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Abstract

The 2006 reporiational Defense Education and Innovation Initiathrghlighted this nation’s
growing need to revitalize undergraduate STEM educatiomsiponse, NASA has partnered
with the DAVANNE Corporation to create the NASA Rdaios Alliance Cadets Program to
develop innovative, highly integrated and interactiveiculum to redesign the first two years of
Mechanical Engineering, Electrical Engineering and Commgiteence. This paper introduces
the NASA Cadets Program and provides insight into theaskis targeted by the program as
well as the assessment methodology for determiningrigram’s effectiveness.

The paper also offers a brief discussion on the cajebilif the program’s robotic platform and
a justification for its design into the program. As aaraple of the integration of the robotic
platform with the program’s methodologies, this paper kcmies by outlining one of the first
educational experiments of NASA Cadets Program at Aasnelersity to be implemented in
the Spring 2007 semester.

|. Introduction

To be an engineer is to be a designer, a creatomofewhnology, and the everyday hero that
solves society’s problems through innovative methadspaoducts by making ideas become a
reality. However, the opportunity to truly explore th&eg concepts of being an engineer are
often withheld from most incoming engineering student# ankeast their junior year causing
many new students to lose motivation and potentiadlydehe program. Problems like this one
have been voiced at the national level for yeassigh high profile documents as the 2008SA
Education Enterprise Stratedput continue to remain a key issue as was recentlyasizgd in
the 2006 reporiational Defense Education and Innovation Initiath?e

Furthermore both thHASA Education Enterprise Strategynd theNational Defense Education
and Innovation Initiativehave sighted the need to reach the far too oftengeted
“Underrepresented and Underserved” student populations anebwead quite clearly in the
National Defense Education and Innovation Initiatagethe need to “identify and promote best
practices and programs in undergraduate STEM education, digpghose that address college
freshman attrition and under-representation of miresritind women in STEM fields:?



Out of this identified need, the NASA Robotics Alliar€adets Program was created as a far-
reaching, innovative project aimed at developing new yigtégrated and interactive college
undergraduate level curriculum centered around robotics andifigoon the content of at least
the first two years of Mechanical Engineering, EleatrEngineering and Computer Science.
This project is being co-led by author David SchneiddrMark Leon, NASA AMES Director

of Education with the three part goal of improving studextademic performance and
knowledge retention, inspiring students to take their ieaheducation and careers further, and
ultimately to broaden the American technology base.

The NASA Cadets Program and the methodologies for mggadkigoals are outlined briefly in
Section 2, but in general are beyond the scope of therpBEowever, this paper addresses the
broader concern that if methodologies are to be adat@any organization, there must be
assessment methods in place to determine the methae®lefiectiveness:*>® ' Therefore,

one of the deliverables of the NASA Cadets Prograarsisite of assessment tools that can be
used as a standard in a variety of STEM higher educagids.fAs ABET acknowledged while
discussing the use of outcomes-based methodologies in a 2@06“teis apparent that while
the new, outcomes-based criteria finally provide the dppday for innovation and program
individuality, they also appear to leave much interpretadipen to program evaluators and
faculty, many of whom, the constituents believe, harging levels of sophistication and
training in outcomes assessmefittience, the NASA Cadets Program’s assessment suite is
being developed to be used not only to evaluate a singlatémhal program but to also provide
a common basis of comparison.

The paper is arranged so that the sources for creaérgpite of assessment tools are discussed
in Section 3. This section and the next section @seribe the targeted evaluation areas with a
particular focus on critical thinking, innovation, troesthooting and community which are areas
that extend beyond the traditional ABET focus of breadéipth, and professionalism. These
areas are highlighted because they have been idensfieidldy important if not crucial areas

by the educational research commurityf:** With the assessment suite concepts introduced,
Section 4 then provides a discussion on the roboticophaths a key element to the program and
its role in aiding in the assessment. Then finall@atction 5, an experiment being developed for
the Cornell University Spring 2007 Semester is outlinegihnasxample of how the assessment
methods and robotic platform can be integrated witlouariesson plans.

