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Abstract
The NASA (National Aeronautics and Space Administration) FOCUS (Flight
Operations Center – Unified Simulation) Lab is the brainchild of Dr. Paul Craig, who was
responsible for establishing the lab after receiving two NASA grants between 2009 and
2010. This high-fidelity simulation lab combines Aerospace students from every
concentration into teams and allows these teams to gain real-world operations experience
in a safe, nonconsequential environment, while reinforcing essential crew resource
management skills. Due to its success and recognition, organizations from major airliners
to distinguished schools and academic institutions often come to tour the NASA FOCUS
Lab. This thesis on the history and evolution of the NASA FOCUS Lab has been created
for the purpose of documenting the genesis and progression of the lab both for posterity
and to act as a reference, recording the steps and processes necessary to create the
FOCUS Lab.
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CHAPTER I – INTRODUCTION
The NASA FOCUS Lab
The National Aeronautics and Space Administration Flight Operations CenterUnified Simulation Lab, also known as the NASA FOCUS Lab, is a capstone Aerospace
course including both a class and a simulation lab. The NASA-funded lab operates a
virtual airline called Universal E-Lines that includes various positions needed to
coordinate airline operations. Realistic conditions, such as icing along a route and inflight medical emergencies, are implemented into the lab that require the students to work
together to effectively solve the issues. Triggers are implemented into the lab to test
participants’ abilities to communicate, collaborate, and problem solve.
The purpose of the lab is to instill in senior aerospace undergraduate students the
pertinent skills such as teamwork, communication, situational awareness, and
coordination required to perform daily airline operations. These skills are taught in a nonconsequential environment, allowing students to make mistakes without the often fatal
consequences that accompany real mistakes in airline operations. Furthermore, students
gain airline operations experience by simulating the positions and duties required to
safely and efficiently operate a virtual airline. The high-fidelity simulation allows
students to grasp the “big picture” of the aerospace industry. The lab helps students
understand how all components of aviation work together and depend on one another by
forcing students out of their silos into a demanding atmosphere requiring collaboration
across the board.
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Purpose
The purpose of this Honors thesis project is to document the history and evolution
of the NASA FOCUS Lab both for posterity and so that others might have a guide by
which they can implement similar programs into their own institutions. This thesis is
intended to record all of the effort and sacrifice that went into creating the lab. After
reading this document, individuals should understand the purpose for which the lab was
created and have a better appreciation for both the simulation itself and its success in
instilling in students the key traits and characteristics that will benefit them in real world
operations.
Thesis Sections
This Honors thesis on the history and evolution of the NASA FOCUS Lab
contains eight sections: the introduction, literature review, genesis and evolution of the
lab, reflection, conclusion, epilogue, references, and appendixes.
The introduction will serve as the entrance to this thesis, introducing the subject
and purpose of this research project. The literature review compiles studies and research
in the areas of teamwork, simulation-based training, communication, situational
awareness, and decision-making skills. The genesis and evolution of the lab will focus on
the history of the lab, from initial birth to present day operations. This section will
discuss the events leading up to the creation of the NASA FOCUS Lab and the original
intentions for the design and implementation of the lab. Challenges and obstacles that
were faced in the process of creating and running the lab will be highlighted in this
section as well. Additionally, any major changes or upgrades made to the lab equipment
or processes since its induction will be discussed. The reflection discusses the processes
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used to collect data, mostly via interviews. It also includes personal experiences,
obstacles, and any challenges encountered throughout this creative process. The
conclusion wraps up the thesis and reiterates the outcome of this project. The reference
page lists all sources and interviewees that were consulted in order to collect data. The
epilogue will project the future progression of the lab, and how it is predicted to continue
to evolve and develop in the years to come. Appendix A is a timeline that depicts the
history of the lab from its conception to its present-day functions and includes markings
of any notable changes or upgrades made to lab equipment and procedures. Appendix B
features a copy of the first NASA grant obtained by Dr. Craig for the establishment and
development of the lab.
Interviewees
The information about the history and evolution of the NASA FOCUS Lab was
compiled largely from interviews conducted with former and current members of the
FOCUS Lab team. From the beginning, the team has been composed of faculty and GAs
(graduate assistants) from the Aerospace and Psychology departments. The FOCUS Lab
has also provided opportunities for other departments outside the field of aviation,
specifically the Psychology department, to interact and conduct research in the lab as part
of a mutually beneficial agreement with the Aerospace department. From this group of
aerospace and psychology faculty and GA students, several individuals were interviewed,
including Dr. Paul Craig, Gerald Hill, Dr. Andrea Georgiou, Paul Carlson, Evan Lester,
Dr. Glenn Littlepage, Dr. Michael Hein, Chelsea Jones, and Christopher (Ryan) Bearden.
Dr. Paul A. Craig is the procreator of the lab, brainstorming the initial lab idea
and working to see his dream become a reality. He holds several degrees, the paramount
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being his Ed.D. from Tennessee State University in 1998. Dr. Craig holds 11 Federal
Aviation Administration Flight Certificates. He has also received awards for teaching and
flight instructing. Dr. Craig is the author of six books and has written articles for
renowned aviation magazines. He is also active in many aviation organizations and
programs.
Professor Gerald L. Hill partnered with Dr. Craig on the genesis of the lab,
helping flesh out ideas and participating in critical decision-making processes. Professor
Hill teaches a number of classes at MTSU, and he specializes in Aviation and
Transportation Management. He coached the MTSU flight team and, in 1992, received
recognition as “Coach of the Year” for region 8 from the National Intercollegiate Flight
Association. He also participates in several aviation organizations, serving as a board and
committee member in several associations.
Dr. Andrea Georgiou has been part of the NASA FOCUS lab since its early stages
of development. She received both her B.S. in Aerospace and her M.Ed. from Middle
Tennessee State University. In 2014, she also earned her Ph.D. from Capella University
in General Psychology. In addition to teaching a range of Aerospace classes, Andrea
Georgiou is also the flight dispatch coordinator, holds an FAA Flight Dispatch certificate,
and often acts as an Honors advisor for Aerospace students pursuing an Honors minor.
Her research efforts focus on effective teamwork, coordination, and communication
among aviation professionals. The majority of her research is completed in the NASA
FOCUS lab.
Dr. Michael Hein was involved with the psychology research portion of the lab,
collecting and analyzing data on the lab and the students. Dr. Hein is the Director of the
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Center for Organizational and Human Resource Effectiveness (COHRE) and a Professor
of Psychology at Middle Tennessee State University (MTSU). He received his Ph.D. in
Industrial/Organizational (I/O) Psychology from Georgia Institute of Technology in
1990. His research interests include leadership, best use of training/practice time, the
determinants of skilled task performance, and the development of expertise. Dr. Hein has
taught in several areas of I/O psychology, research design, and statistics such as job
performance and appraisal, training, research methodology and factor analysis. He was
awarded the prestigious MTSU 2016 Career Achievement Award.
Dr. Glenn E. Littlepage is a social psychologist specializing in group
performance. He received his Ph.D. in Psychology at Kansas State University. For two
years, he worked for the Department of the Army conducting applied research and
program evaluation. He has worked at Middle Tennessee State University for more than
40 years. His teaching interests are in social psychology, group dynamics, workgroups
effectiveness, and research methods. He was a recipient of the MTSU Distinguished
Research Award and has published more than 50 journal articles, chapters, and
proceedings. He served as associate editor for the Group Dynamics journal and serves or
has served on the editorial board of three journals.
Paul Carlson was a Graduate Assistant (GA) from the Aerospace department.
After meeting Dr. Craig and learning about the idea for the NASA FOCUS lab, Mr.
Carlson became very passionate about the project. Using his technological skills, Mr.
Carlson was largely responsible for setting up the physical components of the NASA
