constructive) features are described more completely in (Raghuwanshi, 2014).
Measures
Quantitative driving performance measures were recorded by the driving simulator throughout each excursion at
30Hz. Key measures were selected specifically to observe overall compliance to conventional driving rules (using
standard driving simulation measures) while performing a time-sensitive delivery task. The travel time (seconds) is
defined as the time taken from the start of the delivery task from Bib’s Pizzeria to complete both deliveries and the
return trip to the pizzeria. The duration takes into account the car idling time when the driver gets out of the car to
interact with the customer. Next, the travel speed (mph) is decomposed into two components; the average speed and
maximum speed travelled. The average speed is the mean speed from start to finish, while the maximum speed
travelled is the fastest speed encountered throughout the drive. We also investigated the lateral lane deviation (feet)
within a selected portion of the drive excursion. Lane deviation was calculated based on the observed digression from
the median lane, and the street called “Cedar Creek” was selected (i.e., as this was where Delivery #1 and Delivery
#2 were carried out; refer to Figure 5) to quantify the driver’s digression. At the conclusion of the (Virtual) component
of LABOR, and to determine any side effects relative to simulator adaptation syndrome (SAS) (Gálvez-García et al.,
2017), the Motion Sickness Assessment Questionnaire (MSAQ) (Gianaros, 2001) was issued. The MSAQ assesses if,
and to what severity, the experience had an adverse impact on the participant during the simulation, and is categorized
into four symptoms; gastrointestinal, central, peripheral, and sopite-related, which are then tabulated into an overall
score. In the next section, we present our preliminary results.
PRELIMINARY RESULTS AND DISCUSSION
In this section, we present the preliminary quantitative results from the driving simulator (i.e., Virtual) segment of our
LVC implementation of our workplace analog (i.e., LABOR) to analyze and measure aspects of human performance
amidst occupational functioning alongside observations from study-relevant self-report data. Our current presentation
focuses on the core M&S and LVC novelties associated with our innovation, and to highlight preliminary tendencies
observed in the collected data. A reminder that all results reported here are within-condition, as all recruited subjects
were pre-screened for ADHD. A similar study (i.e., Hulme et al., 2017; Fabiano et al., 2018) was performed previously
that compared ADHD vs. “healthy” teens as controls. Noteworthy trends are described here; due to the relatively
small sample size (n=20), statistically significant differences were not found (i.e., by way of independent sample Ttests, at alpha .05). Observed differences of these preliminary data are suggestive that significant characteristics may
be identified with a larger sample, and with the implementation of scoring metrics that exhibit finer granularity.
Within the (Virtual) driving world, the posted speed limits ranged from 30 to 45 mph on the delivery excursion streets,
and subjects were directed to “abide by the rules of the road” while participating in the environment tasks. However,
no direction was offered during the experiment if these rules were being violated. In Figure 6, we plot the maximum
travel speed (measured in mph) encountered during the experimental drives (with standard deviation listed on the
error bars). Appropriately, the plot separates gender effects, and over the two visits, we observed slightly more
aggressive overall behavior from the male members of the cohort, whose maximum speeds were (on average, and
across all streets encountered) approximately 2 mph faster than their female counterparts. All young adults (both
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genders) with ADHD commonly demonstrate behaviors associated with impulsivity, but this is known to be more
pronounced in males. It is well documented that young male drivers are more likely to get into car crashes than female
drivers of the same age (IIHS, 2018). Young male drivers have been found to report significantly greater enjoyment
in driving (Walker et al., 2000); these “positive emotions” appear to support the notion that those who most enjoy
risky driving behaviors – young males – are more likely to engage in them (Cordellieri et al., 2016).