I1. The NASA Robotics Alliance Cadets Program

The NASA Robotics Alliance Cadets Program was creiat&gptember 2005 to develop a
nationwide initiative to re-design the first two yeafdMechanical Engineering, Electrical
Engineering, and Computer Science as highly interactislerdegrated curriculum that would
not only combat STEM attrition trends and diversibuiss but ultimately inspire more students
to pursue STEM careers while guaranteeing improved acageniiomance and knowledge
retention™

At the heart of the NASA Cadets Program’s core deliies in realizing this goal is the NASA
Cadets Instructor’'s Manual. The Instructor’'s Manualgeklection of detailed lesson plans that,



in addition to containing an outline of the core consegptd equations that are traditionally
taught, include active and cooperative learning technigpeasned discussions on evaluation
methodologies and applications, and real world motivatiGosnbined with carefully
constructed homeworks and labs, together these lessenytiemately move engineering
education beyond merely the Knowledge and Comprehensiels lef Bloom’s Learning
Taxonomy that most current first and second year cewanselimited to, into the higher levels of
Analysis, Synthesis and Evaluatidh.

In order to make this leap possible, partnered with 8 NCadets Instructor’'s Manual is a
newly designed robotic platform. This platform is desigi@ede a highly robust yet modifiable
testbed that is low cost enough to allow every studeotvn their own robot. Given the robot’s
modular nature, students are then able to employ theises' material in a very hands-on,
results oriented setting and they are even encouragedise tlgeir own experiments to answer
design problems. As the field of robotics requires exgenti all three target fields (Mechanical
Engineering, Electrical Engineering, and Computer Sciemegyired weekly interaction with
the robotic platform will help re-enforce the crosa#se connections as well as provide a
constant source of reviewing older concepts whileingldahem to new material. A summary on
the details of the robotic platform as well as suppartlie use of robotics platforms as an
educational tool is provided in Section 4.

The design of creating the entire program to be as inskmeas possible is actually crucial for
the program to obtain its higher goals. Although it idaiely a requirement that the educational
components developed be at, if not above, the standbtiols country’s highest regarded
institutions, it is equally important that the programabeessible to even junior colleges
nationwide. Part of the reason for this objectivates back to the NASA Education Enterprise
Strategy identification of the commonly untargeted Urefmesented and Underserved student
populations within STEM fields. Since the program is essd on the first two years, it also
offers the opportunity to develop student transfer progfeons 2 year to 4 year schools that
would have a better chance of reaching these populatiawgever, in order for these programs
to be successful the 2 year schools must first betalasiéford incorporating the NASA Cadets
Program into their programs. Steps have already been talensure that the NASA Cadet’s
Instructors Manual can be easily obtainable througiN¥W8A Robotics Curriculum
Clearinghouse (RCC) a currently well established, NA&RAon-line service that provides
robotics related curriculum materials to educator memdelsv or no cost. Furthermore, the
DAVANNE Corporation, is dedicated to providing the prograitha fully autonomous base
robot at a cost of approximately $375, a price which equatiess than an inexpensive textbook
per course in an projected base 6-course program.

As part of integrating the robotics testbed into tlssd@ plan curriculum, the project will also be
designed around the need to incorporate effective assgsstnaegies from the beginning. The
assessment methodology is detailed in Section 3 butrviewed briefly here. In addition to
following the accreditation rules and guidelines set fotABET, the educational model of
Learning Objectives was chosen to aid in both theieft design of NASA Robotics Alliance
courses as well as their assessment and comparidooustient undergraduate courses. In short,
the Learning Objective model states that all instauneti goals will be phrased in the form

“Given X, students will be able to perform Y, whose dualill be determined based on rubric



Z’. By providing both students who are involved with M&SA Robotics Alliance courses and
those students who are instructed via more common aiethith the same problems and
information, i.e. “X”, the students can then be askepdrform “Y” and can be measured and
compared by the same standard Z. This in effect buildgle system a direct measure of
student performance and can be easily incorporated iowl&dge gain tests. Indirect measures
such as student/faculty surveys and feedback interviewslhas student employment/further
education trends will also be used to judge the qualityeoptbgram. Just as importantly, the
program will also include newly developed tools for ‘igénte’ student assessment in vital
engineering skill areas such as troubleshooting, inravadiesign, community, and project
management which have been traditionally overlooked.

As it would be unrealistic to assume that the entirgqamm would be instantly welcomed and
adopted by every institution, the lesson plans developéldebMASA Cadets Program are
developed to be highly modular in nature. This would allwstructors the flexibility to integrate
elements at a pace they deem reasonable. FurthettmeldASA Cadets Program is designed to
allow participating instructors the opportunity to conitéto the program at large through a
formalized process of documenting new modular componeait€dim be used in addition to or
to replace current components. This process relieshheavhe assessment suite as a way to
verify the educational value of proposed components aneftine necessitates that the
assessment suite is used not only for single compoweluagion but for a standard in

comparing components.