FOCUS lab, from computers to programming to wiring. After the lab became
operational, Mr. Carlson continued working as the administrator of the lab, often
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handling the responsibility of initiating the simulation and shutting the lab down
afterwards. He also participated in running the simulations, helping teach students how to
interact with the program and software, as well as assisting by initiating triggers and
scenarios into the simulations. After graduating from MTSU, Mr. Carlson went on to
pursue his aviation career, leaving behind a fully equipped, fully functioning lab and a
legacy.
Evan Lester was the second GA to oversee the lab, following in Carlson’s shoes.
During his time in the lab, Mr. Lester wrote an exhaustive Honors thesis in which he
detailed every component of the lab and how each component operated. Mr. Lester was
integral in taking the lab to the next level educationally, and he also worked on installing
new programs and upgrades in the lab. Mr. Lester took full responsibility for the
operations in the lab. He made changes to lab equipment and procedures, updated
documents in the lab, implemented new policies, and added triggers to lab scenarios.
Christopher (Ryan) Bearden began working as a GA in the lab in the fall of 2015.
Following Evan Lester, Mr. Bearden led operations in the lab. He was influential in
standardizing many of the lab operations, introducing new lab procedures, and updating
lab equipment. During his time in the lab, Mr. Bearden prepared and presented 12 labrelated conference papers and presentations. He was deeply involved with after action
reviews (AARs), facilitating and transcribing the surveys as needed.
Chelsea Jones is the current lead GA working in the lab. She enrolled in the
NASA FOCUS lab capstone course as a senior undergraduate student and enjoyed
participating in the simulations. After graduation, she decided to continue her education.
She is now working towards her Master’s degree, while acting as the lab administrator.
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Since her involvement with the lab, several technical adjustments have been made to the
lab and capstone course, from altering the number of simulations students participate in
to reducing lab simulation hours.
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CHAPTER II – LITERATURE REVIEW
According to Beaufore (2015), students generally face difficulty adjusting to their
workplace environment after college. Often, this difficulty results from a lack of
familiarity with equipment and processes, but it also occurs because students lack the
basic, intuitional skills needed to perform the job. College graduates are typically
deficient in these areas because they have not yet had the opportunity to develop these
skills. High fidelity simulators are key to giving students the opportunity to cultivate
these fundamental skills during their college education before entering the workplace.
Studies have shown that active teaching is the best way to teach students operational and
performance skills, as well as how to interact and work cohesively with others (Lester &
Craig, 2015). Simulations have proven invaluable to this active teaching concept by
allowing students to experience real-life scenarios in a realistic environment, but without
the risks and consequences that accompany reality. While simulators can help teach and
reiterate safety skills on the job, simulators, such as the NASA FOCUS Lab, also provide
space for the students to gain real-life experience in a safe atmosphere before engaging in
the real-time workplace environment. According to Robert, Smith, and Stratchan (2012),
“Simulation is positively associated with significantly improved interpersonal
communication skills… and it has also been clearly shown to improve team behaviors…
associated with improved team performance in the management of crisis situations,”
(para. 3). Simulators introduce and reinforce the positive skills and behaviors required of
aviation professionals in real-world operations. Additionally, via simulations, students
can graduate college with a firm grasp of fundamental safety and operating skills that will
be required of them in the workplace.
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According to Shappell and Wiegmann (2001), human error has been a factor in 70
to 80 percent of all aviation accidents and incidents. Often these errors can be contributed
to poor teamwork and communication skills, a lack of situational awareness, and faulty or
inadequate decision-making processes. High fidelity simulators, like those found in the
NASA FOCUS Lab, allow participants to experience simulations that mimic real-life
scenarios and provide space for learning and making mistakes, without the consequences
that such errors might have in real life (Lester & Craig, 2015; Robert, Smith, &
Stratchan, 2012).
Teamwork
Teamwork and communication are mutually inclusive and often work hand-inhand (Richard, 1998; Wertheimer & Littlepage, 2016). Successful communication breeds
effective teamwork and vice versa. Groups that exhibit higher levels of teamwork often
express fluent communication skills and vice versa (Wertheimer & Littlepage, 2016).
Additionally, as teams communicate and share information, both the individual and the
team as a whole will be able to make more accurate, informative decisions (Lester &
Craig, 2015). Thus, fluent communication increases both the knowledge and decisionmaking skills of the team and the individual, resulting in higher teamwork and team
productivity. Simultaneously, as the group dynamic increases, the elevated level of team
coordination and cohesiveness naturally lends itself to greater communication (Lester &
Craig, 2015).
High fidelity simulators emphasize the teamwork aspect of aviation by
strategically implementing scenarios that promote teamwork among participants (Robert
et al., 2012). Teamwork provides the opportunity for people to generate ideas and
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solutions in a team setting, rather than on an individual basis (Morgan, 2012). According
to the Glenn Research Center (2015), teamwork is about learning to overcome difficulties
and differences of opinions, personalities, preferences, and backgrounds to serve the
greater good. The team structure itself encourages ideas to be discussed and examined
and offers opportunity for finding the best possible solution (Morgan, 2012). According
to Morgan (2012), “Once a team becomes empowered, they tend to grow in both
confidence and skill. A team that understands the importance of what they do will be
much more effective in doing it” (p. 1). The aviation industry employs thousands of
people who practice professional coordination and collaboration as a basic part of
routine, daily operations. As a result, it is imperative that effective teamwork and
communication skills be continuously promoted and exemplified throughout all aspects
of the aviation industry in order to ensure safe and efficient business operations.
The NASA FOCUS Lab emphasizes the instruction of teamwork skills during
simulations (Wertheimer & Littlepage, 2016). First, the nature of the lab itself is designed
to break down students’ tendencies to work individually. The simulations are virtually
impossible to complete successfully without some level of teamwork and coordination.
Furthermore, as the simulations run, lab managers are able to implement triggers that test
the teamwork capabilities and cohesiveness of the teams. These teams are comprised of
students from every Aerospace concentration. Before the installation of the FOCUS Lab,
students at MTSU were taught in “silos.” Classes were arranged in a homogenous
manner; students were enrolled in classes that were suited only to students of their same
concentration. As a result, students would often graduate with little knowledge of the
operations or even existence of any other division outside their own concentration. The
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FOCUS Lab simulations are intended to enlighten students about the operations and
importance of the other departments within aviation. It is integral that students recognize
the crucial role that every division plays in the aviation industry. It is intended that as
students acknowledge the importance of the other members of aviation outside their own
concentration, they will begin to understand how vital cooperation is between divisions,
and, consequently, they will be spurred to cultivate their own personal teamwork and
communication skills (Wertheimer & Littlepage, 2016).
Communication
In addition to teamwork, high fidelity simulations teach essential communication
skills by simulating situations that require participants to share relevant information and
work together as a team in order to resolve problems (Robert et al., 2012). According to
Toolwire, “real learning about communication dynamics does not take place in a vacuum,
but by interacting and interfacing with others in different contextual situations” (2016,
para. 4). The NASA FOCUS Lab is ideal because it provides the opportunity for students
to learn communication skills that they would otherwise be forced to learn in the
workplace after college (Beaufore, 2015).
Communication is a key function of any team, but it is especially important in
aerospace (Krivonos, 2007). In order to have effective coordination, crews must strive to
have efficient communication. Teams use communication to share information, establish
and reinforce professional behaviors and procedures, and maintain situational awareness.
It is through the medium of communication that problems and errors can be recognized
and resolved. When communication is stifled, the crew’s ability to recognize and absolve