Time Taken for Driving and
Delivery

Maximum Travel Speed
+5.23

Speed (m .p.h.)
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48.0
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Figure 6: Maximum Travel Speed
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Figure 7 presents a plot of overall time expended (measured in seconds) during the delivery tasks, again comparing
gender effects. Note that each horizontal bar in the plot is decomposed into the LVC subtasks associated with the
deliveries; that is, time spent driving (Virtual/Constructive) inside the car shown in green, and time expended
performing the mock delivery and monetary exchange (Live) outside the car shown in orange. Interestingly, although
maximum speeds were higher (on average; across the cohort) for males than females, overall drive excursions, and
therefore average travel speeds were longer (on average; across the cohort) for males than females. We suggest that
this could be due to the fact that males were driving faster (at the extremes), but overall -- were behaving more
carelessly/recklessly than females -- and therefore, were less effective and efficient during the overall driving tasks.
However, counting time expended within both the delivery time outside the vehicle (Live) and actual driving time
within the vehicle (Virtual/Constructive) components, overall excursion durations (taken as a whole) were slightly
longer for females than for males (by an average of 12.81 seconds, total clock time, or approximately 2.3%). This is
indicative that males were much more rapid in their actions that occurred outside the vehicle during the (Live) delivery
exchange. Again, due to small sample sizes - these general trends are not statistically significant - but nonetheless
support the general notion that among young adults with ADHD, female behaviors tend to be more “inattentive”,
while males tend to behave in a more aggressive and “hyperactive” manner (Rucklidge, 2008). Overall, average
speeds for the entire excursion (Live, and Virtual/Constructive) were practically comparable across genders.
Similarly, drive paths/durations were largely ubiquitous across the entire cohort, and this was principally dictated by
the geometric constraints imparted by the (Virtual/Constructive) World Map (see Figure 5).
Continuing our analyses of key (quantitative) driving simulator metrics, Figure 8 presents an illustration of lateral lane
deviation (measured in feet). Plotted here is the average lane deviation (again, comparing genders) for the linear
segment of the delivery excursion that was encountered on the road named “Cedar Creek”, (with standard deviation
listed on the error bars). Recall that this was the focus street of the (Virtual/Constructive) workplace task upon which
the two pizza deliveries were actually encountered (refer back to Figure 5). Reflective of the gender argument that
has been emphasized thus far, average observed lateral lane deviations are slightly greater (and less consistent) for
males (4.17’) than females (3.23’). Note that deviation was measured from driving precisely at lane center, where the
overall width of the entire street was 36’, and the actual driving lane is 18’ wide. Furthermore, note that these data
are somewhat skewed to be excessive, as the “deviations” account for time during which drivers completed their mock
delivery (i.e., exiting Virtual; and re-entering Live), for which many drivers (appropriately) staged this action by
pulling over to the side of the road, which actually counted against their time-averaged lane deviation tally. Ultimately
then, the cohort-averaged numbers reported in Figure 8 should be interpreted as general overall trends, and
accordingly, LABOR participants should not be excessively penalized for the inherent flaws in our quantitative scoring
procedures. These types of demerits within our “Gamification” methods are duly noted for future improvements to
our LVC back-end framework.
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Figure 9: LVC Workplace (participant satisfaction)

Following the completion of the LVC laboratory tasks, participants were asked to rate their experiences for workplace
(i.e., Live) authenticity on a 10-point Likert scale (1 = Not at all realistic; to 10 = Very realistic). The overall mean
scores were observed as 7.03 (SD=1.56). When asked about the driving simulator (i.e., Virtual/Constructive) realism,
the mean scores were observed as 6.88 (SD=1.73). The authors were disappointed with this rating, but opine that the
substandard rating is largely due to the quality of the graphics. Our robust simulations have been developed (in-house)
using the OpenGL standard - but not representative of photorealistic “game quality” (e.g., Xbox or PlayStation). In a
single, simplified question inspired by the NASA TLX (Hart and Staveland, 1988), participants were asked to rate
their effort during the experience (1 = No effort at all; to 10 = All my effort), and the overall mean scores were
observed as 7.78 (SD=1.86). Finally, participants were asked “To what degree was your behavior the same as it would
be in a real workplace setting?” (1 = Not at all the same; to 10 = Exactly the same), and overall mean scores were
observed as 7.58 (SD=1.74). These ratings are a notional indicator that the novel LVC environment implementation
(and participant effort/behavior) reasonably approximated a workplace environment scenario. Figure 9 suitably
illustrates these four primary rating categories (with standard deviation listed on the error bars). We accept this selfreport as being “valid” as we emphasize that this data is in relation to the overall perception of realism of the
environment and driving experience – and therefore not a self-report of actual driving performance, where those with
ADHD often overestimate the positive merits of their own capabilities (e.g., Sibley et al., 2012).
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Figure 10: MSAQ (severity classifications)