This project is named an alliance as more than jurggibg together the skills and resources of
government agencies like NASA and higher level acadesiitutions such as Cornell
University, this project also aims to incorporate ¢lperience and support of industry and
professional organizations. There has been well dodweh@vidence that many companies
strongly believe that graduating college students are akimany of the key skills necessary
for them to succeed in the workplaéé®*'This concept was perhaps best brought out most
recently in the 2006 higher education repditest of Leadership: Charting the Future of U.S.
Higher Educationwhich states “Employers report that many new gradub&sshire are not
prepared to work, lacking the critical thinking, writing grdblem-solving skills needed in
today’s workplaces.®

The role of industry’s and professional organizationgp®rt is not merely financial, but as the
program is developed, NASA Robotics Alliance membersbeaasked to provide reviews on or
concepts for various course components. Aside fromitihiesic benefit of aiding the education
field, the benefit in return for these members isiguaand potentially highly widespread
promotional opportunity. Also for those groups whose prodaresapplicable and can be
donated or offered through special discounts, there isgpertunity to build their market by
making their products more familiar and relied upon by Ad@students. However, the most
important target benefit is having access to signifigdoetter potential employees and
professional members.

Potential expansion into additional disciplines and higgwesl course development is certainly a
possible extension of this project. Likewise, therals® great opportunity to spread the program
down into secondary schools, potentially allowing higho®| students the chance to earn



transferable college credit through methods already ialdpment at Cornell. Success of the
project at this stage, however, is defined as theioreaf at least two courses for each of the
three areas, Mechanical Engineering, Electrical Eeging, and Computer Science, that are
significantly integrated and build upon one another’s cocosgent while utilizing the testbed
listed above and discussed in Section 4, as well as arassessment suite discussed further in
Section 3. These courses will cover at least theedeation requirements of the first two years
of current courses in these three areas, and willibezvaluated using the Learning Objectives
educational model and the other assessment methodemnaeehéibove. The results of this
evaluation will then be published and publicly releasedeBaipon the highly anticipated
success of the program, the developed curriculum will be eeaible via the NASA Robotics
Curriculum Clearinghouse as well as through limited but tizentact with schools and
universities, particularly to those of significant Unagresented / Underserved student
populations. Continued support by NASA Robotics Alliancenimers is highly encouraged and
as is mentioned above is potentially very rewardingfiathose involved. For more information
on the project, please contact Co-Founders David Schraidéark Leon.

I11. The Assessment Suite

The key to verifying that the NASA Cadets Program’s gaaé being met is through the
development of a variety of assessment methods thdiecased to establish the program’s
benefit to students, faculty and potential employersatidate the credibility of the educational
methods employed, and to provide a means of comparisbrewitent and additional future
methods. In order to meet this need, an entire sukar@fus assessment tools must be
developed and compiled. However, as validating the educbéissessment methods is often
just as complicated as validating the educational metaasselves, there is a strong desire to
incorporate, whenever possible, assessment toolaltbatly have a well proven history.

Essentially this area of the project will look at tagpects in the development of assessment
tools, as well the effectiveness of curricular chang#sg robots as a learning platform. The
first aspect will be to review the validity and utiliby the assessment tools developed. Once the
project develops the assessment tools, they will\aewed based on a similar methodology
described iMssessing Student Performance On EC2000 Critetfoin a review of the
literature, the project will identify a collection agsessment instruments, and adapt the
instruments for use in the engineering courtes:***’ These instruments will then be pilot
tested to determine if they are appropriate measurésdadentified outcomes. Then the
instruments will only be considered a part of the fasdessment suite after a final revision.

The second part of the suite development will look airtipact of assessment techniques and
curricular changes on student learning. This projectcailect data using student surveys and
interviews, faculty interviews, and data on class perémce to compare the impact of self-

assessment and regular feedback on student learningdautse. In addition, the assessment
will also include an examination of the effectivenetthe robotic platform on student learning.

One of the main focuses in creating the first pathefassessment suite will be the development
of rubrics. For each assignment, a rubric will be tmicsed to measure if students met the



learning goals for that assignment as well as met at@atraditionally deemed in engineering as
“softer skills” such as the application of communicatimamwork and problem solving skills
during the assignment?*! The set of rubrics will be incorporated into therinstors manual

and tied directly to the identified learning objectivEke rubrics will also provide students with
criteria for assignments, communication and teamwoltls skiaving the rubrics available to
both instructors and students will provide a clear oudingne learning objectives for the
assignments. Instructors will be able to tie thegassent to the concepts being taught, and
students will have descriptions of skill levels expected.