11

threats, as well as prevent making any additional mistakes or errors of their own,
decreases rapidly (Krivonos, 2007).
Among professionals, the closed-loop communication process is generally
accepted as the most effective means of communicating (Lester & Craig, 2015; Peyre,
2014). Indeed, the NASA FOCUS Lab teaches its students communication skills based
on the same principle. Closed-loop communication must include both a sender, who
sends messages, and a receiver, who receives and interprets the message. After receiving
the message, the receiver should provide feedback by sending a signal to the sender to
indicate that the message was received. From the feedback, the sender can determine
whether or not the message was accurately received and understood (Lester & Craig,
2015; Peyre, 2014).
In addition to the closed-loop communication process, there are many factors to
consider in communication (Baron, 2017). According to Skills You Need (2019), prime
communication skills can be taught based on four principles. First, learn to listen. One of
the most important aspects of communicating is actually knowing how to listen. Instead
of trying to think of what to say next, true listening requires giving undivided attention to
the speaker and listening with the intent to understand what the speaker is trying to
communicate. Second, studying and understanding both verbal and non-verbal
communication is important in order to be able to communicate clearly. Being able to
read and recognize the tone and intonations of the human voice, as well as the nuances of
body language, can help both parties involved in the communication process to
accurately interpret the real message that is being sent. Third, in order to be able to
communicate effectively, one must have an appropriate level of emotional self-awareness
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and management. Understanding one’s own motivations and reactions is key to being
able to understand and respond to others in an appropriate, professional manner. Lastly,
effective communicators know how to ask questions. It is not just about asking questions,
but rather asking the right questions at the right time. For instance, if a copilot is verbally
communicating one message, but his body language is sending conflicting signals, the
pilot should recognize that now is the time to ask questions to clarify what the copilot is
actually trying to communicate (Baron, 2017). There are many aspects involved in
communication, but by using the closed-loop process, learning how to listen and ask
questions, and being aware of both verbal and non-verbal signals; clear, effective
communication can be achieved (Lester & Craig, 2015; Peyre, 2014; Baron, 2017).
Situational Awareness
In addition to teamwork and communication skills, high fidelity simulations
contributed to increased situational awareness among participants (Robert et al., 2012).
According to Endsley and Robertson, “situation awareness is the detection of the
elements in the environment within a volume of space and time, the comprehension of
their meaning, and the projection of their status in the near future” (2000, para. 6).
Situational awareness is delineated into three levels: perception, comprehension, and
projection (Endsley & Robertson, 2000; Henricks, 2018). In level-one situational
awareness, perception involves receiving and recognizing the factors and elements in
play in the environment. For level-two situational awareness, comprehension is achieved
by analyzing all of the data and information received in order to be able to make
informed decisions. Finally, level-three situational awareness concerns projection. In this
stage, one must predict how the factors perceived and the information comprehended will
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affect future operations. Each stage of situational awareness builds upon the other. One
cannot have level-two situational awareness without first having level-one situational
awareness. In the same manner, one cannot achieve level-three situational awareness
without having first obtained level-one and level-two situational awareness. Complete
situational awareness can only be achieved by having a firm grasp of all three levels of
situational awareness (Endsley & Robertson, 2000; Henricks, 2018).
Situational awareness is most often considered in terms of piloting an aircraft
(Endsley & Robertson, 2000). While superb situational awareness is required when
commanding an aircraft, situational awareness is an essential skill that should be
practiced across all divisions of aviation, not just in relation to pilots. The aviation
industry would cease to function if only pilots practiced situational awareness. For
example, Endsley and Robertson stated that “in more than 60% of avionics repairs, the
incorrect avionics system is replaced in an aircraft” (2000, para. 3). Thus, it seems
apparent that flight dispatchers, air traffic controllers, maintenance professionals, and
more all require situational awareness in order to be able to perform their respective jobs
properly. If all members of aviation need situational awareness in order to work and
operate, then it would be well-advised that all members of aviation experience situational
awareness training (Endsley & Robertson, 2000). The NASA FOCUS Lab provides the
perfect environment for students to begin their initial training in situational awareness.
The nature of the NASA FOCUS Lab is unique in that it provides situational
awareness training for teams composed of individuals from different aerospace
concentrations. As a result, anyone from any division of aerospace can learn situational
awareness skills while participating in the NASA FOCUS Lab. High fidelity simulators
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trigger numerous circumstances requiring students to efficiently tackle and resolve
multiple situations, while simultaneously maintaining their normal duties and operations.
Students working in the lab also realize the importance of situational awareness in all
areas of aviation, whether maintenance, pilot, or flight dispatch. This revelation also
increases teamwork and communication across departmental lines, and positively affects
the efficiency and effectiveness of the aviation industry as a whole. Situational awareness
is an important skill that should be consistently practiced in all aspects of aviation
(Robert et al., 2012).
Decision-Making Skills
High fidelity simulators have also been proven to increase critical thinking and
decision-making skills among participants (Robert et al., 2012). In the world of aviation,
decision-making is referred to as aeronautical decision making or ADM. According to,
the Federal Aviation Administration (FAA), “ADM is a systematic approach to the
mental process used by aircraft pilots to consistently determine the best course of action
in response to a given set or circumstances” (1991, p. 2). However, ADM does not apply
to just pilots (Skybrary, 2010). Many operators within aviation, including flight
dispatchers and air traffic controllers, use ADM in their daily operations. Therefore,
ADM involves any environment in which an individual must choose between multiple
alternatives in order to produce a desired outcome (Skybrary, 2010).
Developing effective ADM skills requires a firm grasp of both risk and stress
management (FAA, 1991). According to the FAA “stress is...the body’s nonspecific
response to demands placed on it” (1991, p. 17). Stress in and of itself is not necessarily
negative. In fact, initial stress often heightens a person’s performance. Upon initial stress,
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the body’s senses become sharper and more honed, and adrenaline begins pumping
through the body. However, complications arise when stress exceeds a person’s capacity
to handle stress. Stress is both insidious and cumulative (FAA, 1991). Sustained stress,
