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UAS ACADEMY’S EDUCATION PROGRAM
Land.Air.Sea Robotics (LASR™) for Community Capability Enhancement
In order to increase a communities capacity in everyday life as well as respond to community needs in
crisis and consequence management, UAS Academy has developed a STE[A]M Educational Program that
leverages Land.Air.Sea Robotics as the pivot point for students to use in mastering community-focused
Science, Technology, Engineering, Arts, and Mathematics (STE[A]M) needed. The program provides an
8th grade, 10th grade, and collegiate freshmen curriculum with community-based labs designed for
student teams to immerse in while exploring topics of interest.
The steps are:








Develop a small contingent of faculty leaders are the community college level by providing
grants and support for use of the STEM C1 modules in courses where appropriate.
Complete UASA Regional Certification on LASR STEM 10 and C1 Programs.
Manage student development grants for STEM students that master LASR topics. These
students will work in the collegiate labs as paid student assistants and when appropriate deploy
with UASA Expeditionary Teams in support of educational, crisis assistance, and consequence
management.
Expand the program into local secondary schools allowing teachers in those programs to expand
their courses by engaging students in LASR topics and teaming their students with collegiate
mentors.
Provide community support for continuing education students and professionals through
certification and education courses designed to meet local employer needs.
Sustain the program by teaming with employers and manufacturers, leveraging their
contributions with grants and externally funded contracts in support of faculty and student
projects that enhance the community.

Program Objectives
The purpose of this document is to define how Land.Air.Sea Robotics (LASR)™ combined with the UAS
Academy’s STEM Collegiate 1 (STEM C1) program can be used to conduct a study on student Knowledge,
Skills, and Ability (KSAs) in STEM with a focus on autonomous systems used in collecting data for
everyday life enhancement, business operations, and social support efforts in crisis and consequence
management. This document is designed to aid school leadership at the college level and demonstrate a
unique, objective means of attracting and retaining STEM students while conducting meaningful KSA
assessment.
The program objectives are:




Provide a jump start to local community colleges and secondary schools in modernizing their
programs in autonomous systems.
Ensure that the methods of instruction align fully with the modern workforce requirements for
high school graduates and 2-year collegiate programs (including licensing requirements).
Build a foundation for educational evolution from lecture to labs with a focus on skills and
abilities gain.

UASA STEM C1 LASR Program Description 141101v1.docx

2 of 25

The primary social challenge is to attract and retain students in the STEM fields, while providing a
meaningful educational experience that allows individuals to contribute to the workforce at the point
they feel compelled to leave school. Autonomous systems are one of the fastest growing segments of
most industries, and workers are challenged to employ them in their jobs, as well as design and maintain
them. Socially they offer many benefits in agriculture, medicine, search and rescue, mapping, survey,
and environmental sciences. As land-based autonomous systems become viable, jobs and social
benefits from transportation systems re-engineering will surge in their adoption. Jobs are prevalent in
the transportation automation market, already supporting tens of thousands of jobs in the US alone.
The primary scientific challenge is to measure learning that
results from a student-mentor team in an informal setting.
This is crucial to implementing the program world-wide
where informal teaching methods often supplant the for
formal methods by the time a student is 16, primarily due to
the needs of the student’s family for the student to start
working.
Retaining a practical, legitimate learning
environment while providing functional skills early is a
requirement.
Non-lecture, knowledge testing are
comfortable territory for most educators so it’s less likely
most will stray far from the lecture as the predominant
technique. Other methods only serve the student well if the
learning (KSA gains) can be documented so further education
matriculation can take place with confidence of adequate
progress. Unfortunately, lectures only develop the “K” part
of the overall requirement for successful careers.
This breaks down into two distinct problems: (1) What component of the Knowledge, Skills, and Abilities
gained during the learning process are attributed to formal settings like lectures, and what is gained by
conducting hands-on application of the knowledge? (2) What impact does mentoring have on both the
mentors and the learners? The uncredited cartoon above was published in the images of educational
cartoons found online in SEP 2014. It depicts the conflict that exists between the formal methods that
are known to lead to solid education measured by knowledge gain, and the workforce required skills and
abilities that lead to career stability through action oriented results and sound decision making – skills
and abilities that cannot be acquired nor developed easily in lectures.
The program will anchor with a local community college in order to support the secondary schools in
their community. Some local community colleges have a long-term mission to integrate and incorporate
Unmanned Autonomous Systems (UAS) education at the college and to establish itself as a Center Of
Excellence in this field. This overall UAS educational program at Local is referred to in this document as
"LASR Program".
Program Plan – Two Years to Stable STEM C1 LASR Program
The flowchart below shows the program activities over a two year academic cycle. The program is
designed to engage first semester collegiate students therefore it is named C1 to distinguish it from
UASA’s 8th grade and 10th grade STEM programs (STEM 8 and STEM 10, respectively). Generating
metrics early and adjusting the program modules to meet local employment requirements takes place
from the outset using UASA and US Department of Labor program metrics that have been validated, but
those metrics are adjusted to ensure course content is relevant to the degrees and accreditation
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process, as well as attractive to the students as the program matures. The flowchart below depicts the
2014-15 school year starting in the fall of 2014.