As important as these assessment values are, tieemgaay arguments for the purposes behind
various kinds of assessment. However, T.A. Angelo perstapss it most succinctly as
"Classroom Assessment is a simple method faculty eatousollect feedback, early and often,
on how well their students are learning what theybafeg taught. The purpose of classroom
assessment is to provide faculty and students with iafitomand insights needed to improve
teaching effectiveness and learning qualityAs this is a view shared by the NASA Cadets
Program and as well as for the proven capabilitiebeaf tnethods, the bodRlassroom
Assessment TechniqugsAngelo and Cross is identified as one of the nmegairces for
developing the assessment sufit&.

One of the aspects that is most attractive in usiagriéthods o€lassroom Assessment
TechniquegCATS) is the seamless nature by which they cantbgrated into lesson plans
while jointly improving the learning experience. Thiew is already supported as well as is
stated in such references as Ref. 18, “By using CATisucters can monitor students’ learning
while engaging students in reflective evaluation of couseepts.”

Many of the CAT'’s tools also include active learnimgl @elf-assessment techniques which have
been shown to encourage critical thinking skills in sttsléh?° In fact, many of the assessment
methods to be implemented in the project will alsauiiela student self-assessment component
as an integral way of building skills that are importanéngineering education, such as
problem-solving and lifelong learning skillS:**?* Overall CATs provide an excellent source

for general assessment methods to be incorporatethmmssessment suite. As the NASA
Cadets program also strives to improve student learnisigcin areas as innovation and
troubleshooting as identified in Ref. 10,11, specific temples must be used to assess other skills
such as these. Although the areas of innovation anddleshooting are relatively newly
recognized, many of the concepts these areas encoarpasiten grouped in the better known,
better analyzed areas of problem-solving or criticiaking skills.

The need for critical thinking skills has been wellcaal in a numerous educational reports such
as Ref. 23 which states “As is the case for many psafeals, graduates of engineering
education need strong critical thinking skills in a fasarging world of increasing complexity.
Critical thinking skills can be applied in professionad @ersonal life, and are especially
important to engineering education and engineers in goprioblems, and designing products
systems, or processes.”



For this project, we have selected various classras@sament techniques methods that will be
used to assess learning, problem solving and criticditigj. A few of these techniques that
CAT has identified as assessing knowledge of core conaagtdesign include knowledge gain
tests (knowledge probes), various misconception/preconcegtecks, the muddiest point
method, and in-class or online minute papers. SimilaZlxT’s Methods that the program

intends to use for assessing lab activities and proftéving skills include the?*82*

* Punctuated Lecturavhich divides the lecture, lab or other activity, istworter segments
that are punctuated with asking students questions abouthin&ing process and
application of concepts.

» Self-assessmerdt the end of the lab, include self-assessment in eoqusarvey. For
self-assessment of learning, the method will includestipres that probe students
confidence in their knowledge, and why they do or do ndetstand a concept/process.

» “Process analysis” for Problem solvingvhere given a problem students must resolve,
they will re-describe the problem and the steps asasdlhe reasons behind their
solution. After they apply the solution, they will rewi why or why not the proposed
solution worked with special attention given to theirljpeen solving approach. This can
structured as a form of pre/post self-assessment as well

* Analysis of Performancefter completing a lab and receiving their grade, studeitits
analyze how well they did compared to their expectatmusmay be asked to develop
specific rubrics themselves. Different than “procasslysis”, this method pays
additional attention to analyzing the problem itsetf #meir problem interpretation skills,
i.e. what prevented them from doing better in the ggtigvaluating their readiness for
the activity and what they plan to do differently ider to improve on the next activity.

[11.A. Measures of Critical Thinking

In the NPEC Sourcebook on Assessment , there are inginyments available to assess critical
thinking skills. "Critical thinking is defined in seven jmacategories: Interpretation, Analysis,
Evaluation, Inference, Presenting Arguments, Reflectiod Dispositions.?® Each of these

tests assess aspects of critical thinking. The proj#iaeview the instruments for the
characteristics they assess, determine which tesasure the skills for engineering, and how the
test can be implemented into the NASA Cadets Progras slassessment tools.