P ercenta ge (% )

N o. of P articipants (n=20)

14

8.0
6.0
4.0

7.6

8.8

10.6
7.3

8.5

2.0
0.0

Gastrointestinal

Central

Peripheral

Sopite-related

All

Symptoms

Figure 11: MSAQ (symptom decomposition)

Finally, regarding symptoms related to the simulated driving experiences, Figure 10 offers an illustration of selfreported adverse symptoms from exposure to the driving experience, per the Motion Sickness Assessment
Questionnaire (MSAQ). These data were averaged for all (n=20) participants across both of their visits to the LVC
LABOR. As can be seen in the plot, visit-averaged severity symptoms were negligible (6) or minor (13) for all but
one member of our study cohort. This outcome is expected; from past literature related to driving simulator
implementations (e.g., Keshavarz et al., 2018) young adults tend to be more compliant with, and less averse to multisensory cues endeavored within a simulated environment. Finally, Figure 11 extends this analysis to greater detail,
and decomposes MSAQ ratings into their subcomponent categories (reported as percentages) shown in yellow, and
includes an overall score (shown in blue). The highest rated symptoms (10.6%) were on the Peripheral scale (e.g.,
which might include a participant feeling sweaty, warm, and/or clammy hands), followed by Central- (8.8%),
Gastrointestinal- (7.6%), and Sopite- (7.3%) related symptoms.
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CONCLUSIONS AND FUTURE WORK
In this paper, we have summarized the specification, design, development and successful pilot implementation of a
Live-Virtual-Constructive (LVC) framework for observing young adults with ADHD within a comprehensive
(simulated) analog workplace setting. To this end, we have developed and deployed the Laboratory Assessment of
Behavior in Occupational Roles (LABOR) analog workplace setting, designed to approximate a (Live) pizzeria
Training environment with a (Virtual) simulated food delivery environment (alongside Constructive assets)
endeavored upon a high-fidelity driving simulator. The overarching goal was to innovate a novel mechanism presently absent in current literature - by which to observe, measure, and analyze behavior within a controlled
(laboratory) setting with the long-term aim of enhancing occupational success, particularly among young adults with
ADHD. In this manner, and for the targeted benefit of the (MODSIM World) audience for the current paper, we
collected, analyzed, and reported a series of preliminary outcome measures that included and highlighted critical
aspects of driving performance (e.g., excursion speed, lateral lane position, travel time for the deliveries) that are most
relevant to our novel M&S implementation. An executive summary of primary quantitative findings from our LVC
deployment is as follows:
1) Conventional quantitative metrics were observed and measured during the simulated driving tasks as a primary
segment of measuring occupational functioning among teens with ADHD. These included maximum speed,
overall delivery time (including Live, and Virtual/Constructive subcomponents of the task), and lateral lane
deviation. Although results were not statistically significant, general trends were indicative that males with
ADHD tend to exhibit “positive emotions” associated with risky driving behaviors. Furthermore, observed
tendencies among males within the driving/delivery segments of the simulated workplace setting were that they
tend to behave in a more aggressive and “hyperactive” manner, compared to females, who are generally less
aggressive and more “inattentive”.
2) Overall, participants seemed to enjoy the LVC workplace environment implementation, and appreciated its
overall authenticity. Generally speaking, ratings ranged between 7 and 8 (on a 10-point Likert) for scoring
categories associated with our LVC implementation, including: workplace realism, driving simulator realism,
participant effort investment, and participant behaviors towards an authentic workplace analog. Driving
simulator realism was the lowest-rated category, suspected to be because the absence of photorealistic, modernday game-grade qualities for the visuals/graphics.
3) Maladaptation symptoms observed with relation to the simulated driving environment, assessed by way of selfreport using the standardized MSAQ, were observed to be insignificant or very minor for almost the entire
study cohort. Subcategory ratings were highest for the “Peripheral” category.
Forecasted future extensions of the LVC framework demonstrated here are numerous. Foremost, our quantitative
metrics for rating driver performance in the Virtual/Constructive portion of the LABOR environment require an
expanded scope and finer granularity. Such features would allow us to rate and compare participants in a more refined
manner, to better ascertain subtle nuances of driving performance. Directly related to the current implementation, the
authors likewise envision extensions of our evaluation framework to other application domains relevant to Education
and Training. Most notably, we are currently engaged in novel implementations (e.g., Hulme et al., 2019) for Postsecondary engineering education, leveraging scientific visualization and “serious play” approaches for advanced
education and training. To this end, "gamification" (i.e., incorporating typical elements of game playing, including
rewards to motivate, point scoring, and group competition) and gaming experiences that incorporate physics-based
modeling and high-fidelity simulation effectively blend synthesis and analysis in a manner that empowers students to
modify parameters - and observe downstream impacts – all in real-time.
ACKNOWLEDGEMENTS
Portions of this research were supported by a grant from the University at Buffalo Office of the Vice President for
Research and Economic Development, Innovative Micro-Programs Accelerating Collaboration in Themes (IMPACT)
award and an investigator-initiated award from Shire Development LLC, Lexington, MA, a member of the Takeda
group of companies (grant number ID IIR-USA-001277). The authors would also like to thank Moog, Inc. (East
Aurora, NY) for their ongoing technical and financial assistance, and support for incorporation of applied simulation
for innovative applications in technology and training. Finally, the authors are grateful for the support of the
University at Buffalo Stephen Still Institute for Sustainable Transportation and Logistics (SSISTL).