Implementing this program is comparatively simple is the college has a course in place for Robotics,
Mechatronics, or Systems Engineering. In lieu of an existing course, a special topic or experimental
course (X-199) is practical. Enrollments for the course should target 5 teams of 5 students (25
enrollments) or more for each section. It’s critical that the program consider and utilize the after action
review as a required, integral activity.
eBoard™ Use and After Action Review
Multi-Media Lab Notebooks as After Action Reviews (AARs) is a major contribution of the LASR Team to
the overall STEM program at the collegiate level. Developing critical thinking requires solid data
collection and lab processes. Mentors and learners use simple phone and web apps to capture,
categorize, and assimilate complex human activities in the labs. The tool allows for web-based
engagement remotely, extending the LASR Program to those unable to attend in person.
In the After Action Review Theory Map below, PI and Blanchard espouse that mentors should facilitate
the process of self-exploration and encourage “moderate social gaming and discussion” of the results
during the After Action Review. The electronic lab capture allows for repeatable and reliable
assessment of lab KSA development in each learner, and provides an accurate history of the metrics
needed to assess labs.
The labs (offered as informal learning sessions) are administered by peer mentors (one or two cohorts
ahead) which also is a major shift in mentoring at the collegiate level. Peer mentoring is less embraced
than graduate/undergraduate mentoring, yet in some studies the learners reported that peer mentors
“understood me” and related more closely to their needs. School-based mentoring [peer] is not simply
a tutoring program, nor is it as unstructured as community-based mentoring (National Mentoring
Center-NMC, 2008). In their guide to mentoring, the NMC states “Most school-based [peer] programs
reside somewhere in between these two models.
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The process outlined in their theory map above shows how this will facilitate learning in most of the oncampus and distance learning settings. The process in the theory map also facilitates “at home” web

based exploration much like surfing a media site link YouTube™ might, but in this theory quality control
of the factual basis of the exploration is embedded in the system interface and tied to the LASR
curriculum. LASR curriculum mentoring matches are tied to the LASR module to encourage learners to
view the development of a trusting, mutually satisfying relationship as the primary goal of their time
spent together with a mentor, and build KSAs by exploring what different mentors bring to the same
module. This also expands the mentors learning, and favorably increases the learners’ time on task.
However, because of the campus setting and the inherent connection to academics and the school itself,
these matches are more structured than those typically found in purely community- based models.
Restricted to the campus setting, matches are encouraged to engage in some structured activities, often
around classroom- or homework-related topics.” (National Mentoring Center, 2008).
Why Revisit Constructivism as an Education Methodology?
Worldwide, youth are more interested in hands on learning that ever before. Employers and
community capability enhancement demand that graduates (both high school and college) need more
preparation in applying their knowledge to a practical need. Further, curriculum needs a re-design.
More specialization at the high school level will prepare graduates better for further education or
workforce requirements. In countries around the world, programs that involve secondary students in
educational immersive, team labs in the community report significantly higher performing graduates.
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Students that self-select into a career field and then engage in hands-on learning are significantly more
motivated to succeed than those that simply matriculate a course of instruction. Constructivist teaching
methodology was popular in the 1980’s and 1990’s. The big barrier to constructivist education in those
decades was two-fold. A lack of acceptance at the collegiate level in the US of the “self-selected”
courses outside the traditional curriculum, and the inability to make accurate assessment of the learning
gains of the student. Constructivism deserves to be revisited for the following three reasons:


The Internet affords one immediate access to information via portable devices, which did not
exist in the 80’s and 90’s. Now “intelligent” applications on smart phones, tablets, and other
portable devices facilitate short term problem solving necessary for constructivist learning
modules to be completed in a timely manner. Thus learners retain motivation to work the larger
problem.



Unlike prior constructivist learning systems of decades ago, UASAs implementation of
constructivist learning focuses on implementing CIIT with Gemini Teams in order to leverage the
social media and teaming nature of today’s learner.



Unlike past implementations of constructivist learning systems, UASA has a unique way to
document and capture the evidence of Skills and Ability gains. All lessons and laboratory
activities use modules and equipment are designed to be video recorded by mentors and
students themselves, working in teams and using electronic lab notebooks/tablets called
eBoard™, running a mature commercial software application. The software permits tagging key
learning events using TalkMarker™ (a verbal marking/hyper linking feature), GPS information,
and observations that are guided by the eBoard™ display to reduce observational bias.



Conducting a structured After Action Review (AAR) is paramount to increasing learning and KSA
gains. In studies by the multiple federal agencies (Department of Defense; Federal Highway
Administration; Department of the Navy; National Oceanographic and Atmospheric
Administration) the gains ranged from 40% to 70% increase in (Blanchard & Bagdonis, Initial
Investigation Conducted under US Navy Contract N00244-99-P-3855, 1998) Post analysis of the
recorded data is used by the student teams and faculty to assess the effect of specific course
instruction and activities on Skills and Ability learning. Data can be accessed in a non-linear way
using a commercial software application (webAAR™).

LASR, CIIT, and the Literature
Certainly no effort in constructivism would be complete without references to Bloom, Dewey, Gagne,
Piaget, Vygotsky and others who defined the term through their creative educational pedagogies. For
brevities sake this review is limited to application of the principles that impact how the learning
environment learner assessment. Motivational aspects are also addressed to the extent they impact the
methodology of the research.
The Land, Air, Sea Robotics (LASR)™ Program from UAS Academy was selected on the basis that it is
provided a validated 10th grade level common core curriculum, called STEM 10, which was sufficiently
developed including lab kits and procedures that cross-cut the STEM learning body of knowledge. The
topics were aligned with Local’s long-term mission to integrate and incorporate Unmanned Autonomous
Systems (UAS) education at the College and to establish itself as a Center Of Excellence in this field.
Designed to be very attractive to future students, the college’s summer 2014 LASR Academy served as a
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mini-validation experiment for the college to further understand how to attract and retain students in
STEM fields while meeting the strategic needs of the college to ensure graduates are being educated
and trained in support of the local community needs.