even in a seemingly small amount, over a period of time can begin to overwhelm and
wear down on an individual’s ability to perform well and respond to situations
appropriately. Because stress has a tendency to compound slowly, individuals often fail
to recognize the early warning signs that they are reaching their stress capacity. Everyone
copes with and reacts to stress in different ways. Self-awareness is key to decreasing the
effects of stress and ensuring that one does not exceed one’s personal capacity for stress.
Recognizing and understanding one’s own tendencies to stress decreases the possibility
of exceeding one’s personal stress capacity and increases one’s ADM skills (FAA, 1991).
In addition to stress, risk management is key to establishing effective ADM skills
(FAA 1991). According to the FAA, “risk management is the responsibility of everyone
in aviation” (1991, p. 21). Risk involves the possibility of any negative or harmful
outcome as a result of an action or decision (Business Dictionary, 2019). In order to
increase effective risk management, many aviation professionals use the DECIDE model,
which stands for detect, estimate, choose, identify, do, and evaluate, to assist them in
accurately assessing risk and making appropriate decisions (FAA, 1991). The Decide
model uses six elements to help negate risk. First, any change in the environment must be
detected. Secondly, the decision maker must estimate the need to respond to said change.
Next, a desirable outcome must be chosen. Then, after identifying the desired end result,
the decision maker must determine the course of action in order to achieve the desired
outcome. After deciding on a course of action, the decision maker must follow through
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and put the plan into action. Lastly, the decision maker must evaluate the situation after
responding to the change. The ADM process relies heavily on a firm understanding of the
Decide model and effective risk management skills (FAA, 1991).
Training and experience are key to developing proficient decision-making
capabilities (Celemi, 2018). High fidelity simulations provide the basis for establishing
foundational decision-making skills that students can build upon for the rest of their
aviation careers. In the NASA FOCUS Lab, students are exposed to situations that
require efficient decision-making processes in order to be resolved. As a result, students
learn to address and resolve situations using their own knowledge, as well as the
resources around them. As triggers are implemented throughout the lab, students analyze
and categorize situations in the hierarchy of priority. The simulations conducted in the lab
directly correlate to improved decision-making skills among participants, contributing to
the superior development of future aviation professionals (Robert et al., 2012).
Conclusion
Many factors contribute to the structure of effective teams, and a high fidelity
simulator, such as the NASA FOCUS Lab, with appropriate management and oversight,
can help students practice these fundamental skills before going into the industry (Lester
& Craig, 2015; Toolwire, 2016). It is generally understood that anyone employed in the
aviation industry has a basic understanding of the tasks required for their position or
operation. For instance, pilots know how to fly airplanes, mechanics understand how to
work on aircraft, and air traffic controllers possess the ability to direct air traffic flow.
However, it is the “soft skills,” such as teamwork, communication, situational awareness,
and accurate decision-making capabilities that aviation professionals often lack. At first,
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these qualities can be less apparent, and deficiencies in these areas are often undetected
until a major event, such as an accident or incident, occurs. The NASA FOCUS Lab aims
to instill these often neglected, but invaluable, traits of teamwork and crew resource
management into aerospace students before they graduate and join the ranks of aviation
professionals worldwide. The lab program teaches and reinforces these “soft skills” by
simulating realistic situations that occur daily in real-life airline operations. By requiring
participants to collaborate and share information in order to solve problems and perform
routine operations, the lab emphasizes the importance of skills such as teamwork,
communication, situational awareness, and enhanced decision-making capabilities.
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CHAPTER III – THE GENESIS AND EVOLUTION OF THE LAB
Inception
The NASA FOCUS Lab was the brainchild of Dr. Paul Craig. Dr. Craig
recognized the need for simulation-based training long before the lab was ever conceived.
As a young flight instructor, Dr. Craig’s first student was an older gentleman who owned
a private airplane. After the gentleman successfully passed his checkride, he remarked
that he wanted to fly his family down to Orlando to attend one of the amusement parks in
that area. Dr. Craig recalls
I remember thinking, that’s a long flight. Way longer than I had ever trained him
[for]. That means you’ve got to fly through the Atlanta airspace, the busiest in the
world. It just hit me that, you know, we hadn’t done any of that. We hadn’t
trained [for] any of that stuff. We were just checking boxes so he could pass the
checkride. And so, I just didn’t think he was very prepared for that, even though
legally he was. I guess that is when it first hit me that we should train people
based in real-world experiences (personal communication, February 28, 2019).
Dr. Craig began to realize that the training his student had received had not adequately
prepared him to take on real-world situations. Somehow, more needed to be done to
expose students to real-world experiences, before they actually enter the workplace.
In 2003, the Garmin G1000 flight display system was introduced. Middle
Tennessee State University (MTSU) was the first flight school to buy any of these
systems. This was a big transition, as students went from piloting with only round dial
instruments, to flying with two display screens in the cockpit. Dr. Craig realized that
these systems were being introduced before any studies had been conducted on how to
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train pilots according to this new system. He also knew that any time new technology had
been introduced in the past, it was always followed by a spike in accidents, because
people didn’t know how to use the technology. Dr. Craig then wrote a proposal
requesting to study the effects of this new technology on pilots and their ability to adapt
to it in the cockpit. The intent of his project was to study pilots interacting with the new
Garmin G1000 system in order understand how to train people in the advanced system
more efficiently and effectively. The research team also introduced a new syllabus that
involved scenario-based training, a concept which Dr. Craig would later include in his
creation of the FOCUS Lab.
From these past experiences, Dr. Craig recognized the importance of scenariobased, real world training in educating students in new systems and preparing them for
real-life jobs. However, the initial idea for the lab did not come until later, when Dr.
Craig went on a FedEx tour in Memphis with a group of students. As they were
observing the airport operations and watching airplanes take off and land, the tour guide
remarked to Dr. Craig that “sometimes it takes a person like 8 or 10 years to really get the
big picture of what’s going on up here” (personal communication, February 28, 2019).
What the tour guide meant was that employees are hired with full knowledge of their
specialty and how to operate in their specific position. However, they usually failed to
understand how their specialty interacted with other departments and positions and how it
all has to work in tandem in order to operate effectively. For instance, if all the aircraft