2020 Paper No. 0003 Page 11 of 14

MODSIM World 2020

REFERENCES
Adamou, M., Arif, M., Asherson, P., Aw, T., Bolea, B., Coghill, D., Guðjónsson, G., Halmøy, A., Hodgkins, P.,
Müller, U., Pitts, M., Trakoli, A., Williams, N., and Young, S., (2013). “Occupational Issues of Adults with
ADHD”, BMC Psychiatry 13:59, doi: 10.1186/1471-244X-13-59.
Allen, G.W., Lutz, R., and Richbourg, R., (2010). “Live, Virtual, Constructive, Architecture Roadmap
Implementation and Net-Centric Environment Implications”, ITEA Journal 2010; 31: 355–364.
Attention Deficit Disorder Association (ADDA), (2015). “National Survey Reveals Impact of ADHD in Adults”,
(web link), https://add.org/national-survey-reveals-impact-of-adhd-in-adults/, Press Release, April 24, 2015.
American Academy of Pediatrics, (2011) “ADHD: Clinical Practice Guideline for the Diagnosis, Evaluation, and
Treatment of Attention-Deficit/Hyperactivity Disorder in Children and Adolescents”, Subcommittee on
Attention-Deficit/Hyperactivity Disorder, Steering Committee on Quality Improvement and
Management, 128 (5) 1007-1022; DOI: 10.1542/peds.2011-2654
American Psychiatric Association. (2013). “Diagnostic and statistical manual of mental disorders (5th ed.)”.
Arlington: American Psychiatric Publishing.
Banaschewski, T., Coghill, D., & Zuddas, A. (2018), Oxford Textbook of Attention Deficit Hyperactivity Disorder.
Oxford, UK: Oxford University Press,. 10.1093/med/9780198739258.001.0001
Biederman, J., Petty, C. R., Woodworth, K. Y., Lomedico, A., Hyder, L. L., & Faraone, S.V. (2012). Adult outcome
of attention-deficit/hyperactivity disorder: A controlled 16-year follow-up study. The Journal of Clinical
Psychiatry, 73(7), 941–950. https://doi.org/10.4088/JCP.11m07529.
Conners, C. K. (2002). Forty years of methylphenidate treatment in Attention-Deficit/Hyperactivity Disorder.
Journal of Attention Disorders, 6(1_suppl), 17–30. https://doi.org/10.1177/070674370200601S04
Cordellieri P., Baralla, F., Ferlazzo, F., Sgalla, R., Piccardi, L., and Giannini, A.M. (2016). Gender Effects in
Young Road Users on Road Safety Attitudes, Behaviors and Risk Perception. Front. Psychol., 27 September
2016 | https://doi.org/10.3389/fpsyg.2016.01412
Department of Defense (DoD) - “Modeling and Simulation (M&S) Glossary", DoD 5000.59-M, January, 1998.
Fabiano, G.A., Hulme, K., Linke, S.M., Nelson-Tuttle, C., Pariseau, M.E., Gangloff, B., Lewis, K., Pelham, W.E.,
Waschbusch, D.A., Waxmonsky, J., Gormley, M., Gera, S., and Buck, M.M. (2011). “The Supporting a Teen’s
Effective Entry to the Roadway (STEER) Program: Feasibility and Preliminary Support for a Psychosocial