An expanded literature review was incorporated into the LASR Academy experiment of summer 2014
report showing how the JESK Theory Map (Blanchard e. a., 1998) as shown in Figure 1and LASR as a
body of knowledge impacted the mentors KSA performance. JESK is a related work that helps define the
acts of humans when assessing their cognitive performance.
While JESK itself is not well known, it serves as a basis for the theory map developed by this grant
proposal team, and provides a simple and useful hybrid classification of the stages of education and
work life KSA development. More importantly it identifies, with easy to apply categories, the observable
actions that define each stratification of the classifications of the map. This allows the classifications to
be used reliably in the assessment process with little data invalidity due to misclassification.
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Employers are the mechanism that bridges the gap from Skill to Experience. This is costly. Employers
who team with educational institutions report measureable savings and increased customer satisfaction.
The key is to get the employer-required Knowledge and Skills to align with the academic requirements.
The issue under study in this theory map is how much improvement can be achieved if lifestyle learning
supplanted or replaced workplace activity as the primary method for advancing learners from the lowerlevel Knowledge and Skill phases to the more advanced Experience and Judgment phases. This is a
critical shift in thinking for both workplace development and education.
As the literature shows, workers are in a never-ending process of adapting learning environments to
meet the needs and expectations of incoming learners while the moving target of workforce KSA
expectation drives the program design that takes years to mature. This grant application team believes
that building on the successes and failures of others is the best approach, deeply resisting the idea to reinvent the wheel. CIIT is prima fascia of a simple concept: Use cool stuff that works right out of the
box to explore how and why it works, gaining a meaningful understanding over time, and applying that
understanding to improve our world. In the CIIT model the learner uses process and people skills
informally to gain that understanding. This program focuses on the learning assessment part of the
process.
Derived from the constructivist theory of knowledge acquisition, constructivist learning theorists believe
that motivation and ability to learn are greatly enhanced by immersive learning environments wherein
the objective of the immersion is to make relevant the knowledge gained through exploration and
immersion (Blanchard & Connolly, Impact of Simulation Lab Informal Learning, Airway Science Value
Added, 1987) Teams also work in immersive settings and when encouraged outside of formal settings
often appear to be a key source of knowledge for team members. Wertsch and Blanchard both claim
that learning is affected by the social setting of our youth. Key factors are social interaction, financial
resources, and adult influence on informal (outside of school) use of time (Wertsch, 1997) (Blanchard &
Connolly, Impact of Simulation Lab Informal Learning, Airway Science Value Added, 1987). Immersion
and teaming are tools for motivating/gaining a learners attention, and when coupled with hands-on
learning, led to a significant ability to master pilot training and further, increased retention by more than
222% over traditional learners, leading to a graduation rate more than double that of the traditional
secondary education learner (Blanchard & Connolly, Impact of Simulation Lab Informal Learning, Airway
Science Value Added, 1987). Informal learning and its importance is described later in this section.
Blanchard (1987) hypothesized in a study of airmen
in training that a key difference in performance
aircraft flight and maintenance tests was due in part
to social settings during secondary education. The
setting categories were Traditional Lecture with No
Team Sports or Clubs; Traditional Lecture with Team
Sports/Clubs; Vocational-Technical High School. Substrata were socio-economic based on discretionary
income. The students from low and middle class that
attended vocational-technical schools had the most
tightly grouped performance scores and also scored
higher, albeit not significantly (Blanchard & Connolly,
Impact of Simulation Lab Informal Learning, Airway
Science Value Added, 1987).
Blanchard later
suggested that further study on the impact of clubs
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based on academic fields outside math and journalism might have their place in improving learning, and
aid in leveraging after school program investment which traditionally went to less academically
beneficial endeavors. Research on this included sports team coaches as mentors – requiring
engagement beyond that of the coaching norms of the 1980’s, and including immersive involvement in
the form of player-coach in most cases, and player self critiques guided by video replay marks by others
on the team and observing the interaction. This formed the basis of how the UASA LASR Program was
designed, with mentors engaged as learners too, thereby increasing mentor KSA and leveraging the
process of engagement to improve all as learners at different levels.
In a continuation of the 1987 study of learners conducted by Blanchard and Connolly on the impact of
systems operation automation in air traffic control and aircraft maintenance for multiple agencies
(including Florida High Tech Industry Council stemming from National Science Foundation support)
where the independent variable was between knowledge gained in post-secondary schools that use
traditional teaching and testing lecture formats versus those that use focused immersive methods of
instruction with progressive testing methods, a key finding was the lack of immersion manifests as “a
lack of ability to apply knowledge” where learners from underserved communities (using collegiate
admission data for demographic grouping) that had attended non-traditional secondary schools tended
to approach learning as “team problem solving” in order to gain employment (Bagdonis & Blanchard,
1989). It’s important to note that the correlation between underserved communities and nontraditional learning schools is high, meaning that as a society we have either adapted education to meet
the learners’ needs, or we have forgone standardization of educational methods in order to facilitate
the need to allow non-traditional learner completion of educational goals of the United States (Bagdonis
& Blanchard, 1989). In summary of the team effectiveness, in most schools “cooperate to graduate”
was the norm and accepted assessment approach was that the deficient learner on a good team would
be given a passing grade on the basis of a team assessment alone.
In support of the findings of the 1987 study regarding the team approach, Wertsch claims that without
the social interaction with other more knowledgeable people, it is unlikely that proper and productive
use of knowledge will manifest. Young children develop their thinking abilities by interacting with other
children, adults and the physical world (Wertsch, 1997). From the social constructivist viewpoint, it is
thus important to take into account the background and culture of the learner throughout the learning
process, as this background also helps to shape the knowledge and truth that the learner creates,
discovers and attains in the learning process (Wertsch, 1997). Translating that learning to the workforce
comes primarily from modeling behavior after those of others (Blanchard & Connolly, Impact of
Simulation Lab Informal Learning, Airway Science Value Added, 1987) (Wertsch, 1997).
In an experiment of team learning, Blanchard hypothesized that multi-disciplinary teams would outperform single discipline teams in solving complex problems due to the background and experience
differences acting as motivation to participate (Blanchard J. W., 1996). Learners with different skills and
backgrounds should collaborate in tasks and discussions to arrive at a shared understanding of the truth
in a specific field (Duffy & Jonassen, 1992). Duffy and Jonassen do not explain how a team of learners
will control bias, a major argument for not allowing student teams to self-assess, but in a constructivist
setting the team needs to be unencumbered, and not influenced by outside “educational demotivators”
so it holds true that in the 21st century finding a way to mentor learners using social media techniques is
an obvious change educators will need to address and use to their advantage (Blanchard J. W., 1996).
From the standpoint of educational change validation and verification, LASR curriculum uses the