California Critical Thinking Dispositions Inventory

CAAP Critical Thinking Assessment Battery

California Critical Thinking Skills Test

Cornell Critical Thinking Test

College Outcomes Measures Program — Objective Test
ETS Tasks in Critical Thinking

Measure of Intellectual Development

Problem Solving Inventory

Watson Glaser Critical Thinking Appraisal

Critical Thinking Scoring Rubric®



The CATs’ assessment methods for critical thinking iadblem solving skills can also be used
to enhance curriculum development. For example, Ref. &¥saffie following advice as well as
warning to use well established and researched methomssamurses as a way for aiding the
comparison process, “Use a standard research-basednpsddieng strategy across several
(and ideally, all) courses in an instructional program.Select an evidence-based strategy such
as the six-stage McMaster Problem Solving Strategygage”, “Define the stated problem”,
“Explore”, “Plan”, “Do it” and “Look back.” Similar métods such as “Guided Design,
active/cooperative learning approaches, (and) ThinkingiahBairs Problem Solving
(TAPPS).”*" will also be applied in developing learning objectivesignments and
implementing assessment methods.

I11.B. Measure of Team and Communication

To assess the team work during lab projects, we wilempht a peer evaluation form “that
assigns numerical ratings to four different componentdfettive teamwork: attending
meetings on a regular basis, making an effort at assigodd attempting to make contributions
and/or to seek help within the group when needed, and caingendth the group effort.” This
peer rating system is based on the form developed &aye Melbourne Institute of
Technology and additional research on measures of cdampdearning included in Ref. 26, 27,
28. Peer ratings have been shown to be an effectaiding instructors to “assess individual
performance of team members and to adjust the teantpgogde for individual team members
based on their average ratings.”

[11.C. Measures of Learning Skills

A goal of engineering education programs include the develupohdifelong learning skills. As
a measure of student learning readiness at the begimdngnd of the first year, the project will
review the use of the Self-directed Learning Readineale SThis Likert-scaled questionnaire
probes student attitudes toward learning, such as selfajemeof knowledge, responsibility for
learning, individual vs. group learning, curiosity aboutrie®y, learning environment
preferences, study skills, and the importance of contieaating.?**°

Despite the number and validity of the methods alreagyistence, a significant 2006 repdrt

still called for the need of an assessment suitecthaltl be used as a standard of comparison by
stating “These standards also should establish someeweguits for valid and reliable
assessments so that accrediting organizations carmerihn public some assurance that students
receiving degrees or other types of credentials havskiltethat institutions and programs

claim.” 3 This report is not alone however as Ref. 2,4,5 staiasrequests of the community
calling for the development of *“...a structured, docue@ststem for continuous

improvement.” where the comparison assessment methods can alsed¢o show
developmental progress. Therefore, ultimately all ofasgessment methods must be themselves
analyzed collectively by such processes as those ediffrAssessing Student Performance On



EC2000 Criterion® with special attention given to the methods’ consisteand ease of use by
faculty.

1VV. The Robotic Platform

A keystone to the NASA Cadets Program is a low caghl\nmodular robotic platform that is
being developed by the DAVANNE Corporation. As statefaction 2, working with robotic
systems will require students to gain a proficiencytiagrating the three target areas of
Mechanical Engineering, Electrical Engineering and Commgiteence. More than this, using
robots in an educational environment has been showuelp develop the program targets skills
as identified in Sections 2 and 3.

Already there are many examples of research that dsnabe how robots can be excellent
learning tools in engineering courses for making the ection between classroom theory and
application, as well as developing problem solving anétatithinking skills 10-+1:1>16:32:33,34.35
Furthermore enough research has occurred to even stuldngheerm benefits as is stated in
Ref. 15, “lessons learned (from working with robots)rmretransient, and that comfort with
technology and a willingness to participate in technoledgted projects may be the key long-
term benefits of such an educational robotics program.”

In an investigation made by the NASA Cadets Progratmertall of 2005, one of the best
current systems used in higher education is the Oregta Bt&Bot. This system was developed
to focus primarily on elements of the Electrical Eeginng field, but in its five year history of
being used in a higher education environment, it was detimaded that robots like the TekBot
can be used to reach a wide range of learning outcorsas.stated in Ref. 10, “The integration
of TekBots into two freshman/sophomore courses at @§lbved several important key
attributes of the course, including innovation, communigubleshooting, depth, breadth, and
professionalism.” where trouble-shooting, communityl emovation are characteristics that
were identified from a widely ranged survey of successtllstry and academic faculty leaders
as crucial components of engineering education thatcaradequately targeted for today’'s
workplace needd! Although no current robotics system has been found atietprahe NASA
Cadets Program cross-discipline educational needs, relsbtidies like those performed with
the TekBot provide not only strong evidence that the A&&adets Program’s target skill sets
can be addressed using robotics but that these studiatsadre drawn upon for existing
educational robotic assessment tools that alreadyadaveven record.