Intervention for Teenage Drivers with ADHD” Cognitive and Behavioral Practice, 18, 267-280.
Fabiano, G.A., Schatz, N.K., and Pelham, W.E. (2014). “Summer Treatment Programs for Youth with Attentiondeficit/Hyperactivity Disorder”, Child and Adolescent Psychiatric Clinics of North America, 23, 757-773.
Fabiano, G. A., Schatz, N. K., Aloe, A. M., Chacko, A., & Chronis-Tuscano, A. (2015). “A systematic review of
meta-analyses of psychosocial treatment for attention-deficit/hyperactivity disorder”. Clinical Child and Family
Psychology Review, 18(1), 77–97.
Fabiano, G.A., Hulme, K.F., Sodano, S.M., Caserta, A., Hulme, K.L., Stephan, G., and Smith, A.C., (2018). “An
Evaluation of Occupational Behavior in Individuals with and without Attention-deficit/hyperactivity disorder”,
Journal of Human Performance (HHUP-2017-0145).
Fayyad J., De Graaf, R., Kessler, R., Alonso, J., Angermeyer, M., Demyttenaere, K., De Girolamo, G., Haro, J.M.,
Karam, E.G., Lara, C., Lépine, J.P., Ormel, J., Posada-Villa, J., Zaslavsky, A.M., and Jin, R., (2007). “Crossnational prevalence and correlates of adult attention-deficit hyperactivity disorder”, British Journal of
Psychiatry, 190(5):402–409. http://dx.doi.org/10.1192/bjp.bp.106.034389
Gálvez-García, G., Albayay, J., Rehbein, L., and Tornay, F. (2017). Mitigating Simulator Adaptation Syndrome by
means of tactile stimulation. Applied Ergonomics. 58. 13-17. 10.1016/j.apergo.2016.05.004.
Gianaros, P.J., Muth, E.R., Mordkoff, J.T., Levine, M.E., Stern, R.M., (2010). “A Questionnaire for the Assessment
of the Multiple Dimensions of Motion Sickness”, Aviat Space Environ Med. 2001 February; 72(2): 115–119.
Gordon, C.T., Fabiano, G.A., (2019) “The Transition of Youth with ADHD into the Workforce: Review and Future
Directions”. Clin Child Fam Psychol Rev 22, 316–347. https://doi.org/10.1007/s10567-019-00274-4
Gordon, C.T., Fabiano, G.A., Hulme, K.F., Sodano, S.M., Adrangna, M., Lim, R., Stanford, S., Janikowski, L.,
Bufalo, B., Rodriguez, Z., and Swiatek, D., (2020). “Efficacy of lisdexamfetamine dimesylate for promoting
occupational success in young adults with attention-deficit/hyperactivity disorder”, Experimental and Clinical
Psychopharmacology, (submitted; under review).
Hannay, J., Mevassvik, O., Skjeltorp, A., and Bråthen, K. (2014). Live, Virtual, Constructive (LVC) simulation for
land operations training: Concept Development & Experimentation (CD&E). NATO Modelling and Simulation
Group Symposium Integrating Modeling & Simulation in the Defense Acquisition Lifecycle and Military
Training Curriculum (MSG-126)