were pushed back simultaneously, just because they were ready, all the aircraft would
end up sitting at the end of the runway, waiting their turn to take off and burning gas,
costing the airline millions in wasted fuel.
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As he listened to the tour guide, Dr. Craig thought to himself that 8 to 10 years of
on-the-job training is a long time for someone finally to understand how all components
of aviation work together to accomplish safe, efficient flight. As Dr. Craig ruminated on
the thought, he began to wonder if something more could be done to prepare students for
operations in the real world - some sort of training that would cut down on the amount of
time it takes people finally to understand the full concept of how an airline really works.
It was then that Dr. Craig began to wonder if he could take the same scenario-based
training that he had created for pilots and apply it to the whole curriculum or field of
aviation.
Dr. Craig knew that a training program, such as what he had in mind, would need
to be implemented in a coordinated atmosphere where all aspects of aviation intersect.
Flight dispatch proved to be the ideal concentration for this setting. Airline dispatch
centers function because all of the disciplines in aviation are working together and
coordinating with one another in order to keep the airline operating. Using the FOCUS
Lab to simulate a dispatch center for a virtual airline, a capstone course could be created
that all senior aerospace students from every concentration would be required to enroll in.
Dr. Craig conferred with Professor Hill, who had his own share of crew resource
management (CRM) experience from participating in various airline CRM training
programs. Together, Dr. Craig and Professor Hill combined their experiences and
backgrounds to create the idea of a capstone lab where Aerospace students from all
concentrations would participate. The lab would use high-fidelity simulations to teach
students CRM skills by operating a virtual airline. Student pilots, mechanics, dispatchers,
and more would be forced to interact and work together in order to run the virtual airline,
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breaking down communication barriers between aerospace divisions and forcing students
out of their departmental silos.
Initially, the lab was called the MTSU Center for Research on Aviation Training.
However, after receiving NASA funding, the name was changed to the NASA FOCUS
Lab to represent both the donor and the functions of the lab.
When working with pilots on his other project in the past, Dr. Craig had received
a NASA grant in order to fund his program. He decided to return to NASA to see if they
would be willing to provide the funding needed to create the lab. Ultimately, Dr. Craig
secured two grants from NASA. The first grant, received in 2009, was for $400,000, and
the second, received in 2011, was for $700,000. With over a million dollars in funding,
Dr. Craig and Professor Hill turned their attention to securing a space in which they could
establish the lab.
The Original Team
Dr. Craig and Professor Hill knew that they would need a team of people to help
design and create the lab, as well as run operations once the lab was built. Dr. Andrea
Georgiou, MTSU’s flight dispatch coordinator, first joined the lab largely as an advisor
or consultant, bringing her dispatch experience to the team in order to help design and
create the lab. Today, she is currently spearheading operations in the lab. Several
Aerospace Graduate Assistants (GAs) were also employed to help with the lab. One such
GA was Paul Carlson. Mr. Carlson quickly became a crucial component of the team and
was essential in installing most of the technology and programming in the lab. Other GAs
included Nora Cole and Jeff Tipton. There were also several volunteer students who
offered their services in the lab, including Joe Cooper, an Aerospace undergraduate
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student, and Durant Bridges, a doctoral student who specialized in maintenance and was
essential to developing the maintenance aspects of the lab. Several faculty members from
the Psychology department were also involved in the lab, specifically Dr. Rick Moffett,
Dr. Glenn Littlepage, and Dr. Michael Hein. Jennifer Hensley and Emily Sanders were
both Psychology graduate students who also worked in the lab.
The Progression of Leadership in the NASA FOCUS Lab
Originally, Dr. Paul Craig was in charge of the NASA FOCUS lab. The lab was
his brainchild, and he was responsible for procuring the NASA grants and paving the
foundation for the creation of the lab. Of course, he had assistance in designing and
building the lab, the efforts of Paul Carlson being extremely noteworthy. As a graduate
student working towards his master’s degree, Mr. Carlson joined the original FOCUS lab
team in its beginning stages of conceptualization. He proved to be an invaluable member
of the team, using his technological skills and passion for aviation to fuel his efforts. Mr.
Carlson was largely responsible for installing most of the original lab equipment, creating
the lab programs, and writing up vast excel documents to be used in the FOCUS lab
operations. Although Dr. Craig was still the overarching authority figure, Mr. Carlson
spearheaded the lab for most of the three and a half years he was involved with the lab.
After Mr. Carlson graduated, Evan Lester, another graduate student, took his place
heading up the lab. Mr. Lester’s contributions to lab were extensive, including upgrading
equipment and procedures in the lab, updating lab documents, and helping run lab
simulations for the students. Perhaps one of his most significant achievements was
completing his own honors thesis project – a manual that detailed every function and
procedure of the lab. After Evan Lester, Christopher Bearden, or Ryan as he is known,
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took over operations in the lab. Dr. Georgiou now heads up the lab, with Chelsea Jones
acting as the lead GA in the lab. They are continuing to ensure forward progress in the
lab, constantly seeking to improve and upgrade operations and procedures in the lab and
looking to the promising future of the lab.
The NASA FOCUS Lab Design
The MTSU Aerospace Department had a space which had previously been used
as an FAA testing center for aviation students. The testing center was composed of two
rooms: a larger, rectangular room with cubicles where the students were tested, and a
smaller office room attached to one end as well. However, due to complications, the
Aerospace Department discontinued their FAA testing services, leaving the room vacant.
Dr. Craig was granted permission by the Aerospace Department to turn the space into the
high-fidelity simulation lab.
A lot of thought went into the design of the lab, including the orientation of the
room. The desks were centered in the middle of the main room, with chairs arranged
around the outside of the tables. With this arrangement, students would be facing each
other while working. The monitors were set on sliding bases, so that they could be
strategically lowered, allowing students to see one another over the monitors. This setup
would be helpful in facilitating communication and encouraging teamwork and
interaction throughout the simulation. Additionally, six large television screens are
mounted on the walls around the lab, which provide the students with current weather
data and flight information crucial to the airline. The wall displays were crucial as a
central component of information sharing.
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The ramp tower was constructed within what had been the FAA testing center
office. The ramp tower controls aircraft traffic to and from the gate. The tower manages
the flow of traffic at the virtual airport, including clearing flights for pushback and