Furthermore, investigation into current robotic educeticystems has shown that most robots
are designed for a specific task or at best a smallfispeeti of learning objectives. However

since the DAVANNE robot is designed to be more flexilbbbbust and still low cost with enough
pre-packaged features that an incoming freshman can nsaghfficant components, there is a
much higher probability that this system can becostamdard across academic communities.

To make the robot even more attractive, the robstalen been designed to be expansive enough
to be utilized by cutting edge NASA research groups. A lezgson that this has never been

done before is due to the highly significant time andrefiequired for developing any robotic
system for even a single task, let alone a systenblapfbeing able to meet the educational



needs of undergraduates across three disciplines as wedl aseds of a NASA research
scientist. However, since the potential for suchsaesy to the educational and research
community is so great, this is why NASA has takenldhd in conjunction with the DAVANNE
Corporation to design a robotic platform to meet thisllenge®®

Aside from the technical advantages of such a systere aire also numerous psychological
benefits. One of the most obvious is the simple atidfgeing able to “own your own robot”.

This general appeal tied in with the stimulating creatsgects of robotic design & development
captivates students’ curiosity. Overall, the use of tisb@s an attractive element to students is
actually a very significant asset to the program. Wateempting to combat the trends of
attrition, the every changing nature of a robotic plaf, particularly since students are often the
cause of the change, is a very useful tool for providongicual motivation and excitement.

The robot is also used to establish a sense of olipensa project, a sense of accomplishment
as robotics platforms are naturally results-orientedelsas a sense of pride in seeing tangible
results from one’s labor. The lesson plans are designedrk with the robotic platform to
ensure that students experience these factors eatiftonately, success breeds success and the
modular nature and packaged exercises allow students theedbagxperiment and have the
experience that they can indeed demonstrate a lewsstery over the material. Realization of
the ability to gain proficiency in a subject mattemasdl as recognizing what the proficiency of
skills enables them to accomplish, are highly empogesirents for students. Furthermore it is
events like this that encourage them to look for theeva lessons on their own and to even
reach out for knowledge outside of the standard curriculuns staited in Ref. 15, the
“...positive impact of (robotics) on student learning (ex® well beyond the boundaries of
specific technical concepts in robotics” Hence thiough experiences like those provided
through incorporating robotics that the ability to imate is born.

To aid in the development of this ability, NASA haaditionally encouraged the formation of
nationwide competitions, the most famous of whiclhésWS FIRST robotics competition which
was supported in part by Apollo XI Astronaut Buzz Aldrin &g spread to over 800 high
schools across the U.8.Competitions offer a mixture of well specified goalithveonstrained
problems and yet leave open areas for invention andisgrgation and thereby can offer more
controlled and even more learning outcome targeted wsrsibreal world scenarios. After all, it
is now common knowledge that “Research suggests thdetieopment of any skill is best
facilitated by giving students practice and not by simglkinng about or demonstrating what to
do.” *”. More than providing a link from theory to practices firocess of dealing with the
competition’s problems and constraints while attemptiegtive solutions will inevitably force
students to gain experience in the area of troublesigpdti addition competitions also generate
an incentive for students to excel and “win” that ofiten exceed the drive created by offering
only grading rewards for achievement.

It is for this reason, the NASA Cadets Program is ldgweg several competitions that range
from year long projects, to laboratory experimentaéekly homework “challenge problems”.
Many of NASA’s current competitions will provide insgien for the NASA Cadets Program
competitions as will competitions outside of NASA sustite worldwide RoboCup



Competition where program contributor Cornell Univgraias been world champion 4 out of 7
times it competed.

The key in developing the competitions is that the raesexecution of the competition is
constructive to the student community. This can besaeli by tapering the emphasis on
“winning” as compared to promoting every student and t@asmiply “score” the best that they
can. Allowing students various areas to succeed can afgating this environment and
simultaneously help create diversity in students solutiOnse again the use of rubrics and their
explanation and open availability to students becomesful tool. With the design of multiple
success criteria into a competition, this also ceeateeed for students to prioritize goals, budget
resources and ultimately develop project management skills.

Similarly, in any situation where multiple solutiong grossible, the need for effective
communication for describing the reasoning behind decisiaking becomes self-evident.
Similarity having a base system, like the roboticfpfan, that all students are working from,
encourages the exchange of ideas and a common languagatdi@npassing knowledge
between students. Furthermore, including elements forgssessment through various forms of
constructive criticism, can also help to build commur@gmbining all these benefits, it
becomes clear that the robotic platform will be areptional tool in ensuring the NASA Cadets
Program will reach its goals.