2020 Paper No. 0003 Page 12 of 14

MODSIM World 2020

Hart, S.G., and Staveland, L.E., (1988). “Development of NASA-TLX (Task Load Index): Results of Empirical and
Theoretical Research”, Advances in Psychology, Volume 52, pp. 139-183.
Henninger, A.E., Cutts, D., Loper, M., Lutz, R., Richbourg, R., Saunders, R., and Swenson, S., (2008), “Live Virtual
Constructive Architecture Roadmap (LVCAR) Final Report”, Institute for Defense Analysis, M&S CO Project
No. 06OC-TR-001, September 2008.
Heydarian, A., Carneiro, J., Gerber, D., Becerik-Gerber, B., Hayes, T., and Wood, W. (2015). Immersive virtual
environments versus physical built environments: A benchmarking study for building design and user-built
environment explorations. Automation in Construction. 54. 10.1016/j.autcon.2015.03.020.
Hulme, K.F., Fabiano, G.A., Sodano, S., Hulme, K.L., Lim, R., Homeyer, L., Reitano, R., LaFlore, A., Stephan, G.,
and Webb, A., (2017). “Laboratory Assessment of Behaviors in Occupational Roles (LABOR) within a LiveVirtual environment”, The Interservice/Industry Training, Simulation and Education Conference (I/ITSEC)
(Human Performance Analysis and Engineering subcommittee | 4), Orlando, FL, December, 2017.
Hulme, K.F., Estes, E., Schiferle, M., and Lim, R., (2019). “Game-based Learning to Enhance Post-secondary
Engineering Training Effectiveness”, The Interservice/Industry Training, Simulation and Education Conference
(I/ITSEC) (Training subcommittee | 1), Orlando, FL, December, 2019.
Insurance Institute for Highway Safety (IIHS). Fatality Facts 2017: Teenagers. Highway Loss Data Institute;
December 2018. Available at https://www.iihs.org/topics/fatality-statistics/detail/teenagers
Keshavarz, B., Ramkhalawansingh, R., Haycock, B., Shahab, S., and Campos, J. (2018). Comparing simulator
sickness in younger and older adults during simulated driving under different multisensory conditions.
Transportation Research Part F Traffic Psychology and Behaviour. 54. 10.1016/j.trf.2018.01.007.
Kuriyan, A. B., Pelham, W. J., Molina, B. G., Waschbusch, D. A., Gnagy, E. M., Sibley, M. H., … Kent, K. M.
(2013). Young adult educational and vocational outcomes of children diagnosed with ADHD. Journal of
Abnormal Child Psychology, 41(1), 27–41. https://doi.org/10.1007/s10802-012-9658-z.
Lee, C., (2018). “Navy Pushes Live, Virtual, Constructive Training”, National Defense, November 27, 2018.
Mansikka, H., Virtanen, K., Harris, D., & Salomäki, J. (2019). Live–virtual–constructive simulation for testing and
evaluation of air combat tactics, techniques, and procedures, Part 1: assessment framework. The Journal of
Defense Modeling and Simulation. https://doi.org/10.1177/1548512919886375
Mclean, T., Hoke, J., Vogl, T., Schnell, T. (2012). LVCA: An Integrated Architecture of Live, Virtual, Constructive
and Automated Elements for UAS Experimentation and Training. Association for Unmanned Vehicle Systems
International (AUVSI) Conference, Washington D.C.
Moffitt, T. E., Houts, R., Asherson, P., Belsky, D. W., Corcoran, D. L., Hammerle, M., … Caspi, A. (2015). Is adult
ADHD a childhood-onset neurodevelopmental disorder? Evidence from a four-decade longitudinal cohort
study. The American Journal of Psychiatry, 172(10), 967–977. https://doi.org/10.1176/appi.ajp.2015.14101266.
Morris, K.L., Hulme, K.F., and Fabiano, G., (2014). “Leveraging Simulation to Augment Risky Driving Attitudes
and Behaviors”, The Interservice/Industry Training, Simulation and Education Conference (I/ITSEC) (Human
Systems Engineering subcommittee | 2), Orlando, FL, December, 2014.
Newman, L., Wagner, M., Knokey, A., Marder, C., Nagle, K., Shaver, D., Wei, X., Cameto, R., Contreras, E.,
Ferguson, K., Greene, S., and Schwarting, M., (2011). “The Post High School Outcomes of Young Adults with
Disabilities up to 8 Years After High School: A Report from the National Longitudinal Transition Study-2
(NLTS2)”, Menlo Park, CA: SRI International.
Owens, E. B., Zalecki, C., Gillette, P., & Hinshaw, S. P. (2017). Girls with childhood ADHD as adults: Crossdomain outcomes by diagnostic persistence. Journal of Consulting and Clinical Psychology, 85(7), 723–
736. https://doi.org/10.1037/ccp0000217.
Pastor, P.N., Reuben, C.A., Duran, C.R., and Hawkins, L.D., (2015). “Association between Diagnosed ADHD and
Selected Characteristics among Children aged 4–17 Years: United States, 2011–2013”, NCHS data brief, No
201. Hyattsville, MD: National Center for Health Statistics.
Pelham, W.E., Burrows-MacLean, L., Gnagy, E.M., Fabiano, G.A., Coles, E., Wymbs, B., Chacko, A., Walker, K.,
Wymbs, F., Garefino, A., Hoffman, M., Waxmonsky, J., and Waschbusch, D. (2014). “A Dose-ranging Study
of Behavioral and Pharmacological Treatment in Social-recreational Settings for Children with ADHD”,
Journal of Abnormal Child Psychology, 42, 1019-1032.
Petty, M.D. and Weisel, E.W, (2003). A Composability Lexicon. Proceedings IEEE Spring Simulation
Interoperability Workshop, Orlando, FL, IEEE Computer Society, pp. 181-187.
Raghuwanshi, V., Salunke, S., Hou, Y., and Hulme, K.F. (2014). “Development of a Microscopic Artificially
Intelligent Traffic Model for Simulation”, The Interservice/Industry Training, Simulation and Education
Conference (I/ITSEC) (Simulation subcommittee | 4), Orlando, FL, December, 2014.