assigning aircraft to gates. Additionally, the tower is also responsible for organizing
aircraft movement and maintaining gate operations. The CRJ-200 simulator was installed
at the Murfreesboro Municipal Airport. This simulator was connected to the Ramp Tower
within the NASA FOCUS Lab on campus.
The Psychology Department
The Psychology Department was involved with the lab in its early stages of
conception. Dr. Craig reached out to Richard Moffett, who connected him to Dr. Michael
Hein and Dr. Glenn Littlepage, both professors and faculty members of the Psychology
Department at MTSU. The lab appeals to the Psychology aspect because it provides a
research platform from which to study group performance. Coupling highly involved
participants with the high-fidelity simulation that the FOCUS Lab boasts made this
appeal even more tantalizing.
The psychology members were influential in introducing after action reviews
(AARs) to the FOCUS Lab and capstone course. These reviews evaluate student
performance after each simulation and are to be completed within a certain time frame
following the lab scenario. AARs and similar surveys provide data for the Psychology
Department to analyze.
The research conducted by the Psychology Department on the NASA FOCUS
Lab has been mutually beneficial to both the Psychology and Aerospace Departments.
The FOCUS Lab has provided opportunities for research projects, theses, and two
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dissertations. Two dissertations have resulted from the lab. Studies based on research
conducted in the lab have been published in recognized Aviation and Psychology
journals. Students from both departments have had the opportunity to work in the lab as
volunteers or GAs.
As a result of the research conducted by the Psychology Department, the FOCUS
Lab leaders were able to determine how students were performing. They could decipher
the extent to which the students were learning the critical crew resource management
skills the lab seeks to embed in its participants. Student feedback also allowed them to
grasp students’ responses to the simulations. Using this information, adjustments could
be made to better fit the students’ needs and ensure that the lab was still obtaining its
original purpose of providing real-world experiences in a safe, simulated environment,
while also instilling those core essential teamwork and communication skills in its
participants.
Challenges and Obstacles
As with any major project or creation, challenges and obstacles are inherent, and
the NASA FOCUS Lab was not exempt from these challenges. Deciding on a suitable
name for the lab, the layout of the lab, and developing all the suitable programs that
would be used in each position were all obstacles that had to be hurdled in the process of
establishing the lab. Designing the lab itself and developing scenarios to integrate in the
lab proved to be tedious and time-consuming as well.
Another hurdle was deciding on the technology and programs to be used in the
lab. The FOCUS Lab is intended to simulate realistic flight center operations, thus
requiring equipment that is capable of replicating the duties and operations of a flight
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dispatcher. However, the original team was often forced to tweak or adapt some of the
systems and technology installed in the lab to better resemble flight dispatch procedures.
For instance, equipment provided by CSC, one of the vendors that supplied technology
for the lab, was originally intended for air traffic control operations, not flight dispatch.
Equipment from Talon Systems, another vendor, was intended to be used for flight
scheduling and tracking. However, after installing the technology, the FOCUS Lab team
realized that the equipment would be inadequate for the types of procedures they had in
mind. Instead, they were able to use the systems for maintenance tracking. Although not
all of the programming and technology was designed specifically with the functions of
the lab in mind, by altering and adapting the equipment and working with the vendors,
the lab was able to produce satisfactory flight operations center simulations.
One challenge the Psychology Department faced was the lack of standardization
in the FOCUS Lab. Each simulation, the experience was different. Weather was based on
real-time atmospheric conditions, resulting in different, unpredictable weather factors for
every scenario. Additionally, triggers were implemented at random, and there was no set
pattern for when the triggers might occur or what the triggers might be. Thus, with
constant, ever changing elements that differed for each lab and each group of students, it
was hard to measure and compare group performances because of the lack of
standardization.
Changes and Upgrades to Lab Equipment and Procedures
Throughout its existence, numerous changes and upgrades have been made to
both procedures and equipment in the NASA FOCUS Lab. Some of these changes have
been minute shifts and adjustments made as the lab progressed. Other alterations have
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proved to be major, noteworthy events in the history and evolution of the lab. The
flexibility of the lab allows the team to remove or upgrade any old equipment and also
abandon old procedures or implement new ones as the lab progresses. Occasionally,
changes implemented in the lab were not successful, and they would revert back to a
former process. One instance of this was the decision to reduce the number of simulations
per semester from three to two. However, after evaluating student learning and
performance, it was determined that allowing students to participate in three labs per
semester was preferable because it allowed students more time to learn from their
previous mistakes in the past two labs and provided them with another opportunity to
correct those mistakes in the third lab. However, the lab was shortened from three hour
lab scenarios to only two hours.
A few notable lab upgrades included the display and computer equipment. Seven
new, 4K, 65 inch television screens were installed in the lab. These provided better
graphics and viewing capabilities for the students. New network routers also allowed the
computers to show multiple different functions on a screen simultaneously. Several iPads
were also purchased which allowed the different positions to communicate via Skype and
provided internet searching capabilities for the students to look up information as needed
during simulations.
The pilot position in the lab has also been altered to a pseudo-pilot position.
Students acting as the pilot no longer go to the airport to fly the CRJ simulator. Instead,
they are able to operate as a pilot using a computer station with radar capabilities. This
change was implemented partly because the CRJ simulator was proving to be unreliable,
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but also because, due to the influx of students in the pilot concentration, availability in
the CRJ simulator was becoming limited.
One major change to lab procedures was the transition from a somewhat
randomized lab format to standardized simulations, allowing all teams to experience the
same scenarios with the exact same components. For instance, crew scheduling was
standardized to ensure that the same number of crewmembers and other resources were
allocated for each simulation. Maintenance functions were likewise standardized along a
similar format. Additionally, the secondary flight operations director (FOD 2) position, in
charge of weight and balance, was standardized to ensure the same number of passengers
that needed to be bumped and moved were implemented in every lab scenario.
The lab was further impacted by the standardization of weather with the
installation of the WSI Fusion program – a weather software program donated from