V. Lesson Plan, Robotics Platform and Assessment Suite Integration: The Robotics
Triathlon Example M odule Description

One of the founding concepts behind the NASA Cadets Rroigrthat the integration of the
assessment suite and the robotic platform with tls®feplans will result in more effective
products than any component would be on its own. As amjgbe of this integration, this
Section outlines one stand alone module of the NASAoRabProgram called the Robotic
Triathlon that was originally designed for Cornell Uarisity.

As the name implies the Robotic Triathlon is a thyad competition, where the target audience
is incoming Freshmen with little to no experiencamy of the three target areas, Mechanical
Engineering, Electrical Engineering, and Computer Sciefioe time frame for the module is
two 2 hour lab sessions with 2 week period in-betweeh laéic The class size is approximately
35-40 students and the students are broken into groups of 3-4tstpdegroup. The equipment
provided to each student group is one PC station and a sagiewith a set of modular
components, along with handouts and a small 20 page C+enmegeguide, which will be
described later in this Section. The recommended irstrsapport is one key lecturer and 1-2
teaching assistants with familiarity of the equipment.

With regards to the three target areas, the main gdearaing goals of the module can be
described most easily by walking through the implementatfdhe Robotic Triathlon. This
description is intentionally made general in parts geoto convey to the reader more of an
overview of the style of the NASA Cadets Programssdedibles. The module actually begins
about a week to 2 weeks before the actual first labpeshaps in an earlier laboratory session or



classroom lecture. In this session, the instructe ¢aut the Robotic Triathlon Competition as
well as communicates the precise learning objectmethe students for the Robotic Triathlon
lab sessions. Furthermore, the instructor also igbaefest part of a knowledge gain exam on
the learning objectives.

After completion of the exam, the students are theengascopy of a small C++ reference guide.
The reference guide covers the topics of a few vartgples, arithmetic, relational and logical
operators, as well as iffelse statements and wiuleslan 20 pages. Students are asked to review
the reference guide and complete 2 pages of worksheets biedoiirst lab. The students are also
asked to complete a third brief worksheet the night jefgrb their first lab session to allow the
concepts to be fresh in their minds. The anticipated tequired for the students to complete
these tasks is approximately 3.5 hours and the studenteeanatksheets are collected at the
beginning of the first lab session.

In the first lab session, the students are engagedantae learning session using such
techniques as polling to review the material read, addmsmisconceptions and to be
introduced to a compiler. Through a step by step procestutients slowly build a program to
give them experience with the material they learneth@swork towards programming the
robot to move forwards and backwards and turn to eittderby listening to keystrokes from the
PC keyboard. As was introduced in Section 4, in orderatioerthis project feasible for incoming
Freshmen, pre-packaged components such as low level cootivol, communication protocols
and other platform functionality is already provided fog students and these components’ use
is simplified with the aid of wrapper functions.

Aside from merely practicing the material, throughous thb session students are challenged to
identify errors in given code and assess for themseaas the outcome of various code
changes may be. This in turn helps to target the highels of Bloom’s Taxonomy as well as
the key area of troubleshooting. Also as certain stgd®te difficulties with various
components during the lab, these issues are addressetl m sianner that a student is not
dubbed completely wrong but rather the situation is thiag¢ ‘of your fellow student teammates
needs the classes’ help”. This can obviously help laitention to typical mistakes to the entire
class, but potentially even more importantly this lbarused to instill the sense of community
and the need for teamwork. As small syntax errordatle common and often relatively easy to
correct with programs of this scale, more than jusfaecing troubleshooting skills, this
introduces early on a relatively safe environmensfadents to make mistakes in. Furthermore,
as the negative impact of making a mistake is minirhal,dan actually reduce the fear of failure
and increase the wilingness to experiment and readinessovate in the next lab section. The
students are challenged at the end of the first labsessmodify their code in order to have the
robot drive in a square with only a “Go” input from #eyboard.