scientific method made possible by the tools of the 21st century “apps” commonly found on each
learner’s cell phone. Scientists typically are careful in recording their data, a requirement promoted by
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Ludwik Fleck (1896–1961) and others. Though not typically required, they might be requested to supply
this data to other scientists who wish to replicate their original results (or parts of their original results),
extending to the sharing of any experimental samples that may be difficult to obtain. This data also
allows learners to produce meaningful after action reviews furthering the application of knowledge by
the learner.
Most social constructivist models, such as that proposed by (Duffy & Jonassen, 1992), also stress the
need for collaboration among learners, in direct contradiction to traditional competitive approaches.
Vygotsky put forth a notion that has significant implications for peer collaboration is that of the “zone of
proximal development” suggesting that the team is the core, and little else matters. This will impact
how the future of team mentors is defined. Vygotsky defined the zone as the distance between the
actual developmental level as determined by independent problem-solving and the level of potential
development as determined through problem-solving under adult guidance or in collaboration with
more capable peers [mentors in the case of LASR curriculum]. Vygotsky differs from the fixed biological
nature of Piaget's stages of development.
Through a process of 'scaffolding' a learner can be extended beyond the limitations of physical
maturation to the extent that the development process lags behind the learning process (Vygotsky,
1978). Blanchard (1996) also indicates that the development of skill and abilities (both cognitive and
physical) lags behind the acquisition of knowledge, and that in applied skill and ability studies conducted
by Blanchard from 1987 to 2014 the correlation between knowledge and academic gain scores
repeatedly shows that learners are not prepared to apply the knowledge in practice upon graduation
(Blanchard, Cohen, & Sivo, 2014)
Learner’s motivation is greatly increased with the opportunity to focus on a concept of their choosing
(Blanchard J. W., 1996). When a learner is truly motivated the learner will use resources far beyond the
classroom to explore the topic, and often will gain knowledge, skill, and ability through social time
exploration of the topic. This is the essence of informal learning, although in the late 1990’s the term
non-formal learning emerged as a new category of learning. For the purposes of the LASR curriculum
the term non-formal and informal are synonymous. Furthermore, it is argued that the responsibility of
learning should reside increasingly with the learner (Von Glaserfeld, 1989), so it becomes less important
to distinguish the categories other than to say that “Formal Learning” implies a traditional school setting
as lecture and listen format, and all other categories are seen as containing the best solution (a hybrid)
given the sociology of the learners emerging in the 21st century.
Ties to informal learning exist mostly in the notion that learning outside of formal educational settings
plays as much a role in our ability to learn and applied learning results to societal gain in exchange for
something of value (most often compensation, but often a sense of well-being). Looking closely at the
role of informal learning result, literature indicates that social constructivist learning settings (such as
hobby clubs, group activities organized for recreation, etc.) emphasize the importance of the learner
being actively involved in the learning process (as would a player being coached), but unlike previous
educational viewpoints where the responsibility rested with the instructor to teach, studies show that
the learner who played a passive, receptive role did not achieve anywhere near the gains of the learners
who had interacted voluntarily and actively even in informal settings (Von Glaserfeld, 1989). Von
Glasersfeld further emphasized that learners construct their own understanding and that they do not
simply mirror and reflect what they read. Blanchard, Wertsch, and most other modern-era
constructivists agree. Learners look for meaning and will try to find regularity and order (Blanchard
implies is goes further towards lifestyle benefit such as employment) in the events of the world even in
the absence of full or complete information (Von Glaserfeld, 1989).
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In terms of contribution to learning and education, there is a gap in the community when it comes to
measuring “cognitive abilities” of learners. The literature review clearly shows that many others have
tried to work this gap, some with limited success and there is nothing in the LASR Program that would
indicate LASR is the magic bullet to close the gap, but some prior efforts using the same off the shelf
technology that LASR uses (eBoard™) shows promise, and given there are no studies discovered so far
that have focused on the mentor’s use of the social media tools it seems practical to combine the LASR
Program’s objectives with need to fill in how “informal learning” is measured. The LASR team has
identified that the combination of mentoring with informal learning labs may in fact be the correct
formula.
There are many prior studies regarding mentors that for the most part find mentors as surrogate
teachers. In some of the studies the mentors were part of a formally engaged peer group, and in other
cases informally selected by the learner as a means of filling a gap in learning guidance from the formal
teacher. Further, as is the case with Wertsch (1997) as previously cited, the role of informal social
mentoring cannot be under-estimated in defining the motivation and opportunity for learning within a
social structure (Blanchard & Connolly, 1987). While the most effective mentoring programs do use
mentors for “filling a gap” their motivation to use mentors is far more important, being the need to
continue the education of those that might otherwise fall by the wayside when frustrated by an inability
to grasp the material within the timeline of a tradition course instruction. Math labs at hundreds of
colleges report increased retention and improved academic achievement directly attributed to the
mentoring labs.
The state of the art of mentoring is that the age gap is at least one generation. LASR Program is
specifically designed to close that gap to 5 years or less in order to reduce the learning barriers of age
differential and non-applicable past experiences, both of which greatly impeded the mentor studies of
the past. The state of the art in assessing learners is still to measure knowledge gain. In a few of the
studies within the literature review there are some credible skill-bases assessment techniques, but in
those cases the assessment was performed by an educator with significant hands on involvement in the
learners progression and in the assessment itself. This is not practical due to time and workload
implications of the one to many requirement of education. Furthermore it introduces significant biases,
the most critical being the engagement bias wherein those on the inside develop the ability/willingness
to make an assessment using factors other than those that are relevant to the assessment criteria – the
so called “good ole’ boy club” or “teacher’s pet” bias. Using the eBoard™ system bias is controlled, and
in most cases tracked for statistical purposes. This is the state of the art. The ability to drive down the
assessment task to a less expert assessor is paramount to program effectiveness. It’s critical to ensure
the mentors possess the ability to make unbiased, accurate assessments. When using this tool this
grant proposal team also found that the mentors’ KSAs increased significantly beyond their starting
assessment levels while also increasing their ability to communicate orally in after action reviews. It
should be noted that one of the most critical negative aspects of the workforce assessments in STEM
fields, and echoed as a weakness of STEM graduates in the literature, it their ability to communicate
effectively.
In his article about preparing learners for the working world, (Hills, 2001) states that “Team based
learning in education can also be important for developing skills and abilities that are useful for
businesses, organizations, careers, and industries where many projects and tasks are performed by
teams.” According to Michaelsen, et al, Team Based Learning (TBL) has been suggested to help students
who seem uninterested in subject material, do not do their homework, and have difficulty
understanding material (Michaelson, 2002). Self directed work teams are the most effective (Blanchard