Southwest Airlines and IBM. With the introduction of this program, real-time weather
could now be recorded, and the same weather scenarios could be implemented for all of
the teams.
The triggers implemented into the simulations were also standardized to allow all
students to experience the same factors and situations. Previously, triggers were
implemented based on student performance in the lab. However, with the standardization
of these triggers, the lab operators could now implement the same scenarios into every
lab. This allowed the lab to transition to measured simulations, where difficulty of the
simulations could be determined based on the level of triggers implemented into each lab
scenario: 3 triggers for low difficulty, 5 for medium difficulty, and 7-8 for high difficulty
simulations. Standardizing the triggers and scenarios in the lab not only improved student
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learning, but it also allowed the psychology department to collect better data because they
could better analyze and compare data and information across the board.
On the Psychology side of the lab, after action reviews (AARs) were implemented
after each lab scenario to evaluate the student performance of that simulation. During the
AARs, students discussed the positive operations of the lab (what went right), the
negative outcomes (what went wrong), and how they could perform better both
individually and as a team in the next simulation. Due to time constraints, these AARs
are now conducted online instead of in a personal, classroom setting.
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CHAPTER IV – REFLECTION
Working on this honors thesis project of the history and evolution of the NASA
FOCUS Lab has been both challenging and invigorating. When I first began searching for
a project that would be suitable for my honors thesis, I was unsure which direction I
wanted to go. I conferred with Dr. Andrea Georgiou, who introduced me to Ryan
Bearden. We had a short, informal brainstorming session, and Mr. Bearden threw several
good ideas at me. Ultimately, I decided that a thesis project detailing the history and
development of the FOCUS Lab was the best choice for me. I have always enjoyed
reading and learning about history of any kind, and I was intrigued by the idea of creating
my own history book of sorts. I believed there were several reasons why this study would
be beneficial. First, the creation and progression of the lab should be conducted for
posterity. Second, I hope this thesis will be a guide to assist others seeking to implement
similar simulations and procedures in their academic or organizational trainings. Finally,
a thesis documenting both the history of the lab and the reason for its creation would help
others to better understand the purpose and objective of the lab. In recognizing these
needs, I found a passion to conduct this research project with the goal of compiling
information about the general evolution of the lab into one complete, coherent document.
Throughout the process of creating this thesis, I experienced personal growth and
development. This project stretched me outside my comfort zone at times, for the better. I
depended largely on interviews to gather information for my project. Several of these
interviews were conducted in person, a challenge which I found somewhat uncomfortable
and intimidating. However, I am now less fearful of such future interactions, and I have
grown more comfortable in my own skin as a result. Working on this thesis has allowed
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me to meet and connect with numerous individuals, many of whom I foresee having a
major impact on the future of aviation. Furthermore, as I conducted interviews and
analyzed data for my project, I myself gained a better understanding of the purpose for
the NASA FOCUS Lab. Through this revelation, I am now more aware of the importance
of grasping the bigger picture of aviation and the concept of how any decision I make has
the potential to impact not only myself or my small circle, but also can have ripple effects
throughout an entire airline.
As of yet, I have not had the opportunity to participate in the NASA FOCUS Lab
as part of a team of students. However, I will be enrolling in the lab and its
complimentary capstone course in the Spring 2020 semester. I am looking forward to
further developing my crew resource management skills and further grasping the
complexities of the aviation industry. I am grateful for the opportunity to have conducted
interviews with such prominent individuals that I believe have the potential to radically
impact the aviation industry. I am especially appreciative of my honors thesis advisor Dr.
Andrea Georgiou, for assisting me in first deciding on a thesis project and then agreeing
to be honors thesis advisor. She has put many hours into working with me, outlining
plans of action, deciding who to interview, setting personal deadlines, and editing,
editing, editing. This thesis project would not have been possible without her thoughtful
advice and expertise. I am further thankful for the connections I have been provided, the
knowledge I have gained, and the opportunities I have been granted while conducting
research and creating my honors thesis project on the history and evolution of the NASA
FOCUS Lab.
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CHAPTER V – CONCLUSION
This thesis has highlighted the initial steps taken to establish the lab, emphasized
the challenges and obstacles that had to be faced, and recorded the major changes made
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to lab equipment and procedures from its inception to present day operations. The NASA
FOCUS Lab was created as a training platform intended to prepare students for realworld aviation industry operations. It was intended to break down the educational silos
that aerospace students traditionally find themselves in, especially during their junior and
senior years when they are training in upper-level classes designed for their concentration
alone. In the FOCUS Lab, each discipline has the opportunity to interact with other
disciplines in an environment simulating real-world experiences. The NASA FOCUS Lab
exposes students to the importance of teamwork and communication, while running
operations for a virtual airline.
As they interact, students also gain a better understanding of the “bigger picture”
of aviation. They recognize that any decision made can have a ripple effect throughout all
departments in an airline and potentially across the aviation industry as a whole. The
FOCUS Lab allows students to grasp this concept with the intent of better preparing them
to work in the aviation industry. With such a team-minded background and an
understanding of the “big picture,” aviation employees are more likely to make smart,
calculated decisions. As a result, they will save their company time and money, create a
safer, smoother experience for passengers, and work to allow the aviation industry to
operate efficiently and effectively.
The general response towards the NASA FOCUS Lab has been very positive.
While, several challenges and obstacles have been faced in the process of creating and
running the lab, it has been a worthy undertaking. The lab has been successful in reaching
its original intentions of simulating realistic environments that provide students with
essential crew resource management skills and prepare them for real-world airline
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operations. Additionally, everyone involved with the lab has given very positive
feedback. Not only is the lab a success in reaching its goal, but the labs have been
simulated in an open, positive environment that allows for flexibility and adaptability as
the occasion requires. As a result, the lab is continuously being tweaked and adjusted to
provide the optimum experience possible for both students and lab faculty alike.