The session ends with the use of assessment methoe@snsned in Section 3 as well as the
instructor providing an introduction for the students anriext homework and lab section with a
particular focus on how these activities relate tottimethree levels of Bloom’s Taxonomy:
Analysis, Synthesis and Evaluation. In the homewosigament for the following section, the
students are given a problem where they must choosdtedliset of vectors from a provided
library of potential vectors, that can be combinetréamsverse several simple maze-like grids. At



face value the problem provides an introduction to tmeepts of algorithm development, but
the solution reporting process is geared to ultimatetefstudents to first formally analyze the
problem’s constraints and requirements. Then studentsdauslop their solutions and evaluate
them themselves based upon provided criteria. Furtherstugients are then allowed to modify
one of the constraints and provide reasoning on why¢axation would allow potential
solutions that would better meet the problem’s requirérteria. Finally, students are made
aware once again that the process they just followeaviihin the Analysis, Synthesis and
Evaluation levels of Bloom’'s Taxonomy. It is importao note though that if the students’
curriculum has not yet covered vectors and vector addaicuggested lesson plan is provided
as a part of this module.

The second lab session begins with a more specificipiésc of the Robotic Triathlon. In the
Robotic Triathlon each team of students will be askeahddify their robot to increase its ability
to navigate an obstacle course and perform some timgdesiasks. To prepare the students for
this task, students are then led through a small sdragiee learning individual exercises to
teach the Mechanical Engineering concepts of gearsratid torque. Students are also given a
very general overview of the ideas of feedback comindlthe incorporation of sensors from
more of an Electrical Engineering perspective, whidhalgo be useful knowledge for them in
making modification decisions for their robots. Thstiactional component is designed to last
no more than 45 minutes allowing the students 1 hour andriLAesito make the modifications.

The modifications the students are allowed to makelaeging the gearing of the robot’s
motors using provided gears, changing the length of an Bamprvided gripper tool on the
robot, i.e. which has influence on the torque the @amprovide, and thirdly, modifying a gain
input to a provided function that influences the robotiomn controls where there are trade-offs
such as between speed and control sensitivity. Duestmtidlular nature of the robotics
platform, all of these changes can be done withinvanfighutes time, allowing the students
significant time to consider their design choices cdigefOnce the group has made their
modifications, the students run their robot through the@se and receive a score based upon
their task performance and completion time.

Each student group is actually allowed to run their roflmaiugh the Triathlon twice. After
receiving the score for their first run, students dicevad to make any changes to their robot
once again and then run the robot for a second timeb@&st of their two runs’ scores is the
group’s final score. However, the score itself couothly a small amount of the students
grade and far more weight is given to the calculatiodsr@asoning used to justify their
modifications.

The second lab session as described here clearly degateasiow many of the NASA Cadets
Program’s targeted areas can be integrated together sTiogilt three disciples of Mechanical
Engineering, Electrical Engineering and Computer Sciereeavered simultaneously.

Similarly, the students are asked to be innovativeeir use of the provided components to
meet the challenges of the Triathlon. The implementaif their modifications and multi-run
aspect of the Triathlon will give experience in troghlgoting. Then all throughout the event the
group set-up and competition component of the module ai& iddtelopment of the community
target area.



The community target area as well as other eleméntganodule are also ameliorated through
the use of assessment suite components throughout theeraakacution. Peer review and
constructive criticism exercises are also used asmpaoent of the module’s assessment.
Additionally, throughout the module, students are asked toogrsplf-assessment techniques to
both aid in their design process and in the instructeakiation of the module’s execution. The
students’ final reports include both team submission rafididual submission components to

not only ensure both group and individual accountability alsuan evaluative check to the in-
class assessment components. The questions the staxdeasked to address in these reports
also delve into the Analysis, Synthesis and Evalud¢iegls of Bloom’'s Taxonomy as well as

the innovation, troubleshooting, and community targeasrBy measuring the students
responses using the verified rubrics mentioned in Se8{itime report can also aid in the module
assessment. Furthermore the report is also used asessiment tool by making part of the
report’s individual component the second half of the kedgé gain test. Indirect measures such
as surveys and interviews can also be employed for adlitiata collection. As a final step to
the module, the instructor is encouraged to share and slidwusesults of all of the evaluation
tools with the students as a group. This can help tored#rate to the students the value of each
component of the module and especially the assessmérmadaeemployed as well as aid
students in being able to identify the value of future ne@dwomponents on their own.

V1. Conclusions

The NASA Robotics Alliance Cadets Program is a higiripvative, integrated, and interactive
curriculum established to redesign the first two yeatdedthanical Engineering, Electrical
Engineering and Computer Science. In addition to thergsisms of the NASA Robotics
Alliance Cadets Program Instructor’s Manual, this progsajoals are achievable through the
incorporation of the low cost, highly modular yet robDgtVANNE robotics platform and the
program’s assessment suite developed in part by Corne#dity. Furthermore, the
educational purpose behind both the robotics platformladdsessment suite can be clearly
seen through the example of the program’s Robotic Toiatimodule.
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