UASA STEM C1 LASR Program Description 141101v1.docx

11 of 25

J. W., 1996). Team based learning can transform traditional content with application and problem
solving skills, while developing interpersonal skills (Michaelson, 2002).
Learning how to learn, work, interact, and collaborate in a team is essential for success in this kind of an
environment (Hills, 2001). There is little solid literature on how team learning affects a learner’s ability
to retain or recall knowledge. Measuring knowledge gain is comparatively simple, but attributing the
gains to specific actions is difficult, but not impossible. In at least one study conducted by the
Washington University School of Medicine, Rime (unpublished) claims that individuals who learned
through an active team based learning curriculum had greater long-term knowledge retention compared
to a traditional passive lecture curriculum. In his 1987-1989 study Blanchard felt that the impact of
team learning was more of a motivator than a factor in memory-retention abilities, attributing those
increases to the immersive setting of the study (implying that that the main benefit of “hands on”
immersion is more important than teaming) (Blanchard & Connolly, 1987).
In summarizing a recent Gallup Poll of more than 30,000 college graduates, Busteed identified six critical
elements of the college experience that strongly linked to long-term success in work and life after
graduation. Three of these elements relate to experiential and deep learning: having an internship or
job where students were able to apply what they were learning in the classroom, being actively involved
in extracurricular activities and organizations, and working on projects that took a semester or more to
complete (Busteed, 2014).
Intellectual Merit
While limited mentor studies have been conducted before, yielding uncertain results, the LASR program
has combined the informal “maker space movement” labs with the future employment KSA inventory
related to the massive growth prediction of Land, Air Sea Robotics (LASR) as the main body of
knowledge that learners will be attracted to in a STEM-related program. Simply put, the learners see a
cool topic in an immersive setting – and through mentoring create tangible products using KSA they
gained in the program. This makes the connection to “why learn these things” early and often,
increasing their chances of completing their education and gaining meaningful employment.
It’s critical that all educational institutions market themselves as being able to guide a student through
the process and towards self-fulfilling employment. The attraction is the LASR body of knowledge and
the immersive hands-on program structure, the guidance is delivered through mentors.
Practical examples of the LASR program as an attraction include cases of design wherein a community
college with a Mechatronics program is evolving the program to include medical electronics and patient
care systems, including a simplified blood dialysis system for use in underserved communities
(worldwide). Imagine the impact of being able to go to a local clinic where a patient can – with only one
technical assistant – receive dialysis treatments. Lofty goals for sure, but this drives the learners to
explore the future as it should be, and brings a host of underserved learners closer to seeing why a
STEM-based education is meaningful. That motivates learners to engage, and engagement is learning.
The notion that learning can be measured in these types of academic programs is not trivial.
Academically valid metrics are thought to be required by both the learner and the institution. Changing
the methods of assessment is not the objective of this program. The exploration towards assessment in
the LASR 2015 Program is based on “adding” quantifiable metrics to the existing processes by
capitalizing on the use of engaging social media tools that learner already embrace, and to use the
required “guidance” (mentors) to increase the veracity of the metrics derived, with a by-product of
increased mentor learning in the process.
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Only once in a few generations does a wide-spread educational opportunity come along that can truly
change the approach to learning while not risking a learner’s education as part of an educational
experiment. The personal computer (1980) that facilitates beyond the mind computational problem
solving in a short period of time – retaining motivation to work the problem; The open internet (1995)
that allows collaboration between different locations and access to information before not accessible to
learners – facilitating wide-spread different location teamwork and fact-finding in a short period of time
– retaining motivation to work the problem; now “intelligent” applications on cell phones (2010) that
facilitate problem solving in a short period of time – retaining motivation to work the problem. The key
theme here for education is that timeliness in accessing information, team communication, and rapid
problem solving MAY correlate to motivation to persist in the process of learning. Frequent incremental
results (good or bad) can be very motivating to all involved in the learning process. Many educators
have pointed out the “instant gratification” mindset of today’s youth. True or not, long-tailed problems
that take time to resolve often are put aside as a byproduct of a need to produce, driven in part by the
instant gratification mindset so prevalent in daily life. This holds true in work life and education alike.
LASR can be fun, educational, and meaningful since the labs result in a practical increase in capability of
the system in each 40 minute cycle. CIIT is a much more attractive learning environment for many
students, and in particular those that are from underserved communities. The key to the research is to
put it into action while retaining practical, valid, and verifiable metrics required to support academic
integrity.
Broader Impacts
Continuing the research into Constructive, Informal, Immersive Teams (CIIT) learning, the research of
this grant proposal will add significantly to the literature on how peer-age matched mentors can be
effective in secondary and collegiate settings and how the use of emerging workforce technologies can
be used as effective motivators to attract and retain students who might otherwise shun the STEM
disciplines in favor of more rudimentary workforce skills when they are appropriately placed and
capable of a STEM education. As automation increases at the lowest levels of the workforce in order to
remove humans and their errors from the boring, dangerous positions the need for a workforce that is
smart about how the human and machine interface productively will be a sought-after employee. The
ability to maintain and operate these systems in all facets of life safely and with appropriately scaled
training should be a driving force in community colleges, and to a certain extent secondary education.
It’s a long-term goal of the LASR Program to ensure that as participants “peel off” the program to join
the workforce at various levels of education they find themselves ready and able to be productive
In the long run, learning achievement metrics could become a by-product of process. For instance, in
pilot training, the physics of the landing combined with the computer-generated assessment of pilot
team effectiveness (social skills) and aeronautical decision making (mentored), it might be the result
alone that determines the academic ranking. A similar system exists today in military flight training
programs and more than 60 airlines world-wide. It was put in place to ensure the accuracy and
completeness of pilot training, but as the tools became viable on social media and internet-based
learning systems pilots began to engage in the “off-time” (informal learning), and in 1998 the US Navy