2020 Paper No. 0003 Page 13 of 14

MODSIM World 2020

Rucklidge, J.J., (2008). Gender differences in ADHD: Implications for psychosocial treatments”, Expert Review of
Neurotherapeutics 8(4):643-55, doi: 10.1586/14737175.8.4.643
Sibley, M.H., Pelham, W.E., Molina, B.S.G., Gnagy, E.M., Waschbusch, D.A., Garefino, A., Kuriyan, A.B.,
Babinski, D.E., and Karch, K.M., (2012). “Diagnosing ADHD in Adolescence”, Journal of Consulting and
Clinical Psychology, 80, 139-150.
Tanner, M.B., McManigal, M., and Enloe, M., (2009). “Practical application of gaming technologies to enhance the
live virtual constructive and gaming integrated training environment (LVCG ITE)”, Proceedings of the 2009
SISO European Simulation Interoperability Workshop, July 2009, Istanbul, Turkey.
Tolk, A. (2012). Engineering Principles of Combat Modeling and Distributed Simulation: John Wiley & Sons.
van der Pal, J., Keuning, M., and Lemmers, A., (2011). “A Comprehensive Perspective on Training: Live, Virtual
and Constructive”, NATO Modeling and Simulation Group (NMSG) Symposium ‘Enhance of Replace: Finding
the Right Live vs. Synthetic Balance’, Bern, Switzerland, October, 2011.
Walker, L., Butland, D., and Connell, R. (2000). Boys on the Road: Masculinities, Car Culture, and Road Safety
Education. The Journal of Men's Studies. 8. 153-169. 10.3149/jms.0802.153.
Wigal, T., Brams, M., Gasior, M., Squires, L., and Giblin, J., (2010). “Randomized, Double-blind, Placebocontrolled, Crossover Study of the Efficacy and Safety of Lisdexamfetamine Dimesylate in Adults with
Attention-deficit/Hyperactivity Disorder: Novel Findings using a Simulated Adult Workplace Design”,
Behavioral and Brain Functions, 6, 1-14.

2020 Paper No. 0003 Page 14 of 14