35

EPILOGUE
The NASA FOCUS Lab has made great strides in its operational and
technological advancements since its inception. However, as the aviation industry is
constantly evolving, the NASA FOCUS Lab must also continue to grow and adapt in
order to maintain operations as close to reality as possible. The aviation industry is also
experiencing a surge in Aerospace professional applicants; thus, leaders of the MTSU
Aerospace depart predict a physical expansion of the FOCUS Lab in order to manage the
influx of Aerospace students. Dr. Georgiou envisions
“A lab three times the size and expanding the simulated airline…a future
collaboration with a major airline company to sponsor the course and provide new
software for use in the lab. Additionally, I see the lab moving off campus to a location
that would allow for larger operations and an expanded (virtual) fleet.” (personal
communication, April 29, 2019).
With a more spacious lab and updated equipment there would be changes to procedures,
training, and other areas of the simulation lab. One of the wonderful aspects of the NASA
FOCUS Lab is the ability to grow and adapt as new technology is integrated into the lab,
as well as make changes for improvement based on student feedback. The MTSU
Aerospace Department is committed to doing its utmost to prepare qualified professionals
for the aviation industry. The NASA FOCUS Lab is a crucial part of this education
process, and as the future of aviation remains bright, so also does the future of the NASA
FOCUS Lab.
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Appendix A
Table 1
A Timeline of the History and Evolution of the NASA FOCUS Lab
Year


2003

Event
-

G1000 first came out. Dr. Craig
started working on a training
program for pilots, from which he
first got the idea for scenariobased training.



Fall 2009

-

Received first NASA grant for
$400,000.



2010

-

Received second NASA grant for
$700,000



Spring 2010

-

Compiled a team to begin tabletop discussion on lab design,
identified the goals for the lab and
how to accomplish them,
determined how to use the money
from the NASA grants.



Fall 2010

-

NASA FOCUS Lab and
conjunctive capstone course
officially opens to students

A-1

Table 1
A Timeline of the History and Evolution of the NASA FOCUS Lab
Year


Spring 2013

Event
-

Paul Carlson finished his Master’s
degree and graduated from MTSU.

-

Evan Lester took over a lab
manager.



2015

-

Lab operations standardized to
ensure all student experienced the
same factors and triggers, the same
scenarios and outcomes.

-

New monitors and screens
installed in the NASA FOCUS
Lab as a replacement for the
outdated equipment.



Fall 2017

-

Christopher (Ryan) Bearden began
operating as lab manager.



Fall 2019

-

Dr. Andrea Georgiou is the current
lab manager, with Chelsea Jones
acting as the head GA in the lab.
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Appendix B
Appendix B features a copy of the first NASA grant for $400,00 that Dr.

Paul Craig received in 2009.
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Figure 1. A copy of the first original NASA grant.
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