conducted a policy-level study to reverse the decades old notion that learning informally is not
authorized as it introduces questionable KSAs.
In a longitudinal look at the impact of the LASR Program, there are three primary changes that can be
expected in society that could be attributed to the effort: (1) The rate of increase in autonomous
systems in our world is increasing at an increasing rate, therefore jobs will be filled with either “subsystem specialists” or “technicians” coming from traditional fields such as computer science and then retrained for specific systems at the cost of the manufacturer or employer; (2) Job classifications for
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people in dynamic systems operations such as LASIK or Food Processing will continue to move from
hands on procedural skills towards jobs requiring multiple disciplines and systems thinking; (3) The KSA
level of entry employee will be higher yet the education level will be lower, since most of the modern
autonomous systems are designed to work in economies that can “leap-frog” over the hands on
Mechatronics approach to systems operation.
Some of the more obvious examples of rapid change are occurring in agriculture. For the past 4
decades, the encroachment of corporate farming has pressured the small operators (5000 acres or less)
to either sell out or crop-share with the conglomerates operated by large public companies. In
operations, the impact of personal computing and more importantly access to “embedded experts” in
the form of software applications and internet-based services/consultants has leveled the playing field
so that the same science can be applied. Where the difference exists and the LASR Program will have a
large impact is the notion that now a farmer can chose to let the combine harvest 24/7 since it already
can navigate on its own and with some autonomous controls added it can operate as a robotic system
manipulating controls for each function drive by data-rich sensors such as soil analysis and crop yield
cameras.
It’s almost inconceivable that the farmer will return to school for a terminal degree in robotics, but it’s
already the case that they will take a community college course on how to operate the autonomous
combine. The manufactures are savvy to this so they have created relationships with community-based
schools to offer the training, and have employed staff to design and build the next generation combine.
One of the design requirements is to ensure that it can be configured by the farmer of today - thereby
leapfrogging the academic notion that “it’s too complicated” for a farmer to use so it won’t sell. John
Deere’s internal product report indicates the market for this technology to be in excess of 55,000 units
per year in 2020 and the workforce impact to be more than 1300 new jobs related to field support of
the robotics technician activities (Blanchard J. W., 2012)
Another case of the educational impact of the LASR program relates to the long-term importance of the
mentoring component.
In most educational setting worldwide, the academic process is
compartmentalized into defined “grades” or “levels” with period-based steps to the next level, most
aligning with periods of a half year or similar. Throughout the process in elementary education and
most secondary education there is little alignment of multi-period learning experiences – yet the entire
process is closely aligned to formal learning objectives. The LASR Program has shown promise in being
able to support immersive labs that are continuations of prior labs over long periods of time. One case
is the use of the program to explore humanitarian use of “drones” to meet immediate societal needs in
both disaster and normal conditions of the locality (meaning the systems have economic and social
value all the time and not just a “rescue aids” in times of need). Since schools are points of refuge, the
resources of the school are readily available to support community needs.
Further, LASR Program modules are designed to build on each other such that learners will extend the
capabilities of the lab systems continuously, enhancing their own KSAs in the tasks related to
Maintenance, Operations, Safety, and Training of the drones. A simple example would be the systems
that are in use in a local high school support the STEM 10 modules are used to build a aerial copter that
surveys the football field and takes pictures of the field condition so that watering can be efficiently
conducted. Completing the autonomous copter build as a semester project and analyzing the image
data requires significant KSA demonstration in multiple disciplines. In 11th grade the rising 10th graders
then may be asked to design and build business application for internet-based assessment of the images
autonomously (Software as a Service). In 12th grade they may then extend the project to incorporate a
ground rover that can receive the SaaS results and move watering equipment into position
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autonomously. For the learner we have engaged them in a real world problem, provided a motivating
business case for work that these KSAs facilitate, and painted a picture of meaningful learning. We also
have implied that the future of employment as a stadium grounds keeper is not a high school graduate
pulling hoses around on a field, but that of a systems manager who uses technology and science to
manage the field with an eye on conservation of natural resources, or perhaps one of those students will
start up a company to implement the “systems” while employing field support staff locally. Either way,
the early challenge is to define and measure the KSA progression academically. The longitudinal
challenge is to show in results an increase in the education of the workforce in fields of study that
matter to society.
Collecting KSA Metrics from the CIIT Learning Environment
HPAtoolbox software products are designed to capture, play back, quantify, and categorize human
performance. The tools are useful in any situation where humans are performing complex tasks. The
key to the robustness of the tools is the use of audio and video data. Traditional observational
techniques also use these media, but the coding is very time consuming and prone to observational
biases. HPAtoolbox’s commercial products are based on the science of human performance assessment
and are built to support casual and disciplined observational studies. Most importantly, the science of
human performance improvement relies heavily on the after action review (AAR), a key capability of the
HPAtoolbox suite. The importance of using KSA categories is tied to the need to remediate performance
using different methods based on the category. Using eBoard in Skill and Ability performance
observation yields data.
Understanding the KSA Metrics
The most important factor is quantifying human performance is that the metrics are repeatable and
reliable. To that end, HPAtoolbox generates the metrics without significant human involvement in the
assessment. At the outset of the system development in the late 1980’s the metrics were: Judgment;
Experience; Skill; Knowledge. In the mid-1990’s HPAtoolbox scientists (then with the FAA) worked to
evolve the system for Airmen other than pilots and in doing so participated in the refinement of the US
Government’s KSA Metrics.
The below definitions are defined by the U.S. Office of Personnel Management defining the Knowledge,
Skills, and Abilities (KSAs) as the attributes required to perform a job and are generally demonstrated
through qualifying service, education, or training:




Knowledge - Is a body of information applied directly to the performance of a function.
Skill - Is an observable competence to perform a learned psychomotor act.
Ability - Is competence to perform an observable behavior or a behavior that results in an
observable product.

Blanchard and Sivo (2014) revised this to more appropriately scaled definitions useful in educational
settings:
 Knowledge – Body of Information
 Skill - Psychomotor Act
 Ability – Meaningful, Observable Application of Knowledge and Skill towards an Observable
Result
Knowledge Metrics
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Gain scores from traditional testing result in a learning curve that can be arranged to define individual,
peer group, course grouped, and standard based assessments.
PostTest - PreTest
Skill Metrics
Error ratios from eBoard Markers that are the result of the formula:
Acceptable Performance / Attempted Performance
Ability Metrics
Saturation ratios from AARs Facilitated that are the result of the formula:
Acceptable AAR Discussion Marker / Marker
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EXPERIMENTAL METHODS AND HYPOTHESES FOR EDUCATIONAL RESEARCH
Data Analysis
For the proposed study, the variables are:
Independent variables:
 Subject Matter – Land, Air, Sea Robotics (LASR)
 Method of Instruction – Constructivist Informal Immersive Teams (CIIT)
Dependent variables:
 Learner Attraction
 Learner Retention
 Learner Academic Gain Scores in Knowledge, Skills, Abilities
 Longitudinal Assessment of Employment
Null and Research Hypotheses
Null Hypothesis:
H0: Neither the subject matter nor the method of instruction will have a significant effect on
STEM learner attraction, retention, academic gain, or employment.
Research Hypothesis:
H1: The LASR Program increases learner attraction to STEM related courses.
H2: The LASR Program increases learner retention in STEM related courses.
H3: The LASR Program increases learner gain scores in KSA metrics in STEM related courses.
H4: The LASR Program increases learner employment in STEM related positions at the 1, 3, and
5 year post-course milestones for the first cohort course (MFG-254 at Local Community College).
H5: The CIIT Method of Instruction increases learner attraction to STEM related courses.
H6: The CIIT Method of Instruction increases learner retention in STEM related courses.
H7: The CIIT Method of Instruction increases learner gain scores in KSA metrics in STEM related
courses.
Longitudinal Research Hypothesis (post current proposal grant period):
H8: The CIIT Method of Instruction increases learner employment in STEM related positions at
the 1, 3, and 5 year post-course milestones for the first cohort course (MFG-254 at Local
Community College).
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The dependent variable metrics are:
Knowledge Gain
This metric will be developed primarily from existing knowledge testing methods at LOCAL
COMMUNITY COLLEGE.
Skill Gain
eBoard metrics will be used to derive lab scores. These metrics can be easily defined by the
faculty using TemplateManager™ and reported using simple SQL database queries that can be
integrated into the existing academic assessment processes at LOCAL COMMUNITY COLLEGE.
Abilities Gain
Informal learning and cognition assessments derived from the use of eBoard tools and the
assessments of the After Action Reviews. Essentially, scoring the AAR. This completes the
learning model loop.

Data plots displaying the impact of LASR on learning at the individual level shall be presented as:
Learning Curves
Learning curves enhanced with box and whisker plots, including "Gold Standard" and norms.
Accommodation Curves
A hybrid learning curve that shows the adoption rate data in the form of a learning curve.
Decay Curves
KSA decay or retention is a key factor in the overall assessment of constructivist and Gemini
approaches to learning. Most of the data collected is derived from the eBoard use database,
and the informal learning assessment of the impact of the labs on the Knowledge component of
the KSAs. Literature indicates that the stronger the Knowledge retention, the more motivated
and able the student will be in the long term actions (Skill and Ability at work). The decay curve
is a unique component of educational assessment that is not typically used due to the need to
collect and assess data longitudinally, yet in the case of LOCAL COMMUNITY COLLEGE and the
UAS Academy program it will be possible given the rapid iteration of growth of robotic capability
(the life cycle is 6 months in current control systems) and their use in educational settings which
provide LOCAL COMMUNITY COLLEGE the ability to identify and track the LOCAL COMMUNITY
COLLEGE students as they move to industry, having established a baseline for each student
while matriculating at LOCAL COMMUNITY COLLEGE.
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Data Flow and Management Process Within Educational Activities
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PLAN OF WORK FOR IMPLEMENTING AND SUSTAINING THE UASA STEM LASR
PROGRAM IN COMMUNITY COLLEGES
The following timetable is laid out in academic trimesters so that quarter and semester programs, as
well as year round programs can align with the three periods of the calendar year easily. Using summer
semesters to cover the third trimester the plan is designed to start in the fall of each academic year. For
program initiation at other times (JAN and MAY) it is possible to use camps, experimental courses, and
professional/continuing education programs. Contact UASA for information on how to start now.
UAS Academy Regional Certification is required prior to initiating the program as outlined.
Pre-Launch Collegiate Integration with Existing Courses (one or two semesters)
1. UAS Academy STEM C1 LASR Module Development and Preliminary LASR Course Development
STEM research interns shall begin creating and testing learning modules for the college level LASR STEM
C1 course/program – basing the development on the extension of the UASA STEM 10 LASR modules..
The approach to creating a course is based on the development of modules that will comprise the
classroom and lab activities. The module development activity functions as informal education and is
offered to students in the STEM Club, overseen by local community college staff in systems engineering,
computer science, manufacturing technologies, CAD/CAM, mechatronics, robotics, transportation, and
makerspace facilities. Use of eBoard™ will enhance the program development and provide additional
data for the college’s proposal teams to use in preparing for grant and externally funded program
support.
The early effort is to identify learning objectives in existing courses that can be enhanced by providing
students an opportunity to participate in immersive lab activity on a team that is mentored by the LASR
student assistants. Strong alignment with the accreditation requirements is facilitated by the design and
methods pioneered by UASA. The methodology supports technical KSA attainment, and technical
communication KSA development – often a weakness in STEM students. Each module to be developed
will meet the following six (6) ABET student learning outcomes criteria for accrediting applied science
programs. After successfully completing the lab, students should be able to:


Apply knowledge of mathematics, science, and applied sciences. (ABET Applied Science Criteria
3.B.a). LASR Learning Modules: Gravity and Mass, Thrust, Buoyancy, Lift, Drag, Visible
Electromagnetic Spectrum.



Communicate effectively. (ABET Applied Science Criteria 3.B.f). At the end of each learning
module, a team debriefing is conducted. e-Board and software will be used to record and assess
students' effective communication during module activities and also be used to record and
assess communication during debriefing.



Function on teams. (ABET Applied Science Criteria 3.B.d). Course makes use of the
constructivist learning pedagogy with Gemini Teams. LASR Learning Modules: UAS operations,
HITL Human in the loop



Use the techniques, skills, and modern applied science tools necessary for professional
practice (ABET Applied Science Criteria 3.B.i). LASR Learning Modules: UAS Telepresence,
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Systems Engineering, Adapting APM to LASR, UAS control stations


Conduct experiments, as well as to analyze and interpret data (ABET Applied Science Criteria
3.B.b). LASR Learning Modules: UAS Power, Mapping: Think 3D, UAS Sensors, PID Loop



Demonstrate an Understanding of professional and ethical responsibility (ABET Applied
Science Criteria 3.B.e). LASR Learning Modules: UAS Quality Control

The matrix that follows provides a framework for establishing and tracking student progress through the
modules as they comply with, and achieve the ABET objectives identified as critical to the programs
acceptance in STEM curricula at the collegiate level. Part of the faculty involvement at this early stage is
the completion of criteria for academic performance in each cell.

2. Gemini Mentor Training – LASR Lab Hours Begin in Support of LASR Labs for Existing Courses
10 mentors will train to administer modules developed to 25 college students as part of a formal
external validation. Observation and recording of visual, audio, time and GPS via eBoard™ of execution
of the laboratory modules. Documentation will be stored on separate data storage device for later
overall project assessment by project consultant. After Action Review (AAR) to take place on site with
teams commenting and demonstrating their work. Mentors provide assessment of teams, Mentors
assess one another as well.
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Launch Collegiate Courses and Professional Programs (within STEM Center or Degree Department)
1. Administer LASR Academy I – Community Based Program Aligned with Local College Needs
Conduct an after school program, a day camp, or a series of weekend programs to capture the LASR
program impact on the students and community. UASA will provide an Executive Summary Report of
LASR Academy I – UASA Consultant on site to present to faculty after data accumulation for review and
revision of activities and processes.
2. Continue to Offer Gemini Mentor Training – LASR Lab Hours Begin in Support of LASR Labs for
Existing Courses
10 new mentors will train to administer modules developed to 25 college students. Observation and
recording of visual, audio, time and GPS via eBoard™ of execution of the laboratory modules.
Documentation will be stored on separate data storage device for later overall project assessment by
project consultant. After Action Review (AAR) to take place on site with teams commenting and
demonstrating their work. Mentors provide assessment of teams, Mentors assess one another as well.

Examples of Courses that Can Benefit from LASR Labs and Curriculum
Labs in Mechatronics
Many community colleges, and some secondary schools already have an outstanding lab area and
supporting classrooms and faculty. Staff is needed that can effectively administer the UAS Academy
LASR Program in concert with the existing Mechatronics program. Further, there are many other
programs at the local collegiate level that would be able to contribute, and benefit from the LASR
program. Proposed is a multi-semester program development including structures, electronics and
avionics, human factors, and software engineering.
LASR Labs in Aviation
Unmanned Autonomous Systems (UAS) in aviation (internationally called RPAS – remotely piloted
aircraft systems in their current state of capability) are the leading attraction for aviation programs in
collegiate settings according to 3 major aviation programs (ERAU/FIT/UND). While attractive to
students, there is a need to develop highly educated pilots and mechanics in order to facilitate the
eventual integration of the RPAS within a national airspace system. This will be a 10-20 year effort, and
Local is well positioned to supplement its existing aviation programs with a RPAS program. Staff and
faculty experienced in RPAS will be required. Proposed is a two-phase effort wherein consultants and
researchers work in concert with the existing faculty and staff to start a series of courses, and in the
second phase faculty hired to support enrollment develop and implement a full academic program that
will enhance the Mechatronics and aviation programs specifically.
Physics
There are at least 6 modules that deliver lab experience related to specific principles, laws, and theories
required in collegiate physics. They include: Lift, Drag, Thrust, Gravity, Buoyancy, and Electromagnetic
Spectrum.
Mathematics
Labs include the formulation and application of: Reynolds Number, Bernoulli's Principle, Acceleration,
Thermalclines in Air and Water.
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Engineering Design
Principles and application of: Weight and Balance, Energy Consumption, and Structural Integrity.
CAD/CAM/GIS
The labs are focused on the use of the data collected by various sensors including: LIDAR, SONAR,
RADAR, Visible Spectrum, Non-Visible Spectrum, and the understanding of the post-processing
requirements to generate maps and graphical tools from the data. An exploration into the use of
"Structure from Motion" software is also provided using workflows developed by UASA.
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